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Agriculture in the dry rainfed low altitude areas in west Asia and 

North Africa (WLN?~ is dominated by the 'wheat based' and 

'barley-livestock' farming systems. In the high altitude areas 

production systeros are similar, although mre heavily oriented towards 

raising livestock and winter cereals. In all these systems, fccd and 

forage legumes play an important role in sustaining the productivity of 

cereals and livestock. lheir ability to fix atnospheric nitrogen, to 

improve soil structure and to serve as a 'break' in the cereal 

dominated cropping systems are key to the systemsf sustainability. In 

addition, the seeds of the food legrrmes contribute to dietary protein, 

particularly for the resource-poor, and to national exports; crop 

residues are an important livestock feed. 

?he Food Legmes Impr-nt Program (FLIP) continued its efforts 

during 1988 on the improvement of lentil, kabuli chickpea and faba bean 

because of their importance in the rainfed farming system of W N U  - 

where the three legumes together account for 72% of the total pulse 

production. lheir contrasting adaptations are ccaaplementary within the 

various cropping systems of WANA with faba bean, kabuli chickpea, and 

lentil in turn being grown under progressively lower rainfall 

environments. 

Research into crop improvement and activities in training and 

information dissemination were undertaken with a view to enhance the 

capability of the national programs in iimih, and to encourage and 



assist them in conducting their own research for improving the 

productivity and yield stability of lentil, kabuli chickpea and faba 

bean and in transferring the appropriate technology to their farmers. 

Multidisciplinary teams of scientists f r m  FLIP and other Programs 

worked on specific research projects in each of the three crops, with 

full involvement of national program scientists wherever possible. Ihe 

research work on kabuli chickpea was jointly conducted with the 

International Crops Research Institute for Semi-Arid Tropics (ICRISAT), 

research on adapting dry peas to the dry rainfed farming system of the 

WANA region, under a restricted core grant from the BMZ. Federal 

Republic of G e m y ,  was also carried out. 

The crop improvement research was done at the principal research 

station of 1- at Tel Hadya, as well as at several subsites in 

northern Syria (Breda, Jinderess, and Lattakia) and Lebanon (Terbol). 

Weather condition prevailing during the season at each of these sites 

is depicted in Figures 11.1 to 11.5. In general, the season was wetter 

than the long-term average at all the test sites. For advancement of 

breeding material by an additional generation during swmoer, the high 

altitude research site of the Jordanian Ministry of Agriculture in 

Shawbak and the Rrbol research station were utilized. Research sites 

of different national programs were also used for strategic joint 

research on developent of breeding wterial with specific resistance 

to various abiotic and biotic stresses. In pursuance of the policy of 

decentraliwtion of breeding efforts, activities expanded in the North 

African Regional Project and the FLIP scientist located at Morocco 

worked closely with the national program in Algeria, Morocco and 

W i s i a  and coordinated the activities of this regional network. The 



Nile Valley Project on faba bean provided excellent opportunity for 

net-working to the faba bean researchers in the countries of Egypt, 

Sudan and Ethiopia as a self reliant group. We worked closely with the 

national programs in nrkey, Pakistan and Ethiopia in developing a 

strong local crop improvement effort. Collaboration with several 

institutions in the industrialised countries in Europe and North 

America continued for basic research, permitting us to improve the 

efficiency of our breeding efforts and our understanding of the basis 

for host resistance to various stress factors. m new collaborative 

projects in this category - one dealing with mechanism of resistance in 

chickpea for leafminer and the other on orobanche control, were 

approved by the donors this year, and research work was started. 

Some of the highlights of the research, training and networking 

activities undertaken by FLIP during the 1987/88 season are given 

below: 

raba bean 

Increased focus on developrent of genetic stocks and early generation 

material prwed successful in increasing the useful variability 

available to national programs. In Egypt four lines developed from a 

cross of Giza 3 x ILB 938 are in dtiplication for release in the 

North Delta. A bulk poplation supplied to Ethiopia has been selected 

and purified for suhaission to the variety release comnittee because of 

its superiority in yield and seed size. ILB 1814 is in demnstration 

in Algeria, 805-44027 in Syria and PLIP 87-26FB in Lebanon. Cne 



determinate line (FLIP 84-146PB) has been selected for on-farm testing 

for intercropping with cotton in China. In Morocco ten lines were 

selected for verification trials. Other national programs are now 

using our disease resistance sources in crossing blocks and have 

received segregating populations for the independent vascular supply 

trait (IVS) and determinate plant types for local adaptation breeding. 

use of faba bean germplasm should increase now that the first p r e  line 

(BPL) evaluation catalog has been published and distributed to the 

national scientists. 

Results from local and international testing of our material at 

Inore than 25 locations during 1980-87 confirmed the durability of 

resistance to chocolate spot, ascochyta blight, rust and stem nematode 

resistance in several lines. Efforts to develop multiple disease 

resistance have been successful, leading to the identification of 

several breeding lines with resistance to the complex of diseases 

prevailing in the major production regions. Sources of resistance to 

Orobanche crenata and bean leaf-roll virus (BLRV) have been identified. 

Studies on host-pathogen interactions revealed the presence of 

strong inhibitory effects against Botrytis fabae in the phyllosphere of 

resistant genotypes of faba bean. Ihe effect appears to be a 

combination of sone fungistatic leaf exudates and at least three 

antagonistic fungi naturally occurring in the phyllosphere of these 

lines. Ihe use of these antagonists as potential biological control 

agents suppressed the necrosis due to 8. fabae in detached-leaf test on 
faba bean as effectively as the widely used fungicide vinclozoline. 

Growth analysis of deteminate faba bean lines, in contrast to the 



indeterminate lines, revealed that yield was limited due to low total 

dry matter production because of lawer leaf area index. Appearance of 

late branches was another constraint. Improvement efforts in future 

should take these aspects in consideration. Both constraints can be 

partly removed by using plant population levels higher than 40 
2 plantsiiu . 

Work on aphids, the most important insect pest of faba bean, was 

carried out primarily in the Aphid Screening Laboratory in Egypt in 

collaboration with Egyptian national scientists. A field study of 

seven breeding lines previously selected for scrme degree of resistance 

revealed that one line has traits of tolerance/ resistance and should 

be further studied. An aphid screening research netrork has been 

developed covering the Nile Valley Region with a potential link with 

the North African Regional Program. Considerable progress was made in 

developing a god understanding of the biology of leafminer and its 

control through work in the Nile Valley Project in Sudan. 

(Xrfam research in the Nile Valley Project conducted on faba bean 

has demonstrated the economic feasibility and great potential for 

improvement in the productivity of faba bean in all the three 

participating countries - Egypt, Sudan and Ethiopia, through adoption 

of inproved agronomic practices. Based on the success of research 

efforts in introduction of faba bean in the Gezira area of the Sudan, 

the Crop Advisory Codttee of the Gezira Research Station has 

reccmmended to the Gezira Board the incorporation of faba bean in their 

rotation. The economic analysis of results has shown that faba bean 

was the most profitable winter crop in Gezira under varying price 

situations. 



Lentil yields are generally low because of poor crop Ranagenent and the 

low yield potential of land races. In South Asia and East Africa 

diseases are also a major constraint to production. Accordingly an 

integrated approach to lentil improvenent is being followed covering 

the developnt of improved genetic stocks as well as production 

technology. The breeding work ailas to increase bicrmass yield and 

remove other limiting factors specific to each of three major 

agro-ecological regions: Mediterranean l w m i d  altitude region; high 

elevation area in Iran and Turkey; and S. Asia and E. Africa. In 1988 

a total of 350 single crosses were made to cover specific needs of each 

of these target areas. 

Selections from the breeding program for the Mediterranean region 

were tested in 17 trials at three rainfed locations differing widely in 

average rainfall. Progress was reflected by the large nunber of lines 

which ranked above the best check or yielded significantly more than 

the best check. 

In addition to the six lentil lines already released by national 

programs, Hediterranean region national programs have selected lines 

from international trials for on-farm trials or pre-release 

multiplication in Algeria, Egypt, Lebanon, Jordan, Morocco, Spain, 

Syria, Tunisia, and Turkey. In the high elevation region of Iran and 

Turkey a large-seeded red cotyledon line with cold tolerance allowing 

winter sowing is in pre-release multiplication with the nrkish 

program. 

In the lower latitude regions of the Indian sub-continent and E. 



Africa, mst and nscochyta blight diseases cause major yield losses. 

The national programs of Ethiopia and Pakistan have screened for 

resistance to both diseases in a cooperative program and sources of 

combined tolerance have been identified. 

The most important disease of lentil in the mditerranean region 

is vascular wilt, caused by msarium oxyspeum f.sp. u. A study 

of the effects of temperature and growth media on fungal developnt 

indicated opti~mrm growth at 23'~ on lentil dextrose agar (LDA).  A 

greenhouse screening method for resistance to wilt has been developed 

and 29 lines out of 162 screened were f d  promising. 

The economic importance and damage levels of spp. in lentil 

were related to rainfall and tine of sowing. Early sowing increased 

damage. Increase in yield because of control of Sitona spp. damage 
through use of Carbofuran was curvilinearly related to rainfall in the 

range frcm 250-700 nm with maximum response occurring at 525 m. This 

infonmtion will be of help in developing an economic control schedule 

for spp. 

A survey in Syria for bmchid pest infestation of lentil seed 

revealed that infestation ranged from 0-38% and the price of the 

infested seed could drop by 40%. Efficacy of traditional protection 

methods is being tested to develop safe and practical uethcds. 

A predictive model for the response of time to flawer to variation 

in temprature and photoperiod, developed in an ODA-funded 

collaborative project with the University of Reading using six 

contrasting genotypes in controlled envircolments, was tested on a wide 

range (240 accessions) of germplasm in glasshouse. The model fitted 



the data well (r2-0.915), and can therefore be used for assessing the 

phe~logical adaptability of a genotype to different locations. 

The adaptation of lentils to rainfed environments in the 

nediterranean region was studied and the inportance of early to 

mid-season vigor and early maturity to produce high crop biomass were 

highlighted. For irrigated Mediterranean environments such as are 

found in Egypt, considerable genetic variability in response to 

irrigation was seen and also found heritable. lhose genotypes most 

responsive to irrigation produced interstitial airspaces in their roots 

as an adaptation. 

Since the increasing cost of hand hatvest is a major constraint to 

lentil production in the Mediterranean region, the mechanization of 

lentil haevest received emphasis in our program. For the harvest of 

traditional lentil crops with ridges and short. lodging land races, 

prototype pullers have been developed and tested on fanners' fields. A 

tractor-mounted, double-knife mower has been extensively tested with 

national programs on drill-planted fanners' fields giving only 8% seed 

and 16% straw losses, ccaapensated for by a lower harvest cost than hard 

haevest. For fields with few stones and good seed bed preparation, 

harvest by cereal combine is feasible. In Syria 2600 ha were combine 

harvested by the NnRS with part of the area sown to the newly-released 

line 'Idleb 1' with reduced lodging. 

lrahrli chickpea 

Emphasis was placed on both winter- and spring-sown kabuli chickpeas. 

A ccrnparison of the performance of newly bred lines sown during winter 

and spring for five years (1983/84 to 1987/88) at three test sites 



differing in seasonal rainfall and them1 regimes revealed that 

winter-sown chickpeas gave on average 54% higher seed yield than the 

spring sown crop. The study also confirmed that winter sowing was more 

advantageous than spring sowing during the years when seasonal 

precipitation was s b n o m l ,  and its advantage was decreased when the 

severness of cold increased. 

Economic feasibility of winter sowing was assessed on 22 farms in 

Syria by interviewing farmers and using data from on-farm trials 

conducted with them on large plots. Winter sowing resulted in an 

average yield increase of 600 kgha (about 50%) cowred to spring sown 

crop and gave nearly 70% more profit. 

Algeria, Morocco and Italy released two cultivars each for winter 

sowing using ICARDA enhanced germplasm. Nine countries (Algeria, 

Cyprus, France, Jordan, Lebanon, Morocco, Syria, Rlnisia and mrkey) 

identified 37 lines from international nurseries for pre-release 

increase and/or on-farm trials; thirteen of these cultivars were chosen 

for spring sowing. 

Emphasis in screening germplasm and breeding lines for resistance 

to Ascochyta blight and cold tolerance continued toward development of 

stable yielding chickpea genotypes for winter sowing in the 

Mediterranean region. Lines found tolerant/resistant to Ascochyta 

blight in field screening are rescreened in plastichouse trials against 

individual races of differing virulence to identify superior lines. 

Screening has revealed that few lines are presently available with 

resistant reaction against race 6 or isolate 'F ' ,  two highly aggressive 

isolates, although a large number of accessions have resistance to more 



comnon less aggressive isolates. 

In an investigation into the genetic variability in wild species, 

137 accessions of eight wild species of Cicer were evaluated for their 
reaction to various biotic and abiotic stresses. A high level of 

resistance was observed in scone accessions for Ascochyta blight, 

leafminer, seed beetle and cold and a moderate resistance to cyst 

nemtode. Cytogenetic investigation revealed that all the eight wild 

species studied had 2rr-16 chrormscmes and, therefore, any crossing 

barrier between these and the cultivated species should be because of 

factors other than chr~aoscone number. 

Disease surveys in Algeria, Morocco, Syria and Tunisia revealed 

that along with Ascochyta blight, Sclerotinia stem rot was observed in 

winter-sown chickpea in Morocco and Algeria and Rlsarium wilt and stunt 

in the spring sown crop in North Africa. Epidemiological studies 

crmfid that the Ascochyta blight inoculum could be disseminated by 

wind and that the length of incubation period at nearly 100% RH 

determined the severity of disease developoent in moderately 

susceptible and resistant genotypes. A miniaturized inoculation 

technique was developed that ensures precisely controlled duration of 

incubation. This technique was used to study the role of lignification 

and phytoalexin accurmlation as active defence mechanisms and would be 

used in future for studying biochemical resistance mechanisms in 

chickpea to Ascochyta e. 

methods for assessment of population and damage levels for 

leafminer, the major pest of spring-sown chickpea in the Mediterranean 

region, were further refined. Of the lines screened this season, 10 



rated nearly resistant and deserve further examination. 

Studies on drought tolerance using the line-source sprinkler 

system to vary moisture availability were continued and results 

confinred that the method could be used for routine screening. Early 

flowering and early maturity appeared as the most important attributes 

for high yield under drought stress. 

Studies on supplemental irrigation confinred the yield advantage 

occurring from this practice in both spring- and winter-sown chickpea. 

Genotypic differences in response to supplemental irrigation were 

detected. 

Biological nit- fixatim 

Within the region, defining the necessity for inoculation is an 

essential coqonent of legme nitrogen fixation research for national 

programs, as it allows concentration of resources tward inocullnn 

response dewnstration only where potential for response exists. In 

response to this need, we developed a simple methodology which involves 

yield comparison of symbiotic plants wholly dependent on nitrogen fixed 

with native rhizobia, and plants fully supplied with nitrogen 

fertilizer adequate to produce high yield. Regression studies between 

nitrogen and inoculation responses for the three crops indicated a 

strong positive correlation wer a range of cultivars in dtilocation 

trials (r-0.73, 0.62 and 0.58 for chickpea, lentil and faha bean, 

respectively), thus validating the methodology. 

Strain selection research has yielded sets of highly effective, 

competitive strains for the three crops, with complimentary antisera 



for serological identification of strains in field situations. Testing 

of these strains at ICARDn stations with a wide range of elite 

germplasm gave a clear indication of the success of the screening 

program. Seed yield increases due to inoculation were as high as 116% 

in chickpea, 47% in lentil and 54% in faba bean. Average yield 

increases across 12 cultivars of each legwne species were 13, 14 and 15 

percent for chickpea, lentil and faba bean, respectively, with 

inoculation using hest strains. The results indicate a potential role 

for inoculation of all three crops, even in traditional production 

areas where high native rhizobial populations exist. 

International Food Testing Program (IIrLTP) 

Ihe IFLTP was developed in response to the needs and requests of 

national programs for an efficient distribution system of improved 

genetic material and production practices. In 1988, IFLTP supplied 

1223 sets of 45 different types of nurseries on the three crops to 

cooperators in major production areas both within and outside WAN&. 

Nurseries were targetted to the specific needs of different 

agroecological regions. Fcm the breeding material disseminated 

through IFLTP in the past, national programs in Algeria, Ecuador, 

Italy, Morocco, Sudan and lllrkey made their own selections and tested 

and released, during 1988, a total of eight mltivars of chickpa and 

three of lentil for use by their fanners. In addition a large number 

of lines were identified for &ti-location trials and pre-release 

rmltiplication. 

In order to strengthen the research skills in the national program we 



continued grouptraining and individual non-degree training as well as 

degree training program at ICARDA during 1987/88. A total of 69 

participants utilized these opportunities. Group training included the 

'Residential Training Course' as well as specialised short courses on 

'Insect Control', 'Disease Methodologies' and 'Lentil Harvest 

mechanization'. Individual non-degree and degree training programs 

covered various subject areas depending upon the specific needs of 

individuals and NARS. 

A major component of our training activity during the 1987/88, 

season were the 'In-Country Training Courses', some of which were 

regional in nature. Thus we assisted in-country training in Tunisia 

and Turkey on 'Hybridization Techniques', in Morocco on 'Field 

Experimentation', in Ethiopia on 'Cn-farm Trial Methodology' and in 

Ecuador and Colombia, in collaboration with the Regional Program for 

Improvement of Food Legumes in the Andean Countries (PROCIANDINO), on 

'Food Legume Improvement Methods'. These in-country courses included 

101 participants and mostly national scientists served as instructors. 

To increase the interaction between the food legume scientists 

within WAN4 and outside we organized two meetings. The 'West Asian 

Seminar on Food Legumes' was held at Aleppo, 2-5 May, 1988. A 

'Workshop on Role of Legumes in the Farming Systems of Mediterranean 

Areas' was held at Tunis, 'Tunisia, 20-24 June, 1988, in collaboration 

with the Pasture, Forage and Livestock Improvement Program. 

U n m K A B P A D  

In partnership with the national programs, we aim at a sustainable 



increase in the production of cool season food legumes and an 

enhancement in the contribution of these and other legumes to 

sustainable production of cereal and livestock in the farming systems 

in the dry rainfed areas of WANA. While developing medium-term plans 

to achieve this we are taking full cognizance of the CGIAR 

recolamendations with respect to shifts in research thrust on faba bean 

and on studying the potential pay--off from future investment in lentil 

research. 

The strategy we have adopted for achiewtent of our objective 

necessitates strengthening of our strategic research, developaent and 

consolidation of collaborative networks and strengthening of national 

program capability in research and in transfer of technology to fanners 

through joint research and training. Strategic research will be 

directed to (a) increase yield potential, (b) narrow the gap between 

potential yield and farm yields, (c) improve sustainability of yield, 

and defend against erosion of by pests and pathogens, and (d) sustain 

cereal and livestock production in the farming systems. 

As reconmended by CGIAR we will transfer the faba bean improvement 

research from IUIRaA to Morocco and conduct it as a special project 

with the national programs in the North African region, ensuring that 

research gains made so far in faba bean improvement are not lost and 

that the concerned national programs take the adin responsibility for 

carrying that through. We will encourage developaent of regional 

net-works of scientists to share their breeding material and research 

methodologies for faba bean improvement and assist them with training 

and information dissemination. 



Breeding efforts at ICARDA headquarters will see a gradual 

reduction in the production of cultivars as this will increasingly be 

done by the national programs with growing decentralization of breeding 

efforts and development of regional networks. Thus greater efforts 

will be devoted to developtent of more efficient breeding methodologies 

and screening techniques. Research on abiotic stresses will increase 

and will compliment breeding for improved plant architecture and 

resistance to pests and disease; efforts will be increasingly directed 

to the development of parental material and early generation 

segregating populations with combinations for desirable traits and 

stress resistance. Collaboration with centers of excellence in the 

industrialized countries will be used for developing novel crop 

improvement techniques and for understanding basis for stress 

tolerance, to assist crop improvewnt efforts. Superior biological 

nitrogen fixation technology for transfer to the national programs will 

be developed and the effects of new lequne technology on the cereal and 

livestock phase of the system will be studied with a view to increase 

the sustainability of the fanning systems. Nitrogen balance studies 

will be a key component in this research. 

Efforts in training will aim to facilitate and support national 

programs in becoming more self reliant in crop improvemnt research. 

Frphasis will shift from residential general courses to short, 

subject-specific courses at ICARDA. General, production oriented 

training will be done through in-country and subregional courses away 

from the headquarters. Using the links with the universities within 

the region and in the industrialised countries, degree related training 

programs will be encouraged. 



Faba bean is predominately grown in wheat-based farming systems in the 

?l&N& region, mainly in medium rainfall environments tabme 450 nun). 

Research efforts were assigned to development of genotypes and 

production and plant protection techniques to address the constraints 

limiting faba bean production in this farming system. The goal of faba 

bean improvement research has been to make it more competitive with 

other crops, thereby halting the decline in faba bean area over the 

past twenty years. With faba bean as a more appealing alternative to 

continuous cereals a more sustainable farming system could be 

developed in the medium rainfall areas of WAW. Improvement research 

focused on stabilizing yield through resistance to major pests 

(Orobanche, chocolate spot, rust, and kscochyta blight) and to improve 

plant response to productive environments through altering the plant 

type. Rhizobium research concentrated on defining the need to 

inoculate in the region and development of superior strains for use 

where needed. 

IcARDA is taking steps to fully implement the decision of the 

Consultative Group on International Agricultural Research (CGIAR) to 

phase-out core faba bean research activities and transferring the work 

to a North African National Program Base using special project funding. 

A project proposal has been drafted and is to be submitted to donors 

for funding. Core activity on faba bean research will be completely 

phased out by the end of 1991, except that collection, conservation, 

evaluation and distribution of germplasm will be continued in the 

Genetic Resources Unit and dissemination of infomation through the 

Scientific and Technical Information Unit. Remaining core activity in 



the interim period will be to ensure a smoth transfer of research to a 

special project in North Africa (Morocco). The shift to North Africa 

of faba bean improvement research that is being implemented is shown in 

Fig. 1.1.1. 

Tel Hadya Terbol Lattakia Morocco 

Figure 1.1.1. Shift in area used for faba bean research from West 
Asia (Tel Hadya, Terbol, and Lattakia) to national 
program sites in Morocco. 



1.1. owelo-t of Cultivars ard Genetic Stocks 

Faba bean breeding concentrated on providing high yielding lines with 

acceptable consumer traits such as large-seeded, long-podded lines for 

vegetable use, large and intermediate seeded lines as pulse and small 

seeded lines for use as animal feed. Protein content of all advanced 

lines was monitored to ensure maintenance of the high nutritional 

quality of faba bean. The major activities of faba bean imprwernent 

research were on resistance to biotic stresses and in altering the 

plant type to control vegetative growth, flower and pod drop, and 

converting faba bean into a self-pollinated crop. 

The objective of resistance breeding was to produce lines 

resistant to chocolate spot, ascochyta blight, rust, and Orobanche in 

backgrounds useful to national programs in the WANA region. Resistant 

sources were used in the breeding program, distributed to national 

programs as such or in enhanced germplasm, and were combined into 

lrplltiple pest resistant parental sources. 

Research on alternative plant types strove to increase biomass, 

seed size, earliness, and to incorporate disease resistance. Ihe 

closed flower type was used to start production of germplasm pools 

adaptable to the YWNA region for production of self-pollinated faba 

bean. 

Germplasm distribution was accomplished through prwiding sources 

of resistance and alternative plant types in genetic backgrounds useful 

to national programs mainly of the YWNA region. Sources of resistance 

for crossing programs, early generation lines, and advanced lines and 

"pre-selected" segregating populations were distributed through the 



International Testing Netwrk 

Iran released 'Barakat' for green pod production in 1987 because of 

higher green pod and dry seed yield, and because of partial resistance 

to chocolate spot and ascochyta blight. In Egypt ILE 1270 is in 

prerelease mltiplication and 400 kg of I m  1814 has been given to 

both Iraq and Chile for multiplication for release. All of these were 

selected because of large seed size for vegetable use. 

In Syria 80s 44027 has been selected for on-farm trials and will 

he tested along with FLIP 84-239FB, a determinate line. In Algeria 

ILe 1269 has been selected for demonstration plots and in China 

FLIP 86-146FB, a detellni~te line, has been selected for on-farm 

trials in a cotton intercropping system. In Morocco ten lines were 

selected for verification trials and in Jordan and Lebanon several 

lines are in the second year of testing in on-farm trials. 

Mitionally, seed of 58 lines selected by national programs from the 

International Testing Network was prwided for further multi-locational 

testing. A sumnary of the use of ICRRDA lines for multi-locational, 

on-farn, verification trials, and demonstration plots is given in Table 

1.1.1. 

Efforts on production of finished cultivars have been reduced and 

increasing emphasis has been given to the production of enhanced 

germplasm pools and genetic stocks for the use of national programs 

because of lack of wide adaptability in faba bean. With the transfer 

Of faba bean improvement to a specially funded project, the pace of 

this change will hasten. 



Table 1.1.1. Use of 1- lines by National Prcqam. 

Country Line U s e  
- -- 

Algeria Gn-Farm Tr i a l s  
-ti-location testing 

Chile For large scale 
pre-release mrlt ipl icat ion 

FLIP 86-146FB1 
22 lines 

China On-Fann Trials 
m t i - l o c a t i o n  testing 

Pre-release mrlt ipl icat ion Egypt 

Ethiopia F u r i f i d  for Nhnissim t o  
variety release d t t e e  

Relsased as 'mrakat' Iran 

Imq Illrge scale demonstration, 
pre-release mrl t ipl icat ion 
Pre-release mrlt ipl icat ion 
On-Farm T r i a l s  

ILB 1814 

FLIP 86-146d 
FLTP 87-136FB 
FLIP 87-138FB 

On-Farm Tr i a l  

Verification Trials 805 44027, 74TA 22 
FLIP 87-140, 141, 142FB 
FLIP 84-127, 1 2 8 ~ ~  
FLIP 82-3OFB 
B87238, 537253 

a-Farm Tr i a l  

Multi-location test- 

cetemimte line. 



Resistance to psts constitutes the hlk of specific requests of 

national programs, namely, resistance to Orobanche, chocolate spot, 

stem nematodes, ascochyta blight, and rust. ~qypt has used ILB 938, a 

disease resistance source, for prcduction of four lines which are to be 

released with resistance to chocolate spot and rust (Table 1.1.2.). 

Segregating material "pre-selected" for resistance, only, is now being 

provided to national programs. In 1988 segregating nurseries for 

chocolate spot and for ascochyta blight were provided through the 

International Testing Network. 

Crosses have also been made between large seeded types such as 

Aquadulce and New Manmrrth with local landraces at the request of 

national programs, and F2/F3 populations provided (Table 1.1.2.). In 

1988 F3 populations with the IVS (independent vascular supply) trait 

have been supplied to China, Egypt, Sudan, and Morocco at their 

request. Populations of crosses between Sudanese and Chinese lines 

have been provided to both countries and are beneficial in increasing 

the variability available to both. In Ethiopia, one bulk population 

from cross 74TA 12050 x 74TA 236 has been purified for subnission to 

the variety release comaittee. This population has the advantage of 

higher yield and larger seed size. 

The main emphasis in faba bean breeding in the coming years will 

be on producing enhanced germplasm for NARSs and following through with 

visits to national programs to assist and work with colleagues there in 

exploiting the full potential of the enhanced germplasm. 

Dr. L.D. Robertson. 



Yeer Canrtry NO. Of -of 
 lines/^ material 

1987 Tunisia 
1982-1988 Egypt 

1988 
1988 

Egypt 
Egypt 

F pcpb- ard F3 derived 

L i n e s f o r ~ r e s i s t a n t  
I I B 9 3 8 ~ w i t h ~ t n  
develcpdisease resistant 
varieties 

BE%'5-a@dd£credq 
F &es; F Bilks 
b x ~ d - * . :  Ivs, 
detex.  ti^ z& p l q e n h  
mls - a@dd Ecr+ng 
Early gmeIaticn 1- for 
4 
F ppllatials - m 
7 h  12050 x 74lR 236, - hWc mif i ed  f a  
variety release 
F pphtials-m 
3 pmllatials 
citinse~~ufanesgearlineu 
lines ford is ease^ 
nu==Y 

1.1.2. ~ e v e l o p r n t  of trait specific gartic stocks 

Disease resistance research included maintaining the uniformity of the 

disease resistant inbreds for distribution to national programs in 

international disease screening nurseries and for use in producing 

segregating populations with disease resistance for selection by 

national breeders and pathologists. mst work on disease resistance 

was done on screening F2 populations so as to produce npre-selected" Pq 

popllations for distrihtion for disease resistance selection and for 

selection for P3 to F6 progenies with disease resistance and yield for 

use in the breeding program. 



1.1.2.1. -lapent of plre line mllectim 

The faba bean germplasm collection at ICAIIDA is maintained in two 

different forms. The first is the ILB collection which comprises the 

original germplasm accessions as received (usually heterogenous, 

heterozygous popllations), and is handled by the Genetic Resources 

Unit. Ihe other collection is a set of inbred lines developed from the 

ILB collection. These BPL accessions are derived by a process of 

selfing and selection and single plant progenies to produce inbred line 

sources for use in the breeding program. In the future this will also 

be handled by the Genetic Resources Unit. 

A catalog was plblished in 1988 listing information for 43 

descriptors of 840 BPL accessions. This catalog includes a statistical 

nmrmary of each evaluation descriptor, and histogram for variables 

with continuous variation. For important morphological and agronomic 

characters, a listing of accessions at the upper and/or lower extras 

is given. A correlation matrix is included for assisting in querying 

the database. Analysis by country of origin is also presented. 

Although pcd length, 100-seed weight, and seed yield were 

Correlated with each other, there was, surpisingly, no relationship 

between pcds per plant and seed yield. Even though the relationship 

between seed yield and 100-seed weight is high (r-0.68**), "correlation 

breakersn such as BPL 787 frcm Afghanistan with a seed yield of 6100 

k m  and a 100-seed weight of only 56g can be found. Analysis by 

country of origin revealed that Egyptian accessions combined earliness, 

high yield, medium seed size and the highest autofertility (a ratio of 

seeds without tripping/seeds with tripping of flowers, SI - 0.99). 



This database is in computerized form and custdzed searches for 

accessions corobining several characteristics can be made upon request. 

Drs. L.D. Robertson and M. El-Sherbeeny. 

1.1.2.2. Ge- for disease resistance 

1.1.2.2.1. Orcbmche crenata 

Broomrape (Orobanche crenata) is considered to be the most inportant 

limiting factor in Eaba bean production throughout North Africa. With 

the planned transfer of faba bean imprwenent research to North Africa, 

emphasis on screening for resistance to Orobanche has increased. 

Success from screening the BPL collection has been limited. From two 

years of screening 600 BPL's, nine single plant selections have been 

made f r m  four BPL's. 

In 1987/88, 50 progenies from the cross (F402 x INIA06) x F402 

were screened at Lattakia. In general, these progenies expressed more 

resistance to Orobsnche than previously seen. Three of these progenies 

showed very uniform resistance to Orohche coapared to the local 

checks in adjacent rows which were killed. Additionally, one F402 

selection w e e  several cycles at Aleppo and Lattakia showed a similar 

resistance. From the (F402 x INIA06) x F402 progenies 100 single plant 

selections were made for screening next year at Douyet, Morocco. These 

progenies were selected originally by Dm. J.I. Cubero and L. Hernandez 

at Cordoba, Spain. 

Drs. S.B. Hanounik, L.D. Robertson and K.-H. Linke. 



Screening for resistance to BLRV and BYMV started in 1986 using the BPL 

collection. Accessions are artificially inoculated using aphid vectors 

in the plastichouse and in the field using screenhouses for 

self-pollination. Tc-date, 450 BPL accessions have been screened for 

BLRV resistance and 250 BPL accessions for B m  resistance. No 

resistance has been found for BLRV, however, four BPL's were found with 

moderate resistance to B W .  These four accessions (BPL 756, 757, 758 

and 769) are from Afghanistan; they had a delayed expression of first 

virus synptoas (long latent period), around fourty days, canpared to 

10-12 days for the susceptible lines. Twelve crosses were made betwen 

these BPL's and Sudanese material for use in Sudan where BYMV can be 

devastating in s m  years. 

Drs. K. Makkouk and L.D. Robertson. 

1.1.2.3. Develapnt of dissastresistant iobred lines 

In the 1987/88 season the inbred collections for chocolate spot, 

ascochyta blight, mst, and stem nematode were increased under 

mesh-covered screenhouses to maintain purity and hamgeneity of disease 

reaction. These sources were distributed to national programs in the 

form of disease screening nurseries and in bulked segregating 

popllations "pre-selected" for disease resistance. 

mere are 287 selections for chocolate spot, 308 for ascochyta 

blight, 64 for rust, and 13 for stem nematodes (Table 1.1.3. ) . Ihese 

selections will be evaluated for agronomic and morphological traits in 

1988/89 in a gerrmplasm evaluation trial to improve the usefulness for 



use by national programs. 

Drs. S.B. Hanounik and L.D. Robertson. 

Table 1.1.3. saxre of the nust inpclrtant hhad ~ ~ R W E  of resistanm 
for chDcolate spot, aao3chyta blight, and rurR. 

-late spot BPL 110, 112, 261, 266, 710, 1179, 1196, 1278, 1821; 
IIB 3025, 3026, 2282, 3033, 3034, 3036, 3056, 3106, 
3107, 2302, 2320; 183114, I82003, 182009 

BPL 7, 8, 260, 261, 263, 309, 406, 417, 427, 484, 
490, 524, 533, 539; Sel. 82 Lat. 15563-1, 2,3,4, 

Stca mtcde  BPL 1, 10, 11, 12, 21, 23, 26, 27, 40, 63, 88, 183 

1. lhera are several sublines of llnst - listed. 'me zm2e.sSia-s 
are listed in Ve order of their efficacy. 

At Tsl Hadya 42 crosses were made with local gemplasm fram China, 

Morocco, Tunisia, and Sudan to recombine with disease resistance 

sources. Distrihtion of this material can be seen in Table 1.1.2. 

Dr. L.D. Robertson. 



1.1.3. -lopent of 41~oved cultivars a d  -tic stocks for 

whzat-based farring - 
Faba bean in most of the I C A W  region is grown in wheat-based farming 

systems where there is adequate rainfall/supplementary irrigation. 

Faba hean is used to a large extent as a green vegetable with the 

requirements of large seeds and long pcds. Small seeded faba bean is 

used as an animal feed supplement in the region and straw is chopped 

and used for aninal feed. To be campetitive with other crop in this 

farming system fab bean has to have high and stable yield. This 

necessitates genotypes with resistance to Orobanche crenata, Botrytis 

fabae, Ditylenchus dipsaci, Ascochyta fabae, and Uroaoyces fabae. - 
Emphasis was therefore placed on developing such germplasm, and for 

1987/88 most crosses involved at least one pest resistant parent. 

1.1.3.1. Y i e l d  potential of indeterdnate faba bean 

Ihe breeding program that has been followed at ICARDA for faba bean and 

its linkage with the National Programs is schematically presented in 

Figure 1.1.2. lhis scheme has made use of an off-season nursery at 

Sha*, Jordan for F1 crosses and F4 progeny rows resulting in a two 

year time saving. Brassica was used to prevent outcrossing for 

segregating populations, progeny rows, preliminary screening nurseries 

(PSN), and preliminary yield trials. Single plant selections were made 

within the F2 populations (at Tel Hadya for plant type and at Lattakia 

for disease resistance) and F3 progeny rows were grown where selections 

were made for yield, frost resistance and disease resistance. These 

selections were grown in Lattakia as F4 progeny rows where selections 

were made for increase for preliminary screening nursery (PSN). Lines 



Crosses - Tel Hadya 
I 
.1 

r F2 Pop~lati0nS .C-------- F1 Shawbak 
National Programs I 

C FBIF4N National 1 SPS 

Early Generation Progeny Rows Tel Hadya 
Progenies 

National Programs 

I F4 Progeny Rows Lattakia 

4' Increase Shawbak 

t 1 Bulk 

Early Generation Lines -PSN - Brassica Tel Hadya 
National Programs I 

AYT 

I 
I Regional Yield - FBISN 

Trials I * 
FBIYT 

Onlfarm Trials 

Figure 1.1.2. The Faba Bean Breeding Program at ICARDA. 



were then advanced through PSN's and preliminary, a d ~ ~ c e d ,  and 

international trials using dtilocation testing. 

With the m e  to a special project in mrocco, breeding activity 

will concentrate more in generating variability for national breeders 

and working with them to make better use of this variability. 

Therefore, the majority of the steps in the breeding scheme will be 

transferred after the early stages to national progem. Research will 

concentrate on back-stopping national programs on strategic issues such 

as alternative plant types, inheritance of p s t  resistances, breeding 

methodologies, etc. 

Replicated yield trials of 362 lines were conducted at Tel Hadya 

(Table 1.1.4.). m e  highest seed yield in the 1987/88 season was 5.1 

t/ha compared to 5.8 t/ha in the 1986/87 season. 116 entries exceeded 

the best check (or best small seeded check in small seeded trials) and 

13 of these were significantly better than the check at the 52 

probability level. 

At Terbol, Lebanon, a total of 362 lines were yield tested in the 

1987/88 season with the highest yield of 4.2 t/ha (Table 1.1.5.). 177 

lines outyielded the best check (or best saall seeded check in small 

seed trials) with 10 lines significantly better at the 52 probability 

level. 

Because of the importance as vegetable, green pod yield was 

measured in the large seeded yield trials. Ihe highest vegetable yield 

recorded was 31 t/ha at Terbol. In replicated yield trials of 208 

lines at Tel Hadya and Terbol, 87 lines exceeded the check, nine 

significantly at the 5% probability level (Table 1.1.6). 
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Table 1.1.7. Coefficient of correlation of dry seed yield with 
green vegetable yield at Tel Hadya and Te~hol. 

Location 
Trial Tel Hadya ~erbol 

PBIYT-L 0.51* * 
FBISN-L 0.18 
AYT-L 0.10 0.34 

Singificant at P - 0.05 

10 / I I 1 I I 1  
2 . 5  3.0 3.5 4.0 4.5 5.0 5.5 

Seed yield (t/ha) 

Figure 1.1.3. Relationship of vegetable yield and seed yield in faba 
bean in the FBIYT-L at Tel Hadya, 1987/88. 

Correlations of green vegetable yields with dry seed yields were 

non-significant in four of six trials at Tel Hadya and Terbol (Table 

1.1.7.). mly in the FBIYT-L trial was the correlation significant, at 

both Tel mdya and Terbol (Figure 1.1.3. ) , but the result even in this 



case still leads to low predictive value. This has implications in 

selection for green vegetable yields as in many cases the green 

vegetable yield is m r e  important then dry seed yield. one reason for 

the significant correlation in the FBIYT-L nay be that it includes m ~ y  

lines directly derived from landraces long developed for green 

vegetable yield, whereas the other trials include mostly lines recently 

developed from crosses and selected at ICARDn based on dry seed yield 

only. 

The top seven lines for green vegetable and the top seven lines 

for dry seed yield in the FBAYT-L at Tel Hadya are given in Table 

1 . 1 8  Only three lines of the 12 given, combine top yields for both 

dry seed and green vegetable. From this and the correlations (Figure 

1.1.4) it can be seen that selection for dry seed yield will not 

necessarily allow the best green vegetable types to be selected. 

Table 1.1.8. Vegetable and dry seed yield of same 
entries in the A W L  trial at Tel Hadya, 
1987/88. 

Yield (t/ha) 
Line DJY- Vegetable 

FLIP 87-24FB 
FLIP 87-28FB 
m 87-lorn 
FLIP 87-17FB 
FLIP 8 7 - 4 ~ ~  
FLIP 87-UFB 
FLIP 87-18FB 
FLIP 87-34FB 
FLIP 87-22FB 
FLIP 87-38FB 
FLIP 87-36FB 



10 / I I I 1 
1 2 3 4 5 

Seed y i e l d  ( t lha)  

Figure 1 .1 .4 .  Relationship of vegetable y i e l d  and seed y i e l d  i n  faba 
behn i n  the FBAYT-L a t  Tel Hadya, 1987188.  

However, it is possible to find lines with high green vegetable yield 

and dry seed yield, for example PLIP 87-17FE gave a dry seed yield of 

4.7 t/ha and a green vegetable yield of 29.6 t/ha. m general, 

however, the correlation of green vegetable yield with dry seed yield 

is low as exemplified by PLIP 87-24FB and FLIP 87-34FB. 

Dr. L.D. Robertson. 

1.1.3.2. Segregating -ti- 

lhis year 1814 single plant selections (SPS) were made in 198 F2 

popllations for the determinate plant type and 846 selections were made 



in 35 F populations for the IVS type using Rrassica isolation. Most 2 

of these will go as F3 progeny rows at Lattakia for disease resistance 

selection. In 1218 F3 and F4 progeny rows of determinate type, 400 SPS 

were made for F4 progeny rows and PSN'S. In 870 F3 progeny rows from 

F2 selections made for disease resistance at Lattakia, 731 selections 

based on yield were made to send to Lattakia for a second cycle of 

disease resistance selection. 

~ l s o  1478 SPS were made for chocolate spot and 365 for ascochyta 

blight resistance at Lattakia in 230 F2 poprlations. 1458 SPS for 

chocolate spot and 1160 selections for ascochyta blight resistance were 

made in F3, F4 and F5 progenies, including the determinate and IVS 

types. These selections are being taken both to Tel Hadya and to 

Morocco in the 1988/89 season. 

At Tel Hadya 140 SPS for the closed flower type were made in F2 

populations and 67 selections in F3 progeny rows. These were grown in 

the offseason nursery at Shawtrak, Jordan and were reselected for 

tightly closed flowers. 

DCS. L.D. Robertson and S.6. Hanounik 

1.1.4. D w e l w t  of alternative plant type a d  breading m?tbblogy. 

1.1.4.1. Detemimte faba b genetic stacks 

Zhe determinate habit is of potential importance in faba bean 

production areas which are either irrigated or are highly fertile. Its 

use will curtail vegetative growth and subsequent lodging, and will 

give a corresponding increase in harvest index. 



The determinate mtant from N. Europe is poorly adapted to the 

Mediterranean enviromnt, and efforts are being made to transfer the 

character into an adapted background. Crosses involving at least one 

determinate parent nroobered 108 this season. These were increased in 

the offseason and F2 populations will be screened for determinate 

plants in the 1988/89 season. Emphasis was given to developing disease 

resistant determinate lines as this was one of the major drawbacks of 

the original determinate mtant. 

Replicated yield trials were conducted with 187 lines at Tel 

Hadya, Lattakia, and Terbol. The best determinate line yielded 3.74 

t/ha. The yield of the original mtant averaged 1.15 t/ha over the 

three sites versus 2.03 t/ha for all developed determinate lines. 

Results reported back from eleven locations of the FBIYT-Det.-88 

were FiMlyzed by the Eberhart and Russell method for stability. From 

this analysis the F-values for linear and non-linear portions of 

genotype by enviromnt interaction were non-significant, indicating 

that the determinate lines had average stability (b-1) and that they 

were predictable (non-significant deviations from regression). 

In 1988 a new nursety of segregating populations "pre-selected" 

for determinacy was distributed through the International Nursery 

Network. 

Dr. L.D. Robertson. 

1.1.4.2. ~Idepa&nt vascular c q p l y  stocks 

These ace lines where each f l w r  in a raceme has an independent 



vascular supply ( IVS ) , so that many more flowers in a raceme produce 

pods and flower shedding is greatly reduced. Mtil now this work has 

been hampered because of the poor adaptation of the source of this 

trait. F2 populations were very late and few selections could be mde. 

However, now a new source based on Sudanese Triple M t e  has been used 

and the populations so developed are better adapted. lhis year 846 

single plant selections were made from 35 F2 populations. Major work 

is being carried out to incorporate earliness, disease resistance and 

larger seed size in the IVS background. 

Dr. L.D. RObertson. 

This type has a closed flower with no scent and nectar. With tightly 

closed flower, outcrossing can be as lar as 5%. The original stocks 

received were heterogenous and varied for the degree of tightness of 

closed flower. mese have been selected for uniform tightly closed 

flowers and used in the crossing program. This year 140 single plant 

selections were made in 5 F~ populations for closed flower and these 

were grown as F3 progenies in the off-season and re-selected for closed 

flower. 

Dr. L.D. Robertson. 

1.1.4.4. Efficiency of lattice dcsig~ 

In a breeding program the ability to distinguish m a n  differences is 

important for selection. This is influenced by (a) the experimental 

error and (b) the number of replications used. In most cases the 

ability to increase replications is limited. merefore, the way a 



breeder can increase the ability to distinguish mean differences is to 

reduce error. Ihe most ccdmun way to do this is to control variation 

within blocks. Breeders of most crops use some type of lattice to 

reduce experimental error when testing yield of many lines. In 1986, 

1987, and 1988 at Tel Hadya. Lattakia and Terbol, 64 faba bean breeding 

trials were gram in simple and triple lattices. The majority of these 

trials were with 49 to 121 entries. The average relative efficiency 

wer years and locations was 134%. In tern of the least significant 

difference (L.S.D.) for m a n  differences, a breeder could get the same 

L.S.D. using a triple lattice as he muld with four replications of a 

randomised block design (RBD) . Figure 1.1.5. illustrates the relative 

efficiency of lattices over RBD's for the three years and three 

locations. 

Dr. L.D. Robertson. 

Tel Hadya Terbol Lattakia 

Location 

Figure 1.1.5. Relative efficiency of the lattice design over the 
randomized complete block design at Tel Hadya, Terbol, 
and Lattakia for the 1986, 1987 and 1988. 



1.2. Paba Bean Disease6 

Although studies on host-pathogen interactions indicated that the 

invasion of faba bean cells by a. fabae and B. cinerea activates the 

production of high levels of phytoalexins, reports concerning passive 

mechanisms of resistance that occur in the phyllosphere, before the 

invasion of leaf tissue, are fragmentary. Such studies were made, in 

the past, mostly with 8. cinerea, in the absence of host resistance. 

Results from our 1985 and 1986 experiments revealed that leaflet 

washings from chocolate spot-resistant lines suppressed significantly 

spore germination and germtube developent of a. fabae, compared to 

those from susceptible lines. lbese inhibitory effects indicated the 

presence of water soluble, antagonistic substances, that may have their 

origin in the host and/or epiphytic micrwrganisms occurring naturally 

in the phyllosphere of leaves. These substances seemed to gwern 

important passive mechanirns of resistance before the penetration of the 

pathogen into leaf tissues. In 1987, additional experiments were 

conducted to caapare the inhibitory effects of different coupnents in 

the phylloshphere of faba bean leaves. 

1.2-1-1. Ihe m e  Ehyllo@ere effects 

Healthy and physiologically uniform leaves, at the fifth and sixth node 

positions, were detached from the chocolate spot-resistant faba bean 

lines BPL 1179 and 261, and from the susceptible line R-40, grown in 

the field. Fifty leaflets per lines were submerged side by side, with 

petioles up in sterilized 100 ml-beaker containing 80 ml of distilled 



water. m e y  were Ulen incubated at 20'~ for 48 hr to enhance the 

leakage of leaflet diffusates and to help the production of possible 

antagonistic metabolites by epiphytic micro-organisms that may occur on 

leaflet surface. 

After incubation, beakers were shaken carefully in a circular 

direction, for five min, to help bring extraneous substances, leaflet 

diffusates and epiphytic micrc-organisms and their by-products from the 

surface of ilrmersed leaflets into distilled water. Leaflets were then 

remwed and the water r-ining in the beaker was used to prepare a 

spore suspension containing 500,000 spores of B. fabae per ml of water. 

Spore suspensions with materials from the phyllosphere of leaflets of 

different lines were plated separately on PDA (potato-dextrose-agar) 

medium, incubated for 36 hrs at 20°c and the percent spore germination 

and length of germtube were measured under the microscope. A spore 

suspension in distilled sterilized water was plated on PnR as a check. 

A ccmplete randomized blcck design with four replicates was employed. 

The results of this test (Fig. 1.2.1) indicated that materials 

frcm the phyllosphere of the resistant lines (BPL 261 and 1179) 

suppressed significantly (P - 1%) spore germination and germtube 

dewlopent of B. fabae, compared to materials from the phyllosphere of 

the susceptible line (R40) or water. 

Zhe first experiment shorred the cdined effects of different 

caPponents of the phyllosphere on B. fabae. Ihe second experiment was 

caducted using leaflets frcan plants grown under gnotobiotic conditions 



Pig. 1.2.1. Effect of different water soluble 
components in the phyllosphere of 
chocolate spot resistant (BPL 261 
and BPL 1179) and susceptible (R 40)  
faba bean lines on soore germination 
and germtube length b f  ~oirytis 
f abae. - 

to study the effects of leaflet diffusates alone against g. fabae. 
C h c k s  were umde to confirm that no mtamination of any sort occurred 

during the whole experiment. 

At the end of 92 days of growth, physiologically uniform laaws 

were detached frm the faba hean lines EPL 261, BPI, 1179 and R40. 

lmnty five leaflets per line were used to study the effects of leaflet 

diffusates alone on spore germination and germtubc development of 8. 



Fig. 1 . 2 . 2 .  Effect of leaflet diffusates from 
the chocolate spot resistance 
(BPL 261 and BPL 1179) and susceptible 
(R.40) faba bean lines on the spore 
germination and germtube growth of 
Botrytis fabae. 

faba, as described earlier. A capplete randcmized block design with 

four replicates per treatment was eqloyed. 

Ihe results of this test are s h  in Fig. 1.2.2. Materials from 

the phyllosphere of the resistant lines BPL 261 and 1179 were 

significantly (P - 1%) m r e  inhibitory against B. fabae compared to 

materials from the phylloshphere of the susceptible line R40. These 

effects, h-er, were less dramtic than those obtained with materials 

from the phyllosphere of plants grown in the field (Fig. 1.2.1). 



lkrefore, it appears that the remaval of naturally occrring extraneous 

substances and epiphytic mcro-ocganisms decreased the phyllosphere 

Inhibitory effects of BPL 261 and 1179 against 8. fabae. and that the 

combined effects of these phyllospheric roraponents with leaflet 

diffusates are greater than the effect of leaflet diffusates alone. 

1.2.1.3. Hfe3s of certain epiphytic dcro-or9ani-s 

Ihe fitst and second experiments enploying leaflets from plants grown 

lmder field and gnotobiotic conditions, respectively, indicated that 

the phyllosphere inhibitory effects of BPL 261 and 1179 against 

8. fabae were greater in the presence than in the absence of epiphytic - - 
micrc-organisms. The third test was therefore carried out to study the 

inhibitory effects of certain epiphytic nicrc-organisms that may occur 

naturally in the phyllosphere of BPL 261 and 1179, against 8. fabae. 

Imlations of bacteria, filamentous fungi and yeasts were Mde 

from 50 leaflets harvested from plants of BPL 261 and 1179 grown under 

field conditions. The surface of leaflets was euhbed while subergad 

in 250 ml of distilled sterile water, using a gentle brush. Isolations 

from leaflet washings were made on the following media, using the 

dilution plate technique: nutrient-agar (NA), acidified 

potato-dextrose-agar (ArmA), and yeast-nalt extract-agar (-1. A 

total of 150 subcultures of conmxl bacterial, filmantous fungi and 

yeasts were purified and maitained to test their antagonistic 

activities against - B. fabae. These microorganisms were placed 

separately against a. fabae, at a distance of 2m, on the surface of 

run-acidified PaA medium in petri dishes. These dishes were then 

0 0 inarbated at roan temperature (20 22 C ) .  After two weeks, plates -re 



examined for inhibition zones between any of these micro-organisms and 

B. - - fabae. Of the 150 epiphytic micro-organiw studied only three 

filamentaous fungi showed clear inhibition zones against 8. fabaa. 
These potential antagonists were identified by the C.A.B. International 

Mycological Insitute (IMI) , Surrey, England as Fusarium (Hart. ) 

Sacc., Penicillium citrinm Thw., and - P. cyclopium Westling, under the 

In, herbarium numbers 316309, 316312, and 316311, respectively. 'Xbe 

inhibitory effects of metabolites of these potential antagonists on 

spore germination and gemtube developnt of B. fabae were therefore 

waluated. 

Each of the three potential antagonists was grown separately on 10 

F f S  plates at room temperature, for two weeks. The contents of the 10 

plates of each antagonist were suspended in 500 m l  of distilled sterile 

water, blended for five minutes in a blender, then vacuum-filtered 

through two filter papers and h*o layers of cheese cloth. Ihese 

filtrates were used to prepare spore suspensions containing 500,000 

spores of 8. fsbae per ml. Suspensions were plated separately on FfS, 

incubated for 36 hr at 20°c, then the percent germination and gemtube 

&velopnt of B. fabae were measured. A spore suspension in distilled 

sterile water was plated on PoA and used as a check. A complete 

rdomized block design with four replicates was employed. 

Ihe results of this test (Pig. 1.2.3) indicated that the 

inhibitory effects of filtrates of E. on spore germination and 

germtube development of 8. fabae were significantly (P - 1%) greater 
than those of P .  citrinum or P. cyclopium. No inhibitory effects were 

observed in water. 



F.so1. P . c i t .  P.cyc. Water 

Fig. 1.2.3. E f f ec t  of r ne t abo l i t i e s  of e p i p h y t o t i c  . . .  
fung i  Fusarium & (F.so1. ) , 
Penic i l l iu rn  c i t r i num ( P . c i t . )  and 
P .  cyclopium (P.cyc.) on spo re  - 
germinat ion  and germtube growth 
of B o t r y t i s  fabae. 

1.2.1.4. Biological cmtrol of Botrytis febee 

The tw mast antagonistic, non-pathogenic, fungi Penic i l l im citrirmm 

and p. cyclopiun were further tested for their  ab i l i ty  t o  control 8. 
fahae on faba beans q l o y i n g  the detached leaf technique. Culture - 
f i l t r a t e s  of each of g. c i t r i n m  and E. cyclopium were prepared 

separately as described earl ier .  The fungicide vincolzoline, which is 

reccmnnended for the control of a wide range of Botrytis-diseases, mas 



used in this test at the rate of 1.0 g a.i./l of distilled sterilized 

water for camparison. Droplets (0.1 ml) of each of the cultural 

filterates of - P. citrim and - P. cyclopim, and of the 

vinclozoline-water mixture were deposited on the upper lamina1 surface 

of each of the faba bean leaflets. Another treatment combined 

filtrates of both antagonistic fungi in 0.1 ml droplets at a ratio of 

1 1  V : .  Droplets of distilled sterilized water served as a control. 

