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This report was written and compiled by program scientists and 
represents a working document of ICARDA. Its primary objective is to 
communicate the season's research results quickly to fellow scientists, 
particularly those within West Asia and North Africa, with whom 
ICARDA has close collaboration. Owing to the tight production 
deadlines, editing of the report was kept to a minimum. 
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Sustainable increases in the prmiuctivity of rainfed 
fann&q ~ysteim in the West Asia and Nxth  Africa (WiX4) 
region require judicious inccapnatim of ocol-seasan 
1- in the cereal ckmimted q i n g  amnun in  the 
regjm. ?his necessitates developnent of 1- cultivars 
that are not only high yielding ht are also able to 
withstand streasea hpsed by emimmmnt ~dmight, cold 
and heat) and biological factors (diseases, insect-pests , 
parasitic weeds, etc). The diverse cropping system in 
which they have to be incoqxmted in cliff-t 
agroecologiwl zmea in WiX4, and other parts of the 
developing mid, inpose specific deMnds cm the phenology 
and the adaptatim to emhmwnts in the cultivars to be 
dzwelaped. 

The objective of the 1- hpmwmnt work of the 
Gemplam Program at  1- is to develap a range of 
cultivar of different -1-seasan a& 1- species, 
adapted to specific niches in the cropping systeim, 
thmigh co3perative research with national pro3rams. 

Research and training activities &ring the 1994/95 s e a m  - continueA with this objective and covered such legme 
species as vetches and chickling (grasspea) amolgst annual 
forage legumes, and bhli chi-, lentil, f aba kan  anl 

d r y p e a ~ ~ f ~ l e g u m e s .  

Research m kabili chickpea waa partly e r t e d  by 
and jointly dme with I n t e r n a t i d  aopS R e d  
Institute for the Semi-Arid Tropics (ICUSKT) . R e d  

onfabakanwaadcmelMirilythtnghthenaticmalprcgams 
participating in the faba bean r e d  netwrks operating 
in China, the Nile Valley and hlorth Africa. c&hm&e 
research w a  &ne in wllatoraticm w i t h  the University of 
Wmheim,  Gemany. Work as7 mtcdes was ckme with the 



Institute of Zgriculhnal Bhatolcgy, Bari, Italy. 
mlecular-maker w x k  was dcne in coll&oratim with the 
University of Frankfurt, Germarry and State 
University, Pullnrm, USA. Linkages were also forged with 
the amperative R e e a r &  Centre for Ieguwa in 
Mediterrarem psriculture (CLDPL), Western Austrdlia. 

a U r r e s e a r c h d u a s r n a i n l y c e n t e r e d a t T e l ~  
si te  of ICWUEL, ht gccd use uas also lMde of other 
subsites in Syria (Breda and Jindiress) and Lebmm 
(Wardan and Tkrk~l). Genemth advanoement of lentil 

lkbl. Research stations of several mticmal .pngram 
w=re used, jointly w i t h  naticml scientists, for reeearch 
m developing hee3h-g mterial with specific resistance 
to  m key biotic and abiotic stresea becaslse of the 
presence of ideal a a e n i q  c a d i t i a m  thse. lk procees 
of decentralizaticm of cxcp hpmvmmt wrk was cmtinued 
with the help of approForiate nathmal prcgam d the 
I n t e r n a t i d  Testhg Prqlram was further targetted 
to m f i c  ccnditicas to better met the c b n g h g  needs 

h of NARSs. 

T k ~ t h e r a o h d i t i c n s ~ t k e s e a s c n a t B r e d a ,  
Tel Hadya, Jindiress, Terko1 and Kfardm are depicted in 
Secticn 11. The lcng-term precipitatim at these 
sites is 280, 328, 470, 600 and 380 mn. Ib-ing 1993/94 
the total seasonal precipitatia at  the f i rs t  faur 
l o c a t h  was 290.4, 373.3, 5337 a d  475 mn, respectively. 
'Ihus the m a l l  at  the sites in Syria was atow lag- 
tenn average while at  'krbl, it was belaw long-ten 
averxp. The win te r ,  in general, was mild, dni& 
prevented g@ scmmhg for mld tolerance. ?he 
tenpmt- a t  all the sites were abmmlly high in mid- 
, with large difference in day d night 
tmpratures. This adversely affected the repmiwtive 
phase of lentil and d forage 1-6. Becam of 



extended wt perid w i t h  t ~ t m  axxiwive for 
disease develqmnt, chickpa cxcp in seveal parts of 
Syria was severely affected by Asoochyta blight. These 
mther ccnditicns m t t e d  gmd smeenkg of chickpa 
rnaterial for resistance to Aea&yta blight. 

DJI%XJ the seasm m staff c x c u n d .  ?he 

Chickpa Patholcgiat, the Visiting Scientist in Q ~ J  

Physiology f m  ImW and the Visiting Scientist in 
Qlickpa left the FTcqam at the end of their 
tenure by Auguwt/Sept 1994. ?he time inplt of L&gms 
Entcmlcgiat was redxed to half for persca7al reascns. 

?he Cereals Tmhhg Scientist started do* the 
coordinatim wxk cn 1- as ell. The 

Virologist mrrved fmn QUl to the Gemplasm Progrmn a l q  
w i t h  his w r t  staff. Dr. Wafa Clvxmane of Tishreen 
lhiversity joined the biotedrmlogy grcrup as a Visit- 
Scientist. &I major chaqs m a r i d  in the - staff 
of the gmup. 

Results of the work &me durirg the 1993/94 eeascn 
are presented in this volm.  Also, the trainiq and 
netwrkiq activities and the plblicaticns of the Pxgram 
have been listed. bkch of the wxk m e d  here has been 
dase in collaboration with the naticnal programs in WWA, 

to w h n  vJe are indebted. - M.C. -. 



The Mi chi* i w t  is a joint program with 
ImW, India. The main objective of the p r q c a m  is to 
increase and stabilize Mi chickpea prcducticm in the 
developing mid. Of the five main regicms where chickpea 
is gnmn, the Mediterranean region and Latin -ica 
p r d x e  m l y  kabuli-type chickpea. Five to ten percent 
o f t h e a r e a i n t h e o t h e r t h r e e m a i n ~ i o n ~ ~ ~ l ~  
(Irdian subccoltinent, East Mrica and Australia) is also 

devoted to the w i m  of the kabuli type. Kabuli 
chickpa is also gram in high elevatim areas (>I000 m 
elevation) in West Asia, especially in  l'bkey, Iraq, Ian, 
and Afghanistan; and in thentlas mxnntains of theNcarth 
Africa. 

Rscochyta blight and w i l t  are the tw mjor diseases 
of chic2lqxa. M miner in the wterranean region and 
@ knrer in other regions are mjor jnsect pests. 
Dxmght is the major abiotic stress thnx@~& the 
chi- grcwkg areas and cold amm~s inpxtance in 
Mediterranean e m k m ~ ~ ~ t s  and the tenperate regim 
especially v h n  intrddng winter planting. Kahili 
chickpa is tmixiLy grwn as a rainfed ~ 9 p  in the wheat- 
basedfarmingsysteminareasreceivingbetvRen35Omnand 
600 mn annual ?.ahfall in the West Asia and Ncarth Africa 
(WiWd region. In Bgypt and Sudan and parts of South 
Asia, West Asia and Central America, the crcp is grown 
w i t h  m l e m e n t a l  irrigation. 

In West Asia and North Africa, Urnere the nop is 
currently spring--, yield can ke ed 
ahtant ia l ly  by advancing e m h g  date frun spring to  
early winter. With the intnduction of w i n t e r  slclwirg the 
chic2lqxa cultivatim can ke ext- to 1- rainfall 
regions, to  as law as 300 mn. Inmeas- plant density 
and reducing row width can also increase yield 



significantly, especially d x i q  winter ackying. W i n t e r  
sewing allows the ~ o p  to be =ed by machine. Major 
efforts are undeMay to stabilize chickpa prductivity by 

breedhg cultivars resistant to v a r i w  stresses, such as 
diseases (amzdyta bligl-t and M u m  w i l t ) ,  insect 
pests (leaf miner ) ,  paasites (cyst nematcde) , and 
mid stresses ( a y  cold and dxqht) . Exploitaticn 
of wild Cicer species for transfer of genes for 
resistancey to different stresses is arwther area 
receiving high research priority at the Center. tNA 

f h q e q d n t b  in As- rabiei is k e i q  plrsued with 
great pmnise. 

wing 1994, several d l a h r a t i v e  projects mtiroled 
to operate. In the pmject "Develapnent of chickpa 
gerqlasm with d i n e d  resistance to asschyta blight and 
fbarim w i l t  us- wild and cultinted species", four 
Italian instituticms collabrated w i t h  I(TLRDA. The 
saeeh-q for cyst m t c d e  was carried out in associaticn 
w i t h  the Istituto di Nsmtologia Pgraria, C.N.R., Bari, 
Italy. Fusarim w i l t  resistance smeenhg was &me in 
associatian with the Institut de l a  Recherche Agrmanigue 
de Tunisie (IFWT), W s i a  and the -to de 
Patol- Vegetal, Qxdd~~, S p i n .  S g for 
toleance to cold was &m in coaperaticol with 
agricultural research institutes in Turkey. The 
University of Saskatchewan, Canada is collaboratiq in 
studies of genetic diversity in katul i  chickpa. Studies 
an d m  of dxqht a d  cold toleance and aspects of 
biological nitmqen fixaticn are being m e d  in 
collabratian w i t h  INRA, MxQellier, manCe. Studies cn 
application of restrictim fragment length p l ~ m  
(RFLP) in characterizing chickpa gemtyps  and Asoochyta 
rabiei isolates are carried out in collatoaticn w i t h  the 
University of Frankfua, Gsmmy. 



mjor objectives of the bredkg are (1) to praiuce 
cultivars and genetic stoclcs w i t h  high arxi stable yield 
and to develop segregating populaticns and materials to 
sqpxt  Naticmal ?qicultd Research System (MLRSe) and 
(2) to ccm&ct strategic research cm metkcblogies to 
iqmve gerqlasm. Specific objectives in the develqmnt 
of inpmved -laan for different regicns are: 

1. -: (a) winter e m i q  (30% of 
resources) : resistance to asm&yta blight, tolerance 
to cold, suitability for machine harvesting, medim to 
la.rge seed size; (b) spring s c d q  (30% of msumxs) : 
cold tolerance at seedling stage, resistance to 
asadqta blight and £usatim wilt, tolerance of 
drought and early maturity, m4i.m to large seed size; 

2. Icdiia mtamthnt and East Africa (20% of 
resources): resist- to ascochyta blight d o r  
fusarium wilt, dnmght tolerance, early mturity, 
amdl to medium seed size, respcnse to su@mtal 
irrigaticn; 

3. -: resistance to 
£usariwn wilt, root rot and virus diseases, large seed 
size; 

4 .  Hi & elevaticm areas (15% of ~ s L :  qrbq 
sewing, cold tolerance at seedling stage, resistawe 
to ascochyta blight, t emljnal clmlght tolerance, early 
maturity, and medim to large seed size. K.B. Sit#. 



kriq 1994, 13,874 chickpa entries were shipped to MLRS 
in 338 sets tha@ internatid mmeries and special 
requests f o r  tueeding 1- to 42 axntries. Eighty-ei@t 
prcmt of the in-tiad trials and nurseries wsre 
furnished to developing countries and the remhhq 12% to 

t i a l i z e d  countries (Table 2 .l. 1) . ?he nurseries 
were in demand from a l l  the six mtinents from Chile to 
China and from Canada to Australia-New ZBaland. Despite 
aur -t to naticmal propam to accept mxe 
segregat- and m i n g  block mterials, the demand for 
the finished material is hcxeaing, suggesting that 
k u e c k s  have f d  I ~ - I ~  chickpa lines useful 
f o r  their direct exploitatim. 'Ihe kabuli-chickpa 
net& is A1 established ainmg chickpa scientists. 
K.B. S ,  R.S. mtra aad M.C. -. 

2.1.1.2. (h-farm t r ia l6 in Syria 

chickpa lines (FLIP 86-5C and FLIP 86-6C) were 
selected by the Directorate of Pgriculture and S c i e n t i f i c  
R e s e a r c h  (DASR), Ministry of Pqriculture and kgxdan 
Refonn, from the I-ICRISAT in ternat id  trials and 

waluated in researcher-managed an-fann trials 
throqbxt Syria f r a n  1991/1992 to 1993/94 (Table 2.1.2) . 
The tvm new entries were resistant/ tolerant to cold and 
ascochyta blight except in mrth-east- Syria. Both 
pm3uced marginally 1- yields than the tvm checks, Qlab 
1 and- 3 .  Rwaer, the t w n e w e n t r i e s  excelledthe 
checks i n  tw key characters. Both FLIP 86-5C and FLIP 
86-6C have 50% lazger seed s ize ,  an attribute in great 
d d  in the WANA regicm. Both the IEW 



Table 2 .l.l. MnJzr of entries furnished in the £om of 
internatid yield trials and specific 
tiuraeriea in 1994. 

-try T r i a l . B m 5 d i n g m  
No. of sets of W. of lines entries 
trial/nursezy 

Afghmistan 1 
Algeria 10 
Australia 10 
Bangladesh 2 
h t a n  1 
Bulgaria 2 
Canada 4 
Chile 3 
China 3 
Coldia 3 
CYP- 1 
E3YPt 10 
Ethiopia 16 
Fance 4 
India 27 
Iran 13 
Iraq 9 
Italy 17 
Jordan 4 
Kuwait - 
L e h n l  7 
Libya 2 
Mexim 3 
Moms 17 
war-r 17 
NevvZedland 8 
anan 1 
Pakistan 13 
Peru 2 
Poland - 

7 
Saudi Arabia 3 
Slovakia 1 
spain 2 
Sudan 5 
Syria 44 
Thailand 3 
W s i a  18 
Turks. 
U.K. 

entries 

U.S.A. 1 51 9 60 
Total 338 12,719 1145 13,874 



Table 2.1.2. Seed yield (@/ha) of chi- entries in the cm-fan triaLs ardmtd joint ly w i t h  the Directcaate 
of &ridhue Scient i f ic  Research, Syria and 1- dw5.q t h  years 1991/92, 1992/93, 1993/94. 

mtrY Sw3 vield  an 100-see$ plantd  ray^ tod m tod proteine -d 4 
1991/92~ 1992/93~ 1993/94= weight height £1- maturity ontent blight saxe 

(g) (an) (Z) sOCne 

FLIP 86-5C 2084 20U 1287 1793 41 55 115 158 18.3 6 3 
E'LIP 86-6C 1977 2012 1323 1767 38 54 112 156 17.9 6 3 
FLIP 84-152 - 2146 1l29 1636 42 49 ll1 157 17.8 7 3 W 
-1 1925 2201 1318 1809 28 42 106 151 17.5 7 4 
Qlab 3 1931 2054 1525 1832 27 48 111 153 17.8 5 3 - - - - - - . 
locath m?drl 1980 2085 1316 35 49 111 155 17.86 
S.E. of msan 45.6 40.9 78.7 0.5 0.3 0.2 0.2 0.1 
m at 0.05 131.0 160.6 309.1 2.0 1.4 1.0 0.8 0.4 
C.V. (5 )  8.3 2.7 8.4 2.0 1.0 0.3 0.2 0.9 

a/ Man of l3 loca t iam 
b/ tkm of 4 loca t ims  
c/ Pkan of 14 locatiam 
d/ mta w=re collected &riq 1993/94 cm 1-9 scale, vike?x 1- m dzmqe, 9= ccnplete kill. 
e/ B t a  collected in Tel Ikdya c h i q  1992/93cn 1-9 soale, W 1= no damg=, 9= ocnplete kill. 



cultivars have t a l l  grawth habit and thus are suitable for 
carbine harvest, inpcntant for large scale -on of 
winter chi-. Based m large seed size ard tall 
s t a m ,  IYLSR has identified FLIP 86-5C for release as a 
canercia1 cdtivar in Syia.  

The I(ZLWA-ICWST Ka!mli Chi- Project was 
involved in the amciuct of on-fann trials in many other 
comt?iies incllldixg Algeria, Iraq, Jcndan, LebaIKm, 
M n - a x ~ ,  Tunisia, and -. The degree of our 
involwmnt varied fran carp?lete associaticol (e.g. 
Lebmcm) to  c d y  prwidirg advice (e.g. Turkey) . Results 
have been emmnghg as &mmatated by a large mmkr of 
releases of cdtivars and their adoptim by fannzra. 
NAWs &tist8 and K.B. m. 

Forty lines have keen ck%en by 14 NWSs d u r i q  1994 f m  
the IaRDl/I(RIW i n t e r n a t i d  trials for the pre- 
release rmltiplication and cm-fann testirg (Table 2.1.3) . 
Haever, we do not have yet the full i n f m t i m .  The new 
lines have resistance to ascochyta blight and tolerance of 
cold. They have large seed size, thus met 

-. If grown in winter, they attain a 
~ h e i g h t o f 4 O c m a n d c a n k h a r v e s t e d b y ~ .  
Seeds of sane of the pmnising lines are kirg miltiplied 
a t  ICA17DA to mt ptential  initial caemand of NARSs. K.B. 

S ,  R.S. bPillrotra atd M.C. Saxena. 



W 1.1.3. Chidpa lines identified for p-rel- dtiplicatio,  Hid 
m-fm teetirg fy  - in -t -. 

-trv Linee 

Af- FLIP 82-4C. FtrP 62-9C. FLIP 82-16C. FLIP 82-2M: 
m m  5 I P  83-492, 5 I P  83-71C. FLIP &P-1092, PZlP 84-145C KIP &IT 
rn FLIP 85-10C 
l%m FLIP 80-3M) 
Pranz FLIP 84-18BC 
I W  FLIP 86-6C. FIJP 88-85. 
ir- FLIP 84-m. FLIP 05-32 
Ipbarm FLIP 82-150C. FLIP 88-8% 
LibVa FLIP 84-79C. FLIP 84-93C, FLIP 84-144C 
Mwim FLIP 81-2932 
mrccsn FLIP 83-4BC. FLIP 84-79'2, FLIP 84-14%. FLIP 04-182C 
Wia FLIP 86-5c 
W s i a  FLIP 83-47C 
rn FLIP 81-70C. FLIP 82-74C. PLIP 82-161C. FLIP 82-269C. FLIP 83- 

31C. FLsIP 83-41C. ELIP 83-47C. FLIP 83-77C. FLIP 04-792, FLIP85- 
13C. FLIP 85-15C. 87AK 71112. 

1994, four cultivars were released by tvm 
-tries. Turkey released 'Wmla' (FLIP 85-7c) and 
'Azizyie' (FLIP 84-15C) and USA released 'Mley' 
(Surutato x FLIP 85-580 and ' S a n f d '  (Surutato x FLIP 
85-58C) (Table 2.1.4) . 

MIRSs in 20 -tries have released over the h t i m  
of this project 56 lines as cultivara f m  mterial 
furniahd f m  ICARDA (Table 2.1.4) . Forty-three of them 
have been released for winter 6wh-g in the Wterranean 
reqim, nine for spring swing incl* four in China, 
tm for winter  swing in rrore smtherly latitudes for 
swing w i t h  irrigatim, and cne each in Qmn and Pakistan. 
W i t h  these releases chickpa cultivars bred at the Center 
have been released in all the f a r  major reqions of 
chickpea prcdctim. Scieptht, K.B. Sh@h, R.S. 
mtra a d  M.C. Sax-. 



Table 2.1.4. Kabuli chiclq?ea cultivars released by national 
P-sr==. 

Country Cultivars Year of Specific feat- 
released released 

Algeria ILC 482 1988 High yield, blight res. 
ILC 3279 1988 Tall, blight res. 
FLIP 84-790 1991 Cold, blight res. 
FLIP 84-92C 1991 Blight res. 

China ILC 202 1988 Tall, for G M  pr. 
ILC 411 1988 High yield, for Ginghai pr. 
FLIP 81-71C 1993 High yield 
FLIP 81-40C 1993 High yield 

Qpms Yial- 1984 Tall, blight res. 
Kwenia 1987 Lame seeds 

WfPt 1k 195 
France TS1009 

TS1502 
RoYe- 

Iraq IIC 482 
ILC 3279 

Italy Califfo 
Sultan0 

Jordan Jubeiha 2 
Jubeiha 3 

Lebanon Janta 2 
FLIP 85-5C 

Libya ILC 484 
Morccco ILC 195 

ILC 482 
muyet 
Rizki 

CXml ILC 237 
Pakistan Ncor 91 
Portugal Elm3 

mvar 
spain Fardan 

Zegri 
Al- 
Alcazaba 
Atalaya 

Sudan shendi 
Jeb el M a - a  

Syria G l l a b l  
Gllab2 
G k b 3  

d~ - - - ~ - -  

Blight, wilt res. 
Blight res. 
Blight res. 
Cold, blight res. 
Blight res. , high yield 
Tall, blight res . 
Tall, blight res. 
Tall, blight res. 
High yield, blight IES. 
High yield, blight res. 
High yield, wide adaptation 
Green seed mmmnption 
High yield, blight res. 
Tall, blight res. 
High yield, blight res. 
Laye  seed, blight res. 
h q e  seed, blight res. 
High yield, irrigated ad. 
High yield, blight res. 
Blight res. 
Blight res. 
Tall, blight res. 
Mid-tall, blight res. 
Tall, blight res. 
Tall, blight res. 
Mid-tall, blight res. 
High yield, irrigated and. 
Resistant to heat and wilt 
High yield, blight res. 
Tall, blight res. 
High yield, cold & blight res . 



W s i a  Chetoui 1986 Tall, blight res. 
Kassab 1986 Large seeds, blight res. 
Andounl 1986 Large seeds, wilt res. 
FLIP 84-79C 1991 Blight, cold res. 
FLIP 84-92C 1991 Large seed, blight res. 

Turkey ILC 195 1986 Tall, blight res. 
Guney Sarisi 482 1986 Kigh yield, blight res. 
Damla 89 1994 Blightres. 
Aziziye 1994 Blight-. 
Akcin 1991 Tall, blight res. 
Aydin 92 1992 Large seed, blight res. 

92 1992 Large seed, blight res. 
Izmir 92 1992 Large seed, blight res. 

USA Sanford 1994 Large seed, blight res. 
IXIRlley 1994 Large seed, blight res. 

2.1.2. for Stress Tolerance 

2.1.2.1. Wilt resistance in chickpa 

Diseases are the mjor constraints to chi- (Cicer 
arietimm L. m i o n .  A m q  the 50 diseases reported, 
£usariun wilt *ced by Fusarim oxyqmm Schlecht. 
d. Sm/d.  & Hans. f.sp. ciceri (Padwick) Sm/d.  & Wans. 

is the d rmst inprtant disease mlciwide. In m, 
it is prevalent in parts of North Africa and in the Nile 
Valley. F. myqmnm f . sp. ciceri is b t h  soil-borne 
and seed transmitted. It can w i v e  in the soil for lorg 
perid. Incadurn in infected seed can be eradicated by 
seed dresskg with fmqicide. The nost practical and 
emnmical method for the cuntrol of fuwriun wilt is the 
use of resistant cultivars. Accodirgly, resistance 
breedkg has h o n e  of the main objectives in chi- 
inpmwmmt. In this effort, the mjor complication 
arises from the presence of different races of the 
patkgen. Seven races of the pa-en have been rep3rted. 
Therefore, mre efforts are needed to increase the 
effectiveness and stability b mdiq mterid for disease 



resistance. 

S m e n b g  in the field mat be ccmA~&ed in a wilt- 
sick plot. Dwelqnw~t of wilt-sick plot iwolve~ g r m h q  
a highly susceptible cultivar after inoculaticg the seed 
with the patkqen for 3-4 seaom and inmrprating parts 
of wilted plants into the soil. Following this mthod, a 
wilt-sick plot has been developea at I(3FXlA. Likewise, 
wilt sick plots have heen developed, either artificially 
or selecting a wilt-infeqted field and inpmvhg it 
further, in many WANA countries ~!l"unisia, Qpt, Sudan, 
Ethiopia) an3 elsewbere includhg Spain. 

In absence of a wilt-sick plot at 1- until 1994, 
screening and bredbq mrk was cxm&cted in colZab3raticm 
with the W-idad de C6rdaba, Spain, Plant Pathology 
Research Institute, Rcme, Italy and INRAT, Tunisia. In 
Spain, 3019 gemplasm accessicms w - 3 ~  screened in t w ~  

wilt-sick plots at Mantilla and Santaella (o6rdd3a) since 
1987 (Figure 2.1.1). Sureof kabuli lineswithhigh level 
of resistance wsre III: 267, ILC 1278, IIX: 1300, FLIP 86- 
93C, FLIP 87-33C, and FLIP 87-38C. Three desi lines, FLIP 
85-2OC, FLIP 85-29C. and FLIP 85-30C also gave highly 
resistant reactian. A b v e  FLIP lines are also tolerant to 
cold. 

In an attenpt to find new scrurces of resistance to 
wilt, 102 accessicma of six wild annual Cicer species were 
evaluated in Italy in the using a liquid 
mmidial m i c m  of the fungus. The seeds of each 
accessim, after treatment with sodim hypochlorite, were 
germhated an mistened perlite in plastic trays. After 
tvm weeks, the seedlimgs were transferred to 200-ml 
plastic mtainers hmhg 150 ml of hKx3iJ.m. ?he 
accessicms were evaluated after 40 days of inoculation. 



2.11 Screening of chi- for £u6arim wilt, 
1987-1993, a t  C&kh, Spain by U-d-idad 
de C&kh ard I-. 

!&my resistant reactim to w i l t  was shun by al l  
amwsiop18 of C. b i j q  and m of C. -, C. 

jud.Licum, C. pirzrntifiahm and C. ~ t i cu l a tm (Table 
2.1.5). ?his evaluatimhas helped i n  i d e n t i m m a n d  
diverse saurces of resistance to w i l t  for potential use in 
chi* -. nEse - ILK:- 64, -71, -73, -76, - 
80, -83 of C.. bijragcnn, IIK-126, - U O  of C. ~ t i c d a t m  
and ILK: -186 of C. j u d . L i m .  



Table 2.1.5. Reaction of accessions of wild Cicer species 
to hsarium wilt (seed artificially 
inoculated in water culture) at the 
Institute of Plant Pathology, Raoe, Italy. 

Cicer S p p .  No. of accessions Accessions w i t h  score - 
tested 

* 1= no disease; 9-t severe disease reaction. 

The chickpa hp-omw~t prcgram in the Legm~s 
rab3ratory of m T ,  Tunisia, has as main objective 
breedhg for resistance to asoochyta blight k o d y t a  

rabiei (Pass.) Lab.] and wilt. Over 4000 gernplam 
accessions have keen evaluated. Many resistant sources 
were identified and evaluated for yield and other 
agrcolanic traits. A high yielding and wilt-resistant 
line, imioun 1, has keen released for -id 
cultivation in Wsia. Furthnmre, the program has 
developed a breedkg scheme for scre&g in alternate 
gmeraticns for blight and wilt. High-yiel&ng lines with 
resistance to blight and wilt are selected. F o l l ~  
this scheme, lines w i t h  d i n e d  resistance have keen 
developed such as B91-IiL/268, B91-IiL3/268, B91-L1/274 and 
B91-L1/247. These lines had a 4.5 rating for ascochyta 
blight on a 1 to 9-pint scale (where 1 = free fran h g e  

and 9 = all plants killed) and 0% of wilt incidence. They 
weigh 35-37 g per 100-seed. 

Scruroes of resistance to fusariun wilt w h i c h  have 
been developed thr0~1gt.1 these collabrative efforts have 



ken disseminated the Chickpa International 
M m  Wilt Nursery over the past five years to national 
propane. Many countries, i n c l ~  !?gypt, Ethiopia and 
Sudan have ocslfirmed resistance under their conditions. 
S u w  of the resistant lines also have high yield and they 
may be released as culti-. 

Whereas no research on fusarim wilt was cmhcted 15 
years ago in EIANA, several instituti- are now engaged in 
research on this -ant disease. m t l y ,  many 
resistant scllrces have been identified. Lines w i t h  

d i n e d  resistance to fusarium wilt and ascoctiyta blight 
in W s i a ,  and fusarim wilt and wld at ICARDb have been 
developed and a resistant cultivar released in Tunisia. 
Speedy progress in 801- fusKim wilt pmblem in 
is w e d .  With the establimt of a wilt-sick plot 
in Tel Hadya, major field work will be initiated in the 
1994/95 seam. R. Jim2nez-Diaz (Spain), H. Mila 
(Wsia), A. Polta-Rglia (Italy) aud K.B. Si@i 

(Icawn) . 