M l v e  hr later 0.1 m l  droplets of a spore suspension containing 

500,000 spores of 6.  fabae prepared as decribed earlier, were added on 

the top of the droplets which comprised all of the original five 

treatments of this test. Droplets of the saue treatments, but without 

spores of B. fabae, were deposited on an additional set of leaflets to 

serve as a control for possible necrosis in the absence of the 

pathogen. Ihe metal p ~ s  carrying detached leaves were then covered 

irmmdiately and incubated at room temperature (20+2Oc). - The test was 

conducted two times eqiloying a randauized complete block design with 

four replicates per treatment. Disease readings were made six days 

after inoculation. 

Ihe results of this study (Pig. 1.2.4) s h w d  no significant 

differences between the percentage of necrosis induced by g. fabac on 

faba bean leaflets in the presence of vinclozoline and that obtained 

with the d i n e d  filtrates of P. citrim and - P. cyclopim. Necrosis 

in these treatments was, however, significantly lower than that in the 

presence of water or either of P. citrinm, P. cyclopim alone. No 

necrosis was observed in the control treatments in the absence of g. 

fabae. Ihe ability of g. citrim or - P. cyclopium to reduce necrosis 

induced by g. fabae is e r e n t l y  due to their inhibitory effects on 



spore germination and germtube developnt of the pathogen as shown 

earlier. Additional research is needed to determine the chemical 

nature of inhibitory substances in flitrates of these antagonistic 

fungi. Further work is also needed to study the population dynamics of 

these antagonists in the phyllosphere of faba bean leaflets under field 

conditions to help achieve effective biological control of 8. fabae. 

Dr. Salim Hanounik. 

Filtrates 

Fig. 1.2.4. Reduction in Botrytis fabae necrosis on 
leaflets of the faba bean line R40 in 
the presence of the filtrates of Penicillium 
cyclopium (P.cy.), P.citrinum (P.- 
combination of both, as compared to that 
with the standard fungicide vinclozoline 



1.3. mba ~ e a n  and tbeir Control 

Studies concentrated on resistance screening for aphid and the 

developrent of control recoummdations for storage pests. 

1.3.1. Aphid resistam screening 

Most of the aphid screening work is carried out in the Aphid Screening 

Laboratory at the Giza Research Station, Egypt. Over the past 3 years 

nearly 5000 faba bean breeding lines f r m  ~gypt, Sudan and ICRRnn have 

been screened for resistance to nphis craccivora and several lines with 

lower aphid infestations have been found which will now be tested in 

the field. 

This season 7 breeding lines which have been selected previously 

for some degree of resistance plus Syrian local as susceptible check 

were planted in Tel Hadya with and without chemical protection 

following artificial aphid infestation (ca. 5 aphidsfilant) in the end 

of March in the unprotected plots. At all 3 sampling dates differences 

in the m m b r  of aphids/plant were found between the faba bean lines 

grown under unprotected condition (Fig. 1.3.1). The highest nrmJxr of 

aphids was present on Budeiba 72 and FLIP 85-86, whereas on the 

Egyptian line 30/18/82 aphid popllations were lowest indicating that 

this line might have some traits of tolerance/resistance. However, the 

yield was not correlated with the numbers of aphids, because there was 

a pronounced yield increase in 30/l8/82 when protected and little 

increase in Houdeiba 72. Ihus, these lines and others found to be 

prdsing in laboratory testing uptc-date need to be studied further 

in the field, which will be carried out by the national programs in the 





respective country of origin of the faba bean lines. 

Drs. S. Weigand, 0.  Tahhan. L.D. Robertson (ICRRM), S. Bishara, G. 

mfrawy ( E g y p t ) .  

1.3.2. S t n r q p  pests 

In previous s M i e s  Bruchus dentipes was found to be the dominent 

storage pest of faba bean in Syria with up to 90% seed infestations. 

Raigation of harvested seeds is a ccrpmrm practice of farmers and 

merchants. This however, only kills the larvae in the seeds, h t  does 

not reduce infestation, which originates from the field. Studies on 

host plant resistance revealed that resistance alone will not be an 

effective control method, since in the screening of more than 1000 

BPL's no real resistance was f d .  Iherefore, an integrated control 

approach is suggested combining the folldng different methods: a) 

Sowing of uninfested seeds, b) ploughing dmm of the dropped pods and 

mads after harvest, c) monitoring of adult populations to properly 

t i n  an insecticide application before ovipition, and d) fumigation 

of seeds after harvest, if necessary. Ihese recanmndations can be 

transferred to the national programs for further evaluation rnder their 

conditions. Next s e a m  an experiment will be conducted in farmers' 

fields to test the optimal time and n h r  of applications of 2 

insecticides and their econamic feasibility. 

Drs. 0. Tahhan and S. Weigand 



1.4. Bmn Crop Phpsiolgill a- 

1.4.1. Growth, dry matter tuildup a d  field of bba bean enotgps of 

different plant type 

Ihe traditiml varieties of vicia faba L. with indeterminate growth 

habit are characterized by low and unstable yield. Cne of the major 

causes of yield instability is the excessive flower and pod shedding 

which can reach upto 97%. Amnq the factors responsible for the high 

level of flower and young pod shedding is the intra-plant competition 

foe assimilates between reproductive and vegetative organs, the latter 

a result of the apex remaining a significant sink during and after 

flowering period. To over- this problem, the faba bean improvement 

program has laid strong emphasis on the develmnt of alternative 

plant types wfiich include determinate growth habit and plants with 

independent vascular supply (IVS) to each flower. The potential 

advantage of determinate growth is the reduction in the competition 

from vegetative sink to the reproductive sink for assimilates, 

resulting in improved podding; and in NS, increased podding would 

result because of lack of con&etetive interaction between the early and 

late formed flowers on the same node. 

A study was initiated in 1985/86 and repeated in 1986/87 and 

1987/88 to determine whether the major constraints associated with the 

indeterminate faba bean have been removed in the new plant type and 

whether the developcnt of the alternative plant type has resulted in 

new contraints in attaining high seed yield. In 1985/86, the 

indatenuinate cultivar ILB 1814 (Syrian Local Large), the determinate 

line FLIP 84-230F and indeterminate line but with independent vascular 



supply IVS 6 were used in the study. In 1986/87, a second determinate 

line, FLIP 84-239F was added and in the 1987/88 season, three 

determinate lines; R I P  84-239F, FLIP 84-240F and FLIP 84-241F in 

addition to ILB 1814 and IVS 6 were used. oensity used were 22 and 44 

2 plantsA0 . 

Ihe number of branches/plant was low during early vegetative 

growth and increased reaching a maxinunu at flowering in ILB 1814 and 

IVS 6 (March), but the determinate lines continued producing branches 

late into the season (Figure 1.4.1). At its maxim, the m m h r  of 

branches was higher in the determinate than in the indeterminate ILB 

1814 and the IVS 6 (Figure 1.4.1). This suggests that the advantage of 

determinate growth habit is partly lost by continued production of new 

branches after flowering, because these late f o d  branches becow 

sinks ccmpting with reproductive growth for assimilates. It is 

however, possible to suppress the late formed branches by planting at 

high density (Figure 1.4.1). 

Leaf area index (PAI) and dry matter production folluwed the same 

pattern; low at the beginning of the season, and increasing to a 

m a x i m  later on (Figures 1.4.2 and 1.4.3). AS in the past, ILB 1814 

had the highest LRI throughout the season and produced the highest 

total dry matter; and IVS 6 which during all the growth stages attained 

lowest LAI also produced l w s t  dry matter. Ihe determinate lines 

attained intediate W and produced intermediate amunt of dry 

matter. Differences in dry matter production were therefore a 

reflection of differences in LAI. Planting at higher density of 44 

plantsd resulted in higher LAI and increased dry matter productim 

(Figures 1.4.2 and 1.4.3). 



IVS 6 22 plantslm 2 (1) 
e-e IVS 6 44 plantslm 2 

L 4 FLIP 84-240F 22 plants/m2(~) 
+ 4 FLIP 84-240F 44 plants/m2 

m-- --a ILB 1814 22 plant$/m 
2 

)---- ILB 1814 44 plants/m2 

'a 

Jan Peb March April May 

Fig. 1.4.1. Number of brancheslplant at different growth stages for 
indeterminate (I), IVS 6 determinate (D) faba bean plant 
type grown at 22 and 44 plantslm2, Tel Hadya, 1987188. 

In both 1986/87 and 1987/88, dry matter partitioning to the stems, 

leaves and reproductive parts were investigated (Figure 1.4.4). Ihe 

prcentage dry matter partitioning to the leaves exhibited a gradual 

decline with time. mterminate faba bean lines partitioned 
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Figure. 1 . 4 . 2 .  Build up of l e idarea  index of faba bean (LAI) a s  a f f ec ted  
by plant types and population, Tel Hadya, 1987188. 

proportionately wre of their dry matter to the reproductive part than 

the indetednate ILB 1814, hmwer X i  6 partitioned even less. 

-st determinate lines in 1986/87 and 1987/88 FLIP 84-239P 

partitioned highest percentage dry matter to reproductive growth 

(Figure 1.4.4). 

In 1986/87 and 1987/88, ILB 1814 had highest Lnr, produced highest 

dry matter and attained highest seed yield (Tables 1.4.1 and 1.4.2). 

Cn an average of t w ~  -tion densities, in 1986/87 ILB 1814 



IVS-6 (I) .- -. F84-239 (D) 
a------- F84-240 (D) - F84-241 (D) 

ILB 1814 (I) 

2 Pig. 1.4.3. Total dry matter in g l m  at different growth stages for: 

a) Five faba bean genotypes 
b) Two plant populations, Tel Hadya 1987/88. 

outyielded RIP 84-230F by 26% and FLIP 84-239F by 14%. In 1987/88 the 

yield advantage in ILB 1814 ccwpared to R I P  84-239F, FL.IP 84-240P and 

FLIP 84-241F were 22%. 27% and 17% respectively. IVS 6 which attained 

lowest LAI and total dry matter gave the lowest seed yield. Sowing at 

22 c-red to 44 plants,tn2 did not improve seed yield of ILB 1814 but 

increased yield of IVS 6 and determinate lines. In 1986/87, W n g  at 

high density of 44 plants,tn2 increased seed yield by 5% in FLIP 84-230F 

and 14% in RIP 84-239F. In 1987/88, the respctive yield increases 

due to sowing at 44 plants/m2 were 17% for FLIP 84-239F, 3.1% for PLIP 

84-240Fand 6% for RIP 84-241F. Seed yield was strongly correlated 

with biological yield (r-0.92); clearly suggesting that when developing 
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Table 1.4.1. Seed yield (kg/ha), biological yield (kg/ha) and frost 
damge score of four faba bean lines sown at two 
poplations, Tel Hadya, 1986/87. 

Seed vield Bioloaical vield , Frost 

PLIP84-2398 3428 3892 3660 5931 6878 6404 3.0 
ILB 1814 4419 4332 4375 8032 8026 8029 2.1 

M a n  3381 3521 6130 6404 

G P GXP G P GXP 

LSD (.05) 428.9 NS NS 749.5 NS NS 0.54 
SE 134.1 84.9 180.0 234.3 134.1 301.4 0.17 
CV ( % )  11.0 9.8 10.5 8.5 16.0 

G - genotypes, P - population. 
* Frost damage score of flowers taken 10 days after end of frost 
occurrence. Sacle: 1-5, where 1 - no damage; and 5 - complete 
flower kill. 

Table 1.4.2. Seed yield (kg/ha) and biological yield (kg/ha) 
of five faba b a n  lines sown at two 
popllations, Tel Hadya, 1987/88. 

Seed yield 2 Biological yield 
Ganotypes Plant popllation/m plant populatiowh 

22 44 &an 22 44 Mean 

M a n  2525 2725 5083 6004 

G P GXP G P GXP 

LSD 5% 263.8 166.8 NS 497.9 314.9 NS 
SE 90.9 57.5 128.5 171.6 108.5 242.60 
CV$ 9.79 8.75 

G - genotypes, P - population. 



determinate plant type, eqhasis should be to maintain high biomass 

without losing lodging resistance. 

Ihe results of the study conducted over the three year period 

indicated clearly that the devel-nt of alternative plant type, such 

as determinate lines, can lead to high seed yield only when high 

biomass and high harvest index are incorporated in the breeding 

strategy, with selection of lines that stop producing new branches by 

start of flowering. Ihe study also s h m d  the importance of increased 

plant density for realising full yield potential of the determinate 
2 type faba bean. In this study only 22 and 44 plantsh were tested. 

2 In 1988/89 season, therefore, higher densities than 44 pants/m will 

also be tested. 

Drs. S.N. Silim and M.C. Saxena. 

1.4.2. Paba bean chmical rred cmtml trial 

An experiment on irrigated faba bean was conducted at 're1 Hadya to 

evaluate the effect of recmuended herbicides as well as those pramted 

f r m  the previous season's experiment on weed control. Ihe 

experimental design was raddzed block with 4 replications. & 

hundered and twenty m of water was applied in addition to the 504 im 

rainfall received in the season. 

Weed infestation was high especially, broadleafed weeds such as 

siMpis arvensis, vaccaria pyramidata, Carthamus syriams and 

Cephaloria syriaca. Low infestation of Phalaris brachystachys, 

sterilis and volunteer cereals was observed. Ihese weeds caused 35% 

reduction in grain yield (Table 1 . 4 . 3 ) .  



Table 1.4.3. Effect of w e d  control on seed yield of irrigated faba 
bean and on weed dry matter (TnW), Tel Hadya 1987/88. 

Treatment Rate of 
application Grain yield TnW 
(kg a.i./ha) (kg/ha) (kg/ha) 

Weedy check 2482 
Hand weeding 3792 
Cyanazine+Pronaraide, pre-emergence 1.N0.5 3254 
Terbutryne+Pronamide, pre-emergence 1.N0.5 2217 
Codal, pre-emergence 2.0 1768 
Cartetarnide, pre-emergence 1.5 2381 
Carbetamide, post-emergence 1.5 2955 
Dimseb acetate + 
Femxaprop ethyl, pst-emergence 1.N0.25 2911 
Bentazone + Fluazifop 

butyl, post-emergence 1.N0.25 2436 
Dinose-acetate + fmnolinuron 
(Aresin C h i ) ,  post-emergence 1.0 2211 

LSD (5%) 790 
C.V. ( % )  20.6 

A chination Of Cyanazine (1.0 kg a.i./ha) + Pronamide 

(0.5 kg a.i./ha) applied pre-emergence was the best among the herbicide 

treatments, but hand weeding gave the best result. Post-emrgence 

application of Dinoseb acetate (1.0 kg a.i./ha) + Fenoxaprop ethyl 

(0.25 kg a.i./ha) was good as also carbetamide (1.5 kg a.i./ha) 

especially when used as pre-emergent application. Combination of 

Terhtryne (1.0 kg a.i./ha) + Prcolamide (0.5 kg a.i./ha) did not give 

good results due to phytotoxicity (score of 4.5, when scored on 1-9 

scale, where 1 is no damage and 9 complete crop kill). C&l 

(2 kg a.i./ha) was also phytotoxic (phytotoxicity rating 6.3) and 

ineffective in controlling weeds. 

DrS. M. Pala, M.C. Saxena, S.N. Silim and Mr. M. El-W 



Following nearly one year of greenhouse Rhizobium strain selection in 

hydroponic and soil core trials, a set of 3 supsrior strains was chosen 

for regional inoculation response trials in faba bean. In 1987i88, ten 

of these trials, designed to be conducted using locally adapted 

cultivars and ICARDA-produced inoculants, were sent to seven countries. 

In addition the trial was conducted at Tel Hadya station with two 

locally adapted cultivars, Syrian Local Large and Lebanese Local %?all. 

Biological and grain yields were increased significantly with 

inoculation in both cultivars. With Syrian local large, inoculation 

increased grain yield by 793 kg,ha with a biological yield increase of 

3,300 k g h .  The yield increase due to inoculation with the best 

Rhizobium strain in Lehrnese Local Small was of smaller magnitude. 550 

ad 1020 k g h  for seed ad biological yields, respectively. No 

results have yet been received from regional cocperators. 

Ihe  me selected strains were tested against 12 improved 

cultivars in a field trial at Tel Wadya station, which incorporated 

subplots designed to measure quantities of nitrogen fixed in the 

treabmts. In this trial, grain yield differences due to cultivar 

were largest, as might be expected when dealing with diverse plant 

types such as determinate and IVS, k t  differences due to strain as 

wall as cultivar x strain interactions were also significant. 

Ihe effect of inoculation with the best strain on seed yield can 

be seen in Figure 1.5.1, where only the differences between 

unindated and inoculated treatments are indicated. Significant 



increases in grain yield over uninoculated treatments were seen in 

Lebanese Local Small, Seville Giant, Syrian Local Large and Reina 

Blanca, with an average increase of about 600 kg/ha in these highly 

productive ccamaercial cultivars. The average seed yield increase over 

all 12 cultivars, due to inoculation with best strain, was 15%. 

BOO 

Fig. 2.5.1. Seed yield advantage from inoculation of 12 faba b e p  lines 
over unimculated treatment (soil containing >10 native 
rhizobia per g soil) by strain FB452, Tel Hadya, 1987/88. 

Results from a collaborative trial with INRA scientists at 

mntpellier indicate that faba bean can fix between 76 and 94 percent 

of its total nitrogen requirement, depending on enviromntal 

conditions. Nitrogen fixed in cultivar Syrian Local Large varied from 

90 to 183 kg  ha. Forthcoming 1 5 ~  results from the 1987/88 cultivar 

evaluation trial will show more clearly the N fixing ability of faba 

bean, and indicate which cultivars are able to obtain a greater 

proportion of total plant N f r m  the atmosphere. 



Average lentil yields are lorr because of poor crop maMgement and the 

lov yield potential of land races. In S. Asia and E. Africa diseases 

are also a major constraint to production. Accordingly an integrated 

approach to lentil ilrpravement is being pursued at IC?+RDA covering the 

developent of both improved production technology and genetic stocks. 

A high priority has been placed on research on lentil harvest 

aschanization systems to reduce the high cost of harvesting by hand in 

the West Asia and North Africa region. Agronomic research to develop 

*roved production practices is conducted in coordination with the 

Farm Resource Management Program, and is extended to the region via the 

International Testing Network. Increasing the biologically - fixed 

nitrogen in the wheat-based cropping system is the aim of activities in 

Rhizobium research and weevil control. 

Lentil breeding at IULRaR focuses on three different agro-ecological 

regions. The importance of the regions in tenas of lentil production 

and the allocation of resources in breeding are s m r i s e d  together 

with the respective breeding aims in Table 2.1.1. 

Ihc breeding program is divided into streams directed toward the three 

target, agrc-ecological zones mentioned above. A description of the 

scheme of breeding was given in the ICARDR Annual Report. 1985. 



Table 2.1.1. Major target agro-ecological regions of production of 
lentil together with the allocation of resources in 
breeding and key breeding aims. 

-- - - - 

Region % of lentil % of Key characters 
area in resources for recombination 
developing 
countries 

nediterranean 24 75 Biaaass (seed + straw), 
l w  to medium attributes for 
elevation mechanical harvest. 

wilt resistance, ' 

drought tolerance 

S. Asia and 51 20 Seed yield, 
E. Africa early maturity, 

resistance to 
rust, ascochyta, 
and wilt 

High elevation 14 5 Biomass, 
cold tolerance, 
attributes for 
mechanization 

Approximately 350 simple crosses are made annually and handled in a 

bulk-pedigree system using off-season generation advancement. Five 

percent of the crosses are with the wild lentil G. orientalis, for 

increasing stress tolerance. This work is supported by research 

carried out in the Genetic Resources Program. 

Segregating populations targetted for the different regions are 

distributed with emphasis placed on relevant constraints, providing 

breeding material for national prograas in the high altitude and lower 

latitude regions for selection and cultivar developaent. In the 

Mediterranean area selection for response to varied moisture supply is 

cDnducted at ICAROA stations in Lebanon and Syria. Lines and 



segregating populations with specific characteristics are supplied 

through the International Testing Network (2.1.1.4). 

2.1.1.2. Yield trials 

selections from the breeding program for west Asia and North Africa are 

tested in preliminary and advanced yield trials at three locations 

varying widely in their annual rainfall namely Breda (annual average 

rainfall 281 m) and Tel Hadya (328 m )  in Syria and ~erbol (545 m )  in 

Lebanon. hlring the 1987/88 season the rainfall was above the 

long-term average at all three sites with 400, 504 and 710 m received 

at Breda, Tel Hadya and Terbol, respectively. The highest yields of 

seed and bioraass were obtained at the driest site-Breda where water was 

not the limiting factor to growth this season. Ihe average biomass 

realized at Breda was 6 t/ha with a mean seed yield of 2 tha. This 

contrasts with the wettest location Terbol where only 3.7 t/ha dry 

ratter were produced giving 1.4 tonsha seed on average. 

For the first season improved lines, 'Idleb 1' for large-seeds and 

78S26013 for small-seeds, were included as checks alongside the 

long-term checks ILL 4400 and 4401 (Syrian Local Large and Small, 

respectively). A sumnary of the yield trials for seed and biomass 

yields is given in Table 2.1.2. For seed yield at Terbol, Tel Hadya 

and Breda the percentages of lines yielding significantly more than the 

best check were 11, 18 and 2% respectively. A n  additional 41, 40 and 

25% of other test entries ranked above the best check. A similar 

pattern emerged for biomass. Clearly, some advance from selection is 

being observed. 



Table 2.1.2. Results of the lentil yield trials for seed (S) and 
bicaass (8) yields ( k o )  at three contrasting rainfed 
locations; Terbol (~ebaKn) ,  Tel Eadya and Bred (Syria) 
during the 1987/88 season. 

Rainfall (m) 
tocation 

Mraber of trials 17 

b b e r  of test entries* 383 

% of entries sig. (Pt0.05) 11 
exceeding best check** 

% of entries ranking above 41 
best check (excluding above) 

Yield of top entry (k-) 1859 

Check mean yield (kg,ha)*** 1415 

Location mean (k-1 1394 

Range in C.V.(%) 7-11 

Mean advantage of lattice 112 
over P m  

- - - 

Entries common over locations 
** Large-seeded checks: ILL 4400 long-term, Idleb 1 iqroved; 

Small-seeded checks: ILL 4401 long-term, 78826013 -roved. 
*** Improved checks 

Increasing attention is being paid to selection for biauass for 

seed and straw and the relationship between seed and straw yield was 

examined across the trials. Previous research on both the mrld lentil 

collection and yield trials had indicated a positive correlation 

between seed and straw yield. In this season the man phenotypic 

correlation over the 17 trials between seed and straw yields ranged 

fran r - 0.18+0.04 at Terbol to r - + 0.61 + 0.03 at Breda and r - 



+0.61 2 0.02 at Tel Hadya. 'lids strong positive association bctueen 

seed and straw yield at Breda and Tel Badya shows that an advance fran 

selection for either character will result in an increase in the other 

character. But under very high rainfall conditions of Terbl this 

association is rather weak. 

A lattice design (7x7) was used in all these trials and the 

average advantage of the lattice design over randomized complete block 

design varied from 7% in Breda to 281 at T e l  nadya. 

Dr. W. ErSkine. 

2.1.1.3. nt-t of a screening bdmicp~ for vasarlar wilt 

Vascular wilt caused by Pusarium oxysponnn f.sp. lentis is the major 
disease of lentil in Syria causing an average of 12% crop loss in 

mrth-West Syria (Annual Report, 1985). Ihe use of resistant varieties 

is the most efficient way to reduce crop losses. A study was made to 

determine factors affecting fungal growth -- in vitro to enable sufficient 

imculm production for the develqment of a screening technique for 

resistance, as well as to s M y  soac aspects of the epidemiology of the 

disease. 

l be  effects of three grovth media (potato dextrose agar, lentil 

dextrose agar ard Czapek) ard temperatures frcm 10-30°c on fungal 

growth were examined. The results in Figure 2.1.1. show that fungal 

gravth was better on lentil dextrose agar abwe 15'~. The response of 

fungal growth to temperature on lentil dextrose agar was well descrited 

by the quadratic equation y - -169.8 + 22.31~ - 0.49x2 with a 

2 coefficient of determination (r ) of 0.86. Ihe optimum temperature for 
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Fig. 2.1.1. The effect of temperature on fungal growth as measured by 
colony diameter (mm) nine days after incubation on three 
growth media (LDA, PDA, Czapek). The quadratic equations 
for LDA and Czapek are drawn and the temperature optima 
indicated by arrows. 

fungal growth was calculated as 23'~ from the quadratic equation. 

The transmissibility of the fungus via seeds was examined using 

surface sterilized seeds of a known-susceptible cultivar from a wilty 

field grown on synthetic and semi-synthetic media at different 

temperatures. Lentil seeds were soaked in 5% NaOH solution for 36hr, 

stained with 1% aniline blue and examined microscopically. The results 

indicated that the fungus was not present in the seeds - neither in the 
endosperm nor under the seed coat. 

In vitro studies revealed an antagonistic effect of a Pseudomo~s 

sp. isolated from infected soil on the growth of F. oxyspom. - 



The following nematode genera were associated with wilt incidence 

in the field: Ditylenchus -, mloidogyne spp., Heterodera spp., 

Aphelenchus spp., Pratylenchus spp., Helicotylenchus spp., 

Tylenchorhynchus spp. and Aphelenchoides spp. 

A simple, rapid and repeatable technique was developed in the 

plastic house to screen lentil germplasm at the seedling stage for 

resistance to wilt, because previous field screening had been 

necessarily opportunistic due to the uneveness of wilt distribution in 

the soil. Zhe technique involves the use of 1) field soil in metal 

trays each sown with rows of a susceptible check and five test lines 

and ii) inoculation with 14-day old liquid culture of - F. oxyspom, 

isolated from the stems of wilted plants and applied two weeks after 

swing. Final disease incidence was recorded eight weeks after sowing. 

Using this technique 25 lines were grown in two successive 

Swings. The lines ranged from resistant to highly susceptible. There 

was g o d  agreement between the results of the sowings with a 

correlation of r - 0.86 (Pt0.01) between the respective disease indices 

(Figure 2.1.2), showing clearly the repeatability of the technique. 

A total of 18 lines were screened for disease reaction in both the 

field (at the reproductive stage of growth) and in the plastic house 

(at the seedling stage). The field results were based on a mean of 

eleven replicates per line, and the highest wilt incidence on a line 

over replicates was used to avoid values representing disease escape. 

Ihe correlation between the wilted plants score in the field and the 

disease i&x score in the plastic hmse was r - 0.76 (P<0.01) 

indicating agreement between field and plastic house results (Figure 



Disease index X (Sowing 1) 

Fig. 2 . 1 . 2 .  Relationship between vascular w i l t  disease  index score 
i n  the f i r s t  sowing with thaf i n  the second sowing. 

2.1.3). Since the disease distribution in the field was not unifom, 

the field data may be overestimates of resistance. Hovever, all lines 

showing susceptibility in the field 15 score) were also susceptible 

( 1 5 )  in the plastic house. 

Subsequently 162 lines were screened in the plastic house, awngst 

which 29 lines were prooising with no wilt symptoms. 

Dr. B. Bayaa (Aleppo University) and Dr. W. Erskine. 



Disease score in the field (1-9 scale) 

Fig.2.1.3.Relationship between the vascular wilt disease index score in 
the plastichouse and that in the field. Number of observations . = 1, A =  2 and o = 3. 

The lentil international nurseries have evolved frm the stage of 

prwision of yield trials only earlier to now supplying a range of 

targeted crossing blocks/resistant Mxrrces, segregating populations and 

yield trials for the three mjor agco-ecological regions of production 

(Table 2.1.3). 



Table 2.1.3. Lentil international breeding nursery program sharing 
target regions and type of material for distribution. 

T y p  of nursery Regions 
Mediterranean ~ower High 

low-med. elevation latitudes elevation 

Crossing blocks/ Tall nursery Asochyta blight Cold tolerant 
Rasistant sources Large seeded nursery nursery nursery 

Small seeded nursery Early nursery 
* Wilt nursery 

Segregating * F nursery- F nursery- F nursery 
populations large seeded 3early cald tolerant 

* F nursery- 
All-seeded 

Yield trials Small-seeded trial Early trial 
Large-seeded trial 

* To be launched in 1989 

Our strategy is to encourage national breeding prograas to 

undertake more selection locally within segregating populations. Zhe 

aim is to start three new targeted F3 nurseries conprising segregating 

popllations from crosses with parents with the specific traits listed 

in section 2.1. These will be F3 nurseries - 1, Small seeded and 2, 

Large seeded for the Mediterranean environment and 3, Cold tolerant for 

the highland environment. Additionally, a wilt resistant nursery will 

be initiated. 

Another converse way to encourage the use of segregating 

popllations by NRRSs is to discourage the direct use of finished 

material by limiting the distribution of sets of international yield 

trials. In Table 2.1.4 the distribution of yield trials in the last 



set of international trials was limited to the previous year's level of 

130 representing only 64% of requests frm NARS despatched; whereas 98% 

of requests for segregating ppulations were despatched. Increased 

follow-up to assist NRRS scientists in selection is planned. 

Drs. R.S. MlhotCa, W. E r S k i ~  and M.C. Saxena. 

Table 2.1.4. MndRr of sets of international trials and segregating 
popllati~ls requested by and sent to NRRSs in 1988/89 
sesaon. 

m s  of nursery 
Seurwatinu 

Yield trials podatio& 

No. sets requested by NAM 207 41 
No. sets despatched to NAM 130 39 

% requests sent 63 95 

2.1.2.1. for the nediter- regim 

Ihe ICmLS base program provides segregating poplatiom and breeding 

lines to national progrtolls in North Africa and west Asia for elevations 

below lOOOm around the Mediterranean Sea. TO date, more use has been 

made of lines than segregating ppulations and very few crosses are 

made in the region outside I-. 

In Syria following the release of the country's first lentil 

variety 'Idleb 1' in 1987 (Table 2.1.51, use is already being made of 

the variety in production (section 2.3.2) and it is also in 

multiplication with the Syrian Seed Production Institute. meanwhile, 



Table 2.1.5. National program releases of lentil selected frcm 
international trials. 

Country Cultivars released Year of Specific features 
release 

-- 

Ecuador 1-406 (FZIP 84-84L) 1987 Rust resistance, high yield 

Ethiopia ILL 358 1984 icust resistance, high yield 

Syria Idleb 1 (78s 26002) 1987 High yield, reduced lodging 

Rmisia Neir (IU 4400) 1986 Large seeded, high yield 
Nefza (IU 4606) 1986 Large seed, high yield 

Turkey Firat '87(75kf 36062) 1987 Small seeds, high yield 

Table 2.1.6. man seed yield (kg/ha) in on-farm trials conducted with 
ARC (~ouraa) f r m  1982/83 to 1987/88 in Syria. 

Entry 
season Hurani 1 7 8 ~ 2 m  Advantage over S.E.+ No.of 

(Local check) check ( I )  sites 

M a n  1186 1382 16.5 

amongst smaller seeded material the entry 78826013 is to be recolmended 

for release. It has been in on-farm trials since 1982/83 and has shcRnr 

an average yield advantage over Hurani 1 (the local Check) of 17% 

across 57 sites (Table 2.1.6). The line 78526013 has additional 



advantages over the check in that it lodges less, an important 

attribute in harvest mechanization, and is nore resistant to both 

vascular wilt and ascochyta blight. 

Regional yield trials, which were the source of lines for on-farm 

trials and were jointly nm by ICAI(DA and ARC (mum), have hen  

discontinued. A nati-1 yield trial system entirely the 

responsibility of ARC (Dornm) has now taken its place. 

In Lebanon the sam small-seeded line 78326013 as identified in 

Syria has been named Talya 2 by the Agriculture Research Institute 

(ARI) in anticipation of its release in 1989. Another line FLIP 

84-76L, with larger seed, will also be included in the pre-release 

dtiplication of ARI in the 1988/89 season. 

In Jordan following the release of the local selection W L  176 by 

the naticmal program, attention has shifted to large scale testing of 

several lines resulting from hybridization using FLIP 84-77L. FLIP 

84-83L. FLIP 85-381 and FLIP 86-5L. Selections from crosses, made at 

ICARDA on the request of Jordan and supplied as segregating 

popllations, may yield the next generation of cultivars. 

Progress in lentil breeding within the national programs in N. 

Africa is discussed in detail in section 7. Briefly, in Algeria based 

on previous year's results and the performrice in the last two years 

demmstration plots, Syrie 229 and Balkan 775 have proved their 

supriority over the local, 'Large Blanche de Chili' (LB Chili) and 

thus they will be recamended to farmers. Already this was done 

informally for Syrie 229. ILL 4400 is doing better than both in one 



location and similar to them at two other locations. H m r  it will 

not be recaomended for release before at least a second year in 

denanstration plots. 

In Horocco 78S26002 will be added to the catalog trials next 

season, to join ILL 4605. In Tunisia the drought conditions precluded 

mjor breeding advances in the 1987/88 season. 

In Spain two lentil lines are in registration. 

National Agricultural Research Systems. 

2.1.2.2. Mmux?s for e r n  latitudes 

This region ca!qrises the sub-continent of India and Ethiopia where an 

early flowering habit is required together with resistance to   st, 

ascochyta blight and wilt. The importance of foliar pathogens 

contrasts with other major areas of lentil production. 

Screening for Ascochyta blight reaction is being conducted by the 

national program of Pakistan at NARC, Islamahad and at the Agricultural 

university, Faisalabad. The resistant reactions of ILL 358, 5480, 5871 

and 6024 to Ascochyta have now been reconfirmd in Pakistan. Two of 

these lines ILL 358 and 6024 were also screened for reaction to 

Ascochyta blight at wbre Zeit, Ethiopia, where they were found 

tolerant (Table 2.1.7) . In Canada ILL 358 has been c o n f i d  resistant 

to Ascochyta blight and is the basis of the breeding program foe 

resistance to Ascochyta blight in saskatwn. 

Screening for mst was conducted at both Akaki and Debre Zeit by 

the University of Alemaya, Ethiopia and a range of lines were resistant 



in both locations. Soare lines are showing resistance to to rust and 

tolerance to Ascochyta blight (Table 2.1.7). 

Table 2.1.7. Reaction of selected lentil lines to Ascochyta blight at 
NWC, Islamabad, Pakistan and Debre Zeit, Ethiopia and to 
rust at Debre Zeit and Akaki, Ethiopia on 1-9 scales. 

Ascochyta score RUS~ score 
Selection ILL LSLRC Debre zeit mbre Zeit Akaki 

- 358 1 5 2 3 
78526052 5604 2 6 1 1 
FLIP 84-78L 5748 3 5 3 1 
FLIP 85-33L 5871 1 - 1 - 
FLIP 86-21L 6007 3 5 1 1 
FLIP 86-38L 6024 - 5 3 1 

hrrning to the exploitation of breeding material for prcduction, 

in Ethiopia the advent of the Nile Valley Regional Program will ensure 

the timely dtiplication and distrihtion to farmers of the released 

lentil line ILL (NEL) 358. 

In Pakistan ILL 2573 continues to out-perform the local check in 

both on-farm trials in the north of Funjab Province and the national 

uniform yield trial. Seed of ILL 4605 is being distributed to 

extension groups and farmers around Islamabad, and the line is king 

ansidered for release for the wettest area of lentil production in 

Pakistan - Chakwal and National Capital Territory. 

In Nepal ILL 4402 and 4404 are in on-farm trials in the Terai 

area, where most of the country's production on 100,000 ha is sown. 

N a t i d  Agricultural Research Systems. 



2.1.2.3. &3vances for high alt iMe region 

The high altitude area consists of the plateau regions of Iran and 

mrkey, where lentil is normally spring sown because of the sevore 

winter. It has been shown by the Turkish program that winter swing of 

cold tolerant lentil results in large increases in yield. The line 

1066-1, which is a single plant selection, made at Eskisehir frcm ILL 

854, is a large-seeded, red cotyledon lentil with cold tolerance that 

is being considered for release for winter sowing. We plan to launch 

an international trial in 1989 of segregating material with one cold 

tolerant parent to encourage selection locally by national program. 

National Agricultural Research Systems 

2.2. Adaptatim 

2.2.1. Geqlraphic distribution of variatim in the Ic%mn wrld 1 4 1  

mllectim 

The geographic distribution of variation in the 1- mrld lentil 

collection was studied to understand the local adaptatim in the crop, 

in collaboration with the Genetic Resources Unit. m e  variation in ten 

quantitative morphological characters of accessions from 14 major 

lentil-producing countries was examined by steparise discriminant 

analysis followed by canonical variate analysis. Hajor differences 

between accessions from different countries were revealed by the 

analysis. Three regional groups were apparent namely 1, a levantine 

group (Egypt, Jordan, Lebanon and Syria) 2, a more northern group 

colaposed of Greece, Iran, Turkey and USSR and 3, accessions from India 

and Ethiopia with similar quantitative mrphological characters within 



groups. His-classifications were frequent within groups. Characters 

useful in discriminating between accessions f r m  different countries, 

in descending order of importance, were: time to uaturity, lowest pod 

height, and 100-seed weight. 

Ihe grouping by country of origin is summrized visually in a 

scatter diagram from the canonical variate analysis (Figure 2.2.1). 

Cammica1 variate analysis reduces the multivariate data set into fewer 

orthogonal axes. In this case the first two variates (shown in Fig. 

2.2.1) accounted for 84.6% of the variability in quantitative 

characters. 

First Canonical Variate 

Fig.2.2.1.Scatter diagram of the first two canonical variable mean values 
for the 13 countries of origin. Country names are abbreviated 
to their first three letters (except USSR). Circles represent 
confidence limits at P = 0.95. 



The close resehlance between gerarplasm frm adjacent countries, 

climatically similar such as within the levantine group, indicates that 

the ecological environment has been the major evolutionary force in the 

cultivated lentil. Furthermore, with the character tim to maturity as 

the mast inprtant trait in the classification, it appears that 

phenological adaptation to the ecological environment has been central 

to the evolution of the crop. 

The regional grouping in lentil has a practical use in the 

utilization of germplasm by breeders. Collections often contain so 

many entries and such a multiplicity of potentially interesting 

characters that they are ,formidable to potential users. The grouping 

found in this study could be used in the selection of parental stocks 

from the germplasm collection and in establishing a core collection. 

The aim of a core collection is to include, with minimurn redundancy, 

the genetic diversity of a species in a condensed (and hence 

swageable) yet representative assembly of accessions. 

Drs. W. Erskine, Y. Adham and L. Holly. 

2.2.2. Variability in respmse to teqerabm? and phtaperiod 

Study to understand the phenological adaptation of lentil is being 

conducted with the University of Reading, U.K. in an om-sponsored 

project. The response of lentil genotypes to different temperatures 

and photoperiods in time to flower can be quantified with the equation 

l/f - a + bT and CP, where flowering (f) is transformed into the rate 
of progress (l/f) towards flowering by taking the reciprocal, T is the 

mean temperature and P is the mean photoperiod. Ihis equation 



described the response of six varied lentil genotypes to a wide range 

of photo-them1 combinations created in controlled environments (FLIP 

Annual Report, 1986). 

The model was then tested on a wider range of germplasm 

accessions, a total of 240 lines, in the glasshouse in Reading in a 

total of four photo-them1 environments. The average time to fl-r 

in the four factorial cdinations of two photoperiods (14 and 16 

hours) and two mean temperatures (13.5 and 18.5'~) are shown in Table 

2.2.1. 'IZle time to flower was reduced with increasing temperatures and 

photoperiods. There were, however, large differences between the 

accessions in response to temperature and photoperiod, which were 

described by the equation given earlier. The average coefficient of 

2 determination (r ) wer gennplasm for the multiple linear regression 

was 0.915. Clearly, the model derived frm a few genotypes in many 

different photo-them1 regimes in controlled environment chambers 

fitted the data of a wider range of germplasm in a more limited set of 

environments in the glasshouse. 

Table 2.2.1. Mean time to flower (days) of 240 lentil genplasm 
accessions grown in the glasshouse in Reading University 
under different temperature and photoperiod regimes. 

Photoperiod (hours) Mean 
14 16 

Standard Error Temp. and Photo. means 2 0.21 
Standard Error Interaction means - + 0.29 



The range over accessions of response to tenperature ( b )  was from 
0.0018 to a negative response of 0.0005. For response to photopericd 

(2) the range over accessions was from 0.0014 to 0.0064. ?he 

variability amongst accessions for both responses 5 and I? is 

illustrated in Figure 2.2.2. It is clear that response to temperature 

is independent of response to photoperiod. 

-5.0 1.. 
13.9 18.4 22.9 27.4 31.9 36.4 41.0 45.5 50.0 54.5 59.0 63.5 

Response t o  photoperiod ( c )  (x10-~) 

Figure 2.2.2. Response t o  temperature ( b )  and photoperiod ( c )  o f  240 l e n t i l  
accessions i n  the glasshoiise i n  U.K. A represGa two points. 



The genetic variability in response to hoth temperature and 

photoperid was related to the origin of the accessions. The tested 

germplasm included 25 randomly selected accessions from each of eight 

major lentil producing countries and from ICARDA. An analysis of 

variance based on country of origin revealed significant differences 

between the average time to flower of accessions from each country. 

Similar ANOVAs based on country of origin of the average response to 

temperature (b) - and the average response to photoperiod (c )  of 
accessions from various countries also showed significant differences 

between country means. The mean values of response to temperature (b) 
and photoperid (5) of accessions from the eight countries are shown in 

Figure 2.2.3. 

Figure 2 .2 .3  Mean response t o  temperature (b) and photoperiod (c )  of 25 random 
accessions from eight  lenti l -producing countries and ICARGA. 

13 -  - 
e - - - 

Dl11  - 
u L 
= .  
Y 
m L 

g 9 -  
0 - 
0 - 
C)  

u z 7 -  
0 
a m * - w 

5, 

. IND 
EGY 

E T H  

ICARDA . . PAK 

'JOR 'TUR 

.AFG 

USSR 

20 30 40 
4 50 

Response t o  photoperiod ( 5  ) (10- ) 



The earliest flowering accessions came from Ethiopia and India, 

but there was a difference between the respective averages for response 

to temperature and photoperiod of accessions from these two countries. 

Accessions from India were more responsive to temperature, in general. 

than accessions from Ethiopia. By contrast, the latest flowering 

accessions, on an average, come from Afghanistan, Turkey and USSR. 

However, within this group the Afghan material is least sensitive to 

photoperiod whereas the Turkish accessions ace highly sensitive to 

photoperiod. 

The model was further tested in the field in Tel Hadya, Syria and 

Islamabad, Pakistan, in cooperation with the national program on the 

same set of gemplasm, which was supplemented with 25 randomly selected 

lines from each of Chile, Greece, Iraq, Lebanon and Syria. The average 

time to flower of accessions from these countries is shown in Figure 

2.2.4 drawn from data from Tel Hadya. The time to flower was lower in 

Tel Hadya than in the glasshouse in U.K. because of the inductive warm 

temperatures and long days in the glasshouse. 

We are now testing the usefulness of the model for photothermal 

response on the field data. 

Dr. R. Swnnerfield and Prof. E. Roberts (University of Reading), Mr. M. 

Bashir and A. s o u  (NARC, Islamabad); and Drs. A. mssain and W. 

Erskine. 

In low to middle elevation areas (below 1,000 m altitude) of West ksia 
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Figure 2.2.4. Mean time to flower (days) at Tel Hadya of 25 
randomly selected germplasm accessions from each 
of 13 countries o f  origin (designated by a three- 
letter code) and ICARDA with the standard deviation 
indicated as a bar. 

and North Africa, lentil is grown under rainfed conditions largely 

between the rainfall isohyets of 300-400 m. The crop is sown in 

December and its vegetative growth occurs in the winter months when low 

temperature and radiation limit growth. From March onwards, the crop 

experiences increasingly strong sunshine and high temperatures up to 

maturity. The period of increasing temperatures coincides with 

cessation of rains and increasing evaporative demand on the crop when 

it is in the reproductive stage. Consequently, the yields are low. 



There is a need, therefore, to determine attributes contributing most 

to high and stable yield in the rainfed Mediterranean environment. 

A field trial was conducted at Breda which has an annual average 

rainfall of 281 m. Twenty five diverse genotypes differing in origin, 

vignrr, phenology, yield potential, height and seed size were used. 

Repeated observations of phenology, percentage ground cover, plant 

2 height, leaf colour, leaf hairiness, vigour (as dry matter p r o d u a  

and as visual score. on 1-5 scale, with 1 being most and 5 least 

vigorous) were made and, at maturity, biological and seed yields were 

measured. In the 1987/88 season, the trial received 400.4 m of 

rainfall, an arp~unt representing 43% more than the long-term average. 

Seed yield, biological yield and harvest index varied 

significantly (P<0.05) amongst genotypes and seed yield ranged from 

1022 kg,& in ILL 4349 to 2193 kg/ha in ILL 6004 (Table 2.2.2). m e  

range for biological yield was from 3363 kg/ha in ILL 5754 to 6269 

kgha in ILL 5582 (Table 2.2.2). 

In west Asia and North Africa, both lentil straw and seed are 

important sources of income and the mjor objective of lentil 

improvement is to increase yield through the production of high 

biomass. An important prerequisite for a high seed yield is the 

attaimnt of high biomass accompanied by improved partitioning of the 

assimilates produced to the seeds. In this study, therefore, all 

variables that were measured were correlated with biological yield and 

the important correlations are presented in Table 2.2.3. Ihe genotypes 

are grouped into early and late flowering. Within the early flowering 

lines, preliminary results indicate that early and mid-season vigour 



Table 2.2.2. Nlrmber of days to flower and physiological 
maturity and seed yield, total biological yield 
and harvest index of lentil genotypes, Breda, 
1987/88. 

Genotype Time to Yield (kg/ha) Harvest 
(ILL) flower maturity seed biological index 

LSD (5%) 403 1017 
(3' ( % )  16.0 14.5 

( i .e .  fast dry matter build-up), early maturity and a short 

reproductive pericd ensured a high total biomass production, which in 

turn resulted in high seed yield as sham by ILL 6004 in Figure 2.2.5a 

(Tables 2.2.2 and 2.2.3). For late flowering lines early vigour did 

not appear as an important attribute (Tables 2.2.2 and 2.2.3). 
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Fig. 2.2.5. Dry matter build-up (g/m2) of lentil genotypes varying in 
vigour, time of flwoering and maturity. 

Studies conducted between 1982 and 1985 with six lentil genotypes 

had indicated that vigour during the vegetative phase is an inportant 

attribute contributing to high seed yield. This was tested on 383 

lines growing in 17 yield trials at Tel Hayda and at Breda. The 

average phenotypic correlation between early vigour (recorded on a 1-5 

scale; 1- most vigorous, 5- poorest) and biomass yield was r - 0.69 5 

0.02 at Tel Hadya and 0.49 - + 0.04 at Breda. 

Drs. S.N. Silim, M.C.  Saxem and W. Erskine. 



Table 2.2.3. Correlation of growth and reproductive traits with biomass 
yield at maturity in early and late flowering lentil 
genotypes, Breda 1987jE8. Early genotypes reached 50% 
flowering stage between 23 mrch and 4 April and late 
flowering genotypes reached this stage between 4 and 15 
April. 

Traits Biomass (kg,ha)  at haevest 
Earlv flowering Late flowerino 
genotypes genotypes 

2 ~ r y  matter4 on 27.2.1988 0.496* 0.274* 
Dry matter4 on 13.3.1988 0.465* 0.147 
Dry matter4 on 23.3.1988 0.496* 0.257* 
~ r y  matter4 on 4.4.1988 0.504* 0.396" 
Dry matterh on 15.4.1988 0.349* 0.421* 
Days from sowing to flowering -0.064 -0.219 
Days from sowing to maturity -0.467* -0. 500* 
Reproductive period (days) -0.418* -0.339* 
Seed yield 0.625* 0.804* 

* Significant at Pt0.05 

2.2.4. Maptation to lleditecrancan wi-t 2. Irrigated 

Although only on a limited scale, lentils are also produced under 

irrigated conditions in some parts of IcMUa region. In Egypt before 

the construction of the Aswan Dam, lentil was grown on soil moisture 

left by the annual flood of the Nile. Irrigation became widely 

available when the dam was constructed, but Egyptian lentils are 

ill-adapted to the extra irrigation. Possibly most introductions to 

Egypt come from rainfed areas with mal-adaptation. A Ph.D. study 

funded by the Nile Valley Project, aimed to investigate the response of 

lentil genotypes to different water regimes, providing guide lines, 

through partitioning the variation, for a local selection program for 

adaptation to irrigated conditions in Egypt. The research was divided 

into two main areas; 1) The overall variation in the crop was 



partitioned into genotypic, environmental and genotype-environmental 

components in an analysis of adaptation over seasons, irrigation 

regimes and locations; 2) The genotypic variation was partitioned into 

its various genetic components in an inheritance study using the 

diallel crossing system. 

Pronounced progress should be expected from selection for traits 

such as nrrmber of pods/plant, 100-seed weight and straw yield/plant 

which showed high estimates of h2b.s , C.G.V. and G.S. 'he two f o m r  

traits correlated strongly and positively with seed yield, which 

allowed their use in indirect selection for seed yield. 'he 35 

genotypes used in this study showed wide genetic diversity, allowing 

selection of high yielding genotypes under irrigation. Variation in 

water supply, temperature and soil type was found to exert a profound 

effect on variation in characters measured. This suggests the 

possibility of raising yield levels through inproved naMgenent 

practices. In this study, irrigation repeated twice increased seed 

yield by 19% over no irrigation, at the sarne location ( T e l  Hadya), and 

increased the yield by 300% in ccrmparison with a dry location (Breda). 

Seed protein quality was influenced by environments and genotypes. 

Electrophoretic studies showed that the number and position of the 

hands could be used to identify genotypes. 

Four genotypes showed response to irrigation and could be 

recotrunended as promising entries. An anatomical study showed that 

large air spaces f o m d  in the roots of responsive genotypes, which 

could be used as a selection criterion for response to irrigation. 

Seed yield/plant exhibited 31.8% heterosis and showed a 



predominant role of non-additive genetic variance. Due to the 

significance of the mn-additive effect, the superior Flls may be 

expected to result in transgressive segregants, provided that the 

complementary genes and epistatic effects included in the non-additive 

cconponent are coupled in the same direction to mimiae seed yield. 

Five F2 crosses showed superiority in seed yield and SCA effects. 

These crosses are being carried forward in breeding programs in Egypt. 

Dr. A. M i  and Dr. P. Gates (ourham University, U.K.) and 

Dr. W. Erskine. 

Lentil harvest is the major production problem in the Mediterranean 

region because of the high cost of harvest labour. Systems of 

mechanically harvesting the crop have been developed; they include the 

use of: 1) a lentil puller for existing cultivars and production 

practices, 2 )  mowers on a flattened seed bed preferably with a 

non-lodged cultivar, and 3)  combine harvesters on a well prepared seed 

bed sown with a tall, nm-lodging cultivar. 

2.3.1. -lopet of a &ler bamster for lentil a d  its cqsrison 

with otkr  hamest rthods 

As a continuation of last year's trials two prototype lentil pullers 

were tested at Tel Hadya under the a-financed project with the 

Institute of Agricultural Engineering of the University of Gottingen, 

FRG. The pullers were tested on both ridged and drilled fields at 

different crop moisture levels. The main application for the puller 



hamster is for planting on ridges, which is the traditional method of 

lentil cultivation and where M other equipnent can be used for 

mechanical harvest. (XI the drilled field the pullers were ccrmpared 

with the double-knife cutterbar and with the modified Clayson combine 

harvester. 

Consistent with last year's results (see FLIP Annual Report 1987) 

the harvest losses for the double-knife cutterhar aiwunted to an 

average of 12% for seed and 30% for straw. The attachment of a 

collecting-box to the double-knife cutter bar did not change the 

harvest losses. iiowwer, the lentil heaps from the box were too bulky 

to pass easily under the tractor on its next pass around the field. A 

mdification to the collecting-box system is required. 

Averaged over two years, the modified combine harvester gave seed 

losses of 20% and straw losses of 41% in a local cultivar. A mjor 

problem with the combine used was the high speed of the threshing d m  

resulting in the considerable grain damage of 11%. In order to assess 

the full capacity of the cmpbine, it is planned to test a new machine 

with a reduced d m  sped with a recnmended cultivar with reduced 

lodging in the next season. 

Additionally, mechanical harvest in hro stages using a Draper 

pick-up nnvlted on a prototype of the SILSOE-vhole-crophamster 

(low-cost combine) was tested for both cut and pulled lentils. 

Ihe picking action of the Draper pick-up was gwd. As the number 

of trials was low, and the lentil crop in the test area was poor, the 

results are not reliable. In spite of the unfavourable test situation, 

the total losses including nachine pulling, pick-up and threshing for 



the tw-stage harvest of pulled lentils were about 20%. 

However, the main focus of this year's activities was to test the 

pullers on lentil in farmers' fields outside the experimental station 

and on a range of other crops. l*ro lentil pllers were used, both 

working with a reel and contra-rotating steel roller. The machines 

pull the crop out of the ground and place it in a swathe on the field. 

m e  of the pullers had been previously used but was modified for this 

season. This reduced the total seed losses to around 11% for lentil 

crop moistuce levels between 60 and 358, which is the best harvest 

period for plling mechanically and by hand. The total straw losses 

were reduced to around 6%. 

The second puller was newly constructed with the pulling geometry 

and dimensions of the pulling reel and steel roller optimized on the 

basis of the 1987 results. With this puller the total seed losses 

amounted to around 4% at a crop moisture level of 60%, rising at 35% 

moisture to 7% and at 20% moisture to 10%. The straw losses were about 

4% for moisture levels over 35% (Fig. 2.3.1). 

This year most of the losses occured after plling but inside the 

machine. The real pulling losses for both machines range between 1 and 

2% for seed and 2 and 4% for straw in the recamended hamest period, 

hardly exceeding 5% in a drier crop. 

In addition to the field experiments the pllers harvested lentil 

fields of fanoers from the villages of Tel Hadya, Bawabie, Gamari and 

Barkom. The total harvested area was 8 ha of lentil, 1 ha winter 

chickpea and 0.25 ha barley, in addition to 2 ha of lentil and 1 ha of 

spring-chickpea at Tel Hadya. The performance of the puller was well 



accepted by fanners on lentil and in winter chickpea, though in 

chickpea the pod losses were higher than in lentil. Problems occured 

on fields heavily infested by wild mustard which was too bulky for the 

machines. 

20 - 
ii - 
2 10 - 
m w a m C !  0- 0 , 10 &- . , 20 , . 30 , . 40 . , 50 . , 60 . . Total P u l l i n g  70 losses losses 

Crop moisture (%) 

Fig. 2 .3 .1 .  Losses with the l e n t i l  puller. 

The pllling of spring chickpea, especially local varieties, 

resulted in excessive pod losses. The puller was successfully used in 

short barley crops on stony fields, which cannot be harvested by 

carbine and are now pulled by hand. 

The project is ending this year. Eurther necessary modifications 

to the puller will now be carried out by the company van Lengerich, 

which has been requested to offer a modified version for ccmrmercial 

testing in Syria in 1989. 

Dr. T. Friedrich, Professor F. Wieneke (University of Gottinqen) and 

4rs. J. Diekmm and W. Erskine. 



2.3.2. -c survey a d  partial hdget analysis of mchanizatim 

trials 

Since 1985 mini-surveys of about 20 farmers have been conducted 

annually to update the economic data and to ask farmers specific 

questions on lentil harvest. 

Dramatic changes have occurred in lentil prices over the period 

1985-1988 to make lentil armng the most profitable winter crops in 

Syria. The grain price increased by 310% from 1870 SL/t in 1985 to 

7660 SL/t in 1988 (Table 2.3.1). Therefore, considering n o w 1  grain 

yield, as revealed by this year's mini-survey, of 1440 kg/ha the 

average grain revenue increased from 2690 to 11,030 SL/ha. 

Table 2.3.1. Comparison of economic profitability of lentil 
production for farmers between 1985 and 1988 in Syria. 

1988 1985 % increase 

Grain yield (kgha) 1440* 1440 - 
Straw yield (kg/ha) 2190 2190 - 
Grain revenue (SL/ha) 11,030 2.693 310 
Straw revenue (SL/ha) 2,256 1,927 17 
Total gross benefit (SL/ha) 13,286 4,620 188 

Total cost of production (SL/ha) 7,530 2,360 219 
Net revenue or profitability (SL/ha) 5,756 2,260 155 

* Yield data are from 1988 mini-survey estimates from farmers for 
average lentil production over years. 

The cost of hand harvest also rose in this period from about 1180 

SL/ha in 1985 to 3880 SL/ha in 1988, but less rapidly than the grain 

price. Consequently, although the total production cost was 2360 SL/ha 



in 1985 and 7530 SL/ha in 1988, the profit increased by 155% from 2260 

SL/ha to 5760 SL/ha. 

Ihe straw price increased in the period 1985-1988 by only 17% from 

880 S V t  to 1030 SL/ha, a much larer rate than the grain price. Ihe 

relative price change of seed versus straw suggests that harvesting 

solutions with straw losses are m r e  acceptable than those with seed 

losses. 

The mini-survey also revealed that all the farmers surveyed 

consider hand harvest as the largest production constraint in lentil. 

They m l d  all accept new varieties which can be harvested 

nechanically. 94% of the farmers would use a heavy bar to level their 

land to facilitate harvesting and 75% of the farmers would use seed 

drills if available. 

In Syria field testing of the double-knife avnrer was initiated on 

farmers' fields during the 1985/86 season. The testing continued in a 

cooperative program with the Agricultural Research Center for the 

Syrian Ministry of Agricultural Research and Agrarian Reform wer the 

1986/87 and 1987/88 seasons in which site selection, sowing and 

harvesting were done jointly. 

Hand harvest was compared with mechanical harvest by double-knife 

mower in three villages spread through the main lentil growing areas of 

Syria during the 1986/87 season and two villages in the 1987/88 season. 

At each site the local red-cotyledon, small-seeded land race 'mrani 1' 

was compared to the ICARDA selection 78526013 in large plots of 0.5 

hectare/cultivar following seeding with a locally-made tine drill. 



Ihe yields of grain and straw were higher in the 1986/87 season 

than in the 1987,438 season. The overall mean for grain yield with a 

hand harvest was 1579 kgha, as compared to 1455 kgha following the 

harvest by mower representing a mean grain loss f r m  mechanization of 

124 kgha or 8% (Table 2.3.2). For straw yield, the overall mean with 

a hand harvest was 2096 kg&. The mower resulted in a mean straw 

yield of 1752 kq/ha, giving straw losses of 344 kgha or 16% compared 

to hand harvest. Losses f r m  a mechanical harvest were lower for grain 

in the 1986/87 season, whereas for straw the losses were lower in the 

subsequent, 1987/88 season. 

Table 2.3.2. Wan yield (kg/ha) of grain and straw from harvests by 
hand and by double-knife mower averaged over two 
cultivars and seasons with three locations in the 
1986/87 season and two locations in the 1987,438 season. 

Season Mean over 
Harvest method 1986,437 1987/88 seasons 

Grain Straw Grain straw Grain Straw 

Hand 1809 2441 1349 1751 1579 2096 
Mower 1724 1919 1185 1585 1455 1752 
Less ( % )  4.7 21.4 12.1 9.5 7.9 16.4 
S.E. + - 79.9 105.0 76.5 110.1 

A partial budget analysis of the last two seasons yield data 

revealed a 4% increase in net benefit wer a hand harvest with the 

mwer harvest (Table 2.3.3). This shows the economic viability of the 

harvesting system proposed. 

Mr. A. Salkini, W. Erskine and J. Diekmann 



Table 2.3.3. Par t ia l  budget analysis of mean y ie ld  data from the 
1986p7 and 1897/88 seasons. 

Harvest method 
Hand blower % change 

Grain y ie ld  (kg/ha) 1579 1455 -7.9 
Straw yie ld  (kg/ha) 2096 1752 -16.4 

Grain revenue (SL/ha) 12,095 11,145 -7.9 
straw revenue ( S ~ / h a )  2,159 1,805 -16.4 
Gross revenue ( S ~ / h a )  14,254 12,950 -9.1 

Harvest cost  (SL/ha) 2220 400 -82.0 

Net benefit  12034 12550 +4.3 

2.3.3. mplo i t a t ion  of lentil harvest mchanization for production in 

Syria 

A t  the Syrian Libyan Company (SYLICO), Ras e l  Ain, Syria a t o t a l  of 95 

ha of l e n t i l  were grown rainfed and harvested by John m e r e  combine 

harvester with an average seed yield of 1630 kg/ha and seed losses 

estimated at  below 5%. Careful a t ten t ion  was paid t o  seed bed 

level l ing.  In a ccrmparison covering 70 ha the cul t ivars  'Idleb 1' and 

78826013 yielded more than 40% the local  check (Table 2.3.4). SYLICO 

plans t o  combine harvest 300 ha of the improved l i nes  next season. 

Table 2.3.4. Area harvested and y ie ld  resu l t s  i n  a romparison between 
three l e n t i l  va r i e t i e s  harvested by combine a t  Syria. 

Variety Area harvested Average seed Mean plant 
(ha) yield from height(cm) 

combine (kg/ha) 

'Idleb 1' 23 
78526013 25 
Hurani 1 ( loca l )  22 



In Rameshly Province, the General Organization of Agricultural 

Mechanization harvested 1800 ha of lentil by swathe-mower and 2600 ha 

by combine harvester. Clearly the mechanical harvesting of lentil is 

becoming a reality on famrs' fields in Syria. 

National Agricultural Research System. 

2.3.4. 'Ibt effect of lentil harvest mthods a d  soil tillage m the 

respmse of a succeeding barley crop to nitrogen 

Lentil harvest in the Middle East is traditionally done by hand-pulling 

plants from the soil with some roots attached. Alternative systems for 

harvesting lentil are now available using either a mower or combine 

harvester or lentil puller. Lentil harvest by m m r  leaves a stubble 

in the field and harvest by a combine harvester additionally leaves the 

straw and chaff on the field. These residues may either be grazed by 

sheep or incorporated into the soil. A study was undertaken to examine 

the effects of various lentil harvesting techniques and tillage regimes 

on the response to N fertilizer application of a succeeding cereal 

crop. 

The experiment was initiated during the 1987 lentil harvest by 

cconparing a hand harvest with harvests by double-knife rmmr and 

combine, both with and without lentil stubble grazing by sheep. These 

comprised the win plot treatments, upon which deep tillage by chisel 

and sweep ploughs and shallow tillage by sweep plough alone were 

superimposed as subplots to incorporate stubble at different depths. 

Thereafter, barley was sown uniformly over the experimental area and 

the split-split plot arrangement coqleted by two rates of N fertilizer 



application (0 kg N/hs and a total of 60 kg N/ha in a split 

application). 

The application of 60 kg N/ha increased barley biomass from 10.8 

to 13.7 t/ha and seed yield from 4.3 to 5.5 t b .  The concentration 

and total anmunt of N in seed and straw increased with fertilizer 

application. The interaction of harvest method and fertilizer was 

significant only for biological yield and the highest yields were from 

hand and mwer harvest treatments; the same treatments also showed the 

largest response to N fertilizer application. Superimposed on the 

overall response to N application in barley seed yield was a 

significant three-way interaction showing that deep tillage increased 

the response to nitrogen application for hand harvest and w i n g  

treatments. 

These results show no advantage to the succeeding barley crop of 

incorporating extra lentil residues from harvesting by machine corapared 

to hand pllling in the first crop cycle. Probably this is due to the 

slow degradation of the residues. 

Mr. N. Naneesh and Dr. B. Snobar (University of Jordan) and Drs. W. 

Erskine and M.C. Saxena. 

2.4. Lentil Insects a d  their Control 

In West Asia (Syria, Turkey, Lehon) macularius (Marsham) is 

the primary insect pest of lentil. The main damage is induced by the 

larvae feeding in the nodules thereby affecting the nitrogen fixation 

ability of the plants. studies concentrated on the evaluation of the 



economic ilnportance and control methods of spp. In addition to 

Sitona spp. storage pests, especially Bmchus ervi cause severe damge 

to lentil as was found in a survey which was conducted in Syria and 

Jordan. 

2.4.1. Iqortance a d  control of syp. 

To further relate the economic inprtance of spp. to 

meterological data and cultural practices damage levels and yield were 

studied at 3 locations with different rainfall using 2 planting dates 

(early November 15 and late- January 10) and 4 treatment levels of 

Carbofuran (2, 5 ,  10, 20 kg/ha 5% G). This season rainfall was 

exceptional high at all locations in Syria. At Breda (dry site, but 

404 IUU rain this year) a high infestation of 82% nodules damaged was 

found in the early planting (Fig. 2.4.1.1). The carbofuran treatment, 

even at the lower rates, greatly reduced the nodule damage. At the 

dosage of 10 kg and 20 kg Carbofuran the nodule damage was only 1.6 and 

0.7%, respectively. Seed yields however, did not increase. Biological 

yields had a tendency to increase but non-significantly. In the late 

SM crop nodule damage was mch lower, and again no yield response to 

Carbofuran was found (Fig. 2.4.1.1). Because of the shorter growing 

period seed and straw yields were less than half of the early planting 

despite the l w r  infestation. 

At Tel Hadya (intermediate rainfall, 505 nun this season) the 

Carbofuran treatments significantly reduced the nodule damage but did 

not increase seed yield in early sown crop (Fig. 2.4.1.2). Biological 

yield, however, was significantly higher in the 10 and 20 kg/ha 



Carbofuran 5% G (kglha) 

Fig. 2.4.1.1. Effect of planting date and 4 treatment levels of 
Carbofuran on Sitona spp. damage, and lentil seed and 
straw yield at Breda (low rainfall), 1987188. 

Carbofuran treatments than in the check. In the late planting nodule 

damage was lower, as were seed and straw yields and no significant 

response to Carbofuran was found. 

At Jinderess (high rainfall, 700 m) also nodule damage was higher 

in the early planting, reduced by carbofuran treatment with only 

biological yields tending to increase but nonsignificantly (Fig. 

2.4.1.3). 

At all the three locations early sowing of lentil increased 

infestation and nodule damge. However, because of the longer growing 



Tel Hadya 

Early Late 

0 2 5 10  20 0 2 5 10 20 

Carbofuran 54 G (kglha) 

Fig. 2 .4 .1 .2 .  Effect of planting date and 4 treatment levels of 
Carbofuran on Sitona s p p .  damage and lentil seed and 
straw yield at Tel Hadya (intermediate rainfall), 
1987188. 

period seed and straw yields were significantly higher, with and 

without Carbofuran treatment, than in the late sowing. In all cases 

Sitona control significantly reduced nodule damage but did not increase - 
lentil grain yield. mly biological yield showed some increase (more 

in early planting). No differences in nodule damage existed between 

the 10 kg and 20 kgha Carbofuran (5%G) treatments, and even the lower 

dosages were effective. 

Based on this year's price of 8 S.L./kg lentil grain and 1 S.L./kg 

straw, an economic assessment of the yield response of lentil to the 



Jindiress r 7  

90 1 Early Late 
S.E. 

nodule damage 6.03 
seed yield 108.6 

8 straw yield 

0 2 5 10 20 0 2  5 10 20 

Carbofuran 5% G (kg/ha) 

Fig. 2 . 4 . 1 . 3 .  Effect of planting date and 4  treatment levels of 
Carbofuran on Sitona spp. damage and lentil seed 
and straw yield at Jindiresschigh rainfall), 1987188. 

application of different dosages of Carbofuran at the three locations 

for the last 2 seasons is shown in Figure 2.4.2. At Breda in 1987 no 

response was found whereas this year with higher rainfall the 

Carhofuran had some effect, but no difference existed between the 

larest and highest dosage. At Tel Hadya the response to control 

was high in 1986/87, but low this season, and at Jinderess in both 

years a high response to Carbofuran trearment was found. At all 

locations and in both years no differences existed between the 10 kg/ha 
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Fig. 2.4.2. Response of lentil yield in S.L. to different treatment 
levels of Carbofuran for control at 3 locations 
in 2 seasons. 

and 20 k m  Carbofuran (S%G) application, indicating that the lower 

dosage provides sufficient control and is thus mre economical. These 

results also suggest that control is mre inportant and 

effective in terms of yield increases in areas with higher rainfall, as 

Jinderess. A t  Breda, although Sitona infestation was high and soils 

low in nitrogen, lentil yield response to Carbofuran application was 

low, indicating that some other factors limited the yield. 

Using the data from 9 different locations in Northern Syria for 

1986/87 and 1987/88 the relationship between the rainfall (m) and the 

biological yield response of lentil to application of 20 k m a  

Carbofuran (5%G) was developed (Fig. 2.4.3) .  The relationship could be 



Fig. 2.4.3. Response of lentil biological yield to Sitana control 
(20 kglha Carbofuran 5% G) at locations with different 
rainfall during 2 seasons, 1986187 and 1987188. 

described by the quadratic equation y- -1791.94 + 10.10 x -0.0096 x 2 

where x= seasonal rainfall (nun), and y- total biological yield increase 
2 ( k g h a ) .  The coefficient of determination (r ) was 0.34 (Pt0.5). From 

this equation, maximum response to Carbofuran application was predicted 

at 525 nun rainfall. 

Dr. S. Weigand 

2.4.2. Storage Insect pests 

2.4.2.1. Cantrol r-ti- for s ~ p .  

In many countries of the ICARDA region univoltine bruchid species cause 

considerable damage in lentil. Since infestation starts with the 

oviposition on the green pods in the field and the larvae then develop 



in the seeds, fumigation after harvest will only kill the insects but 

not reduce the d m g e  and instead, treatment of the adult bmchids 

before oviposition in the field would be more efficient. l'be 

application of Thiodan 35% EC (700 g. a.i./ha) at flowering resulted in 

significant reduction of seed infestation, although infestation in 

general was low and less than 3% in the check. Next season this 

experiment including Deltamethrin as another insecticide will be 

conducted in fanner's field in an area, where high infestation levels 

were found previously. 

Drs. 0. Tahhan and S. Weigand 

2.4.2.2. ~ruchus %. infestatim in relatim to different cultural 
practices 

From the - Sitona experiment (2.4.1.), samples of 15 g seeds were checked 

for the percent seed infestation with Bruchus spp. Carbofuran 

treatment had no effect on the infestation since this only 

starts at flowering. Seed infestation was significantly lower in the 

late planting both in Breda and Tel Hadya (Fig. 2.4.4) which might be 

due to the escape of late formed pods from oviposition. In Jinderess, 

where infestation was lowest, no difference was found between planting 

dates. 

Infestation levels of 5 lentil accessions planted in breeders 

On-farm trials at 5 locations were also studied. The highest 

infestation with a mean of 10.2% was found in Atareb and accession ILL 

5883 showed the highest infestation with a mean of 6.0% (Table 2.4.1). 

Infestation levels in advanced lentil accessions at different locations 

will be continuously evaluated over the next years. 



Table 2.4.1. Seed infestation of 5 lentil accessions with 
spp. at 5 locations in northern Syria, 1987/88. 

Accession Atareb Souran Breda Taftanaz Tel Hadya Mean 

ILL 16 8.0 1.9 1.6 4.6 0.8 3.4 
ILL 2130 7.7 3.4 2.7 5.6 4.2 4.7 
ILL 5858 6.2 1.3 0.8 0.7 0.5 1.9 
ILL 5883 17.0 3.2 2.8 3.5 3.7 6.0 
ILL 6015 11.9 3.2 3.0 2.9 5.5 5.3 
Mean 10.2 2.6 2.1 3.4 2.9 4.2 
LSD at 5% 4.9 n.s. n.s. n.s. 2.0 
C.V. 17.3 46.1 54.2 36.4 25.0 

I LSD (P<0.05) 

Breda Tel Hadya Jlnderess 

Locations 

Figure 2.4.4. Seed infestation by Bruchus spp. in early and 
late planted lentil (ILL 4401) at Breda, Tel 
Hadya and Jinderess, 1987188. Data mean of 
20 samples for each treatmentllocation. 



2.4.2.3. SurvFy of lentil storage pests in Syria 

A survey was conducted to identify the importance and distribution of 

actual and potential storage pests. Bruchus ervi Froel. and Bruchus 

lentil Froel., both univoltine, were found to be the main bruchid 

species in lentil, with g. being more dominant. In 1987, 220 

samples from farmers stores were taken in 12 provinces in Syria of 

which 77.6% were infested (Table 2.4.2). Ihe mean seed infestation was 

1.3% with a range from 0-18%. The highest infestation occurred in 

villages located between Aleppo and northern Idleb. 

Table 2.4.2. Percent spp. infestation of lentil seeds in 
farmers stores found in a survey of 12 and 2 provinces 
in Syria in 1987 and 1988. 

Survey No. of % infested % seed infestation 
samples samples Mean Range 

1987/12 provinces 220 
1988/2 provinces 81 

Samples collected again from these two provinces in 1988 were 

alnost all (81) infested with a mean seed infestation of 11%. The 

widely used traditional method of seed storage is to fill the seeds in 

jute sacks which are placed inside cement stores. Phostoxin is the 

must comonly used fumigant for seeds for planting, whereas seeds for 

consumption are traditionally protected by mixing them with olive oil 

or salt or a mixture of both. Farmers and merchants are often not 

aware of possible methods to control the Bruchus spp. in the field. 
When asked for factors affecting the selling price of lentil according 



to their importance, both farmers and merchants named the insect 

presence first, followed by seed size, cleanliness, colour and cooking 

ability. In the 1987 survey the average reduction in price for lentil 

grain due to the insect infestation from all locations was 40%. 

DrS. 0. Tahhan and S. Weigand 

2.4.2.4. Protection of  lentil seeds 

In storage lentil seeds are attacked by Callosobruchus chinensis often 

causing considerable losses. Seeds for planting can be protected by 

insecticides, but for the seeds for human consumption, other methods 

need to be used. Since the survey revealed the use of olive oil and 

salt and a combination of both as the traditional method of seed 

protection a laboratory experiment was conducted to compare the 

effectiveness of oils of olive, cotton seed, sunflower and corn, salt, 

and olive oil + salt with two insecticides, Kqthrin and Actellic as 

checks. Every 2 months 15 g lentil seeds were infested with each 4 

femle and 4 mle adult g. chinensis. All treatments were 100% 

effective on the progeny emerging from infestations imediately after 

treatment. After 2 months cotton seed, sunflower and corn oil were 

less than 50% effective and thus these treatments were dropped from the 

experiment. The insecticides showed 100% efficiency even after 8 

months when the effectiveness of olive oil was 50%. Thus both K-Othrin 

and Actellic are effective insecticides for the control of 5. chinensis 

in seeds for planting and should he used alternately to prevent the 

development of resistance in insects to conanon control measures. 



Studies on the effectiveness of oils and other substances in seed 

protection and their effect on seed quality will be continued to 

develop an economical, practical and safe method to protect lentil 

grain stored for human consumption. 

Drs. 0. Tahhan and S. Weigand 

2.5. Lentil Agronoay 

2.5.1. Respmse of lentil to seeding density and rar spacing 

Studies were conducted between 1979 and 1986 at Tel Hadya (mean annual 

rainfall 331 mn) and Breda (mean annual rainfall 281 nun) in north Syria 

and Terbol (mean annual rainfall 512 mm) in Lebanon. The seeding 

2 density ranged from 100 to 400 seeds/m and row spacing 20 to 50 cm. 

The total rainfall during the growing seasons was 370, 338, 323 and 230 

m, respectively for 1979/80, 1981/82, 1982/83, 1983/84 and 1985/86 at 

Tel Hadya; 271 and 218 nun, respectively for 1984/85 and 1985/86 at 

Breda; and 597 and 444 nun, respectively for 1983/84 and 1984/85 at 

Terbol . 

The interaction between seeding density and row spacing was not 

significant in any trial. Consequently, only the main effects of 

seeding density and row spacing are considered. 

Seeding density influenced yields significantly. Quadratic 

equation passing through the origin (i.e. no plants, no yield) better 

described yield response to seeding density than linear (Table 2 . 5 . 1 ) .  

In general yield increased with seeding density to reach a maximum at 

intermediate densities and thereafter declined (Figures 2 .5 .1  and 



2.5.2). The seed rate for maximan yield was determined for each site 

using first partial derivative of the quadratic eguation. The seeding 

densities for m a x i m  yield were lower at Tel mdya and Terbol than 

Breda; they were, respectively, 293, 302 and 345 s e e d s 2  for total 

2 biological yield (Figure 2.5.1) and 277, 278 and 331 seeds/m for seed 

2 yield (Figure 2.5.2). The optimum densities were 280 seeds/m at Tel 

2 Hadya and Terbol and 320 seedsb at Breda (Figure 2.5.3). This 

suggests that in conditions which produce restricted vegetative growth 

such as Breda, higher densities should he used to convert greater 

proportion of to total water use to transpiration and reduce the 

proportion lost as evaporation. 

Table 2.5.1. Regression equations of seed and total biological yields 
in response to variation in plant density. 

Location Seed yield Total biological yield 
and season Regression equation r3 Regression equation r 

Combined 

Terbol 2 -7%3/84 y=0+13.552x-0.0254$ 0.98 y-0+52.716x-0.0852~~ 0.99 
1984/85 y-0+7.636x-0.0142~ 0.98 y=O+23.443x-0.0410~~ 0.98 

Combined y=0+10.594x-0.0198~ y-0+38,08Ox-0.0638~ 0.84 

Breda 2 --m84/85 y-0+4.437~-0.0066~~ 0.99 y=0+10.648x-0.0154~~ 0.99 
1985/86 y=O+2..580x-0.0039~~ 1.00 y-0+13.202x-0.0191~~ 0.99 
combined y=O+3.504x-0.0053~ 0.92 p0+11,925x-0.0173~ 0.98 

y - yield (kg/ha) ; x = number of seeds/m 2 
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Yield response to changes in row spacing was lesser than to 

variations in seeding density. The linear regression fitted to the 

yield data suggests that narrower planting improves yield (Table 2.5.2) 

and this has the additional advantage of controlling weeds. 

Drs. S.N. Silim and M.C. Saxena. 

Table 2.5.2. Regression equations of seed and total biological yields 
in response to variation in row spacing. 

Seed yield 1 Total biological yield a 
Location Regression equation r' Regression equation r 

Terbol 
1983/84 ~1662.3-4.03~ 0.65 y=6328.0+16.8x 0.76 

1984/85 ~1204.8-6.78~ 0.99 ~3329.7-13.37~ 0.96 

Breda 
T 8 4 / 8 5  ~705.2-2.27~ 0.99 y-1707.4-5.09~ 0.78 

1985/86 ~361.4-0.09~ 0.03 y=1681.5+5.9x 0.51 

y = yield (kg/ha); x = row spacing (cm) 

2.5.2. Lentil chemical weed control trial 

The experiment was conducted at Tel Hadya station to evaluate the 

effect of reconmended herbicides as well as those promoted from the 

previous season experiment. The experimental design was randomized 

block with 4 replications. 

weed infestation was low due to delayed planting. For example in 



the weedy check, total dry weight of weeds was 138 kg/ha. None of the 

herbicides showed any severe phytotoxicity on the lentil crop. No 

significant differences in grain yield were obtained between weedy 

check and herbicide treatments (Table 2.5.3). 

DrS. a. Pala and S.N. Silim. 

Table 2.5.3. Effect of weed control treatments on grain yield of lentil 
and dry weight of weeds (m). Tel Hadya 1987/88. 

Treatment Rate of 
application Grain yield UrM 
(kg a.i./ha) (kgha) (kg@) 

Weedy check 
Hand weeding 

Cyanazine+Pronamide, pre-emergence 0.5+0.5 
Terbutryne+Pronamide, pre-emergence 2.0+0.5 
Codal*, pre-emergence 2.0 
Cacbetamde, pce-emergence 1.5 

Carbetamide, post-emergence 1.5 
Dinoseb acetate + 
Fenoxaprop ethyl, post-emergence 1.0+0.25 
Dinoseb acetate + 
Fluozifop methyl, post-emergence 1.0+0.5 
Aresin Conbi**, post-emergence 1.0 

S.E (5%) 
C.V. ( % )  

* Codal = Combination of prometryne and metolachlor 
** Acesin Combi = Coinbination of Dinoseb acetate and monolinuron 

2.6. Lentil llicrobiology 

Following one year of greenhouse Rhizobium strain selection in 



hydroponic and intact soil core trials, in which over 40 strains were 

evaluated on 3 cultivars, a set of 3 superior strains was chosen for 

regional inoculation response trials in lentil. In 1987/88, 17 of 

these trials, designed to be conducted using locally adapted cultivars 

and ICARoa-produced inoculants, were sent to 12 countries. In 

addition, the trial was conducted at Tel Hadya and Breda stations with 

two cultivars, Idleb 1 (ILL 8) and ILL 16. 

Gne of the selected strains, LE 719, was first tested with the two 

cultivars at Tel Hadya in 1986/87 season, giving 73 and 70 percent 

grain yield increases on Idleb 1 and ILL 16, respectively (Table 

2.6.1). In 1987/88 season which was wetter than 1986/87, inoculation 

with this strain on Idleb 1 gave no significant yield response, but a 

significant 47 percent seed yield increase over uninoculated treatmnt 

was obtained on ILL 16. At Breda, only ILL 16 responded to inoculation 

with a 23 percent increase in grain yield. No results have yet been 

received from regional cooperators. 

In order to evaluate inoculation response of a wide range of plant 

gemplasm, 12 cultivars were inoculated with 3 strains in a field 

experiment at  el Hadya, which incorporated subplots for 

quantification of nitrogen fixed. In this trial, straw and grain yield 

differences due to cultivar were largest, as might be expected when 

dealing with a wide range of plant types. However, differences due to 

strains and the interaction between strains and cultivars were also 

significant. 

The effect of inoculation with the best strain, LE735, on straw 

and seed yields can be seen in Figure 2.6.1, where only the differences 



Table 2.6.1. Seed and straw yields of two important lentil 
cultivars, with and without inoculation by a selected 
Rhizobium strain, during two seasons, Tel Hadya. 
Figures follwd by asterisk are significant at 
P - 0.05 level. 

Straw yield Grain yield 

Cultivar Season Uninoculated Strain 719 Uninoculated Strain 719 

Idleb 1 1986/87l 4745 5023 745 1290* 
1987/88 4656 4035 2353 2927 

ILL 16 1986/87 3653 4409* 697 1183* 
1987/88 4414 4161 1940 2851* 

1) 1986/87 crop severely infested with Orobanche 

Lentil cultivars 

Figure 2 . 6 . 1 .  Seed and straw yield advantage from inoculation of 12 
promising lentil cultivars by ICARDA strain LE 735 
aver uninoculated treatment (soil containing ) l o 4  
native rhizobia per g soil). Tel Hadya, 1987188. 



between uninoculated and inoculated treatnents are indicated. 

Significant yield response to inoculation occurred only in cultivars 

ILL 16 and ILL 5700, as standard error was high due to use of 

single-row plots. However, inoculation with best strain increased 

grain and straw yields by 13.5 and 9 percent respectively over all 

cultivars, and total nitrogen yield per hectare by 12 percent. 

Results indicate a potential role for inoculation of lentils, even 

in traditional lentil production areas where high native rhizobial 

populations exist. Future work will focus on selection of highly 

effective Rhizobium strains which rennin ccwpetitive over years for 

nodulation in elite plant gernplam lines. 

Collaborative trials conducted in 1986/87 and 1987/88 seasons with 

INRn scientists at Montpellier, France, and at Tel Hadya, indicate that 

lantil can fix between 68 and 79 percent of its total nitrogen 

requirement, depending on environmental conditions. Nitrogen fixed i n  

cultivar Idleb 1 varied from 88 to 169 kg N/ha (Table 3.5.2). 

Forthcoming 1 5 ~  results from the 1987/88 cultivar evaluation trial will 

show more clearly the N fixing ability of lentil, and indicate which 

cultivars are able to obtain a greater proportion of total plant N from 

the atmosphere. 

Dr. D. Beck. 

2.7. lentil Quality 

Lentil improvement aims to increase biomass to provide seed and straw 

for food and feed. Our research on seed and straw quality is geared to 



maintaining the current nutritional status of the crop. To this end a 

range of quality tests are routinely conducted on both breeding and 

agronomic trials. The tests include for seed - seed size, cooking 
quality, protein content and dehulling percentage (small seeds only 

and for straw - protein content, in vitro digestibility and fibre 

content. 

Dr. P.C. Williams and W. Erskine. 



The kabuli chickpea inprovenent is a joint project with ICRISAT. Of 

the four main regions where chickpea is grown, the Mediterranean region 

and Latin America produce mstly kabuli type chickpea. Of course, a 

small percentage of area under chickpea in the other two main regions 

(Indian subcontinent and East Africa) is also devoted to kabuli typ. 

Kabuli chickpea is also grcwn in high elevation areas0 1000 m atuve 

sea level) in West Asia, especially Turkey, Iraq and Iran. Ascochyta 

blight and Fusarium wilt are major diseases of chickpea. Leafminer in 

the Mediterranean region and pod borer in other regions are major 

insect pests. Kabuli chickpea is mainly grown as a rainfed crop in the 

wheat based farming system in areas receiving >400 w rainfall in the 

ICARaA region. In Egypt and Sudan and parts of South Asia, West Asia 

and Central America, the crop is grown with irrigation. 

In West Asia and North Africa, where the crop is currently spring 

sown, yield can increase substantially by winter sowing. Major efforts 

are underway to stabilize chickpea productivity by breeding for 

resistance to various stresses, such as diseases (blight and wilt), 

leafininer, cold, and cyst nematode. Efforts are underway to collect 

basic information for generating input responsive cultivars, especially 

those that respond to application of phosphate and supplemental 

irrigation. 

3.1. Oevelclpent of Cultivars a d  Gart ic  Stocks 

The main objective of the breeding project is to produce cultivars and 

genetic stocks with high and stable yield. Specific objectives in the 



developnt of improved germplasm f ~ r  different regions are: 

1. Mediterranean region: (a) winter sowing: resistance to Ascochyta 

blight, tolerance of cold, suitability for machine harvesting, 

medium to large seed size (50% of resources); (b) spring sowing: 

resistance to Ascochyta blight and Fusarium wilt, tolerance to 

drought, early maturity, medium to large seed size (30% of 

resources); 

2. Indian subcontinent and Fast Africa: Resistance to Ascochyta blight 

and/or Fusarium wilt, heat tolerance, early maturity, mall seed 

size, responsive to supplemental irrigation (5% of resources): 

3. Latin America: Resistance to Fusarium wilt,large seed Size (5% of 

resources); 

4. High elevation areas: Spring sowing, cold tolerance at seedling 

stage and heat tolerance at maturity, resistance to Ascochyta 

blight, early maturity, and medium seed size (10% of resources). 

Curing 1988 several collaborative research projects were 

initiated. In the project "Developrent of chickpea germplasm with 

combined resistance to Ascochyta blight and Fusarium wilt using wild 

and cultivated species" four Italian institutions and ICARoA are 

collaborating. The screening on cyst nematode is being carried out in 

association with the lstituto di NeIPdtologia Agraria, C.N.R., Bari, 

Italy. Fusarium wilt resistance screening is being done in association 

with INQA'C, m i s i a  and the Department de Patoloqia Vegetal, Cordoba, 

Spain. Screening for tolerance to cold is being done in cwpration 

with the Central Anatolian Agricultural Research Institute, Ankara, 



'Turkey. Genetics of phosphate uptake is being investigated in 

association with the University of Hohenheim, F.R.G. and a program on 

mutation breeding is underway with the Mlclear Institute for 

Agricultural Biology, Faisalabad, Pakistan. 

3.1.1. Release of arltivars by naticnal p- 

Cme of the major objectives of the program is to strengthen the 

resources of national programs by providing diverse nurseries to enable 

them to develop and release cultivars for their farmers. National 

scientists have released 21 lines in nine countries by selecting 

appropriate types mainly from the international nurseries provided in 

the International Testing Program (Table 3.1.1.). Eighteen of these 

have been released for winter and two for spring sowing in the 

Mediterranean region. m e  cultivar was released in Sudan indicating 

that material generated in a Mediterranean environment at ICARaA can 

also be useful in a sub-tropical location. 

National Scientists and Dr. R.B. Singh. 

3.1.2. Prerelease d t i p l i c a t i m  of cultivars by n a t i d  prqlrami 

National programs in Algeria, Cypeus, France, Jordan, Lebanon, Morocco, 

Syria, misia, and Turkey selected, tested, and identified 37 

cultivars (24 for winter and 13 for spring sowing) for prerelease 

multiplication and/or on-farm trials (Table 3.1.2.). Many of these 

cultivars have 100-seed weight exceeding 40 g. The programs in the 

Indip subcontinent and East Africa require early maturing lines and 



those in Latin Alnerica very large seeded lines. Future efforts would 

be directed to satisfy these requirements also. 

National Scientists and Dr. K. B. Singh. 

Table 3.1.1. Kabuli chickpea lines selected from international 
nurseries and released as mltivars by national programs. 

Country Cultivars Year of Specific features 
released release 

Algeria ILC 482 
ILC 3279 

Cyprus Yialousa (ILC 3279) 1984 
Kyrenia (ILC 464) 1987 

Italy Califfo (ILC 72) 1987 
sultan0 (ILC 3279) 1987 

brocco ILC 195 1987 
ILC 482 1987 

Spain Fardan (ILC 72) 1985 
zegri (ILC 200) 1985 
Alwna (ILC 2548) 1985 
Alcazaba (ILC 2555) 1985 
Atalaya (ILC 200) 1985 

Sudan shendi (ILC 1335) 1987 

Syria Ghah 1 (ILC 482) 1982 
Ghah 2 (ILC 3279) 1986 

TUnisia Chetoui (ILC 3279) 1986 
KaSSab (nIP 83-46c3 1986 
nndoun 1 1986 
(W-sel-81-48) 

Turkey ILC 195 1986 
G~nej Sarisi 482 1986 
( ILC 482 I 

High yield, wide adaptation 
Tall, high yield 

Tall 
Large seeds 

Tall, high yield 
Tall 

Tall 
High yield, wide adaptation 

Tall, high yield 
Kid-tall, high yield 
Tall, high yield 
Tall, high yield 
Kid-tall, high yield 

High yield 

High yield, wide adaptation 
Tall, cold tolerant 

Tall 
Large seeds, high yield 
Large seeds, fusarium wilt 
resistant 
Tall, medium seed, cold tolerant 
High yield, wide adaptation 

A l l  mltivars are resistant to Ascochyta blight and released for winter 
sowing, with the exception of Andoun 1 which is resistant to Fusarium 
wilt and released for spring sowing. Also Gunej Sarisi 482 is released 
for spring sowing in lbrkey. 



Table 3.1.2. Chickpea cultivars identified for prerelease increase 
and/or included in the on-farm trials by national 
programs. 

Country Cultivar 

Algeria 

Cyprus 

France 

Jordan 

Lebanon 

Morocco 

Syria 

Tunisia 

Turkey 

FLIP 84-145C. ILC 190 

FLIP 85-16~. FLIP 8s-17~. FLIP 85-55~. n r p  8s-izc 

FLIP 81-293C 

ILC 482, IU: 3279 

ILC 482, FLIP 85-5C 

FLIP 81-293C. PLIP 82-91C, FLIP 82-92C. FLIP 82-127C. 
FLIP 82-128C. FLIP 82-161C 

FLIP 82-150C. FLIP 83-47C. FLIP 83-48C, FLIP 83-71C. 
FLIP 83-98C. FLIP 84-15C 

FLIP 83-93C, FLIP 84-14% 

87 AK 71112, 87 AK 71113, 87 AK 71114, 87 AK 71115, 
FLIP 83-47C, FLIP 83-77C, FLIP C5-4C, FLIP 85-63C, 
FLIP 85-92C, FLIP 85-118C. FLIP 85-134C, PLIP 86-llC 

chickpea is spring-sown in the Mediterranean region but by sowing in 

early winter using Ascochyta blight and cold tolerant lines, the yield 

can be substantially increased. A conparison of spring versus winter 

swing has been d e  over five years (1983/84 to 1987/88) at three 

sites (Tel Hadya, Jindiress and Terbol), using c o m n  breeding lines in 

all trials in each year. The winter of 1984/85 was one of the coldest 

in the last 50 years, and the spring of 1983/84, especially at Tel 

Hadya, was the driest. Tel Hadya is the drlest of the three sites, 



Terbol the wettest and Jindiress the intermediate, with long term 

average seasonal rainfall of 330, 575 and 475 mn, respectively. Tel 

Hadya, Jindiress and Terbol are located at 282, 210 and 980 m above sea 

level. The seed yield data in Figure 3.1.1 permit several conclusions: 

0 SOWN IK SPRING 
SOWN IN WINTER 

---<A 
TEL HADYA JINDERESS TERBOL MEAN 

Figure 3.1.1. Mean s e e d  y i e l d  of 7 2 ,  9 6 ,  9 6 ,  98  and 2 8 4  e n t r i e s  
of  ch ickpea  grown during winter  and s p r i n g  a t  Tel 
Hadya, J i n d e r e s s  and Terbol from 1983184 to 1987188. 

The winter-sown trials produced a mean yield of 1744 k g h  against 1134 

kg/ha of spring sown trials, giving an average increase of 54% or 600 

k-. Ihe advantage of winter sowing over spring was larger during 

years of subnoma1 rainfall as was the case during 1983/84 at Tel 

Iiadya. In years with exceptionally low temperatures, as in 1984/85, 

winter-sown chickpea can produce less yield than spring crop. There is 



a need to breed drought tolerant cultivars for spring sowing and cold 

tolerant cultivars for winter sowing to stabilize chickpea production. 

Dr. K.B. Singh. 

3.1.4. Screening for dtiple stresses 

3.1.4.1. Evaluation of cultivated species 

Identification of resistant sources various biotic and abiotic stresses 

and their use in the breeding program to stabilize chickpea production 

receive high priority in our program. Screening of germplasm lines was 

initiated for Ascochyta blight (Ascochyta rabiei) in 1978, cold in 

1979, leafminer (Liriomyza cicerina and Phytomyza lathyri) in 1981, 

wilt (Fusarium oxysporum) in 1982, seed beetle (Call0~0b~ch~S 

chinensis) in 1983, and cyst nemtode (Heterodera m) in 1986. 
Reliable and simple screening techniques and rating scales for all the 

six stresses have been developed. 

Evaluation of large number of germplasm lines has helped in 

identification of resistant sources to Asc0chyt.a blight, cold, 

leafminer, and Fusarium wilt (Table 3.1.3.). But no source of 

resistance was found for cyst nemtode and seed beetle despite 

screening nearly 4000 of more than 6000 germplasm lines available at 

ICARDA. 

Drs. K.B. Singh, M.P. Haware, S. Weigand, R.S. Malhotra, M.C. Saxena, 

0. Tahhan (ICARQR), Mr. H. Halila and Dr. M. Harabi (Tunisia), Drs. 

R.Di. Vitto, and N. Greco (Italy), and Professor J. Diaz (Spain). 



Table 3.1.3. Resistant sources to different biotic and abitoic 
stresses in chickpea. 

Stress Lines Resistant sources 
screened 

Ascochyta blight 15,000 ILC - 182, - 200 , -2506, -2956, -3274, 
-3856, -3866, -3870, -4421, -5586, 
-5921, -6188. 

5200 ILC - 794, -1071, -1251, -1256, -1444, 
-1455, -1464, -1875, -3465, -3598, 
-3746, -3747, -3791, -3857, -3861. 

Leafminer 6200 ILC 5901. 

Fusariltra. wilt 2500 ILC - 857, - 848, - 850, - 851, - 857, 
- 858, - 860, - 871, - 904, - 911, 
-5032, -5411. 

Cyst nematode 3800 m n e  

Seed beetle 4000  one 

3.1.4.2. Evaluation of wild species 

In chickpea, 43 Cicer species have been reported. ICARDA collection 

includes 10 species including nine wild species (eight annual and 

one perennial) besides the cultivated species. In other major crops, 

genes for resistance to diseases and pests have been transferred from 

wild to cultivated species. This has not been the case in chickpea for 

two reasons: (a) lack of systematic evaluation of wild species and (bl 

crossability harrier between species. ICARDA holds 137 collections of 

eight wild annual species. lhese were evaluated against five stresses. 

Ihe results are presented in Table 3.1.4. 

High level of resistance was present in wild types for all the 

five stresses, including cyst nematode and seed beetle. 5. bijugura 

possessed genes for resistance to all the five stresses and g. judaicrna 



Table 3.1.4. Evaluation of Cicer species to biotic and abiotic 
stresse6 at Tel -, 1987/88. 

-- 

Cicer species Ascochyta Leaf Cyst Seed Cold - 
blight miner nenatode beetle 

HR - Highly resistant; R - Resistant; S - Susceptible. 
to four stresses. C. reticulatum which crosses freely with 5. 

arietim, possessed resistant genes for cyst nenatode, seed beetle and 

cold. Crossed seeds between g. reticulatum and C. arietim have been 

produced and thus efforts initiated to transfer genes for resistance to 

cyst nematode, seed beetle and cold from this source. Work on other 

species is described later in the report. 

Drs. K.B. Singh, M.P. Haware, S. Weigand, R.S. Malhotra, M.C. Saxena, 

0. Tahhan (I-), Drs. N. Greco and M. Di Vito (Italy). 

3.1.4.3. resistance to Axadyta blight arb cold 

Winter chickpea m s t  possess resistance/tolerance to Ascochyta blight 

and cold. In screening gennplasm lines to these stresses, no single 

line was found resistant to both stresses. We initiated a large 

program to develop disease resistant cultivars. In the absence of a 



suitable technique for breeding cold tolerant chickpea, we adopted 

negative selection procedure. Plants in F2 populations and F3-F6 

progenies showing cold injuries were rejected. Further, newly bred 

lines were evaluated in cold nursery for assessment of cold tolerance. 

Following this procedure, lines resistant to both stresses or resistant 

to one and tolerant to another stress have been developed. Lines found 

resistant or moderately resistant to both stresses are shown in Table 

3.1.5. 

Drs. K.B. Singh, M.P. Haware, R.S. Malhotra and M.C. Saxena. 

Table 3.1 .5 .  Scane of the breeding lines 
resistant to Ascochyta blight and 
cold developed at ICRRDA, Syria. 

Line Reaction to 
Ascochyta blight Cold 

FLIP 82- 97C 
FLIP 82-131C 
FLIP 82-150C 
L I P  82- 22C 
FLIP 82- 4C 
FLIP 85- 84C 
FLIP 85- 87C 
FLIP 85- 90C 
FLIP 85-133C 
FLIP 85-141C 

Scale: 1 - Free from damge, 5 - Intermediate, 
and 9 - Killed due to the stress. 

3.1.5. Screening for nspmse to m c ~ c n t a l  irrigatim 

Kahli chickpea is grown with supplemental irrigation in the Nile 



Valley, South Asia, parts of West Asia, and Central America. 

Irrigation responsive cultivars have not been identified under the West 

Asian conditions. Therefore, an effort was made to develop screening 

technique and screen chickpea lines responsive to supplenental 

irrigation. Forty-eight genotypes of diverse origin were selected and 

huo trials comprising 24 genotypes were grown rainfed and with 

supplemental irrigation during winter seasons of 1985-86, 1986/87 and 

1987/88. The plot size was 4 rows, 4 m long spaced at 0.45 m apart. A 

randomized block design with three replications was used. 

An efficient implementation of supplemental irrigation requires 

scheduling hy consumptive use with the quantity of water required for 

continued plant growth based on minimal demand. For supplemental 

irrigation of chickpea, different quantity of water was added in three 

seasons as scheduled by daily water balance corapltations of rainfall 

and pan evaporation and verified by soil moisture measurements using 

the neutron probe. 

On an average of 24 genotypes in three seasons, the mean yield 

under rainfed conditions was approximately 2000 kg/ha against 3000 

kg/ha with supplemental irrigations in both trials (Figs. 3.1.2. and 

3.1.3.). Thus an increase of 50% or 1000 kg/ha was obtained with 

supplernental irrigation over rainfed condition. 2he study also helped 

in identification of lines that are responsive to supplemental 

irrigation (Table 3.1.6.). It is important to study the genetics of 

response to supplemental irrigation besides screening a larger number 

of genotypes in future. 

Drs. K.B. Singh, E. Perrier and M.C. Saxena 
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Figure 3.1.2. Mean yield of 24 chickpea genotypes as affected 
by supplemental irrigation in Trial 1. 
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Figure 3.1.3. Mean yield of 24 chickpea genotypes as affected 
by supplemental irrigation in Trial 2. 





3.1.6. Breeding re- 

Of several breeding methods tried in the past "bulk-pedigree" proved 

the best under our conditions (Fig. 3.1.4. 1. The off-season site at 

Terbol, (980 rn elevation) has been used to grow F1 generation to 

produce F2 seeds, grow F3 generation and select for reduced photoperiod 

sensitivity, and purify and increase seed of newly bulked lines (F6 

generation). lhis has helped accelerating the pace of cultivar 

development. 

Elire lines furnished ra 

RARS far yield rest, seed increase 

end vnrieral release (US) 

Mulrilocafionr fesr for 
yield in winter and spring, 

and screening for stresses end 
protein (US) 

F grown under light 
lOS1 

1 
F? planrs screened for 

F screened for phoroperiod 
6 phoroperiod (05) 

and reed increase (0s) ', 
F5 progenies evaluated 

for cold and drought (US) F progenies / evaluated for 

height. seed sire, maturity 

and blight (US) 

Figure 3 . 1 . 4 .  Varieral development scheme in chickpea jointly 
implemented by ICARDA and National Programs. 



Using the bulk-pedigree method the material susceptible to 

Ascochyta blight is eliminated in the F2 generation and that highly 

sensitive to photoperiod in the F3 generation. Progenies are 

systematically evaluated for reaction to cold, leafminer, cyst 

nematode, and drought, and susceptible material is rejected. Protein 

content is mnitored and lines with content less than the standard 

cultivar are discarded. Positive selection for plant height, maturity 

and seed size is made. 

Advanced generation (F5) material and preliminary yield trials are 

grown during both winter and spring, and selections are nade in both 

seasons. Generally, the perfomce of lines is different in the two 

seasons because of the differences in temperature, available moisture, 

photoperiod, length of graring period, disease and insect incidence. 

Consequently, the breeding for winter and spring chickpea has to be 

handled separately. 

3.1.7. Segregating poplati- 

Five hundred crosses including 440 in the main season and 60 in the 

off-season were made. Four hundred Fl hybrids were grown in the 

off-season under continuous light and F2 seeds produced from 358 

crosses. The F2 populations of these 358 crosses were grown in the 

Ascochyta blight disease nursery at Tel Hadya. The blight resistant 

plants from each cross were bulk harvested. nM hundred snd ninety-two 

F3 bulks were grown in the off-season and 6000 less photoperiod 

sensitive plants were selected. Approximately 12,000 Fq to F6 

progenies were grown in the Ascochyta blight nursery and 3000 F5 to F6 

progenies grown during spring. Three hundred and forty uniform, blight 



resistant and prnnising lines were bulked from F5 and F6 generations. 

While bulking during winter consideration was given to cold tolerance, 

tall type and large seed size. During spring, drought tolerance, large 

seed size and early maturity received major consideration. Three 

thousand promising single plants were selected. 

Drs. R.B. Singh, M.P. Haware and Geletu Bejiga. 

3.1.8. Yield performance of newly bred lines 

Between 226 and 387 lines were evaluated for yield during winter and 

spring at Tel Hadya and Jindiress in Syria and Terbol in Lebanon. A 

large mnnber of entries exceeded the check but only a few at 

significant (P<0.05) level (Table 3.1.7.). In general, coefficient of 

variation was small reflecting good trial mgement. 

Table 3.1.7. Performance of newly developed lines during winter and spring 
at Tel Hadya, Jindiress and Terbol, 1987/88. 

Tel Hadya 
-winter 17 387 44 3 2233-2881 7-17 306-674 
-spring 14 318 117 30 1351-1889 9-21 198-485 

Jinderess 
-winter 12 272 66 0 1915-2948 16-44 512-1394 
-spring 12 272 99 9 805-1605 14-29 240-458 

a The check was Iu: 482 

The original sources of resistance to Ascochyta blight identified 



from the germplasm had late maturity, intermediate seed type with sue11 

size, and poor yield. Therefore, they did not neet acceptance froin 

growers. ILC 482, a medimseeded Ascochyta blight tolerant line, was 

accepted widely in the WANA region because of its high yield potential, 

but demnd-continued to develop lines with early maturity, large seed 

size, tall type, resistance to Ascochyta blight. Zhe progress made in 

this direction is described below: 

Large seed size and Ascochyta blight resistance: Many lines with large 

seed size (35 to 37gfl00 seeds) and high level of resistance to 

Ascochyta blight have been bred (Fig. 3.1.5. ). Zhese lines have equal 

or slightly higher seed yield than ILC 482. 

Early maturity and large seed size: For the first time, it has been 

possible to breed lines that flower six to eight days earlier than ILC 

482 with 100-seed weight of 37 to 519 (Fig. 3.1.6.). Zhese lines 

produced equal or higher yield than ILC 482. 

Large seed size and tall plant: Figure 3.1.7. shows lines with 36 to 

48g/100 seeds and a height of 54 to 70 on. These lines are superior to 

ILC 482 in seed yield also. Several lines with silnilar height and 

yield as that of I K  3279 but with large seed size (33 to 41g/l00 

seeds) have been bred (Fig. 3.1.8.). 

Drs. K.B. Singh, L. Holly and Geletu Eejiga 

3.1.9. Genotypic difference in the protein content in chickpea seed a6 

rxnnmed 

The whole chickpea seed is consumed in various forms, more commonly as 

green unripe, soaked, boiled, or roasted seeds. It was considered 
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inportant to find out genotypic variation in the protein content in the 

thole seed as consumed. The variation was large (Table 3.1.8). Ihe 

protein content on dry weight basis in green seed, soaked seed and 

boiled seed was lower than the dry nature seed. It is understood for 

green seed because accumlation of protein content in seed continues as 

the green seed further develops and reaches physiological maturity. 

Reduction in the protein content in the soaked or boiled chickpea must 

be due to the loss during soaking or boiling. 

Drs. K.B. Singh, P.C. Williams, Geletu Bejiga, and Hr. H. hbkkoul. 

Table 3.1.8. Mean and range in protein content in seeds as consumed in 
24 lines of chickpea. 

Mean SD LSD 
(5%) 

Protein content whole seed DB% 20.8-23.5 21.9 1.02 1.44 

Protein content soaked seed as is % 8.9- 9.9 9.4 0.55 0.78 

Protein content soaked seed DB% 22.0-24.2 23.0 1.31 1.85 

Protein content soaked cooked seed as is % 6.5- 7.5 6.9 0.55 0.77 

Protein content soaked cooked seed DB% 21.1-24.4 22.6 1.14 1.62 

Protein content unsoaked cooked seed as is % 6.1- 7.1 6.6 0.45 0.63 

Protein content unsoaked cooked seed DB% 21.6-24.8 23.2 1.11 1.56 

Protein content green seed as is % 5.5- 6.3 5.9 0.50 0.70 

Protein content green seed DB% 19.7-22.4 21.0 0.79 1.11 

Protein content roasted cooked seed DB% 21.1-24.4 22.8 1.07 1.51 

Moisture content sooked seed % 57.7-61.6 59.1 0.96 1.35 

moisture content soaked cooked seed % 65.2-73.8 69.4 2.25 3.17 

Moisture content unsoaked cooked seed % 63.5-76.0 71.6 1.88 2.65 

Moisture content green seeds % 67.3-76.0 72.1 2.04 2.87 



3.1.10. pure 1% selectim for cold tolerance 

Approxir~ately 650,000 plants of each of IU: 482 and ILC 3279 were grown 

on two hectares during 1984/85. Between February 20 and March 12, 

temperatures below zero were recorded on most days. The crop was in 

the advanced vegetative stage and suffered badly. All above ground 

portions of plants in ILC 482 were killed. But h e n  warm weather 

returned many plants began to grow and a few were very productive. 