2.1.2.2. Idsatificatitn of -w of resistance to 
diff-t stxeaaea 5n w i l d  w e e  

The mst inportant cause for variation in chidpsa yield 
is that fazmers pay little attention to crop managenwt 
arid hardly use -ion -ts - inpmved cultivars, 
fertilizer, arid pesticide including weed control. If 
chickpa yields are to increase and stabilize, major 
attention should be given ta resistance breedkg. The 
mmker of lines evaluated kt- 1978 and 1994 for 
different resistance/tolerance to major stresses are s h m  
in Figure 2.1.2. Resistant scrurces have ken identified 
for all stresses except to seed k t l e  (Callwchuchus 
chinasis L.) arid cyst mtode. 



NO. O( Iln- 

20 

15  

10 

5 

0 
Blight WIN L..l m h ,  .nd bull. cyst ~ m a t m .  Cold DrouoM 

Figuee 2.1.2. RBadicm of chi- gernplaan accessicns 
to biotic and abiotic atmsses at Tel Hadya 
bet- 1978 and 1992. 

Evdluaticm of eight a n r d  wild Cicer species has 
been a d w t e d  to identify saurczs of resistance to 
nultiple streeses. The results at-e ammar id  in Figure 
2.1.3. Sources of resistance fcnnd for all seven 
stress factors. Wild species - the d y  - of 
resistance so far f a d  to seed beetle and cyst nematcde 
and had higher level of resistance than the cultivated 
species for fusariun wilt, leaf miner, ard mld. The m t  
inportant aaurce for resistance to d i f f e  stress 
factors was C. b i j q ,  while C. yamehitae was the least 
inportant. 
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S..d beetle Cyst ~1.tOd. Cold 

2% 

Pigrrro 2.1.3. Heacticm of wild Ci0eraccessics-m to .even 
Btreases at  Tel Hadya, 1987-1994. 

O~..l.t.nl Qlnl.rmedtat. .su.s.111ih 

Sources of resistance to biotic and abiotic stresses 

in chi* and Ciner qeciea dwelcpd at  1- a d  

released to are shovvn inTable 2.1.6. Sources 
of resistance are available individdly to all even 
streesea for which resear& ie be* amkted. Scm-cw 

with miltiple stress-resistance have keen identified in 



Cicer species. These sauroes have been shared with NARS 
thrmgh the distributim in the Legm~s I n t e r n a t i d  
Test- Frgrm. They have been used in crossing progams 
at ICNUB ad tl~ury n a t i d  pxgnw. High yielding lines 
with cakined resistance to ascochyta blight and cold have 
beenbredat ICARDAadsharedwiththenationalprqram. 
F&aeaxh at  ICaRW has acted as a catalyst and marry 
national prqmm are ergaged in resistance breedkg. 
K.B. Singh, S. iWgad, M.C. SaxePa, R.S. Mdbtra,  M. 

Qau ( 1 0 ,  M.V. Reddy, C. Johansea (I-, Ihdia), 
A. Ports-Pugliar N. aad M. Di Vit0 (Itsly), B. 
Halila (Tunisia), R. Jbmez-Diaz (8pain). 

Table 2.1.6. Scmres of resistance to biotic and abiotic 
stresses developed at I-, ad released 
for use in^^. 

Stresses S c m c s  of resistance 

a e  
Ascochyta blight 
(AB) 

M u m  w i l t  (FW) 

Leaf miner (LM) 
Seed beetle (SB) 
Cyst nematode (CN) 
Cold (a) 
rnmght (m) 

ILC 200, 6482, ICC 4475, 6328, 12004, 
FLIP 90-98C. 91-2C. 91-18C, 91-22C, 
91-24C. 91-46C. 91-5OC, 91-54C 
ILC 267, 1278, 1300, FLIP 86-93C, 
87-33C, 87-38C 
ILC 3800, 5901, 7738 
IrWC 39, 104, 179, 181 
ILK: 119 
IIL 8262, 8617 
FLIP 87-59C. 88-42C 

M t i ~ l e  stresses 
AB, LM, a ILK: 37 (C. cuneatum) 

ILK 39 (C. FW, LM, =.a 
AB, FW, SB, aU, 03 rn 62, ILWC 70, ILK: 73 (C. bijugrrm) 
FW, LM, SB nwC 98, ILK 102 (C. ju&ic2an) 
FW, a3 ILK: 141 (C. r e t i d a t u m )  
FW, =, a ILWC 112 (C. r e t i d a t u m ) ,  IrWC 

179, ILK: 181 (C. 
AB, LM, CN IrWC 250 (C. p ~ t i f i ~ )  



2.1.2.3. Scredng for -is- to hllght, w i l t ,  a d  

charght 1993/94 

The 1993/94 evaluations included 514 new lines for 
asaxhyta blight resistance, 119 new lines for £usarium 
wilt, and 1184 lines for dnxght (Table 2.1.7) . In 
addition 293 prunising lines were tested in the leaf miner 

nursery and 225 lines in the &night numery for 
adirmation. Saemig against these stresses resulted in 
identification of three resistant lines ~ach of to leaf 
miner and &nqht and ane to wilt. K.B. S w ,  S. 

w, M.C. -, M. m, M.T. (I-, R. 
J--DiaZ (Spain) and C. Jahansar (I-, -1. 

Table 2.1.7. Reaction of chickpa gemplasm to ascochyta 
blight, £usarium wilt and &nqht at Tel 
Hadya, chrhq 1994. 

Rating -CQw=a Fharium 
scale* blight wilt** 

m h t  

Total 514 119 1184 

Rating scale = 1 = no effect of stress; 9 = high damge 
f m  stress. 

** S a e n h g  &me at Os-, Spain during 1993. 



Seed yield is diredly and pxitively d a t e d  w i t h  

b-s p x d x t i c m  in chickpea. Law bi- yield is a 
major limiting factor in f- system in West Asia and 
N x t h  Africa. Results £ran yield trials f m n  Tel Hadya (a 

dry site, 330 mn araaLal M a l l )  and lkrb~l (a wet site, 
575 mn d rain£all) over the past eleven yeare have 
shown that the maximnn bianass was cnly 7 and 9 t ha-l, 
respectively, at  these t m  locatims. It v a s  also 
otserved that the tall gmotypes gave higher bianass than 
the sbrter cnes. Beeides law him, harveet index is 
also law in chickpa. -fore, to subtantially hcmase 
seed yield there is a need to increase b t h  biamsa and 
tnnrest index. To achieve this we initiated a pmject 
&ring 1989 to irrcreaSe p?x&&ian of chickpa thmugh 
increasedbicnwsprducticm. TIE-usedwasto 
QOSS tall x tall gem- of d i m  oriigin. Materials 
w e r e a d v a n c e d * h r l k m m t h a d . -  
1991/92, single plant selectims w=re made. T I E  F4 and F5 
pragenies - gnxm h h g  1992/93 and prcgenies w i t h  
ta l l  and high biomass yield - selected visually. 
t h i n g  1993/94 a yield trial was ccm%&ed with 11 

pxgmies and IIC 3279 as tall and high bianass check 
entry. ?he results an yield and other agrcslanic 
characters are m t e d  in Table 2.1.8. 

In seven out of 11 test entries the biamss yields 
were siqificantly higher than the check cultivar. ?he 
beat line was S 92260 &ch paoduced 38% higkr bianass 
ard 44% higher 4 yield than ILC 3279. It was also 24% 
taller than the check cultivar and had l20% more 
s e c c n d a r y ~ .  Theseresultsccnfirmincreasedheight 



Table 2.1.8. Bi- and seed yield (kg/ha) and other agmnanic traits of lines developed 
to  increase bi-s i n  chi*, Tel -, 1993/94. 

=try PlHt PrBr SecBr M / P 1  Sd/P1 BYID SYID HI 1ooSW 

S 92217 79 3.8 6.5 24 23 5428 1951 36.0 38.7 
S 92218 83 4.4 5.6 22 21 6244 2122 34.1 39.0 
S 92249 84 3.3 6.3 24 28 6297 2620 41.6 35.9 
S 92260 86 4.3 11.0 61 56 7317 2848 39.1 37.5 
S 92307 76 3.6 4.4 27 27 5889 2346 39.7 32.2 
S 92310 80 4.0 5.8 32 36 5511 2101 38.3 29.5 
S 92312 79 3.1 6.1 27 30 5000 1896 38.0 34.1 
S 92440 86 3.9 6.1 33 28 6311 2081 33.4 34.6 N 
F6 Sel 931H 34856 85 4.4 11.6 52 54 6361 2102 33.1 30.8 
F6 Sel 931H 34858 86 3.6 6.8 56 48 6417 2333 36.5 29.0 
F Sel 931H 34840 88 4.1 9.5 54 51 6522 2584 39.6 35.0 
$c 3279 (theck) 70 3.0 5.0 34 31 5328 1969 37.0 25.0 
Lacaticm mean 81.8 3.9 7.2 37.1 36.1 6052 2246 37.2 33.4 
SE of rrran 1.57 0.37 1.15 3.7 4.1 293.0 88.0 1.2 0.50 
19) a t  0.05 4.51 1.071 3.32 10.8 12.0 843.3 253.3 3.6 1.45 
C.V. % 3.8 19.6 32.0 20.2 23.2 9.6 7.8 6.7 3.0 

PlHt = plant height (an) ; prBr = mmker of primry branches per plant; SeCBr = raanber of 
seaxbq branches per plant; M / P 1  = rlmker of pods per plant; Sd/Pl = mlmter of seeds 
per plant; BYLD = biological yield per hectare; SYLD = seed yield per hectare; H I  = harvest 
h k x  in percentage; lOOSw = loo-& weight (g) . 



and seccsldary branches can contribute to increased bicrrass 
and seed yield. M. Cbw a d  K.B. Sir@. 

Asedyta blight is the major disease of chi- and it 
has ammmd a greater significance w i t h  the introduction 
of winter chi- in the Mterranean basin. Without 
resistance to this disease chi* cannot ke g r u m  &ring 
winter. 'Iherefore, the major eqhasis in breediq at 
ICARaA is to M o p  a s x d q t a  blight-resistant culti-. 
When resistant lines were tested across locatim and 
years nane of the culti- =re found resistant at all 
lcratim indicating the presence of physiologic races. 
Research at ICXXA identified six races in Syria and 13 
races in tbe Wtenanem b i n .  Therefore, efforts 
began to canbine genes for resistance to asoxhyta blight. 
Several apprcaxhes are bekg folld. 

The principal mchanism is to aces resistance 
sources of diverse origin (gene pyzamiding) as- that 
they have different genes for resistance and d i n e  them 
into a durable resistant lines. This program wa.e 
initiated in 1989/90 and materials &loped by the end of 
1993/94 season are shown in Table 2.1.9. IXlring the 
1993/94 season five m s e s  were nade, and 436 thirty-six 
F2, F ~ ,  F5, F6, and F7 plants were selected. All plants 
hada rating of 3 on 1-9 scale, where 1 = free frcmddmge 
and 9 = all plants killed. It is likely that - of them 
may be escapes, and they will he retested. lvlaterials 
selected in the project have bzen passed on to the 
bioteclmolrqy unit for evaluation u s k g  molecular-mrker 
technique. K.B. Sit@ and M.T. Mhga. 



Table 2.1.9. MnS3er of pxgenies/plants selected for asoahyta 
bliaht resistance in the sene--dim uroiect 

No. of pxgenies/bulks M. of 
Generation in each r a t h  class plants 

1-2a 3 4 5 6 7-9 Total EeiEtd 

Rating scale: 1 = no visible b g e ,  9 = all plants killed. 

The mterials sam in the cold tolerance at 
Tel Hadya during 1993/94 included 5 F2 bulks, 136 F3 
progenies, 4 F4 hEs, 2 F5 bulks, 6 F6 progenies, 2 
F7 p e e s ,  and 25 F8 prcgenies. Unfortunately, the 
season turned out to be warm, hence no xren iq  for 
cold tolerance was psible. 

In sure interspecific crosses, w &served plants 
fl-jng early. We selected 12 plants which f1o.w-d 
d sad of mrch and harvested them individually. 
These plants flowered abcut 3 weeks earlier thiln 
n o d  flmixg c3xt-i~~ spring and if they maintain 
their early flaeriq trait, they will be useful in 
bredhg program for lengthening the mpdctive 
phdse in chickpea. Another interesting ckervatiun 
was partial sterility in some plants frun 
interqecific c~rosses. Swenteen plants with 2-3 
seeds had lzen selected. We will study these plants 
next season for their sterlity behaviour. K.B. S~I@ 

and R.S. Hdhotra. 



ming the 1993/94 seasan, 212 cresses w2l-e made and 
F1 advancd in the off-- k i n g  1994. F2 and F4 
bulks were grown in the main ~ ~ ~ E C S I  and F3 bulks again 

in the of f-seasan ( m l e  2.1.10) . A total of U, 976 
prcgenymvwegrownfor~terandsEoringseascma. 
A total of 329 prunising and uniform F5 and F6 
pxgenies were bLiUred. These biked lines were 
plrified and d t i p l i e d  in  the off-aea6m for d t i -  
locaticm evaluatim. Due to infwtaticm by wilt-mt- 
rot @ex, late ~l~lturity, and ppr grcuvth habit, 80 
lines had to be rejected, 1- d y  249 for 
evaluaticm in the yield trials next seascn. Ascochyta 
blight deve1Opea in epiphytotic form ard effective 
selecticm was mde.  K.B. S w .  

Table 2.1.10. Chickpa material gzwm at Tel 
Hadya Churing winter and sp5.r~ wd at 
Terkol during off -seasan, 1993/94. 

G=neraticm . ofbulk  M.of M.of 
prcgenies plants bulked 

selected pxgenies 

Fo 212 -see - - 
212 crosses 4022 

&3ulk 

- 
160 crosses 225 - 

79* - 
F3 - 85 crosses 84* - 
F4 - 188 -SeS 9674 - 
F5 Rqeny (large) 178 prqenies - 15 
F5 Progeny (early) 2565 Fargenies - 110 
F5 Rqeny (others) 7401 p?xqenies 55 204 
T b t a l :  
F2/F3/F4 433 U,  976 - 
F5 e w  10,144 - 329 



2.1.4.2. Y i a l a  perf- of newly bred l h  

T k e e  lnmhd and fifty newly-bred lines evaluated in 
6 preliminary yield trials (PYTs) at three locaticas (Tel 
IIiach/a, Jindiress and Te&ol) and in t m  sea80115 (winter 
and s p r i q )  . Sweral lines were -or in yield over 
the checks Ghab 1 in winter and ILC 1929 in spring, 
althxgh d y  a few - significantly better y i e l w  
(Table 2.1.11). The 1993/94 was a d  6eaacm, but the 
rainfall distributicm was pmr. Fbevw,  the yield in 
winter plantings was hi* than previous years, and was 
1- in spring plantings as ccnpxd to m o u s  years. 
Over the three locaticms, winter chickpa pm3ucd 2093 kg 
ha-', giving an increase of 124% over s p r i q  planting. 
K.B. SlqPI. 

Table 2.1.u. Perfonmnce of newly develcped lines &ring 
w i n t e r  and spring plantinga at Tel Htady (6 
trials each season), Jindiress (6 trials each 
-) and Wrbl (5 trials each seaacol), 
1993/94. 

Locaticn NJ. of entries* Yield (ka/ha)** 
and T > Siq. > IM MFI C.V. L9) 

Overall 
-Winter - - - 2093 2929 - - 
-spr% - - - 933 1358 - - 

T = Total; x k c k  = Exceeding check; Sig> check = 
Significantly exadhg check. 

** LM = Locaticn mean; MiY = Mean of highest yield. 



2.1.4.3.1. Perfamaace of newly bred linee at 1- 
ai tw 

A ccnparimn of spring versus winter szwiq  has been made 
aver 11 years (1983/84 t o  1993/94) at three sites (Tel 
Hadya, Jindiress and lWb1), using lines 
~~ in XI. bet- 72 am3 486). The winters of 
1984/85, 1988/89, 1989/90, 1991/92 colder than n o d  
and the spr- of 1983/84, 1988/89, 1989/90, 1990/91, and 
1992/93 (especially at Tel Hadya) were drier than d. 

?he seed yield data in Figure 2.1.4 skwai that  
winter-- trials on average p h c d  1712 kg/ha against 
1023 kg of sprirg-sown trials, gi- 67% or 689 kg/ha 
mre yield. The yield differences between winter and 
s p r i n g w s r e l a r g e r ~ b g d r y s e a s c a s t h a n i n d o r  
v e t  sea84115. Wig an a l m o d l y  cold year (1984/85) , 
yields of winter-m trials were 1- than sprirg-smn 

trials. 'thiswas, bevex, no- true staxtingwithth 
1988/89 season which was also very cold. ?his is kecause 
of the deliberate seledim f o r  cold tolerance since 
1984/85. 

Breeders usually select the top 10% lines f o r  
f u a h e r  evaluation; this 10% top yielders in winter 
s m h q  prducd 126% or 1295 @/ha mre grain than the 
rean yie ld  p d c d  in spring aver el- years. Wry 
lines produaed mre than 4 t/ha seed yield during 
winter, especially in the favorable em&amsmt of 
T e h l .  Obviously, there  is a big advantage of winter 
s m i q  aver spring. K.B. Sb'@. 
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Figure 2.1.4. Mean seed yield (kg ha-') of chiclq?ea gram in winter 
and spring a t  three locations and eleven years. 



2.1.5. Strategic R s s d  

TIE joint I ~ I C R I S U '  Kalxili Qlickpa Project in 
Syria has bred lines w i t h  resistance to six races of 
ascochyta blight [caused by Asoochyta rabiei (Pass.) 
-.I, h t  ncne of them is early. T ~ L S  nwst of them 
a r e u n a d a p t e d t o ~ s a c i n g i n W e s t ~ i a a n d N o r t h  
Africa (W. The project has also identified a 
line, ILC 5901, resistant to leaf miner (Lirianyza 
cicerina R a i d . )  frun an duaticm of over 5500 
gernplaan accessicms. This line is very late maturing 
and pees problems in utilizaticm. mtaticm technique 
has ken used to develop new genetic vari&ility for 
these txaits. mtagenic studies were initiated &rkg 
the 1991-92 season to develop early lines w i t h  
resistance to asmdqta blight and leaf miner. 

% G6neratCcn: 7hv asoochyta bli&t-~sistant lines 
(FLIP 84-92C and FLIP 90-730 and me leaf miner- 
resistant line (ILC 5901) were chosen for this study. 
Qle thousand seeds of each of these lines were expsed 
to three &sages, 40, 50 and 60 kr of gamm rays. The 
M1 generaticm was sum at Tel Hady, Syria, &n-N the 
1991/92 winter. Cerminaticol (after 30 days), survival 
and sterile plants at maturity were reccarded (Table 
2.1.12). Germinaticm was x-ducsd w i t h  the inCreasim~ 
dosage in all lines, especially in ID2 5901. A 
drastic reducticm in the survival at maturity occurred 
in all genotypes, especially at 60 kr for FLIP 90-73C 
and ILC 5901. TIE m m  of sterile plants was 
greater w i t h  40 kr gamm rays, as mnpared to 50 and 
60 kr gamm rays. A totd of 3292 plants survived and 
wze harvested individually. 



Table 2.1.12. Fercentage germinatian, mnival  at 
maturity and sterile plants in MI 
popllatims of three chi* 
genotypes irradiated w i t h  gana rays. 

m y P e  G m  Ger. Survival at % of sterile 
rays (%) maturity (%) plants 
(Kr) 

% Gemezatiux Plant rum of the 3292 surv iv iq  
plants of the M1 generaticm w a x  sc-uun an 20 M 
1993. The material was evdluated for earliness to 
fl- in 5 categories: very w l y  (c 36 days), early 
(36-40 days), medim (41-45 days), late (46-50 days) 
and very late (>50 days) (Table 2.1.13) . This scale 
is applicable to late spring-- chickpa. cXlt of 
3292 m e s  and 75 parental lines, me progeny was 

rated very early and tvm m e 8  as early. Another 
295 prcgenies - medim and the m m i n i q  2994 
prcgenies - late to very late. Qity six early 
£1- plants w x e  selected fran the three very 
early and early prcrgenies and hanested idividudly. 



Table 2.1.13. haluaticm of M2 p e e s  of tht-ee 
chickpa gemtypes for earliness to  
£1-r at Tel Hadya &irg spring 1993. 

-type/ Medium hte to ~otal 
dose very late 

E'LIP 84-9211 
control 0 0 0 25 25 
40 kr l(Ub 0 55 44 0 497 
50 kr 0 0 53 445 498 
60 lm 0 0 104 329 433 

FLIP 90-73C 
amtml 
40 kr 
50 kr 
60 kr 

I K  5901 
amtrvl 
40 kr 
50 in 
60 kr 

Total 

Very early = c36 days to flower; early = 36-40 days, 
medium = 41-45 days: late = 46-50 days; very late = - .  - - 

T z  of individual plants selected is given in 
pranthesis. 

% Progenies: The M3 generaticm was sown cn 27 Mar?& 
1994. The evaluatim of six prqenis is presented in 
Table 2.1.14. The  early mturity of five out of the 
six was & i d  (Table 2.1.14) . Ncne of these 
segregated for mturity or for other ckservable 
characters. The agroncmic characteristics of these 
five progenies (mtants) are given in Table 2.1.15. 
The mtant f m  FLIP 84-92C was 12 days earlier in 
f1meri.r~~ and 15 days earlier in mturity than its 
parent. The t m  mtants f m  FLIP 90-73C were 25 days 
earlier in flowering and 30 days earlier in mturity. 



Likewise, the perfonmne of the t w ~  mtants f m  ILC 
5901 was equally iqressive, as they f l d  a d  
matured 25 days earlier than their parent ILC 5901. 

Despite their ~arl iness ,  these mtants prduced a 
higher seed yield than their parents. 

Table 2.1.14. Evdluatim of M3 prcgenies of three 
chickpa genotypes for fl-kg a t  Tel 
H a d p  &xiq s p r i q  1994. 

Gemtype/dose Very  early Early Medium 

FLIP 84-92C 
40 k r  0 1 0 
50 In 0 0 0 
60 kr 0 0 0 

FLIP 90-73C 
40 kr 0 2 1 
50 kr 0 0 0 
60 kr 0 0 0 

ILL: 5901 
40 kr 0 2 0 
50 kr 0 0 0 
60 kr 0 0 0 

Total 0 5 1 

Table 2.1.15. Iqmmmic traits of the early chi- 
mutants &xiq the s p r i q  of 1994. 

Entry DFL^ Seed yield 1CO 9 
(g/plant) (g) 

FLIP 84-920 (control) 65 105 6 .3  35.0 
F'LIP84-92C-1 (nutant) 53 90 9.3 34.1 
FLIP 90-73C (control) 70 105 1.2 33.8 
FLIP 90-730-1 (nutant) 45 75 4.5 32.2 
FLIP 90-73C-2 (nutant) 44 75 5 .1  29.7 
ILC 5901 (control) 68 100 2 .1  21.4 
ILC 5901-1 (mtant) 42 75 5.0 22.3 
DL 5901-2 (mtant) 40 75 4.6 22.0 

DFL = days to  fl-; DWT = days to  mature; 100 SW 
= 100-seed wight. 



CcachaiCne: mtatim vmrk pmved. effect ive  in 
generat* early nutants i n  gemtypes resistant to 
asa&$a blight or to l d  miner. ?tnee nutanta w i t h  
resistance to ascmhyta blight and early maturity, 
*loped f r ~ m  FLIP 84-92C and FLtP 90-73C, will h 
useful genetic stmks. So w i l l  k the case for the 
other two mttants w i t h  resistance to  leaf miner and 
early m t w i t y ,  developed £ran ILL2 5901. Such 
g e m t y p s  are not available in gernplasm 
a-sicns. A d l  quantity of seed is available 
f r an  the CmIplasm Program. 

2.1.5.2. mtaticm s t d y  for *pod 

In 1991/92 mtat icm rack was initiated to kduce 
genetic variability in chi*. One tkwad seeds 
of cv ILC 5901 (rmltipirmate l ea f )  wa-e kradkted 
with 40, SO and 60 k r  gamt'a rays. The M2 geneaticm 
was planted at  Tel Hady i n  1992/93. Out of 22,500 
plants  d y  one plant with a 1- pod was o b e n d  
f ran the 40 kr treated prcgeny. The character was 
true in M3 generatim as shown in Wle 
2.1.16. M. Olrrr ardK.B .  Siogh. 

Table 2.1.16. Qmracterietics of a 1- pod mtant 
ccnplred w i t h  its parent. 

Characteristics Parent t.btant 
ILC 5901 I X  5901-1- pod 

Plant height (an) 35 37 
Pods per plant  (no.) 11.7 16.3 
Pod hr@h (all) 1.7 2.8 
100 d w i g h t  (g) 21.4 22.7 
tsys to f lme r ing  68 62 
&ya to m t u r i t y  100 95 



2.1.5.3. Effect of nitrogPn an cold tolerance in 

chickpea 

sa?=miq for cold tolerance is essential to develop 
chickpa cultivars wed for winter s m k g .  

Therefore, a field technique was develcped 
for use at Tel Hadya. A high level of soil nit- 
is to &crease cold tolerance in peas and winter 
cereals. The present study was desiged to examine 
v i b t h e r  thm.x& increased nitrogen application the 
discrimination in the chickpa genotypes for their 
cold susceptibility could ke enhanced a d  ~ ~ L I S  

selecticn pressure for cold tolerance could k 

'Itrlenty genotypes w i t h  differential reaction to cold 
and three levels of nit?zgen treamts, 0, 100 and 
200 kg N ha-l, - chosen for this expriment which 
was ca-ducted in pots. The material was sum on 
&toter 1, 1990. Three plants WSR g x m  in each pot 
and six pots conprised me treatnwt. The pots were 
arranged in a randanized blcck desiq w i t h  six 
replicaticms. nEse pots placed in the field in 
the cold tolerance nursery at Tel Hadya. Because of 
the placement of pots in the £WZWN, the soil level in 
the pot was sam as in the field. The n i m  was 
applied in two split &eea, half m 15 Nomker, 1990 
and the other hdlf csl 15 Decerr33er 1990. 'Ihe 1990/91 
season had 35 days of Mu8 zero tenp3atures w i t h  
ahsolute m i n i n u n  taprat- dmpping to d y  - 
6 .~OC. !Ihs, the sezscm was mt caducive for field 
screening for cold tolerance. The rating for cold 
tolerance ms dme at the kgimiq of March 1991 on 
a 1 to 9 d e ,  where 1 = free (m damage) and 9 = all 
plants killed. 

?he analysis of variance for reaction to cold 



rwealed that differences between cold reaction to 
nit-, and genotypes were highly sigif icant . &an 
cold reaction of genotypes at different levels of 
nitrqen is given in Table 2.1.17. A large variaticm 
for reacticm to cold tolerance in genotypes was 
obemd.  It varied fran 1.67 to4.67 w i t h  0 N, 3.33 
to 9.00 with 100 N, and 3.67 to 9.00 with 200 N 
treatmts. Altbugh the nran mld susceptibility 
reaction haeased as level of nitrogen qplication 
increased, the difference bet- 100 and 200 N was 
not significant (P50.05) . The genotype x nitrcgen 
interaction w a s  significant as well. ?he difference 
in the cold susceptibility of tested gemtypes was not 
as large without nitrogen application as with high 
level of nitrogen. The N application was thus 
effective in enhancing discriminaticm anrmgst 

genotypes for their reaction to cold. genotpss, 
for exarcple IIK 151, I X  165 and FLIP 86-87C, =re 
least effected by N and remined tolerant to cold at 
all levels of Napplication, while others such as ILC 
794, ILC 3468 and I W  57, s h d  tolerant reaction to 
cold with no application of N and highly susceptible 
reaction with application of N. Perhaps the 
nitrcgen suqsply encourages rate of grcuuth, which  
accentuates susceptibility to sudden cold. 

It is concluded f m  this study that nitrogen 
application was effective in enhancing the 
discriminaticm amngst genotypes for their reaction to 
cold and nitrogen application could be used in 
preliminary field of cold susceptibility 
aren in the seasons when the cold is not severe. R.S. 
R&lbtra, K.B. Sh& aad M.C. S-. 
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!I!able 2 .l. 17. Cold tolerance reacticm (1-9 scale) of 
chickpa genotypes at different levels 
of nitrrqm applicatim at  Tel Ha-, 
Syria during 1990/91. 