Five hundred most productive plants were selected during June and 

harvested individually. r3-1 the other hand, plants of ILC 3279 were not 

killed, but had variable level of damage. Five hundred plants that had 

least effect froa cold injury and were productive were selected in June 

1985. 

hrring 1985/86 and 1986/87 seasons, plant-rows were grown in cold 

tolerant nursery. Since Ascochyta blight is another pre-requisite for 

winter sowing, plant-rows of each selected material were also grown in 

Ascochyta blight nursery. Lines found tolerant of cold and/or to 

Ascochyta blight were grown again in cold and blight tolerat nurseries 

with two replications during the 1987/88 season. Rlso cold tolerMt 

lines were evaluated for yield in two preliminary yield trials (one for 

selections from ILC 482 and another for selections f r m  ILC 3279) at 

two locations. Ihe plot size was 4 rows, 4 rn long at 45 cm apart with 

2 replications. 

The 1985/86 season had mild winter. Also, disease severity was 

less during 1986/87. Results of screening for cold and Ascochyta 

blight and data for some phenological and yield traits for some 

selections of ILC 482 and ILC 3279 are presented in Tables 3.1.9. and 

3.1.10.. respectively. 
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As far as ILC 482 is concerned, only three selections, ILC 482-10, 

ILC 482-167 and ILC 482-205, proved cold tolerant. But from these one 

selection namely ILC 482-205 seems to be either a nechanical mixture 

or a mutant because the seed size of this selection was 41 91100 seeds 

against 26 g of ILC 482. Based on tolerance to both cold and blight, 

five selections, ILC 482-167, ILC 482-175, ILC 482-335, ILC 482-406, 

and ILC 482-411, appear promising and will be evaluated for one mre 

season in multilocation tests for yield and reaction to stresses. 

In ILC 3279, a higher level of cold tolerance than ILC 482 was 

identified. Gne line, ILC 3279-170 had a rating of 3 on a 1-9 scale. 

This line was similar to the original parent ILC 3279 in other 

characteristics. Another group comprised three selections, ILC 

3279-330, ILC 3279-339 and ILC 3279-361. They had higher level of cold 

tolerance and disease resistance than ILC 3279. The third group 

comprised of five lines and had higher level of tolerance to cold than 

ILC 3279 but the same level of blight resistance. Individual lines 

would be reevaluated for yield and reaction to cold and blight at three 

locations. The cold tolerant version of ILC 3279 would be provided to 

cooperators next year. 

Conclusions from this study are: (a) that genetic variability for 

cold tolerance existed in original populations of ILC 482 and ILC 3279 

and (b) that cold tolerant versions of ILC 482 would be useful in 

Algeria, Morocco, Syria and Turkey and of ILC 3279 in Algeria, Cyprus, 

Italy, Syria and Tunisia where these cultivars have teen released for 

commercial cultivation. 

DrS. K.B. Singh, R.S. Malhotra and M.C. Saxena. 



3.1.11. Genetics 

3.1.11.1. Heterosis 

Fifty-three F1 hybrids and their 47 parents were grown at Tel Hadya 

during winter 1987/88. These were sown in single-row plots of 2 m, 

using a triple lattice design, with a distance of 45 cm between rows 

and 10 cm within row. Observations were recorded on ten characters. 

Heterosis ( % )  over better parent and standard check ( I K  482) was 

estimated for each character. 

The highest heterosis over better parent was obtained for primary 

branches followed by number of pods per plant, seed yield, and 

biological yield (Table 3.1.11.). The highest heterosis (49.5%) for 

seed yield was obtained from a cross FLIP 81-293C X FLIP 84-78C. llro 

Crosses FLIP 81-293C X FLIP 83-72C and FLIP 81-293C X FLIP 84-78C gave 

significantly higher yield than their respective better parents. 

Heterosis was also computed in comparison to the best check to assess 

the real gain being made. m e  highest heterosis of 116.9% was obtained 

for the biological yield from a cross FLIP 81-293C X FLIP 84-93C when 

compared to ILC 482. No hybrid had higher harvest index than ILC 482. 

Heterosis for seed yield appeared to be influenced by the number of 

branches and pods per plant and bioloqical yield. Although the 

possibility of using the heterosis in hybrid seed production in the 

inanediate future seems limited, such information could be useful in a 

future crop improvement program. 

Drs. Geletu Bejiga and K.B. Singh. 



Table 3.1.11. Range of heterosis ( % )  in chickpea for growth, 
phenoloqy and yield and its components over better 
parent and best check (ILC 482) at Tel Hadya, 
1987/88. 

Character Range of heterosis ( % )  over 
Better parent Best check 

Days to flower 
Days to maturity 
Plant height 
Primary branches 
Secondary branches 
Pods/plant 
Biological yield 
Seed yield 
100-seed weight 
Harvest index 

3.1.11.2. Genetics of resistance to kscochyta blight 

Parents, Fls, F2s and backcrosses of several crosses were studied in 

the greenhouse. The results indicated that (a) genes for resistance 

were recessive and (b) there were differences in resistance between 

seedling stage and podding stage and the level of resistance in the 

seedling was higher than in the adult plant. The results are still 

being canpiled and will be reported in future. 

Mr. B.A. mlik and Dr. K.B. Singh (ICARDR) and Professor A.H. Choudhacy 

(Pakistan). 

3.1.11.3. Mutation studies 

Genetic variability for certain important traits, such as 

cytoplasmic-genetic male sterility, deterrninancy, photo-perid 



insensitivity, tall and erect plant type, long pod with 3 to 4 seeds, 

multiple pods per peduncle, is rather limited in chickpea. A project 

was initiated during 1987 to increase variability for these traits 

using cultivars IK 482, ILC 3279 and I L C  6104. Other objectives of 

the project were to create: (a) seed size larger than 26 g/l00 seeds in 

ILC 482, (b) plants taller than those of ILC 3279, and (c) higher level 

of resistance to Ascochyta blight in I L C  6104, a large-seeded and early 

maturity line. 

The three cultivars, were exposed to 40, 50 and 60 KR of g m  

irradiation or treated with 0.1 and 0.2% solution of Ethylemethane 

sulphonate (m) for t w  hours after one hour presoaking in water 

during Nay 1987. MS treated seeds were washed for 1 hr after 

treatment. The N1 generation was grown in the off-season nursery at 

Terbol between June and October and M2 generation was grown at Tel 

Hadya from December 1987 to June 1988. 

Appearance of a large ntnnber of chlorophyll mutants, Albina, 

Chlorina, Viridis, and Xantha in all treatments of the three cultivars 

indicated that mutagenic treatments were effective. A wide range of 

viable morphological mutants affecting most plant parts, such as leaf, 

flower, plant height, plant type, pod, maturity, and seed, were 

observed. Some mutants of economic importance included with 50% larger 

seed size than IK 482, and another mutant with 20% more plant height 

than the tall parent I L C  3279. These mutants will be studied in M3 

generation next season. 

Mr. N.A. Haq and Dr. K.B. Singh (ICAPDA) and Professor Zain-ul-Abidin 

(Pakistan). 



Chickpea is traditionally harvested by hand at physiological mturity. 

Harvest by hand or machine at cqlete maturity rnay lead to seed 

shattering. Therefore, evaluation of 6224 kahli chickpea germplasm 

lines for seed shattering was done during 1987/88. Ihe plants were 

allowed to stand for one month after complete maturity before rating on 

1-9 scale, where 1 - no seed shattering and 9 - more than 40% 

shattering (Table 3.1.12). Of the accessions 120 did not set pods and 

of remaining 6104 accessions, about 9.9% lines had no shattering. Only 

1.2% of the total lines showed more than 20% seed shattering. Hence, 

the kahuli chickpea accessions appear quite suitable for mechanical 

harvesting. 

Drs. Geletu Bejiga and K.B. Singh. 

3.1.12.2. Iron deficiency chlorosis 

A total of 6224 germplasm accessions grown at Tel Hadya during both 

winter and spring seasons of 1987-88 were evaluated for iron deficiency 

chlorosis. A scale of 1 to 5 was used for evaluation of the mterial, 

where 1 = highly tolerant, plants with deep green chlorophyll, no 

deficiency symptoms; 2 - tolerant, light yellow young leaves on a few 
plants; 3 - intermediate, all plants show some chlorosis of young 

leaves and stunting; 4 - highly susceptible, plants with severe 

chlorosis and stunted growth; and 5 - susceptible, plants killed due to 
severe chlorosis.   bout 98% of the accessions were highly tolerant, 

while less than 1% of the accessions were susceptible. None of the 



lines died due to severe iron deficiency chlorosis. Nine lines showed 

severe chlorosis and stunted growth during both winter and spring and 

three additional lines in winter only (Table 3.1.13.). This study 

suggests that iron deficiency chlorosis is not a serious problem in the 

calcarious soil of Tel mdya in northern Syria and the problem can 

easily be tackled through a negative selection in the segregating 

popllations. 

Drs. Geletu Bejiga and K.B. Singh. 

Table 3.1.12. Evaluation of 6104 chickpea accessions for 
seed shatteripg at Tel nadya, during 
winter 1987/88 . 

Shattering Shattering Mlmber of 8 of total 
Score ( $ 1  accessions accessions 

Total 6104 100.0 

Score: 1 - 0% seed shattering; 9 - >409 seed 
shattering. 

3.1.12.3. Evaluation of winter sam germplasm 

A total of 6224 gemplasm accessions including land races and breeding 

lines were sown between 27 November and 4 December 1987 and evaluated 



Table 3.1.13. Evaluation of chickpea germplasm lines for tolerance 
to iron deficiency chlorosis at Tel Hadya, 1987/88. 

Iron Winter Spring 
deficiency Munber of % Nunber of % 
score accessions of total accessions of total 

Total 6224 100.0 6224 100.0 

Score: 1 - Highly tolerant; 3 - Intermediate; 5 - Highly susceptible. 

jointly with Genetic Resources Unit for more than 25 descriptors. 

Wile the data are still being compiled, work on three most inportant 

traits, namely 100-seed weight, plant height and days to 50% flowering, 

has been completed and is briefly discussed here. 

Seed size. Seed size is generally classified into mall, medium, and 

large corresponding to the 100 seed weight of 16-25 g, 26-40 g, and 

41-60 g, respectively. We added two more classes, very small and very 

large with 100 seed weights of 5 15 g and 2 61 g, respectively. It was 

interesting to note that majority of the lines had medium seed size 

followed by mall seed size (Figure 3.1.9). The mean wight of all the 

accessions was 30 gn00 seeds with a range of 8 to 70 g. 

Plant height. The plants were classified into tall, mid-tall, normal, 

and short corresponding to a height of 2 71 cm, 70-65cm. 64-46an and 5 

45 cm. Data revealed that 78% of the lines had normal height (Figure 



3.1.9). But there were 71 lines which were classified as tall. Ihe 

man height of all lines was 54 an with a range of 30 to 85 m. 

obviously, the very tall lines would be useful in breeding for tall 

Seed weight classes Plant height classes Days to flower classes 

VS=Very small(Xl5g) T-Tall (>71cm) VE=Very early(6120 days) 
S-Small (16-25g) MT-Medium tall E=Early (121-130 days) 
M-Medium (26-40g) (65-70 cm) M=Medium (131-140 days) 
L=Large (41-60g) N-Normal L-Late (141-150 days) 
VL=Very large 061g) (46-64 cm) VL-Very late () 151 days) 

S-Short (X45 cm) 

- 
VS S M L VL T M T N  S VE E M L VL 

Figure 3.1.9. Frequency distribution for seed-weight, plant height 
and days to Flowering classes in 6224 germplasm 
accessions sawn in winter, 1978188, Tel Hadya. 



mys to 50% flarering. Chickpea cultivars are generally classified 

into three classes, early, medium and late, on the basis of days to 50% 

flowering. We added two additional classes, very early and very late. 

Very early kabuli lines are good for East Africa. Early to medium 

maturity lines are suited to the spring sowing in the Mediterranean 

region and winter sowing in the Indian subcontinent. *dim to late 

maturity groups are suited for winter sowing in the Mediterranean 

region. The very late maturity types are no good for direct comercia1 

cultivation, but might have useful genes that could be transferred to 

lines in another maturity group. The evaluation of 6221 germplasm 

lines revealed that 34 lines were very early, 1385 lines early, 2592 

lines medium, 2168 lines late and 42 lines very late (Figure 3.1.9). 

The mean t i m  to 50% flarering of all lines was 137 days with a range 

of 115 to 155 days. 

DrS. K.B. Singh, L. Holly and Geletu Bejiga. 

3.1.13. Wild Cicer species 

3.1.13.1. Evaluation of collection 

One hundred and thirty-seven collections of eight annual wild Cicer 
species were evaluated for 32 descriptors during 1987/88 and results 

for 13 traits are swnoerized in Table 3.1.14. There was little in the 

wild species in tens of the desirable mocphoagronomic traits which 

could be transferred to cultivated species. However, the number of 

seeds/@ in C. 1.71, C. judaicum (1.59) and - C. yamashitae 

(1.59) was higher than C. arietie (0.93 in ILC 482). Ihe 100-seed 

weight in these species was very l w  and ranged between 1.32 to 14.68 



g. I t  i s  thought that higher Mmber of seeds/pod in  wild species could 

be partly due t o  snall seed size and not entirely due to  genetic make 

up of the plant. Ihe n&r of primary and secondary branches present 

in  some wild species is higher than in  the mltigens and th i s  could be 

of use in  breeding. 

- tY P M  plat -- Seollsry 
in teiW dcth (m.) ha&s harks 

(m.) -lr ((03 (m (rn.) (rn.1 

C. - 
C. - - 'am 

=ti==Y* mu Sd) w 
harks (m.) (m.) (Wa) (w3) 
(m.) 

* 
(9) 

'2.- - E 7 )  70?si.n)?k-m) Y2m) 
?&14.€8) 

S- * o 5 0.64 9.1 11.75 1.n 
(M) 0 .  - (9-14) (1.3-2.5) 

C. areahr M M M M M 
? . ~ ~  0 83.7 0.92 6U4 2115.8 U.14 

(50-109) (0.1xw.s) mn-si~) (un.u-m.11) ( 1 1 . 4 ~ 3 . ~ )  
c. - 1.5 23.67 1.B UO.4 105.56 1.67 

(0-2) (4-4.5) (0.66-1.9) (lJl.5lZl) (7.443) (.%3.U) 
CpLmifiam 0 - 3 . 3  1.m 743.4 223.8 2.3 

(344) 0 . 1 .  ( 2  (W) (2.W-3.44) 
C. mhlan - 0.96 n 0.98 5621.9 1281.7 13.12 

(0-5) (35433) (0.92-1.?2) ~m6-9234) (11-3814) (8.U-l6.22) 
C . r q " t a e  0 - lLl 1.9 312.4 147.5 1.38 
C. auehnm -- 4 Im 0.93 11527.U 573.6 26.U 

U - u a f i r m ; U I - ~ M - K t ~ ~ - ~ y i e l d ; ~ - ~ y r m d  



3.1.13.2. Cytogenetic investigation 

The cytogenetic analysis of eight wild Cicee species revealed that all 

of them posses 2n - 16 chronoscures, the same as that of cultivated 
species. Therefore, crossability barrier in wild and cultivated 

species is not due to differing nlonber of chrmsomes. 

3.1.13.3. Interspecific crosses 

We attempted a 9 x 9 diallel cross including eight wild and one 

cultivated species during 1987/88. Seventy-two crosses including 

reciprocals were attempted. Surprisingly "hybridn seeds frcin many 

cross cotnbinations have been produced. C. chorassanicum seems to be a 
poor combiner and when it was used as a female parent no seed was 

produced. Possibility of selfed seeds are not  led out. 

Mr. Bruno Ocampo and Dr. K.B. Singh. 

3.2. I?cannic Feasibility of winter Sawing 

A survey of 22 f a m r s  in Syria who had planted chickpea during winter 

and spring on more than one hectare plot was conducted. Winter s m  

Qlab 1 and Ghab 2 were present at 20 and 5 sites, respectively and 

spring sown local at 14 sites. The economic return for 1987/88 based 

on the informtion collected during the survey is shown in Table 3.2.1. 

'Ibe gross returns from winter-sown Qmb 1 and Ghab 2 far exceeded those 

from spring-sown Local. The cost of production of winter-sown crop was 

higher because of expenditure on weed control (S.L. 1396/ha) and 

slightly higher cost of fertilizer and harvesting compared to spring 

crop. After deducting the cost, the net returns frcoh*pring-sown local. 



Table 3.2.1. 1987/88 chickpea budgets based on yield data from 
famr-managed on-farm trials with large (>l ha) plots 
and economic survey of 22 f a m r s  producing both spring 
and improved winter crops in Syria. 

Spring sown Winter sown 
local - 

Sales value 
Seed yield (Kg/ha) 1,328 1,912 2,087 
Sale price (SL/ha) 8.5 8.5 8.5 
Total sale value (SL/ha) 11,288 16,252 17,739 

costs (sL/ha) 
Tillage 891 662 662 
Seed and seeding 1,850 1,850 1,850 
costs (.%/ha) 
Fertilizer 446 791 791 
Weed control 0 1,396 1,396 
Harvest operations 2,630 2,920 2,920 
Total variable costs 5,817 7,619 7,619 

5,471 8,633 10,120 
Prof it (SL/ha) 

- 
Profit/cost ratio 1987/88 0.94 1.13 1.33 

Curing 1986/87, winter-smn Ghab 1 and Ghab 2 cultivars were 59 

and 67% more profitable than spring-sown local eultivar. Both years 

winter-sown chickpea produced 600 kg/ha more than the spring-sown 

chickpea. mring the survey, non-availability of seed of Ghab 1 and 

Ghab 2 was mentioned as a major limitation in the spread of winter 

chickpea. Weed control was reported to be a major constraint in winter 

chickpea production. 

Drs. K.B. singh, T. Nordblma and M.C. Saxena. 



3.3. Chickpea Pathology 

Chickpea suffers from several diseases. In 1- region, Ascochyta 

blight is the mst inportant disease, and additionally due to its role 

in determining the success of winter sown chickpea it receives high 

priority in chickpea pathology research at ICARDA. Mjor emphasis is 

laid on identifying durable and stable sources of resistance to 

Ascochyta blight in germplasm for use in hybridization program. 

Fusarium wilt is wide-spread in North Africa. Screening for 

wilt-resistance is carried out in cooperation with national program in 

Tunisia. Stunt (bean leaf roll) virus is present throughout the region 

and can become serious occasionally. Therefore, care is taken to 

eliminate the susceptible lines through field observations. 

The objectives of the chickpea pathology research at 1- are 

to: 

1. Screen chickpea germplasm to identify sources of resistance to 

Ascochyta blight by using field screening technique. 

2. Combine efforts with chickpea breeder tarards developaent of high 

yielding and Ascochyta blight resistant chickpa cultivars. 

3. Share the resistant material with national programs through 

cwperative research and nurseries. 

4. Monitor the presence of pathogenic variability in Ascochyta rabiei. 

5. Study the epidemiology of Ascochyta blight of chickpea. 

6. Collect infonoation on other chickpea diseases in W W h  region 

through field surveys and develop cooperative work with national 

programs to identify multiple disease resistant sources in chickpea. 



Disease surveys were conducted in Algeria, Morocco, Tunisia and Syria. 

Along with Ascodryta blight, Sclerotinia stem rot was namaMlly observed 

in winter planted chickpea in Morocco and Algeria. msarim wilt and 

stunt were present in farmers' fields and experimental plots. In 

Tunisia, cultivation of chickpea was restricted due to extremely dry 

weather conditions. Eepending on the season, Ascochyta blight, wilt 

and stunt can pose serious threat to chickpea in Tunisia. At Terbol 

station in Lebamm, Fusarim wilt and stunt were in severe form in sane 

of the chickpea plots. In Syria, early infection of Ascochyta blight 

was observed in winter planted chickpea at several locations.  owa aver 

the disease was severe at Jellin Md Izra'a, only. 

Drs. M.P. Haware and F. Weigand 

3.3.2. Scrrrning for blight resistarre 

3.3.2.1. Field screening 

An area of 8.6 ha at Tel Hadya farm was planted in mid November with 

chickpea breeding material, geqlasm, entries from chickpea 

international nurseries and preliminary yield trials to identify the 

sources of resistance to Ascochyta blight (Table 3 . 3 1  ihe 

susceptible check ILC 263 was planted after wery 10 test row6 

throughout the field and as a strip all round the field. The nursery 

was inoculated with a mixture of 4 races (1,2,3,4) multiplied from the 

laboratory cultures in mid-February, Match and April. l'he mist 

irrigation system was used to create the humidity in the field for the 

developnt of the disease. 



Table 3.3.1. Chickpea material screened in Ascochyta 
blight Nursery during 1987/88, Tel 
Hadya . 

Field 31 

- 

Area: 8.7 ha. 

Material Planted 

. . - - , - , 

9. F6(L) 
10. F4 Desi 
11. F5 Desi 
12. ~6 ~ e s i  
13. Germplasm 
14. CIABN 
15. CAN 
16. prr entries 

358 population 
292 Progenies 
5878 Progenies 
2452 Progenies 
536 Progenies 
85 Progenies 
251 Progenies 
1733 Progenies 
77 Progenies 
544 Progenies 
107 Progenies 
129 Progenies 
1340 Lines 
60 Lines 
18 Lines 
672 Lines 

Of the 1340 germplasm lines screened in Ascochyta blight nursery 

141 lines, which included 114 FLIP lines were found resistant (Table 

3.3.2) with 3 rating on 1-9 scale. Of the 60 lines included in 

Chickpea International Ascochyta Blight Nursery (CIABN-881, 15 were 

found resistant. Of the 18 lines included in Chickpea Ascochyta Blight 

Nursery (CAN-88) 17 were found resistant to blight. Several entries 

frau Chickpea International Yield Trials, and Preliminary Yield Trials 

were also found promising (Table 3.3.3). 

Drs. N.P. Haware and K.B. Singh 



Table 3.3.2. Field reaction of chickpea germplasm lines to Ascochyta 
blight at Tel Hadya, 1987/88. 

Particulars No. of Disease reaction on 1 - 9 scale 
lines 
screened 1 2  3 4 5 6 7 8 9 

New germplasm 619 0 0 8 12 15 49 150 197 188 
Old germplasm 240 0 0 19 6 16 10 39 65 85 
FLIP lines 481 0 0 114 90 174 77 18 5 3 

mtal 1340 0 0 141 108 205 136 207 267 276 

Table 3.3.3. Disease reaction of chickpea lines from different trials 
(1988) in rscochyta blight nursery. 

Particulars No. of No. of lines with a disease rating* of 
entries 1 2 3 4 5 

CIAEN 60 0 0 15 17 19 
CIYT-L 19 0 0 0 0 3 
CIYT-T 21 0 0 0 2 4 
CIYT-MR 21 0 0 7 3 6 
CIYT-STR 21 0 0 7 3 7 
CIYT-SPR 21 0 0 1 4 2 
CIYT-DS 23 0 0 2 2 7 
CIYT-E 1 0 0 0 0 0 
CISEFW 60 0 0 0 2 12 
CISSPR 48 0 0 3 2 17 
PYT-L 73 0 0 0 0 8 
PYT-T 36 0 0 1 4 14 
PYT-S 236 0 0 52 44 71 
PYT-DS 92 0 0 39 13 26 

* Disease reaction on 1-9 scale. 

3.3.2.2. Plastichouse screening 

A total of 740 advanced chickpea lines were screened in the plastic 



house against 6 races of kscochyta at seedling stage in 

unreplicated trial. 

Promising lines were also screened in vegetative and reprcductive 

stage in a replicated trial. The seedlings were raised in plastic pots 

and inoculated with the spore suspension (20,0000m). Lines found 

resistant in the vegetative stage were then inoculated in the 

reproductive stage.  educed resistance was observed in the 

reproductive stage. No line was rated 3 on 1-9 scale against all the 5 

races. There were only 6 lines found promising against race 6. These 

were FLIP 85-122, FLIP 84-37, FLIP 85-84, FLIP 85-93, FLIP 85-123 and 

FLIP 85-131 (Table 3.3.4). 

Table 3.3.4. Reaction of promising chickpea lines in vegetative and 
reproductive stage to six races of Ascochyta rabiei in 
plastichouse screening. 

Race No.of lines No.of lines with a disease rating* of 
screened 1 2 3 4 5 1 2 3 4 5 

Vegetative stage Reproductive stage 
1 131 2 12 35 29 '0 0 0 3 5 
2 133 0 19 24 32 23 0 0 0 13 30 
3 185 0 5 38 47 38 0 0 0 12 32 
4 119 0 2 7 17 21 0 0 0 0 1 0  
5 465 0 0 28 50 120 - - - - - 
6 24 0 1 4 5 7 0 0 0 1 5  

* Disease reaction on 1-9 scale. 

3.3.2.3. Growth chamber screeninq 

Seventy five chickpea lines reported resistant were screened under 

controlled envirormnental conditions against races 3 and 6 and isolate 



Q .  While several lines were found resistant against race 3 (3 to 5 

rating) all were susceptible to race 6 and isolate 'F'. lhese two 

isolates were aggressive and similar in their reaction. 

Drs. H.P. Haware and K.B. Singh 

Ihe environmental condition6 necessary for the developrent of Ascochyta 

blight of chickpea have been described in the literature. Long periods 

of cool moist conditions during the growing season favour the disease. 

Multilocation trials conducted by 1- indicated the wide variation 

in the disease reaction frcm year to year and place to place. While a 

certain amunt of variability exists in the fungus which can be a 

serious problem in resistance breeding, there is a wide variation in 

the aimunt of hunidity influenced by aimunt and period of rainfall in 

region during winter. Temperatures frcan Jt3nuaIy to April are 

generally favourable for dieease developaent. 

Three chickpea lines of knan disease reaction to Ascochyta blight 

(ILC-1929, -482 and -3279) were studied in plant growth chamber (20°c) 

for the disease reaction as influenced by different period of 100% 

relative humidity following inoculation. Chickpea seedlings were 

raised in plastic trays (15 x 12 x 8 an) each containing 5 lines. 

*re were five seedlings for each line. Seven-day old seedlings were 

inoculated with a spore suspension containing 20,0000 spores per ml. 

Ihe trays were covered with transparent plastic lids and incubated in 

plant growth chamlmr (Conviron) at 20'~ with 12 hrs light. The plastic 

lids were removed 1 to 7 days after inoculation. Ihe disease rating 

was taken 10 days after inoculation. 



The studies indicated that the disease reaction of a particular 

line could change with environment (duration of humidity) within the 

same isolate-genotype cwrbination. The aggressiveness of the two 

isolates (3 and 6 )  was also influenced by RA. Longer incubation period 

with nearly 100% RA resulted in higher disease severity in moderately 

susceptible and resistant cultivars (Table 3.3.5). 

Dr. M.P. Haware 

Table 3.3.5. Reaction of plants of IU: 1929, 482 and 3279 to two races of 
Ascochyta rabiei as affected by incubation period. 

Incubation 1 Disease reaction (1-9 Scale)- 
period 
(days)  ace 3 Race 6 

ILC 1929 482 3 2 s  ILC 1929 482 327'5 

1 Disease rating taken 10 days after inoculation. 

3.3.4. Pa-c variability in Asmchyh - rabiei 

The studies to understand the nature of pathogenic variability in i. 

were continued in controlled environment at 20'~ and 12 hrs 

light. Seven day old seedlings raised in plastic trays were inoculated 

with a spore suspension (20,0000 sporesrn) and held at 100% RA for 5 

days. Observations on disease (1-9 scale) were recorded 10 and 15 days 

after inoculation. 



Several isolates of A. rabiei were collected from Tel Hadya farm 

and from other parts of Syria. Isolates from Tel Hadya were grouped 

into 6 classes, on the basis of their morphological characters. These 

were then studied for their reactions on 25 chickpea lines, and could 

be differentiated into two distinct groups (mild and aggressive) on the 

basis of their capacity to infect the plant. fie differences in 

disease reactions were not clear enough to classify them into races. 

Dr. H.P. Haware 

3.3.5. Qirkmialogy of Ascochyta blight 

In early January 1988, chickpea plants of highly susceptible ILC 1929 

raised in plastic house in the pots were kept at 17 locations on Tel 

Hadya farm and 3 locations outside the farm, and watched regularly for 

blight infection. The occurrence of blight infection during the month 

of January at most of the locations (11 locations at Tel Hadya and 2 

outside Tel Hadya) supported the hypothesis that the inoculum could be 

disseminated by wind. 

Rain water collected regularly from 5 locations on Tel Hadya farm 

during winter (January to April 88) was examined for h g a l  spores. 

One-celled spores (occasionally two-celled) closely resembling pycnidio 

spores of Rscochyta and urediospores of yellow mst of wheat were 

detected in rain water samples during February-March. 

Dr. M.P. Haware 

3.3.6. Stdies on biological resistance rcbanisa in chickpea to 

Amxhyta rabiei. 

Ihe incorporation of strong and durable resistance to 5. % is a 



prerequisite for winter sowing of chickpea in the mediterranean area. 

The conventional screening and crossing of promising chickpea g e q l a s m  

revealed a few lines with sane resistance which, harever, proved not to 

be stable to different isolates of 5. and adverse weather 

conditions. Innovative resistance screening techniques were initiated 

to identify stronger sources of resistance to &. e. Ihe 

identification of effective biochemical, dynamic and constitutive 

resistance mechanism in different chickpea genotypes and wild species 

will provide the breeder with criteria for quick and miniaturized 

screening. Traits to resistance round in different sources have to be 

combined in one cultivar which might be accomplished by wide crossing 

using an ovule-embryo-rescue technique. Collected data on effective 

working resistance lnechanism will also provide frmdmental information 

which can be used to identify resistance genes (DNR-sequence and their 

regulation) for chickpea improvement by genetic engineering. 

Since reproducible, miniaturized inoculation techniques are 

required for a reliable germplasm screening as well as for any 

investigations on biochemical resistance mechanism, an iaproved 

inoculation procedure was developed in the growth ch&r (Conviron). 

A short outline of the procedure is given below. Chickpea seeds were 

sown in trays of germination boxes, under controlled temperature, 

nutrient and water supply. Regular and uniform water supply was 

guaranteed by a polyamid wick technique. After about 7 days when the 

seedlings unfolded their 3rd leaf the seedlings were inoculated with a 

5 spore suspension (1.6 X 10 sporesAnl). After inoculation the trays of 

the gemination boxes were covered airtight with a transparent plastic 

cover and leaf wetness was maintained precisely for the respective 



period of time. Disease severity was recorded from the 3rd until the 

14th day after inoculation. 

3.3.6.1. Reaction of isolates of differing aggressiveness 

To demtrate the applicability and possible use of the improved 

inoculation technique 10 chickpea varieties (7 m i - ,  3 Desi types) 

were tested for their reaction to two A. rabiei isolates with different 

aggressiveness (Isolate 3 - less aggressive, isolate 6 - more 

aggressive). The results rwealed 3 distinct patterns of disease 

developmt. In all interactions the first disease symptcras could be 

observed on the 3rd day after inoculation. Ihe speed of disease 

dewlopent differed according to the aggressiveness of the isolate and 

the level of resistance in the host. In all interactions a steady 

level of disease severity was reached 14 days after inoculation. IL€ 

1929 had the highest lwel of susceptibility to both A. -- rabiei isolates 
aml nearly all plants were killed (Fig. 3.3.1.). ILC 3279,-202,-72, 

and ICC 3996 showed resistant reaction to the less aggressive isolate 3 

and a weak tolerance to the m r e  aggressive isolate 6 (Fig. 3.3.1). 

The genotypes ILC 482,-215,-249 and ICC 4935 and 4107 revealed 

resistant reactions to the less aggressive isolate 3, but a highly 

susceptible reaction to the mre aggressive isolate 6 with almst 100% 

of plants dead 14 days after inoculation (Fig. 3.3.2). Susceptible and 

resistant interactions could also be recognized by the more pronounced 

hypersensitive reaction in the resistant interaction, where the first 

disease symptoms, (uncoloured tissue depressions) soon turned dark 

brown, whereas in the susceptible interaction the depressions remained 

uncoloured for several days and produced l ~ n y  pycnidia during the 

observation period. In all resistant interactions also pycnidia were 
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Figure 3.3.1.Disease development in ILCe 1929. 3279. 202, 72 and ICC 3996 
after inoculation with Ascochyta rabiei isolate 3 (less aggressive) 
and isolate 6 (more aggressive) vnder controlled environmental 
conditions. 

3 5 7 9 11 13 3 5 7 9 11 13 
Days after inoculation Days after inoculation 

' IU: 202 

' 5 - *.. ........ _ 
,.x" __.' / 

.... r . . . . .  , . . .  ..' 

.2 3 
n 



9 

C 7 

1 
3 5 7 9 11 13 3 5 7 9 11 13 

Days after inoculation Days after inoculation 

,LC 249 ,..-.".."' _........... + . . .  * 
C 7 
4 

* 6 6 

: 3 , "  ;: 
4 C i 

1 
3 5 7 9 11 13 3 5 7 9 1 1 1 3  

Days after inoculation Days after inoculation 

Figure 3.3.2.Disease development in ILCs 482. 215, 249, ICCn 4935 and 4107 
after inoculation with Ascochyta rabiei isolate 3  (less aggressive) 
and isolate 6 (mare aggressive) under controlled environmental 
conditions. 
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produced, but to a much lesser extent. Ihe observed production of 

pymidia in all interactim indicates the risk of further disease 

outbreaks in case of an appropriate leaf wetness period. 

3.3.6.2. Reaction of wild spp.to Ascochyta rabiei - 

One accession each of Cicer judaicum, C. pinnatifidun, C, -turn, C, 

reticdatum and & yanashitae were studied for their reaction to the 

aggressive isolate 6, using the technique described earlier. ILC 

1929,-482, and -3279 were used as check. Seeds of all wild species 

were scarified, still germination in C. bijugum and C, chorassanicum 

was less that 25% and thus these species could not be tested. Single 

plant observations (8-9 plants p r  treatment) were taken fron the 3rd 

to 15th day after inoculation. 

Only C. judaicum, showed a resistant reaction, which was similar 
to ILC 3279 (Fig. 3.3.3). All other wild accessions showed susceptible 

to even highly susceptible reactions. The reason for the relatively 

mild disease dwelopnt in the check varieties was a technical failure 

in the growth chanber, in which an extended light period increased the 

teqerature inside the inoculation trays and reduced the period of leaf 

wetness thereby reducing the disease developrent. 

To improve the comparability between the chickpea species, a m r e  

uniform plant growth is desirable, which could be achiwed by planting 

the species gradually as they take different time to germinate. Ihe 

following planting scheme is recommended: 

1. & echinospermn - Planting on Day 1 

2. C, reticulatun - M Y  5 
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Figure3.3.3.Disease development in 5 wild chickpea species after 
inoculation with the moreaggressive Ascochyta rabiei 
isolate 6 under controlled environmental conditions. 
IIC's 1929, 482, 3279 were used as check. 

3. & cuneatun - Day 7 

4. & judaicun - Day 10 

5. C. yanashitae - Day 11 

6. & pinnatifidun - Day 12 

7. c. arietinun - Day 12 



3.3.6.3. Lignification as an active resistance mechanism 

The purpose of the experiment was to detect and analyze any changes in 

the lignin content of chickpea plantlets during infection with A, 

rabiei and thus provide informtion on the role of pathogen induced 

lignification as a resistance mechanism in chickpea. ILC 3279, 1929 

and 482 were inoculated with two isolates of A. rabiei of differing 

aggressiveness. No changes in the relative lignin content in any of 

the variety-isolate dinations occurred within 2 day after 

inoculation. ~awever, 4 days after inoculation pathogen induced 

differences in lignin content were detected. In the susceptible 

interactions (ILC 1929 inoculated with isolate 3 and 6, ILC 482 

inoculated with isolate 6) the lignin content decreased below the 

control level, indicating either a reduced natural lignin synthesis in 

the plant or an active lignin destruction by the pathogen (Fig. 3.3.4). 

In the resistant interactions (ILC 3279 and ILC 482 inoculated with 

isolate 3) an increase in lignin content as compared to the control was 

observed. An additional lignin production in the plants might serve as 

an active defense mechanism in the forn of a mechanical barrier to 

prevent further spread of the pathogen in the host tissue. In the 

tolerant interaction (ILC 3279 inoculated with isolate 6 )  the lignin 

content did not differ from the control, so that apparently the 

pathogen induced lignin synthesis and decomposition were balanced. 

This experiment should be repeated on a single plant basis. At the 

same time the plants should be analyzed for phytoalexin acclnrmlation 

and the interaction of both resistance mechanisms elucidated. 

Dr. F. Weigand 
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Figure3.3.4.Lignin content in 3 chickpea lines after inoculation with 
Ascochyta isolate 3 (less aggressive) and isolate 6 
(more aggressive). 



While the occurrence of insect pests was continuously monitored to have 

an early detection of change in pest status, studies in 1987/88 laainly 

concentrated on the chickpea leafminer, Liriomyza cicerina and the 

storage pests. 

Unfortunately, because of accidental faulty seed treatloent, all 

winter and spring chickpea trials were lost. The spring trials were 

however replanted, but late and therefore the yield data were not 

reliable. Thus, only results on sampling methods and resistance 

screening for leafminer and storage insect pests are presented here. 

3.4.1. Sropling mUuk for 1-r 

In the resistance screening and the development of control 

recomndations practical sampling methods for the assessment of insect 

populations and damage levels are needed. Sampling of adult leafminer 

populations with the t!-Vac revealed 2 peaks, the first in the begi~ing 

of May, a second in the early June (Fig. 3.4.1). As the adult 

population decreased, lama1 populations increased, as revealed by 

swling using water filled trays placed between the rows to collect 

the full-grown larvae dropping from the leaves to the soil for 

pupation. The increase of the larvae population was paralleled by an 

increase in the percent mining of the chickpea plants and thus it could 

also be used as a selection criteria while screening of large mrmber of 

genotypes for their resistance to leafminer. 

Dr. s. Weigand 
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3.4.2. Bost plant resistanoe to 1-1 

As in the previous years a mnaber of chickpea gemplasm lines were 

evaluated in a mass screening in the field under natural leafminer 

infestation using a visual damage score (VDS). 

- : 1 0 0 -  &.-& - N o .  % mining l a r v a e t t r a y  I .  i A I "  = a 

The score measured on 1 to 9 scale is based on the intensity and 

extent of damage including the percent mining and defoliation of the 

plant. Leafminer only causes indirect damage and a coqlex of factors 

influence the relation between leaf injury and reduction in yield. In 

order to improve the correlation of the visual Qmage score with the 

yield loss the scale has been cwised this year and is as following: 
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Vegetative stage 

1 - no mining 
3 - a few mines in less that 20% of the leaflets 
5 - mines commn in approximately 30-40% of the leaflets 
7 - many mines in 50-70% of the leaflets 
9 - m y  mines in almost all (90%) the leaflets 

Paproductive stage 

1 - no mining, no defoliation 
3 - a few leaflets mined, no defoliation 
5 - defoliation in lower half of the plant and starting (0 - 10%) 

in the upper part of the plant 

7 - extensive defoliation (30 - 50%) in the upper part of the plant 
9 - allnost colnplete defoliation. 

Rating should be conducted twice in the season, once when the 

plants are in the vegetative stage and second tire when they are in the 

reproductive stage. The first rating measures the percent mining of 

the plant and has proved to be highly correlated (r - 0.8) with the 

percent leaflets mined, when counted. The second rating measures the 

defoliation in the plant, indicating whether the plant could tolerate 

the mining and/or had effective defense reactions to the initial 

mining. The second rating is specially inportant, since the 

defoliation has higher impact on yield loss than the mining alone. 

Frequently plants were observed with a considerable percentage of 

mining in the begi~ing but with little defoliation later. The ratings 

measuring the mining in such cases could indicate different resistance 

nechanisms. 



In this season's screening of a total of 647 chickpea lines which 

included pranising lines for reconfirmation, new germplasm and wild 

species, 10 lines received a rating of 4 and one line (ILC 5901) 3 

(Table 3.4.1). These lines need to be studied m r e  closely for 

resistance factors. Host of the chickpea lines found so-far with some 

resistance to leafminer tend to have srmaller leaflets and particularly 

small seeds. The effect of such factors on the insect biology, i.e. 

developent, mrtality, fecundity etc. needs to be studied. Factors 

like plant height, days to flowering and maturity apparently were not 

correlated with resistance to leafminer. 

Drs. S. Weigand and K.B. Singh 

Table 3.4.1. Leafminer resistance ratings and plant characteristics 
of sa~e selected chickpea lines, Tel Hadya, 1987/88. 

ILC No. VDS* Leaf area 100-seed Plant Days to 

2 (an weight height flowering maturity 

VDS - Visual damage score at reproductive stage. 



Table 3.4.2. Susceptibility of 137 accessions of 8 wild annual Cicer 
species to Call~S~bKU~hus chinensis measured by m n n k x  
progeny produced per female, laboratory study, 1988. 

Cicer species No. of 100-seed Progeny/fearale - 
lines wt .  (g) Hean + S.E. Range 

3 reps 

3.4.3. storage insect pests 

3.4.3.1. Host plant resistance 

Resistance screening to Callosobruchus chinensis was continued in the 

laboratory with 900 lines in 1988, whereby the percent infested seeds 

and number of progeny per femle were recorded. Seed infestation 

reached up to 100% and a n a x i m  progeny of 65 per femle was f d .  

Screening of 4000 ILC accessions so far did not reveal any resistant 

lines. However, in the screening of 137 accessions of 8 chickpea wild 

species some accessions with very low seed infestation and progeny per 

female were found (Table 3.4.2). These wild species will be rescreened 

and [nore closely studied for possible resistance factors next season. 

Drs. 0. Tahhan, S. Weigand and K.B. Singh 

3.4.3.2. Methods of protection 

As an alternative to host-plant resistance different methods of 



protection of chickpea seeds in the store against chinensis 

infestation were studied. The same treatments that were u e d  in lentil 

(see 2.4.2.4) were applied to 2 chickpea cultivars, ILC 482 and Syrian 

Lacal. All insecticides and oils showed a very high effectiveness 

(100%) in controlling the infestation immediately after the seed 

treatment. Even 8 months after the treatment the insecticides had a 

100% efficacy. fie effectiveness of cotton seed- sunflower- and corn 

oil, haRver, was not that long-lasting and decreased to about 40% only 

after 2 months. Olive oil with and without salt however showed 90% 

effectivensss after 2 manths but this decreased to t o t  40% after 8 

months. Studies on the effectiveness of oils and other substances in 

seed protection and their effect on seed quality will be continued to 

develop an economical, practicable and safe method to protect chickpea 

grain store3 for human consumption. 

Drs. 0. Tahhan and S. Weigand. 

3.5.1. Biological nitmgen fixaticm stadia 

Defining the necessity for i d a t i o n  is an important consideration in 

nitrogen fixation research for national programs, for it allows 

national scientists to concentrate efforts in inoculation response 

demonstration only where potential for response exists. zhis need for 

inoculation may exist because of a low native rhizobial population, or 

a e l a t i o n  which is not efficient in nitrogen fixation with 

introduced, inproved cultivars. 



The wthodology which has been used to define need to inoculate 

involves yield ccwparison of synbiotic plants mainly dependent on fixed 

nitrogen with native rhizobia, and plants fully supplied with nitroqen 

fertilizer, adequate to produce a high yield (120 kg Nha, supplied in 

split application). Over the last two seasons, inoculation treatments 

have been included in need to inoculate field trials, using best 

strains selected at ICARDA, to verify the use of N fertilizer response 

to predict response to inoculation. 

Figure 3.5.1 shows the relationship between seed yield increase 

over unfertilized uninoculated control due to nitrogen fertilization 

and response from inoculation with selected strains over control. The 

linear regression coefficient (r - 0.73) indicates a strong positive 
relationship between response to nitrogen fertilization and inoculation 

in 15 elite chickpea lines at three sites in northern Syria. These 

results suggest information gained from response of a crop to simple N 

fertilization, when compared to an unfertilized N-fixing crop, can be 

utilized to focus research efforts where inoculation with selected 

strains has a high probability of success. 

Strain selection research in chickpea microbiology has yielded a 

set of 12 highly effective, conpetitive strains for use in regional 

inoculation response trials. Production of antisera foe these strains, 

to enable identification in soils and in nodules, is nearly completed. 

Three of the strains were included in 20 inoculation response trials 

sent to cooperators throughout the region in 1987/88 season. In 

addition, the trial was codcted at Tel Hadya and Jinderiss stations 

with two Syrian-released cultivars, Ghab 1 and Ghab 2. 
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Figure 3.5.1. Relationship between chickpea response to 120 kg N/ha and 
to inoculation with best strains, for 15 cultivars over 3 
locations in N .  Syria. Axes represent seed yield kg/ha 
increase over uninoculated unfertilized control. 



One of the strains tested, CP31 gave no significant yield response 

on the cultivars in either location in 1986/87 season (Table 3.5.1). 

However, during 1987/88, inoculation with CP31 significantly increased 

grain yield in Ghab 1 by 37 and 97 percent at Tel Hadya and Jinderiss, 

respectively, and in Ghab 2 by 15 and 39 percent. Inoculation with 

another strain, CP39, gave grain yield increases of 47 and 116 percent 

in Ghab 1 at Tel Hadya and Jinderiss, respectively and increases of 15 

and 21 percent in Ghab 2 at the two locations. These two strains 

proved to he highly competitive with the native rhizobial population, 

3 which numbered > 10 /g soil, with yield increases indicating superior 

effectiveness in nitrogen fixation. No results have yet been received 

from regional cooperators for 1987/68 season. 

m e  3.5.1. Seed mi biolqical yields of tv. &dp. cvltimni a t  tv. loetim, w i t h  ad 
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In order to evaluate inoculation response of a wide range of plant 

gemplasm, 12 cultivars were inoculated with 3 single-strain inoculants 

in a winter-planted field experiment at Tel Hadya, which incorporated 

"N microplots for quantification of nitrogen fixed. In this trial, 

grain yield differences due to cultivar were largest, as might be 



expected when dealing with a wide range of plant types. However, 

differences due to strains and the interaction between strains and 

cultivars were also significant. The soil contained a mixed population 

3 of native chickpea rhizobia at approximte 10 /g soil. 

The effect of inoculation with the best strain, CP39, on seed 

yields can be seen in Figure 3.5.2, where differences between 

uninoculated and inoculated treatments are indicated. The average 

grain yield increase across cultivars due to inoculation was 248 kg per 

ha or 13 percent. Total nitrogen yield per hectare was also increased 

by 15 percent average over cultivars with inoculation. M i m  grain 

yield increase (47 percent) occurred with inoculation of ILC 482, while 

inoculation depressed yield (14 percent) in X U :  72, indicating the 

extent of cultivar-strain interaction. 

Fig. 3.5.2. Seed yield response to inocualtion of 12 chickpea 
cultivars (lo3 native rhizobialg soil) by ICARDA 
strain CP39. Tel Hadya, 1987188. 



In a spring-planted experiment at Tel Hadya, cultivars ILC 482 , 
ILC 3279 and Iu: 195 were inoculated with best strains, and again 

strain CP39 gave the highest response. Over the 3 cultivars, grain 

yield increase due to inoculation was 99 kg/ha (significant at P-0.05) 

or 15 percent. Cultivar ILC 195 gave the highest response to 

inoculation, with a 30 percent increase in seed yield over the 

uninoculated treatmnt. 

These results indicate a potential role for inoculation of 

chickpea, even in traditional production areas where high native 

rhizobial populations exist. h r e  no native rhizobia are present, 

much greater yield increases from inoculation would he expected. 

Forthcoming 1 5 ~  results from the 1987/88 mltivar evaluation trial will 

show more clearly the N fixing ability of chickpea, and indicate which 

cultivars are able to obtain a greater proportion of total plant N from 

the atamsphere via symbiotic fixation. 

Nitrogen balance trials conducted in 1986/87 and 1987/88 at Tel 

Hadya, and collaboratively at INRR, Montpellier, France in 1986/87, 

indicate that chickpea can fix between 42 and 70 percent of its 

nitrogen requirement, depending on tiw of planting and environmental 

conditions (Table 3.5.2). Because of fameable soil misture and 

temperature during vegetative growth, a greater proportion of crop N is 

derived from fixation in the winter-planted crop. The quantities of 

total crop nitrogen and N fixed in the spring-sown crop may be quite 

low. The differences in climates at Montpellier and Tel Hadya account 

for the large differences in crop nitrogen yields in winter- and 

spring-sown crops; a very cold winter and wet spring in Montpellier 

nearly equalized winter- and spring-sown crops. 



rahle 3.5.2. N i w  balare of fax 1- crcp for ha crqirq sekwns at s el 
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Prm estimations of proportion of total crop N derived from the 

soil it can be seen that considerable quantities of nitrogen m y  be 

removed by the crop frcm soil, but the a m w t  exported will depend on 

many factors. These factors will be investigated in future rotational 

experinents. 



3.5.2. -rrhiza studies 

Work on vesicular-arhuscular mycorrhiza (VM) in food legumes was 

continued, concentrating on chickpea. Errriromaental limitations for a 

chickpea crop affect both the plant and its fungal qmbiont, as the 

fungus is dependent on assimilates from the host. 

In northmstem Syria chickpea developrent is strongly affected 

by low temperatures at early and soil water deficit at late stages of 

helopent, and a lack of available P in the soils. Ihe influence of 

these factors, singly and in ccmbination, on the efficiency of the VAI( 

was tested in several pot trials. It appeared that the striking 

dependence of chickpea on VAM &MI in FLIP Annual Report 1987 cannot 

be generalized. This season's studies indicate that the efficiency of 

VAM not only depends on P supply but also on soil water status and 

teqerature. 

Figure 3.5.3 s h  strong influence of temperature on the 

efficiency of VAM in chickpea supplied with different levels of P in a 

soil deficient in available P. At low temperature and medium levels of 

P-supply the mycorrhizal chickpeas were significantly (P - 0.05) more 
efficient in dry matter production than non-nyeorrhizal o m s  - most 
probably due to higher nutrient uptake activity - while at high 

temperature mycorrhiza did not affect the crop. 

In a pot trial examining the effects of P-supply and water stress 

on the efficiency of the symbiosis, the crop benefitted most from 

mycorrhiza when grown in a low-P soil at medium water stress level. 

Studies on the VAM in field grown chickpea have been started to 



Fig. 3.5.3. Shoot biomass of chickpea at flowering stage as 
influenced by inoculation with VA-mycorrhiea 
(M), P - supply and temeprature regime - Pot 
experiment 1987188. 

verify whether an extrapolation of the findings in the pot experiments 

to the field crop is possible. Further work is necessary to prove that 

VA-mycorrhiza actually has a praoinent influence on growth and yield of 

chickpea in north-western Syria. 

Mr. E. Weber, Ms. D. Vetterlein, Dr. M.C. Saxena and Dr. D. Beck 

3.6.1. Evaluatim of spring sown chickpa for drought tolerance and 

response to increasing misture supply 

In West Asia and North Africa, chickpea is normally sown in spring and 

the crop depends mainly on the conserved soil moisture which is 

progressively depleted with growth of the crop. The crop faces drought 



in late vegetative and repra~ctivt growth hecause of increasing 

evaporative demand and decreasing soil moisture. A study was, 

therefore, initiated during the 1985/86 cropping season to identify 

drought tolerance in spring sown chickpea genotypes under field 

conditions. The characters identified should pernit chickpea genotypes 

to respond positively (phenological plasticity) if moisture supply is 

improved. A line-source sprinkler system was used to develop a mil 

moisture gradient which would permit evaluation of the genotypic 

response to variable moisture supply. Using this technique studies 

were continued in 1986/87 and 1987/88. During the 1987/88 season, 

diverse genotypes differing in phenology, seed size, height and yield 

potential were used. This included 12 kabuli chickpea lines f r m  

ICARDA and 5 lines which were selected at ICRISAT for drought 

tolerance. The season was however wetter than normal and thezefore the 

rainfed crop did not experience the magnitude of drought that would be 

c o m ~ ~ l  in the normal years. 

The number of days from sowing to flowering and maturity varied 

among genotypes. As in the 1986/87 season, ICCL 82001 flowered 

earliest, followed by ICC 4958, ILC 1930, I K  464, FLIP 84-78C and 

Annigeri (Table 3.6.1). FLIP 84-74C, FLIP 85-4C and FLIP 85-49C were 

last to flower. In the rainfed treatment, ICCL 82001 matured earliest, 

followed by I K  1930, ICC 4958 and ILC 1919. Irrigation delayed 

mturity (Table 3.6.1). 

Seed yield was significantly influenced by moisture supply. Under 

rainfed conditions, there were significant differences among genotypes, 

with ILC 1930 and ICC 4958 giving the highest yields and ICC 10448, ICC 

10991, FLIP 85-4C and FLIP 85-49 giving low yields (Table 3.6.2). 



Table 3.6.1. NMlber of days from sowing to different stages of 
developnt of chickpea sown on 13 Plarch, 1988, Tel Hadya. 

- - - - 

my6 from sowing to 
Mturity 

Genotypes mergence ~ l w r  Rainfed Irrigated 

ILC 464 14 51 A6 93 
ILC 629 
ILC 1919 
I K  1930 

ICC 4958* 14 49 82 86 
ICC 10448* 14 53 86 93 
ICC 10991* 12 52 86 93 
ICCL 82001* 12 45 75 78 

FLIP 82-73C 14 53 89 93 
FLIP 83-2C 14 56 89 93 
FLIP 84-12C 14 56 92 96 
FLIP 84-74~ 12 59 86 93 

FLIP 84-78~ 12 51 89 93 
FLIP 84-8OC 14 53 92 96 
FLIP 85-4C 14 59 96 98 
FLIP 85-49C 14 59 96 98 

ANNIGERI* 14 51 89 93 

* Lines obtained from I(3RISRT. 
Correlations of seed yield with days to flower, days to physiological 

maturity, straw yield and total biological yield were determined using 

data for all genotypes, as well as for ICARnn kabuli chickpeas alone 

and the results are presented in Table 3.6.3. Under rainfed 

conditions, early flowering and early maturity appeared to be the most 

important attributes for high seed yield in ICARDR lines. 

The line-source sprinkler permitted screening of genotypes for 

response to increasing moisture supply (Table 3.6.2). As in 1986/87, 

FLIP 85-4C which gave low yield under rainfed condition, was m s t  



Table 3.6.2. Seed yield (k-) of spring sown chickpa genotypes as 
affected by moisture supply, Tel Kadya, 1987/88. 