Kc1 N ha-l 
Entry - 0 100 200 

ILC 668 4.00 5.50 7.50 
ILC 794 3.83 7.50 8.50 
ILC 1929 4.17 8.33 8.97 
ILC 3465 3.00 4.33 4.50 
IIC 3468 3.50 8.17 8.67 

3470 3.17 5.67 6.00 
ILC 3476 3.33 5.50 8.33 
ILC 6001 3.50 7.67 8.83 
ILC 8617 2.67 4.00 4.33 
ILWC 57 3.67 9.00 9.00 
ILWC 76 2.00 3.83 4.00 
ILWC 104 2.00 4.00 4.33 
I L K  151 2.67 4.00 4.00 
I L K  165 1.67 3.33 3.67 
ILWC 183 2.17 4.00 5.17 
FLIP 81-16C 4.00 8.67 8.83 
FLIP 81-21C 4.67 8.83 9.00 
FLIP 82-114C 4.00 4.50 8.00 
FLIP 86-86C 3.67 3.83 4.50 
FLIP 86-87C 3.50 4.00 4.00 

Mean 3.26 5.73 6.51 
Susceptible check 4.67 8.83 9.00 

LSD at P50.05 for two N means 0.154 
LSD at P50.05 for two E means 0.375 
LSD at PcO. 05 for amparisms 
anmg N x E interactim msnm 0.673 

When the four cool-season f a d  legwes are smn in 
late Navember, fake k a n  starts f10weri.cg in late 
~ e b m a q  while tempxatures are still lm and 
occasionally freezkg. Field pea and lentil begin 



f l a e r i y  in ear ly  March while t-turw are lw 
h t  no f& cccus. Haever, chickpas begin 

f1aerh-g i n  early -1, ahmst 4-6 HReks later than 
the other fccd 1-s. favcrurable aditicns, 
both faba bean a d  p a  prduce substantial ly hi* 
seed yield than chi* perhaps because of the l c u q  
r q r d w t i v e  phase in faba bean and pea. In an 
attenpt to hcrease the rep?dwtive pericd in 
chickpea, three studies were initiated d m i q  1993/94. 

(a) Mutation: Five thousand Mj plants  i n  each of 
three treatments (40, 50 and 60 in of gamm ays) and 
three lines (ILC 5901, FLIP 84-92C and FLIP 90-730 
totalling 45,000 plants uere sown in early CecdEr 

1993. Cbsmations wzce recorded on f law5.q .  
Forty-six p lants  flawered in the f i r s t  week of t&zh 
94, abxt 15-20 days earlier than d f l m i n g  
th of winter-- chicl.peas (Table 2.1.18) . These 
plants  were selected and plant rowg were grim in the 
off-seascm at  l"erbl where 76 early f l m i n g  plants - select& f o r  £urther testing. 

(b) Earlv mturitv awnnlasm: Eight hLlndred t m t y -  
six e a r l y  m t u r i t y  ~~ lines were selected and 
sown in ear ly  December 1993. Thirty-tw lines 
fl& tm to three v e e h  earlier than normdl winter 
chickpea (Table 2.1.18) . These were bnested 
individually in Jme 1994 and sown in off -seasan at 
lkrkol. At Perkd, 38 plants  f l m  vw.y early. 
These were harvested i n d i v j h a l l y  and w i l l  ke tested 
again next seasan. 

(c) C m :  Int 
sixteen cmsses were made between ea r ly  maturity and 
cola toleant lines &ring 1992/93. The F2 tulks of 
these 16 crasses - sown in lkcahr 1993. Wing 
early b b n h  125 plants  uere selected that f l d  



early and - harvested indivi&a.lly for further 
testkg (Table 2.1.18) . 

(d) Selectim of early fl-irm ~ l a n t s  from 
intermecif i c  crosses : 'helve plants that f 1- an 
2nd Ma-& selected and harvested Mvidually 
(Table 2.1.18) . 

Table 2.1.18. Materials sown for the developnent of 
early f1cxeri.q lines low 
telp2rature at  Tel Hadya, 1993/94. 

Material m. of plants 
Sam W t e d  

Early fl-iq gemplasm 826 lines 119 
(from 32 lines) 

2.1.6.1. Yield inpmwmat 

Int-ific hybridizatian is generally to 
understand the phylcgenetic relaticnship armq 
species, to transfer useful genes from the wild to 
cultivated fonn and to increase the genetic 
variability in cultivated species. In recent years, 
wild species have m t d x t e d  to the yield -t 
in cultigen of various ~ n p s .  In chickpa yield could 
?x inproved by incorpratian of genes from wild 
species. 



A 9 x 9 diallel cross waa carried out &rig the 
1987/88 season in the field at Tel Hadya. The F2s of 
four successful m s e s  involving the cultigen as cne 
of the parents, i .e .  C. arietimmi (ILC 482) x C. 

(ILWC 35), C. arietinm (ILC 482) x C. 

reticulaturn (ILWC 36) and their recipnxds, were 
srpwn in the field at  Tel It.ldy h i r i g  1989/90. Fran 
each cross-dination a b u t  10% of F2 plants 

phenotypically s imi lar  to d t i g e n  were selected. The 
chasen plants uderwat pedigree selection i n  the 
mhequmt generaticas. ?he off -season advancemnt 
was canied out at  T e h l ,  Lehmon. Finally, 135 
F5/F6 uniform and pranising p e e s  were selected 
&ring 1992/93 and evaluated for seed yield and other 
traits &ring 1993/94. These entries were sawn on 5 
Dxenbx 1993 a l q  w i t h  parents in preliminary yield 
trial. The plot size was 2 rows 4 m lag. Spaciqa 
kt- and within rows were 45 an and 10 mi, 
respectively. The qrirrental &sip va.s inamplete 
blocks with tw replicatias. Observatim were lMde 
on 12 characters, m l y  days to flowering, days to 
maturity, synchrony in mturity, pod dehiscence, 
biological yield (kg ha-'), seed yield kg ha-'), 
harvest index, 100-seed -ght (g) , plant height (an) , 
seed mlor (beige, orarage and brown) and seed shape 
(owl shaped, round and angular) . Genstat 5 release 3 
program was wed for the analysis of the data. 

Superior lines to the check in seed yield, plant 
height and 100-seed weight, are shown i n  Table 2.1.19. 

'Ille F6 material fl& bet- 102 to 123 days, 
while the parent cultigen (ILC 482) flauered in 105 

days. The differences amq the earliest lines and 
the cultigen were not significant. Lines matured 
kt- 155 and 171 days. Few pmgeny lines matured 
earlier than the cultigen parent, which mtured in 156 

days. The plant height ranged from 20 to 59 an. 



Thirty-eight progenies were taller than 1I.C 482 and 
nine of them significantly. nEse were all derived 
fxun C. arietinrrm (ILL: 482) x C. (ILWC 
35) m s .  These taller p e e s  s M  erect and 
semi-erect grCkyth habit, were uniform in mturity and 
free of pod dehisoence. Seeds were round nostly of 
beige color. 

The biological yield of the F6/F7 p e e s  
£ran 1262 to 6705 kg ha-'. 'Ituenty-one prcgenies 
p h c e d  ITDE biological yield than the cultigen 
parent but only one differed significantly f m  the 
cultigen. The F6/F7 lines produced 151 to 2802 kg ha-' 

seed yield. The highst yieldiq line was derived 
f m  C. r e t i d a t m  (ILK 36) x C. arietinum (ILC 

482), while the d and third highest were fran C. 
ariethm (ILC 482) x C. echimspenmrn (ILWC 3 5 ) .  
They were all uniform in maturity, with no pod 
dehiscence and skw%3 kabuli type seeds. The harvest 
index of F6/F7 prcgenies studied varied frcm 10 to 
52%. Althxqh 16 progenies s k w d  harvest index 
higher than that of the cultivated parent (harvest 
index 42%), none of them were statistically ketter. 

The 100-seed weight of pmpnies varied fxun 13 to 
37 grams. A l w  35 p e e s  p h c e d  hvier 
seeds as ccmpared to the cultivated parent (100-seed 

eight was of 27 g r a m ) ,  c d y  10 were significantly 
different . They 8hCNRd a grCNhh habit ranging f ran 
erect to Semi-spEaCbg, were mtly uniform in 
mturity and free from pod dehisoence. Fbtkmvre, 
their seeds were light colored and mmd or ml- 
shaped. The t w ~  lines w i t h  the heaviest seeds were 

derived fkcm the cross involving C. reticulatun (ILK 

36) as femdle parent, while the ?mminhg were derived 
fxunthe crass invo1ViI-q C. echinospennrm (ILK 35) as 
mle parent. These three progenies were all free fxun 
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pod dehisaence and had kabuli type seeds. 

In conclusim, the d t s  of the 9 x 9 diallel 
cross have sham that armq the eight annual wild 
Cicer species only C. r e t i d a t t n n  a d  C. e&kqxmm 
are readily crossable with the cultigen. A l W  

sterility and semi-sterility - observed in cross- 
dinations imrolving C. e&inospmm, this wild 
species s b v d  great potential in increasing the 
variability of the cultigen, e i n g  transgressive 
reambinants for traits of agrcnanic importance such 
as seed yield, 100-seed height, plant height and 
biological yield. Selection carried out in F2 
geneation for plants phenotypically similar to the - - 

cultigen, has been effective in generating lines with 
better agronanic attributes canpared w i t h  thDse of the 
cultigen. It is cmcluded frcm this study that seed 
yield in chickpa can be increased by introgression of 
genes f m  wild C i c e r  species. 

2.1.6.2. Cyet nematode 

No sources of resistance to cyst nematode were found. 
in 10,000 accessions of cultivated species. But when 
wild C i c e r  ~ i e s  accessions were evaluated 22 

accessions of C. bijmpn, five of C. pinnatifidm and 
cole of C. reticulattnn viere found. resistant. Since 
cyst nematode is a serious problem in chickpa gmxkg 
areas in WAN& and no sources of resistance =re found 
in the cultigen, m s e s  were made &riq 1990/91 to 
transfer resistance genes fran the wild C i c e r  species. 
The raterials evaluated chrrkg 1993/94 included 1166 
FZ plants, 223 F4 plants and 3052 F5 plants fran 
different crosses (Table 2.1.20) involving cyst 
nematode resistant C. reticulatum accession ILWC 119 
as cme of the parents. Eight plants viere identified 



w i t h  no m t c d e  infection (0 rating) and 62 plants 
w i t h  law infectim (1 rating on 0-5 scale). After the 
examination of roots these selected plants wae 
transplanted t o  let them grow t o  mtmi ty  to  produce 

seeds. Several selected plants p h c e d  no seeds when 
transplanted. Of the mining, mny had undesirable 
seed characters and rejected. Rusts were 

advanced in the off season nursery. Five new crosses 
w e r e  also rrade. K.B. Sjn#~, M. D i  Vim, N. Grem and 
M.C. Saxwa. 

2.1.7. Protain Quality 

It is our endeavor t o  develop culti- w i t h  the 
or higher protein content as the check cultivar. To 
rneet this objective we evaluate newly developed lines 
for protein content. m i n g  1993/94, 350 newly 
developed lines were grown a t  Tel Hadya, JWress and 
Terbsl in winter and spring .wasom. Since earlier 
studies had indicated no significant ef f e d  of seascols 
on protein m t e n t ,  d y  newly developed lines gruvn 
a t  Tel Hadya during winter wae tested. ?he protein 
contents of the newly developed lines ere  at par with 
the check cultivar. K.B. S w .  



Table 2.1.20. Reactica? of plants £ran int-ific -ses in F F4, d F5 generati- to  
cyst nematode in the cmentn= at  el ~adya, 1993%4. 

Generaticn CLoss no. Parents ScaleL 
0 1 2 3  4 5 Total 

F2 X 93Wl61 
X 93TH162 
X 93TH163 
Total 

F4 X 911H214 
X 911H215 
X 91TH318 
Total 

Total 

ILK 119 X FLIP 84-15C 
I N  119 X FLIP 85-5C 
ILK: 119 X FLIP 88-85C 

ILL: 846 X ILK 119 
ILL: 863 X ILK 119 
FLIP 84-92C X ILWC 119 

1/ S d e  0 = no cyst fonraticn an m t s ,  5 = 2 50 cysts an rcots. 



2.2. bblecular Tdmiqwa and Ti- Culture in -&pea 

2.2.1. Study cn Biodi-ity in Chi- us- 
mrkerE 

Ccanrentidly diversity is estimated based on 
mrpblcqical and physiological traits. These traits are 
highly influenced by envircament making precise diversity 
estimation difficult and unreliable. Isozym analysis has 
h?en suggested as an alternative me- for estimation of 
biodiversity and gemplasm evaluation. Since isoqms are 
limited in m m h r  and are not plprphic in chi-, 
their usefulness is limited. Recently, tNA markers have 
been used for biodiversity studies and gemplasm 
waluaticn in mny crop vies. Since tNA markers 
detects variation directly at tNA level, they are m t  
influenced by the -t and they are unlimited in 
number, ml&q them highly useful for their qlication in 
chickpa inprovement. 

To study the genetic diversity within kabuli 
chickpas, 83 accessions collected £ran 26 different 
-tries a d  canyjng a wide r a q e  of variability for 
aglnmic traits, - selected f m  the gernplasm bank. 
Equdl quantity of leaf ample from 10 ir&vi&al plants of 
each accession was pled and tNA was meted by 
follwhq CI'AB pnxedre. ?he pling of the leaf amples 
was ckmz to detect the predcminant alleles within an 
accession. l7-e extmcted tNA was used for studying 
-tic variaticn using RFW (tNA fhge?&rinting) and K R  

(RAPDs) . RFLP d y s i s  uskg the restricticm e m y m  B S I  

and the probe (GXPJ4 d e d  high degree of plymxphism 
(Figure 2.2.1) whereas RAPIXs did m t  Iwedl any 
plym>rphim (Figure 2.2.2) . Therefore d y  the results 



of RFLP analysis w a ~  futha analyzed us- the cuputer 
prcgram WEXS-pc to calculate genetic distance (Neis' 
genetic distance) and to m o m  cluster analysis (Figure 
2.2.3). 

The genetic distance (dissimilarity index) ranged 
frun 0.00865 (beheen IU2 5587 and ILC 5588) to 0.09521 
(ILC 3401 and ILC 200) indicating existence of a high 
degree of genetic di-ity anong the a-sions analyzed. 
The cluster analysis classified 83 accessicms into 83 
distinct genotypes, indicat- that no duplicates existed 
in the analyzed germplasm collectim. Most of the 
accessians, even fm the same cwntry of origin, 
clustered separately except t m  accessians each frun 
F'rance (ILC 5587 a d  ILC 5588), Pgpt (ILC 546 and ILC 
560), Pakistan (ILC 5649 and ILC 5652), Palaestine (ILC 
2299 and ILC 2300), Pkxico (ILC 3715 and ILC 3743), USA 
(ILC 2514 and ILC 2517) and the f 0 m  USSR (ILC 200 and 
ILC 2665) which clustered tcgether. The results of the 
present study d d  be useful in deciding the cross 
ombinations in chiclcpea breeding prcgrams and also for 
targetkg future germplasm collection missions. F. 
Weigand, S.M. ZWlpa and L.D. Rabeasan. 

2.2.1.2. m-tellite-peimed polymeaese chain 
reackI.cn W-m) analysis of Cicer species 

Oligonucleotide mtifs ccmplementary to microsatellite 
sequences (e .g. (GACIA) 4) can ke used as single FCR primrs 
to analyze the length variability of inter-repeat regions 
in the chickpea genme. In order to analyze intra-as hell 
as interspcific variability, single plant ENAS of ILC 
482, ILC 1272, ILC 3279 and ILC 1929 representhg the 
culti~ted chiclcpea, ILWC 123, ILK! 137 representing C. 
ret idatzrm and ILhR 179 repeenting C. 
were selected and analyzed using (GO=P) and (m) as 



Fiwm 2.a.L. d b. RRP analpis of 83 acceaei- of kahrli chi- using tk e- m 
arr lprte  IW4. 



primers. A single primer typically generated 4-14 
detectable bands. The inter- and intraspecific 
plprphism was -st and low, respectively (Figure 
2.2.4) . In conclusion, some microsatellite mtifs can 
be used for the evaluation of genetic diversity 

bet- C i c e r  species. F. Waigand (ICARDA) , B. Sttel  
and 0. Kahl ~~t Univarsity, Gearany). 

21 Different Accessions of Chickpea 

Figure 2.2.2. RAPD analysis of 21 accessims of 
kabuli chickpa using the primer OPI- 
10. 
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Figure 2.2.3. C e d x g m m  of 83 acoessims of kabuli 
c h i ~ b a a e d c n t h e u F i 3 m m t h o d  
uskg the Neis' genetic distance. 



Figure 2.2.4. Microsatellite-primedplymerase chain. 
reacticm (MP-FCR) analysis of Cicer 

species us% (-I4 (upper panel) 
arad (m)4 (lam- panel). Pie 
anplified EVAs of s-le plants of ILC 
482 (lane 11, IJX 1272 (lanes 2 and 
31, ILC 3279 (lanes 4 and 5) , ILC 1929 
(lane 6), ILWC 123 (lane 7) ILWC 137 

(lane 8, b t h  -sent& C. 

reticulahd and ILWC 179 (lane 9, C. 

-) were separated by 
agarose gel electropbresis and 
visualized by ethidim M c k  
staining. Molecular weights in kp are 
indicated by arrows. 



2.2.2. Gmeratim of Sequence-~Micmatell ite 
site Markera 

Ppplication of microsatellites in a RFLP (DNA 
f ingerprintm) approach revealed considerable intra- 
as 1 1  as interspecific plprphism in Cicer  
species. These plprphisms has been exploited in 
genetic diversity and linkage studies. Ppplicaticm of 
DNA fiqerprinting might be limited, especially in 
linkage studies, b u s e  it is a dcminant marker 
system, detecting t m  many undistinmshable loci at 
the saroe tiw, and a limited Nlmber of infomtive 
oligonucleotides are available. In order to i n m e  
the m m h r  and the level of informativeness of 
microsatelitte loci the ICARWUniversity of W u r t  
collaborative research was focused on the generation 
of sequence-tagged microsatellite site markers (SINS) . 

SINS markers are ccdominant and allow the 
discrimination kt- hzygous and hetemzygous 
indivi-s in b e  populations. This marker 
system includes the advantage of PCR, e.g. it is an 
autcmatized prccedu~ and requires only low am~unts of 
DNA. It is, therefore, useful for qlicaticm in 
plant breeding. 

For the generation of SIMS marker the follckving 
steps are involved: 
(i) cl- of chi- DNA in E. coli; 
(ii) screening of libraries with repetitive 

oligcnucleotides; 
(iii) isolatirm of repeat-cc0ltainj.q fragntmts and 

( iv) s e q u ~ c -  of repeat-cc0ltw fragments. 

Suitable SIMS primrs are constructed accodiq 
to the sequencing infomticm of the repeat flankkg 
unique parts of the fragments. 



Within the collaborative research, size-selected 
(250-600bp) gencmic DNA libraries were constructed. 
The libraries m i s t  of approximtely 30,000 

rechinant clones which cover nearly 1.5% of the 
chickpa g e m .  These clones were hybridized to a 
variety of repetitive probes [e.g. (GT)8, 

(TAA) 5l a i d  270 micmsatellite-containing clones have 
been isolated. Sans of the clones were sequenced and 
primer pairs flanking repetitive sequences were 
synthesized. The results of amplification of chickpa 

mirig t m  primer pairs are given in Figure 2.2.5. 
SIFE-mediated plymorphisms can only be scored if 

Figure 2.2.5. Evaluation of polymorphism in chickpa 
using sequence tagged microsatellite 
site mkers .  Indivihd chi* DNA 
(1: ILC 482, 2: ILC 1272, 3 and 4: ILC 
3279, 5: ILC 190, 6: ILC 191, 7: IL13: 
200, 8: ILC 202, 91 ILC 4978, 10: IIX: 
5513, 11: ILC 6298, 12: ILWC 123, 13: 
ILK 179) was analyzed by K R  using 
priwr pairs f lankhg repeat containing 
fragments. The amplification p d c t s  
were  separated on 4% Nusieve aganae 
gels, stained w i t h  ethidium branide and 
photographed under W light. 



d l  electrqhretic rrnbility differences are 
detectable. Such a difference, for exanple is 
detectable between the anplified fragmnts of ILC 5513 

and ILC 6298 (upperpart of Figure 2.2.5). B. mttal, 
P. Plin-, 0. Kahl (Frankfurt mversity, Geruely), 
S.M. udqa a d  F. WaigaDd (IaRm . 

Polymzaee chain Reactim based techniques (RAPDs and 
MFs) am3 RFLP wzre used for genetic cbracterizatim 
of A. zabiei isolates of Syria and W s i a ,  to help in 
demib- an efficient control of ascochyta b l i a t  
aisease of chidcpza. 

2.2.3.1. (3enetic diversity, genetic strwhnre aud 
d i a t r i h t i c a o f A .  rabielimlateeofsyria 
aa revealed by RaadPn mfied Polyrmzphic 
R4A (RAPD) andlyaie. 

RAPD andlysis was perfmind to: (a) st* genetic 
d i m i t y ,  genetic structure and distributim; (b) 
mmitor migratim, nutatims and emlutim in the 
pathogen m a t i m ;  and (c) characterize geneticaly 
different pathtypes prevail- in chi- g n m i q  
areas of Syria. Fifty three isolates collected ~~ 
1982, 1991, 1992 and 1993 (see LP Armual Report, 1993, 
: 50-54 for details " lg place and years of 
collectim of the isslated w=re subjected to RAPLl 

analysis us- 10 base pr- of arbitrary sequence. 
The result of the 10 prirws which amplified 
polymrphic fmgmmts - analyzed for genetic 
distance and phylcgmy uskg a mnplter p c g a m  NPSYS- 

PC. 



Year 
1-1 

1992 1993 

,.,.., 
Location *I. u.,u,.h l+R 

Figure 2.2.6a.b.c.Randan hplified Polymr,q%ic EiA 
analysis of Asmdyta rabiei isolates fxm 
Syria using the primr OW-01. Lane M 
contains mlecular weight m k e r  (1- 

digested EN4) . 



Genotype Pathotype Isolate # 

I D 
I I 

0.072 0.060 0.048 0.036 0.024 0.012 0.000 

Genetic Distance 

Figure 2.2.7. Dendrcgram of 53 isolates of As- 
rabiei of Syria based on the  UKX!A 

m e t k d  uskg the N e i s '  genetic 

distances. 'I"ne N e i s '  genetic distances 
calculated based on RAPD pattem. 



'lk isolates d d  be gzmpd. into 21 genotypes, 
A to U (Figures 2.2.6 and 2.2.7). ?he genetic 
distance ranged £ran 0.00425 (bebeen genotypes H and 
N) to 0.07371 kt- gi~&ypes D and R, D and T) . 
The genetic group H was prdmhant in al l  the 
chi- grwhg regions. group consists of 
isolates be1otgi.q to pathotype I11 (super st-) and 
were frequently -led in blight epidemic areas of 
north - east of Syria. 

The results indicated that there is a 
cansiderable degree of genetic variation in A. zabiei 
w i t h i n a n d b e t - c h i ~ ~ r e g i c o l s a n d o v e r  
the yeam (Table 2.2.1). Genetic diversity as 
indicated by diversity index is decrsasirag in the year 
2992 and 1993 as ccmpared to 1982 and 1991. Within 
the different pattwtypes, genetic diversity has the 
highest in pathotype I (weak, di-ity index 0.90) 
follawed by pathotype I1 (strmg, di-ity index 
0.64) and pathotype I11 (super st-, diversity index 
0.39) was the lawest. Based cn these results we 
cancl~de that *ti- rmtaticm* in the pa- and 
its selectim aver the generaticas could help the 
pathogen to b d  resistance in tfE released 
culti-. QI the other hand, the existence of 
pathotype I11 for many years at a lm frequency and 
therefcare Mt k h g  detected during previous surveys, 
can not be excluded. Occurrence of a single genotyp 
H over a large area indicates a fanrder effect. It 
reflects the preference of the pathogen for asemd 

mde of xqrc&cticn un3er n a t d  ccnditicas. 

S a E  of the primrs f i c h  did not rweal 
plyrrorphism within A. xabiei were used as an 
additid test, to confirm the identity of A. abiei 
(to avoid confusim &cut pa- causing similar 
disease synptans, such as Pham) and to test purity of 



the culture used for patkgmicity tests. Figure 
2.2.8 sharvs one such ewrrple with primer OPI-10. The 
A. labiei isolates &cwd distinct nammxphic 

pattern which was different fran A. fabae f . sp. lentis 
indicating the identity and purity of the cultures 
used for pthatypiraJ and genotyp-. 

* 
Adaptive rmtaticm is a prozeas that appears to 

prduces useful rmtaticns only in the presence of 
selecticm for those rmtaticns and in the atsence of 
cell growth (Science, ml. 264, pp: 224-225 arid 258- 
260, 1994). F. Weigard ard S.M. -. 

Table 2.2.1. Genetic characterizaticm of As- 
xabiei isolates of Syria. 

Year Gemtwic srou~s Diver. 
oollected 'index 

Pathotype Pathotype Pathotype 
I I1 I11 

Total # 
Geno. 11 3 7 
Is01 . 13 5 35 
Diver. 
index 0.90 0.64 0.39 

The m m h r  in parenthesis indicates I.nnrS3er of 
isolates belmging to the genotype. 



60 

A.rabiei isolates (#41-53) A.f.lentis 

Figme  2.2.8. Riadm Amplified Polymorphic DNA 

analysis of Ascochyta rabiei isolates 
(41-53) and Ascochyta fabae 
f . s . lentis. Lane M contains mlecular 
wight marker (lambda EccRI--111 
digested DNA) . 

2.2.3.2. Distributicn of A. rabiei genotypes in 
Tunisia 

Abut 400 A. rabiei isolates, hierarchically sanpled 
all over Tunisia, have been radioactively finger 
printed and 34 different fingerprint germtypes 
detected magst them. An A. rabiei distribution map 
has h e n  ccmpleted for the Beja region, the min 
chickpea area of W s i a .  ?+mund 150 isolates 



were tested f m  this particular region and 17 

distinct geMtypes WZE detected and ocrrpared to £ow 
distinct m s  frcm Syria using band shariq data 
in WCX% cluster analysis (Figure 2.2.9) . The 

derived £ r a n  HirdI-digested and the p& (CA) 8, 

(CAA)5, (CPG)5 and F. Waigand (I-, H e  
w a n e ,  M. Eamabi (m, U s ,  Tunisia), J. 
Dais-, G. Kahl (Fmnkfbt Unive?aity, Geamxy) .  

Figure 2.2.9. Denm-ogram based an cluster 
analysis of fingerprints of 21 
Asccchyta mbiei genotypes and one 

gemtypz of Asccchyta fabae. Seventeen 
gem- were collected in Tunisia 
(TArl to W 1 7 )  and 4 were collected in 
Syria (A, B, C and D) . 



2.2.3.3. Micmsatellite-primed PCR analysis of A. 

rabiei 

Microsatellite-primed FCR (MP-m) has been applid to 
A. zabiei. The primer with the highest degree of 
informativeness found so far is (GAA)? This primer 
can distinguish between eight predcminant genotypes 
from Beja  (Wsia) and one genotype (isolate no. 6) 
f m  Syria (Figure 2.2 .lo) . An amplification fragment 
p d c e d  frun ~GCT;rrr)3 as primer was isolated and 
cloned into a sequencing vector. The isolated locus 
contained a sequence, which represents a cl~wter of 
many different miamsatellite mtifs. By using this 
sequence as a prabe in Southern hybridizatiun a RFLP 
with a high degree of polymrphism was displa* 
(Figure 2.2.11) . F. Weigand (IC?iRDA), J. Geistlinger, 
G. Kahl (FmdSmt IBLversity, Gemmy). 

a = Syrian isolate 6 

b-j = Tunisian isolates of Beja 

M = Hind Ill-digested lambda-DNA 

Figure 2.2.10. Miamsatellite primed FCR analysis of 
Ascochyta tabiei using (G74N5 as 
primer. 



a b l  ....... 

a, b = Syrian isolates 2 and 6 

1 - 34 = Tunisian isdates 

Figure 2.2.U.  Use of a c l d  03XIT)3 -flanked 
sequenceasanRFLPprobeinRsa>chyta 
rabid. 

Differential display of mWNA has been -lied to A. 
rahiei. 'he technique is based cm PCR anplificaticm 
of cXNPS derived fxun mWNA p3pllatica~s of different 

~thot~pes. Differences bebeen the patlntypr 
popilaticm can be displayed by a ~ilver stained 
plyacrylami& gel elect-is. Plant-sap &a 
~ ~ 1 - e p r e p a r e d f x u n c h i ~ o r w k a t l e a v e s a n d ~ q 3 0 ~ e 8  
of A. rabiei a pathotype I11 (Syrian isolate m. 13) 



grown in the different media for 12h. Subsequently 
mRNA was isolated. After FCR anplificaticm of the 
comqmdjng cl3W the results were displayed an the 
gel. k t x d 2 0  chickpa h c k d b a n d s ,  whichwerenot 
present in the wheat d m ,  have been isolated £ran 
the gel and reaqlified to lx tested in Northern 
analysis to d i m  their hhct ian.  Ftxitive bands 
wili be cloned. and characterized to  umk&mnd 
aggressiveness in A. abiei.  P. migaud, J. 
Oaistl-, 0. Kahl (R-ankfurt Wiversity, Geamany), 

S. Hamze (IMLT, W s ,  m s i a ) .  

2.2.4. Wide Crosae8 in Chi- 

The wild annual Cicer w i e s  carry genes de 
biotic and abiotic stress resistance. SUE of these 
species carry: (a) resistance genes which cannot be 
found in the cultivated Cicer, (b) d t i p l e  stress 
resistance, and (c) resistance of higher lwel 

to the cultivate5 w i e s .  Plant 
d d  like to make use of these saurces of resistance. 
Vnfortuantely, d hybrids have so far been 
reported only bet- C. arietinrnn and C. r e t i d a t m  
or C. In order to test 
msccnpatibility and existance of pre- or 
p t f e r t i l i z a t i m  barriers -ses htveen cultivated 
and wild armual chickpas were initiated. Cicer 
arietinum lines used included: ILC 482, FLIP 84-150, 
ILC 200 ( m i a  k i h l i ) ,  ILC 519 (w M i ) ,  ILC 

5359 (Mexico kabuli) , ILC 6328 (India desi) , 332 4475 
(Iran desi) , and Arrdollll-1 (Tunisia kabuli) . 'Ihe wild 
species included: C. b i j w  IIWC -32, -62; C. 
juckim ILWZ -46, -95; and C. pinnatifich I L K  -236, 

-171. 

asltrol expximts vere f i rs t  carried aut with 



selfed fl- to determine the beat in vim protcal 
and beat d a  capsition. %kequently, crosses 
kt- the dwm mentioned 8 cultivar lines and t m  
lines each of the three wild species were initiated. 
Selfed as w11 as -8pollinated flcwers - handled 
as follows: 

1. The -ses - lMde with flowers in a stqe when 
the sepals were t- from green to white/yellm. 
?he an* were taken cut, pferably all at ance, 
with extremly care. mllen from a fl- of the 
wild species (sepa'.s were colaured lxlt the flmers 
w.?re not yet ccnpletely open) were tansferred on 
the pistil. A tag or identification was fixed on 
one of the 1- bmmhes. A drop of horn 
solution, mtaining Brrg/l gikerilic acid (a), 
Bq/1 kinetin (KIN) and lng/l napthalene acitic 
acid ( M I  was applied to the base of the pistil. 
?his was repeated the folladng tw~ days to enbanae 
pollen tub= grmth .  

2. Up to 10 days there after the fl- a d d  ke 
collected and sterilized ( 3 0  minutes in 10% Zephir, 
a Syrian o~rmercial desinfectant, amtaking 
quarternazy d m  salts) . They were then rinsed 
w i t h  sterilized water. If necessary petals and 
sepals were rercaved with sterilized £0- to 
leave small pods for further h d l i r q .  

3. Flmzra or d l  pods were transferred cmto pod 
growth medim (Em). Fl- or 4 1  pcde 
d w e l c p d f u r t h e r w i t h i n l t o 2 r r e e k s .  Big- 
(710 mn) - dissected with sterilized forceps on 
sterlized filter p a p .  ovules - 
transferred cmto iductim d u n  D3E. 

4. mli, formed on D3E d m ,  were transferred to 



5. Dweloped plantlets were t r a n s f d  to tubes 
containing I S  mdim + lny/lm + lny/lBAp. 

Ab3ve stages of devel-t occurred in selfed 
plants. In&cd calli from selfed plants a b e d  

after a perid of abut  tw m t h .  
In-if i c  m s p l l i n a t e d  fl- also shcMled the 
sam= develwt to  d l  pods. ?hey grew bigger on 
inductim medium. 4pplyj.q d x p  of honnrmes 
pmlmged the ti= that pcds d d  stay on the plants 
and pnnitted transfer of ovules straight cnta D3E. 
A high percentage of ovaries and later ovules =re 
infected w i t h  baberia. Tm stringent sterilizatica~ 
killed the arary, a less strjngent sterilizatim 
created contamination prablerns. ~ s s f u l l y  
developed d e s  had to be transferred to fresh medium 
every few weeks to keep them alive. T h e  abtained 
ovules of variou8 cmss cmbinaticma excludsd very 
st- p a t -  fertilization barriers ( W e  2.2.2). 
Pwt-pollination barriers can be circunnrented by in 
vim rescue. Sirrple media such as MS dia not mrk 
with small pods or anall embryos. Lc\ss of chlcnophyll 
w a  £0114 by &th. 'Ihe newr mdia (D30, D3E, 
D4B, D4E and WO) p A  c h l ~ l l  devel-t 

and gscuvth of the smallest pods. Ewisedpmdqas 
or eubqxs reachsd a size of at  least 2-4 mn dimter 
within 2-4 veeks. The a t e  of p c e m b y x  per 
d t d  pod wds very high (50-80%). 

?he agplicaticm of horn to  enhance pollen-tub 
grajYth resulted in bigger pods and ovules. Small pods 
grew rapidly (7-14 days) to n o d  pcdsize. Bigger 
pods contained ovules that muld be transferred to 
D3E. A f t e r  2 weeks mlli grav th  was visible. In the 
case of calli frun self- tansfer of the dli to 



regeneratim d m  abcwJed mnphogenesis and 
& v e l w  of plantlets. In the case of 
interspcific crosses calli were formed. ?he regults 

for planlet -tim fmn self* and 
the pssibili ty of d e  rescue and calli dzvd-t 
fmn interspecific crosses indicate that it should be 
pssible to -te plants fmn calli of 
interspecific crosses. B. vau Dolrestein, A. Camma 

a d  M. muE. 

Table 2.2.2. In vim perfom-dnce of variala - 
d i n a t i c n s  kt- cultivated and 
wild Cicer spcies. 

Crcxss Omhinaticm No. of Ovules Qlli 
cresses white green F " 

I32482 x ILW236 9 5 6 Yes 
Ad- 1 x IIW236 9 3 2 Yes 
L6328 x W 3 6  10 3 4 Yes 
L6359 x ILW236 2 4 - m 
F'LIP84-150 x ILW236 2 - - m 



Diseases form a major biotic amstraint to the 
prakctivity of chickpea and to a large extent, cause 
instability in chickpa yields. blight 
caused by Asachyta rabiei is the met seriaus foliar 

d i m  of chickpa in the v ~ s t  Asia and &Africa 
(VGNN regim, particularly where lm t-w 
(15-25O~) p-1 chnitlg the crcp sekscsl. Its 
ocnurence is mt regular and is weather depn&nt. 
Hcwver, a gzcd 8ea80n for the chi- crq? is often 
favourable to asoochyta blight. Winter smiq of 
chickpa prwides an W d t y  to increase chickpa 
yield by almt 100%; un£ortunately it also increases 
the risk to ascochyta bli@t devastatim. Therefore, 
mtml  of ascochyta blight is essential for 
kzeasing chickpa pro3xticn and yield stability. 
Host resistarre is the mt practical and d c  way 
of mmagirg the blight pmblem yet levels of 
host resistance have to irrprwe. W c i d e s  that are 
effective as foliar sprays have keen identified but 
their use has limited success in that when 
m t a l  c d t i c m s  are fawurable for ascochyta 
blight, wen ten applicaticas may mt be effective. 

Fmarim w i l t  caused by Fbsarim oxyqwmm f .sp. 
ciceri is the rrPst impcatant mil-)x)me disease. 
Other mil-born diseases such as black root mt 

(FWarim salani), and wet root rut (Rhizoctmia 
solani) that are favoured by high mist- d t i c n s  
are inpoaant in scme areaa in Ethicpia and irrigated 
fields in mt and Sudan. Dry root rot (Rhizoctaulia 
batatimla) cccm thra&n~t and regim while collar 
rot (Sclemtim ralfsii) and stem blight (caused by 

sclerotinia scleroticmrd have also been reprted i n  
the -an but averall, they are e d c a l l y  less 
inportant than M m  wilt. 



% objective of chickpea pathology is to (1) 
assist chickpea breecka in the devel-t of high- 
yieldirg, &--resistant culti- and evaluate 
lPeeding material for resistance to the major diseases 
of chickpa; (2) collect infomtian an disease 
epideniology and pathgenic variability and dwelcp 
disease mmqewnt strategies for ascochyta blight; 
3 collect infomtim and -tor disease incidence 
and severity in the W?&IW regicn in collab3ratim w i t h  
the n a t i d  scientists; and (4) develop research 
collabraticn w i t h  national progams cn diseases 
mmgemnt of as- blight and w i l t .  

Disease incidence and severity an chickpea was 
surveyed in Dara'a, , Ham, hleppo and Hassdceh 
pmmhces in Syria. In total 16 locaticns, including 
off-statim and an-fann trials, visited and the 
disease incidence and severity at  the different 
locations was assessed. ?he objective of this survey 
was to d u a t e  the disease situatim in chickpea in 
Syria and to assess disease reacticm of released 
varieties (olab 1, C h a b  2 and olab 3) and 
prahisw 1- (!?LIP 84-15, FLIP 86-5 and FLIP 86-6) 

that w=re i n  dannstratiol plots in farrc~rs fields, 
m-fann trials and an-statim trials. 

Results are surmarized in Table 2.3.1. mike 
last a@ascm, all prwinceS s h e d  high incidence of 
aaaxhyb blight £011- by RLsarium w i l t  and dry 
rcot rQt as the dcminant diseases. -ttory tests 

the presence of four major pa-: 
Asa=chyta rabiei, ElLsarim oxppnm~,  H n m  
msdigaginis var pinodella, and RhizoctcPlia batatioola 
(Table 2.3.2). I n  the El-Hassakeh pravince the 















folluhq highlights of the situation of 
ascochyta blight: 

1. Cn-fann trials, planted in the E l - U e h  area * that, as of MW 8, 1994, FLIP 84-15, FLIP 
86-5, FLIP 86-6, (2Iak 1 and C k b  3 had a disease 
rat* of 7-8, 6, 5-6, 7-8 and 5 on 1-9 scale, 
where 1 = no disease, 9 = die plant killed by 
disease. 

2. Kamishly (Tel Hasoudl (W 1) had nure disease 
than last Season: FLIP 84-15 rated 7-8, FLIP 86-5 
rated 6-7, FLIP 86-6 rated 6, Ghab 1 rated 7 and 
Ghab 3 rated 6. Sm? 100 lines planted on Jan 
26 as screening mu-sery had very little disease 
even on the susceptible check and is thqht to 
be &e to late plantkg and escape frcm the 
favourable weather. Rains stopped in March, tius 
the genotypes - to cnly 4-6 weeks of 
faMuable rainfall. 

3. H e i n u  station also had nure disease than last 
season: FLIP 84-15 rated 8, FLIP 86-5 rated 5-6, 
FLIP 86-6 rated 6, M 1 ratted 7, (2Iak 3 rated 
4-5 in the on-fann trials. Larger plots of 
derncnstraticm trials for M 3 rated 5, (2Iak 2 

rated 6, and Chab 1 rated 8. 

4. Disease readin38 on CIYT winter for the 
Mediterranean region at Heim station sharved that 
7 out of 24 lines (FLIP 88-82, 88-85, 89-79, 90- 
76, 90-77, 90-149* and 82-150) had b t e  

infection f m  Ascochyta blight with a rating of 
4-5 q~ the 1-9 scale. lk CIABN trial at this 
locaticm had 14 out of 41 lines &n&g mxkrate 
resistance to Asmchyta blight (FLIP 88-83*, FLIP 
88-89, FLIP 89-78, FLIP 90-76, FLIP 90-85, FLIP 



90-112*, FLIP 91-14, FLIP 91-150, FLIP 91-196*, 
FLIP 92-16, FLIP 92-113, FLIP 92-52, FLIP 92-159* 
and FLIP 92-leg*) .  ?hese lines shckv gccd 
potential as scxlrces of resistance to the highly 
aggressive pathotypes found in north-east Syria. 
The lines mked with * were rated 3-4 while the 
others were rated 5 in the 1-9 scale. 

5. It should ke noted that m t  of the rainfall in 
Syria ccmrrd in Dee-early lvlarch and there was 
no rain from mid N x c h  to May wlw the survey 
was done an3 tius the blight infection severity 
reflects early infectian k i n g  the winter mths 
and spring plantkg escaped infection. This is 
ccmtrary to the 1992/93 seascm wlw disease 
favourable weather started in mid April and 
persisted for the rest of the seascol and affected 
berth winter and sprirg planted crop particularly 
in the W e h  area. The disease reacticm of the 
premising lines and the three culti- was nvre 
or less the - in the 1992/93 4 1993/94 
seasons (Table 2 . 3 . 1 ) ,  +Ae disease severity in 
May 1993 was slightly 1- than that recox-ckd in 
May 1994 when the survey was done. %is 
indicates that the epidemic in north-east Syria 
(Mdkieh area) in 1992/93 was caused by the 
dination of favourable weather and unifody 
susceptible culti- grpwn over large area thus 
increasing the vulnerability of the crop to an 
epidemic outbreak. Persistent rain£all (not 
necessarily excessive as in 1992/93) can favour 
an epiphytotic level of asoochyta blight if 
t-t- is cml (10-25O~) . 

6 .  Szm 100 ger~types planted at Web and Heim 
cm Jan 26 did not develop mch disease. 
Similarly, 2 rows of Ghab 1 that - planted at 



Tel Hascud in mid January to replace some miss- 
lines also escaped infectim. This d i m  last 
years absenmtim at Mdkieh of a 1- dieease 
severity in plots planted 2 & later. This 
indicates the potential of manipllatiq the 
plant- dates within the winter mths to r&uce 

the risk of asaxhyta blight and yet take 
advantage of winter rains to hueaae yields. 

Eventhgh P. d g a g i n i s  closely resembles A. 
mbiei in sp3lre maphology, and is associated w i t h  

stem and leaf lesions, its pathogenicity and 
tiuconcmic status has been d i m &  under greenhouse 
conditions and was found to be distinct £run 
asaxhyta blight. Since the different pa- are 
frequently isolated fran the m field and often 
the sam= plants, investigation on the interaction 
kt- different pa- d d  be beneficial to 
shau the indirect role of the patkcgem in crop 
damage. M.T. &bga, M. Bellar, and scientists 
frcm grria. 

W t  resistance is the kackhme of asaxhyta blight 
disease imnagenwt at ICWX, h for 
blight resistance is a large carpaaEnt of chickpa 
patholqy. Evaluaticm of the resistant lines against 
individual and mltiple races is essential in 
identifying race-specific and race-ncaspecific 
resistance. 



This trial misted of 225 lkes that include 185 
lines tested in the 1992/93 6eaams and 40 other 
breedkg lines selected for superior resistance in 
the 1992/93 advanced yield trial i;rkT) at Tel H~flya. 
TIE 225 lines therefore are the m>st resistant 
b- lines dwelcped kt- 1980-199C. 

lines were tested against indivi&d an? a mixture 
of six nces in the greenhouse to d i x m  the 
1992/93 results and assess the reacticn of sans - lines that were not tested in the 1992/93 
seasons. ?hese lines were also tested against t m  
field isolates from Hassakeh ( H e b  and Mdkieh 
areas), to identify resistance to the Hassaketi 
pathotypes which had devastjted the chickpa crop in 
1992/93. ?he e m t  was replicated three times 
and each replicate (pt) had five test plants and a 
susceptible check in each pot. 

5 reabicm of the lines to different races 
is presented in Figure 2.3.3. TIE relatedress of 
the dieease reacticm from the m i x d  nces and the 
indivichd races was determined by using a dtiple 
rqressicm dysis. ?he results shrured a l w  
caefficient of determirzation ( R ~ )  value and lau 
regressicm ccefficiencs for all the aces. 'Ibis 
indicates eat reacticn to t k  &ure of races did 
m. relate 4 t h  that of any irdiviw raa. l b r e  

was slight charge in the rankirg of the g e n o m  to 
the six races but there was no shift from resistance 
to susceptibility. Such slight shift of reacticn is 
not suzprising midering that precisicn hi 
emriraamental cca7diticms is mc availzble and the 
disease is greatly affeded by the -t. 
m t s  f m  this season in g d  d i d  results 
of last year tests. 



Figura 2.3.3. Reacticm of chickpa brealkg lines to different races/isolates of' Axmhyta 
blight hnrgm in the greenhouse. 



Lines that were resistant to the six races 
individually or in different cmbinatims were 
hmever susceptible to the field isolates fm 
Hassakeh and d y  6 lines had a rat* of 6 or less 
(Fig. 2.3.3). 'Ihe t w  field isolates frun Hassakeh - similar and were distinctly different f m  the 
six races individually or in a mjxt ture (Fig. 2.3.3). 
Single-spre isolates have k e n  developed and their 
chracterizaticn an a set of differential cultivara 
will be discussed separately under Secticm 2.3.2 on 
patkgenic variability. 

Reaction of the lines in the field was very 
different f m  last years results. QiLy 10 lines 
(FLIP 88-83, 88-87, 89-62, 91-150, 90-112, 91-28, S 
91168, S91150, ILC 4475 and 102 12004) had a 

reaction of 4-5 in the t w  replicates with ICC 12004 
beiq the best with a 4 ratkg in both replicates. 
Eleven other lines were rated 5 and 6 in the t w  
replicates (FLIP 90-27, 90-76, 91-149, 91-184, 91- 
192, 91-196, 591139, ILC 7795, ILC 7374, IW 5926, 
and ILC 3866). All these lines were rated 6 or mre 
to me or m races and Haaakeh field isolates. 
All the other lines were susceptible w i t h  a rat* 
of 6 and abve. 

In additicm, to the 225 lines screened in the 
g r e n h x e  a d  in the field, about 210 other lines 
selected in 1992/93 because of their rating of 3-4 
were included in the field evaluaticm to ccnfinn 
their resiatana? to asccchyta blight. About 16% of 
the 435 lines tested had a d i m  rat- of 4-5 and 
about 72% of the lines vvere rated 7-9 (Tables 
2.3.3., and 2.3.5). l'k dirmation trial uras 
&tat& as a result of unusudlly high disease 
presswe m the trial genemted by irroculatiq the 
plants with infested in January, cme m t h  



Table 2.3.3. The test hsoochyta blight resistant chickpa 
lines in the field. 

FLIP 82-151G P I P  4,SU FLIP 88-83* 3,3 415 
FLIP 90-loC NT 484 FLIP 90-27* 4,4 4.5 

FLIP 90-9'/C NT 4,4 FLIP 92-179 NP 4 ~ 4  
FLIP 92-194' NP 414 FLIP 91-28 NT 4,s 

FLIP 91-13lC 
FLIP 90-112~* 

FLIP 91-14gc 
FLIP 82-32C 

ICC 76 
ICC 13629 

ICC 2342 
ICC 2364 

4,s FLIP 81-161 NT 4.5 
4,s FLIP 92-175 " 4.5 

4,s FLIP 92-178 " 4,s 
4,s ICC 4188 NT 3.5 

4 ~ 3  ICC 2165 3,s 
3,s ICC 2270 NP 384 

3,4 
4r3 ICC 3912 NP 3r3 

ICC 3918 NT 3,3 ICC 3919 NT 4,s 
ICC 3940 Np 3r3 ICC 3991 NT 3t3 

ICC 4000 NT 3.4 ICC 4020 NT 3,3 
ICC 4030 NT 3.3 ICC 4045 NT 4 ~ 3  

ICC 4241 NP 4,s ICC 4616 NP 3,3 
ICC: 11932 NT 3.3 ICC 11933 NT 3,3 

ICC 12004 NT 3.2 ICC 13292 NT 4t3 
ICC 13718 NP 3,2 ICC 13729 NT 3,3 

ICC 13754 NT 3,3 ICC 13903 NT 3,3 
ICC 4475 NT 3,s ICC 6373 NT 3,s 

ICC 9189 NT 3,s ICC 4187 NP 3.5 

"/ tW = not tested, '/-disease rat- in 2 replicate8 (1-9 
scale) . 



Table 2.3.4. Reaction of F2-F7 generation lines of chi- to asax!hyta 
blight at Tel  Hadya 1992/93. 

Generation nscochvta bliaht rzaction on 1-9 scalea 
1 2 3 4  5 6  7 8 9 Total 

F2 (RXR) bulk 0 0 1  1 

F2 0 0 0 1 0  

F4 bulk 0 0 0 1 6  
F4 - 0 0 0  2 
F4 (RXR) lxilk 0 0 0  2 
F5 & F6 (a) 0 0 19 207 
F5prcg .  (large) winter 0 0 0 1 
F5 p q .  (early) winter 0 0 0 90 
F5 prog. winter 0 0 0 250 

Total 0 0193 577 2245 4564 1315 344 113 9346 

Disease rating 1-3 = resistant (R) , 4 = mxlerate resistance (m),  5 = 
interrrediate (I), 6 and above = 
susceptible. 



earlier than the usual (-) t k .  ?his 
decision was based on the prevailing weather 

ccaditicms: tenprat- (10-15Oc) favourable for 
infection establidmnt and persistent rainfall. Tne 
develqrrpnt of high disease pressure aning the 
seedling stage severely damged the entries by the 
disease. 

lkqezatures favourable for disease 
(15-25Oc), usually start in the imnth of March but 
the rainfall declines or stops around March-April. 
?herefore, disease c?evelqrrpnt necessitate the 
dependence on mist irrigation for 3 h a day. 

Haever, - and Janllaq winter mths usually 
have few scattered days umen the tapsratures are 
relatively wa?m (i.e. akme 6'~) and d d  allm the 

infection establishmnt of A. rabiei and w b m  
t-ture increases the spread of infecticn can be 
quite rapid i f  moisture is available. Cespite the 
high disease pressure in the d h t i o n  trial, 
different levels of disease could still be 
distinguished (Table 2.3.5) and there was m high 
level of resistance £ w a d  in the surviving material. 
In addition, the genotypes that stcxd the disease 
pressure at  seedling stage mmi.ned fairly stable 
when j .Xallum in the f m  of spore sl~spensica? was 

provide3 at  the flcwriq/early pod stage (a highly 
susceptible stage) when ml and wet weather 
occurred. The secticn of the nursery that was 
incculated in early Fehluary (the d t k )  
develcped less disease and m of the mistance 
identified in  April, was not maintained at  
f l m / e a r l y  pod stage. 

This year's results have pointed aut that (a) 
the disease pressure ammily used at  the rrursery 
may be high emqh to eliminate highly susceptible 



Table 2.3.5. Retest* of lines selected for resistance to AsoxIqta blight. 

Lines Ascodrvta blisht reacticn an 1-9 scale 
1 2 3 4 5 6 7 8 9 Total 

SEllmBtaticn 0 0 1 1 3 0 0 0 0 5 

~ e a i *  R lines o o o 10 31 43 28 14 1 127 

PYT and Kfr 0 0 2 115 215 190 30 4 4 560 m 
Ul 

NEW generaticn 0 0 0 20 35 48 105 97 227 514 

U x U i  0 0 0 7 19 17 7 0 0 50 

~ i n r a t i m *  o o o 16 57 46 107 118 91 435 

Total 0 0 10 148 286 264 148 101 232 1189 

nwadated w i t h  Mested ckbri~ in Jarnrary; all other trials hxdated in Hxwuy. 



material, but m y  not be that high to -te the 
best resistace swces £ r u n  the moderately resistant 
and the h t e l y  susceptible lines; (b) it is also 
pssible that sane of the resistance is t-ture 
sensitive and it breaks &wn at  ccol teqeratut-es. 
This is not unique and requires attenticm especially 
as epidemics w i t h  ascocrn/ta blight have often been 
associated w i t h  fairly cool tenpeatures. If stable 
resistance is required, +h stability of the 
resistance at  different taperat- rmst be 
detennined, particularly for winter plant% ud7ere 
the disease can the winter or spring 
nnnths. 

The reacticm of the F2-F7 segregating populatic~ls to 
asccchyta blight is presented in Table 2.3 .4 .  Alccllt 
8.2% of the 9,346 lines w x e  R-MR w i t h  a disease 
rating of 3-4 and abut  24% had i n t d t e  (I) 
reacticn of a ratkg of 5.  The F5 R X R m s e s  
wsre m t l y  (85%) R (resistant) -MR .IRmderately 
resistant). The F2 bulk had 7.8% MR. and 24% I 
reacticm, quite similar to  last seasan F2. The F4 
k a l l k ~ c h w a s g e n e n t e d f r u n l a s t y e a r ~ F ~ ~ h a d  
10% MR and 39% I .  The F5 prqleny-winter had 3% MR 
and 22.4% I (ccnpared to last years ~ 1 %  R, 18% MR 
and 42% I) .  Likewise the F5 prcgeny (early) winter 
had 6.8% MR, and 35.7% I (ccnpared to last years 24% 
MR and 46% I) .  Ihe her  reaxery of wsistanoe 
&u+q t h i s  seasan is % of a nwre fawarable 
weather especially during the winter rrmtha when 
t a p r a t w e  was wnn and ~ i p i t a t i m  was not heavy 
but -istent and mi ad. w e t  mther &rhg pod 
filling stage (Fig. 2.3 .4)  . This indicates that the 
saeenhq procedures shaild be refined to avoid 





disease escape and make use of winter rains in 
-. M.T. Mdxqa and R.B. Sh&l. 

Chi- lines that had been selected for asaxhyta 
blig-ht resistance in the 1992/93 seasan, were planted 
in the asc=&yb blight nursery in 1993/94 for 
ccmfimticm of the resistance. Results are skvm 
in Table 2.3.5. About 50% of the pre-selected 
resistant desi lines were cmfirrred to be R to MR, 

25% rated I and d y  25% sucamhd to the blight 
with a S rat-. Ab3Ut 20% of the prr, AYT, and IUT 
w e r e  confirmed R-MR, while 38% w?re I w i t h  a rat- 
of 5. TIE CIABN had 14% MR and 38% I with f- 
lines shaKing resistance cmpad to  last year (55% 
MR and 28% I n t d t e ) .  M.T. and K.B. 

s w .  

GenerdL obsenmticns on the numery rwealed 
that disease synptm cpl seedlings - wi- by 
l ~ b e f o r e a n ~ u m w i t h s p r e s u s p e h s i o n ~  
made. Infectim &velqmmt frun spore suspension 

on mist irrigation as A p r i l  and nnst of May 

were dry. Spre suspension was dxquent ly  applied 
7 times and this included also me application, i n  
case of F~ & 6, &z%q pod fill* stage at  a tin-e 
the weather was cool and wt. Mecticm increased 
at this stage and mmy lines which were otheTwise 
heal* sucmked to the disease. Infectim at  pod 
fill* stage was mre unifcamly distributed this 
year a m p r e d  to  last  y e ~  nnst likely because of 
rmre uniform inoculation in the field. This 
ccmfirms last yeaxs absenmtion on the need to 
iMculate a t  the flowerhg/@ filling stage. 



Steps needed to hprove the efficiency of 
resistance screedq include: 1) ensuring disease 
M q x w n t  at flanrering and pod filling; 2) 

inaFs3ing the uniformity of disease spread during 
fl-ing by provicljng uniform inxdm in the form 
of sy;ore suspen~im, increasing the frequency of 
susceptible checks betw=en the test entries, and 
maintainiq the susceptible check at a disease rat- 
of ataut 7 or 8 by using mre than ane check line 
gi- bnackr range of disease reabim so as to 
provide saurce of seccP7dary incculm and reference 
points for disease readirag; (3) timing of M u n  

should take advantage of favarrable weather 
forecast/or ohsenraticms instead of following a 
nutine p-determined tiniq. Ixadatim with 
debris More February d d  be desirable to allow 
early infectim establkhent and provide 2-3 mths 
of ccol and w t  weather which urould xeduce the 
d9penrlence cm mist imigatim for disease 
devel-t; and (4) d c h g  a baseline disease 
reading at seedling stage if favourable weather has 
allowed early disease dwelqxwnt. M.T. Mthaga. 