Irrigation applied (nun) above 504 mn of rainfall 
Genotype 0 10 30 50 70 90 110 130 Mean 

ILC 464 1255 1344 1551 1442 1588 1772 1850 1908 1589 
I K  629 1068 1044 1242 1143 1350 1412 1824 1898 1372 
1 G  1919 1228 1340 1367 1418 1446 1456 1480 1588 1415 
ILC 1930 1364 1425 1486 1500 1670 1772 1888 2027 1642 

ICC 4958 1361 1534 1432 1486 1599 1680 1803 1718 1577 --- .- 
ICC 10448 861 895 1000 850 1041 990 1204 1139 997 
ICC 10991 847 850 929 973 1037 1122 1310 1364 1054 
ICCL azooi 935 lolo 1034 1061 11-10 1282 1323 1163 1122 

FLIP 82-73C 1160 1092 1194 1276 1456 1578 1786 1633 1397 
FLIP 83-2C 1187 1180 1228 1337 1388 1459 1582 1575 1367 
FLIP 84-12C 1017 1075 1238 1245 1500 1653 1871 1850 1431 
FLIP 84-74C 997 1105 1109 1184 1395 1510 1700 1690 1336 

FLIP 84-78C 1269 1293 1384 1463 1616 1677 1867 1929 1562 
FLIP 84-8OC 1061 1218 1262 1286 1534 1738 1922 1895 1489 
FLIP 85-4C 803 895 888 1102 1337 1548 1796 1721 1261 
FLIP 85-49C 833 956 983 1095 1252 1333 1514 1609 1197 

MoISnatE (M) GENOTYPE (GI M x G 
LSD (5%) 3 . 1  
SE !::: ?"o:: 122.7 
CV ( % )  10.9 41.9 

Table 3.6.3. Correlations between seed yield and sane traits in spring 
sawn chickpea, Tel Hadya, 1987/88. 

Traits 
Seed yield for 

All genotypes ICARDA lines 

Davs to flower 
m i s  to maturity 
straw yield 
eiological yield 



responsive to increase in moisture supply; whereas FLIP 84-74C was 

moderately responsive (Figure 3.6.la). ILC 1930, although giving high 

seed yield under rainfed condition, maintained, as in 1986/87, high 

seed yield under increased moisture supply also (Figure 3.6.la). The 

advantage of ILC 1930 canpared to other genotypes lies in its ability 

to invest in seed yield rather than straw when moisture supply is 

increased (Figure 3.6.1). 

Table 3.6.4 gives evapotranspiration, biological yield, seed yield 

and water use efficiency of seven selected genotypes in the rainfed and 

highest irrigation treatments. Amongst the ICARnn selections, water 

use efficiency was higher in the irrigated than in the rainfed 

treatment whereas the ICRISAT lines had higher water use efficiency in 

the rainfed than irrigated treatment. In the ICARDR lines, ILC 1930 

had the highest water use efficiency. In the ICRISAT lines, ICC 4958, 

had the highest water use efficiency. 

The 1987/88 results of yield under rainfed condition and the 

response to increasing moisture supply confirmed the results of the 

1986/87 season, as it was shown again that ILC 1930 did well under 

rainfed condition and gave superior yields when irrigated. Ihe 

correlations showed that early flowering and maturity are ilnportant 

attributes in ICARDR lines. In the ICRISAT lines, except for ICC 4958 

which had a similar response as IU: 1930, most of the lines appear to 

have mechanism of drouqht escape. In the futuce emphasis will be 

devoted to understand the mechanism of drought tolerance and 

developent of improved screening techniques. 

Drs. S. Silim, M.C. saxena and K.B. Singh 
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Table 3.6.4. Total evapotranspiration (E ) and water use efficiency 
(WE kg/ha/nm) for total biglogical yield (BY) and seed 
yield (SY) under rainfed (R) and irrigated (I) conditions 
of some genotypes of chickpea sown in spring under 
moisture gradient. Tel Hadya, 1987/88. 

Genotype 
Yield (kqha) 

BY SY 

ILC 629 (R) 256.3 
IIC 629 (I) 369.2 
ILC 1919 (R) 241.8 
ILC 1919 (I) 298.7 
ILC 1930 (R) 253.6 
ILC 1930 (I) 320.6 
*ICC 4958 (R) 228.6 
*ICC 4958 (1) 336.5 
fICC 10448 (R) 229.2 
*ICC 10448 (I) 331.8 
*ICCL 82001 (R) 194.1 
*ICCL 82001 (I) 280.9 
FLIP 85-4 (R) 249.8 

* Lines selected at ICRISAT for low rainfall areas. 

3.6.2. weal weed control 

The experiment was conducted at Tel Hadya and Jindiress where the 

annual precipitation was 504 and 715 m, respectively. The aim was to 

evaluate the effectiveness of some new herbicides and to compare them 

with those already recomnended. 

The level of weed infestation was low in Tel Hadya and high in 

Jindiress. Broadleafed weeds were dominant in both locations but 

Jindiress had more grasses than Tel Hadya. Sinapis arvensis, Vaccaria 

phyamidata, Carthamus syriacus, Gaiium tricorne and Athemis sp. were 

the win broadleafed weeds. Phalaris brachyrtachys, Avena sterillis 

and volunteer cereals were the main grasses in the trial area. wield 

losses due to weeds were 10% in Tel Hadya and 50% in Jindiress, 

respectively. 



Table 3.6.5. Effect of chemical weed control on seed yield of winter 
chickpea and dry matter of weeds (Tow), Tel Hadya and 
Jindiress, 1987/88. 

Treatment Rate of Tel Hadya Jindiress 
application Seed yield Tow Seed yield Tow 
( ~ g  a.i./ha) (Kg/ha) (Kg/ha) (Kg/ha) (Kg/ha) 

Weedy check 
Weed free 
Cyanazine + 
Pronamide, pre-emergence 
Terbuttyne + 
Promide, pre-emergence 
Codal, pre-emergence 
Carbetamide, 
pre-emergence 
Carbetamide, 
post-emergence 

Dinoseb acetate + 
Fenoxaprop ethyl, 
post-emergence 
Dinoseb acetate + 
Fluozifop butyl, 
post-emergence 

Aresin C d i ,  
post-emergence 

LSD (5%) 
C.V. ( % )  

In Tel Hadya, weed control treatments did not result in improved 

yield over weedy check due to the relative low weed infestation. Of 

the new chemicals tested, pre-emergence application of Codal gave good 

weed control and resulted in significantly higher seed yield than the 

weedy check in Jindiress (Table 3.6.5). Post-emergence application of 

Dinoseb acetate mixed either with Fenoxaprop ethyl or Fluazifop methyl 

did not give good results in Jindiress due to delayed application. 

Drs. M. Pala and S.N. Silim. 



Although peas (Pisum sativum L.) have been cultivated in the ICARDA 

region for millenia. yields are low because of lack of high and stable 

yielding well-adapted genotypes and poor crop management. To rectify 

the problem, an integrated approach to pea improvement was initiated in 

1986/87 at ICARDA following the receipt of a grant from the Ministry 

for Economic Cooperation, Federal Republic of Germany IBXZ). Since 

research has been extensive on improvement of dry pea at a number of 

institutions in the developed and some developing countries, it was 

envisaged that ICARDA would capitalize on the existing research and 

identify of dry pea varieties adapted to the farming systems of WANA. 

lb work on pea improvement is therefore concentrated in the following 

area: 

a. Collection of gerplasn\/cultivars from institutes working an dcy pea 

in developed and developing countries, test at ICRRDA and select 

superior lines for testing in different agro-ecological zones in the 

region by national programs. 

b. Developnent of 'best bet' technologies of production and protection 

practices and their transfer to the national programs for testing 

and adaptation. 

4.1. G e r q l k e  Collectim and Evaluatim 

Germplasm and released varieties were collected from institutions in 

developed and some developing countries. Three hundred and nine 



entries were yield tested at Tel Hadya in an augmented block design 

with three repeated checks. The checks were the widely grown line in 

Syria (accession 223) and two widely grown cultivars around the 

Mediterranean region (accessions 224 and 225). Seasonal precipitation 

was 504 nun, as compared to the long term average of 331 mn. Seed yield 

ranged from 0 kg/ha (for accessions 45, 192, 194, 204, 238 and 265) to 

4575 k g h  (for accession 216); the range in biological yield was from 

0 kg/ha (for accessions 45, 204, 238 and 265) to 10991 kgha (for 

accession 125). Pea accession nwnbers 216 and 267 produced 

significantly more seed yield than the best check (accession 225) and 

105 accessions outyielded (P - < 0.05) the widely grown local check 

(accession 223). 

4.2. Preliminary Yield Trial 

Superior entries selected from genetic evaluation were tested in a 

preliminary yield trial at Tel Hadya and Terbol. The experiment was 

conducted as 7x7 triple lattice. At Tel Hadya the number of days to 

flower ranged from 101 (for accessions 23, 25 and 34) to 127 (for 

accession 218). Seed yield varied from 1634 kg/ha (accession 36) to 

4342 k g h  n o r  accession 7 )  and the 10 highest yielding accessions are 

given in Table 4.2.1. At Terbol, plant stand was variable. Mlmher of 

days from sowing to flower ranged from 118 (accession 25 and 23) to 143 

(accession 8). Seed yield varied from 1517 k o  (accession 6) to 4677 

kg/ha (accession 42) and the top 10 entries are given in Table 4.2.1. 

Entries 7, 24 and 167 appeared in the top ten entries at both 

locations. At Tel Hadya 19 entries significantly (P(0.5) exceeded the 

local check but at Terbol only one (Table 4.2.1). 



Table 4.2.1. Seed yield (kg/ha) of 10 highest yielding entries in Pea 
Preliminary Yield Trial, 1987/88. 

Tel Hadya Terbol 
Accession Seed yield Accession Seed yield 

NO. ( kg/ha NO. ( kgha) 

63 3537 109 2831 
33 3479 36 2801 
22 3460 219 2756 
4 3383 173 2728 
25 3130 30 2649 
10 3112 167 2639 

(Syr. Local 8 Check 1) 2096 L8 2623 
(The Lincoln 59 Check 2) 2825 L59 2176 

LSD (5%) 
Cv ( % )  

4.3. Caparative Performance of Pea Cultivars a t  Different Soring Dates 

A study initiated during the 1986/87 cropping season to test the 

performance of 20 dry pea cultivars of diverse origin when sown in 

early winter, mid-winter and spring was repeated. hlring the 1986/87 

season, total moisture supply received was 359 mn and sowing dates were 

11 December 1986, 1 February 1987 and 3 Mrch 1987 and the respective 

seed yields were 2121 k g h ,  1544 kgha and 956 kq/ha. In 1987/88, 

seasonal moisture supply was 504 mn. Planting was carried out on 24 

November 1987, 3 January 1988 and 21 February 1988, representing 

respectively, early winter, mid-winter and spring sowings. Germination 

and plant stand were generally variable and poor during the 1987/88 

season and Orobanche infestation level was high. As shown in Table 

4.3.1. seed yield did not vary significantly with the dates of sowing, 



due to high coefficient of variability. Boarwer, the yield of 

mid-winter sowing tended to be higher than the other sowing dates. 

There were significant variations in yield ammg genotypes w i t h  Small 

Sieve Freezer giving the highest mean seed yield of 2670 kg/ha, 

followed by Xelvedon Wnder with 2555 k*. L m  mean seed yields of 

1581, 1568 and 1549 kg/ha were obtained respectively from Onward, 

Progretta and mf. Date of sowing x genotype interaction was 

non-significant. 

Drs. S.N. Silim, R.S. MaIhotra and N.C. Saxena. 

Table 4.3.1. Seed yield (kg/ha) and rank (R) of p a  varieties as 
influenced by date of sowing, Tel -a, 1987/88. 

Sowing date 
lleM 

Variety Y R Y R Y R  Y R  

m t e  Variety Interaction 
LSD (5%) NS 395 NS 
CV ( 8 )  143.5 24.2 

Y - seed yield (kg/ha), R - rank. 



Peas are grown in rotation with cereals. They have slov initial growth 

and hence suffer from weed c-tition. Most varieties lodge at an 

early stage and weeds grow through the canopy. Weeds reduce seed 

yield, may increase disease infestation and may impair harvesting. 

Efficient weed control is therefore vital. A study was comlucted at 

Tel Hadya to quantify yield losses due to weeds, identify premising 

herbicides for weed control and determine the effect of weed 

cclPpetition on peas of different growth habits. 

Besides volunteer barley, the other major grassy weed was Phalaris 

brachystachys and major brwd-leafed weeds were Sinapsis arvensis, 

Coronilla scorpioides, Carthauus -, Scorpiurus mricatus, 

Vaccaria pyramidata, Geranium tuberosm, tricornutum, Cirsium 
Syria-, Amaranthus blitoides, Femunculus amensis and Euphorbia sp. 

Pea cultivar Syrian Local produced better total dry matter and 

suppressed weeds more than Facima (Table 4.4.1). Among weed control 

treatpents, all handweeding treatments suppressed weeds and among the 

herbicides, a pre-emergence application of a combination of Propyzemid 

(0.5 kg a.i./ha) and Methabenzthiazuron (2.5 kg a.i./ha), a 

post-emergence application of a combination of Fluazifopbutyl (0.5 kg 

a.i./ha) and Bentazon (1.5 kg a.i./ha); and a pre-emergence of 

application of Propyzamid (0.5 kg a.i./ha) plus Cyanazine (0.75 kg 

a.i./ha) were effective in controlling weeds (Table 4.4.1). The effect 

of weed control treatments was, however, not reflected in seed yield 

(Table 4.4.2) because of the high and variable level of Orobanche spp. 

infestation (Table 4.4.1). 



Table 4...1. Yield of wed. and orobanche shoots (kqha)  a t  harvest stage of hro p a  
cultivars a s  affectedx cmtrol  treatmorts, le1 Badya, 1987/88. 

- 
Cultivars 

Treatment 'Syrian Local' 'Facima' Mean 
weeds Orobanche Weeds Orobanche Weeds Orobanche 

Weedy check 412 202 2882 522 1647 362 
Hard weeding 10 m k s  ae* 6 145 108 728 93 437 
Hand weeding 14 weeks ae 74 195 175 776 124 486 

weeding 10+14 weeks ae 53 255 150 608 102 431 
Iimd weeding 14+16 weeks ae 94 312 103 773 99 543 
Prcpyzamid + Uethabenrthiarurm, 
pre-emergence 13 83 39 241 26 162 

Pr-d + Cyanarine, 
pre-emergence 126 73 719 234 423 154 

m l i m r m ,  pr-rgence 721 328 1748 426 1235 377 
P l u a z i f ~ t u t y l .  pst-emergence 145 213 2708 728 1426 471 
Cycloxyadin, pa s t i r rgence  69 372 1415 610 742 491 
Pluazifc+tUtvl + 

* ae - after  e r g e n c e  

Table 4.4.2. R a  seed y ie ld  (SY). straw y ie ld  (Snub ad total biological y i e ld  (ler) in k m  as 
affected by wad m t r o l  t r e a b m t r  in hp dry pea CYLtivar~. R1 mdp, 1987/88. 

1291 4840 6131 1635 3108 4743 1463 3974 5437 
1070 4855 5924 2151 3294 5446 1610 4075 5685 

BaM meding 14 weeks ae 1273 4934 6206 1849 2984 4833 1561 3959 5520 
BMd meding 10+14 m k a  ae 818 4898 5716 1945 2799 4744 1382 3849 5230 
BMdmdihg14+16waeksaa 1162 4245 5407 1920 2999 4919 1541 3622 5163 
P r ~ d + ~ ~ t h i a ~ ~ ~ m  1524 3635 5159 2048 2434 4482 1786 3034 4821 
Pr-d + Cyanasins 1290 3691 4981 1930 2265 4195 1610 2978 4508 
D i - b - a c e t a t e + n m A i w m  1037 3139 4329 1673 1976 3649 1355 2634 3989 
Fluaeifoptutyl 1231 5679 6911 1438 2687 4125 1335 4183 5518 
mlOZ+din 912 4670 5501 1906 2894 4780 1409 3782 5191 
F l u a z i f ~ ~ l +  Batarm 1261 4615 5076 2178 2844 5022 1720 3729 5449 

ma" 1170 4487 5657 1879 2753 4631 1525 3620 5145 

' aa - *ter e e r -  

Hr. S. schlingloff and Dr. M.C. Saxena and Professor J. Alkaemper 

(University of Giessen). 



The international testing program on faba bean, lentil, and kabuli 

chickpea is the vehicle for the dissemination of genetic materials and 

inproved production practices, in the form of international nurseries 

and trials, to the national program scientists in and outside the WAN4 

region. The genetic materials cunprise early segregating populations 

in F and Fq generation, and elite lines with wide and specific 

adaptation, special morphological or quality traits, and resistance to 

c o m n  biotic (diseases, insect pests and parasites) and abiotic (cold 

and drought) stresses. ?he improved production practices include 

mipulation of the Rhizobiuwlegume symbiosis, weed control, planting 

time, plant poplation, etc. (Table 5.1.1). Nurseries are only sent on 

request and often include specific gemplasm developed for a particular 

region or a national program. Increasing diversification of nurseries 

to meet the changing needs of the NRRS is evident from Pig. 5.1.1. 

Whereas in 1977/18 only Yield Trials and Screening Enrrseries were 

dispatched, during 1988/89 the trials dispatched included in addition 

Stress Tolerance Nurseries, Segregating Populations and Agronctny 

Trials. 

These tests identify genotypes with specific and wide adaptation 

and the perfomce data permit assessment of genotype x envirornnent 

interaction and help in targetting breeding efforts for specific 

agroecological conditions. mrough the agronomic trials, research on 

optimum agronomic practices for different agro-ecological conditions is 

encouraged in the national programs to fully realize the yield 



Table 5.1.1. F w d  Legume Intermtiom1 Nurseries supplied for the 1988/89 
season. 

International Trial/Uursery No. Of 
MtS 

nbaaean 
Yield Trial, Large-Seed (WIYT-L-89) 25 
yield Trial, small-Seed (WIm-5-09) 25 
yield Trial, Determinate I WIYT-D-89 1 25 
screenins Nursery, large-seed (WISN-L~~) 30 
screenins Nursery, Small-Seed (wIsN-S-~~) 30 
screening Nursery, Determinate (WISN-D-89) 30 

* F4 Nursery - A (with Asmchyta Blight Resistance) ( W I F  NA-89) 5 * p4 Nursery - B (with momlate spot Resistance) (m1F4&89) 10 * F Nursery - D (with Determinate Type) (PBIF4t+D-89) 12 
A c h y t a  Bli$ Nursery ImIRBK.89) 8 
Chocolate Spot Nursery (FBICSN-89) 8 
Rust Nursery (WIRK.89) 8 
Fertility-Rhizobim Evaluation Trial (FBFm-891 15 
Inoculation Response Trial (IBIRT-89) 10 
weed Control  rial (-89) 15 
orobanche Chemical Control Trial (FECCCT-89) 

sub total 2& 

lentil 
Yield Trial, ~arge-Seed ILIYT-LB9) 
Yield Trial, Small-Seed (L1YT-S-89) 

* Yield Trial, early ( ~ I w & 8 9 )  
Screening Nursery, large-Seed ( L I w L 4 9 )  
Screening Nursery, Small-seed (LIwS-89) 
screening Nursery, early (LISN--89) 
screening Nursery, Tall (LISN-T-89) 
F~ Nursery (LIF ng9)  
F Nursery, mrjy (LIF3t+&89) 

* ~thd Tolerance Nursery (LICIN-89) 
Ascochyta Bliqht Nursery IL'IABN-89) 
Fertility-Rhiaobim Evaluation Trial (Lm-89) 
Inoculation RespDnse Trial (LIRT-89) 
wed Control Trial ( m - 8 9 )  

Sub total 

mapea 
Yield Trial spring (CIYT-SpB9) 
Yield Trial Winter, Mediterranean Region (C1W-W-Nl-89) 
Yield Trial Winter, Sub-Tropical Region (CIYT-W-SIR-89) 
Yield Trial Large seed (CIYT-L-89) 
Yield Trial Tall (CIYT-T-89) 
Screening Nursery Winter (CI-89) 
Screening Nursery Spring (CISN-Sp891 
F Nursery (CIF N-89) 
dcochyta Blight Nursery: Rabuli (CIAEN-A-891 
~scochyta Blight Nursery: Mbuli + Desi (CIAEN-B-89) 
Leaf-miner Nursery ICIUJ-89) 
Cold Tolerance Nursery (CIClN-89) 
Fertility-Rhizobim maluation Trial (CFRT-89) 
Inoculation Respnse Trial (CIRT-89 1 
Weed Control Trial (CWCT-89) 

Sub total - 
New Nurseries added for 1988/89. 



?988/89 
Types of Nursery Sets of Nursery 

Fig. 5.1.1. Diversification and distribution of nurseries during 
1977189,  as reflected by the types of nurseries 
available and numbers of sets of these supplied to 
the cooperators, IYTS = International Yield Trial; 
ISVS = Screening Nurseries; IF3T = International Fj 
Trials. 



potential of their cultivars. 

Ihe results for 1986/87 season have been analyzed and the report 

is in preparation. The salient features of 1986/87 international 

nursery report are presented here. Increased follow-up has hastened 

the return of data from cooperators in recent past and for the 1986/87 

s e a m  the return was 61 per cent. We hope to improve this further in 

future. A nrnnber of cooperators requested large quantitites of seed of 

some elite lines identified by them from the international 

nurseries/trials and we have attempted to meet their requests. Some of 

the salient features of the international nurseries are presented belw 

cropwise: 

Results of the Faba &an International Yield Trial-Large Seed (FBIIT-L) 

indicated that out of 31 trials analysed for seed yield only at six 

locations namely, Beja and El-Ref in Rmisia, Homs in Syria, Athallassa 

in Cyprus, Perico in Argentina, and Islamabad in Pakistan, some of the 

lines outyielded the local check by a significant (P ( 0.05) margin. 

Tlw five best yielding entries included, IL8 1270, FLIP 82-54FB, PLlP 

83-5FB. FLIP 82-45FB and ILB 398. The ANOVA for stability revealed 

that the mean squares due to both linear (predictable) and non-linear 

(mpredictable) portions of genotype x enviromnt interaction were 

significant (Table 5.1.2). The perusal of these estimates for 

individual entries revealed that the performance of 19 entries out of 

23 was predictable. Twelve entries namely, FLIP 83-5FB, 74TA 22, FLIP 

82-28FB. 795 4, 76TA 56246, FLIP 82-45W, 805 80135, FLIP 83-6FB, FLIP 



82-53FB. Nrkish local, FLIP 82- 27EB, and FLIP 82- 30FB in descending 

order of superiority were with average stability and predictable 

behaviour. Another entry, namely 79s 653 with above average 

performance, however, s h d  specific adaptation to high yielding 

enviromnts. 

Table 5.1.2. Analysis of variance for stability for seed yield for the 
entries in FBI~P-1.47. 

Source Degree Mean 
of freedom squares 

="try 22 2202110* 
Entrf x location + Location 667 2462610* 
Location (linear) 1 1532680000* 
Entry x location. (linear) 22 501918* 
Pooled deviation 644 153486* 
Replication within location 60 71865008 
Pooled error 1320 126625 

* Significant at P - 0.05. 
The Pah Bean International Yield Trial-Small Seed (FBIYT-S) 

analysed for 18 locations revealed that at Catania in 1taly and 

~slamabad in Pakistan, yield of some entries exceeded the respective 

local checks by significant margins. Across locations, the five 

hightest yielding lines were: FLIP 82- 35FB, FLIP 83- 96FB. FLIP 83- 

95FB. FLIP 83-100FB and 80s 46121. 

In the Fah Bean International Screening Nursery-Large Seed 

(FBIW-L) the results were analysed for 28 locations, and at six 

locations (Temuco and Hidango in Chile, Sakha in Egypt, Islamabad in 

Pakistan, El-Kef in Tunisia and Ankara in Turkey) a large number of 



test entries exceeded the respective local checks by significant 

margins (at P( 0.05). The five best entries across locations included 

FLIP 84-138FB. ILB 1269, FLIP 84-109FB. FLIP 84-114FB and RIP 

84-151EB. 

In the Faba Bean International Screening Nursery-Small Seed 

(FBISN-S) at five locations, namely Tarquinia in Italy, Marrow in 

Jordan, Cordoba in Spain, Terbol in Lebanon and Ankara in Turkey, some 

of the test entries significantly exceeded the respective local checks 

in seed yield. The five best yielders included FLIP 84-165FB. FLIP 

84-168FB, R I P  83- 3FB. FLIP 84-216F8 and RIP 84- 57FB. 

The results of F4-Nursery (FBIF4N) were reported from 9 locations 

and the ANOVA for seed yield revealed that at 8 locations a large 

mnrber of the segregating populations were statistically (P - 0.05) 
similar or superior to the respective local checks in seed yield. lZlis 

exhibited that the selection of superior plants was feasible at all 

these locations. The five best yielding populations across locations 

included, Cross Nos. 584144. S84154, 584099, S84098 and S84093. 

The results on Faba Bean International Ascochyta Blight Nursery 

(FBIAEIN) were reported from 8 locations. Across locations, out of 16 

entries only three namely ~85-Lat 77-A x A (~831501, Sel. 80 Lat 

14422-3 (BPL 460) and Sel 80 mt. 15035-1 (BPL 818) were rated between 

1-5 and tolerant. 

?he results of  aha Bean International Chocolate Spot Nursery 

(FBICSN) were reported from ten locations. Qlly at four locations, 

namely Holletta in Ethiopia, Giza in Eqypt, Idleb in Syria and Sidi Be1 

Abbes in Algeria, the susceptible check had the rating between 7 and 9. 



Although a few entries were resistant/tolerant at individual locations 

but across locations none of the entries was tolerant or resistant. In 

general, three entries, m l y  selections 81L Lat. 24694 (BPL 261), 81 

Lat. 25114 (BPL 1821) and Sel 81 Lat. 24948-1 (BPL 1179) were 

tolerant/resistant at most of the locations. 

The Faba Bean Weed Control Trial (FBWCT) results were analysed for 

3 locations for seed yield and the treatment effects were significant 

for all the locations. Only at two locations, namely TarqIIinia in 

Italy and ohbmar in Yemen Arab Republic some of the weedicide 

treatments were significantly superior to the respective weedy check. 

Ihe most effective treatment included pre-emergence application of 

Bladex at 0.5 kg a.i./ha + Kerb at 0.5 kg a.i./ha. 

The Faba Bean Fertility-Evaluation Trial (WFIT) was analysed for 

three locations but the ANOVA for seed yield was significant for only 

two locations. Ihe treatment with application of 60 kg P205/ha + 60 kg 

K20/ha was significantly superior to the unfertilized uninoculated 

check but the application of nitrogen alone at 100 kg@ did not 

exhibit significant increase. This revealed that the nitrogen 

requirement was fulfilled either by native rhizobia or by available 

nitrogen in the soil. 

5.2. lentil 

Data from 34 locations were analysed for seed yield for Lentil 

International Yield Trial-Large seed (LIYT-L). At nine locations, 

namely Horsham and Hallee in Australia, Valdivia and Graneros in Chile, 

Catania in Italy, Wetta in Pakistan. Terbol in Lebanon, and Erzum 



and Haymana in Turkey, of the entries exceeded the respective 

local check in seed yield by a significant (P - 0.05) margin. The five 

heaviest yielding lines across locations were ILL 5582, FLIP 84- 27L. 

FLIP 84-152L, FLIP 85- 35L. and ILL 5671. Stability analysis based on 

Fberhart and mssel (1966) model for seed yield of LIYT-L entries, 

revealed that both linear and non-linear portions of interactim mean 

squares were mn-significant (Table 5.2.1). This exhibited that the 

behaviour of entries in the trial with respect to seed yield was 

predictable and the response of entries to varying environments was not 

significantly different. Nine entries, namely, ILL 4400, 74TA 19, 76.5 

26002, FLIP 84-27L. FLIP 84-84L, FLIP 84-92L. FLIP 84-152L, FLIP 05-21, 

and FLIP 85-4L with average stability, non-significant deviations from 

regression, and above average mean, had general adaptation. However, 

two entries namely FLIP 85- 3L and FLIP 85- 35L with regression more 

than one, and one entry FLIP 84-100L with regression less than one vsre 

specifically adapted to high yielding and low yielding environments, 

respectively. 

Table 5.2.1. Analysis of variance for stability for seed yield for the 
entries in LIYT-G87. 

oegree w a n  
of freedom squares 

- 

W t V  22 180516* 
Entry x location + Location 644 818566* 
Location (linear) 1 478097000* 
Entry x location (linear) 22 120574 
-led deviation 621 74729 
Replication within location 58 
Pooled error 1276 

* Significant at P - 0.05. 



Ihe results of Lentil International Yield Trial-Small Seed 

(LW-S) revealed that at 12 out of 22 locations analysed, (~arul-aan 

in Afghanistan, Horsham and Walpeup in Australia, Catania in Italy, 

Turbo1 in Lebanon, Guetta and Islamabad in Pakistan, Deir-Ezzor and Tel 

Wdya in Syria; Beja, ~ l - ~ e f ,  and Cued nelize in Tunisia) some of the 

test entries exceeded the respective local check in seed yield by a 

significant (P - 0.05) margin. Ihe five heaviest yielders in this 

trial were FLIP 85- 16L. FLIP 84- 43L. FLIP 84- 26L, FLIP 84- 44L and 

ILL 5562. 

Ihe analyses of results for seed yield for Lentil International 

Screening Nursery (LISN) Large (L), .%all (s), Tall (T) and ~arly (E l  

for 36, 25, 37 and 26 locations, respectively, revealed that at 13, 11, 

11 and 3 locations some of the test entries exceeded the respctive 

local check by a significant (P - 0.05) margin. The five heaviest 

yielders across the locations for these nurseries are given in Table 

5.2.2. The best yielding lines in LISN-E, were not among the earliest 

maturing lines but vmre auonq the medirnwarly ones. 

Table 5.2.2. Ihe best five lines across locations in lentil screening 
nurseries, 1986/87. 

RMk Name of nursery 
LISN-L LISN-S LISN-T LISN-E 

1 FLIP 86-5L FLIP 87-53L ILL 5582 FLIP 84-112L 
2 FLIP 87-17L FLIP 84-51L FLIP 84-51L FLIP 84-781. 
3 FLIP 87-1L FLIP 87-431, FLIP 86-3L FLIP 86-53L 
4 FLIP 87-20L FLIP 87-48L FLIP 84-591, FLIP 86-41L 
5 PLIP 87-5L FLIP 87-57L FLIP 87-45L ILL 358 



The results from Lentil International  trial (LIF3~) and 

F3-Trial-Early (LIF3T-E) reported from 12 and 10 locations, 

respectively, were analysed. m e  cross at Shandweel in Egypt and 8 

crosses at Islambad in Pakistan in LIF3T; and two crosses at Denbi in 

Ethiopia and four crosses at Tel Hadya in Syria in LIF3T-~, gave 

significantly higher yield than the respective local checks. Out of 

these, at 9 and 10 locations, respectively, at least a few crosses were 

equal or superior to the respective local checks in LIF3T and LIF3T-E. 

'l%e five best yielding crosses included ILL 1939 X FLIP 84- 561, (cross 

No. 177). FLIP 85- 41L X FLIP 84- 51L (cross No. 221). ILL 5588 X ILL 

5604 (cross NO. 154). ILL 5572 X ILL 5604 (cross No. 139), and FLIP 84- 

73L X ILL 5588 (cross No. 108) in LIF3T; and ILL 2578 X ILL 2581 (cross 

NO. 4). ILL 2578 x ILL 4403 (cross No. 279). ILL 3527 X ILL 2581 (cross 

~ o .  283). ILL 3527 X ILL 2582 (cross No. 284). ILL 4407 X ILL 4403 

(cross NO. 297). It is worth mentioning that all these crosses 

included parents either from India or Pakistan and all the popllatioru. 

in LIF3T-E were earlier in flowering than the respective check. 

Out of eight locations for which results of Lentil Weed Control 

Trial (LWCT) were analysed, only four locations had significant 

treatment effects. A combination of Gesagard (@1.5 kg a.i./ha) and 

Kerb ( @  0.5 kg a.i./ha) as pre-emergence application was best at most 

of the locations. 

The results of Lentil International Fertility-Evaluation Trial 

(LFIT) were reported froan 3 locations. The ANOVn was significant at 

Nymensing (Bangladesh) and Mnaar (Yemen Arab Replblic). The treatment 

with P20S at 80 kg/na + K20 at 60 kg/ha gave significantly higher yield 

than the unfertilized control at both the locations. 



Ihe seed yield data were analysed for 26 locations for Chickpea 

International Yield Trial-Spring (CIYT-S). A large number of entries 

exceeded the respective local checks by a significant (P = 0.05) wrgin 

at nine locations namely nohuk in Iraq, seja , C*led Neliz, El-Kef and 

Fa6 Fajel in Tunisia, Maria and Ankara in Turkey, Tel Hadya in Syria 

and El-Khroub in Algeria. Ihe five best entries across the locations 

were FLIP 84-60C. FLIP 84-149C, FLIP 84-155C, FLIP 84-164C and ILC 482. 

The seed yield data for Chickpea International Yield 

Trial-Winter-Mediterranean Region (C1YT-W-m) revealed that out of 39 

locations for which data were analysed, at 23 locations (Setif. 

El-Guadah, Sidi Be1 Abbes and Guelma in Algeria; Laxia in Cyprus, 

Tarquinia in Italy; narrow and Irbid in Jordan; Satsaf in Libya; Terbol 

in Lebanon; Elvas in Portugal; Granada and Madrid in Spain; Eeja, Cued 

Heliz and El-Ref in Tunisia; Izraa, Idleb, HaCa, Heimo, Gelline and 

Horns in Syria and PdaM in Turkey) some entries exceeded the respective 

local checks by a significant (P - 0.05) margin. The five best entries 

across locations included FLIP 83- 48C, FLIP 84- 92C, FLIP 84- 93C, 

FLIP 84-144C and FLIP 84-145C. Ihe AMVA for stability for seed yield 

in CIYT-m indicated that mean squares due to pooled deviations 

(non-linear portion) were not significant and entry x location (linear 

portion) were significant (Table 5.3.1). This exhibited that the major 

portion of entry x location interaction was predictable across 

locations and the performance of entries across locations could be 

predicted. Further some of the entries, namely FLIP 84-145C, ILC 482, 

FLIP 83-71C, EZIP 84-102C. FLIP 84-109C and FLIP 83- 98C had regression 



coefficient equal to one, deviations from regression as zero and the 

average seed yield m r e  than the general mean and were thus widely 

adaptable. 

Table 5.3.1. Analysis of variance for stability of seed yield for the 
entries in CIWXm-87. 

Degree man 
of freedom squares 

h t  j x location + Location 
Location (linear) 
htey x location (linear) 22 153465* 
Pooled deviation 851 561 15 ..- 
Replication within location 117 
Pooled error 2574 

+ Significant at P - 0.05. 

In the Chickpea International Yield Trial-&Tropical Region 

(CIYT-STR), a few entries exceeded the respective local check by a 

singificant margin at 5 out of 17 locations analysed for seed yield. 

These locations included Faisalabad and Chakwal in Pakistan, and Beja, 

El-Kef and Cued MeliZ in Tunisia. The five heaviest yielders across 

locations were PLIP 81-293C, PLIP 82-127C. FLIP 83- 73C. FLIP 84-185C 

and ILC 482. 

The analysis of results of Chickpea International Yield 

Trial-Large-Seed (CIW-L) for 38 locations revealed that at 21 

locations (Setif and Guelm in Algeria; Saskatoon in Canada; Larissa in 

Greece; Tarquinia and Papiano in Italy; Jubeiha in Jordan; Culiacan in 

Mexico; Elvas in Portugal; Badajoz and Sevilla in Spain; Heim, 



Jinderiss and Tel Hadya I & I1 in Syria; Beja, El-Ref and W e d  Meliz in 

Tunisia; Ankara and m s y a  in Turkey; and Terbol in Lebanon) scoae of 

the test entries exceeded the respective local check by a significant 

margin. This was the first year when the test entries in CIYr-L had 

resistance to Ascochyta blight. The five heaviest yielders across the 

locations were FLIP 83- 77c, FLIP 84- 15C. FLIP 84- 19C. FLIP 85- SC, 

and FLIP 85- 61C. 

The Chickpea Internatio~l Yield Trial Tall (CIYT-T) was 

conducted for the first time during 1986/87. The results were reported 

from 34 locations and ANOVA for seed yield revealed that at Hosul in 

Iraq; Tarquinia in Italy; Marrow in Jordan; Oeiras and Elvas in 

mrtugal; mdajoz and Sevilla in Spain; Tel Hadya and Rl-Shab in Syria; 

Beja, W e d  Heliz and Ras Rajel in Tunisia; Pdana and Menemen in Turkey; 

Terbol in Lebanon; Al-Tamia in Iraq; and El-Kharoub in Algeria, scme of 

the test entries exceeded the respective local checks in seed yield by 

significant (P - 0.05) margin. The five heaviest yielders across the 

locations included FLIP 84- 20C. FLIP 84- 32C, FLIP 84-182C. FLIP 85- 

14C. and FLIP 85- 19C. 

The adjusted seed yields in chickpea International Screening 

Nursery Winter (C1SN-W) revealed that at 15 locations out of 36, ~m 

of the entries exceeded the respective local check by a significant (P 

- 0.05) margin. The five heaviest yielders across the locations 

included FLIP 82-293C, FLIP 85- 94C, FLIP 85- 95C, FLIP 85- 97C ud 

FLIP 85-168C. 

The results of Chickpea International Screening Nursery Spring 

(CISN-S) were reported from 24 locations. At 5 locations some of the 

test entries exceeded the local check in seed yield by a significant (P 



- 0.05) mrgin. The five best yielding lines across locations included 

FLIP 84- 72C, FLIP 85- 10C, FLIP 85- 82C, FLIP 85- 96C and FLIP 

85-1076. 

?he results of Chickpea ~nternational F4-Trial reported from 34 

locations showed that at eight locations saae of the F4 popllations 

were significantly superior to the respective local checks in seed 

yield. The five highest yielding populations across locations were 

X84TH 2 (FLIP 81- 3C X ILC 3682), X841H 6 (FLIP 81- 41C X ILC 2399), 

X84TH 58 (ILC 200 X ILC 3682), X84W 23 (FLIP 82-232C X ILC 116) and 

X84E-I 7 (FLIP 81- 41C X ILC 3841). 

Ihe Chickpea International Ascochyta Blight Nursery (CIAEN) 

results f r m  5 Pakistan locations namely Chakwal, Faisalabad lAWI & 

NIAB),  Islamabad and Peshawar, and one other location, m l y  Marrow in 

Jordan, revealed that none of the entries was tolerant to Ascochyta 

blight infestation across locations. ,Considering only those results 

obtained from other 12 locations, however, it was clear that two 

entries, namely FLIP 84- 85C and FLIP 84-182C had rating ranging from 1 

and 3; and 12 entries, namely ILC 202, ILC 2506, ILC 3868, ILC 4421, 

FLIP 83- 46C. FLIP 83- 72C, FLIP 83- 97C, FLIP 84- 48C. FLIP 84- 81C. 

FLIP 84- 83C, FLIP 84- 87C and FLIP 84- 92C exhibited a rating ranging 

from 1 and 4. These entries were thus rated as resistant to Ascochyta 

blight across these loations. 

The results of Chickpea International Leaf Miner Nursery ( C I W )  

were received from nine locations but the leafminer score was reported 

from Mtpellier (France) only. At llontpellier the susceptible 

repeated check took the rating of 9 (on 1 to 9 scale) and all other 

entries rated between 2 to 5. The entries with rating 2 included ILC 



394, ILC 663, ILC 822, ILC 2250 and xu: 3800 and were comparatively 

better in resistance to leafminer attack as compared to others. All 

these resistant sources originated in Iran except ILC 3800 which 

originated in Mexico. 

Ihe data on Chickpea Weed Control Trial (CWCP) reported from ten 

locations revealed that weeds in chickpea caused a heavy yield loss at 

almost all the locations. The pre-emergence application of Igran @ 3.0 

kg a.i./ha, and Igran@ 3.0 kg a.i./ha+ Kerb@ 0.5 kga.i./hawere 

effective across locations. 

The results of Chickpea Fertility-Evaluation Trial were reported 

from three locations but only at Rabul (Afghanistan) were the treatment 

effects significant. 

5.4. Identification of *rior Gaotypes by the NTws 

From the genetic material supplied in the international testing program 

the Mtional programs released 8 varieties of chickpea, Kyrenia (ILC 

464) in Cypms, Califfo (ILC 72) am3 Sultano (ILC 3279) in Italy, ILC 

195 and ILC 482 in Norocco, Shendi in Sudan, ILC 482 and ILC 3279 in 

Algeria; and three varieties of lentil, INIAP 406 (FLIP 84- 94~) in 

Ecuador, Idleb 1 (785 26002) in Syria, and Firat 87 (75 Kf 36062) in 

'Turkey, for general cultivation during 1987/88. In addition a large 

number of lines were identified for multilocation testing, on-farm 

trials or pre-release multiplication. 

Drs. R.S. Malhotra, L.D. Robertson, W. Erskine, K.B. Singh, 

S. Hanounik, N.P. Haware, D. Beck, S. Weigand, M.C. Saxena. 



Orobanche spp. are important angiospennic parasites affecting the 

prochrctivity of seed legume crops in several areas in the West Asia and 

North Africa Region. The incidence of this weed is particularly high 

in faba bean, lentil, peas, and sene forage legumes. Hence studies are 

conducted tmards the developnt of integrated control of the 

parasite. The-work is carried out in close collaboration with the 

University of Hohenheim (Prof. Dr. Koch, Dr. Sauerborn) with special 

funding from GTZ, Federal Republic of Germany. 

6.1. Soil Solarization 

6.1.1. Effect m Ombwdm untrol a d  crop yield 

For further confirmation of the last two years results and additi~al 

detailed infomation two solarization trials were conducted during 

1987/88, one planted with faba bean and the other with lentil. Periods 

of solarization were 0, 20, 30, 40, and 50 days of covering the soil 

with polyethylene. Besides crop and parasite developoent the general 

weed infestation and the effects on Orobanche seed viability were 

studied. 

The lnean daily soil temperatures of the 40 days treatrent over 4 

years are given in Table 6.1.1 showing that temperature changed from 

year to year. 

m e  infestation level with Orobanche seed in the experimental 

plots in 1987/88 in general was extremely high, resulting in an 

Orobanche dry weight production of nearly 1.5 t/ha in the faba bean 



Table 6.1.1. Mean daily maxim temperature of solarized 
(Polyethylene - covered for 40 days) and uncovered 
(control) soil at several depths. 

Solarization control 
year Soil depth (an) Soil depth (an) 

5 10 15 5 10 15 

control plots. This provided the opportunity to test the effectivity 

of solarization, although the high infestation with seed in the alley 

might have led to some contamination of solarized plots. Mrmber of 

Orobanche shoots was reduced, in canparision to untreated control, by 

87% in faba bean and 94% in lentils with the 50 days treatment, whereas 

crop seed yield increased from 54 kg to 1610 kg in faba bean and from 

45 kg to 1070 kg in lentils (Fig. 6.1.1 to 6.1.4). Ihe higher dry 

weight production of Orobanche on faba bean can be attributed to the 

more vigorous growth on this host plant as conpared with lentil. No 

cmplete control of the parasite was achieved due to high Orobanche 

seed bank of up to 200 000 Orobanche seeds per m2. Even with a 95% 

control of Orobanche seeds in soil in this situation up to 10 000 
2 .  seedsh mght be present which are sufficient to affect the crop. 

2 Another study showed that with more than 45 000 seedsh no susceptible 

crops should be planted (see: Orobanche Seed Bank Studies). 

Nevertheless, the effect of solarization in reducing the Orobanche 

seed population should be stressed. This was further confinned by 

assessment of the viability of Orobanche seeds burried in the solarized 
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and control plots at different depths (Fig. 6.1.5). Viability was 

reduced up to 100% in the 5m top layer of solarized soil whereas seeds 

burried in deeper soil layers (15an) still maintained a viability of 

10% after 20 days and 1% after 50 days of solarization. However, these 

seeds had been rewed from the soil after the treaments, whereas the 

seeds naturally remaining in soil might be weakened and affected by 

microorganisms during the grwing season. 

Seed 
v i a b i l i t y  % 

Seeds 
n o t  

buried 

Seed n o t  bur ied  

[7 5  c m  depth 

10 c m  depth  

15 cm depth  

1 LSD ( 0 . 0 5 )  f o r  a l l  v a l u e s  

Days s o l a r i z e d  

F i g . 6 . 1 . 5 .  V i a b i l i t y  o f  Orobanche crenata s e e d  a f t e r  v a r i o u s  
p e r i o d s  of s o l a r i z a t i o n  ( s e e d s  had been bur ied  a t  
5 ,  10 ,  and 15 cm s o i l  d e p t h ) ;  mean of 4 x 100 s e e d s ,  
r e p l i c a t e d  t w i c e .  



6.1.2. gEfect of solarizatim mwzeds 

Most of the weeds were controlled by solarization. With some species, 

howwer, the effect was low or in the case of Muscari racemosurn 

(Liliaceae) even a stimulating effect was observed. No damaging effect 

of solarization on the bulbs was noticed as bulbs bearing leaves could 

be found in 2 5 m  as well as in 5cm soil depths. Silnilar results had 

been obtained in previous studies on the leguraimous weeds Coronilla 

scocpioides and Scorpiums muricatus (ICARDA, Annual Report, 1986). 

Thus, solarization, has a stimlating effect in some weeds. The 

donaancy breaking effect of temperature might accrue directly by 

damaging the hard seed coat in scdne Fabacea species or indirectly by 

chemical processes in the bulbs of some Liliacea species. 

6.1.3. R e s i M  effect of solarizatim 

Studies on the long term effects of this control measure are necessary 

to get information on the economics whether the high costs of the 

method can be compensated by lasting positive results. 

Data are now available for residual effect for up to three years 

of solarizing once (Table 6.1.5). Every year the legume crop was grown 

in this experiment. The main result is that reduction in Orobanche 

number and dry weight following 40 days solarization was the same even 

after 3 years as in the first year. Reduction in the third year due to 

40 days solarization amounted to 85% in Orobanche dry weight compared 

to the control. Differences in Orobanche number and dry weight from 

year to year and between the fields arise from different sowing dates, 

climatic factors, and Orobanche seed banks in soil. In the 3rd year, 
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crop yield still was significantly higher in solarized plots (40 days) 

as compared to the control. Furthemre, total dry weight of weeds was 

also markedly reduced. However, broadleaved weeds (e.g. Carthams 

flavescens) reestablished fast and grew abundantly, especially as there 

was no control by tillage, since cultivation of the plots had been 

avoided. 011 the other hand, under continuous cropping of legumes 

monocotyledonous weeds (Phalaris brachystachys, Sorghum halepense) 

remained still suppressed three years after solarization. 

The population of Rhizobium leguminosarum was not reduced to a 

critical level affecting its efficacy in nitrogen fixation and had 

reestablished at the normal level by mid January. 

Drs. K.-H. Linke, M.C. Saxena, Ms. C. Vorlaender, and Mr. H.Masri. 



6.2. Chemical Ccntrol of 0- Spp- 

Z*ro systemic herbicides, glyphosate (Round up) and imzaqin (Scepter), 

were applied in this study. Glyphosate is a standard herbicide for 

Orobanche control in faba bean for which it was used as check while in 

lentil and chickpea it was tested at different rates. Imzaquin was 

found to be effective on Orobanche during the past two seasons and 

therefore testing was continued with different rates and timing of 

application. Compared with glyphosate it was sprayed at a low dosage. 

Both chemicals were applied once, twice or thrice at different rates 

with a knapsack sprayer at a volume of 400 l h .  Each crop received 14 

treatments as presented in Fig. 6.2.1.-6.2.4. 

Rates of the herbicides were calculated on the basis of the 

previous years experiments in which the level of infestation of 

Orobanche seeds in the soil was medium. This season however, a heavy 

infested field was used resulting in an overall high infestation with 

Orobanche. 

6.2.1.1. Faba bean 

Number of above ground Orobanche spikes per ha amounted to 1.58 

million/ha in the control. MOCeWer, infestation with Orobanche was so 

heavy that only in the glyphosate treated plots faba bean seeds (0.34 

t/ha) were harvested (Fig. 6.2.1). 'Nu applications of 809 a.i./ha 

glyphosate significantly reduced number and dry weight of Orobanche by 

92.8 and 87.7%. Split treatments with imzaquin at a total rate of 209 

a.i./ha only resulted in a Orobanche reduction of 20 and 41% with best 



Fig. 6.2.1. Effect of herbicide treatments on Orobaache and faba 
bean; * 1st spraying at Orobanche tubercle stage, 2nd 
at bud stage. 3rd 15 days later; dosage in g a.i./ha. 
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effects occurring when chemical was applied early (at tubercle and bud 

stage of the parasite). 'Ibis low effectivity might be due to the high 

infestation as previous trials with imazaquin on low infested soil had 

provided up to 100% control of Orobanche. It appears, therefore, that 

the seed reservoir in soil has to be considered and herbicide rates 

have to be adjusted to it. lhese results indicate that at lower 

infestation levels glyphosate, to avoid phytotoxicity problems can be 

replaced by imazaquin. At increasing infestation levels however 

iwzaquin becomes less effective than glyphosate. Higher rates of 

imazaquin still need to be tested under such conditions, especially as 

M phytotoxicity had been obsemed from the tested rates. 
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6.2.1.2. Chickpea 

?he Mmher of Orobanche Spikes per ha in chickpea (0.2 million/ha) was 

less than in faba bean (1.5 million/ha) or lentil (1.1 and 0.2 

millionha with early and late sown lentil, respectively) and therefore 

seed yield was not m c h  affected (Fig. 6.2.2.). m e  to the low dosages 

of herbicides differences between treatments were not significant at 

P-0.05. Nevertheless, reduction in Orobanche number and dry weight 

with 12.59 a.i. inrazaquin/ha was 39 and 43% and with 2 x 309 a.i. 

glyphosete/ha, 77 and 88% respectively. Yield increase was highest 

(20%) in the 3 x log a.i. glyphosateha treatment. With the tested 

rates of glyphosate no phytotoxicity was found even at the highest 

rate, while, inrazaquin at 129 a.i./ha caused a light chlorosis in 

chickpea leaves which was detected after the first spray of 7.59 

a.i./ha. 

Fig. 6.2.2. Effect of herbicide treatments on Orobanche and chickpea; 
* 1st spraying at Orobanche tubercle stage, 2nd at bud 
stage and 3rd 15 days later; dosage in g a.i./ha. 



The herbicides were applied on ILL 4400, planted on Nov. 19, and on ILL 

5582 (a cultivar suitable for late planting) e m  on Jan. 5. Results 

showed that both, imazaquin and glyphosate, did not provide effective 

Orobanche control (Figs. 6.2.3 and 6.2.4). No increase in seed yield 

and a non-significant increase in straw yield of 13% in early sown 

lentils with 12.5 + 5g imazaquinb only were found. Most of the 

treatments tended to decrease seed yield. 'fie number of Orobanche 

however, was reduced significantly by some of the iinazaquin rates but 

only in ILL 4400 planted early. As differences arrising from the 

herbicides were expected to be higher in the later planted genotype and 

the opposite was the case in this experiment further studies will be 

necessary to assess the effectivity of herbicides in early planted 

lentil. Climatic influences might play a role as might time of 

application. No phytotoxicity was observed in the treatments. 

Fig. 6.2.3. Effect of herbicide treatments on Orobanche and lentil 
(ILL 4400, planted on Nov. 19); * 1st spraying at 
Orobanche tubercle stage, 2nd at but stage, 3rd 15 days 
later, dosage in g a.i./ha. 
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Fig. 6.2.4. Effect of herbicide treatments on Orobanche and lentil 
(ILL 5582, planted on Jan. 5 )  (see legend with Fig.2.3.). 

6.2.2. New krbicides for Ombandr cmtrol 

Additional herbicide fomlations of the imidazolinone family ere 

tested in an experimnt in lentil and faba bean. Imazaquin without 

surfactant was tested at two rates ( 2  x 7.5 and 2 x 109 a.i./ha) as 

well as imazethapyr with and without surfactant. Dosage in lentil was 

70% lower than in faba bean. 

No phytotoxicity occured on lentil while in faba bean imazethapyr 

caused a slight leaf rolling, weak chlorosis and sone reddish tips of 

the youngest leaves. Because of 2 weeks delayed planting of faba bean 

Orobanche attack was less (Fig. 6.2.5.). Imazaquin without suefactant 

resulted in high Orobanche control and yield increase. In lentil the 

effect was less but imazaquin without surfactant as well as inazethapyr 

were promising and will be studied further. 
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Fig. 6.2.5. Effect of several herbicide formulations on Orobanche in 
faba bean (F) or lentil (L). 

6.2.3. mrphDlqlical ckmqes in O~dmndb? through krbicide 

apQIicaticns 

In plots treated with imidazolinone compounds the Orobanche spikes 

differed from normal, as they were elongated and bearing a lower nUUIber 

of flowers and fruit capsules. Capsules, if developed, were reduced in 

size and the corolla was not or poorly developed. This was found in 

all trials treated with this compound. The nrrmber of abnormal spikes 

varied with the dosage applied. With solarization, two times 

application of 109 a.i. imazaquin early compared to late spray 

increased the proportion of such defonned spikes from 5 to 25% while 



without solarization percentage increased from 9.3 to 70. Thus, these 

chemicals do affect Orobanche seed production, even if dry matter 

production is not much affected. 

6.2.4. Tole- to gly@msate in faba bean, lentil am3 pea 

Tolerance of faba bean, lentil and pea to various rates of glyphosate 

in the absence of parasite was studied at Terbol to develop better 

understanding of the threshold values for use when controlling 

Orobanche. Glyphosate was sprayed at 6 different rates ranging from 0 

to 600g a.i./ha and the applications were made once only at one of the 

5 different developoental stages of the crops, ranging from vegetative 

to late podding stage. All the three crops showed higer tolerance to 

the herbicide than expected (Fig. 6.2.6.). Even 360 and 6009 a.i./ha 

applied in faba bean reduced yield only by 8 and 33%, respectively. 

Cmpred with faba bean, pas were more susceptible with 0 and 17% 

yield reduction at 240 and 3609 a.i./ha, respectively. The most 

susceptible crop was lentil with 11 and 27% reduction in yield at these 

dosages. It has to be remembered that Terbol has a cooler climte than 

the low altitude sites and this m y  reduce the efficacy of the 

herbicide. 