Pa-c variability of A. rabiei is the rain 
cause for inamsistency in resistance ratings that 
has been frustrating the efforts to amtrol ascochyta 
blight with host resistance. While quantifying the 
variability is irrpcatant, results so far available 
can m t  be easily mrpared. Race identification 
m t  be based m use of standard differentials, 
-tal cdticms and disease rating scales. 

nE objectives of this study were to test the 
vimlence pattern of single sp3lre isolates collected 



f m  north-east Syria (It7asakeh area) and ccmpare it 
with the six races prwiwly described at IOREA 
To stardadize mtIn%logy used in mce 
identificaticm a set of differential cultivars that 
different reseKchers have used in t k  literature was 
used. Plants were maintained at 20-22Oc, spray 
M a t e d  w i t h  500,000  spare^ m l  cm 10 *-old 
plants, incubated for 72h at 100% relative lnnnidity 
and disease (us- a 1-9 sde) dme 14 days 
after haulation. Since studies cm pa-c 
variability require hmqmeity of the differential 
varieties, t h  seed source was derived £ran single 
plant selecticas. These results are w e d  to 
ccnpl-t the w r k  on mlecular-marker assisted 
study cm variability in the asa=chyta blight funElus 
(Sebicn 2.2.4). 

The virulence patterns of 19 single spore 
isolates collected f m  north-east Syria in 1992-1993 
were carpared w i t h  the six races cm a set of 26 
differential lines. R e v e r s e ~ o r d e r o f  
genotype reaction was evident (Table 2.3.6) and the 
analysis of variance shcuJed significant gemtype x 
isolates interacticn (Table 2.3.7) . A physiologic 
race is defined as "a sub-specific group of 
parasites characterized by specialization to 
aifferent cultivars of me hast" (Johmm and Booth, 
1983). Accmdbg to this definiticm, A. labiei 
m a t i a m  can be characterized into races if the 
prccdres used in the characterization are 
standardized. TIE d l  aggressiveness of the 
isolates can be q t e d  frcm the m=an disease score 
on all the gemtypes which clearly sb.v differa7ces 
in aggressiveness (Table 2.3.6 Fig. 2.3.5) . 
Differences in aggressiveness of the "races" also 
exist. The Hassakeh isolates were very aggressive 
carpared to the other races. Race 6 is a-ssive 



MI* 2.3.6. W m c e  characteristics of l3 isolates of Asm&yta rahtei cn a set of 16 differential genotypes selected 
cn the h i s  of kuad resistance in d t i p l e  l o c a t h .  

Differential IsolatesL am3 IIBU~ di8e88e ~ O D L ~  

W=wP1 R1 R2 R3 R4 R5 R6 C D E G M N U Mean 

ILC 2956 
ILC 3856 
ILC 5894 
I U  6260 
IIC 7374 
ICC 39% 
ICC 4475 
ICC 9189 
1-004 
m 
RW 15 

1 Isolates C to U are re&mentatives of 20 isolates far &-east Syria mlleFted in 1992-93 f m  an e p W c  
situaticn, tk selecticn of the isolate C to U was based m the relatedness of tk isolates &wm a ? I n  in 
Fig. 2.3.6a. 

2 Selecticn of 16 differential lines is f m  26 lines, based cn their selectivenaas for their reacticn to 26 isolates 
of A. rabiei as dmm in Fig 2.3.613. 



h t  different fra the It.lssakeh isolates. Mild 
pathotypes also occurs at Hassakeh (Fig. 2.3.5). 

Table 2.3.7. Analysis of varianoe of disease score 
of 26 genotypes of chi*, each 
infected with cple of 26 isolates of 
Asaxhyta rahiei. 

S c m e  of variation Mean Variant 
df square ratio P 

Elain effects: 

&mtypa  of chickpa 25 140.1 179.46 ~0.001 

Isolates of ascochyta 26 108.8 139.40 ~0.001 

Interactim: 
-type x Isolate 635 6.732 8.62 ~0.001 

These results provide evidence that A. zabiei 
isolates differ in b t h  aggressiveness and in their 
specific virulence patterns on a set of differential 
lines. The occurrence of a carplex pa-c 
variability in A. rahiei is not mupishg since the 
pathogen has a d stage, is heterothallic (Kaiser 
1992) and can generate new genetic d i n a n t s  and 
broad virulence spectrum. The choice of differential 
lines, hantarer, determines the degree of variability 
that can te detected in such studies. Stadad 
internatid differential lines have to be effective 
to separate the patkgenic groups with a clear-cut 
separation of resistance and rmsceptibility over 

broad m h i c a l  areas. While it is important to 





understand the extent and dynamics of the 
variability, it is equally inportant to focus our 
research efforts on studies, that guide resistance 
breding and identify new virulence in the pathqen 
that match the available resistance, before its 
pqmlaticm k c a m s  d d l y  -ant. 

'Ihe relatedness of the pathotypes is presented 
in a derdrcgram in Figure 2.3.6a. 'RE Hassakeh 
isolates seem to have a large carponent of highly 
aggressive pathatypes that differ distinctly £ran the 
six races. Howwer mild pathotypes are also found 
in the area. These results indicates that the 
pathotypes in A. ahiei can be defined by toth their 
virulence pattern on a set of differential lines 
i.e. races, and also in their aggessiveness which 
is demnstrated in Figure 2.3.5. Such results 
facilitate the decisim mkirq on representative 
pattotypes of the different groups that m y  be used 
to identify specific resistance groups to be combined 
through breediq. Similar analysis was dme on the 
differential lines (Fig. 2.3.633). IXle to the 
rrdtiplicity of ccnplex and subtle host-pathatm 
pathotype-patbtype interacticms, and use of other 
mre detailed statistical analysis of the data such 
as principle mqcment analysis need to be explored 
(Shane 1987). The role of the weak pathotypes in 
generat- -ssive pathotypes through acclmollaticm 
of virulence and genetic recabination is not yet 
understad and needs to be explored. M.T. Mhqa 

K.B. Sh@a. 



2.3.2.5. '&e role of taliarcqhic stlrge of A. rabid 

bsyria 

Ihe dispxsal of rabiei fran plant to 
plant is mostly short distance th?n& water 
splashing, but 4 1  wre-bear- water droplets can 
be carried a 1- distance through air currents. 
Discharge of asccspres from pseudothecia in chickpa 
debris can be a source of lag distance mvmmt and 
source of primary M m  in areas w k z e  chickpas 
are grown for the first time. Wing the 1992/93 
seasm seedlings grawn f m  fungicide treated seeds 
and placed at 1 to 30 lon fran chickpa g r m i q  areas 
developed typical asarhyta blight infection after 
t m  weeks eqmmce to open air. Ihe objective of 
this st* was to assess the ptential of the 
teliomxphic stage as a source of primary M m  
and long distance mvment of A. rabid in the air. 

To assess the long distance nwement of A. 
xabiei and air-bsme source of pr- incculm 
biological indicators and sticky slides for trapping 

p r e s  were placed at varicm distances fran chickpa 
g m A q  areas. Susceptible plants were e x p e d  to 
open air for 2-10 wsds starting from 26 January. 
Disease readkg was dcne using a 1-9 scale after 14 

days, Plants £ran lccaticms often had 
infection before they were pdded w i t h  high 
lnnnidity (100% RH) and the disease severity was 
therefore mted (Figs. 2.3.7 a & b) to ccnpare it 
with that obtained after incubation for 48 hr in 
100% RH (Figs 2.3.8 a & b) . Slides - exgcsed to 
open air for 24 h every t m  wsds. Cbenatim of 
different f o m  of M u m  trapped in the sticky 
slides was &me am3 representative sanples wen= grawn 
in culture to amfirm the identity of the isolate. 
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Figure 2.3.6. Cluster analysis to show (a) the 
similarity in virulence of single- 
spore isolates of Asoochyta zabiei cm 
a set of differential dti-; (b) 
the similarity of differential 
cdtivars in their reacticn to single 
spore isolates. R1 to % represent 
races 1 to 6 and I refers to single 
spore isolates frun Wsakeh. 



All plants apsd to q e n  air at  0.5-35 Ian 
£ r u n  the nearest chickpa fields (Tel Hadya) 
developed stem lesicsls of Ascxhyta blight. Plants 
placed a t  - locaticms developed mre disease than 
others =-ess of the distance £run chickpa 
fields (Fig. 2.3.7 & 2.3.8). ?he an~mlt of 
infecticn in- w i t h  the per id  of plant exposure 
to  open air (Fig. 2.3.7b and 2.3.8b). Plants 
expsed to  h z m l u m  for tw weeks had lm infection 
and d b m d  last years absenmtim a d  hypthesis 
that nrxe than tw weeks were needed to prxwi.de msre 
i m x d u m  level for a high level of disease 
developnent. Different forms of air-bsme i nmdum 

t e  cm slides w=ze minute pieces of debris that 
carried A. rabiei, and large clusters of 
amidiospores. A l l  these were isolated ard purified 
in culture and gave rise to mrphlogically typical 
A. rabiei cultures. Pathqenicity tests d i r m e d  
their role as sources of air  lxuTle M u m .  These 
results partly explain why sudden disease ou- 
occur after 10 or mre disease free years where the 
teliamrph does wt occur to &de saurce of 
M ~ n n  fzun -. T k  results further 
M a t e  that a r e g i d  -ch m the axmhyta 
blight disease -t d d  ke desirable. M.T. 

2.3.2.6. Ibe spread of bli@t f x m  tha 
infectica focus 

Infested debris ard seed are the tw tlpst inportant 
sources of primazy i r c c d u m  for asoocrn/ta blight, 
pxniucjrg several infection foci fmm where the 
disease ~ ~ p r p - d . ~ .  ?Re fnxpemy of seed transmission 
can be lau. Seed transmission ensures a nmkm 



Period of expowre to open air (Week.) 

Figure 2.3.7. Effect of pericd of of 
disease-free chickpea plants to c p n  
air at  v a r i a  dktamea f m  the 
chi* prcducticn si te  a t  Tel m, 
cn disease developnent in 1993 before 
incubat- the plants for 48 hrs in 
100% RH: (a) Fwxentage of m 
plants stan lesicns at  each 
locaticn; (b) emulative total of 
percentage of expsed plants shaving 
stem lesicas. 
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New Shabha 32km 

Figure 2.3.8. EEfect of perid of exposure of 
disease-free chickpa plants to open 
air at  varims distances frcm the 
chickpa pnxiuction area at  Tel Hadya 
cm the disease develqnent in 1993/94, 
after incubting the plants for 48 

h m  at 100% F!H: (a) R3~entage of 
expzsed plants s iwhg  stem lesicg~s a t  
each location; (b) anulative total  of 
percentage of e x p e d  plants 
stem lesicats. 



distribution of the pa- in a field, that 
provides many prirrazy infectim-foci £ran which the 

pathogen can spread. The objectives of this study 
was  to  determine the dis- of spread of secm&ry 
inoculun frun the infectim focus and to e s t h t e  
the frequency of infection foci for 
epiphytotic disease develqmnt llnder the Tel Hadya 
&ti-. 

Tbm infectim foci, 2n? each 26 m apart, - 
develqed in a field planted w i t h  a blight 
susoeptible cdtivar ILL: 1929, as last year. Plants  
in the raked infection-foci areas - inoculated 
w i t h  blight-infested debris of A. rabiei m 2 

Ja=='J=Y. The spread of infecticm f m  the 
infection-foci was assessed, ones a week, by 
foll- the infecticm developnent on m-inoculated 
plants, and by neaming the direction and distance 
of spread. Infectim devel-t cm non-hxdated 
plants was f i rs t  assessed by a preliminary suxvey of 
the distance and direction of spread. The r e su l t s  
are presented in Figure 2.3.9. The infection 
severity at  different radial distances frcm the 
infecticm focus was evaluated cm a 1-9 scale. 
Disease spread started after a&pnximtely cme mmth 
fnm the incculaticn date and spread rapidly (Fig. 
2.3.9). 

l k q s a t u n ?  and misture acaditions were 

favourable for disease develqmnt (10-25Oc) in  
January to the last ueek of I h x h  while A p r i l  was 

(Figure 2.3.4) . Infecticm spread over time 
included the formtion of secrndary 
infecticm foci that i n d  in nuober and size and 
covered the entire field over a period of me m t h  
and disease spread st@ when dry &ticns kcam 
limiting (Figure 2.3.4). The mmkm of plants 
killed by blight inmewed radially fnm the 



infection foci over tim and the spread was farthest 
f o l l c h q  the predominant wind direction. Another 
per id  of favourable weather occurred briefly in mid 

May ard resulted in very high pod infecticm over the 
entire field. These results d i m  last year's 
results that an int€yr.ated m c h  that Educes the 
rate of disease spread is necessary to ccoltrol 
as- blight. The results also indicate that 
rmnaq?mnt of as- blight requkes &tion of 
f- on the inportance of us- clean seed. K.T. 

m. 

2.3.3. 'Ibs Fumrim Wilt-sick Plot 

To screen chi* gerrrplasm a d  brediq material 
for rmt rot and wilt a sick plot is needed. Efforts 
have been urderway for last 2 seascgls to develop 
such a plot. 

The sick plot was & cut a a w d i q  to the 
status of developnent a t  the end of the 1992/93 
seaxm and the 0.6 ha sick plot w i l l  be ready for 
use in spring 1995. Plans wre carried cut w i t h  
off-seasmplantixig us- artificially infected seed. 
Sectim A w a s  assessed for uniformity of imadun in 
the soil in spring 1994 and nqp?d out for areas 
that still needed h x d m  reinfo-t. This w a s  
dane in Sept 1994 and the secticm can be used for 
preliminary s m e r h g  w r k  in spring 1995 as 
initially plannd. In additicm, secticm B (0.7 h) 
has high w i l t  incidence and portion of it muld also 
he used for preliminary m. W i l t  incidence 
in secticm C (0.7 h) is still patchy and w i l l  
require M m  reinfoxwent before it is assessed 
for uniformity distribution. The entire 2 h can be 
ready for use in spriq 1996 while at least 1 ha 
(section A & 50% of section B) can be used in sprirag 
1995 (Fig. 2.3.10). K.T. - d K . B .  Singh. 



Mgure 2.3.9. Spreadof A a a A y b  bliqht in chickpea 
field over t k  fran tw infectian 
foci, 'A' and B ,  Tel Hadya, 
1993/94. 
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Figrrrs 2.3.10. ?he wilt and root-rot sick plot at 
Tel Haciya, Januazy 1994. 



2.4.1. P q d a t i c a ~ c a o f C h i ~ ~ H d  
its mradtoida 

Chickpa 1- populaticols were sanpled by D-Vac 
i n  Winter- and spriq-sown chickpa plots at  Tel 
Haw. In winter-- chickpa 1eahiw.r started 
cccurring in late March and reached one peak in late 
A p r i l  (Figure 2.4.1) . In spring-- chickpa 
leafminer appeared slightly later, in mid April and 
quickly reached a first  peak in late April and a 
second in mid May. The rnm'kr of leafminer per sample 
w a s  high reaching 130 and 180 adults per sanple in 
winter- ard spri .~~~-sawn chickpa, respectively. 
populaticm of the parasitoids f o l l d  the e a ~ ~  trend 
as the leafininer pzpulaticm, kut did not huild up to 
higher mtkers correspndhq to the leafminer 
populaticm (Figure 2.4.1).  S. Vhigard and A. Jabi. 

The nvnitoriq of pdbrer pzpulati- by plmamme 
trapa was cxmtinued. Traps were placed in  chickpa 
fields in Tel Hadya and in farmers fields at 4 

lccaticas around Tel Kxlya, as wel l  as in Mrin, 
-ye and Al Cdzab area. After chickpa was 
hameated in late June, the trapa were mved to  the 
closest cotton field. The traps ve re  checked evw.y 2 
v.eeks. In general podborer pcpilaticas were low as 

to 1992 and especially 1993. Inside Tel 
Hadya the highest luanber was 51 mtks per trap (Figure 
2.4.2.A). In the chi* fields arcnwl Tel Hadya 
phercrrrrme catches also were not high and only 
increased in cottm at  BKlUs and Kosinya (Figure 
2.4.2.A). In chiclrpea higherpodborernmkers were 
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Figure 2.4.1. Cevelopnnt of prpulatim of adults of 
leafminer and parasitoids, as sampled 
by D-Vac a t  dif f-t sapling dates in 
winter- and spring-- chickpea a t  Tel 

m, 1993/94. 
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F i g u e  2.4.2. Pherarcole trap catches of pkxer, 
Ilelianmp annigexa, in chi* 
fields in Tel Hadya staticm, farrrers 
chickpa arad wttcm fields annmd Tel 
Hadya (A) and chickpa on-farm trials 
and dxeqent  cottcm fields (B), 
1993/94. 



caught in Sqielbiye arvl Sheikh Y-f (Figure 

2.4.2.B). In rvxthern Syria (?+Ihnkye and Afrin) 
-T.TZ nmbm were lm. These data shCky the high 
variation in H. annigera p3pulaticns wer regions and 
years indicating the jnaortance of n-onitoring. The 
relative hprtance of pdbrer in the regions 
ntmitord has keen a h t  the same over the past 3 
m, but f l uc tua t iw  bet- years have k e n  high. 
S. Vhigad ad A. Joubi. 

In addition t o  neem ~ ~ c h t a  indica) seed extract 
applications a com~ercial synthetic neem p?xd~ct 
p~&ced in  Idid (-j neem antifeedant "Achmk'') 
was tested as a safe chemical for leafininer and 
podtorer control in winter- and spring-sown chickpa 
at Tel Hadya. In winter chickpa t w ~  sprays 
m i s t k g  of 600 g neem seeds per 1 0  1 water a t  500 
l/ha and m sprays of 100 g A c k o k  Neem pxder per 20 
1 water a t  500 l/ha applied in mid April and early 

May were ccmpared with cpre spray of Thi* 35 EC (2 
cc/l a t  500 l/ha) applied in  mid April. This season 
two check treatmats were included, i .e. CE untreated 
check and one check was sprayed with water (500 l/ha) 

on the same dates as the neem. In spring chickpa the 
treatments were the same except for an additicolal 
third spray of neem extract, neem prcduct and water in 
mid May. In winter chickpa the leafminer damage was 
high reachhq, a Visual Damage Score (VDS) rat* of 
5.6 and 6.6 on a 1 t o  9 scale in the untreated and 
water-sprayed check (Table 2.4.1) . Ccnpared to the 
rat- of the water-sprayed check b t h  neem extract 
and neem pnxiuct reduced leafminer h g e  
significantly, but less effectively than Thicdan. 
Rxkorer damage was low (2% in the check) and is 



therefore not presented. Seed yield was haeased 
significantly by the neem extract s p y  ard Thicdan. 

but not by the neem p d c t  (Table 2.4.1) . 

Table 2.4.1. Effect of 3 applications of neem-seed 
-ct, neem pl-dxt, water and care 
spray of ?hidan 35M1 cn leafminer 
infestation (VDS) and seed yield (kg/ha) 
at Tel Hady in winter- and spring-sown 
chi*, 1993/94. 

Trea.tmt Winter Wins 
VD6 Seed VIX seed 

(4 yield ( 1 5 W )  yield 

Neemextrad 4.7 1947 4.3 995 
Neempzrdxt 5.0 1747 4.3 969 
Thiodan 2.4 2093 3.8 987 
Water 6.6 1601 4.4 926 
Check 5.6 1673 4.9 984 

In spring-sawn chi- leafminer damage was less 
severe than in winter, which is vrusual, with little 
differences betwen treatmmts (Table 2.4.1) . Caily 
the difference bet- Thiodan am3 the untreated check 
was significant. Seed yields were lau and not 
significantly different. There - no significant 
differences bet- the untreated and water-sprayed 
check, shaying that the water sprays did not affect 
the leafminer populations. The expriroent will be 
repeated for me rmre season to test the neem prduct 
on farmzrs field in Al Ghab area under him 
leafminer and m r e r  infestations. 5.  Waigzmd A. 
Joubi . 



2.4.4. Boat-Plant Rssietaace to Taafmlnar 

The rrost pranising line ILC 5901 was gram in winter 
and spring tcgether with the susceptible check ILC 

1929 without and with the ~ l i c a t i c m  of  Thiodan 35 EC 

(2cc/l) . Leahimr darrage was again higher in  the 
winter- than in the spring-planting. The res is tance  
of ILC 5901 was a m f i r m d w i t h  am rating of 3.4 and 
2.7 as ccmpared to 8.4 and 5.5 in ILC 1929 in winter- 
and spring-&, r e s p e d i v e l y  (Table 2.4.2) . In 
winter-scwkg the spray deed the theleafminer damage 
s i p i f i c a n t l y ,  but  seed yields did not  d i f f e r  
s i p i f i c a n t l y .  Thus, i n  spite of the high leafminer 
damage in ILC 1929 seed y i e l d  was not  a f fec ted .  

Table 2.4.2. bahimr visual damage smre (m) and 
seed yield of  resistant (ILC 5901) and 
susceptible (ILC 1929) winter- and 
spring-sown chidqea lines with and 
without one spray of T h i h ,  Tel  
Hady, 1993/94. 

Treatnwt Winter Srhm 
m Seed m 92ed 

(16 May) yield (16 May) ykkl 

ILC5901rmspray  3.4 1499 2.7 622 
ILC 5901 me spray 2 . 1  1688 2.2 659 
I L C 1 9 2 9 n o s p r a y  8.4 1462 5.5 1010 
ILC 1929 one spray 2.6 1405 3.0 1121 

In spring-& the spray s i g n i f i c a n t l y  reduced 
leafminer damage and increased y i e l d  in ILC 1929 

(Table 2 .4 .2) .  In winter-& yields of ILC 5901 - acceptable,  but  yields of t h e  spring-& wre 
very lm, since this line is late mturing. S. 

Weigmd, K.B. S w  and A. Jcubi. 



Average lentil yields are l m  becauee of poor crop 
maagemnt a d  the lau yield potential of landraces. In 
South Asia and Eaat Africa diseases are also a mjor 
amstxabt to prwhckicm. Acmdhgly an integrated 
m c h  to lentil inprovemnt is be* plraued at ICARDA 
Covering -3-e develqmmt of koth hpmved pmdxticm 
techmlcgy and genetic stocks. A high priority has hen 
placed cm transferriq to national the results of 
research an lentil hamest mechanizaticm system to reduce 
the high cast of hamest- by hand in the West Asia and 
Fb55-1 Africa regicm. 

3.1.1.1. -ti1 adaptatica apd bredkg scheme 

The lentil is an under-exploited and &-researched 
annual legume. F m  the meet at I(ZLRDA, VE have studied 
the variaticol in the world gemqlasm mllectian to 
understand factors affecting lentil a&ptatia to direct 
the breediq program. Such diverse factors as winter- 
hardiness, efficiency of iron uptake, pkmlogy as related 
to the 1- of the gmmkq season, the sensitivity of 
flaeriq to teqmaure a d  photoperid, re- to 
irrigaticm and disease resistance have all cmtributed to 
the pattern of variatim f w d  in the world gernplam 
wllectim. 

Pdditional inf-ticm on the specificity of 
adaptatim w i t h i n  the crop has ccm £ r a n  collaborative 
yield trials of conman entries selected in different 
locations. For example, the Noah African Regional yield 



trial an lentil was established in 1990 to ccnprise the 
best lines selected in Algeria, Libya, kbmco and 
Tunisia. This regicmal yield trial has revealed that 
lentils selected in the v a r i w  -tries of N. Africa 
differ substantially in phenology, indicating the need for 
specific adaptatim to a range of -ts in  the 
regim. 'Ihe -ts of Libya, Tunisia, and lwland 
Algeria are met by the 1- West Asian ixeding p~gram. 
But, late-mat- material is required for high altitude 
areas of Algeria and early-maturing lines are required in 
lrbrocco w i t h  resistance to rust. 

A n d  w i t h  this I& d i q  of the specific 
adaptatian of t h  lentil acp and the vario~ls cmsmx 
-ts of different geqmphic areas, w= have 
desim the base bre&iq prcgram as a series of 
separate, ht finely txgeted, stream linked closely to 
n a t i d  breeding pcgmw. 

?he three major target agro-ecological regims of 
pndwticol of lentil are 1. S. Asia a d  E. Africa 2 .  

Mediterranean 1w t o  t o w n  elevaticm and 3. High 

elwaticm area. These mrmqxmd to  the maturity groups 
of early, d m  and late maturity. Within each of these 
major W c m s  therr are specific target areas. T ~ L s ,  for 
ewrrple, w i t h i n  the Meditenanean lcw to d m  elevatian 
region, specific target areas are 1. the major p d c t i m  
area of 300-400 mn d M a l l ,  2. arid zeas w i t h  c 
300 m n d  rainfall, 3. lbrccco, where there is the 
a d d i t i d  pr&lem of rust and 4 .  Egypt, where lentil is 
irrigated. Each of these target areas has sliqhtly 
different blerds of key traits for recabinaticn. The 
target areas/regions and key t r a i t s  for 
Se l ec t i ca Jd ina t i an  are tabulated in Table 3.1.1. 



Table 3.1.1. Target agro-emlogical regicm of prcductim 
of lentil and key breedk~ aim. 

Region Key traits for d i n a t i o n  

M8ditenanean law to d m  elevaticm 
1. 300-400 mn ann. B i m s  (seed + straw), a t t r ih tes  

rain£all fcr mechanical harvest & w i l t  
resistance 

2. c300 mn ann. -611 Bi-s, dnxght escape thru' 
earliness 

3. m?xcc!o Bi-s, attributes for mcb-ical 
hanes t  & rust resistance 

4. Fgypt Seed yield, response t o  
irrigaticm, 
earliness & w i l t  resistaxe 

Kisk- 
1. Anatolian higtilards B i a m s s  & winter 
2 .  N. African highlands Seed yield & lckv level of winter 

hardiness - 
1. India, Pakistan, Seed yield, early mturity, 

Nepal & Ethicpia resistance to rust, asoxhyta and 
wilt 

2 .  Eangladesh seed yield, extra earliness & rust 
resistance 

Based m the premise that l d  selection for 
adaptation to a specific target area is the rrPst efficient 
selectim m e w ,  selectim at ICARIIA in West Asia is 
limited to adaptatim to the hxe - Mditerranean 
law to d m  elevation and for traits w h r e  ws have a 
ccnparative advantage such as vascular w i l t  resistance. 

a result, the p- has decentralized to 
mrk closely with m t i d  pnyam. 



Forthehcmregionthebreedbqpmpannusesabulk- 
@gree system w i t h  off -easm generatim -t (at 
'Jkzbl, L&amm 950 m elevatim), sixqle plant selection 
in the Fq generatim and selection of p- rn for 
va6cula-c wilt resistance in the F5 generation. For the 
other regims, crosses are agreed w i t h  cooperators and 
made at Tel  Hadya; the generations advanced in the off- 
season & the segregatixq populations shippea to naticmal 
ccqeatms for l d  selection. W e  started makjrg 
specific m s e s  in 1985 and since then have made specific 
crosses for Algeria, Eaglackah,  India, Jordan, ~ r c c c o ,  
Nepal, Syria and Tw3cey. A total of ~ p d t e l y  200 

clpsses are m x k  d l y .  h e  avenue for the 
distribution of segregat* m a t e r i a l  is thrcugh these 
country-specif i c  crosses. 7% i n t e r n a t i d  trial netmrk 
pmvides another systgn whereby these crosses can be 
tested sub-regionally (see secticm 3.1.1.3) . Selections 
made by NARS are fed back into the int-ticmal t r ial  
system for £ur thr  distributicm. The results from this 
decentralized system are dsmiked in section 3.1.2. 

3.1.1.2. Yield trials 

Selecticsls fmn the bmdrg program for the Meditenanean 
lau to medium elevation regim are tested at  three 
locations va@q in their d average W a l l ,  namely 
Breda (long-term average d Wall  totdl 260 mn) 
and Tel Hady & 330 mn) in Syria an3 T k r b l  & 550 mn) 
in Lebwn in preliminary yield trials in the F7 

gewatim and in advaned yield trials the fo l lmiq  
season. Tk lines are also re-tested synchraMxlsly for 
vascular w i l t  resistance in the wilt-sick plot at  Tel 
Haciya (- m i o n  3.1.1.4) to ensure that d y  high- 
yielding, w i l t  resistant lines are advanced in the 
breeding program. Tk winter of 1993/94 s e a m  was 
relatively mild ht tenperat- - atnomally high in 



the early pod-filling stage at a l l  sites in mid-April. 
Wall in the 1993/94 grcrwing seascm was below average 
478 mn at  Terlwl, above average at  Tel Hadya (373 mn) and 
Breda (299 nm) . 

The results of the yield trials are mmarized in 
Table 3.1.2. 'Rie prentage of entries yieldkg 
significantly mre than the beat check reached a maximim 
of 5.3 % at  M. But considerably rrme entries ranked 
for yield ahve the &st ckck at  all sites. The 
coefficient of variaticm was acceptable a t  7 to 13 % in 
T a b 1  and 8-14 % in Breda, but it was too high a t  Tel  
Hadya (10-37 %), where Orobancbe infestatim occured in 
scme yield trial plots. W. Endcine. 

The lentil i n t e r n a t i d  he3i.q nurseries have evwlved 
i n  reapmse to the needs of NAR% fran the prwisim of 
wtargeted yield trials to a diversified array of m s h g  
blocks/resistant sources, segregating popllations and 
yield trials for each of the three major target agro- 
ecological regions of prcduction (Table 3.1.3) . Since 
1987, for exaple, HR have diversified and targeted the 
 upp ply of segregathg m a t e r i a l  frun t m  into four 
different nurseries - Cold Tolerant:, Large-seeded, -1- 
seeded and Early. In the - period, new nurseries of 
stress resistant ma te r i a l  have k e n  1- against rust, 

b l i a t ,  FusKiun w i l t  ard cold. Tnis sssm we 
lamdied a new stress mu-sexy - Lentil Internaticmal 
Sc- mrssry for drought avoidance - q t e d  to dxy 
areas in the Mediterranean Basin (see Secticm 3.1.1.7. 

for adaptaticm to d r y  Wterranean envi-ts 
through h g h t  avoidance) . 



Table 3.1.2. Remilts of the lentil yield trials (preliminary ard advanced) for seed 
(S) ard biamsa (B) yields (kg/ha) a t  three cc~ltrast ix~ rainfed 
locaticns; -1 (Lehrn), Tel Hadya ard Breda (Syria) durirg the 
1993/94 SedE3n. 

Laxition TelHadva Breda 
S B S B S B 

N d x r  of t r ia ls  6 6 11 11 7 7 
l bb r  of test entries* 132 132 243 243 155 155 
% of entries sig. (Pc0.05) 5.3 3.8 0.4 2.8 0.0 al r 
exceeding best check** UI 

% of entries m&ixg abave 40.9 37.9 21.0 16.0 20.6 271 
best check  excluding a b l e )  
Yield of tcp entry (@/ha) 2883 9717 2348 6957 1552 3730 
Best check yield (kg&) 2278 7855 1841 5506 1183 3098 
Laxitim man (@/ha) 2137 7492 1591 4693 1080 2798 

in C.V. (%) 7-13 6-10 10-37 7-21 6-14 8-15 

* Entries cumrm over locaticns. 
** Large-- checks: ILL 4400 lag-tenn, 78926002 improved.; 

small-see&d checks: ILL 4401 lag-tenn, IIL 5883 imp&. 



Table 3.1.3. Lentil international bmedhg nurseries - target - and type of nursery 
in the 1994/95 8aaaan. 

W F  of nursery 
Meditenxnean UmeY High 

latit* elwatim 

Resis. saure/ ~arge-seeded ~ a r l y "  QlldtokaaL 
-sing block Small-seeded * Rus t  

Fusarimwilt A a C d y t a  
~ r o u g h t  eacap* blight* 

m t i n g  Lazge--* Early Qlldtokaa* 
populaticm Smll-sed& 

Yield trial Early 

There is a slm innease in the mnSzr of entries in 
internatid trials provided by national prcgrarrrs . It is 
cur a i m  to  inclease the inplt of natianal psgam into 
the i n t e r n a t i d  testing pro3am. The line-up of the 
1995 intexnational trials included three lines £ran 
Pakistan, tm £ran TWey and one each fran Bulgaria, 
Slavakian Replblic, Russia a d  W. Other entries have 
been -lied by NARSs and are in nniltiplicaticm f o r  
inclusion in next seascn's trials. W. Erakina aad R.S. 
hlalbotra. 

3.1.1.4. scrembg for Mscular: wilt resistance 

Vascular w i l t  caused by mLsarim cnrys~onan f .  sp. l e n t i s  
is the major fungal disease of lentil in the Mediterranean 
region. 

Several f3meah-q methcds for resistance to lentil 



d a r  wilt have been developed at ICXRDi. A ccnparisan 
was mde of 63 gemtypes, spnn iq  the ccnplete range in 
wilt reacticm, using the following meth%/seascas: 1. 

Field sick plot (described in l iq~ue Annual Reprt 
1993) in 1993 2. Field sick plot in 1994. 3. Pots 
(dimter c. 25 an) with sterilized soil in plastic house. 
4. Ccme-skqd pots (dimter c. 4 an, lergth 14 an) with 
sterilized soil in plastic house. 5. Test tubes with semi- 
solid, Hoaglarvjs medim in the lab3ratory. 

Artificial hxdaticm with isolate $31 of F. 
cory~lpannn f .sp. l ent i s  was carried out follaving the 
p?xaxUe described ~arlier (FLIP Annual Report 1988) in 
&th% 3-5. s o d n g  (1-9 scale) was ckme repeatedly in 
all m e t h i s  in the laboratory and the plastic haLse and as 
% of wilted plants in the field to -tor charges in 
susceptibility with plant age. 

In all the smeenhg n-etkds, the full rmp in 
reactim f m  highly resistant to highly susceptible was 
fomul. A st- correlaticm (r = 0.991) bet- the final 
SWES in the field of the t w  ~ ~ ~ a s a n s  clearly indicated 
the high repatability of the field screening over seasans 
(Table 3.1.4) . The correlaticms between early scaring in 
the fieldand the final field scaes - r = 0.806 in 
1993 and r = 0.629 in 1994 a d  1- than the correlaticm 
in final score between seascns, because the timing of 
appearance of wilt -am varies wer qemtyps. There 
was c o d  of final field results with those 
frcm Screening in the plastic h3use (both metkds) and the 
laboratory with r z 0.7. Clearly, all twted metkds can 
ke used to screen for resistance to lentil d a r  wilt. 
The choice of mtkd &per&, tmever, cm seed 
requirement/availability, the availability of 
W t a l  cc~ltrol and the test hticn. 



Table 3.1.4. Table of pkmtypic correlaticm coefficients betmen 63 gemtype means for 
reacticm to lentil Mscular w i l t  in five methods/seasans for the first and 
last d i m  saxe (Sc) . 

Field 1993 Scl (1) 
Field 1993 Sc7 (2) 
Field 1994 Scl (3) 
Field 1994 Sc7 (4) 

Pots Scl (5) 
Fots Sc5 (6) 
Ccnes Scl (7 )  

Cones SOa (8) 

Test tubss Scl (9) 
Test tubes Sc5 

r a t  P = 0.01with 60 degees of freedan = 0.325 



Refinsrent of field screenira techniaue 

Cm famrex-8' fields the distributicn of lentil vascular 
wilt is patchy. Scree&g for resistance to lentil wilt in 
the wilt-sick plot at 'El Hadya is a e d  in replicated 
plots int- w i t h  a susceptible check, rqeated 
every third plot. 'he susceptible check can be used to 
rrcmitor the m.iformity/hetexgeneity of the ~ ~ t a l  
m. 

In an effort to refine the field screPning technique in 
order to cape with spatial variaticm in disease incidence, 
uue tested the efficiency of the susceptible check as a 
local ccmtrol in adjust* the test plot results in a core 
wllecticm of 577 accessions of gemplasm. &variance 
analysis using check values was rrnpared with an analyais 
of variance of unadjusted values. Different check values 
were rrnpared in three separate m i a n c e  andlyses: 1. 
&arest check plot value; 2. CheckvalLletns€dcm the- 
of the t w  nearest check plots; and 3. Check value ?JE& 

cm tm-tkirds of the neareat check plot value and me- 

third of the =-nearest check plot value. 'Ihe 
efficiency of covariance analysis was ga@ by a 
a p r i a m  of 1. the standard errms of genotype mans, 2. 
variance ratio of genotype v. resichLal in the variance and 
owarianceanalysesand3. theresidualmeansqwxof the 
variance and covariance analyses. Wilt smeenbg was 

initiated in the s d  4 of April and c l d  after 
nine ratings. 

'Ihere - highly siwficant differences mtng 
gemtypes in resistance to lentil vascular wilt, assessed 
as the prxmtage of wilted/dead plants, at every swring 
date. Over all scores, there was a significant 
irrpmwmnt in efficiency through the use of check values 

as measured by residual - square, st- envr of 
gemtype - and variance ratio (gemtype/resichLal). 
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Days after April 1 

Figure 3 .l. Rrmr man %qwxes f m  andlyais of variance 
of prcentag~ wilt smres of unadjusted 
treatment values mrpared to adjusted values 
f ~ ~ d y s e s b a s e d o n l .  nearest 

check value,z. mean of t w  nearest check 
values and 3. two thirds of the nearsest 
c h e c k v a l u e a r d c n e t h i r d o f t h ~ ~ s t  
check value aver nine scores in the wilt-sick 
plot at Tel IEadya in the 1992/93 Season. 



Al- the gain in efficiency was sli*t at 3% aver all 
m, it varied ttuviyh t h ,  as is apparent in Figure 
3.1. ?he susceptible check (ILL 4605) is an 'early 
wilter' w i t h  an overall rean of mre than 80 % of plants 
wilted by 6core 5 (Figure 3.2); amseqently it was mSre 

efficient at \light- up' spatial variation in wilt 
i r c c d u m  density early in the -, whenitshoweda 
high variance, than later in the seasm. Differences in 
efficiency i r m ~ l g  the three check values were m- 
si@f icant . 

The results e i z e  the relative uniformity of disease 
pressure -t the Tel Hadya wilt sick area. ?he use 
of l d  cantlrol thraqk avariance analysis of 
systemtically anan& check values will be of greater 
use in land which is less uniformly infected. 

Days after April 1 

Rlgure 3.2. ~ e a n  and Mlriana of the m t a g e  wilted 
plants of the susceptible check (ILL 4605) 
over time in the wilt-sick plot at Tel Hadya 

in the 1992/93 s%~SXI. 



In earlier reprts (FLIP Ann. Fteprts 1989, 1990 & 1991) , 
the seedling w i l t  reacticm of a genotype was f& to 
differ fran the adult reacticn in m gemtypes in the 
plastic hause. In the field in hbrth Syria, similar 
t- differences in reaction cccur. W i l t  qmptaw 
cnly appear after the anset of fl-ing, but same 
genotypes w i l t  early in their pericd of reprmlwtive 

devdgment, otlxxs exhibit sy@m just prior to 
senescence. W e  ewmined the variation in respcase to wilt 
in a axe collecticn of qernplam in to quantify the 
different genetic patterns of re-. 

The wre collecticn of 577 accessica~s was split into 
five re- g 1 ~ l l 1 ~ 8 ,  by cluster a d y s i s  on the basis of 
lvehdLanobis distance, using the w i l t  rat- in nine 
scores. The rrrans of five groups are s b m  
graphically in Figure 3.3. The m r t i o n  of variance 
accounted for in joint regression analyses of linear ard 
eqxmential m=dels over genotypes varied over g x q s ;  the 
reqmsee to wilt of all g r u q s  except Ghxlp 3 (the m t -  
resistant group) were better described by an w t i a l  
than a linear nodel (Table 3.1.5) . Joint regressicm 
analysis of the data of G x q  3 was cnlypsiblewiththe 
linear model, becam scme higNy resistant lines with 
zero wilt symptam wsre bpss ib le  to f i t  into an 
expcmential strait- jacket. 

The screening of heeding material in the w i l t  sick plot 
a t  Tel Hadya mtiroled in the 1993/94 seasa with a total 
of 1229 lines tested, an increased v o l m  of rmterial i n  
Oarpa r i son to the897 l ineSsc reened the~0~~seawrm.  
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Days after April 1 

Figure 3.3. Average percentage of wilted plants of five 
groups of accessicms (lakdled 1-5 with 1 as 
the nnst resistant group) differing in 
respcslse to vascular wilt scored over tim in 
the wilt-sick plot at Tel Hadya in the 
1992/93 seascsl. 

The tested lines may ke divided into tvm categories: Cycle 
I - new untested lines and Cycle I1 - lines tested 
previously (primarily those which s w  a resistant 
reaction). On the basis of rn over replicates, the 
percentage of entries with a highly resistant (0-5% wilted 
plants, mean over replicates) or resistant (s5-20% wilted 
plants, nxsn over replicates) r e v  to lentil vascular 
wilt were 62.1 % for Cycle I and 89.7 % for Cycle I1 
(Table 3.1.6). HCNRver forb?- ~XFOSSS, we have 
selected for advan-t a specific subset of these lines 
- those which have a maxirmrm plot score of < 20 % wilted 
plants in the last score. 'Ihis saeeniq is a key and 
integral part of the breeding p-; this is elucidated 
in section 3.1.1.1. 



Table 3.1.5. The mean of % wilted plants, pxcsntage of variance 
accmted for by joint regression analysis and residual 
degrees of freedcm (d. f . ) us- linear and e t i a l  
d l s  of individual genotype respcnses in five groups (with 
nunker of accessicas (acc.) in each grrxlp) of lentil 
accessions, grouped on the basis of differing re- to 
lentil vascular wilt in the 1992/93 seascn. 

Group Mean MnrJ3er Linear Residual Expnential miduaJ. 
% wilted of acc. % d.f. % d.f. 
plants 

1 14.6 176 85.9 1232 - - 

2 35.4 145 89.2 1015 91.3 870 
3 58.9 91 91.1 637 94.6 546 
4 76.2 78 83.4 546 95.8 468 
5 91.3 87 72.2 609 96.5 522 



3.1.6. Results of field scmmirg for resistance to lentil vasular 
wilt in the wilt-sick plot at Tel Hadp in the 1993/94 
season. Cycle I indicates screenkg for the first tim and 
Cycle I1 indicates d i m t i o n  of a resistant reaction. 

O/cle I Wcle I1 
Disease Number Percentacre M Percentacre 

a 

category of entries of entries of entries of entries 

Highly resistant 442 39.7 44 37.9 
(0-5% wilted plants) 

Resistant 249 22.4 50 43.1 
(>5-20% wilted plants) 

Tolerant 110 9.9 15 12.9 
(s20-35% wilted plants) 

Susceptible 13 9 12.5 4 3.4 
(>35-65% wilted plants) 

Highly susceptible 173 15.5 3 2.6 
(>65-100% wilted plants) 

Total # screened 1113 116 



The causal organism of lentil vascular wilt, -mi 
oxyspxm f .sp. lentis, is a soilbPne fungus which can 
infect plant m t s  thmqhut the gmmbg season. TIE 
pathcgen persists in the soil as chl- which 
remain viable for an extended period. Being a shgle 
cycle disease, the incculun level in the soil of the 
pathqen plays a criticdl role in disease develqment. A 
study was made of the relaticmships bet- inoculm 
density, disease incidence and crop lasses. 

The study was divided into two parts: the first part 
investigated the association of incculum/micrv-propagule 
density and wilt incidence b3th in vim and in the field; 
the second part ewmined the relationship bet- wilt 
incidence and yield loss in the field. 

In the laboratory, t w  lentil lines, cantrasthg in 
their resistance to wilt in the field, w=re chdlengd 
with hccdum cacentrati- fran 0 - lo6 micmca&iia/ml. 
Disease reaction was pitively correlated to kcalum 
density. IEowever, at intermediate mncentratiuns the 
lines differed in their disease reactim. In the field in 
t w  seasons, incculun density was found to be unrelated to 
disease incidence on susceptible lentils (FLIP Annual 
Report 1992) . Thus, altlu4lgh in vim studies clearly 
8hCNIRd that Mscular wilt incidence on lentil increased 
with the kcalum density of the f v ,  in the field 
there was no evidence of such a relationskip with soil 
samples collected either before s m h g  or during lentil 
r e p d c t i v e  growth. This w t  lack of relationskip 
in the field may be for several reasons: the effect of 
antagunists in the soil, representational ermr (soil 
sample to plot) and differences in tenpentwe bet- the 
stable laboratory environment and the fluctuating field 
one. 



Wilt incidence and vield loss estimation 

S i x  field trials amducted in mrthem Syria f m  1986 to 
1992 WE affected by vascular wilt, assessed for yield 
and used to relate yield loss to disease incidence. At 
Tel Hadya there - t w  trials caprising genotps 
selected, at &, £ran the advanced generations of a 
lentil breeding pngram with 30 genotypes in Trial I and 
25 genotypes in Trial 11. Trials at the other locations 
ccnprised a re&d m a k e r  of genotypes grain as part of 
the on-farm verificatian of cultivars prior to their 
registration. 

At Tel Ha* the n-ean wilt incidence anwng genotypes 
rax@ fran 0.3 - 95.0 % in Trial I and £ran 0.7 - 85.7 % 

in Rial 11. The maxim grain yields attained were over 
2 t/ha, ~~ETXBS the lest grain yields ere below 100 
@/ha in heavily diseased plots. In Trial I the 
regressicsls of seed yield on to wilt incidence for each 
individd genotype over replications WE significant at 
P = 0.05 for 14 out of 30 genotypes. The gca3ms of fit 
of these regressicas ( R ~ )  was mrrelated to wilt incidence 
at r = 0.589, indicatiq that wilt-susceptible ge~~types 
l'!ad a better fit of their regressions than wilt-resistant 
genotypes, for which the regressicas nan-signif icant . 
Wilt-nsistant ~ t p  =re dropped £run further 
analysis. Fbr the susceptible genotypes, the overall 
mrrelaticm of wilt incidence w i t h  grain yield was r = - 
0.700 with 136 degrees of freedun (df) In Trial 11, the 

correlaticm anmg susceptible gewtypes was 
r = -0.678 with 63 df. 

The percentage hcticm in grain yield (@/ha) per 
-t &mge in wilt incidence ammg susceptible 

was b = -0.859 i 0.077 in Trial I and b = -0.970 

i 0.135 in Trial 11. 



For straw yield, the percentage miuction per unit 
change in wilt incidence (%I was m i d e r a b l y  1- at b 
= -0.416 + 0.056 in Trial I and bE -0.381 i 0.096 in Trial 
11. 

On famers' fields the wilt incidence £ran 0 
t o  100 % wilted plants a t  Suran (Ham Gmernorate) and the 
lmst rarqe in wilt incidence was a t  Taftanaz (Idlib 
axernorate), where ttte highs t  w i l t  incidence was 40 %. 
The coefficient of determination ( R ~ )  of the effect of 
w i l t  cn seed yield varied frcm Ft2 = 0.223 at Efes (Idlib 
Gmx-mrate) in 1992 t o  R~ = 0.97 a t  Efes in 1986, shmiq 
the variaticn in grain yield attributable to  w i l t  
incidence. The trials a t  Efes were sown a t  different 
s i tes  in the same field, w h i c h  was not evenly infected 
with the causdl organim. 

(krer a l l  six trials the percentage redxtion in grab 
yield per unit change in w i l t  incidence (%) urns b = 0.851 
+ 0.117 witha range over trials f m b  = 0.41 t o  b = 1.22 
%. 

In Syria, lent i l  vascular wilt is the key disease 
l imi tkg lent i l  prducticm and qnptcms appar  in the 
field af ter  the omet of f l m r i n g  in  the mth of A p r i l .  
By the time symptoms appear r e p d c t i v e  grauth, 
m38t b i m s  a c d a t i o n  has already occurred, leaving 
l i t t le scope for ccmpensatory gnwth by healthy, 
neighboring plants. Cbwqmntly, the incidence of the 
lent i l  vascular w i l t  my  be clearly related to  the loss i n  
seed yield. This study s M  that the percentage change 
i n  grain yield per percentage change i n  w i l t  i n c i d e n ~  (%) 

was b = 0.851 + 0.117 aver six field trials. This general 

relatimship my be used t o  predict crop lasses from w i l t  
incidence in N. Syria. The n d e l  my be useful i n  other 
areas of West Asia and North Africa, but care, howwer, 
r r o ~ s t  ke taken to confine the use of the -1 to the 



repm%ctive stage of grawth, for ewrrple, in India, 

synptcnm may either i n  early vegetative growth or 
&ring rep-ive graYth. 

The distributim of synptaw of lentil Vascular wilt 
in the field is patchy and a r e ly  uniform over a ncp. 
For exanple, in the tv.o 1% trials in Tel Hadya the w i l t  
incickme in  plots of susceptible varieties varied £ran  0 

% in cne replicaticm to up t o  100 'a in an adjacent 
replicatim. Hence, the mt pmctical m e w  of 
assessing disease loss is to estimate both wilt incidence 
and its area and then to relate this to the yield of an 
una£fected, M t h y  amtiguaus part of the nop. 

seed tranmissim of F. oxvsmnnn f .  m. lentis? 

A seed survey was undertaken to establish whether F. 

0qyspz-m f . sp. lent is  is seed-lmme . Plant  sanples £ran 
gemtypes with different reacticms to lentil wilt were 
taken £ran  w i l t  infected fields. Surface-sterilized stem 
segmnts revealed the presence of the causal caganism d y  
inthesamplesof thesusoeptiblegemtyps. seedsanples 
(200 &ace sterilized seeds and 200 unsterilized 
seeds/gemtype) f m  these svsceptible gemtypes, a d  also 
f m  resistant mes, were incubated for a week an potato 
dextrose agar. Only three colcslies of nL4arium sp. were 
recovered and mne were pathcgenic to lentil. 'Ibis 
d i m  our earlier f i x k g  that F. f .  sp. 
lent i s  is not seed-borne. 

Seed microflora 

The capxit ion of the minoflora fnm the ab3ve 
unsterilized seed sarrples w a s  investigated. Seeds f m  
the wilt-sick plot in Tel Hadya w x e  predaninantly 
infected w i t h  Rhizcgm sp. Seeds f m  other infected 



areas of the Tel Hadya farm had m d i m  microflora 
with the followirq f-ies: Penicillim spp. (33.9%) ; 
Uac3mprium h z h n m  (19.5%) ; Aspzyillus spp. (14.1%) ; 
Rhizop~s sp. (10%) ; @mmblanynes sp. (9.4%) ; AZternaria 
altmta ( 4%) ;  Statphylim sp. 1.1%; FtLsarim sp. 
1 1 %  Other less camcn (~1%) hngi uere Raa sp., 
Cqhdcsprium sp., c s t r a w  sp. , vlocladium sp. , and 
G l i m t i x  sp. Baberial colonies represented 10.5% of 
the total colony m m h r .  In the surface-sterilized 
m l e s  d y  1.9% of the seed gave rise to fungal 
rwlcnies, rrost of which were A3nicillim spp., 
Clacbprim spp. and RspeTgillus spp. Surface 
sterilizaton of seed increased the gemhaticn fnm 85 to 
95 %. B. Bayaa and A. AbbaFl (Aleppo IMversity) a d  W. 

3.1.1.5. Screening for resistance to ~ust  

Ewt caused by muqce8 fake is the major .€ungal disease 
affecting lentil in the Indian sub-ccntinent, Ethiopia and 
Momco. Systemtic Screenirag for resistance was 
initiated £cur seas- ago in collalmraticn with the 
tbxcwn national prc;gram in a disease 'hot-spot' at Jemra 
Sheim. Wortunately, the winter in ~~ was dry and 
screming was not pssible this year. 

3.1.1.6. &reenire for reeistlrnee to &my ndldsw 

The 1993/94 season at Tel FMya provided a unique 
qprtunity to screen the b r e d i q  material for resistance 
to dowrry mildew (Pexmoqmza lentis), a disease causing 
increasing cxmcem in newly-reclaimed and irrigated parts 
of Fgypt . The disease, spread by s p o ~ o s p r e s ,  is 
ccmrrm and serious d y  under cool and U d  -ticas. 
Synptcms are seen on the aerial plant parts w i t h  leaves 



n e a  l-aanch t ips oxled, dwar£ed and twisted with fine, 

dirty pinkish tufts  of g r w t h  of sprawhxpres 
develophg m the uder-surface of lm. Ihe extent of 
darmgz depends cm the dumtim of cool and wet  wdi t icns .  
In Syria the disease is relatively d r t a n t  tecauSe of 
the rapid rise in t-tm in the spriq. 

At Tel Hadya in 1994, dc~.vny mildew infectim was 
ohserved cm lent i l  in late -early April. The 
preceaing period in late February  and March, durhq which 
disease had develcped, was wetter than average, but 
t-t- were d average w i t h  a nunthly man of 
7.6 in and 10.9 OC in Ma-& (F igure  3 . 4 ) .  

Infecticn was halted in mid-April by the cmset of hot 
wather  with maximrm daily tenperat- crossing 30 OC. 

+ ~ u .  tmp..w 

-. L-T M u .  bmp 

'Rein 9 4  

- L-T rainfall 
0 

1 3 5 7 9 11 13 15 17 
Weeks after Jan. 1, 1994 

Figure 3.4. Data of the 1993/94 season and the lq - tenn  
(L-T) average of d a t i v e  s e d  

rain£all (mn) and man maXimm tenpeatm 
(OC) a t  Tel Hadya, Syria. 



The breedkg field w a s  -red in early April and 
faund uniformly infected. The disease rat- in 
different trials of caman checks were very similar. 
There were significant differences ammq gemtyps  in 
their reactim to the disease with the pezrentage of 
foliage affected varying over genotypes fran 5-94%. A 

quarter of the tested lines showed 50% or mxe of the 
foliage affected by the disease in tm trials asveririq 104 

lines. In mtrast, 11% of linea showed less than 15% of 
foliage affected. 

Associatiom of infecticm rating w i t h  other plant 
traits were eamined. ?he darary mildew at* were 
negatively correlated with plant hei@t in ?ath trials 
ind ica td  the stunt- effect of the disease cm the 
vegetative canapy. Correlatims ketween disease rating 
and grain and b i a s  yields were --significant, but 
disease rat- was negatively and significantly correlated 
w i t h  s t r a w  yield. The period of ccol, wet weather this 
season in I%uzh was intermpted by a hot, dry spell in 
April, w h i c h  limited disease spread at £1- and prior 
to pod f m t i m .  In these c- damage was 
d i n e d  to the vegetative canopy. 

E?evious control stliltegies for this disease are 
based m chemical ccoltrol and crap mnagemnt to  &ce 

humidity levels. This is the first  repsrt of 
genetic variatim in reaction to the disease. Altlmugh 
the results have to ke ccnfinoed, the results suggest that 
the control of downy mildew t h c q h  host-plant resistance 
is also a pssibili ty for areas with a significant dawny 
mildew problem. W. -, 8. Bayaa Wver~ity) 
atd N. Abcru-%id (ARC, Giza). 



3.1.1.7. Bmediq for adaptaticn to dry Mditerransan 

ta--- 

In the Wterranean  @rn lent i l  is usually sown in the 
zone w i t h  bet- 300 and 400 mn annual Mall.  For 
adaptation to even drier areas, 2r~@1t escape throvgh 
early fl- and maturity has been clearly identified 
as the key nr-.chanism. Early material is a l ~ & ~  k i n g  
prcxiucd i n  the Southern latitudes st- of the breeding 
program and this sam material is nau be* exploited in 
another directicm i.e.  for arid Mte r r anean  
-ts. 

In the 1993/94 season HR launched a new international 
screening nursery taxyeted toward arid Mediterranean 
amditiom of the best early flawering/&w&t-avoidkg 
lines already in the breeding prqram (see section 
3.1.1.3). Test- of new early lines wds urdertaken in 
yield trials a t  Tel Hadya and Breda in the 1993/94 seam. 
Scme selected m e 6  of perfomme in these trials are 
given in Table 3 .I. 7. T k  early flower* check - IIL 

4605 matured one vRek before the local check. 

Table 3.1.7. Time to  mturity (d) and grain yield 
( k g h )  in Breda and Tel Hadya of selected 
entries from the &ought avoidance t r i a l s  
in  the 1993/94 season. 

~~ 

Name T i m  tc: 5ralz vield 
mturi.t;; ,. _ _ P  = .  T e l  fiadya 



In the wetter site Tel Hadya, the locdl check ILL 4401 
yielded rmre than the early check, but at the dry site - 
Breda the earlier check yielded m. Scme early lines 
exceeded the yields of the best checks in both sites. The 
si-xeahlg of ~arly lines in dry areas will be o~ntinued. 
w. m3kjne. 

3.1.1.8. Screaairg for w i n t e r  herdiness 

Lentil is currently sown in spring in Turkey at elevations 
a b v e  c. 850 m elevation m c. 250 000 ha. Research in 
Turkey has Mcated that yields may be increased by up to 
50 % by early smiq in late autm with winter hardy 
dti-. W r ,  the use of such dtivars is not yet 
widespread in Tudey, h u s e  at high elevation the level 
of winter hazrliness is inadeqate in oold win te rs  and 
winter hat-diness has m t  yet keen transferred frun 
gemplasm souroes into acceptable cultivars. 

A major prqram to d i n e  yield w i t h  the ~lecessary 

winter hardiness is m&may at The Central Research 
Institute for Field Qqe in Turkey through field 
screening at Hymm. cnsses and early generatiun 
mterial are being @ced by the ICARIlb base program in 
Aleppo, Syria and segregating Fcpilaticms are sent to 
Hymm for selection under severe winter &ti- (see 
scetion 3.1.1.1). 