With regard to the different crop stages plants during the early 

developntal stages were more sensitive to the herbicide (Fig. 

6.2.6.). Peas were more sensitive at the vegetative stage, faba bean 

at flowering, whereas in lentil, no most sensitive stage was 

identified. Susceptibility to glyphosate therefore is not mainly 

related to the flower drop as postulated sometimes, but the biomass 
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itself is affected by high dosages when applied at critical times. 

lhese results will be a basis for the further screening for glyphosate 

tolerance in the germplasm collection. 

6.2.5. Infestatim of Or- in peas and its ctntrol 

In previous years at Tel Hadya, peas (w sativum) were heavily 

infested with Orobanche. Therfore the develent of Orobanche in peas 

was studied and two herbicides tested for its control, glyphosate, 

which is already reported to be effective in peas although somewhat 

phytotoxic, and imazaquin. The rates used were 0, 20, 40 and 60 g 

a.i./ha of glyphosate or 0, 7.5, 10 and 20 g a.i. of imazaquin applied 

at the tubercle stage of Orobanche developxent. 

Orobanche numbers and dry weight were so high, that no seed yield 

was obtained, showing the threat of this parasitic weed in pea 

production. All the tested dosage of herbicide had the same effect but 

were perhaps still too low to provide effective control of Orobanche 

under such heavy infestation (Fig. 6.2.7). Glyphosate increased dry 

weight of peas by 37% and decreased nunber and dry wight of Orobanche 

by 26% and 47%, respectively compared to control. Imazaquin increased 

dry weight of peas by 67% but also increased the number of Orobanche by 

298, while decreasing the Orobanche dry weight by 12%. The results 

demtrated that under such high infestation levels higher rates of 

herbicides should be applied, especially as no phytotoxicity, w e n  with 

the highest rate, was noticed. 

lhe dwelopmnt of Orobanche seems to be closely related to soil 

temperature (Fig. 6.2.8.). Weakly mean temperatures klar 9'~ 



Fig. 6.2.7. Effect of glyphosate and imazaquine on dry weight 
production of pea (host) and Orobanche (parasite). 
Data taken at 12.3.1988. 
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Fig. 6.2.8. Dry matter development of pea and orobanche in 
relation to soil temperature. 



suppressed development of the parasite. With temperatures above gOc, 

however, dry weight production of Orobanche started. A similar 

threshold (8'~) is reported in literature from laboratory experiments 

on the germination of Orobanche seeds. The host on the other hand is 

more tolerant to low teqeratures with dry matter production starting 

at temperatures lower than the threshold for Orobanche. 

DrS. K.-H. Linke, M.C. Saxena, S. Silim, . P. Engelhard and Mr. H. 

Masri. 

6.3. Integrated cantsol of Or- 

6.3.1. Paba bean - solarixatim x sawing date x herbicide 

At present, the only way to achieve sufficient Orobanche control is by 

combining several control measures. Solarization for 40 days, delayed 

sowing by 3 weeks and treatments with imazaquin and glyphosate had 

already been tested separately in the past at Tel mdya. They were now 

combined in m e  experiment. Glyphosate or inazaquin were sprayed twice 

(at tubercle stage and bud stage of Orobanche) at rates of 80 + 80 and 

10 + 109 a.i./ha, respectively. The field used in this study had heavy 

Orobanche infestation. 

Seed yield without control measures was nearly zero, while 

Orobanche nrrmber and dry weight amounted respectively to 1.79 

million/ha and 1796 kg/ha (Fig. 6.3.1.) with a negative correlation 

between Orobanche and faba bean seed yield. Among the single 

treatments, solarization was most effective in increasing crop seed 

yield, which was negligible in the other single measures. Orobanche 
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Fig.6.3.1. Effect of different treatments and their combinations on 
Orobanche and faba bean. S = solarization, D = delayed 
sowing, I = imazaquin, G = glyphosate. 

was decreased by all the treatments. The combination of solarization 

plus delayed sowing plus glyphosate resulted in the highest crop yield 

(2.1 t/ha) and a 100% control of Orobanche. Ihe combination of delayed 

swing plus glyphosate was effective in controlling the Orobanche 

whereas delayed swing plus imazaquin was poor. Cnly in ccinbination 

with solarization plus delayed sowing did imaaaquin increase yield 

significantly, and reached at par with glyphosate. 

An economic evaluation of this experiment revealed that the 

combination of delayed sowing plus glyphosate was most economical. But 

solarization as a third compnent increased yield by 0.85 t/ha and a 

residual effect on yield increase of about 40% and 30% in the second 

and third year is to be expected. Nevertheless, with price for the 

plastic being above US$ 500/ha the application of solarization in faba 

bean will not be an economical preposition for cormercial use. 



6.3.2. Lentil - x &te of sowing 

Ihe use of delayed planting as a means to avoid heavy Orobanche attack 

has been denonstrated earlier and is known to farriers. Greatly delayed 

planting e, harever, reduces seed yield. In order to avoid this 

yield decrease and to test different herbicides an experiment was 

conducted using two lentil genotypes, Syrian Local (ILL 4400). planted 

at the normal time and an early maturing genotype, Idleb 1 (adapted to 

late sowing) planted at Jan. 5, and herbicide treatments (14) in a 

split-plot design. 

Under the high Orobanche infestation highly significant 

differences between the two genotypes/datea were found with a 3.6 fold 

higher dry weight of Orobanche and a 2.7 fold lower lentil seed yield 

in ILL 4400/normal date than in Idleb l/late date (Fig. 6.3.2.). Ihe 

use of Idleb 1 therefore has to be reccmmended in combination with late 

sowing as an effective control measure for Orobanche under heavy 

infestation. Differences between herbicide treatments were low and 

none of them increased seed yield of lentil significantly above the 

control. For further details on herbicide treatments see section 

6.2.1. 

6.3.3. Lentil - cabinatim of sa?ing date and salarixatim for 

dtivar ILG 4400 

Both methods, delayed sowing and solarization, reduced the rnmaber and 

dry weight of Orobanche significantly. However, with solarization the 

effect was more dramatic. Delayed sowing alone reduced the rnmaber of 

Orobanche per area by El%, solarization alone by 91% (Fig. 6.3.3. ). 

Ihe combination resulted in a 99.4% decrease in number of Orobanche and 



Fig. 6.3.2. Effect of genotypelsawing date on Orobanche 
and lentil. 
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Fig. 6 . 3 . 3 .  Effect of sowing date and solarization on 
Orobanche and lentil (S+ = solarization for 
40 days, S- = without solarization). 



in 95.8% of Orobanche d q  weight. Lentil seed yield increased with 

delayed sowing by 19%, with solarization by 376%, and through 

cabination of both methods hy 403%. 

The effect of the late planting was positive but not as pronounced 

as in Idleb 1 in the other experiment (section 6.3.2.). In cabination 

with solarization however, late planting would not be advantageous 

since the infestation of Orobanche is already reduced to a minim. As 

shown in Fig. 6.3.3 lentil biomass with solarization plus early 

planting in fact is significantly higher than with the late planting 

date. Therefore, with solarization an early planting is preferred. 

DrS. K.-H. Linke, M.C. Saxena, W. Erskine, and Mr. H. Masri. 

6.4. Biological Control 

Phytomyza orobanchia Kalt. (Agromyzidae) is reported from eastern 

Europe to be an agent for biological control of Orobanche. This fly is 

monophagous and its larvae feed in the stem as well as in the fruit 

capsules of the parasite. As no reports on the occurrence of the 

insect in Syria were available a survey was started to assess 

occurrence and, if the insect is present, also its distribution in the 

country. A preliminary assessment of the fly's effectivity was also 

done. The survey covered 31 faba bean fields of which 21 were found to 

be infested with Orobanche crenata (Tab. 6.4.1.). These fields were 

examined for the insect and in 95% of the fields Phytomyza was present. 

Infestation of fields ranged from 0 to 96.7% with a mean of 55.5% over 

all locations. Of all the examined capsules 32.3% were found to be 

parasitized (range:O - 70%). With a reduction of seeds per capsule by 



90% a total effectivity of 29% destruction of Orobanche seed from 

Phytomyza under natural conditions was found. 

mring this survey Phytomyza was found parasitizing on Orobanche 

aegyptiaca, too. In addition, 5.9% of the capsules of 0. crenata were 

affected by other organisms, mainly fungi. Samples of them were 

collected for further evaluation, i.e. purification and isolation. 

Drs. K.-H. Linke, M.C. Saxena, Ms. C. Vorlaender and Mr.H. Hasri. 

Table 6.4.1. Infestation ( 8 )  with P h y t w a  orobanchia at different 
locations in Syria. 

NO. Location Infestation Infestation Orobanche 
of of attack on 

Orobanche Orobanche faba bean 
plants capsules 

1 Tel Hadya, 1CARoA farm (B7) 46.7 
2 4 km S-e Of AL-Bab 73.3 
3 7 km n-e of Al-Bab 83.3 
4 10 km m of Al-Bab 96.7 
5 25 lua n of Al-Bab, near Turkey 43.3 
6 15 km n-e of Hare 30.0 
7 2 km e of Hare 23.3 -. . . 
8 5 km w of Hare 46.6 - -  .-.- 
9 5 km w of Tel Rifaat 0.0 
10 10 km s of Tel Hadya 40.0 
11 2 km s of Jisr-Al-Shogur 60.0 
12 25 km n-e of Lattakia 93.0 
13 Jableh. ICAIIDR - Station 78.4 
14 15kmwofnpamea 
15 10 km n of Banias 
16 10 km n of Tartous 
17 20 km s-e of Tartous 
18 10 km w of ~ceas 
19 5 km s-e of  oms 
20 20 km n of Hama 
21 5 km n of Saraqueb 

14.4 xxx 
8.9 x 
25.5 xx 
0.0 X 
18.9 x 
30.0 xx 
68.9 xx 
41.7 xxx 
38.9 xx 
26.7 uu 
68.9 xx 
36.7 xx 
70.0 x 
8.9 x 
1.6 x 
25.5 x 

s - south; e = east; n = north; w - west 
x - Low attack; xxx - High attack 



6.5. Staxlies cn Or- Seed Bank in Soil 

6.5.1. Estimation of the Ombauche seed 

For many studies infomtion on the magnitude of the Orobanche seed 

hank in soil would be helpful, e.g. in the evaluation of control 

measures as well as in the prediction of a possible attack on a crop. 

A method for the extraction of Orobanche seeds from soil had been 

developed at ICARDA previously which now was used to determine the 

number of soil samples necessary for a reliable evaluation. 

It was found that the Orobanche seed density varies greatly but 

aggregation is not limited to few spots in the field, (Fig. 6.5.1.). 

By the evaluation of 3 x 60 single samples, each batch deriving from an 

area of 64m x 130m. it could be demonstrated that at least 800 single 

soil samples per ha are necessary for a report with 70% precision. For 

reliable surveys of the seed bank for field experiments bulked samples 

2 of at least 2 samples/m will be necessary. 

In addition to this, the vertical distribution of Orobanche seeds was 

studied. Highest percentage of Orobanche seeds was present in the top 

most soil layer and it decreased with increasing depth (Fig. 6.5.2.). 

m e  upper 30cm of the soil contained 78% of the total ammnt of seeds 

but seeds were found upto 90cm depth. zhis is of importance with 

regard to the effect of deep ploughing. 

6.5.2. Effect of Orobandp seed densities in the soil on c r q  yield 

With information on the Orobanche seed density in soil being scanty 

little is known a h t  the critical level of Orobanche infestation in 

the soil. A pot experiment therefore was conducted for two years. 



FIELD 
A 24 

FIELD 
B 7 

FIELD 20 

C 4 
0 

Figure 6.5.1.Distribution of Orobanche seed in sections of 3 fields 
at Tel Hadya. Each section is 54 m x 130 m. representing 
60 single samples. Multiplication of Orobanche seed 
numbers by factor 1793 gives the number of seeds/m2 up 
to 15 cm sail depth. 



Orob.nche seeds (1)  
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t I I I 

Fig. 6.5.2. Orobanche seeds (Z) at various depths of the 
soil - Tel Hadya, 1986/87.  

Pots with different Orobanche seed loads mixed in 8 kg of soil were 

enhdded in the field and planted with faba bean in 10 replications for 

each seed rate. 

Although the crop yield in the second year was lower due to a 

slightly later planting the behaviour of crop and parasite parameters 

followed the same pattern as in the first year (Fig. 6.5.3.). As a 

2 mean over both experiments with less than 30,000 Orobanche seedsm no 

reduction in faba bean yield occurs. With about 100,000 seedsm 2 

2 however, seed yield dropped to 50%. Therefore, 30,000 seedsm can be 

taken as a threshold above which the crop yield is affected. However, 

the date of swing could be a factor that may affect this threshold. 



Fig.  6.5.3.  E f f e c t  of Orobanche seed  d e n s i t y  i n  soil on Orobanche 
i n f e s t a t i o n  and seed y i e l d  of  f a b a  bean;  r e s u l t s  f rom 
two y e a r s  ( 0 .  0 s e e d  y i e l d ;  A,S Orobanche s h o a t s ) .  

6.5.3. gffect of different crqs m tbe Or* seed bamk 

The effect  of 10 different  crops and fallow on the build up of 

Orobanche seeds i n  so i l  was evaluated. Soil samples were taken before 

sowing of the crops and before maturity of newly produced Orobanche 

seed i n  spring. None of the crops was found t o  reduce the Orobanche 

seed bank significantly (Tab. 6.5.1.). On average, seed reduction 

a f t e r  the six month-cropping season amounted t o  6.5%, only. With the 

production of newly produced Orobanche seeds however, there was an 

enormous increase of the seed bank i n  plots  sawn with susceptible 

crops. For ex-le, with Wia narkonensis, highly affected by the 

parasite, Orobanche shoots produced about 17 millions of new seed per 

2 m .  



Table 6.5.1. Effect of different crops on the Orobanche2seed bank in the 
field: Calculated no. of Orobanche S e e d ~ h  . 

crop Before planting Before Orobanche After Orobanche 
maturity maturity 

. . .. . 
 all& with weeding 87600 
Vicia das ar 
ExG- 

114000 
96600 

Flax 118800 121800 121800 
Cumin 125400 78000 129142 
Chickpea 60000 63000 1783507 
pea 91200 113400 7317173 
Vicia narbonensis 111600 110400 17602832 
Lentil 168000 160200 31785531 
Faba bean 148800 200400 32528599** 

Total 1220400 1141800 91541000 
Mean 110945 103800 8317927 
% 100 93.5 7497 

Orobanche on weeds 
** Late planted faba bean 

Results in Table 6.5.1. indicate that in just one season the 

effect of a crop on seed bank reduction by stimlating seed gemination 

seems to be low. But the effect of different crops on the increase of 

the seed bank by sustaining Orobanche shoots is tremendous. It becomes 

clear that m r e  care should be given to avoid Orobanche seed production 

in fields. Thus, it is of practical inportance to use one of the low 

Orobanche seed producing crops and to avoid those that arc highly 

susceptible. 

Drs. K.-H. Linke, J. Sauerborn, M.C. Saxena, Mr. G. Wywal and Nr.H. 

Masri. 



A high degree of genetic variability within a species, expressed as 

different genotypes, races, strains or pathotypes, would present 

further constraints in screening for Orobanche resistant crop 

genotypes. Therefore, it is important to know the extent of 

variability naturally present in the parasite. Ihe natural occurrence 

of different phenotypes of 0. crenata in one field supports the 

hypothesis that there should be large variability present. 

Ihe differences in protein pattern as detected by electrophoresis 

can be used to distinguish between species, which sometimes are 

difficult to be differentiated based on mrphological traits (e.g. in 

the case of O, aegyptiaca and -- 0. ramosa). In the present study 

selected Orobanche spikes representing different phenotypes of one 

species were investigated. Fig. 6.6.1 shows that most of the O. 

crenata plants share the s a n ~  SDS-protein pattern. Similarly no 

differences could be noticed anong the O, aegyptiaca plants even when 

they were derived f r m  different hosts. However, clear difference was 

present between the two species of Orobanche. 

Further tests will be necessary to assess differences within the 

0. crenata popllation on a larger number of w l e s  from different -- 
origins. Analysis of seeds should he included as m r e  consistent 

results can be expected from them as ccsnpared to fresh plant material. 

Drs. K.-H. Linke, L. ~olly and M.C. Saxena. 



Fig. 6.6.1. Protein band pattern following SDS-electrophoresis 
an 13 Orobanche plants: Nos 1-7 and 9 represent 
0. crenata, nos 8 and 10-13 are from 0. aegyptiaca. - -  



7.1. Nile Valley Project 

Ihe 1987/88 season was the third and last year of the third phase of 

this special project on faba bean which covered Egypt, Sudan and 

Ethiopia. This year, research work had, as usual, a heavy "on-farm" 

emphasis with a prprtion of resources and efforts devoted to the 

back-up research. In Ethiopia, a pilot production/demonstration 

program was conducted for the second yebr. In the three Nile Valley 

countries, the project was marked by increased interaction between 

project scientists and extension workers in providing support to 

production programs. On-farm and back-up research results for the 

1987-1988 crop season frcm Eqpt, Sudan and Ethiopia were presented and 

discussed in 10 sessions at the IX NW Annual Coordination Meeting held 

in Cairo, Egypt, from 19 to 22 September, 1988. Ihe roajor project 

highlights of research are described here. 

7.1.1. Pr- in Egypt 

7.1.1.1. Pilot Damstmtica Plots in El-minia and 

As last year, the extension specialists and village agents of the 

Ag~i~ultural Developaent Project in the two governorates were trained 

by subject matter specialists of the NW in the conduct of the pilot 

demonstration program. 

Ihe reccanmended praluction package included four main factors, 

i.e. use of Orobanche tolerant faba bean cultivar Giza 402, recomoended 

seed rate (184.5 kg seedha), N and P fertilizer application (35.7 kg N 



+ 71.4 kg P20@a) and weed control (hand weeding or pee-emergence 

application of 'Topogard' at 3.57 kg/ha). Other practices reconmended 

included sowing in early November, Orobanche control with Glyphosate, 

aphid control with Pirimor and frequent irrigation during flowering. 

Demonstration farmers in the two governorates were provided certified 

seed of Giza 402, N and P fertilizers and Pirimor aphidicide on credit 

through village cwperatives. 

In El-Minia the demonstration plots (45), selected by the 

extension agents, occupied 276.6 ha involving 87 farmers. The 

demonstration plot area ranged from 2.1 to 2.9 ha belonging to 1-6 

farmers (Table 7.1.1). A sample of 45 demstration faruers along with 

an equal m m k r  of outside demonstration fanners were surveyed for 

comparative faba bean production, cost and benefit. At harvest, five 

2 randm plots of 20-25 m each were harvested for yield estimates in 

each of the 90 demonstration and outside demonstration fields. Yield 

estimates of demonstration farmers fields as compared to those outside 

the denonstation showed an average increase of 600 kg/ha (21.3%) in 

seed yield and 730 kg@ (11.7%) in straw yield. The average 

profitability (net benefit as a % of total cost) was 325 and 220% 

respectively, for the 'demonstration' and 'outside demonstration' 

farmers in the nine districts (Table 7.1.2). In Fayoum nine villages 

in four districts were chosen to demonstrate the improved production 

package to farmers. Eighteen demonstration plots (plot size ranged 

f r m  0.5 to 2 ha) along with an equal number of outside demonstration 

fields were selected by the extension agents. As an average over all 

demonstration plots in Fayuom Governorate, the test package increased 

seed yield by 550 kg/ha (21.2%) and straw by 540 k g b  (9.4%). The 



profitability of the recarmended package was 126% as against 85% for 

the traditional practices (Table 7.1.31. 

Table 7.1.1. W r  and area of demonstration plots in 
El-Minia Governorate, Egypt, 1988. 

District Number of* ~rmber of ~ r e a  
demonstrations famrs (ha) 

Edwa 
Whagha 
Bani-Mazar 
Matay 
sm11ot 
Ninia 
Abo-Korkas 
Mallaw 
D~K-Maks 
Total 

One demonstration plot per village. 

Table 7.1.2. Average seed and straw yields (t/ha) and economic 
evaluation of in- and out-of-demonstration famrs in 
El-Minia Governorate, Egypt, 1988. 

In dewnst. G u t  demonst. Difference 
Mean S.D. Mean S.D. Mean % 

Yield (t/ha)l: 
Seed 
Straw 

Economic Evaluation: 
Total variable costs ( ~ ~ f i a ) ~  523 582 -59 
Net benefit (LEfia) 1698 1280 418 
Profitability (%I 325 220 105 

1 = Seed price (LE/tl 483.9 
Straw price (LE/t) 80.0 

2 - Do not include land rent. 



Table 7.1.3. Average seed and straw yields (t/ha) and economic 
evaluation of in- and out-of-demonstration farmers in 
Payoun Governorate, Egypt, 1988. 

In demonst. Out demnst. Difference 
melean S.D. Mean S.D. Mean % 

--.. 
Straw 

Economic Evaluation: 
Total variable costs  ha)** 895 908 
Net benefit (~Ema) 1131 773 - - ~  

Profitability ( % )  126 85 41 

* Seed price (LE/~) 516.9 
Straw price (LE/~) 60.0 

** Include land rent. 

7.1.1.2. Pilot Demgtratim Plots in Behaira Govermral 

Based on the results of the improved package tested in the adjacent 

Kafr El-Sheikh governorate in the first and second phases of the NVP, 

and also on the results of the on-farm research carried out in 1986,437 

season in Behaira governorate, a research-extension program for faba 

bean ilnprovement was initiated and conducted in Behaira in 1987,438 

season. As in Minia and Payoun governorates, the extension specialists 

and village agents in Behaira were trained by subject matter 

specialists of the NVP. 

' J h  rec-nded package included five main factors, i.e. use of 

faba bean cultivar Giza 3, reconnnended seed rate (184.5 kg seedha), N 

and P fertilizer application (35.7 kg N + 71.4 kg P205/ha), weed 

control (either by pre-emergence application of 'Topogard' at 2.95 kg 

a.i./ha or by hand weeding) and disease control with Diathane M45. 



Other practices recormoended included sowing around mid November and 

frequent irrigation during flowering and pod setting. 

Ten demonstration plots of approximately 1.5 ha each along with 

the same number of outside demonstration fields were selected by the 

extension agents in four villages in two districts, Itai El-Barood and 

El-Delingat. However, data were recorded only on seven plots, while 

the other three plots were discarded due to high infestation with 

2 Orobanche. Ihree random samples 25 rn each were taken to estimte seed 

and straw yields in each of the 14 in and out of demonstration plots by 

the NVP specialists and extension staff. In general, the mean seed 

yields of faba bean this season was lower than usual because of the 

severe attack with foliage diseases especially chocolate spot. Yield 

estimates of demnstration fields showed an average increase of 1070 

kg/ha (98.3%) in seed yield and 270 kg/ha (27.8%) in straw yield with 

improved package (Table 7.1.4). ?he profitability of the recomaended 

package was 76% as against 10% for the traditional practices. 

Table 7.1.4. Average seed and straw yields (t/ha) and economic 
evaluation of in- and out-of4emnstration f a m r s  in 
Behaira Governorate, Egypt, 1988. 

In demonst. 
Mean S.D. 

Out demnst. 
Mean S.D. 

Difference 
Mean % 

Yield (t/ha)*: 
Seed 
straw 

Economic Evaluation: 
Total variable costs (=/ha) 700 640 
Net benefit (LE/ha) 534 59 
Profitability ( 8 )  76 10 

Seed price (LE/t) 484.0 
Straw price (m/t) 25.0 



7.1.1.3. of the m resear-m prqlra an £aba bean 

iq~oveat in El-a, F a p a  a d  &haira -=rates 

m an attempt to study the adoption rate of the recomrmended package 

m g  f a m r s  in- and out- of denonstration fields, before and after 

the operation of the NVP research and extension program, a sample of 

45, 36 and 14 denonstration farmers along with an equal nmober of 

outside demnstration farmers were surveyed in El-Minia, Fayoum and 

Behaira Governorates, respectively. Investigation was conducted 

through personal interviews using a pretested questionnaire covering 

social aspects, role of extension, size of holding, cultural practices, 

costs and farmers problems and constraints. Result of this survey in 

El-Hinia governorate is presented in Table 7.1.5. It is clear that 

there was improvement in the adoption of cconponents of the production 

package by the farmers both in and out of demonstration program 

following advice from the agents. 

Table 7.1.5. Adcption rates of remmnmdd ard practices m g  farmers in- and 
cut-of-demonstration plots before acd after the research extension 
program on faba bean in El-llinia Gxemrate ,  Egypt. 

In demDnstratim at dermnstration 
1986/87 1987/88 1987/88 

Traditional Advised naditicmal Advised Traditional Advised 
No. a No. a No. % NO. % NO. % No. % 

1.  Variety 
2 .  Seed rate 
3. Land preparation 
4. Swing m e w  
5. Plant density 
6. Fertilizer 
7. Weed control 
8. Insect control 



7.1.1.4. Pilot -tratim of Or- antrol in la- 

gonrmrate 

In 1987/88 season, 8 demonstration plots of 1.25 to 2.0 ha each in five 

districts in El- ninia were conducted by NVP scientists in fields 

naturally infested with Orobanche. The r e c d e d  package for 

parasite control included use of the parasite tolerant cultivar Giza 

402 and application of glyphosate (Lancer at 179 cn3 in 500 1 water per 

hectar) at f l w r  initiation and repeated 15 days later. wtirmnn 

levels of N and P fertilizers (37.5 kg N + 71.4 kg P20g/ha) and seed 

rate (184.5 kg seedha) were used. The demnstration fanners were 

provided the seed of the mltivar Giza 402 and fertilizers through the 

village cooperatives. Tttey were also provided the glyphosate and 

Knapsack sprayers by the extension agents in the villages and farmers 

sprayed the herbicides in the presence of NVP scientists and extension 

agents. For comparison, a naturally infested field in the inrnediate 

neighbourhood was selected as outside demonstration farm. The control 

package gave positive and consistent seed yield increases ranging from 

0.48 t/ha (23.8%) to 2.54 t/ha (184.1%) with an average of 1.56 t/ha 

(98.7%), over the farmers practices. 'he average increase in straw 

yield was 59.7% (Table 7.1.6). Ihe recrmnended package reduced the 

number and dry weight of Orobanche by 67.6% and 70.2%, respectively. 

The profitability of this package was 307% against 142% for traditional 

practice. 

On the average of the three seasons, 1986, 1987, 1988, results 

from 21 demonstration fields in El-Minia governorate indicated high 

efficiency of the package in reducing Orobanche infestation (Fig. 

7.1.1) and increasing faba bean production and farmers profitability 

(Fig 7.1.2). 



Figvre 7.1.1. Effect of Orobanehe conrrol package 
on number and weight of Orobanche 
spikes; mean data from pilot 
productlon plots at 21 sites in 
El-Mink., Egypt. 1986, 1987, 1988. 

yield yield 

Figure 7.1.2. Effect of Orobsnche control package on seed 
and straw yield and profitability of faba beat, 
production; mean data from 21 pilot pruducfior~ 
plot eires in El-Minia, Eaypt, 1586. 1987, 1988. 



Table7.1.6. Average seed and straw yields (t,ha) and economic 
evaluation of in- and out-of4emonstration plots for 
Orobanche control package in El-Minia Governorate, Egypt, 
1988. 

In demonst. Cut demonst. Difference 
Mean S.D. mean S.D. Mean % 

-- 

Yield (t/ha): 
Seed 3.15 0.68 1.59 0.33 1.56 98.7 
Straw 8.29 1.75 5.19 1.09 3.10 59.7 

Orobanche: 
No. of spikes/m2 27.4 10.6 84.5 25.6 -75.1 67.6 
Dry weight (g/m 24.6 13.4 82.6 37.1 -58.0 70.2 

Economic Evaluation: 
Total variable costs (LEfia) 538 490 48 
Net benefit  ha) 1650 695 955 
Profitability ( % )  307 142 165 

7.1.1.5. Pilot m t r a t i m  of Or&anche Coltrol in  Payar governorate 

Three dmnstration trials of 1.5 ha each in two districts in Fayoum 

governorate were conducted by NVP researchers in fields naturally 

infested with Orobanche. The factors of the reconmended package were 

the same as in El-Minia. For comparison a naturally infested 

neighbouring field was selected as outside demonstration farm at each 

site. The control package gave positive and consistent seed yield 

increases ranging from 1.33 t h a  (153.6%) to 1.8 t h a  (245.3%) with an 

average of 1.55 t/ha (194.0%). The average increase in straw yield was 

41% over the farmers traditional practice. The reconmended package 

reduced dry weight of Orobanche by 82.2%. The profitability of the 

recomaended package was 130% as against 13% for the traditional 

practices. (Table 7.1.7). 



Table 7.1.7. Average seed and straw yields (yha) and economic 
evaluation of in- and out-of-dencolstration plots for 
Orobanche control package in Fayoum Governorate, Egypt, 
1988. 

In denanst. Out demonst. Difference 

Yiiid (t/lla): 
2.35 0.80 1.55 

straw 3.15 2.23 0.92 
Orobanche: 
Dry weight (g/o 19.5 109.7 90.2 

Economic Evaluation: 
Total variable costs (LE/ha) 611 632 
Net benefit (LE/lla) 792 81 
Profitability ( % )  130 13 

7.1.1.6. r P e s e a r & r  -farm trials m land pnparatim and 

rthDds of swing e r  different tillage sqstas in El-ninia 

(pvenmrate 

In 1987/88 season, nine researcher-nanaged on-fan, trials in three 

districts in El-Minia were conducted to test different land preparation 

and sowing methods in farmers's fields with the objective of reducing 

cost and mimising profits. The following treatments were tested: 

1. Chisel ploughing twice + seed broadcast + ridging by chisel plough 
to cover the seed (cormmn farmers method). 

2. Chisel ploughing three times + ridging + planting three rows pee 

ridge (ccmamn farmers method). 

3. Rotavator hoeing to 5 cm depth + seed broadcast + rotavator hoeing 

to 3 cm to cover the seed (test method). 



4. Planting on the old ridges ot the preceding summer crop in 

single-seeded hills, 15 cm apart on three-rw ridges (recomended 

method for zero tillage). 

Over all sites, the broadcast hoeing method (3) and hill sowing on 

old ridges method (4) resulted in better emergence. Heavy seed cover 

in broadcast/two ploughing method (1) and poor physical condition of 

land in three ploughings method ( 2 )  led to poor emergence. Average 

seed and straw yields and profitability of the two sowing methods, hill 

sowing on old ridges (4) and broadcast sowing with two hoeings(31, were 

higher compared with the traditional methods (Table 7.1.8). 

Table 7.1.8. Average seed and straw yields (t/ha), net benefit (LE/ha) and 
profitability ( % )  of different sowing methods in El-Minia, 
Egypt, 1988. 

Sowing method 
Broadcast/ Hills on ridges/ Broadcast/ Hills/ 
2 plouqhinqs 3 ploqhinqs 2 hoeirqs ald ridges 

Yield (t/ha)*: 
Seed 3.05 3.87 4.61 4.76 
Straw 6.91 7.34 7.72 8.36 

Economic Evaluation: 
Total variable costs (=/ha) 666 728 660 687 
Net benefit iLEha) 1323 1709 2183 2272 
Profitability (%)  199 235 331 331 

* Seed price (LE/t) 516.12 
Straw price (LE/t) 60.00 

On the average of the three seasons 1986, 1987 and 1988, results 

from 16 researcher-mged on-farm trials in three districts in 

El-Elinia Governorate showed that the swing method 'hills/old ridges' 



followed by 'broadcast/two hoeings method' gave higher seed and straw 

yields and profitability compared with the traditional sowing methods 

(Fig. 7.1.3). 

~ e t h o d  of sowing 

Broadcast12 ploughings 

Broadcast/Z hoeings 

~ills/old ridges 

Yield Profitability 

Figure 7.1.3. Effect of different sowing methods on seed and 
straw yield and profitability; mean of 16 sites 
of researcher managed on-farm trials in El-Minia. 
Egypt during 1986, 1987 and 1988. 

7.1-1-7- Rlesear~ber- ai-faKm t d d S  m saring mthods e r  

. . , m u u n n  and full tillage s y s k  after r i a  in edraira 

Three on-farm trials were conducted in two districts in Behaira 

Governorate to test the follming sowing methods: 

1. Broadcasting seed on flat untilled soil + rotavator hwing to cover 

the seed (test method). 



2. Chisel ploughing twice + seed broadcast + ploughing again and 

leveling to cover the seed (farmers' method). 

3. Planting in hills-using small ~ ~ n u a l  hoe on dry flat untilled soil 

(fanners' method). 

Broadcast/hoeing method (1) resulted in better emergence and 

higher plant population and out-yielded the chisel ploughing/broadcast 

method. Although the no-till hill planting method (3) ranked first in 

seed yield, the broadcast/rotavator method had the highest 

profitability compared with fanners methods (Table 7.1.9). 

Table 7.1.9. Average seed and straw yields (t/ha), net benefit (LE/ha) 
and profitability ( % )  of different sowing methods in 
Behaira, Eyypt, 1988. 

Sowing method 
Broadcast/ Chisel ploughing/ No till/planting 
rotavator broadcast in hills 

Yield (t/ha): 
Seed 
Straw 

Economic Evaluation: 
Total variable costs 699 
(LE/ha) 
Net benefit (LE/ha) 552 359 609 
Profitability ( % )  79 50 76 

7.1.1.8. Researcher-ged orr-farm trials on sowing dates of faba bean 

in Pam governrate 

Two on-farm trials were conducted in two districts in Fayoum 

Governorate to study the effect of sowing date on faba bean production. 

?he sowing dates tested ac both sites were: 1st October, 15th Oct., 1st 



Nw. and 15th Nov. At both sites a significant reduction of a mean of 

1.21 t/ha in seed and 1.65 t/ha in straw yield was observed when the 

crop was sown late in mid-November as compared with mid-October (Table 

7.1.10). Thus, the optimum sowing date of the faba bean cultivar Giza 

402 in Fayown governorace would be the first half of October. 

Table 7.1.10. Effect of swing dates on seed and straw yields ( t h )  
in F a y ,  1988. 

Sowing date Itsa 
Seed Straw 

Sannoris 
seed Straw 

Mean 
Seed Straw 

1st Oct. 2.21 4.91 3.22 6.88 2.72 5.59 
15th Oct. 2.59 5.12 2.82 6.42 2.71 5.77 
1st Nov. 
15th Nov. 

L.S.D. (P- 0.05) 
Sowing dates 0.26 0.82 0.64 2.03 0.31 0.98 
C.V. ( % I  12.6 17.7 6.0 9.2 10.4 15.2 

7.1.1.9. Back-up research 

Research was conducted on crop agronomy, genetic improvemnt, 

pathology, entomology, microbiology, Orobanche and need control, soil 

fertility and plant nutrition, mechanization and nutritional quality. 

Results are reported in the Proceedings of the IX m u a l  Coordination 

Meeting held in Cairo, 19-22 Sept., 1988. Gnly a few major findings 

are presented here. 

The breeding program in Egypt was carried out at four rain 

research stations, Giza, Sakha, Nuharia and Sids, in addition to two 



sub-stations. Gimmeza and Shamlaweel. lhese stations covered all the 

three agrwcological regions: North Delta, and Middle and Upper 

Egypt. Results from the last three years (1985-1987) indicated that 

three lines derived from a cross between ILB 938 and Giza 3 were 

significantly less infected with chocolate spot, mst and Rlternaria 

leaf spots than Giza 3. Cn the average over the three years, these 

three lines 461/845/83, 461/847B/83 and 461/841/83 in addition to line 

461/837/83 gave 21.4%. 16.9%. 12.0% and 1.7% higher seed yield than the 

~mnercial cultivar Giza 3. To maintain their genetic purity and Start 

a program for seed multiplication single plant progeny rows were grown 

at Sakha Research Station in 1987/1988 season. Selection was practiced 

between progenies. Single plant selection was also practiced within 

each selected progeny and remaining plants were harvested and bulked. 

In 1992 these lines could be grown on 60 to 100 ha each for seed 

multiplication and for wider testing before release. In other studies 

prapising lines resistant to chocolate spot, rust, aphids and 

Orobanche, and lines with high yield potential were identified through 

evaluation of different local and exotic breeding aaaterial. 

In an Orobanche chemical control study at Giza in a soil naturally 

infested with Orobanche seeds, Imazaquin (Scepter = AC252, 214, 18%, 

liquid), as foliar post-emergence application of two sequential sprays 

(at 22.5 g/ha a.i. in 500 1 waterh) proved better control than 

glyphosate. 

National scientists in the Agricultural Research Center, Giza, Egypt in 

collaboration with staff of extension department and production 

projects in El-Minia and FapnII. 



7.1.2.1. Pilot pra&ct.i-tratim program in Saiyal Agricultural 

sdrr, mNPm Begim 

On-farm research conducted through the Nile Valley Project since 1979 

showed that the productivity of faba bean in the northern region of the 

Sudan (traditional faba bean growing area) could be raised greatly by 

the adoption of a simple improved production package. In the 1987-88 

cropping season, the Government of UR gave financial support to a pilot 

production/demnstration program in Saiyal Agricultural Scheme to 

extend research findings to farmers on a large scale. An improved 

package of management consisting of early planting, frequent irrigation 

and pest control was applied in the whole faba bean area in Saiyal 

scheme and compared with farmersr practices in the neighbouring scheme 

of Kali. ?he demonstration plots occupied 421.5 ha involving 552 

participating famers in three sections of the scheme. A total of 100 

farmers in Kali scheme with faba bean acreage of 80.9 ha were taken for 

comparison (Table 7.1.11). Yield estimates of demonstration plots in 

Saiyal scheme as compared to those in Kali scheme showed an average 

increase in seed yield of 1411 kg/ha (178.9%). 

7.1.2.2. Pilot pcukcti-tratim pmgnm in E l - E a 6 a b c i r ~  

El-Asal area 

A pilot production/demstration program was run in El-Basabeir-Hajar 

~l-Asal area in the southern part of the Nile Province of Sudan to 

compare an improved production package consisting of early planting, 

frequent irrigation, and pest control with farmers' practices. Eleven 



production plots were chosen to represent the different pmp-schemes 

lying between El-Basabeir and Hagar El-~sal. The size of the 

individual plots ranged from 2.1 to 8.6 ha with a total of 41.9 ha. 

Neighbouring farms were used for comparison. Demonstration plots were 

sown in the end of October to early November, given a w a n  number of 

8.4 irrigations a d  two pesticide sprays. The neighbouring plots were 

sown mstly in 2nd or 3rd week of November, given 5.6 irrigations and 

nearly no insecticide was used. 

Table 7.1.11. Inplt of variable factors and average grain yield (t/ha) of 
the pilot production/denonstration plots in saiyal scheme 
and neighbouring fields in Kali scheme, Sudan, 1988. 

No.of Total Range of Pest Av. no. of Seed 
farmers area sowing control irrigations yield 

(ha) dates (t/ha) 

Saiyal scheme, 522 421.5 25 0ct.- 15 Nov. + 6.2 2.200 
in deuunst. 
Kali scheme, 100 80.9 15 Nov.- 30 Nov. - 4.5 0.789 
out demst. 

Difference 
% difference 

Ihe effect of the package on grain yield was highly significant 

(Table 7.1.12), recording yield increase over the neighbouring fields 

ranging from 0.4 to 1.7 t/ha with an average of 0.7 t/ha (49% 

increase). Economic evaluation indicated that use of the package was 

profitable with an average increase in net benefits of LS 1975/ha over 

farmers practices. 



Table 7.1.12. Average grain yield (t/ha) and ecommics of pilot 
production/demonstration plots and neighbouring farms in 
El-Basabeir-Hajar E1-A6al area, Sudan, 1988. 

Plot production/ yield increase over 
No. demonstration plots Neighbouring faems neighbouring farm6 

Total area Average Total area Averaqe 
yield- yield- 

(ha) (t/ha) (ha) (t/ha) (tm) ( % )  

Gross benefit(~S/ha) 5950 3975 
Variable cost( LS/ha) 2041 2041 
Net benefit(LS/hal 3909 1934 
Profitability ( % )  192 96 

7.1.2.3. Pilot pra&cti-tratim plots in the nr area6 in 

su3an. 

A high potential of faba bean cultivation in the new areas had been 

well demonstrated over a 5-year period in the yield maximization trials 

and pilot productiWdewnstration plots conducted at Gezira, Rahad and 

New Halfa schemes. In continuation of these efforts to extend faba 

bean cultivation to the new areas 84 fanners in Gezira, 10 in Rahad and 

12 in New Halfa were assisted to grow the crop each in an area of about 



one feddan (0.42 ha) following the production package developed in the 

t?VP at the Gezira Research Station, Wad Medani. Ihe average yield for 

84 plots in the Gezira scheme was 1.9 t/ha with an average net return 

of Sudanese Pound 3117/ha (Table 7.1.13). In New Halfa the net returns 

were smaller kcause of lower yields than in the Gezira scheme. At 

Rahad, where 10 farmers participated, average yield was only 967 kg/hs 

(range 394 to 1870 k g m )  because six of the farmers had poor crop 

m g e m e n t  and got an average yield of 622 kg/ha only, while the other 

four farmers who could follow the reconnendations fully got an average 

yield of 1484 k g h .  

Table 7.1.13. Average seed yield (kg/ha), gross and net returns (LS/ha) 
and profitability ( % )  of pilot production/denunstration 
plots in the Gezira and New Halfa schemes in Sudan, 1988. 

Gezira scheme New 
Southern Central Northern Averaqe Halfa 

grT group group 
Mrmber of plots 38 36 12 

Average yield (kg/ha) 2300 1900 1533 1911 1100 
Gross returns (LS/ha) 6280 5489 3830 5200 3148 
Total variable costs 2196 2231 1822 2083 2138 
( L S h )  
Net return (=/ha) 4084 3258 2008 3117 1010 
Profitability ( 8 )  186 146 110 147 47 

7.2.1.4. Econaic6 of faba bean pm&cticm in the new areas in Sldan 

To predict the impacts of widespread introduction of faba bean cropping 

among the small tenancies in Gezira scheme, a d  to provide both 

quantitative and qualitative inforration which will be of use to crop 

researchers, policy makers and extension leaders in optimizing the 



speed, direction and balance of their efforts towards improving the 

Gezira rotation, and increasing income of farmers with the introduction 

of faba bean in the cropping system this study was undertaken in 1988. 

The farming and household in Gezira scheme were analysed and -led 

faba bean retailers and consumers in some towns of Gezira and KhartOlrm 

provinces were interviewed. Investigation of farmers' business was 

conducted through a personal interview using a pretested questionnaire. 

A total of 120 fanners were interviewed, 80 of them were fanners ~t 

growing faba beans, while the rest were from those who participated in 

the pilot production/demonstration plots during the 1987/88 season. 

The preliminary results indicated the profitability of faba bean 

wer all crops grown by tenants in Gezira scheme (cotton, sorghum, 

wheat, and groundnuts). All fanners interviewed, expressed their 

willingness to grow faba beans and assessed m s t  of the cultural 

practices to be easy to carry out and/or to be same as for other crops 

currently grown. Insects and diseases of fsba bean were coamon 

problems faced by farmers in Gezira scheme. The najority of fanners 

did not face problems in marketing their produce, hohever, few faced 

this problem due to the inferior grain quality. The small size faba 

bean has the highest demand compared to the medium and large seed 

types. Before buying the produce, the retailers test the crop by 

cooking it at hcm. All retailers sold the Gezira produccd faba bean 

(BF 2/2) at the same price as the small size grain varieties (Agabat) 

produced in the tcaditional areas. Kue to the fact that Gezira 

produced faba bean is harvested 10-15 days before that of the 

traditional areas, and need shorter tine and less efforts to be 

transported to local markets in central Sudan, it could always be 



marketed during the period of high demand thus giving additional 

economic advantage to the farmers. 

7.1.2.5. Back-up research 

Back-up research covering different disciplines was carried out with 

particular euphasis on faba bean improvement for new areas (south of 

Khartoum). Progress was made in identifying superior genotypes, 

irrigation practices, insect-control, weed control, biological nitrogen 

fixation and seed quality. Virus problems were also investigated. 

Seeds of five newly developed genotypes namely 00104, 00482, 

00634, 00648 and 00654 were purified under bee-proof cages for further 

mltiplication and eventual release to the fanners. A reasonable 

anount of seeds is now available for mltiplication in isolation plots 

next season. These genotypes were tested for four years (1983-1986) in 

different yield trials and proved their supe~iority over the local 

cultivars Hudeiba 12 and BF2R.  

7.1.3.1. Pilot p m 3 x A i ~ s t r a t i m  plots in the central a d  

mrth-west Z D O ~ S  

Pilot production/demnstration program on the recomoended package of 

faba bean was conducted in the red and black soil areas of the central 

and northwest zones of Ethiopia. The sites were selected by the 

extension agents. A training program on the improved package was 

arranged for the extension agents at Holetta Agricultural Research 

Center. Later, at their respective sites, they provided training to 



Table 7.1.14. Grain yield (k-) of faba bean grown with imprwed and 
farmers' lnethods in red and black soils, Ethiopia, 1987. 

Cewnstration Altitudes No.of Total Grain yield (kg/ha) 
site (m) farmers area Improved Famers' Difference 

(ha) package practice (Kgha) ( % )  

Red soils: 

Central zone: 

Wolmra4oro 2400 1 1.0 2110 1220 890 73 
Wolnera-Qlocke 2400 1 1.0 2190 1390 800 58 
sadem 2400 7 3.5 2460 1170 1290 110 
Telecho 2500 5 2.5 1360 770 590 77 
Wajetu 2350 1 1.0 2670 800 1870 234 
Neta-Robi 2600 2 2.0 1900 900 1000 111 
Hanrrs Gebeya 2250 1 1.0 1230 370 860 232 
Adlo 1900 1 1.0 1800 1000 800 80 

Northwest zone: 
Debee Tabor 2680 2 2.0 1650 1000 650 65 
nota 2450 3 3.0 960 710 21n ?a 

~ ~ 

Deaem 2800 2 1.0 1450 900 5 0  61 
~ e i n  
LSD (-0.05) 

Black soils: 

Goha-Tsion 
Deneba 
Inewari 
Denbi 
Bi CheM 
marl 
LSD (W.05) 
CV ( % )  

farmers on the objectives of the demonstration fields. The altitudes 

of the demonstration sites ranged from 1900 to 2680 m and rainfall from 

900 to 1200 mn. The recommended package of management consisted of use 

of the improved varieties (CS 20 DK in high elevation sites and NC 58 

at intermediate elevation sites), higher seed rate (200 kg/ha), 



Table 7.1.15. Grain yields (kg/ha) of faba h a n  grown with improved and 
farmers' methods a t  10 s i t e s  of the intemmiiate al t i tudes 
of the Central zone of Ethiopia, 1987. 

Demnstration Altitudes No.of Total Grain yield (kg@) 
s i t e  ( m )  farmers area Improved Farmers' Difference 

(ha) package practice 7Kg/ha) ( % )  

Gdino 
Ketaba 
Chalo 
Ejere 1 
Ejere 2 
Lenoli 
Dukem 
Dukem (Wajetu) 
h s e l l a l e  1 
h s e l l a l e  2 
man 
LSD (P-0.05) 
Cv ( % )  

Table 7.1.16. Part ial  tudget analysis of the effect  of the recomoended 
package of faba bean production in red so i l  areas, 
Ethiopia, 1987. 

Improved Farmers' Difference 
package practice 

Average grain yield (kg/ha) 1810 950 
Gross return 

AMC price (Birr/ha) 579 305 
LM price ( B i r c h )  1176 620 

Total variable costs (Birr/ha) 340 130 
Net benefits 

AMC price ( B i r r h )  239 175 
LEI price ( B i r c h )  836 490 

fe r t i l i ze r  application (100 kg a R P h )  and weeding twice. A t  a l l  the 

s i t e s ,  the recarmended package gave significantly higher yields than 

the farmers' practice. Grain yield advantages from the application of 



the improved package were 860, 180 and 370 kg/ha in the red, black 

soils (Table 7.1.14) and intermediate altitudes (Table 7-1-15), 

respectively. Grain yields in vertisols and intermediate altitudes 

were lower corapared with those in red soils due to waterlogging and 

severe black root-rot in the black soils and low rainfall in the 

intermediate altitudes. 

Econasic evaluation of the demonstration plots in the red soils 

showed that the improved package was very profitable and resulted in an 

average increase in net benefits of 64 and 346 Ethiopian Birr/ha over 

the farmers practices with the Agri~~ltural Harketing Corporation (ME) 

and local market (m) prices, respectively (Table 7.1.16). Iiovcver, in 

the black soil and intermediate altitudes the grain yields obtained 

were not economical. Therefore, faba bean research should focus on 

developing varieties and management practices suitable for vertisols. 

7.1.3.2. Wte of W c n  of t he  & pacLsgc by farmrs 

Observations on the adoption rate of the imprwed package of faba bean 

production by fanners were made in 1987 in scme demonstration areas of 

1986. It was found that in the red soil areas farmers quickly adopted 

improved variety CS 20M( for cultivation with recamended seed rate 

(200 kg/ha) and half the recomaended rate of fertilizer (50 kg DRP/ha). 

However, none of them were found to weed the crop at the critical stage 

of weed competition. They only weeded once late in the season to 

r e m e  the main weeds, which were generally fed to cattle. This is 

partly due to the fact that fanners during this time are busy in 

seeding tef and other crops, and also partly because they feel wee% 

cause little d m g e  to crop yields. 



7.1.3.3. Diaqmstic survey in t h e e  mjor faba bean prcducing districts 

in thc northern 9ns Ahinistratiw &gim 

A diagnostic suevey was conducted in three major faba bean growing 

districts of northern Shewa to identify major fbba bean production 

constraints. Shewa has the largest area under faba bean. The three 

districts (two in nenagesha and one in Tegulet-Bulga zone) were 

selected since faba bean is one of the major crops and they have 

special production problems because of soil conditions and rainfall. 

The altitude of the survey area ranged from 2550 to 2650 m with 

mostly flat topography. Soils in the area were mostly vertisols or 

vertic in nature. The rainy season extends from April to September and 

the mean annual rainfall ranges frcm 800-1000 m. 

A total of 23 farmers were interviewed using a non-foml 

questionnaire (to p t  the farmers at ease). In addition, heads of the 

extension agents for each districts were interviewed to confirm the 

reliability of the data. Data collected from the survey showed that 

faba bean is the second most important crop following wheat in Inewari 

area and third in Sendafa and Aleltu area preceded by wheat and tef. 

With respect to manageuent, frequent land ploughing (2-3 times) and 

weeding is common. Farmers also expressed their desires to apply 

fertilizer if available in enough quantities. The demand for the seeds 

of improved varieties is high although they are not available. The 

production pattern in the study areas is changing, mainly due to pests 

and diseases in faba bean. Major problems of faba bean production are 

pod borer, black root-rot and aphids. Aphid damage on faba bean 

depends on the m t  of rainfall during the growing season. Saoe 



farmers in Sendafa and Aleltu areas stopped growing faba bean for four 

years due to pod borer and root-rot problems. Same fanaers in Inewari 

area also reported caaplete failure of faba bean crop due to pod borer 

and aphids last season. As a result chickpea, lentil and roughpea 

(Lathyms sativus) are substituting faba bean in the rotation. 

Iherefore, the faba bean improvement team of IAR needs to investigate 

the disease and pest problems of faba bean to alleviate these problems 

in near future. 

7.1.3.1. Evaluatim of faba bean pmrbrtim pa- m f a a c s n  fields 

in the central am3 scuth-eastern highlads of Ethiclpba 

In the past, the Highlands Pulses Improvement Project identified 

several superior varieties of faba bean and sade improved cultural 

practices for these varieties. However, this technology generated by 

the researcher was not tested for its validity on farners' fields. 

Thus, a program to test a package of production of faba bean on 

farmers' fields was initiated in 1985 crop season to study the role of 

the components or the conplete package in increasing the productivity 

of faba bean. Fern the results of 1985 and 1986 crop seasons it was 

found that the use of improved variety, fertilizer, hand weeding, and 

early sowing are the most important factors for increasing the 

productivity. The objective of the 1987 season trials was to further 

evaluate these production factors on farners' fields. 

Iha on-fanu trials were conducted at five sites each in Menagesha 

(Holetta) and Selale zones, and sewn sites in Yerer-Kereyu (Ada) zone 

of the Shewa administrative region. These were also for the first time 

conducted at three sites in Chilalo zone of the Arsi administrative 



region. In Yerer-Kereyu and Ne~geSha zones the cultivars NC 58 and CS 

20DK were used, respectively, with three test factors nanely, time of 

sowing, weeding and fertilizer. In Chilalo zone variety was added as 

the fourth test factor. In Selale zone the test factors were date of 

sowing, variety and weed control with a blanket application of 100 kg 

diammonium phosphate per ha except at one site, Sefani, where 

fertilizer was used as a test factor instead of swing date. Of the 

four zones where faba bean orr-faem trials were carried out, highest 

mean grain yield of 1398 k m a  was obtained from Chilalo (Arsi) 

followed by 1217 kg/ha from Nenagesha (Holetta) (Table 7.1.17). 'Ihe 

overall mean grain yield was low in Yerer-Kereyu because of moisture 

stress due to below n o m l  rainfall during the season, and also was low 

in Selale because of drainage problems at most locations leading to a 

higher incidence of black root rot. Considering the mean grain yield 

advantage of both 1986 and 1987 cropping seasons fertilizer application 

and early sowing were the most inportant factors in Yerer-Kequ arsd 

Henagesha zones. In Selale zone, early sowing resulted in the highest 

mean advantage while the use of the improved variety and weeding had 

little effect. Therefore, the development of improved variety adapted 

for the waterlogged and rwt-rot endemic areas in vertisols and the 

improved drainage system m y  help in alleviating this problem in Selale 

zone. 

7.1.3.5. Back-up research 

Research in Ethiopia was conducted in the fields of germplasm 

evaluation and genetic improvement, disease, insect, and weed control, 

microbiology and nutritional quality. Details are given in the 



Table 7.1.17. Average grain yield (Kg/M) obtained from individual 

factor and/or combination of factors in the faba bean on 

farm trials in Ethiopia, 1987. 

Treatment* zone 

~erer-~ereyu Kenagesha Selale Chilalo 

Letters S, V, F, nd W denote date of sowing, variety, fertilizer and 

weed Control, respectively. The subscripts 1 and 2 denote the 

reconmended and fanners' practice, respectively. 



proceedings of the IX coordination meeting of the NVP, and therefore 

only a few major findings are presented here. 