Last season the winter cold did rot kill the winter- 
susceptible ch&a in the trials at Hymma and no pxgess 
was rack  in screenkg for winter-hardiness. Howwer, saw 
selection for seed yield was possible in the winter q. 
The spriq clop of 1994 failed onpletely at Hynma 
hecause of hadequate spring rain, indicatirq cplce again 
the potential of winter-smiq. The material has been 
resewn this year for 6menhq at ylmana also at 



amther site in Sivas area w i t h  a colder climate. I. 
IO-u (Ceatral Bssearch metitUte for Field Cmps, 
Ankara, !mkay) apd W. ErakhCl. 

3.1.1.9. Use of pbmkgynudel for le~tils 

To e r t  the research to identify ~uperior winter-hardy 
lentils for the highlads (see a h v e ) ,  w have examha3 
the csmeqencea of the change f m  a sFaing--, 
highland lentil cropping system to a winter-sown system 
u s k g  a mdel of fl-ing, as part of an ODA-spmored  

'darmstreaming project imrolving Reading Wersity, 
Turkey and IcaRDA. 

We pzvia~~ly develcped and verified a sinple 
descriptive n-cdel of fl-irg, which is by 
tenperat= and photoperid, in lentil as follows: 

where f is the ti= (d) f m  s w i r g  to first fluering, _T 

and _P are the respective values of man teqerature anl 
pkaotoperid in the same perid, and _a, _b and c are 
gemtypic constants. 

In a survey of patt- of rrorphological variation in 

the world gemplasm collectim of lentil, pkmlo3y was 
found as the key to the adaptation of the crop on a macro- 
cpqraphic scale. Dissanirmtion of the lentil crop 
follcnving dcmestication in West Asia to the 1- 
latitudes such as EXhiopia and Irdia has depended on 
selection for intrinsic earliness and reduced sensitivity 
to photoperiod. m t  from West Asia to the higher 
latitudes acunpnied by s p a - -  has resulted in a 
rrodest rductim in photqerid sensitivity and an 
increase in t-ture sensitivity. 



Theflaering~lhasalsobenusedtostudythe 
ccslsequencea of the fran a spring-sown, highland 
lentil mc@.rq system to a winter-- system (Keatinge 
e t  dl., 1995). Definitica~s w r e  6 of the f i rs t  date of 
'safe' germination in the aututm (reoeipt of 15 mn of rain 
w i t h i n  a five day per id  after Septmbr 1) and the latest 
a u t m  sminq date (date cn which prabability of average 
a i r  t e q e r a t m  falls belm 4 OC first exceeds 10%) to 
define the wind3w of opportunity for a u t m  &tim 
and emzqene. Pdditional definitions were made in spring 
of the firat 'safe' SOwing date and tke f i rs t  and last 
'safe' f l m i n g  dates, jmtagced bet- the *ts of 
late frosts and the mset of Qought. The definition for 
the first 'safe' sa&g date in spring was the jnverse 
definition of that used to define the end of the season in 
winter i .e.  the date at  which air teqwratum swaged > 
4 OC in a t  least nine years cut of ten. The f i rs t  'safe' 
fl-ing date in spring was defined as the date of the 
last recorded frost in the 40 year data set a t  the target 
location. The last 'safe' £1- date was defined as 
the date on which the weekly pdxbi l i ty  of rain declines 
t o  H o w  25%. 

Meteorological data (40-year runs) at  three 
representative Anatolian sites - Wnnn (798 m a. s. 1. ) , 
S i w  (1285 m a.s.1.) and Erzunrm (1869 m a.s.1.) w x e  
analyzed to establish the timing and duration of the 
autmm genninatim window and the spring fl-ing windcnu 
at  each location. Simlathq various ~xmirg dates, the 
-1 was able to clarify appropriate pericds for each 
site.  'Pis nullified the need for expnsive field 
w i m n t s  of date of a w h g  a u w s  highland Tbrkey, 

@ding a mjor cost saving to the national program. 

Then the d l  was used to examine the ccolsequenoes 
of sowing a range of cold-tolerant germplasm differing in 
respca7se to tenperature and phot-ricd (Figure 3.5). 



Figure 3.5. Terrperatm- and pbtqeriod-re- 
constants (b and c of Equation 1) of nine 
cold-tolerant lentil gemtypes for rate of 
prqlress f m  germination t d  first 
f10weriI-g (l/fl . 



Flowering times were calculated for a range of 
genotypes spmhg the variaticn present in response to 
tenprature and mcperiod armrg winter-hardy material. 
These fl-ing dates ve.re then -impxed cm the 'safe' 
fl-ing windcurs defined abwe for each locaticn. 

In Figme 3.6 the area defined by the t w  vertical 
and the single hizcntal broken lines (reprwenting the 
'safe' germination windcuv and 'safe' first fl-irq date, 
respectively) indicates that all gemtypes at Erzunrm, 
with the exception of very pbtothemdly-sensitive 
material such as ILL 326, will flaer to3 early if 
germinated within the 'safe' windcur of op~ortunity in 
early Winter. In mtrast, as a result of the 
canparatively milder envimmwnts at koth Sivas and @m, 
all gemtypes, with the exception of very pbtothernrilly- 
insensitive material such as I U  18, can flckver safely if 
germinated within the 'safe' window of opportunity. 
%wing photothemally-insensitive accessicms such as ILL 
18 and ILL 603 wxlld be an extrem?ly risky strategy at all 
locaticns and d d  frequently risk axplete nop failure 
f m  f m t  h g e ,  because they were unable to qmchnmize 
flaw3.q into the 'safe' spring window, despite their 
mmsiderable tolerance to winter cold. The m t  useful 
photothenwl re- for a winter-sahg a t  high 
elevaticm was a highly photoperiodic resgmse, wkich 
could sydmmize flowering within a particular 'safe' 
whdw, almsst regadleas of sowing date. Kaatinge, 
J.D.H., Aimbg,  Qi, -1u. I., Ellis, R.H., 
e i e l d ,  R. J., *, 91. and eeaiwal, S.P.S. 
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Figura 3.6. The mean f i r s t  £1-ring date over 40 years 
of four accessicas of lent i l  a t  @rum, S i n s  
and lkmnnn with winter-- dates fm 1 

Septenhr t o  31 Dxmhr .  The t m  broken 

vertical lines represent the safe germination 
window for winter-sowings and the broken 
horizcmtal line represents the f i r s t  safe 
flowerring date in spring. 



3.1.1.10. npjloitatbn of 1 lentils foz yield 

-t 

S t o n  after the faundation of ICARDA a few csplo~atory 
crosses =re & between the cultivated lentil and its 
putative wild progenitor L. d i n a r i s  ssp. orientalis. In 
1984 VE selected 10 lines for d i s t h t i o n  worldwide in 
the Lentil International Nursery hrcgram fnm lxilk 
segregating populaticns of these wild x cultivated 
crosses. 2ncq  these selecticms amtaining genes 
in-sed f r~m the wild, W d l - seeded  ILL 5700 
ranked 3rd, 1st. 7th and 2 d  for average yield amxg 24 
entries of the Lentil I n t e r n a t i d  Yield Trial tested in 
13-15 camtries fran 1985 to 1988. This selection with 
wild m t a q e  has since been widely used in  crossing to 
intrqress wild genes into the d t iva t ed  plant. 
Recently, further crosses of wild x cultivated lentil have 
been n d e  to st* mxe systemtically the agroMnic 
potential of this wide hybridization. 

A line x tester rating sckm was used w i t h  three 
diverse cultivated lines (ILL 2501 - ex I&; ILL 5582 & 

ILL 5674 - ICANW and seven male parents of L. culinaris 
ssp. orientalis. To ensure diversity in the wild parental 
population, we selected f m  the tmst diverse origins 
possible within the distribution of the wild mterial vis. 
Cyprus, Jordan, Syria, Turkey & £0- USSR. In the 
1992/93 season, the parents and -sss in the F2 
generatim w?re ~JDJZI at  Tel Hadya, Syria and, in the 
following season and generation, they rrere studied at the 
University of AmMn, Jordan (within the amtext of a MC~C 

thesis) and in Egypt. To date, results are d y  available 
frcm Syria. 

?he exprimnt of parents and crosses in the F2 

generation was grown in a randcmized block design with 
three replicatim. Plots  w?re m t e d  by a d form 



b3& rn of ILL 2126 and nylcm m4-1 was placed on the 
soil to catch dehisced seed. 

Bi-s yield varied a m x ~ ~  t3-e cultivated parents 
£ran 151 to 343 g m-2 arid anrng the wild parents £ran 4 to 
98 g m-', indicative of the wide gulf bet- the yields 
of wild and cultivated lentil (Wle 3.1.8) . Het-is 
f m  the mid-parent was high at 51.3 % cm average. 
Het-is abcnre the better parent was d y  present in 
-ses with the icw yielding cultivated lentil line ILL 

2501. Het-is abve the better parent was m t  found in 
crosses with the currently cultivar ILL 5582, 
ccg~sequently it had a lm general ccrrS3ining ability (m. 
With rmbstantial kt-is (deviations fran the d l  of 
the mid-parent man) for bi-s, specific ccmbhirq 

ability (%XI) was of greater inportance than general 
dinhq ability, irdicating the inportance of nm- 
additive gene effects . 

For grain yield, general dining ability effects 
were of greater inport- than specific dining ability 
effects with the ratio of variances cca/sCa = 0.74, and, 
a l t hgb  het-is fran the mid-parent mean was 

significant, it was analler in inqnitude than for bi-s . 

Clearly, for grain yield additive gene effects kcre 

of m x e  inprtance than rrm-additive gene effects. The 
ratios of the variances ocA/sCa  we^ 0.35 for straw yield, 
0.27 for time to maturity and 0.82 for time to £1-, 
sbAq that additive gene effects WE of prime 
inportance for t h  to fl- and m-additive effects of 
greater significance for straw yield and t h  to mturity. 
A. Hamdi a d  PI. BArim. 



Table 3.1.8. Biomass means (g/n?) of parents, w i t h  
their general d i n i n g  abilities (GCA) , 
and crosses in the F2 generation of a 
line x tester mthg system of thee 
cultivated lentil lines and seven L. 
culinaris ssp. orientalis testers. 
Accessicm mmkers of cultivated (ILL) 
and wild (ILWL) accesicns are given. 

Testers Lines Parent K T 4  
( I W )  ILL 2501 ILL 5582 ILL 5674 mean 

Parent msan 151 343 293 
a 35 -35 0 

- 
SEDtreatmt means 47.8 g d  
SE line dues 13.2 g(n? 
SE tester GCA values 28.6 g/& 

Despite the antiquity and the large area (1.49 millicm 
ha) of lentil cultivation in South Asia, the genetic 
variation of lentil is low hecau8e of a pbtothelmal 
bttle-neck, which has precluded the of all but 
phenolagically adapted material. ?he spread of the 
crop into India was acaqmied by st- selectim 
pressure tovard increased sensitivity of f l m h g  to 
tenprature and a reduced sensitivity to pbtqericd 
(FLIP Annual mrt 1988). As a result, the widenhg 
of the genetic base of the crop in S. Asia is an 
kpxtantbredhggcal. Thiscanbeachievedby 
cr0ssi.q landraces with exotic rmterial and/or tfrmugfi 
rmtaticm breeding. ICARaA is m%rbkhg substantial 



wide  crossing for South Asia, but, for the mtaticm 
bred i rg  approach, we have aqented w i t h  the Nuclear 
Institute of +iculture and Biology (NIAB) , 
Faisalabad, Pakistan, which has particular eqertise 
in this dxmhe. 

As a prelude to mtaticm breeding, an expdmmt 
was w&rtahn at NlAB to establish not d y  a p t b  

for lentil irradiation, but also to test 
whether prdicticns a d d  be m d e  of genotypic 
sensitivity to irradiaticm f m  a wide mnge of 
mrphlogical and cytological attributes. Eight 
adapted, h t  divwse, lines tnated w i t h  gamm 
irradiatim at 0, 10, 20, 30 and 40 In. 

to irradiatim was gauged by percentage 
survival (lethal dose5o (ID50) ) in the q genemticm 
and the frequencies of chloell and mrpblogical 
nutants in the M2 generation. 

Survival prcent was W t e l y  described by 
joint 1- regression m to irradiaticm cbe, which 
a m t e d  for 96.4 % of M1-iance. 'Ihe effects of dose 
and the interacticm -ety x dose were highly 
significant, dmriq that the lines differed in their 
re- to M a t i m .  'Ihe man q0 over lines was 
24.1 k (Figure 3.7). lk h i m  q0 was 52 In with 
ILL 4605, which was nearly double that of the next 

highest %0 (30.4 In in ILL 5782); the 1- ID5,, 
was 16 in with IIL 6024. 

Joint linear regressicm analyses cm to 
M a t i o n  cbe of the frequencies of chlorqhyll and 
rrcaphological mtants d y  a m t e d  for 20.8 % and 
14.5 %, respectively. of Variance and, clearly, the 
linear & did mt fit the ~~~e to iradiation. 
m, joint -sim w i t h  a quadtatic d l  



acanmted for 79.6% of the variance of the fi-equency 

of ChloqSTyll m t a n t s  and 70.4% of the variance of 
the frequerac~ of l t ~ @ i d o g i d  ZlUtallt~ (Figuxe 3.8) . 
There was a s i q i f  icant e f fec t  of inadiatim dose and 
the lines differed 8igrhficantly i n  their to 
dose. W i t h  the -tic mdel y = a + hx - 2, the 
qtim irradiation dose (x) was calculated f o r  each 
genotype as -b/.c. 'Ihere w a s  good agreernst i n  the 
average o p t h  irradiation b e  f o r  the m i o n  of 
do rqhy l l  mtmts (21.8 2 0.52 in) and that for the 
production of m r p h o l q i c a l  rmtants (21.4 * 0.65 k) . 

0 5 10 15 20 25 30 35 40 
Dose (kr )  

Figura 3.7. mval % of the Kean of eight lentil 
genotypes and the rrast (ILL 6024) and 
least respmaive (ILL 4605) as 
affected by dose (!a) of g a m  ray 
i r radia t ion.  The lethal c@e (LD50) at 
50% -val is also sbm. 



Figure 3.8. Frequency of chloarphyll nutants per 1000 

% plants as affected by dwe (In) of 
gamra ray irradiaticm in t w  contarsting 
genotypes - less respnsive ILL 4605 and 
mre  1 - ? 4 i v e  ILL 2580. Quadratic 
curves are Shawn for each g e m t y p .  

20 

Cbrrelaticms wa-e made betveen radiatim 
sensitivity, by LDs0 and the cptimnn radiatim 
eke for the prcductim of chlorqhyll and 
mrpblogical nutants, and a range of cytological, 
mrpblogical, pkmlogical and dgvelcpmtal traits : 
nuclear diamster and volm at interphase, and pollen 
f e r t i l i t y  in the labratory, plant s te r i l i ty  (% of 
surviving MI plants), seedling amgene, time t o  
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fl-, plant bight, a~erage see3 mass, the mmkem 
of seeds per pod and pcds per plant, and grain yield 
in the MI generation in the field and M1 seedling rcot 
and shoot grPwth in a growth chanker. 

W t  of the mrrelatim coefficients between 
characters 11p-g radiation sensitivity and otkr 
traits were non-significant. But for %0 there was 

a s t m  correlation (r = -0.930; P = 0.007) w i t h  t h  
to £1-, largely because Precoz (ILL 4605) v.w bth 
earlier to fl- and also had a h i e  %O than the 
other lines. The optitnun doeage for chlo@ll 
mtant pdction was siqificantly oxrelated (r = 

0.860; P = 0.028) with the mmkr of seeds per p3d. 
It remains to be seen if these amoziations have a 
general predictive value for radiaticm sensitivity 
keyom3 the lines tested. I.A. Malik Wlesr Inet. of 
&fric. sr aiolclsy, Paiaalabd, Fakistad ad W. 

3.1.1.12. Geed-size effects aa lentil field potmtial 
amd e t a -  to -ture ad raiafall 
in W t s t  Asia 

The major lentil-pxducing countries in the 
Mediteranean basin are Syria and Turkey, w k ~  
prcductim is appruxin!ately 75% of dl-seeded, red- 
cotyledm lentil and the remainder is of the 1-r 
seeded, yellow mtyledcpl type. In this area, d l -  
seeded lentils, typically 3.5 g/100 seeds, are 
primarily consmd in sovp follwing post-harvest 
dehitlirg and splitting; whereas large seeds, usudlly 
> 6 g/100 seeds, are eaten whole w i t h  rice or sacked 
wheat as mjadYah  w i t h  post-harvest m i r a g  
d i n e d  to seed cleaning. Outside Wst Asia, 
national lentil prc&ctim is exclusively of either 



me or the other seed-size type. 

A study examhe3 the adaptatim to t-te 
and rain£all of the two seed-size groups in West Asia, 
firstly in gemplasm f m  Syria and ?\ukey evaluated 
in Syria and assessed for cold susceptibility in 

Turkey, ad, seaxdly, in bxedxg  lines over a decade 
at  three sites in West Asia. 

Seed size is hnm to be associated 
pleiotropicallywith fl- and pod size. I lLs study 

d e d  other, m-pleiotropic, aasociaticas w i t h  
seed size within the genetic base examin&. In the 
breeaing mterial, the lazge-seeded gratp p- 
taller plants and mre st-. In h t h  g e r r r p h  ard 
breeding mterial, the large-seeded group amsistently 
ha3 a 1- pericd of m i v e  V t h  than the 
d l - seeded  gratp, p?dxbly C3.E to the greater seed 
mass within each pod of the lazge-seeded group; the 

avenge seed rrass in a pod of d l - s eeded  g e m p h  
accessims was 49 n y  cap?.d to the 72 -/pod f d  
in large-seeded gemplasm. It takes 1- to f i l l  the 
seeds of large-seeded lentils than those of d l -  
seeded lentils. 

ml and wt seascm all& a protracted period 
for growth. In turn, this all& the m t  of 
large-seeded lentil for plczqed repnxhctive gmmth 
to be fulfilled and led to the adva~tage in grain 
yield of large-seeded lines over the d l - seeded  at  
the tw wtter sites. 

-ture was a rmjor factor in differentiating 
the adaptatim of the seed-size of gernplasm 
and breeaing lines. In the gemplasm d u a t i m ,  the 
large-seeded accessicms -, as a group, m i s t e n t l y  
less susceptible to winter cold than the d l - seeded  



group. I d d i t i d l y ,  amng the kmeding material 
tkre was a significant correlation kt- the 
difference in grain yield between the seed-size 
and the ramitzr of frcat nights. Allied to the higher 
tolerance of the large-Beeded group to winter mld is 
their re- to ccol cmditicns t h m g k m t  the 
gmvhg  seasan. Bmq t k  breedhg mterial, the 
significant regressia of the difference kt- 
large- a d  wrall-seeded grcups for g n i n  yield a to 
mean tatpmture frun January to A p r i l  indicated an 
advantage of the large-seeded grap? uver the d l -  
~ g r o u p i n ~ l ~ s e a s o n s ,  Jndtheccnverse 
at  higher -tutea w i t h  the -s-aver at 10 OC 

(Figure 3.9) . 
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Figure 3.9. Average advantage in seed yield of large- 
seeded lentil heeding m a t e r i a l  over 
d l - seeded  material is plotted, w i t h  
its regreasim, m to the rean 
teqerature fnm ~anuary to A p r i l  (OC) a t  
three sites (Eu-eda, Tel Hadya anl T k r b l )  

over ten seascms. 



SUE principles of inportanCe to lentil bredbig 
arise from the study. For e ,  -t escap2 
thrmgh early fl- and mturity was d i d  as 
an inportant mechanism to cape with dry enviro~~~~~ts 
(FLIP AMual Report 1990). In the seKch for large- 
seeckd lines adapted to dry, warm W t s  it will 
be mst practical to select for early flaerhg, 
bxause an e%tedd perid of reprdwtive gm&h 
be required by all large-seeded lentils. 
Interesthgly, selection within the gernplam 
collection has already d e d  Buch an early- 
flae?&g, lazge-seeded line (IUi 4605 - Precoz) , 
which has recently released to f- for warm 
and dry enrkamnts of the Wrth coast of Sinai 
(FQpt) aid the chami regicn of mmxQ3. 

In parts of Nxth Africa, the emimnmntal 
caditicma for lentil pdcticn are similar to tbse  
in Fksst Asia, h t  d y  large-seeded lentil is 
currently grown. For such wann and dry areas, it rray 
be relatively easy to select srrall-seeded lentil 
culti-. A similar a&prcach of selection for d l -  
seeded culti- ni@t be usefully eplored in other 
areas outside the Mediterranean basin, where 
exdLusively large-seeded material is currently grown, 
s u c h a s ~ , t h e U S A a r i d s c u t h ~ c a .  HDwwer, 
in these areas new e t s  for a dl-seeded lentil 
crop ?.quire exploraticm. W. &ddne. 

3.1.1.U. R e l a t i c n d d p  of pod m d a e ~ ~  pea pdmda 
w i t . .  grain yield 

The mmker of f laera cm a lentil inflorescence variea 
-iderably fmn m e  £1- per m e  to four 
flaera per pzhcle, with up to seven reoorded frun 
the glass-house. This results in different m m b m  of 



pods per w l e  at maturity. There is variation 
within an Mvidual  plant in the flower rnmkers per 
inflorescence, between plants within a genotype, 
between genotypes and a strcng envimmntal ef fed on 
this trait. This MSc thesis at the T4~5can 
University of Beirut a h d  to quantify the variation 
&e to these different factors and to understand the 
significance of this variability to the final yield. 

Last seascpl the nodal position, date of 
and subsequent fate (flower or pod abortion) of every 
fl- vas studied in the plastic hcRlse and the field 
on t m  gerptypes and m&-g dates to provide an 
overall picture of the floral biolcgy of the lentil 
(m Program Annual Report 1993). This data was 
used to design a sanplhq method of the avenge m m h r  
of p 3 ~  p r  p&ncle per plot for different gemtypes 
and e n v i m t s .  Tne selected -1- mthod 
utilized the basal t w  prinw.y branches on five plants 
per Plot. 

This seasm 81 gemtypes, -ting a wide 

rarge of diversity in the lentil, wa-e swm at the 
Merican University Farm, Beqaa, and at Tel 
Hadya, Syria in a 9x9 lattice design w i t h  fchlr 
replications. 

Tk data are still be- a d w .  Emever, a 
restricted suite of six traits frun the trial at the 
Merican University Farm will be discuse& herein. 

?he overall seed yield vas low at 867 lqb, 
primrily because of a period of hot weather in mid- 
April, coincident with the early podding growth stage. 
mptypodsccpltxibut€?3.53 % o f t h e ~ ~ o f  
podsandtheawragenunkrofeeedsperpods~k~salso 
lanr at 0.57. Both these traits reflect a high level 



of seed h r t i c n  and a h c t i c m  in yield potential 
resulting frun the stress wditicm in the early 
p3dhqgrCkythstage. nEaveragenunkerofpodspr 
pxhmcle was 2.07. L h k r  such stress &ti- seed 
yield was p i t i v e l y  correlated w i t h  b t h  the m&er 

of pods per @uncle and average seed 1 ~ 6 6 .  H. 
T d m l ,  R. Baalbaki W i c a n  M-ity of Beirut) 
a d w .  -. 

3.1.2.1. Mvaucee for the Mediterrcmean regirn 

The Ic7ma base p?xgram pmvides segregating 
m a t i o n s  and breding lines to ~ t i d  pnqram in 
hlorth Africa and West Asia for elevaticm below 1000 

m araurvl the Mediterranean Sea. To date, mre use has 
been made of lines than segregating p3prlaticm ard 
few lentil crosses are made outside 1- in Wrth 
Africa and West Asia. 

Table 3.1.10. lists lentil lines released as 
cultivars and Table 3.1.11. gives tkse lines selected 
for prerelease dtiplicaticm a1~3/or cm-farm trials 
by NFIRss. 

In Syria the red-wtyledcsl line ILL 5883 w i l l  
scrm ke euhitted to the variety release ccmnittee 
f o l l ~  its testing in a-farm trials over the last 
five years, where it yielded significantly mre grain 
than the local check in all geographic xqions ard 
rainfall zones. P d d i t i d l y ,  it has inpmved 
st- ability for harvest d z a t i c m  over the 
local check and resistance to vascular w i l t  disease, 
the tmst inprtant disease of lentil in Syria. ?he 
spread i n  Syria of the earlier registered line 



Table 3.1 .lo. Lentil cultivars r e l d  by natimal pxgmw 

cWnw Oittivar Year of Specific features 
nam release 

Algeria Syrie 229 1987 Yield, seed quality 
EaEen 755 1988 Yield, seed quality 
ILL 4400 1988 Yield, seed quality 

?+qmtina ?ublito 1991 Yield, tall & early 
(m 4605x-4349) 

Australia Aldima (F'LIP84-8OL) 1989 Yield 
D* (FLIP84-51L) 1993 Yield, red wtyledcn 
(btber (FZIP84-58L) 1993 Yield, red wtyledcn 
Wtilda (PLIW-154L) 1993 Yield. vellau co~vlefkm 

calda 
Chile 
china 
EOJacbr 

nsypt 
Ethiopia 

Iraq 
Jordan 
L'dxnal 
Libya 

I.braxu 
Nepal 
N 7 e a l a n d  
Pakistan 
su&n 
Syria 
Tunisia 

U.S.A. 

REAP-406 
(FLIP 84-94L) 
Preca (ILL 4605) 

NEL 2704 

Precoz (ILL 4605) 
Sikhar (ILL 4402) 
Rajah (FLIP87-53L) 
mnszcha 89 (ILL 4605) 
Arb 1 (ILL 818) 
Idleb 1 (78s 26002) 
Necr (ILL 4400) 
Mfza (ILL 4606) 
Firat 87 (75Kf 36062) 
Erzunm 89 (ILL 942) 
Malazgirt89 (ILL 1384) 
Sazak 91 (NEL 854) 
Q%Eml (ILL 784) 

~~ 
mt ~ 8 . h  yield , 

Yield in  Q k g b i  PmvlMe 
mt res. & yield 

I n t - = w b 3  in Bugarcane 
Yield 
fh~st w s .  & yield 
Ih18t reg. & yield 
1h18t res. & yield 
Yield, ~tiading ability 
Yield, starding ability 
Yield, s t a d k g  ability 
Yield, st. abilitv in E. 
~ibya. 
1h18t res. & yield 
Yield 
Yield, red wtyledcn 
AscDdryta & rust res. 
Yield in Jekel Wra 
Yield, rechrced 1-iq 
rarse .see& & yield 
m q e  seeds & yield 
mall ezeda & yield 
Spriq sewing & yield 
Spring x m i q  & yield 
winter ssv jsq ,  red cotyledcn 
Yield in dry 



W e  3.1.U. Lentil lines in pre-release 
d t ip l ica t icn  or m-fann testing by 
N?&?ss. 

Mediterranean d o n  
Aleria ILL 468 
G P t  F L I P ~ ~ - ~ ~ L ,   FLIP^^-112~ 
I T  ILL 5883, FLIP87-56L 
L e h K m  ILL 2126, FLIP84-59L, FLIP86-ZL, 

FLIP87-56L 

t4XCca2 FLIP86-15L, FLIP86-16L, FLIP87-19L, 
FLIP87-22L 

Syria ILL 5883 
W i a  78.526002, FLIP 84-58L, 
Turkey ILL 1939 

Kish elevatim 
IExl ILL 842, ILL 949 
Pakistan FLIP84-4L, FLIP85-7L 

S. Latitudes 
Bangladesh sel f m  LExFLIP84-112L 
Ethiopia FLIP84-78L, FLIP86-41L, FLIP87-74L 
WD3.l- ILL 2580 
SGan ILL 813, FLIP88-43L 
Y- ILL 4605, FLIP84-14L 

Idlib 1, which has qd s t a d h q  ability atd yield, is 
currently being -tored thra& an inpact study m 
lentil harvest mechanizatim being aducted jointly 
w i t h  the Syrian cl%eral Organizatim of psricultural 
Wxbnizaticm and the Merican University of Beirut. 

In L4mm-1 prelimhay results fm an adoptim 
study indicate that Taly 2 is starting to spread in 
the Beqaa valley and that yellaw cotylecb is the 
preferred seed type in the South of m. 
-ly, derrcnstraticol of FLIP 86-2L (ILL 5988), 
a yellaw cotyledm line outyielding Talya 2 in m-fann 
trials, is planned for tbe Sour area next year. 



In South-East Turkey, where winter red lentil is 
widely grown, ILL 1939 is in the last year of 
regid rqistratim trials. 