Promising faba bean varieties were evaluated for their perfomce 

for grain yields and other agrmmic characters in two types of trials, 

namely, national variety trial and verification trial. ?*ro sets of 

entries (A & B) were tested in the national variety trial: 14 test 

entries in A set for the high-altitude areas and 12 entries in B set 

for the mid-altitude areas. In the &set the m a n  grain yields across 

locations ranged from 610 kg/ha at M e t  to 3450 kg/ha at Sinana with 

four test entries outyielding the long term standard check CS 20 DK. 

In the &set, the mean grain yields across location ranged from 1030 

kg/ha at K u l W a  to 3940 kg+ at Sinana. Five test entries, NEB 207 X 

74TA 74-6D. MRT (8) Bedele, NZB 207 X 74TA 207, MRT Illubabor and DZ 

MKT 74B outyielded the long term standard mltivar by 400 kgha or 

more. Of the three varieties tested in the verification trial, the 

highest mean grain yield was obtained from the long term standard check 

CS 20 DK (2026 k g h )  followed by Coll 2/17 (1937 kg/ha). 

A total of one hundred and ninety-four faba bean accessions from 

Ethiopia (fran PGRCB) and five international nurseries and trials were 

evaluated and single plant selections were made. 

Twenty-five large-seeded and 250 mll-seeded determinate and 72 

IVS faba bean lines were recceived fran ICRRDA and evaluated at 

Holletta and Debre Zeit. Host of these lines were found susceptible to 

chocolate spot and rust and were poorly adapted. Nevertheless, a total 

of 49 single plant selections from determinate and 30 from IVS were 

selected at both the locations for better podding, disease tolerance, 

earliness and short plant height. 



A plant population study using row and broadcast methcds of sowing 

was conducted at Holetta (2390 m altitude) and Debre Zeit (1900 m 

altitude). ~t Holetta, 50 plants/hr2 gave the highest grain and 

biological yields whereas the plant population did not affect faba bean 

production at Debre Zeit. Although the swing nethod did not affect 

grain yield at Holetta, row sowing provided significant grain yield 

advantage at mbre Zeit. 

Results of s u m  made during the 1986 and 1987 crop seasons to 

assess the disease situation in faba bean in the central highlands of 

Bthiopia revealed that chocolate spot (Botrytis fabae) was the most 

important disease of faba bean followed by rust (Urowces -- vicia-fabae) 

and black root-rot (Fusarium *). Tne chocolate spot was widely 

prevalent in all the faba bean growing areas, in severe form in 

mid-altitude area (1900-2200 m altitude). mst was widely prevalent in 

severe forms in mid-altitude areas (1900-22013111 altitudes) and in slight 

form in high altitudes. Black root rot was widely prevalent but only 

in vertisols where waterlogging occurred. The potentially important 

diseases included Ascochyta blight, and leaf roll virus. The eight 

other diseases observed were of minor significance. 

work on the identification of physiological races of Botrytis 

fabae in Ethiopia was initiated. lhirty isolates were collected from - 
which eight isolates are being maintained in the laboratory. These 

isolates will be tested on 27 different faba bean lines during the 1988 

crop season. 

A survey of faba bean storage pests conducted showed that the bean 

bmchid (Callosob~~h~S chinensis) is the major insect pest of faba 



beans, particularly in the medium altitudes of the central zone, 

especially the warmer areas of the Yere-Kereyu awaraja. Ihus, due 

attention nust be given to the application of already available control 

methods, and the development of suitable and econcmical storage pest 

management strategies that would minimize the losses in quality and 

quantity. 

Cooperation continued between ICARaR and national food legume 

iaprwement programs in norocco, Algeria and m i s i a  to strengthen 

research work and transfer important research findings to farmers. Ihe 

ultimate objective is to increase national production of faba bean, 

chickpea and lentil. National and regional network development is 

being emphasized to strengthen research through multidisciplinary and 

specialized team efforts. ICARaR regional food lequme scientist posted 

in Horocco continwd to work closely with national scientists in 

addition to coordinating national and regional research activities. 

Ihe back stopping support from ICWXa base in Aleppo provided national 

program with needed technical inpt. For this purpose, nine 

ICAWIR-FLIP scientists visited the region during the season. Short and 

long tern non-degree training continued to develop national program 

capabilities. 

7.2.1. n n i ~ c n ~ m  Cmpccative Project 

In the Faod Legme Cooperative Project between ICARDA and INRAT 

(L'Institut National de la Recherche Agronmique de la Tmisie), 

lbisian and ICWXa scientists cwtirmed their jiont efforts in the 



improvement of all three food legropes. The Institut Nati0~1 

d'Agronomy (INAT) was involved in disease work while the Office des 

Cereals verified and demonstrated inportant research findings in 

farners fields. 

The 1986/87 season was characterized by a serious drought, the 

most serious since the last 30 years; to the point that the crop in 

El-Kef Research Station in the South was plared under and research 

activities were conducted only at Beja and Oued Meliz Research Stations 

where effective rainfall was 362 and 328 m, respectively, representing 

63% and 65% of their respective mean annual rainfall. To rescue the 

crop at Cued Meliz, all three crops were given one supplemental 

irrigation (20-30 m). Because of the drought, yields were reduced by 

40 to 49%. 

7.2.1.1. Paba bean breeding 

In both large and small seeded faba bean breeding programs, m i n  

emphasis was on higher yield with durable resistance to Botrytis. 

Ascochyta, stem nematode and Orobanche, utilizing local populations in 

hybridization and selection. In spite of the drought several large and 

smll seeded lines outyielded the local check (Tables 7.2.1 and 7.2.2). 

In the large seeded yield trials, out of 115 advanced breeding 

lines tested in advanced (FBRYT-L1 & L2), preliminary (FBPYT-L1 & 12 & 

13), regional (FBRYT) and international (FBIYT-L) trials; 45 and 36 

lines outyielded the local check at Beja and 0. Heliz, respectively, by 

upto 49%. However, of the superior lines only nine exceeded the local 

check mean significantly. In different advanced trials ILB 1821 

outyielded the local check significantly by 29 and 18% at 8eja and 0. 



Table 7.2.1. Grain yield of large-seeded faba b a n  lines with wide 
adaptation in national and international yield trails in 
different locations in misia, 1987/88. 

Trial and 
Yield 
0. Meliz Mean 

pedigree % of Yield % of 
(kg/ha) local (kg/ha) local (kg/ha) local 

mYT-L1 (Advanced) 
78s 48426 1ILB2681 3033 120 3050 100 3041 109 ---. . - ~  - ~ - ~  

S82 113-8 2958 117 3355 100 3156 113 
80s 80028 2953 117 3032 99 3007 108 
ILB 1821 3250 129 2282 74 2766 99 
Reina Blanca 2883 114 3200 105 3041 109 
Local m a n  2521 100 3049 100 2785 100 
LSD (5%) 567 649 
C.V. ( % )  16.5 20.0 

mYT-U (Advanced) 
ILB 1821 2408 84 3290 118 2849 109 
Reina Blanca 3150 110 2Il3-6 104 3020 115 
Local m a n  2852 100 2779 100 2617 100 
LSD (5%) 655 346 
C.V. ( $ 1  18.4 18.0 

Reina Blanca 
Local Mean 
LSD (5%) 
C.V. ( % )  

FBIYT-L 
m - 6 - 6 ~ ~  2300 103 3387 119 2843 112 
80s 80135 2550 114 3012 106 2781 112 
ILB 1815 2087 93 3162 111 2624 103 
Gemini 1912 85 3987 140 2949 116 
Pam 1. 337 104 3338 116 2818 111 
New Mammoth 2412 108 3375 119 2893 114 
Reina Blaca 2325 104 3787 133 3056 120 
Local m a n  2238 100 2844 100 2541 100 
LSD (5%) 942 
C.V. ( $ 1  31.0 19.9 

Values underlined are significantly higher than the yield of local check 
mean at 5% probability level. 



Table 7.2.2. Grain yield of small-seeded faba hean lines with wide 
adaptatioon in national and international trials in 
different locations in Tunisia, 1987/88. 

Trial and 
Yield 
0. Maliz Mean 

pedigree % of Yield % of 
(kgb) local (ky/ha) local (kgha) local 

80 S 43238 
80s 43859 
Brocal (77TA48 
Pale010 
FLIP83098FB 
Local mean 
LSD (5%) 
C.V. ( % )  

Local mean 
LSD (5%) 
C.V. ( % )  

2500 
2450 
2658 
2733 
2125 
2108 
2144 

N.S. 
22.6 

2287 
2175 
2287 
2356 

N.S. 
21.2 

Values underlined are significantly higher than the yield of the local 
check mean at 5% probability level. 

Table 7.2.3. Perfonmnce of two large-seeded faba bean lines expressed 
as percentage of local check yield over years and 
locations in Tunisia. 

74 TA 22 (ILB 9) Reina ~lanca (ILB 1217) 
Season Beja Kef Other locations* Beja Kef Other locations* 

* Mateur 1982/83 and 1983/84; and Gued Meliz 1985/86, 1986/87 and 
1987/88. Local check: Aquadulce population. 



Meliz, respectively. Inspite of drought, ILB 1821 yielded 3.3 t/ha at 

Beja while Gemini yielded 4.0 t/ha with one supplementary irrigation at 

0. Meliz. Cnoparing superior lines over years and locations, Reina 

Blanca (ILB 1217) was less affected by drought cnopared to 74TA 22 

(Table 7.2.3). 

In the small seeded trials, 84 advancead breeding lines were yield 

tested in advanced ( FBYT-S1 + S2), prelimi~ry (FBYT-S) and 

international (FBIYT-S) trials. Number of lines outyielding the local 

check were 20 and 19 at Beja and 0. Meliz, respectively, but only two 

lines, FLIP 83-106FB and Paleolo, did so significantly. Both yielded 

up to 4.7 t/ha with one supplementary irrigation at 0. Meliz (Table 

7.2.). Small seeded selections 75TA 10 (80s 43238). 77TA 48 (80s 

43859) and FLIP 83-89FB continued to perform well inspite of drought 

(Table 7.2.4). 

Table 7.2.4. Performance of superior smll-seeded faba bean lines, over 
years and locations in Tunisia, 1987/88. 

1986/87 season (wet) 1987/88 season (dry) 
pedigree Be'a & Yield % 

Kef 
of & Yield $ 

0. meliz 
Of 

( k g h )  local (kg/ha) local (kg/ha) local (kg/ha) local 

77TA48 3992 101 4441 114 2658 124 3686 99 
75TAlO 4925 125 4525 116 2450 114 4032 109 
FLIP 83-89FB 128 4891 126 2108 89 4225 114 
Localmean 3837 100 3894 100 2144 100 3705 100 
SE+ 546 470 532 
C.V. ( % )  14.2 11.8 22.6 13.0 

Values underlined are significantly higher than the yield of the local 
check mean at 5% probability level. 



Following the pedigree selection method, more than 300 single 

plant selections were nade from F4 segregating populations. lhese 

populations originated f r m  crosses made at 1- for Tunisian 

conditions by making use of local popllaticms in hybridization. Hany 

selections frcm local populations performed well despite the adverse 

drought conditions. 

lhe determinate faba bean lines failed completely this s e a m  and 

produced 1ow.biomass under the excessive drought. lhe highest yielder 

was FLIP 86-118FB which produced 1.3 t/ha, only 77% of the local check 

yield. 

In the regio~l trial, the Moroccan lines P.S. 1047 and F.S. 1049 

yielded similar to tquadulce (1.86 t/ha) under Beja conditions. In the 

screening nurseries, 327 lines ccanprising exotic and local selections, 

determinate types and P4 progenies were evaluated and 45 and 7 lines 

were superior to the local check at Beja and 0. Heliz, respectively. 

canpared to last season and due to drought. 40% yield reduction was 

observed in chickpea at Beja and 14% at 0. Mliz where 30 m 

supplementary irrigation was given in April. m r e  lines outyielded the 

local checks at 0. mliz compared to Beja. This indicates the better 

responsiveness of exotic advanced breeding lines to more favorable 

conditions ccapared to local cultivars. 

In winter chickpea, 139 advanced breeding lines were yield tested 

in two advanced national trials (CAY'T.4 h W2) and five international 

trials (CIYT-MR, -MRT, -L, -DS, -SP) at the two locations except for 



the dual season trial (23 entries) which was only evaluated at Beja. 

Of the lines evaluated at both locations, 38 and 108 lines exceeded the 

local checks at Beja and 0. Meliz, respectively. Harever, only three 

lines (FLIP 84-146C, ILC 482, FLIP 82-293C) outyielded the local check 

significantly (by 55 to 82%) at 0. Meliz. Inspite of drought, FLIP 

84-146C yielded 4.2 t/ha (Table 7.2.5). In the advanced yield trial, 

sweral lines showed wide adaptation and were superior in yield 

ccmpared to the local check at least in one location (Table 7.2.6). 

All these lines have a good level of resistance to Ascochyta blight. 

FLIP 82-239C which showed consistently good yield performance over 

years and locations yielded 3.1 t/ha at k j a  inspite of drought. 

In spring chickpea, out of 139 advanced breeding lines yield 

tested at eeja, 109 lines exceeded the local check. However, only 

three lines (FLIP 84-106C, FLIP 84-81C, FLIP 85-48C) did so 

significantly. FLIP 84-106C yielded 1.15 t/ha, 43% greater than the 

best local check (C.V. 16.3%). 

In natiwl, regio~l and international observation nurseries, 221 

lines were evaluated for winter sowing in 1 to 2 locations and 47 and 

49 lines were selected at Beja and 0. Meliz, respectively. Cut of 74 

lines evaluated for spring saring, 46 lines were selected at Beja. 

Screening for wilt resistance at Beja wilt sick plot (BWSP) 

revealed several resistant lines. After two screening cycles 304 lines 

out of 2932 lines showed 10% or less wilt incidence and thus were 

considered wilt resistant. (Xlt of 1000 accessions from ICARDA 

gemplasm collection, 29 lines were resistant. ICRISAT 64-line 

screening nursery for wilt resistance had 39 resistant lines in W P .  



Table 7.2.5. Grain yield of superior chickpea lines in international 
trails in one or two locatim in Tunisia, 1987/88. 

Trial and 
Yield 

0. Mliz Mean 
pedigree % o f  Yield % of 

(kg/ha) local ( k g h )  local (kg/ha) local 

CIYT-W-m-I 
FLIP 84-28C 1950 84 2768 392 2359 156 
FLIP 84-81c 2106 91 2081 295 2094 137 
FLIP 85-146c 2057 89 2006 284 2032 135 
Local amdoun 2313 100 706 100 1510 10 
SE 2 354 571 
C.V. ( % )  21.0 32.0 

CIYT-L 
E F & - 1 c  1469 130 1231 150 1350 138 
FLIP 85-5C 1769 156 1143 140 1456 149 
FLIP 85-14C 1363 121 1400 171 1382 142 
FLIP 85-15C 1775 157 943 103 1309 134 
FLIP 85-17C 1744 154 1218 149 1481 152 
FLIP 8556C 1163 103 1381 169 1272 130 
FLIP 85-60C 1894 167 875 107 1385 142 
FLIP 85-135C 1475 130 1475 180 1475 151 
Local Amdnvl 1131 100 818 100 975 100 
LSD (5%) N.S. N.S. 
C.V. ( % I  34.4 22.2 

CIW-SP 
iLi?762 1650 100 3587 182 2619 145 
FLIP 81-293C 1694 103 3268 

- 165 - 2481 137 
FLIP 84-12C 3062 155 - - 
FLIP 84-81C - - 2987 151 - - 
FLIP 84-146C - 4200 213 - - 
FLIP 84-155C 1763 107 - - - - 
FLIP 84-164C 2206 134 2575 - - 130 2391 132 
FLIP N84-182C 3018 153 - - 
FLIP 85-59C - - 3069 155 - - 
FLIP 85-68C 2163 132 - - - - 
FLIP 85-88C 1794 109 2193 111 1999 110 
W a l  Amdoun 1644 100 1975 100 1810 100 
LSD (5%) N.S. 1098 
C.V. ( 5 )  25.5 16.0 

In F3 populations originating from crosses made at ICARnR for Tunisia, 

233 single plant selections were resistant to wilt. 



Table 7.2.6. Grain yield of superior lines in advanced national trials 
in one or two locations in misia, 1987/88. 

Trial and 6 Yield 0. Meliz Mean 
pedigree % of Yield % of 

(kg/ha) local (kg/ha) local (kg/ha) local 

- ~ ~ - -  

m - 8 7 C  3120 138 - - - - 
FLIP 82-150C 2726 121 - - - - 
FLIP 83-47C 2428 107 2432 122 2430 114 
FLIP 84-81C 2593 115 2050 103 2322 109 - - -. . . . - - 
FLIP 84-102C 
FLIP 84-146C 
FLIP 84-l48C 
FLIP 84-164C 
FLIP 84-168C 
FLIP 84-197C 
Local mean 
LSD (5%) 

-.-. 
3125 
3031 
2931 
2306 
2432 
3087 
2000 
N.S. 

C.V. ( 8 )  21.5 21.0 

a m - W 2  
F L I P - 2 9 3 ~  2435 112 2512 171 2474 136 
FLIP 82-239C 3125 144 - - - - 
FLIP 83-79C 2212 102 3131 213 2672 147 
FLIP 84-91C 2176 101 2195 149 2186 120 
FLIP 84-18% 2563 118 2307 157 2435 134 
FLIP 85-13C 2163 100 2075 141 2119 117 
FLIP 85-60C 2162 100 1471 100 1817 100 
LSD (5%0 651 N.S. 
C.V. ( % )  20.9 20.0 

Screening for resistance to Ascochyta blight was made in F2 to F6 

populations following the artificial inoculation under field 

conditions. To combine resistance to bath Ascochyta and wilt diseases, 

40 F3, 144 F4 and 23 F5 single plants were selected based on their 

resistance to bath diseases. A total of 23 F6 bulks having resistance 

to both nscochyta and wilt were selected for yield testing. However, 

the seed size of these bulks needs to be increased. 



7.2.1.3. Lentil breeding 

In lentil, 150 advanced breeding lines were yield tested in advanced 

(LRYT-L1 & L2). preliminary (-I), regional (LRYT) and international 

(LIYT-L & S, LIF3T) trials at Beja since the crop at El-Kef was p l d  

under due to excessive drought. Only one advanced large-seeded trial 

was also evaluated at 0.  Meliz. At Beja, 77% of the lines exceeded the 

local check Cmestalia in yield while at 0. Meliz 18 lines out of 19 

outyielded the check. However, 22 lines did so significantly at Beja 

but none at 0.  Meliz. CDmpared to tested entries, the local showed 

greater response to supplewntary irrigation at 0. Meliz (Table 7.2.7). 

In the advanced natiml yield trial, yield increases upto 120% and 36% 

were achieved ccwpared to the local check at Beja and 0.  Meliz, 

respectively (Table 7.2.7). Most of these lines and others showed wide 

adaptability over locations and s e a m s  with mean yield increases of 23 

to 44% over the local cultivars (Table 7.2.8). In the preliminary 

yield trial, seven lines (81s 15, FLIP 84-39L, FLIP 86-5L, FLIP 87-28L, 

FLIP 87-~OL, FLIP 87-33L, FLIP 87-36L) exceeded the local check 

significantly by 50% to 78%. In international trials, 86s 52, 865 215 

and FLIP 86-29C did so with yield increases of 93%. 68% and 38%. 

respectively. 

Four international screening nurseries (mall, large-seeded typs, 

early maturity and tall types) caprising 179 advanced breeding lines 

were evaluated at Beja and 98 lines were selected. In the large-seeded 

and tall type nurseries evaluated at 0. Meliz, only 15 lines were 

selected for replicated yield testing next season. 

The two lentil lines released for farmers in 1986 ccntinued to 



Table 7.2.7. Grain yield of lentil lines exceeding the local check and 
showing wide adaptation in advanced national yield trial 
evaluated at two locations in Tunisia, 1987/88. 

Trial and * Yield 0. Pleliz Mean 
pedigree % of Yield % of 

(kg/ha) local (ka/ha) local (kg/ha) local 

ILL 20 

FLIP 84-501 
FLIP 84-51L 
FLIP 84-611, 
FLIP 8442L 

FLIP 86-3L 
Local questalia 
LSD (5%0 
C.V. ( % )  

Values underlined are significantly higher than the yield of the local 
check mean at 5% probability level. 

Table 7.2.8. P e r f o m c e  of widely adapted lentil lines expressed as 
percentage of local check yields over locations and 
seasons in Tunisia. 

Pedigree 
0. Meliz El-Kef Mean 

ILL 1939 124 119 130 136 106 123 
ILL 4606~ 99 162 122 118 141 128 
76TA66005 159 186 132 111 131 144 
FLIP 84-50L 78 161 137 - 112 127 -. ~ --- 
FLIP 84-6lL 132 157 132 88 136 129 
FLIP 84-62L 140 156 116 129 104 129 
FLIP 84-125L 112 147 128 121 118 125 --- --. 
FLIP 84-159L 158 128 137 129 122 135 
FLIP 85-16L 164 131 123 - 104 131 
Local ((Xtestalia) 100 100 100 100 100 100 

a. Released in 1986. 



perform well. On the average, Nesir (ILL 4400) and Nefza (ILL 4606) 

yielded 21% and 25%, respectively, more than the local check (Table 

7.2.9). 

Table 7.2.9. Perfomce of newly released lentil cultivars at t w  
locations in Tunisia, 1987/88. 

cultivar Beja 0. Meliz man 
Yield % of Yield % of Yield % of 
(kg/ha) local (kgha) local ( k g h )  local 

Nesir (ILL 4400) 1184 127 1982 117 1583 121 
Nefaz (ILL 4606) 1282 138 1995 118 1639 125 
Local 932 100 1691 100 1312 

Agronomy studies were resumed this season to identify appropriate 

cultural practices for newly released cultivars. In winter chickpea, 

narrow inter-row spacing was more important in increasing yields than 

high population density for both newly released cultivars 'Chitmi' 

(ILC 3279) and 'Kassab' (FLIP 83-46C) although the magnitude of 

response of the t w  cultivars was different (Table 7.2.101. 'Chitmi' 

being late was affected mre by drought and its yield was reduced by 

more than 50% as inter-row spacing was increased from 30 ao to 80 cm 

averaged over all levels of seeding density. With wider row spacing, 

yields of 'Chitmi' were reduced drastically. With high plant density, 

there was excessive ccaapetition for moisture at early growth stages and 

thus moisture was already depleted at the reproductive stage. For both 

cultivars and the local, a row spacing of 30 cm and a population of 



30-40 plants/m2 is appropriate for high yield under the conditions of 

the experiment for this seasm. 

Table 7.2.10. Grain yield (kg/ha) of two newly released winter chickpea 
cultivars, Chitoui (ILC 3279) and Kassab (FLIP 83-46C), 
as affected by inter-row spacing and poplation density 
at Beja, Tunisia. 1987/88. 

Population mter-Fmd Spacing 
cultivar 30 an 40 an 60 an 80 an Mean 

- Chitoui 2349 2073 1895 1337 1913 
- Kassab 2781 2330 1761 1837 2177 
m a n  zamr m mar m m 

P2 (40 lts/m2) 
2975 2288 2483 1997 2435 

- Chitoui 2196 1724 1724 973 1678 
- Kassab 2711 2337 1839 1771 2165 
Mean m m T o n  m m 

P3 (50 lts/m2) 
2780 2115 2219 1980 2273 - Chitmi 2057 2004 1084 712 1464 

- Xassab 2641 2406 2206 2053 2326 
Mean m m TBm T58Z zazr 

Mean 
- Local 2850 2337 2250 2060 2374 
- Chitoui 2201 1967 1568 1007 1686 
- Kassab 2711 2358 1935 1887 2223 
Over all &an Z58T 22Zi mfB m5Z Zcma 

Wee& reduced yields by 57% in faba bean, 90% in winter chickpea. 

83% in lentil and 76% in dry pea. Effective herbicide were identified 

as follow: 

Faba bean: Igran 3.0 kg a.i./ha + Kerb 0.5 kg a.i./ha 

Chickpea: Igean 4.0 kg a.i.h + Kerb 0.5 kg a.i./ha 

Lentil: Haloran 2.0 kg a.i./ha + Kerb 0.5 kg a.i./ha 



Pea: Tribunil 2.0 kg a.i./ha + Kerb 0.5 kg a.i./ha 

Results on date of sowing confinned the advantage of early sowing 

(Novenher) in various cultivars. 

Apart from the wilt diseases which continued to cause considerable 

damage to chickpea specially in the area of mteur, the dry season was 

not favorable for the developnt of other diseases. Sporadic 

Ascochyta blight occurred, however, at 0.  Neliz station. 

In chickpea, the main objective of the nati-1 program is to 

combine resistance to both diseases in one desirable genotype. 

Screening for resistance to Ascochyta blight and wilts continued under 

artificial conditions at Beja as already wntioned in the section on 

breeding. kscochyta blight rating scale is being modified using 600 

infected plants to reduce chances of rais-classification fWUI 30% to 5% 

using a linear infection index based on the size of necrotic lesions. 

In screening for wilts, several lines were confinned for their 

resistance to wilt (showing 10% wilt incidence or less) and these lines 

will he included in ICARDA-regional wilt resistance screening nursery 

for 1988/89. The pot technique to screen for reaction to Fusarium and 

verticillium wilt separately was improved. Studies were conducted on 

the variability of fungal populations of both wilt species as part of a 

Ph.D. thesis. 

In faba bean, the problem encountered in creating artificial 

epiphytotics of Botqtis fabae was identified. The inoculum used in the 

past was not isolated from the "aggressive stage" culture. 



In applied biotechnology, inoculation of the roots of faba bean 

seedlings with Agrobacterium rhizogenens increased root growth and 

doubled the n&c of dies h t  ndu1e size was re$uced. The 

practical implication of this response on amount of N fixed and yield 

needs to be investigated. 

7.2.1.6. Cm-farm trials 

Ckl-farm activities were seriously affected by drought. Cut of four 

regions, results were obtained from two: Beja and X. sourghiba where 

rainfall was 289 and 358 m, respectively and poorly distributed. The 

positive effect of chemical weed control was apparent in all food 

legur~e crops with yield increments of 38% to 58% over farmers practice. 

Ihe advantage of early date of planting was apparent in chickpea and 

lentil. In chickpea, fanners practice of spring planting gave no yield 

while winter sawing gave 354 kg/ha. Lentil planted early gave 37% more 

yield than the fanner's practice. High population density increased 

yield in chickpea and -11 seeded faba bean by 48% and 22% over 

farmer's practice. 

The three chickpea lines released to farmers performed well except 

for IChitoui' (ILC 3219) which, being late, suffered considerably from 

the drought at Beja but responded well to supplementary irrigation of 

30 tan at 0. Pleliz (Table 7.2.11.). It yielded 1106 kg/ha at Beja 

canpared to 2229 kg/ha at 0. Meliz. Although susceptible to Ascochyta 

blight, the local cultivar did well in winter sowing since the disease 

did not develop this season. 

Rmisian National Program Scientists and Dr. M. Solh. 



Table 7.2.11. Performance of the three released chickpea varieties as 
winter and spring sown crops in ccanparison to a local 
cultivar in Tunisia, 1987/88. 

Cultivar 1 Winter 
W j a  0.  Meliz 

Kassab 2096 2719 956 
Chtoui 1106 2229 816 
nmdoun - - 1050 
Local mltivar 2211 1735 762 

1. Kassab and Chitoui are released as winter mltivars, AmJoun 1 as a 
spring mltivar . 

7.2.2. mrwCMUm Cooperative Project 

In the cooperative project between ICARaA and INRR (Lt1nstitut Nati0~1 

de la Recherche Agronomique) Moroccan and ICARaR scientists worked 

together on the impr-nt of the three food legume crops. Other 

national institutions such as MARWD.P.V., EN?-Meknes and I.A.V. Hassan 

11 contributed also to the national food leg- improvement program. A 

mltidisciplinary national research team had already been formed to 

work on various cmponents of improved production package to be 

transferred to fanrers. A pathology and breeding for disease 

resistance network was established to strengthen and coordinate 

research activities. 

Research on food leguroes was conducted this season on nine 

research stations: JW'a Shim, Khemis Zememra, Ain Nizagh, Sidi Laidi, 

Dar W z z e h ,  Guich, Merchouch, Allal Tazi and Douyet. The first four 



stations are in arid to semi-arid areas with mean annual rainfall of 

255 to 402 mn. The last five stations. in the north-central regions, 

are also in semi-arid areas but with more favorable growing conditions, 

with mean annual rainfall between 358 to 454 m. Because of 

differences in adaptation and in the distribution of food legume crops, 

research work on faba bean was concentrated in the more favorable 

conditions (Douyet, Guich, Allal Tazi); while work on chickpea and 

lentil was rpainly in relatively less favorable cnditions besides 

Merchouch. Dar Bouazzeh station was developed this season as a coastal 

site for disease work in both faba bean and chickpea. The off-season 

site Annaceur was used for the first time to increase chickpea seed and 

to continue experimentation on faba bean and lentil. 

Climatically, contrary to last season, the 1987/88 season was 

characterized by heavy rainfall and good moisture distribution 

particularly in the less favorable areas. In these areas, the 1987/88 

rainfall exceeded the annual average precipitation by 45 to 95%. 

Biotically it was the year of foliar diseases and the cunprehensive 

disease survey done is discussed later. 

7.2.2.1. mba bean breeding 

The faba bean breeding program focuses on high and stable yield with 

large seed, early mturity, and resistance to major diseases and 

Oeobanche spp. The program this season included maintainance of 

national gemplasm collections (314 accessions), yield testing and 

observation nurseries of advanced breeding lines, F4 and F7 progeny 

rows, bulks and single plant selections in F2, F3, F4 and F7 

segregating populations, and screening for resistance to Botcytis 



fabae, Urornyces fabae, kscochyta fabae and Orobanche. 

Table 7.2.12. Performance of widely adapted faba bean lines in 
consecutive seasons, 1986/87 and 1987/88, at Lkmyet 
Morocco. 

Pedigree 1986/87 (FBIYT-L) 1987/88( FBIYT-L) Mean 
Yield % of Yield % of Yield % of 
(kg/ha) local (ky/ha) local (kg/ha) local 

74TA22 1210 
80544027 1329 
FLIP 82-28FB 1274 
FLIP 82-29FB 1300 
FLIP 82-3OFE 1400 
FLIP 83-6FB 1300 
Reina elanca 1199 
Aguaducle 992 
(local check) 
LSD (5%) 392 
C.V. ( % I  22.2 

N.S. 
12.9 

In the replicated yield trials, 78 advancead breeding lines and/or 

populations were yield tested in one advanced and three preliminary 

(one national, two international) trials in 1 to 2 locations. At 

Douyet, 49 entries outyielded the local check but only seven did so 

significantly; while 2 and 19 entries exceeded the local cultivar at 

Allal Tazi and Jamfa Shim where only 2 lines did so significantly. 

Inspite of the generally low yield, several lines in the advanced yield 

trial shared wide adaptation over seasons at Douyet (Table 7.2.12.). 

FLIP 82-28FB and Reina Blanca showed also fairly wide adaptation wee 

locations with yield increases of 17 and 33%, respectively, over the 

improved Aquadulce at Allal Tazi (Table 7.2.13.). Pam 1 outyielded 

Aquadulce by 53% at Allal Tazi but gave similar yield at Douyet. In 



the preliminary yield trial all 19 tested lines outyielded Aquadulce 

but only three lines (FLIP 84-128F6, FLIP 84-147F6, FLIP 84-104FB) did 

so significantly with 35 to 46% mre yield. Contrary to visual 

observations, several determinate lines were superior or as good 

yielders as the indeterminate local check Aquadulce (Table 7.2.14.), 

only nIp 86-146~6 (2.9 t/ha) outyielded the indeterminate line ILB 

1418 (2.8 t/ha) at Douyet. Data at Jm'a Shim are inconclusive 

because of high C.V. value. Nevertheless, the superior determinate 

lines cannot be advanced without purification and re-selection since 

they are highly heterogenous and susceptible to various foliar diseases 

besides their undesirable medium to small seed size. 

The faba bean breeding program is putting more enphasis on the 

utilization of local populations in hybridization and selection since 

exotic advanced breeding lines showed limited adaptation to Moroccan 

conditions. For this reason, single plant selections were made in 

early and late segregating generations originating from crosses made at 

ICARDA and targetted to Moroccan conditions using local populations. 

Cut of 415 F4 progeny rows, 83 progenies were selected as bulks and 417 

single plant selections were made. In 347 F7 progeny r m ,  98 

progenies were selected as bulks and 375 single plant selections were 

made. Progenies selected as bulks will be included in preliminary 

yield trials or observation nurseries with four row plots. Seven F2 

and 12 F5 bulk populations were selected out of 49 and 38 segregating 

pspllations, respectively. 

Screening for Orobanche resistance was done in an infested field 

on 200 BPL accessions, the national germplasm collections and a 

collection of lines selected for horizontal resistance to Orobanche. 



Table 7.2.13. Performance of best faba bean tested lines in the 
international yield trial (FBIYT-L) at two locations in 
Morocco, 1987/08. 

Pedigree 
Alal Tazi 

&?%Tf- Yield % 
Mean 

of Yield % of 
(kg/ha) local (kg/ha) local ( k g h )  local 

FLIP 82-28F8 3500 94 2426 117 2963 102 
Reina Blanca 3611 97 2761 133 3187 110 
Gemini 3222 87 131 2973 102 
Pam 1 3611 97 153 3401 117 
Aquaducle 3722 100 2mO 100 2901 
(local check) 
SE? 254 
C.V. ( % )  142 

Values underlined are significantly higher than yield of local check at 
5% probability level. 

Table 7.2.14. Grain yield of selected determinate faba bean lines 
(FBIYT-D-88) at two locations in Morocco, 1987/88. 

Janra'a Shim 
&?%iF Yield % 

Mean 
Pedigree of Yield % of 

( k w h )  local (kqha) local (kg/ha) local 

FLIP 84-23OFB 2533 106 1558 141 2046 117 
FLIP 84-243FB 2533 106 2063 187 2298 131 
FLIP 84-244FB 2477 103 2375 215 2426 138 
FLIP 86-107FB 3067 128 1795 163 2431 139 
FLIP 86-118FB 2744 114 1858 168 2301 131 
FLIP 86-146FB 2944 123 1537 139 2241 128 
ILB 1418* 800 117 2833 257 2817 161 
Aquaducle* 2400 100 1104 100 1752 100 

260 &F (5%) 416 
756 1209 

C.V. (%)  17.5 43.0 

* Indeterminate types. 



Four BPL accessions (BPL 3325, BPL 3326, BPL 3327 and BPL 33301 showed 

some tolerance to Orobanche. m e  to poor distribution of Orobanche 

infestation in the field, susceptible lines were discarded from the 

collection and the remaining will be screened further. 

7.2.2.2. Chickpea breeding 

The chickpea breeding focuses on the developnent of high yielding 

cultivars adapted to winter and spring sowing with good seed quality. 

The program puts mre e e s i s  on winter and dual season types with 

high level of resistance to Ascochyta B, large seed size and early 
maturity. Additional erphasis is put on wilts and leafminer resistance 

which are important in both seasons but mre so in spring. 

Two winter cultivars (ILC 195 and ILC 482) were officially 

released to farmers in October, 1987. Three winter lines (FLIP 

81-293C, FLIP 82-128C. FLIP 82-161C) are in pre-release catalogue 

trials. This season the program recamended three additional winter 

lines (FLIP 83-71C, FLIP 82-150C. FLIP 82-152Cl resistant to Ascochyta 

blight and having relatively larger seed. 

In the winter chickpea program, 154 advanced breeding lines were 

yield tested in four international (an-W-NR, CIm-W-MR-T, CIn-L, 

1 -  one regional (CIYT-DS), three advanced (an-L, CAYT-I & 11) 

and one national (CNrr)  trials in 1 to 4 locations. Yield levels were 

high because of good rainfall and most yields were around 3 tha but 

several lines yielded mare than 4 and 5 t/ha at Jemara Shim and Douyet, 

respectively. Considering the various locations, number of lines 

outyielding the local check ranged between 23 to 79, many of which did 

so significantly (Tables 7.2.15 and 7.2.16). The local check was 



killed by kscochyta blight in sane trials in Merchouch and DDuyet under 

natural infestation. 

In the national trial, FLIP 83-47C, RIP 83-48C and R I P  83-11C 

wtyielded the local check by 90, 83 and 72%, respectively; and ILC 482 

by 40, 33 and 22%. In the advanced large-seeded trial (am-L) the 

yield advantage of selected lines over the local was only 2 to 18%, but 

these lines have large seed besides being nore tolerant to Ascochyta 

blight than the local check. Several lines in advanced yield trials 

1 & 1 showed wide adaptation in addition to being superior in 

yield to the local check by 10 to 28% over three locations representing 

different agroclimatic zones (Table 7.2.15). 

In the international trials several lines expressed high yield and 

wide adaptation and several lines exceeded the newly released ILC 482 

(Table 7.2.16). In CIYT-W-MR yield advantage over the local ranged 

between 18 to 35% over locations; while in CIYT-L, where kscochyta 

affected the local check in some locations, yield advantages were more 

than 200% across locations (Table 7.2.16). In the winter tall chickpea 

(CIYT-WHT-T), all tested entries exceeded the local at Merchouch and 

yield increases up to 183% were achieved. Lines which yielded more 

than 150% were ILC 195, ILC 3279, FLIP 85-12c, FLIP 85-57C and FLIP 

85-151C. In international screening nursery (CISNW) all 62 tested 

entries exceeded the local check. 

Developnt of dual season chickpea, a regional activity, received 

particular emphasis in Morocco. Out of 34 lines tested, 7 were 

promising over 3 locations since their yield was doubled in winter 

while yielding as rmch or slightly more than the best local cultivars 



Table 7.2.15. l4ultilocation p e r f o ~ c e  of high yielding and widely 
adapted winter chickpea lines in national and advanced 
trials in Morocco, 1987/88. 

Trial and Jm'a Shim Ain Niza h Merchouch 
of d Yield % 

Mean 
pedigree Yield % of Yield % of 

(kg/ha) local (kg/ha) local (kg/ha) local (kg/ha) local 

m 
FLIP 81-293L 
FLIP 83-47C 
FLIP 83-48C 
FLIP 83-71C 
I K  482 
PCH 46(Local) 
LSD 15%) 

2687 139 1625 115 2343 205 2218 148 
3540 138 1718 121 289 2855 190 

191 1562 110 zzii;B 259 2744 183 
?Kl 158 1531 108 277 2590 172 
2783 144 2156 152 157 2245 150 
1937 100 1416 100 1145 100 1499 100 
1193 N.S. 965 
20.1 29.5 25.6 

CAYT-L (large seeded) 
FLIP 83-77C 4217 117 1812 118 2734 125 2888 118 
FLIP 84-12C 3280 91 1906 124 2812 129 2666 109 
FLIP 84-19C 3342 93 1625 106 2499 114 2489 102 
FLIP 85-54C 3687 103 1406 92 2369 108 2487 102 
W1 46(local) 3592 100 1531 100 2187 100 437 100 
LSD (5%) 733 661 772 
C.V. ( % )  10.2 20.8 23.7 

arc-1 
m 2 - 4 7 c  
FLIP 83-71C 
FLIP 83-98C 
FLIP 84-8OC 
FLIP 84-92C 
FLIP 84-93C 
FLIP 84-109C 
nip 84-i44c 
FLIP 84-145C 
I K  482 
PCH46(local) 
LSD (5%) 
C.V. ( % )  

2291 
1812 
1812 
2062 
2250 
2031 
1718 
2500 
2500 
2281 
1562 
N.S. 
32.2 

arc-2 
m F m 7  3500 106 2093 122 2942 
585-059 3625 110 2156 125 2916 
585-085 3342 101 1656 96 3619 
585-087 3967 120 1843 107 3117 
Pa146(local) 3310 100 1718 100 2760 
LSD (5%) 705 N.S. 964 
C.V. ( 8 )  9.6 38.8 25.6 

Values underlined are significantly higher than the yield of the local 



Table 7.2.16. bhdtilocation prfo-ce of high yielding and widely adapted winter 
chickpea l ines  i n  i n t e r n a t i d  t r i a l s  i n  Morocco, 1987/88. 

Tr ia l  and K. -a Ain Nizagh llerchauch* 

pedigree Yield % of Yield % of Yield % of 
(kg/ha) local  I k m )  local (kg/ha) local 

C I i - M + m  
FLIP 81-293C 
PLIP 83-47C 
PLIP 83-48C 
PLIP 83-71C 
PLIP 83-97C 
ELIP 83-98C 
FLlP 84-80C 
FLIP 84-92C 
PLIP 84-93C 
PLIP 85-43C 
PLIP 85-48C 
PLIP 85-78C 
PLIP 85-932 
ILL 482 
P0846(locall 
S.E. + 
LSD (3%) 
C.V. (0)  

CIYT-L*'* 
FLIP 84-19C 
FLIP 85-4C 
FLIP 855C . -. . . . . . 
FLIP 85-17C 
FLlP 8 5 d W  
WU7(local)  
S.E. + 
LSD (3%) 
C.V. (0)  

Yield % of yield % of 
Ik*) local lkg/ha) local 

Values underlined are s ignif icanl ty  higher than the yield of the local  a t  5% 
probability level. 
* A t  llerchouch C I i - M + m  was planted as  spring. 
** Including CIrr-L a t  llerchouch where local  rsa ccmpletely k i l l ed  by Ascomyta 

blight.  
*** Ascochyta blight affected the  local check a t  Ain Niaagh, Merchouch and Dxyet. 

when spring sown (Table 7.2.171. FLIP 84-92C yielded 139 and 10% more 

than the winter and spring local checks, respectively. These results 

reflect  the good adaptation of the local cultivars to  spring saving but 

not t o  winter swing. 



Table 7.2.17. Grain yield of prclisinq W scam (winter and spring1 chickpea 1-6 in thna 
locatimr in mrarco. 1987/88. 

Rdigree ~ - ' a  shim ICr- D m ~ t  mm of best l d  
winter Spring winter Spr Winter Spring winter spring winter %ring 
(I;-I lkg/hal I k lkg/hal ikgmo) (k-1 (kryha) 

1 G ~ l 9 5 *  3725 
ILC 482. 4000 
-71. 2750 
I local 1 
P(B 46 3125 1870 1354 1736 833 1188 1771 1450 100 66 
ISD 15%) N.S. N.S. 1075 518 2106 N.S. 
C.V. 1%) 15.4 33.3 14.4 11.0 200 23.9 

values d r l i n d  are significantly hiefrr Ulan tk yield of the b t  chKk at 5t probohility 
level. . Released officially in Oc-r 1987. 
** F a  37 was killed by As- bli+t at mrchard and Douyet. 

In the spring chickpea program, 57 advanced breeding lines were 

tested in an international (CIrP-sp) and a regional dual season 

(CIYT-DS) trial at 1 to 3 locations. Additional local adapted lines 

were added to the second trial. Qlly a few lines exceeded the local 

check which is well adapted to spring sowing. Nlrmber of lines 

exceeding the local check were 3, 9 and 18 at Jama'a Shim, mrchouch 

and Douyet, respectively. Yield increases did not exceed 16% at any 

location. FLIP 82-92C, FLIP 82-121C and FLIP 83-47C were the best 

yielders across locations with yield advantage of 3 to 10%. 

7.2.2.3. L e n t i l  breeding 

In both small and large seeded lentil, the breeding program focuses on 

high and stable yield, early maturity, acceptable seed quality and 



wchanical-harvesting characteristics (tall, erect types with gccd pod 

retention). 

This season two serious problems affected lentil research results 

at the two main research stations, Merchouch and Sidi Laidi. Heavy 

Orohanche infestation affected most trials at Merchouch, while a mst 

epidemic broke on lentil across the country but m r e  seriously in 

Chaouia-AMa area where Sidi Laidi is located. Apparently, this is the 

first year that rust epidemic broke out in NorOCCO. l h e  wet season, 

particularly in the south central areas contributed to the rapid 

disease developnt and spread. Use was nade of rust epidemic to 

eliminate susceptible material. In future, breeding for combined 

resistance to rust and Orobanche should be initiated. 

In the breeding program, 208 advanced breeding lines were yield 

tested in four international (LIYT-LcS, LIF3T. LIF3T-E), one regional 

(LRYT), four preliminary (LPYT-Sl+S2, LPYT-LJ+L2) and two advanced 

(LRYT-L+S) trials at 1 to 3 locations. The local check was outyielded 

by 81,53, 11 lines at Merchouch, Sidi Laidi and Jema'a Shim, 

respectively. Yield differences were significant in 21, 29 and 5 lines 

in the same order. However, C.V. values were high in 3 trials (LIYT-L 

6 S, LRYT) because of the serious Orobanche and rust infestatirm and 

results in these trials were inconclusive. It was apparent from the 

results that early maturing lines such ILL 4605 and K I P  86-16L did 

exceptionally good under heavy rust and Orobanche infestation. FLIP 

86-16L yielded 915 and 1511 kg/ha compared to 240 and 70 kg,b of the 

local check, respectively, at Sidi Laidi (rust epidemic) and Herchouch 

(Orobanche infestation). Several lines in advanced yield trials s h a d  

wide adaptation in-spite of the damage f r m  pests (Table 7.2.18). 



Table 7.2.18. Grain yield of large and smll-seeded lentil with wide 
adaptation in Morocco, 1987/88. 

Trial and Jema'a Shim Sidi Laidi* Nerchouch** mean*** 
pedigree Yield % of Yield % of Yield % of Yield % of 

( k g h )  local (kg/ha) local (kg/ha) local (kg/ha) local 

LRYT-L (large-seeded) 
ILL 4605 1881 119 810 281 1994 113 1938 116 
ILL 5746 1669 106 143 50 2217 125 1934 116 
L56 (LOCAL) 1581 100 288 100 1770 100 1676 100 
LSD (5%) 533 N.A. 570 
C.V. (%)  22.7 21.88 

LAYT-S ( small-seeded) 
-137 315 828 1248 134 1337 136 
FLIP 84-26L 1350 130 320 842 1024 110 1187 120 
FLIP 84-29L 1406 136 325 855 1068 114 1237 125 
FLIP 84-751, 1550 149 308 811 1064 114 1307 133 
FLIP 84-88L 1263 122 216 568 1098 118 1181 120 
L24(local) 1037 100 38 100 934 100 986 986 
LSD (5%) 383 N.A. 425 
C.V. ( % )  22.7 27.1 

Heavy mst epidemic affected all trials. 
** Heavy Orobanche infestation. 
*** Data of Sid Laidi not included. 

Yield levels were generally low at Merchouch and J m ' a  Shim and yield 

advantages over both locations ranged between 16-36% over the local 

cultivars. Yields at Sidi Laidi were almost nil because of rust and 

thus were not considered. 

Better yields were obtained in preliminary yield trials and the 

small-seeded FLIP 84-51L, FLIP 86-62~, and FLIP 87-521, yielded 2.42, 

1.94 and 1.89 t/ha, respectively, which is more than double the local 

cultivar yield of 0.94 t/ha (Table 7.2.19). Large seeded lines yielded 

24 to 59% more than the local (Table 7.2.19). 

Selected F3 populations from LIF3T and LIF~T-E were advanced to F4 

for single plant selections. Selections were made in early and tall 



Table 7.2.19. Grain yield of prcanising lentil lines in preliminary yield 
trials at Merchouch, 1987/88. 

Large-seede ( LPYT-L1 ) Small-seeded (LPYl-$1) 
Pedigree Yield % of Pedigree Yield % o f  

(kg/ha) local (kg/ha) local 

FLIP 86-1OL 2059 124 FLIP 84-511 2424 259 
FLIP 86-12L 2081 126 FLIP 86-28L Ii;W 176 
FLIP 86-16L 2159 130 FLIP 86-32L 183 
FLIP 86-19L 2057 124 FLIP 86-62~ IT33 207 
FLIP 86-19L 2057 124 FLIP 86-62~ IT33 207 
FLIP 86-21L 2461 148 FLIP 86-63~ rrsZ 190 
FLIP 87-191, =r;lf;l 149 FLIP 87-30L 1672 179 
FLIP 87-211, ZmCr 159 FLIP 87-47L 1739 186 
ILL 4605 2-m 127 FLIP 87-52L 202 
L56 (local) 1658 100 L24 (local) W 100 
LSD ( 5 % )  626 608 
C.V. ( % )  22.1 24.7 

values underlined are significantly higher than the yield of the local 
check at 5% probability level. 

screening nurseries, LISN-T and LISN-E, where the local check ranked 

the 30th and 34th, respectively. 

Based on their good perfomce, ten lines will be included in 

mltilocation national and verification trials next season. These are 

ILL 4605, ILL 5582, ILL 5698, ILL 5700, ILL 5720, ILL 5745, ILL 5752, 

ILL 5991, ILL 60001 and ILL 6209. ILL 6002 will be given special 

attention being high yielding under both biotic and abiotic stresses. 

The agronomy program enphasized verification of new technologies on 

f a m r s  fields and identification of appropriate cultural practices 

through experimentation on the station and on farmers fields. 

Diagnostic studies showed that weed control was the m s t  critical 



factor to achieve high yield in winter chickpea. Phosphorus 

fertilization was the second most important factor and yield response 

was apparent even at a rate as low as 20 kg P205/na. m e  importance of 

early planting (November) and narrow row spacing (30 cm) was also 

apparent. 

Studies on date of planting and population density were concluded 

this season with the following recomnendations: 

2 - Faba bean: early November, 30 plants/m , 50 cm row spacing. 
2 -Winter chickpea: November, 30 plants/m , 30 cm row spacing. 

2 - Lentil: November, 200 plants/m , 30 cm row spacing. 

Yield losses due to weeds were up to 100% in winter chickpea, 45% 

in faba bean and 55% in lentil. Studies on weed control for several 

years indicated that Igran (3.0 kg a.i./ha) can be recomnended as 

pre-emergence herbicide in winter chickpea under the conditions of 

Chaouia-AMa region. In the same area, Igran (3.0 a.i./ha) plus Kerb 

(0.5 kg a.i./ha) was effective in winter chickpea in addition to faba 

bean. Topogard (0.75 kg a.i./ha) was as effective as manual weeding in 

faba bean. In the north (muyet), Igran and Maloran (1.5 kg a.i./ha) 

plus Kerb (0.5 kg a.i./ha) were partially effective as in winter 

chickpea. Maloran plus Kerb were as effective hand weeding in faba 

bean and lentil. Topogard or Tritunil (2 kg a.i./ha) plus Kerb (0.5 kg 

a.i/ha) gave similar results on faba bean while Igran was also 

effective in lentil. 

Results on lentil mechanization showed that the standard cereal 

grain drill and the double knife cutter bar provided the best 

combination of planting and harvesting methods, respectively (Table 



7.2.20a). Yields were generally low because of the eust epidemic. 

Grain losses with the double knife cutter bar were slightly less than 

with the labor-intensive hand harvesting (Table 7.2.20b). The heavy 

rain while the crop was still in the field increased grain losses even 

in hand harvesting as apparent by comparing the losses in 1986/87 and 

1987/88 (Table 7.2.20b). Before recamendation to fanners, a piling or 

pick-up device will be attached to the cutter bar to collect the 

harvested crop. 

Table 7.2.20. Effect of planting and harvesting methods on yield 
(kg/ha), grain and straw losses in lentil at Sidi Laidi, 
mrocco, 1987/88. 

a. Grain yield: 

Harvesting Method Planting method 
DT DA C1 C2 

b. Grain and straw losses ( $ 1  as affected by method of harvest 

Method 1986-87 
Grain Straw 

Nethod 1987-88 
Grain Straw 

Mean 12.6 32.2 22.9 45.6 

mi: Hand harvesting DT: Drill tractor driven 
m: Double knife cutter bar DA: Drill animal-driven 
m: Side marer CI: Broad-cast seeding 
CH: Combine harvest C2: Local plow planting. 



Studies on the need for inoculation with rhizobia indicated no 

response to inoculum in the traditional production areas in all the 

three food legume crops. Future studies will be restricted to 

non-traditional production areas with emphasis on winter chickpea. Ihe 

three efficient rhizobium strains (PC 31, PC 36, PC 39) introduced from 

ICARDA were not more effective on winter chickpea ccanpared to native 

strains at Sidi Laidi. PC 39 strain is Moroccan by origin. 

7.2.2.5.1. Screening for disease resistance: 

Pathology work was strengthened this season by the developtent of 

ewpertise and facilities at Dar Bouazzeh Research Station as a coastal 

disease screening site. Screening for resistance was done against 

Ascochyta in chickpea and Bortyris fabae, Ascochyta fabae and 

~ s t s  in faba bean. 

In chickpea, 21 lines were rated as resistant to Ascochyta blight 

(3 rating on 1 to 9 scale) and 14 as moderately resistant with 5 

rating: 

Resistant: I K  195, ILC 482; FLIP 81-91C, -293C; RIP 82-72C, -91C, 

-127C, -128C. -150; FLIP 83-47C, FLIP 84-19C. -93C, -145C; 

FLIP 85-lC, -5C, -14C. -56C. -6OC, -73C, -133C. -135C. 

nDderately Resistant: FLIP 83-47C, -71C, FLIP 84-80C, -92C, -99C, 

-102C, -158C; PLIP -85-4C, -45C, -48C, -55C, -71C, -73C, 

In screening for resistance to wilts in chickpea, symptoms were 

apparent at early stages of plant growth in 1- regional wilt 



screening nursery in the wilt sick plot at i(hemis Zewmra. However, 

plants recovered because of high rainfall and possibly due to low 

inoculum density in the soil. Conditions were not favorable this 

season for wilt disease develcpent. 

In faba bean, lines shaving moderate resistance to Botrytis 

included ILB 3025 (FLIP 87-127~~). R 40, L 83108 and EPL 2139. Ihose 

with mcderate resistance to rusts were L 82014, BPL 552, BPL 1179. 

Artificial inoculation of Ascochyta fabae did not work because of low 
spore count in the inoculum (2500 instead of 40000 sporesm). 

7.2.2.5.2. Disease s u ~ e y  and network formation 

A disease survey was conducted in cwperation with INRA, E-a+f4eknes, 

Bari-Italy and ICnRoR. Ihe survey was conducted for 16 days (7 days in 

late March and 9 days in late April). It was timely since the wet 

weather favored disease developent. A detailed report on the sunny 

is available separately. Prevailing diseases this season were: 

- Paba bean: 99% of the visited fields had Botrytis and disease 

severity was rated 7 (equivalent to 80% yield damage). Orobanche 

crenata was also serious mostly in the north. Other diseases of 

importance were stem nematodes (Di tylenchus dipsaci) A1 tecnaria 

and viruses. 

- Chickpea: wilt/rwt rot cunplex (ntsarium sp. and Rhizoctonia 

sp.) was the most important disease. Depending on the region, 

the frequency of infested fields ranged between 8 to 30% and the 

disease incidence ranged f r m  5.2 to 28%. Nematodes were also 

identified on chickpea and a comprehensive report by Bari-Italy 

covers details. 



- Lentil: Orobanche, rust (Uroxyces sp.) and wilt/root rot complex 
(Rlsarium sp., Selerotinia sp., sp. and Rhizoctonia sp.) 

were the nwst important. Wilt/root rot complex existed in 50-88% 

of fields visited in Zaea plateau. Rust epidemic broke out in 

the Chaouia region where famrs had to plow under their crop. 

According to available informtion, it is the first rust epidemic 

in Morocco. 

A national network was established on food legume pathology and 

breeding for disease resistance. Nine national scientists from various 

national institutions attended the first meeting with four ICARDA 

scientists. A one-day seminar was held to present research work 

already done as well as discussing future research emphasis. For 

coordination of research activities a follow-up comaittee was formed. 

Ihe HOrOCcan Pathology Network will be the nucleus for a regional 

network. 

Studies on sp. indicated that although carbofuran reduced nodule 

damage considerably at seedling stage in faba bean, it did not result 

in positive yield response possibly because the insecticide was not 

effective at later growth stages. 

In screening chickpea germplasm for resistance to leafminer 

(Liriompa cicerina), two lines, ILC 5901 and FLIP 84-92C, were highly 

resistant (1-3 score) and six lines, ILC 5351, ILC 5594, ILC 5641, IU: 

5646, ILC 5682 and ILC 5655, moderately resistant (3-5 score). 

Bmchus mfima~s was identified as the major species of seed 

beetle causing damage in faba bean. 



The winter chickpea package was demonstrated at 22 and 30 on-farm sites 

for the two newly released cultivars ILC 195 and ILC 482, respectively. 

Farmers were satisfied with the performance of the winter chickpea and 

their yields were 1.5 t h a  or mre. In the Chaouia-Abda region yields 

up to 3.6 and 4.6 t/ha =re obtained with and without phosphorus (Table 

7.2.21). These values were 110 and 145% m r e  than the local farmers' 

Table 7.2.21. Grain yield (kg,ha) of chickpea of eight on-farm 
demnstration plots in the Chaouia-Abda region, Morocco, 
1988. 

Winter sowing 
Plot 1L.C 4 Local Mean Farmer's 

:205'~%) practice 

Mean 1695 2188 1190 1583 1664 1346 

practice, respectively. over 8 sites, ILC 482 with phosphoms yielded 

more than 63% over the average famrs' practice. Due to favorable 

conditions, Ascochyta blight killed the local cultivar corapletely at 

one site while ILC 482 was slightly affected (Table 7.2.21). Over 

locations, yield gains from phosphorus were 29% for ILC 482 and 33% for 

the local cultivar. 

Moroccan National Scientists and Dr. n. Solh. 



7.2.3. AlqeriqACrmm Cooperative Project 

The cooperation between Algeria-ITGC (Institut Technique Des Grandes 

Cultures) and ICARoA continued during the 1987/88 to strengthen food 

legume research and technology transfer to fanners. In the project, 

Algerian and ICARoA scientists worked together at three levels of 

experimentation at Wilayet Sidi-Bel-Abbes (SPA): Level I, back-up 

research; level I1 on-fann verification; and level I11 demonstration of 

important research findings. Work on back-up research which included 

both agroncony and breeding was also conducted at other research 

stations, Tiaret, Setif, Khroub and Geulma. 

SBA station in the north-west represents semi-arid low rainfall 

areas, Tiaret and Setif represent semi-arid high plateau areas and 

Khroub and hrelma represent higher rainfall areas. hrring 1987/88, 

serious drought characterized the season in Algeria particularly in SBA 

and Setif where rainfall was poorly distributed. Annual rainfall for 

1987/88 season was 218.5, 226.4, 336.4 and 323.3 at SBA, Setif, Khroub 

and G u e h ,  representing 55, 48, 75 and 50% of the respective mean 

annual precipitation. Ihe distribution of rainfall at Khroub and 

Tiaret was fairly good and thus better results were obtained. Because 

of drought, results at SBA, Setif and Geulma were inconclusive as 

reflected by the high C.V. and missing data. At Guellna most trials of 

winter crops were plowed under while at Setif and Sidi--1-nbbes, plant 

growth was stunted and weak. Biotic stresses were not favoured this 

season due to drought. However, stem nematodes and weevil were 

serious on faba bean at SBA while on chickpea, stem rot was serious at 

SBA and Tiaret, wilt/root rot ccrmplex at S0A and Guelma and Ascochyta 

blight at Khroub. Results presented reflect both abiotic and biotic 

stresses of the season. 



7.2.3.1. Back-up research 

Back-up research in faba bean, chickpea and lentil included breeding 

for higher and stable yield through the evaluation of ICIV(DA gennplam 

and advanced breeding lines. In the breeding program, there is an 

urgent need to develop screening for diseases of economic importance 

through artificial inoculation since natural disease infestation is not 

dependable and not uniform. Agronomy studies aim at identifying 

appropriate cultural practices which are important to increase food 

legwae national production. 

7.2.3.1.1. Faba bean breeding 

Breeding work on faba bean focuses on high and stable yield with 

disease resistance and large seed. However, inspite of being the 

largest food legwae crop, breeding work is limited to the evaluation of 

exotic advanced breeding lines for yield and adaptation. With the new 

faba bean/pea breeder joining ITGC, the breeding program will be 

strengthened. w i n g  this season, 57 advanced breeding lines (large 

and small-seeded) were yield tested in international (FBIYT-L & S) and 

regional (PBRYT) trials at 1 to 2 locations. Ihe effect of drought was 

more critical at SsR compared to Khroub (Table 7.2.22). Ihe best 

yielding line at Sidi-Bel-Abbes, (FLIP 83-SOW) and at Khroub (FLIP 

83-105W) produced 0.58 t/ha and 2.24 tha, respectively. None of the 

tested entries outyielded the local check significantly due to high 

C.V. values. However, several lines prcduced more than double the yield 

of the local check and a total of 51 lines were selected for next 

season. Ihe large seeded lines New Mamnoth, FLIP 82-28m, Turkish 

local and the d l  seeded ILB 1821, FLIP 82-12FB. FLIP 83-50FB, ILe 



3188 were among the better yielding lines. In the regional trial, the 

Moroccan line F1047 yield 15% m r e  than the improved Aquadulce. Lines 

selected for verification trials at SEA based on good performance in 

past years were New Mamnoth, ReiM Blanca, Violetta di Policorro and 

Seville Giant. At Rhroub yields were high considering the local 

rainfall. The large seeded 74TA 22, Pam 1 and FLIP 82-30C produced 32, 

23 and 16% more than the iwrwed local check Seville Giant. 

Table 7.2.22. Grain yield of widely adapted large and sm11-seeded faba 
bean lines in the international trials at two locations 
in Algeria, 1987/88. 

Trial and pedigree Sidi-Bel-Abbes Khroub 
Yield % of Yield % of 
(kgma) check (kg/ha) check 

F B I ~ ~ - L  ( large-seeded) 
74TA 22 - - 1585 132 
FLIP 82-28FB 465 120 1218 101 
FLIP 82-3OFB 423 190 1395 116 
Pan 1 379 97 1478 123 
New Itaunmth 480 124 1270 105 
Sidi m s s a  (check) 389 100 - - 
Seville (check) - - 1205 100 
W D  (5%) N.S. 720 
C.V. ( $ 1  50.9 37.2 

FBIYT-S (small-seeded) 
74TA 91 - 
FLIP 82-35FB 357 240 1856 94 
FLIP 83-3FB 252 169 1981 100 
FLIP 83-48FB 363 244 2135 108 
FLIP 83-50FB 579 389 1804 91 
FLIP 83-88FB 337 226 2057 104 
FLIP 83-105FB 377 253 2236 113 
marantine (check) 149 100 - - 
Seville (check) - 1981 100 
LSD (5%) N.S. 57.1 
C.V. ( % )  41.2 36.7 

Eight selections were nude in inter~tional screening nurseries 

(FBIWL, FBICSN and FBIABN) based on pod set and tolerance to stem 



nematodes. 60th Botrytis fabae and ~scochvta fabae did not develop 

this season because of drought. Stem nenvltodes were serious on SEA 

station and fanners fields. 

SBA station with 390 rn mean annual rainfall and poor soil is not 

suitable for faba bean research. It is suggested that Tassela Pilot 

farm in Zone I (15 km from SBA) where the genetic potential of faba 

bean getIOtypes can be expressed fully should be used in future. 

7.2.3.1.2. Chickpea breedinq 

Breeding work on chickpea focuses on high yield m t h  resistance to 

Asmchyta %, large seed and adaptation to winter and spring 

planting. More emphasis is put on winter chickpea. This season, the 

spring crop failed completely due to drought. 

Ihe national program released this seaosn three new chickpea 

cultivars after several years of evaluation. The first winter chickpea 

cultivars released in Algeria are IU: 482 and ILC 3279. Ihe third new 

cultivar is Sebdou which is reconmended for planting in early February. 

In winter chickpea, 182 advanced breeding lines were tested in 

international (CIYT-W-MR. CIYT-WMF-T, CIYT-L, CIYT-DS, CIYT-SP, 

CIF4T), preliminary (CPYT-A & B 6 C) and multilocation (--I 6 11) 

trials in 1 to 5 locations. A &I of lines exceeded the local check 

and 67, 61, 17, 14, and 13 lines were selected from replicated yield 

trials at SBR, Khroub, Tiaret, Setif and Geulm, respectively for 

further evaluation next season. Several of these lines were 

significantly better yielding than the local check (Table 7.2.23 and 

7.2.24), particularly at Khroub where Rabat 9, the local cultivar, was 

seriously affected by Ascochyta blight. 



In the international trials (C1rr-w-m & T) several lines showed 

wide adaptation across locations inspite of the differences in 

agroclimatic conditions (Table 7.2.23). Yields of tested lines were 

more than four tipes the local checks mainly dw to susceptibility of 

the local cultivars to llscochyta blight and wilt as well as late 

maturity in case of Rabat 9. Several lines (FLIP 83-98C; FLIP 85-13C, 

-lac, -19C. -49C, -93C) outyielded the newly released cultivars (ILC 

482 and IIC 3279). at least in one location, by up to 28%. At Tiaret, 

FLIP 83-98C and FLIP 85-93c yielded almost 3.0 t/ha while Rabat 9 and 

ILC 482 yielded 1.1 and 2.6 t/ha, respectively. In CIYT-L, the large 

seeded line FLIP 85-17C yielded 1.7 t/ha which i s  significantly greater 

by 42% than the local check yield at Tiaret. In Rhroub. the large 

seeded lines FLIP 85-4C, FLIP 85-5(3 and R I P  85-15C yielded 3.0 to 3.5 

t/ha, 53 to 78% greater than the local Rabat 9 (2.0 t/ha). 

In preliminary and dtilocation trials, several lines were 

superior not only to the local but also to the newly released cultivars 

(Table 7.2.24). Yield advantages of superior lines exceeded Rabat 9 by 

114 to 168% and ILC 482 by 7 to 34%. at Tiaret and by 234 to 509% and 

32 to 82% at Khroub, respectively. In the multilocation trial at SBA, 

yields were low and C.V. values were high due to drought and wilts. 

Across three locations, yield ranged between 0.42 to 0.72 t/ha and C.V. 

values were 27 to 36%. Twelve lines were selected with yields 23 to 

65% greater than the local check. R I P  84-145C. FLIP 84-144C. ILC 482, 

IIC 190 and X 8 0 m  177/ILC 195 X 80111 177/ILC 195XILC 482 were 

exceptionally good lines. 

Based on over-all performance over years and locations the 

following lines will be included in mltilocation trial for winter 



chickpea: FLIP 81-293c; FLIP 83-49C, -97C, -98C, FLIP 84-19c, -32C, 

-53C. -109C. -144C, -145C; FLIP 85-15C, -16C, -18C. -55C. For spring 

chickpea FLIP 81-293C; FLIP 84-82C. FLIP 84-167C. and FLIP 84-181C will 

be tested in mltilocation trial. 

Table 7.2.23. Multilocation performance of high yielding and widely 
adapted winter chickpea lines in Algeria, 1987/88. 

Trial and Sidi-Bel-Abbas Tiaret Khroub Mean** 
pedigree Yield % of Yield % of Yie of Yie o 

(kg/ha) check (kg/ha) check ( k g )  :heck ( k g )  LeEk 

FLIP 84-79C 
FLIP 84-102C 
FLIP 85-93C 
ILC 482 
G a l  check* 
LSD (5%) 
C.V. ( 8 )  

FLIP 85-13C 
FLIP 85-18C 
FLIP 85-19C 
FLIP 85-49C 
FLIP 85-57C 
FLIP 85-62C 
FLIP 85-112C 
ILC 195 
ILC 3279 
Local check* 
LSD ( % )  
C.V. ( % )  

N.A. 738 308 
N.A. 17.5 21.1 

values llnderlined are significantly higher than the yield of the local 
check at 5% probability level. 
* local check is Sebdou at Sidi-Bel-Abbes and Rabat 9 at Tiaret and 

Khroub. 
** Mans were based on 2 or 3 values depending on data from 

Sidi-Eel-Abbes. 



Table 7.2.24. Grain yield of superior winter chickpea lines in 
comparison with the local Rabat 9 and the newly released 
cultivar IU: 482 at Tiaret and Khroub in Rlgeria, 
1987/88. 

Tiaret (CPYT) Khroub (CIWr) 
Pedigree Yield % of % Pedigree Yield % of % 

(kg/na) local 1x482 ( k g h )  local 1x482 

LSD (5%) 
C.V. ( % )  

x 8 3 ~ ~  111 
FLIP 82-128C 
FLIP 82-172 
FLIP 83-42C - - - - . - - 

FLIP 83-47C 
FLIP 83-69C 
ILC 482 
Rabat 9 
LSD (5%) 
C.V. ( $ 1  

Values underlined are significantly higher than the yield of the local 
Rabat 9. 

In non-replicated observation nurseries, the adaptation of 275 

chickpea lines were tested and 21 lines were selected at SEA from the 

regional chickpea nursery for North Africa (RCSN-m). At Tiaret, 21 

lines were selected from CIABN-A. 

After being trained in crossing techniques, the national program 

started breeding through hybridization. Because of better conditions 

at Khroub, the program is advancing F1 crosses, 15 F1 progenies and 18 

F3 progenies. In addition, nine F4 populations were selected as bulks 

from ICARDA CIF4T to be advanced for single plant selections under 

local conditions. 



7.2.3.1.3. Lentil breeding 

Lentil breeding emphasized high yield, early maturity, acceptable seed 

quality and mechanical harvesting traits. 

Eased on their perfornance on f a m r s  fields, two large seeded 

cultivars, Balkan 755 and ILL 4400 were rec-nded for release to 

fanners. Ihe small-seeded Syrie 229 was already released last season. 

In both large and mall seeded lentil, 133 advanced breeding lines 

were yield tested in nine replicated trials in 1 to 4 locations: three 

international (LI-L & S, LIF3T), one regional (LRYT) and six national 

(WYl-A 6 B -SM, LPYT-Tiaret, LPYT-Rhroub, 3 dtilocation). National 

trials cnaprise wstly ICARaR enhanced material selected under local 

conditions and scaoe selections from local populations. Number of lines 

which exceeded the local check were 57, 21 and 8 in SBA, Tiaret Md 

Rhroub, respectively. Ihey were promoted for further testing next 

season. 

At SBA, lentil yields were mostly below 0.4 t/ha due to drought. 

Contrary to expectations under moisture stress in semi-arid conditions, 

early mturing lines p e r f o d  p r l y  ccqared to lines with madim 

maturity. Apparently, the moisture stress in February and early Narch 

affected early-maturing lines while medimmaturity lines were 

benefited by the late rains in April. The improved early cultivar 

Syrie 229 produced exceptionally low yields at SBR statim, contrary to 

other locations L W l e  7.2.25). Inspite of generally poor performance, 

several tested lines outyielded Syrie 229 by 2 to 5 times. 

In the international trials LIYT-S and LIYFL, the best lines 



yielded 254 and 299 kg/ha, respectively, while the improved check Syrie 

229 yielded only 86 and 193 kg/ha in the same order. The best 

small-seeded lines were FLIP 84-159L, FLIP 84-1611, and FLIP 85-25L 

while the best large seeded lines were FLIP 86-8L and 81s 38226. In 

the regional North-African trial, 14 lines were selected and the best 

line 54749 (x 81s 116) yielded 239 kg/ha, five times the yield of Syrie 

229 (45 kg/ha). In LIF3T, cross NO 44 yielded 1128 kg/ha while Syrie 

229 yielded 495 kg/ha. In preliminary yield trials, yields were also 

low but several lines outyielded Syrie 229 by 60 to 288% with a  axi in arm 

yield of 470 kg/ha (Table 7.2.25). In the niultilocation trial, ten 

lines were selected based on wide adaptation. Selected lines yielded 1 

to 30% more than the imprwed Syrie 229 (730 kg/ha). Tne best three 

lines were NEL 2889, 310C x ES'ION 1 and 76s 28004. 

At Tiaret, lentil yields were relatively higher than SBA hecau6e 

of better rainfall. In the international trial LIYT-L, 7 lines were 

selected with 16 to 99% more yield than the check Metropole (660 

kg/ha). Best lines were ILL 4400, FLIP 85-2L, FLIP 84-81L, FLIP 84-841, 

and FLIP 84-92L. In preliminary yield trials, 9 lines outyielded the 

check L.B. Chili by 71 to 217% and the best four were significantly 

better yielders (Table 7.2.25). 

At Khroub, Syrie 229 the improved check ranked the first in yield 

in LIYT-L and LIF3T with yields of 1620 and 1693 k+, respectively. 

The old time local cultivar L.B. Chili ranked the last in LPrr while 

Syrie 229 ranked 4th in the same trial. The best line was FLIP 87-201, 

which produced significanlty greater yield (2796 kg/ha) than Syrie 229 

(2197 kg/ha) by 27%. Other good lines, FLIP 87-17L AND P-B Dahra, 

yielded 16% more than Syrie 229. 



Table 7.2.25. Grain yield of superior lentil lines in preliminary yield 
trials at Sidi-Bel-Abbas and Tiaret, 1987/88. 

SBA (IPYT-A) Tiaret (LPYT) 
Pedigree Yield $ of Pedigree Yield % of 

(kgha) local (kgha) local 

ILL 4400 
74TAl9 
FLIP 84-100L 
78826002 
Syrie 9(check) 

LSD (5%) 
C.V. ( % )  

Syrie 229 
Rediaz 
Kreta 
Setif 
FLIP 84-100 
NEL 30 
FLIP 84-49L 
Nn 468 
FLIP 85-2L 
Metropole 
L.B. Chili 
(check) 

Values underlined are significantly higher than the yield of the local 
check. 

In non-replicated international nurseries (LISN-L, LISN-T, LM), 

20 and 22 lines were selected at SEA and Tiaret, respectively. Selected 

lines had good pod set, early maturity, tall and erect canopies. 

7.2.3.1.4. Agronomy and microbiology 

Agronomic studies included date of sowing, seeding rate, fertilization, 

Rhizobium inoculation, weed control and mechanical harvesting of lentil 

and chickpea. Some of these studies were conducted in on-farm 

verification trials while others were part of the back-up research. 

Reconmendations are already available to farmers in Wilayet SBA on date 

of sowing, seeding density and herbicides for chickpea and lentil. 



RecomDended dates for planting are: early November for faba bean; mid 

December for winter chickpea; mid November to mid December for lentil. 
2 Seeding density reconmendations are for chickpa 40 plants/m (120-150 

kg/ha) and for lentil 200 plants/m2 (100-110 kg/ha). For chemical weed 

control, the following herbicides are effective in pre-emergence 

applications: 

- chickpea: Igran (3.0 kg a.i./ha) + Kerb (0.5 kg a.i./hal 

- lentil : Maloran (1.5 kg a.i./ha) + Kerb (0.5 kg a.i./ha) 
or Tribunil (2.0 kg a.i./ha) + Kerb (0.5 kg a.i./ha) 

In m - 8 8  in winter chickpea, the post-emergence herbicide 

treatsent with Pyridate yielded 34% more than the weedy check and as 

mch as the hand weeded control (1180 kg/hdl. Cyanazine (0.5 kg 

a.i./hal as pre-emergence yielded 30% more than the weedy check and 98% 

of weed-free control. ~gran (3.0 kg a.i./ha) was also effective in 

controlling weeds in winter chickpea at Khroub. In LWCT-88 in lentil 

at SEA, Prometryne (Gesagard) at 1.5 kg a.i./ha with or without Kerb 

(0.5 kg a.i./ha) gave 87% of the yield of weed free check and was 

similar to Maloran. 

In both fertilization and inoculation trials (IFRT-88 and IRT-881, 

no significant response to fertilization with phosphorus and potassium 

was observed in lentil. Lentil gave 27% increase in yield due to 

fertilization with 100 kg N/ha while chickpea showed no response. In 

inoculation trials, the chickpea Rhizobim strains 39 and 44 introduced 

from ICAIIDA increased yield of winter chickpea by 17% while strain 31 

did so by 13%. The introduced lentil strains had no effect on yield. 

Weather conditions this season would necessitate application of caution 

on these results. 



7.2.3.1.5. Pathology and entaaoloqy 

Rctivities in pathology included screening for disease resistance, 

assessment of the disease situation and studies on pathogenic 

variability of Ascochyta rabiei. Work on diseases is done in 

collaboration with ITGC, INA and ICPS(DA. In entmlogy, survey of the 

insect pest situation was made in Wilayet SBA. 

For Ascochyta blight, artificial inoculation of CIABN nursery at 

SBA started the disease symptoms early in the season. However, due to 

the dry weather and the inability to irrigate, disease spread was not 

uniform and disease developnt stop@. In one hot spot, lines FLIP 

83-72C and FLIP 84-93C scored 2 on the 1-9 rating scale while the 

spreader line ILC 263 scored up to 7. 

For wilts, naturally infested sick plots were used at SEA and 

Guelma to screen two wilt-resistance screening nurseries: ICRRDA 

regional nursery (ItUW%N-88) and ICRISAT international nursery 

(ICKWi). ~t SBA, the following 14 lines were found resistant (with 

less that 10% wilt incidence) 

- INARFTW-88: FLIP 84-32C, -88C, -97C; FLIP 85-lC, -2OC, -33C, -35C. 
- I--88: ICC 4973, ICC 12263, ICCL 82108, ICCt 84327, ICCL 85308. 

ICCV 10. ICCV 11. 

At Guelma the following lines were resistant to tolerant to both 

wilt and drought: 

- ICRRYVN-88: ICC NO 2862, 4951, 11322, 11322, 12263; ICCL 8 
82108, 84303, 84327, 85225. 

- CIYT-W-MR: FLIP 85-13, -19C, -57C, -146C, -151C. 



- CIYT-L: FLIP 85-14C, -15C, -16C, -17C, -55C, -56C, -6OC. 

- CPYT: ILC 72. 

Assessment of the disease situation was done in Algeria by a team 

of national and 1- scientists. In wilayet SBR, stem nematodes were 

serious on faba bean. Infestation up to 100% was observed in one 

field. In chickpea, msarium sp. and Ascochyta pinodella ( P h m  

medicaqinis) were serious in Zeindan farm. In Tiaret, Ascochyta lentis 

was found on lentil but was not serious. In Geulma, Fusarium wilt was 

serious on chickpea and a whole field was infested on the station. In 

Khroub, Ascochyta fabae was serious on the local cultivar of faba bean. - 

In the study on variability of Ascochyta rabiei, several local 

isolates were identified with different levels of virulence. 

With respect to the insect pests, three major problems were 

identified: (a) bmchids damage on stored seeds particularly on lentil, 

(b) leafminer on chickpea and (c) larvae damage on nodules of 

faba bean. 

7.2.3.2. Wfam verificatim trials 

Verification trials were conducted on farmers' fields on varietal 

perfo~ce, chemical weed control and mechanical harvesting in the 

three agroclimatic Zones I, I1 and I11 in Wilayet Sidi-Bel-Abbes (SEA). 

7.2.3.2.1. Varietal perfomce 

Variety verification trials were carried out in chickpea and lentil at 

three sites representing the different agroclimatic conditions. 



In chickpea, location w a n  yields of the 12 tested cultivars were 

380, 460 and 600 kg/ha at SBA station and Zeidan and Tassala farms, 

respectively. Yields were low due to drought and wilt. Both the local 

cultivar Ain Teumchent and the improved spring cultivar Sebdou gave 

similar yields and were used as checks. The four lines ILC 190, ILC 

482, NEC 105 and NM: 2380 were superior over locations and yielded 4 to 

18% mre than AIN Teumchent and 6 to 20% mre than SeMou. However, 

m were significantly higher than the check at any of the locations. 

The late mturing ILC 3279 did poorly because of early drought. Based 

on results of this year and those of previous seasons, IU: 190 will be 

demonstrated to fanners on large scale for winter sowing while NEC 105 

and NEC 2380, being susceptible to Ascochyta, will be denonstrated for 

spring sowing. 

In lentil, the verification trial included 11 lines. Yields were 

low due to drought particularly at SBA station where yields of mst 

lines were practically nil. Location m a n  yields were 104, 513 and 877 

kg/ha at SBR, Zeidan and Tessala. The improved cultivar Syrie 229 was 

used as a check. All the lines, except the old tine local L.B. du 

Chili, outyielded Syrie 229 by 2 to 34%. The lines NEL 45 R, NEL 1889, 

Setif 618 and Balkan 755 were exceptionally good yielders and gave 

significantly higher yields than Syrie 229 at Tassala Pilot Farm. At 

Seidan farm they yielded 795 to 1016 kg/ha. These lines will be 

demonstrated to fanners next season on large scale if enough seed is 

available. 

7.2.3.2.2. Weed control 

The effectivity of four and three herbicidal treatments were verified 



on fanaers fields in chickpea and lentil, respectively. In chickpea, 

the pre-emergence treatment Igran (3 kg a.i./ha) plus Kerb (0.5 kg 

a.i./ha) proved its effectivity in controlling weeds as it yielded 65% 

more than the unweeded treatment (Table 7.2.26). Patoran was effective 

but it caused phytotoxicity and residual effect in the soil. On 

lentil, Tribunil (2 kg a.i./ha) plus Kerb (0.5 kg a.i./ha) yielded as 

mch as the hand weeded check and four times the unweeded treatment 

(Table 7.2.16). However, both wild oats and spp. were not 

controlled well by Tribunil. Igran (3 kg a.i./ha) plus Kerb (0.5 kg 

a.i./ha) and Gesagard (1.5 kg a.i./ha) plus Kerb were also effective. 

Gesagard showed phytotoxicity on lentil. Maloran which is effective on 

lentil was not used because the chemical was not available. 

Table 7.2.26. On-farm verification trials of herbicidal treatments on 
chickpea and lentil in Sidi-Bel-Abbes, Algeria, 1987/88. 

Chickpea Lentil 
Treatment Yield % of Treatsent Yield % of 

(kg/ha) hand (kg/ha) hand 
weeded weeded 

Igran+Kerb 1189 
Kerb 755 
Igran lFlB 
Aretit TX ~~ ~ 

mtoran 1060 
Unweeded (check) 'TZB 
Hand weeding 1368 
LSD i 5%) as 

patocab nZ 
Iinueeded (check) IV6 
Hsnd weeded 417 
(check) 
LSD ( 5 % )  67 
C.V. ( % )  11.1 

Underlined values are significantly higher than the unweeded check. 

7.2.3.2.3. Mechanical hamestinq 

Verification of canbine harvesting of chickpea and lentil was done on 



farmers fields using 3 m header combine. Results of e c o d c  analysis 

were different for lentil and chickpea whereby combine harvesting was 

economical in lentil contrary to chickpea. However, results in 

chickpea are inconclusive because of high level of grain loss due to 

seed shattering because of delay in harvesting and problems in d i n e  

adjustments. 

In lentil, grain losses were 44 and 29% in manual and combine 

harvesting, respectively. Economic analysis s h d  that cost of 

production can be reduced by 27% by substituting hand labor by the 

conbine. Reducing grain loss increased income by 24%. Therefore, the 

cost benefit ratio was improved considerably although lentil yields 

this season were not economical due to the serious drought. Combine 

harvesting of lentil will be demonstrated to farmers on large scale in 

the coming year. 

Demstration plots were set on farmers fields in various agroclimatic 

zones in Wilayet Sid-Beldbbes to transfer to farmers improved 

production packages in both chickpea and lentil. 

7.2.3.3.1. Winter chickpea production package 

The winter chickpea package included new varieties (ILC 482, IU: 3279 

and Sebdou), date of planting (winter vs spring) and chemical weed 

control (Igran 3 kg a.i./ha plus Kerb 0.5 kg a.i./ha). Large 

denunstration plots were ananaged by ITCC at three sites while 

additional seeds of improved cultivars were given to progressive 

farmers to manage proctuction on their own. Of the three sites, one 



failed due to excessive drought, serious stem rot at seedling stage and 

dense poplation of wild vetch which was not controlled by the 

herbicides. Inspite of the drought, the winter chickpea package gave 

economic yields and farmers were satisfied with the crop particularly 

when many lost their spring chickpea or had low yield (average 220 

kg/ha in SM). Winter sowing of ILC 482 yielded 1060 to 1400 kg/ha 

ccmpared to the 100 to 630 k- of the spring sown local check 

('Turkish) planted locally (Table 7.2.27). Across locations, ILC 482 

yielded more than four times the local check planted in spring and wen 

26% more than Sebdou. I X  3279 did not p r f o m  well because it is 

late. Nevertheless, it yielded 694 to 950 kg/ha. Sebdou yielded 700 

to 1250 k g h .  Ascochyta blight did not develop this season due to 

drought and thus both tolerant lines ILX: 482 and ILC 3279 had no 

advantage over the susceptible local lines. 

Table 7.2.27. Qrfam demonstration plots of winter chickpea at two 
locations in Wilayet Sidi-Be1 Abbes in Algeria, 1987/88. 

season Tassalah Pilot farm Bengamra Mean 
and line Estimated* actual Estimted* actual Estimted* actual 

(kg/ha) ( k g h )  (k-1 (k-1 (k-1 (kg&) 

Winter 
iE-a'E482 1420 1400 980 1060 1200 1230 
ILC 3279 1060 950 790 694 925 822 
Sebdou 1530 1250 990 700 1260 975 

850 720 - 100 - 410 
mrkish type 770 630 - 100 - 365 
I check) 

Estimates are based on yield of 8 one-meter square quadrats 
harvested at random. 



7.2.3.3.2. Lentil production package. 

In lentil, the improved production package included three iqroved 

cultivars (Syrie 229, Balkan 755, ILL 4400). early planting, chemical 

weed control (Patoran 2 kg a. i ./ha since Haloran was not available) and 

combine harvest. It was denonstrated in three sites having different 

agroclimatic conditions. Yields were low but double of those of L.B. 

du Chili used locally (Table 7.2.28). ILL 4400 was the best yielder 

across locations, giving almost twice as m c h  yield as the local L.B. 

du Chili and 26% nore than the newly released Syrie 229. 

Algerian National Scientists and Dr. R. Solh. 

7.2.4. Other activities 

Several activities were lmdertaken in the region during the 1987/88 

season to contribute to the technical research, transfer of technology, 

develapaent of national programs through training and exchange of 

visits, coordination of research activities at national and regional 

levels, develapaent of project proposals for financing national and 

regional research work, and the assessmnt of investment in research. 

Coordination meetings were held in Septenber, 1987, in Morocco, 

Algeria and Tunisia to discuss previous years results and develop 

working plan for 1987/88 season. These meeting were attended by 

national scientists from various national institutions and 3 to 4 

ICAIIDA-PLIP scientists. 

Training was an inportant component of the 1987/88 activities. 

Beside residential and irdividual training courses at Aleppo, two 

in-country training courses were conducted. The first was a regional 



Table 2.7.28. Rrfo- of prds ing  lentil  limes in -farm dernstratim plots in Wilayet 
Sidi-eel-Abbes in  Algeria, 1987/88. 

W i e  2293 398 360 600 - 460 300 486 420 
E d l h  755 260 140 800 - 495 330 518 420 
ILL 4400 410 300 719 - 580 578 570 530 
L.B.du Chili 110 300 410 - 100 100 207 270 

1. yield estimates a t  mg.ra =re a i d e r e d  in calculating the ~ n .  
2. & t i a t a s  are based m 8 me wq. @rat3 hamsred at r&. 
3. Syric 229 is already released as an i q r d  cultivar. 

training course on experimentation in Pleknes-Morocco. Participants 

were mainly f rom Morocco (15 from INRA-Morocco and 23 f r m  WRA-MARA) . 
The course ccrobined researchers and extension agents for the first time 

in the region. 'he second course was on crossing techniques in 

Tunisia. Ihe course was attended by 11 Wisian participants and one 

PIOroccan. 

National scientists were sponsored to visit ICrmwddeppo and 

attend workshops to encourage interaction and regional cooperation. 

The coordinators of the two food legme programs in Morocco and Algeria 

and the 1- regicmal scientist visited Aleppo in late Nay for 

selectim of breeding material and discussions on research methods. 

One natio~l scientist was supported for the Mediterranean regional 

meeting on chickpea in Spain. 

To assess investment in the developrent of research work in food 

legumes in north Africa particularly in Tunisia, the IDRC team visited 

Tunisia with the regional food legume scientist and later the hom+hase 

program for future discussions. 

NRRss in North Africa, Dr. M. Solh and other FLIP Scientists. 



8.1. Increase of Genetic Variability in Until and Chickpea 

Often situations are found where the genes available within the 

cultiyens are not sufficient for a substantial further plant 

improvement. Here biotechnology offers innovative approaches to 

increase the genetic variability. In November 1987 FLIP started 

research projects in this area at ICARDA. 

8.1.1. Wide-crossing in lentil 

Wide-crossing is one possible approach to increase the genetic 

variability in lentil. In this case an ovule-embryo rescue technique 

is being used to overcome the crossability barrier between 

culinaris ssp. culinaris and L. nigricans ssp. nigricans and & 

nigricans ssp. ervoides. To develop the procedure and to select the 

w s t  promising accessions for wide-crossing imbibed seeds were deprived 

of the integument and cotyledons to siuulate the wide-cross situation 

of disturbed cotyledon developent. Ten accessions of nigricans ssp. 

nigricans and L. nigricans ssp. emides each were screened for their 

ability to develop into plantlets. Great differences were observed in 

the survival rate not only between the 2 wild species but also between 

accessions of the saue species (Fig. 8.1.1 A,B). Losses which occur 

during the first 10 days of in vitro culturing (1st observation) may be 

due to the lack of initial growth in response to the hormne 

conposition of the media. It is also likely that the losses are due to 

mechanical damage caused to the embryc during ovule deprivation of the 

integunents and cotyledons. To avoid the damage the deprivation of the 



Lens nigricans ssp. nigricans 
A 

observation loo i - lSt 
ILWL 25 

ggd 2nd 
observation 

a 3rd 
observation 

ILWL 24 

n = 13 n = 11 

Lens nigricans ssp. erwides 
B 

ILWL 134-1 

Pisure 8.1.1. Survival of drvos de~rived of intequment and cotvledon 
in two accessioni of " ni ricans ssp. ni ricans 6) and 
L. ni ricans ssp. e r v o i k  showin*range in -+ surviva rates over the ten accessions. Observations 
were taken 10 days after the removal of the integument 
and cotyledon, 3 weeks later, and 2 weeks after transfer 
to soil. 



ovules from the integuments should be conducted using a 

micromanipulator attached to a stereo-microscope. 

The second okrvation was taken 3 weeks after the first 

observation and clear differences were found in the development of the 

plantlets. While in some accessions developnt was sufficient, in 

several accessions shoot and root developnt was poor and some 

plantlets ceased further developnt and died. TO improve shoot and 

root develgment 6 different horwne ccrmpositions were used but no 

effects on developnent of the plantlets were found. 

The third observation showed the survival rate of successfully 

transferred plantlets to soil, 2 weeks after transfer. Weak plants 

with poorly developed shoots and/or roots died in spite of all efforts 

to harden the plantlets gradually. In general L, nigricans ssp. 

ervoides accessions were less susceptible and had a higher survival 

rate. 

This experiment allowed to identify wild species accessions with a 

60-65% survival rate. Host promising accessions, which have a better 

chance to survive the ovule-embryo rescue technique, are currently used 

in a wide-crossing scheme with a cultivated lentil variety (Idlib-1). 

'&e first successfully pollinated ovules of crosses between the 

cultigen and accessions of both wild subspecies are in vitro culture at 

the m n t .  The ovules are extremely facall and when the intequment has 

to be r e d  withart damilging the embryo, a micromaniplator is 

needed. Some hybrid-embryos are now regenerating into plantlets. The 

hybrid character of these progenies needs further confirmation. This 

project should be continued with highest priority. 



8.1.2. Md variation to *cove d r w  toleranee in lentil 

lhe objective of this project is to improve drought tolerance in lentil 

by mutation. The plants which are cultivated at the cell or callus 

level have an increased spontaneous mtation rate. Although this 

increased rate of mtation is a handicap to plant improvement by tissue 

culture techniques when genetic stablity is required, e.g. in haploid 

breeding, it might be useful if increased genetic variability is 

needed. A special advantage as capred with other mtation breeding 

techniques is the theoretical possibility to select for positive 

mutations at the saxe time. A prerequisite for the use of somaclonal 

variation in combination with in vitro selection is a technical 

protocol for the following: 

1. Callus induction 

2. Callus maintenance 

3. Selection for useful solpaclones 

4. Plant regeneration fran callus 

5. Demonstration that plants aquired inproved drought tolerance and 

that this new characteristic is genetically stable and heritable. 

A technical protocol for callus induction and maintenance has been 

developed. To select tissue with inproved water uptake different 

concentrations of polyethylene glycol (PEG) were added to the basic 

media using also different periods of application. It was tried to 

roake selections from callus g r m  on semi-solid media or as suspension 

culture. Up to now the results, hawever, are inconsistant and also the 

ability for regeneration was lost. Curing regeneration of untreated 

cells it was possible to produce strong shoots but subsequent root 



successful. 

8.1.3. callus inductim in chickpea 

Best callus induction was achieved when shoot apex were used as explant 

and cultivated on media suplenented with 0.1 mg Kinetin, 0.2 mg 2,4-D 

and 0.2 mg NAA. This activity was discontinued. 

8.1.4. Agrobacteriu iamefacims- a potential gar vector for chickpm 

lhis project is conducted in cooperation with the Department of Botany, 

University of Frankfurt, FRG. The objective of this project is to 

identify appropriate strains of Agrobacterium tmnefaciens which could 

be used for application of genetic engineering in chickpea improvemnt. 

Four wild strains of A. - tmefaciens (hT C58, T37, 8683 and Ach 5) are 

presently being tested at ICARDA. Wounded chickpea cotyledons ( ILC 

482) were inoculated with the bacterium suspension. lhree of them (hT 

C58, B6S3 and Ach 5) induced intensive tumor growth and seem to 

represent potential gene vectors for chickpea. The biochemical proof of 

the successful gene transfer, integration in the host genome and the 

gene expression will be obtained by Southern blotting and the nopaline 

synthetase test, respectively. Southern blotting represents a 

rxW-hybridization test which is used to prove the integration of T-I*IR 

(transferred DNA) into the target genome. The nopaline synthetase test 

shows if the successfully integrated T-DNA is actively expressed in the 

host genome. These tests will be done at the University of Frankfurt. 

To improve the s-tissue-culture approach of plant transformation 

germinating embryos instead of wounded cotyledons will be used in 

future experiments to reduce the probability of undesirable somaclonal 

variation during plant regeneration. 



lhis project is conducted in coopration with the Department of Botany, 

University of Frankfurt, FRG. RFLP is a molecular technique to 

prepare "fingerprints" from the hole genoma of a plant which is unique 

to the respective genotype. These "fingerprints" can be correlated 

with traits of agronomical value by a computerized linkage-analysis. 

Data can be used to nap qualitative and quantitative traits on the crop 

g e n m  and could expedite the recovery of phenotypical undetectable 

genetic traits of desirable, recurrent parent alleles (in F 2 

generation) and thus reduce the length of breeding programs and make 

them more efficient. Plant material of 15 selected genotypes each of 

lentil, chickpea and barley are planted and will be analyzed at the 

University of Frankfurt, FRG by a newly developed set of m marker 

probes. 

Dr. F. Weigand. 



Training and networking activities aim at strengthening National 

Agricultural Research Systems (m). Ihe objective is to enhance the 

technical capability in food legme research in the NRRs and strengthen 

networking. Table 9.1.1. swamrises the training activities during 

1988. A total of 170 participants received training on various aspects 

of improvement of lentil, faba bean, and kabuli chickpea. 

Table 9.1.1. Slmm~ary of training courses in 1988. 

Type of training and topics No. of NO. of countries 
participants represented 

Training courses at Aleppo 

1. Group courses 41 
1 .l. Residential 
1.2. Insect control 
1.3. Disease methodologies 
1.4. Lentil harvest mechanization 

2. Individual non-degree 
2.1. Hicrobiology 
2.2. Agronomy 
2.3. mta~ology 
2.4. Pathology 
2.5. Data processing 
2.6. Hechanization 

3. Individual degree 
3.1. Orobanche control 
3.2. Guality 
3.3. Breeding 
3.4. Agrooomy 
3.5. Physiology 

In-country training courses 101 6 
1. Crossing techniques ihnisia) 
2. Hybridization techniques (Turkey) 
3. Legume Improvement (PIMCIANDIND, Ecuador and Colombia) 
4. Field experinentation (Mrocco) 
5. On-farn trials (Ethiopia) 



Ihe annual food legume improvement course, which covers m i n  part of 

the cropping season, was attended by 14 participants from 9 countries 

(Table 9.1.2). fie course focused on iroparting research skills for 

field and laboratory work in crop improvement. The participants worked 

with a mltidisciplinary team of l e w  scientists. They were also 

exposed to the system approach in crop improvement research. 

CoplerPntary topics such as analysis of data, interpretation, and 

report writing were covered. 

Evaluation of the trainees and the course was consolidated during 

1988 to include the testing before and after the course as also the 

continuous evaluation of various activities during the course. The 

outcome was highly encouraging showing a clear gain in the knowledge 

base of trainees. 

9.1.2. mtil harvest d z a t h n  

Ihe third Lentil Harvest Mechanization course was held at I-, 

Aleppo, from 4-12 May, 1988 with funding from the International 

Developrent Research Center (IDRC) and co-sponsorship with the Faculty 

of Agriculture. University of Jordan. Eight trainees (B.Sc. level) 

frcm five countries attended the course. Ihe program covered both the 

theory and practice of lentil harvest mechanization from the 

standpoints of plant breeding, agronany, economics, and farm machinery. 

Ihe course thus tackled the problem in an integrated m e r .  We intend 

to do a follow-up so that the trainees upon return will undertake their 



Table 9.1.2. Participation in group training in the Fwd L e v  Improvement Program 
1988. 

-~ - 

lype of Training mration Name of the No.of 
participating participants 
countries 

A. Residential 
rood legume improvement 3.5 m t h s  Algeria, Bangladesh, 14 

China, ggypt, Sudan, 
Syria, Turkey, Mexico, 
Colombia 

8. Short courses 
Disease uethodologies 20.3.-7.4.88 mrocm, mxico, 8 

Syria, Tvnisia, 
mrkey 

Insect control 24.4.-30.4.88 Algeria, China, Ethiwia. 11 

nmisia, Turkey, Pakistan 
3.5.-12.5.88 Jordan, Hormo, Syria, 8 

nmisia, Turkey 

C. In-Country Training Courses 
Hybridization techniques 4-17.4.88 Tvnisia 

Hybridization techniques 10-14.5.88 Turkey 11 

The First Internatid 
Course for the Prodllction 
of Faba Beans. Lentils 
sweet Peas and Chickpas 
in the M a n  region 9-20.5.88 Colabia, Ecuador 11 

Field experimntation 6-12.3.88 N~rocco, nmisia 44 

Fwd leguue a f a m  5-14.9.88 Ethiopia 
trials methods 3-7.10.88 

own trials on mechanization in an effort to m e  the technology to the 

fields of their farmers. 

9.1.3. Insect control 

Food legume crops in West Asia and North Africa are attacked by many 

insect pests which may affect the productivity and stability of the 

crops. TO strengthen the research capabilities of national research 



programs in this area we conducted a training course on "Insect Control 

in Food Legumes" during April 24-30, 1988 at Rleppo. The course was 

attended by 11 participants from 9 countries having B.SC. and M.Sc. 

level background. Assessment of insect infestation and damage, 

sampling and monitoring of insect populations, screening for host plant 

resistance, use of pesticides, collection of insects, and application 

of biological control were the topics covered in a series of class-room 

and field lectures. This course, which is the first in a series, will 

be followed by others including also topics such as planning of 

experiments, data collection, evaluation and reporting. 

Disease problems in food legume crops result in high yield losses in 

un\NA region. To strengthen the research capabilities of NARS 

scientists in methods of integrated control of diseases a course was 

conducted during March 20 - April 7, 1988. The course was attended by 

14 participants (B.Sc. and M.Sc.) from 9 countries. The participants 

were trained in identification of major diseases of faba bean, lentil, 

and kabuli chickpea; propagation of pathogens for artificial 

inoculation; inoculation in fields; use of disease scales; and use of 

integrated control methods. C o m m  rating scales and monitoring 

proceedings are a pre-requisite for effective networking. The training 

would assist in strengthening the recently developed disease network. 

9.1.5. Eybridizatim tedmi-s in-uuntry causes  in W k e y  and 

Rnisia 

National program are now becoming increasingly interested in 



initiating their own varietal improvement program by undertaking 

crossing at their own station. Courses were therefore held at 

Diyarbakir, 'Turkey, and Tunis, misia, during 4-17 April and 10-14 

my, 1988, respectively. The course in Turkey was attended by 11 

technicians who practiced the skill of successfully crossing lentil and 

chickpea flowers. In Tunis, 13 technicians participated and were able 

to attain good success in crossing in each of faba bean, lentil and 

chickpea. In both countries the national breeders participated along 

with ICARoA breeders as instructors. 

9.1.6. h-farr trials -cqies in-camtry carrse - ~thiapia 

&farm evaluation of cultivars and prcduction practices is a 

pre-requisite for their acceptance by the fanners. Hence FLIP conducts 

on-farm trial wthcdologies courses for NARS. During 1988, the course 

was ronducted at Holetta. Ethiopia for the Highland Pulses Team of 

Ethiopia in collaboration with the Institute of Agricultural Research 

(W) .  

The course was conducted in two phases (Phase I: Septeuber 5-14; 

Phase 11: October 3-7). 1t was attended by 11 trainees working on 

legume research at various research stations of IAR, Debre zeit of 

Nemya University, and extension unit of IAR. 'rhe participants were 

inst~cted by 12 senior scientists frmn IAR and 1- on: rationale 

for and types of on-farm trials, their planning and implenentation, and 

data collection and analysis. This was coqlemnted with field visits 

to on-farm trials being conducted as a part of the Nile valley Project 

on faba bean. 



The course was conducted in Meknes, Morocco, during 6-12 March, 1988, 

to improve the capabilities of field staff involved in the conduct of 

field experiwntation. Besides cwering the aspects of design, layout, 

data collection and data analysis of experiments it also covered ways 

of handling international and regional nurseries. 

Forty four technicians from Morocco and Tunisia attended the 

course. The mix of extension and research staff allowed exchange of 

ideas on ratters related to trials on fanners' fields. This was 

augmnted by visits to fanners' fields, on-farm trials, and Douyat 

Research Station. Instruction in the course was rainly done by 

Moroccan scientists from INRA and IN4 University at Meknes, along with 

three 1- scientists. 

9.1.8. Intematimal earrse m p-u~ of foal 1- in the Andsan 

region - Colabia and auador 

FLIP collaborated with the PKZIANDIM (Prograrna Cooperative de 

Investigacion Agcicola para la Subregion Andina) in conducting the 

"First International Training Course for the Production of Faba Beans, 

Lentils, Sweet Peas, and Chickpeas in the Andean Region" during May 

9-20 at mito, Ecuador, and Pasto, Coldia. In addition to 

participation in the coduct of the course, FLIP scientists (the 

training scientist and the international nursery officer) discussed 

with the teams from the Andean countries their future training needs 

and the ways in which networking in PKZIANDIM could be supported. 



The course covered general aspects of crop imprwenent research on 

food legumes in the Andean countries (Colombia, Ecuador, Peru, Bolivia, 

and Venezuela), and the relevance of research at 1- for the Andean 

region. This was done through lectures and discussion sessions. l% 

eleven course participants and the country coordinators arrived at a 

formula whereby each country was assigned the responsibility of 

undertaking research on a specific problem c-n in the region. This 

was done on the basis of availability of trained nanpwer and 

resources. 

Training opportunities on individual basis were offered to NRRS as per 

the specific needs identified by them. Skills cwered and duration of 

training are listed in Table 9.1.3. The syllabi were tailored to suit 

the capability and needs of the individuals. 

9.3. w e e  Training 

Under the Graduate Research Training Program (GRTPI and scholarships 

f r m  specific donors, 7 students joined FLIP during 1988 and conducted 

thesis research in partial fulfilnent of the requirements for Diploma/ 

n.Sc. ( 6 )  and Ph.D. (1) degrees (Table 9.1.4). In addition eight 

students, who joined the program in 1987, continued with their thesis 

research during 1988 (Table 9.1.4). Two of these students completed 

their ph.D. degree by their universities. In line with 1- policy 

the supenrisors of the students visited FLIP to discuss the progress of 

thesis reE.earch. 



Table 9.1.3. Participation in the individual non-degree training 1988. 

mpic Names of the participants country mration 

microbiology Mohamed Abdalla El-Rhadir 
Mufeeda Ismail 
Getnet Desalegne 
Mohamed Labidi 

mtomology Hassan Houbbo 
Nabile Kaya 
Ulku naykir 
m r  zeghouane 
Samir Tchoketch 
Alem Kebede 
Abdel naraid Fattouh 
Nuhad Eathaul 
Khalid P(ahmoud 
Hussam El Din Ibrahim 
Hala Rida 

Breeding Getachew Fisseha Mengistu 

mchanization Suleinan Atia Al-Ghabiet 
Yassin Mha6med Al-Najar 
Issa Bashies 

Physiology 6 Million Eshete 
ng='=ncmy 

MKOCCO 
Syria 
Ethiopia 
Tunisia 

Syria 
mrkey 
mrkey 
Algeria 
Algeria 
Ethiopia 
Syria 
Syria 
syria 
Syria 
Syria 

Ethiopia 

Sudan 

Syria 
syria 
Syria 

Ethiopia 

9.4.1. West Asian Smimr m fmd 1- 

A West Asian Seminar on food legume was conducted jointly with the 

Directorate of Scientific Agriculture Research, Ministry of 

Agriculture, Syrn. during May 2-5 at Aleppo. Ihe main objective was to 

encourage interaction between the food legum researchers within West 

Asia and get feed-back on research and training needs. Scientists from 

Cyprus, Iraq, Jordan, Lebanon, Syria and Turkey were invited. 



Table 9.1.4. Participation in individual degree training 1988. 

Name 

Registered in 1988: 

Gerold Wynval 
Petra Engelhard 
Christine Vorlander 
Doris Vetterlein 
Andreas Gross 
El Nour Atdul Majid 
Christopher Hall 

Degree Registered in meation 
University Country 

M.Sc. Hohenheim Genaany 22.1.88-22.5.88 
M.Sc. Hohenheim Genaany 5.2.88-30.7.88 
M.Sc. Gies6en Germany 5.2.88-30.7.88 
M.Sc. Hohenheim Gernany 11.2.88-15.7.88 
P~.D. Hohenheim 2 years 
M.Sc. Khartoum 30.10.87-30.10.88 
M.Sc. Reading England 4.5.88-2.6.88 

Registration continuing f r m  1987: 

Ghada Hanti 
Stefan Schlingloff 
'&mas eambach 
&in Weber 
TheodDr Friedrich* 
Ahmd Hamdi* 
Nidal Naneesh 
Bashir Ahmed Malik 
M O M  El-Bashir 
Ahsanul Haq 

M.Sc. Aleppo 
Ph.D. Giessen 
Ph.D. Hohenheim 
Ph.D. Hohenheim 
Ph.D. Gottingen 
Ph.D. hlrham 
M.Sc. Jordan 
Ph.D. Wid-I-ham 
M.Sc. Khartoum 
Ph.D. m j a b  

Syria 
*-Y 
"-Y 
Ge-Y 
--Y 
U.K. 
Jordan 
Pakistan 
Sudan 
Pakistan 

2 Years 
2 Years 
3 Years 
3 Years 
3 Years 
3 Years 
2 Years 
2 Years 
2 Years 
3 Years 

* Degree awarded during 1988. 

Scientists from China, Prance and Wland visiting the Program also 

attended the Seminar. 

A sllnmary of food legume research efforts was presented by the 

scientists from the participating countries and ICARDA. In addition, 

the meeting discussed and f o d a t e d  strategies for strengthening the 

future collaborative activities. 



9.4.2. mr- an th? mle of in th? Farming Systms of 

Pkditerraran meas 

As planned in the mop supported project on 'Transfer of Technologies' 

being jointly executed with the PFLP, we organized the third and the 

last Workshop of the project in Tunis, Tunisia, 20-24 June 1988, to 

review the research on the role of food and forage legumes in the 

fanning systems in dry areas with Rediterrmean type of climate. 

Twenty three scientists from national programs, seven resource 

scientists from industrialised countries and 11 1- scientists 

participated in the Workshop. Data generated on the subject were 

critically rwiewed and recammndations for future m r k  were developed. 

Ihe Proceedings of the Workshop will be prblished. 

NAFS, Dr. H. Ibrahim and other RIP scientists. 
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