In Iraq the large-seeded, yellow cotyledm line 
78826002 was registered in 1992 as Baraka. We are 
sqp1y.b-g seed of Baraka to assist in seed productim 
because thexe are plans to sm~ 10,000 ha in the 
1994/95 m. The red cotyledcn lines ILL 5883 and 
FLIP87-56L (-246) will be tested in on- fm trials 
in Iraq in the 1994/95 season as they perfonred well 
in the last tvm seascaw and there is a demand £ran 
Iraqi mnmwrs for both red and yellow cotyledon 
lentil. 

In Mirth Africa, the lines 78S26002 and FLIP84- 
58L (ILL57281, identified by the Wsian pxgmm as 
pranising in three previous seascols, continue to 
perfom well despite the severe dxmght amditicm of 
the 1993/94 season i n  Tunisia. Late planting of early 
maturing lines was tried in Tunisia since it is a 
practice of SUE -them farmrs. FLIP88-41L 

(ILL64651 prcduced 1231 k g b  when s m n  m January 20, 
1994 in a low &all area. Further test- of such 
early mterial will be dcsle under late scwn 
amditicas. 

In Libya the line El Safsaf 3 (78526002), 

released in 1993 for cultivation for the East of the 
country, cuntirole8 to perform well in the Fast but 
also has given high yields under central-pivot, 
irrigated ccnditicm in Central Libya at b k l m x a .  

Lentil production and area continue to decline in 
Algeria but the lines ILL 468, ILL 4400, LB Redjas, 
Setif 618 and Balkan 755 are in seed m c t i o n  for 
future use by fanners. 



In Pb- there are several lentil lines in 
catalcque trials FLIPB6-15L (ILL6001), FLIP86-16L 

(ILL60021, FLIP86-19L (ILL60051, FLIP86-21L (ILG6007), 

FLIP87-19L (ILJ.6209) a d  FLIP87-22L (-212), all 
w i t h  resistance to rust. 

?Ize Wrth African R e g i d  yield trial on lentil 
was established in 1990 t o  -rise the best lines 
select& in Algeria, Libya, bream ad Tunisia. ?his 
regicnal yield trial has rweded that lentils 
selected in the various camtries of N. Africa differ 
substantially in -1cgy, indicat* the need for 
specific adaptation to a range of emkxments in the 
region. The -ts of Libya, Tunisia, and 
lwlad Algeria are bekg m t  by the ICZWX West Asian 
breedkg prqram. Bmxer, late matuirq m a t e r i a l  is 
required for high altitude areas of Algeria anl 
specific m s e s  are kirq made at ICZWX for this 
and.  In Pbmm early-maturirq lines are required 
w i t h  resistance to rust. A s p i f  ic  joint program of 
crossing is being to target this 
-t. In Tunisia late sewing with early 
maturing lines needs further test-. 

In !Zgypt the early lines FLIP84-51L (ILL5722) 
w i t h  d l  seeds and FLIP84-112L (ILL5782) w i t h  large 
seeds are toth in prerelease dt ipl icat ion.  ?Ize 

line Precoz (ILL 4605) is hzunirg ppitar in the 
mrth Sinai region, where it is kram c a m d y  as 
'Shami' (frun Ihmsma), because its early maturity 
avoids q t  stress under the lw prevailing 
rainfall ocnditicma. These three early lines all have 
potential for inclusion in the cotton rotatim in the 
Nile Delta region, in contrast to later maturing 
landraces. N a W  P g r i c u l w  Reseatch Systmm. 



3.122 Advarres f a  BQU~~EZII latitude regien 

This region cmprises the sub-continent of India and 
Ethiopia there an early flowering habit is required 
together w i t h  resistance to rust, asmxhyb blight and 
wilt. ?he inprtance of foliar pathogens aontmsts 
w i t h  other major areas of lentil prcduction. 

T h e r e a r e ~ s t r c o g l e n t i l ~ p r o g r m n s  
in Pakistan with t m  in Faisalabad and the m&g 
program in I s l ~ .  OMI. the last five years 1- 
has mrked closely with these  arcg grams in joint 
selection as the focus of a thrust to h c d e n  the 
genetic base of lentils in Scruth Asia. In Faisa lahd  
a line 88503 is being released w i t h  1- parentage 
by Funjab autlwrities and the rmtation breeding 
program at NIAB is based on ICZIWA sqplied material 
(see section 3.1.1.11) . Three relatively salt 
t01-t lines - ILL 6451, ILL 6788 Km ILL 6793 Were 

identified at BahaucHh =iya University, Multan. 

The major prcdwtion problem in Bangladesh 
addressable thmqh breding is rust. We have been 
&lg targeted u-asses for Eagladesh of rust 
resistance saurces with the local susceptible cultivar 
'L5' in the base pzqram at Tel Ham. Selectims 
have nm been made in Bangladesh of adapted rust 
resistant plants f m  segregathg populations. As a 
result, Fdlguni (BARI lvlasur 2 )  was released in 1993 as 
the first rust resistant lentil cultivar in 
Bangladesh. Another rust-resistant line (ILX 87247), 
locally selected from the noss of I6 x FLIP84-112L 
(ILL5782), is in the pre-release stage, ha* been 
suhnitted to the Natimal Seed Board. It also has 
resistance to stmphylim blight and an erect plant 
stature suitable for inte.rcrqpbg in sugarcane. 



I d i a  has a stmq lent i l  b e  prcgram 
cooniinated * the All India wrdirlated Pulse 
1-t Project of the Indian Council of 
Pgricultural Research (ICAR) . In m a ,  the genetic 
base of the crop has been widened by the use of Precoz 
i n  crossiq.  N m  15% of entries in All-India 
C o o ~ t e d  Lentil t r i a l s  have Precoz as a parent. 
R u s t  resistance, selected in NJI?XCO, w a s  holding in 

-. W e  have established -tion with 
Pan- P g r i c u l t d  Wversi ty on SC.W-3 for 
rust resistance in breeding lines, the wild gemplasm 
and the possibility of collabration in the search for 
rrarkers for rust resistance. Cut vascular w i l t  
resistance lines are king widely used as source 
parents within India. 

Nepdl grew armnd 170,000 ha of lenti l  spread 
from the Terai area adjacent t o  India t o  the lower 
Mid-Hills last eeasm. 1- has been requested for 
specific targeted crosses by Nepali program. ILL 2580 
is amxg entries being amsidered for release. 

In Ethiopia NEL 2704 waa released in the 1993/94 
seasan for lcwlands and recomnerded for drought-pm 
areas. ?hree other lines w i l l  m l y  be Bubnitted to  
for registratim FLIP84-78L (ILL5748) , FLIP86-41L 
(ILL60271 and FLIP87-74L (ILL62641 . Pda and Akalci are 
the areas where the released line NEL 358 is kcankg 
very popular and a study m its inpact is W y .  

In Sudan A r i b  1 (ILL 818) was released for 
cultivation in the Northern Province and Jebl t&n.-a 
Regicm in the 1993/94 seascm m the basis of yields 
f m  11-34 % mre than the local check and gpod seed 
quality for s p l i t t i q  and dehlling. ILL 813 is in 
pre-release seed multiplication and the prqmm 
identified FLIP88-43L (ILL6467) as premising in the 



1993/94 season in the rJcathern Prcnrince. h~aticnal 
Agricultural mse¶dl Systems. 

3.1.2.3. Advaaecur for high altitrda regica 

The high altitude regicm primarily ccolsists of t hee  
am8 of Afghanistan, Iran, Pakistan rmd lbkey 
where lentil is normally grown as a spnhg ~ o p  

because of the severe winter cold. This seasm at 
Ankara the national of Turkey has again 
demastated that winter-- lentil has a higher 
yield potential than the spriq-- crcp. (see 
secticm3.1.1.8). ?he sprkgcultivar Exzunnn '89- 
tested in farms mnagd trials/derranstraticas in the 
Sivas area cm the eastern margin of Anatolian plateau. 
The mean yield of the local was 478 @/ha to 

Enman '89, which yielded 738 @/ha in the 1994 
sp?&q seasan. 

In Iran the lines ILL 842 and ILL 949 are 
pranising and c h  for test- cm farmers' fields. 

In Balcchistan (Pakistan) the prWincia.1 
T e c h i d  sub-ccmnittee gave its apgvd for the 
release of t m  lines Mwcor-931 (FLIP84-4L) and 
M3.scxx-932 (FLIP85-7L) for highlam3 Baldstan, 
subject to the apprwal of the havincial Seed 
Oouncil. The lines - selected at the Arid Zme 

Research Institute, Wtta, cm the basis of their cold 
toleance and a larger seed size than the local 
cultivar. The final release is perding. N a M  
zgriculturdl ReeearCh Syetem. 



3.1.2.4. Advlnres in otbrrr areas 

The New -and Institute for Crop and Fccd Research 

registered lent i l  FLIP87-53L (ILL 6243) as Rajah 
churirq 1993. It is a red wtyledw 1- which has 
a t - m o d  the ammsrcial standard by 15% a d  is 
we11 received by the lent i l  trade for use either vble 
or  spl i t .  It can be hanrested 2-3 weks before the 
ammsrcial s- a d  is nwe tolerant t o  Ascochyta 
blight. 

In Australia then is mm considerable interest 
in lenti l .  Prior t o  the testkg of gernplam £ran 
I-, lent i l  assessrent in Australia waa limited t o  
a few lines reprssentm phemlcgical e x t m  - extra 
early and extra la te  flawzing and mturity. 1- 

Meditenanean-adapted mterial has f i t ted i n  w e l l  into 
the vacum. In V i c t o r i a  4 of the red lenti ls  
FLIP84-SIL (-722) and PLIP84-58L (ILL5728) and the 
green lentil FLIP84-154L (ILL5823) w r e  handed over t o  
a private ccnpany for amnerzializatim by the 
Victorian Institute for Dryland pSriculture an the 
baais of their consistent yield advantage. It is 
k@ that these lines w i l l  be the h i s  for a viable 
lent i l  idustry. In New Scuth Wales the lines FLIP84- 
5l.L (ILt5722) and FLIP86-16L (ILL6002) axe in d t i -  
location test- f o l l ~  their selectim a t  'hmmth 
-several sleasans. l k m x t  pmnisingnew 
selecticn in Scuth Austzalia is FLIP84-61L (-731). 
In West Australia an earlier maturity is required and 
early-fl-kg selectima mch as FLIP86-16L 
(ILT.6002) are well adapted phsmlogically. Naticnal 

I g r h U l t u r a l  IIasaaroh SystePe. 



3.2. -1icatirn of Molecular Techiguss in Lentil 

-t 

3.2.1. Lentil W@ng Project 

This is a collaborative research program kt- 
ICARDA and Washhgtan State University. ?he objective 
of this study is to evaluate the usefulness of INA- 
marker analses for marker assisted selection in  lentil 

b- Facgrams. 

Ascmhyta blight and 8Usazium w i l t  are the mt 
important diseases in lentils in the r q i m .  In order 
to develop nwlecular mkers  for resistant graes for 
teh two diseases, tw~ segregatiq mapping m a t i c a s  
of lines originating £ran  Lsm dinaris and Leas 
orientalis have been ccnstructed. T k  of the four 
parents - derived from the line ILL 5588 of 
cultivated lentils. They provide the saurcea of genes 
for rsistance to FUsarium wilt, Ascmhyta blight and 
rust (F. n u e r )  , pers. cam) . Pure lines of the 
t w ~  other parents were developed from Lens arientalis. 
One F1 idivi&al hybrid plant each was selfed to 
produce a F2 p3pulatim. Gne F2 &ation of each 
m s  was used as the mapping papulation, m l y  cross 
1 (X92L-010) and m s  (X92L-013) . The F2 ppulaticns 
were develcped under controlled -tal 
ccnditicms in  a -. Green plant mterial 
£run F2 plants was oollected for RAm)-and i s o p  
andlysis d u r i q  the g ixdng  aeaxm. 

Single Seed Cescent (SSD) m e W  was used to 
advance F2 individuals to F7 d b t  intu-ed lines. 
Seeds w r e  planted in 6.5 can plastic pots in peat ms 
in a grruvth chanhr. An a-ge yield of 10  seeds per 
F2-derived line per generation was sufficient to a l l ow  
the population dwelopnent under grckvth &&er 



d t i c m s .  Nm fertile plants &ring m a t i a n  

CkVdqxEnt replanted £ r a n  the parental stocks in 
each geneatim. A generaticm t h  of 10 to 12 uReks 
all& to develop the F7 reombinant inbred lines 
within 2 years. F6 seeds - planted in the plastic 
hause for sed dtiplicaticm to provide sufficient 
mterial for disease screenirag and applicaticm of LNA- 
mkers.  

Total gencmic W was isolated fmn fresh leaves 
of 100 F2 iniividuals fonn each -. RAPD-analysis 

uea csducted cm th~mrqc le r  Perkin E l m  9600 
system. Parents !ere smeened with 320 primers, each 
pr- was scored fro either anplificaticm or 
polyrrprphiw (Table 3.2.1) . Nearly 23% of the primers 
shed no anplificatim, 47% shovved no plprphism 
and 30% showed plyrrprphiw. Polymrphic primra w r e  

then applied an 8 t o  10 F2 indivi&ds and carpared 
w i t h  the parents for segregaticm. ~ r i n k ? r s  segregating 
cm the F2 sanples were used for segregaticm analysis 
of 40 F2 individmls (Figure 3.2.l.a,b) . 

Three oligmucleotide prabes - scl..eened on 
parental and F2 mterial to detect Rm98. The 
oligcp-olcleotide probe (GNR) 4 revealed a high degree 
of plynurphiw bet- the paxnts of nosa 2 in 
geMRic digests w i t h  the restricticm enzyme Hind I11 
(Figme 3.2.2). Alltcgether 9 different Rm98 d d  
be detected bet- the parents from which 8 aould be 
mapped in the segregating F2 and integrated into the 
map of lentils. Different from the cereals, the 
olicpmcleotide sequence seam to have a high 
&gee of knolcgy w i t h  LNA sqmmes in the lentil 

-. 



Table 3.2.1. Screening of parents with 16 C p m n  
primer kits 920 pdmm per kit). 

Kit  ID hb b1- 
q l i f  ication no Yes 

OPF 6 10 4 
OPG 5 6 9 
om 0 11 9 
OF1 1 11 8 
ow 5 11 4 
OF% 1 14 5 
OPN 0 17 3 
O W  2 10 8 
OPP 16 2 2 
om 12 3 5 
OPR 6 10 4 
OFS 2 7 11 
om 3 15 2 
om 4 9 7 
O W  6 8 6 
OPW 9 8 3 
OPX 1 11 8 
OW 3 6 11 

As -s 1 (L92 - 010) shonRd *t 60% of the 
markers bekg skRIRd the cross was not further used 
for linka~ analysis. Cross 2 s h e d  only a very lcw 
prce&age of skewnes of mrkers (39%) and vias 

therefore used for further analysis. The miminary 
test- of the F2 kdivi-s for RAeD segregatim 
pravided a potential for smeenhg rrcne primers. 
Fifty primers (31.49% of the total primers tested) 
prdmced. a plynorphic prcdmt between the parents of 
this cross. The plymxphic pi- rweded 67 
markers which =re scored in 40 F2 individuals (Table 
3.2.2). A l l  the mjrkers a Wdalian 
segregation except for marker 015c and ORuI18a ( m e  
3.2.3) . The Nrmber of RAPD-~mrbra asscarted 
indepenaantly was 61 in crass 2 (X92L - 013). ThiYy 
four markers (inclLlding RAPES, ~ 1 c g i c J l  and 



Figure 3.2.l.a,b. Segregation analysis of RAPD- 

marker (a) OPUl and (b) OPS14 in 
the segregatirxg F2 ppdation. 

£run right to left: Anplification 
of the RAPD-mker  with genomic 
DiA of parent 1 (lane 1) and w i t h  

parent 2 (lane 2) and with F2 
individuals (lanes 3-22) . 



Figure 3.2.2. Cblorimetric signal dwelopnent after 
hybridizatim of oligonucleotide prabe 
(GATA)4 with total gencmic DNA of 
parent 1 (lane I) ,  parent 2 (lane 2)  

and 10 F2 indivickds (lanes 3-10) . 
Segregating markers are indicated by 
arrows. 



Table 3.2.2. Table 3 .  Data f i le  of 67 mrker~  (RAPD, 
mrpl-x~logical and o l i w l e o t i d e )  for 

1.9 mftware. Desipation of 
the markers are given cm the left, 
segregation of polymzphic bands w i t h  
40 indivichls on the riwt. Sydmls 
were given A = horn>- pattern for 
parent 1, B = homo- for parent 2,  
C = ~ z y g o u i s  for parent 2 or 
hetero-, D = homo- for parent 
1 or heterozygaus, - = missing data. 



olipncleotide markers) so far could bs clearly 
assigned to linkage groups. 'Ikn linkage groups were 
constructed, seven of then containing three markem or 
mre (Figure 3.2.2) . l'b RAPD-markers OPQ14 and 
O W O ~ C ,  were fond linked to the Gs m&er at 17.6 cM 
distance. The GS marker is located in dummea~ 
mnS3er ane in the existiny lentil map. &e linkage 
distance ratqes fm 0.0 cM to 27cM along the 10 
groups. Severdl mkers a 0.0 cM distance, 
hlica.tiq that these mrkrs may fall in the HIE 
locus. 



Table3.2.3. ~egregaticn d y s i s  of the linked 
RAPD-markers m 40 F2 individuals. All 
the markers f i t  a 3:l rat io except 
O&Ol5c* and OEM18a*. 

- 
~ k e r  ID F2 Segregaticm (+I-) XL 

?he F m a t i c n  of noas 2 uas fanid t o  be 
or q b g  hecause it provides atudant =%=- 2 

fnquemies of polynmphic -. TIE cmstructed 
linkage groups prqcee a high potentiality for mre 
markers t o  be fitted. Therefore screening for mre 
RAPD and RFLP markers is needed. I. B h b x d ,  W. 
-, B. Bayaa a d  M. Brann ( 1 0  a d  F. - m. 



Table 3.2.4. Rm9 analyses in lentils. 

C1cme Restrictim enzvme 
EcoRI W I I  Linkage goup(s) 

= not ~ l ~ r p h i c ,  + = polymqhic, 0 = not tested or 
blot not readable 

Figure 3.2.3. W i b l e  linkage g m q a  in lentils 
after F2 segregaticm analysis of cross 
2 using M W a K E Q  1.9 witha Loll score 
threshold of 3 .O. Distances bet- 
markers are given in cM. In cases 
where ccnplete linkages (0.0 cM) 
occured, markers are connected by 
horizcmtal bars (e.g . SO8a and S08b in 
linkage group 6 ) .  



we started anal- parental and F2 material with 
RPLPs. nE RmP-markers used - already p r w i ~ l y  
m q p d  in lenti ls .  Surprisingly, e £cud a hi* 
aegree of plymrphim in gam ic  6egests w i t h  cmly 
tm restriction emqms (Table 3.2.4) . ?he we of 
already mapped RmP-mxkera w i l l  help to  join the 
RAPD-marker m p  develcped a t  ICI4WA with the l ~ p s  

constructed with the help of and RFLP-markers 
elsewhere. It will also help to link m RAPD 
markers into the already established 1- graups. 

I. Mahmd, H. Sayed a d  M. Baun. 

Wirg the f i r s t  decade of ICaRDA, a major drive was 

made to develop emmmic machine harvest system for 
lent i l  prakction (FLIP Annual Reports 1986-1990; 
L q m ~  aogram zrnnual Reports 1991-93). Following the 
intxductionandwe by farmers i nSyr i adTurkeyof  
such system, a mratorium has ken pt on 
research a t  1- p=drg the omp1eticgl of an inpact 
and adoption sunrey of pndxers in Syria. 

~s survey is tehg cmducted with the Syrian 
Geneml Organization of Pgricultural M z a t i m ,  
the .?mrican University of Beirut and the Farm 
Resource Mwagm=nt and -lam F ? x q a m  within 
IQmx+. 

Eighty lenti l  prcducers spread amxg the nnjor 
lent i l  gmming regicm of North-West anl North-East 
Syria have been i n t e r v i e d  using a questi0maire 
f o m t .  ?he results are mt yet available; but we 
ep=ct them t o  assist greatly in planniq future 



research and techmlcgy t-fer of lentil hazvest 
mechdzaticm. J. Haidar ( ' Mversity of 
Beirut), Gmeral ( r ~ a t i c n  of Agcicultural 
lsecbanizatitn (Syria), A. Salkiai, A. Ddmtmmji & W. 

?adthe. 

Eqerhmts on SitQla d;mrage and control were continued at  
Tel Haw ard one on-farm lccaticm, -ye using Fruret 
insebicide. This season a new fomdation of Prcmet, 
~ t C S 4 0 0 w a s u s e d a s s e e d d r e s s ~ a t 1 0 m l ~ s e e d .  

AtTelHadyatheSikmafeediqardrdmledamagewas 
lower than in previous years. On 23 April 58% ncdule 
damage was reccarcaed in the check as cmpred to 11% w i t h  
F r a ~ t  treatment. Fruwt treatnwt significantly re&cd 
M e  damqe, but for the first year in these t r i a l s  seed 

yield w a s  slightly higher (1724 kg/ha) in the check than 
in Fruwt -bent (1633 kg/ha) Fig. 1 Biological 
yield, howwer, w a s  sigificantly higher w i t h  F r m ~ t  
treatrent. 

At Alkamiye nodule damage was higher and reached 68% 
and 82% in the check d 21% and 30% with Prcmet k e a m  

on 11 April and 10 May, respectively. Thw Pmmt reduced 
the M e  h g e  significantly but less effectively than 
in previw years. Seed and biological yields increased, 
but not significantly (Fig. 1) . 

For the second seasan Prcmet treatment for SitoM 
control was included in the lentil on-fm verification 
trials a t  5 locaticas in northern, northeast, and middle 
Syria. At al l  locations nciiule darmge was fcRm1, but 



severity differed kt- locations (Table 1) . As in Tel 

Hadya, rcdule c!armge was mt high w i t h  50 and 56% in 
A l q p  and Idleb area. In H a m  and Kamishly area high 
m e  damage ket- 76% and 84% was recorded (Table 1) . 
At all locations Exmt treatment si@ficantly reduced 
ncdde d;rmage. Lentil seed and biological yield, W r ,  
did not differ significantly kt- treatn-ents. 

This w a s  the final year of the Sitwa control 
exprimnts. It has teen shown, that Sitma ekes occur i n  
all lenti l  g m d x ~  areas in Syria. Pmwt seed t r e a t m t  
reduces &e damage and increase yield significantly and 
can ke for use in certain situaticols, like 
seed p d c t i o n  fields. The 1-r effectiveness in this 
years exprimnt is mt likely due to  the lower dosage of 
active ingredient used with the new f o d a t i o n .  The new 

Teble 3.4.1. Effect of P m ~ t  (12 ml/kg seed) treatment 
on lenti l  seed and total yield and nodule 
damage by SitaM a t  dif f-t laxitions in 
Syria, 1993/94. 

Lccation Trea tmt  % mxMe mil vield ( k q h )  

h g e  Seed Total 

Hama(-) Check 
PruTet 

Idleb (Mes) Check 

Promet 
Alqp(Kafr Naseh) Check 

!&xmet 
Hasakeh(Shoudara) Check 

Promet 
KamisNy(HaS0ud) Check 

Promet 



fonmlation cmly has 40% a.i. as oanpared to 66% of the 
prwious Prawt fonnilatim, of which 12 nil& seed were 
used. The~fore the dcsage of the new formlation has to 
be ' A f n  lhnl to 15 or 20 ml/ !q seed to ensure 
effective contml. 5.  weigard Fnd A. Jdi. 

. . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  Tel Hadya Promet . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . ............ 

. . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . .  Check . . . . . . . . . . . .  . . . . . . . . . . . . .  

. . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  Alknmiye Promet . . . . . . . . . .  

. . . . . . . . .  . . . . . . . . .  . . . . . . . . .  Check . . . . . . . . .  . . . . . . . . .  

95 nodule damage Yield (tontha) . % nodule damage Seed yield [7 Straw yield 

Figure 3.4.1. Effect of mlication of F?mmt 400 CS 
(10 ml& seed) rn lentil seed and straw 
yield and nochrle damage Sitapla 

minitus at 2 locaticns, Syria, 1993/94. 



forage 1- species such as Vicia spp and 
Lathyrus spp. are one of the options to replace fallow in 
the cereal/fallcw rotations in dry areas. 'They are 
defined as 1- species sown and harvested in a 
s-le year. They can hs used for graziq kiq winter 
and early spring and harvested either for hay in spring or 
for grain and straw at full mtwity. 

meSecnqxsmaybealsosowninmixtueswithcereals 
(oats, barley or triticale) and harvested as hay. They 
differ frun food 1- crops cmly in the end use. They 
are used mainly to feed livestock, food legumes 
for humm anamption. Therefore, flexibility in forage 
1- crops to meet different types of utilization in 
different types agm-ecological zones is always of great 
irrportance in pdcirg new adapted cultivars. 

A l b g h  there is a large diversity of Vicia spp. and 
Lathyms spp. in the Mediterranean region, only few have 
been used as forage crops and have received little 
attention of plant breeders and agrunanists in the past. 
G e r n p l a a n  pnqrm pays particular attention to such annual 
species of these t m  genera which could he adapted to 
areas where seazmrd rainfall ranges f m  250-400 mn. 

The general objective of our hxe3.q prcgram is to 
develop and p h c e  improved dtivars of Vicia spp. and 
Lathyrus spp .  to feed livestock in areas receiving less 
than 400 mn, rainfall. It is also desirable to have 
widely adapted dtivars that can be for 
different locations with similar agm-ecological 
conditions. While attempt* to improve yield potential 



and adaptation to emimmmt eirphasis is given to ensure 
that the palatability, intake and other nutritive values 
of M g e ,  hay, grain and straw are acceptable. This 
mrk is being done in close collaboraticm w i t h  the Pasture 
Forage and Livestock Program (PFLP) . 

In vetches we are dealing with Viua satin L. (- 

vetch), v. villllosa spp. &qcarp Tan (wmly-pod vetch), 
V. ervilia L. (bitter vetch) , V. palaestina R. (Palaestine 
vetch), V. nazfanesis L. (narkon vetch) and V. pmcdca 
GR. (Hmgarbn vetch). In chicklhgs we ccawntrate on 
~athyrus sativus L. (ccnmzm chicklw or grasqea), L. 
Ci- L. (liwar£ chickling) and L. cchms (L.) IX: ~ochrus 
vetch). Work is also &me on V. sativa ssp. anphicarpa 
mrth (mdeqmmd vetch), and L. Ciliotatzls L. 
(unde- chickling) which m c e  both uncEerground and 

-pods. 

'Rm approaches are adopted to develop inpmved lines 
of Vicia and Lathy spp. In one, selection is affected 
in the wild accessions to develop inproved cultivated 
types. In the second, hybridization is used to overcaw 
specific short amings: shatter* pods, prostrate grcwth, 
susceptibility to diseases and mtodes, cold 
susceptibility, high content of antinutritional factors 
etc. The process begins and ends with on-fann studies to 
determine fanners' needs and to see hw well our new 
imprwed cultivars meet them. The wsrk is carried out by 
a dtidisciplinary team invdvicg breeder, physiologist, 
pathologist, entomolcqist and animal nutritianist. 

In 1993/94, 1400 accessions of V. sativa w a e  
evaluated in collaboration with the Genetic Resources 
Unit. Selected gamtypes of L. sativus, L. ci-, L. 
ochrus and V. adxmesis evaluated in nursery 
observation rwvs at Tel Hadya. Pnmising genotypes 
(selections) of V. sativa and V. pananica - tested in 



preliminary micmplot field trials at Tel Hadya (m 
W a l l  337). Franising lines of V. s a t i n  were 
evaluated in advanced yield trials at Tel Hadya, lkrbl 

and Kfardan ~~ rainfall 337, 475 and 250, 
respectively). Fzrmising lines of V. nartanesis were 
evaluated in advanced yield trials at Tel Hadya, Breda 

(seasonal rainfal 298 mn) and Kfardan. Prcmisirg lines of 
L. satims, L. ci-, L. cchms, V. &mycap and V. 
pdaestim were tested in advanced yield trials at Tel 
Hadya and BE&. Pranising lines of V. ervilia were 

evaluated in a c e d  yield trials at Tel Hadya. 'Ihe F3 
lines of L. sativus crosses for lcw m t o x i n e  B-N- 

Owlylamim-alanin (WAA) mtent and other desirable 
agrcncmic traits were evaluated at Tel Haw and Breda. 
The F1 crosses of V. s a t i n  for m t o d e  resistance and F3 
families of V. s a t i n  x V .  sat im ssp. *carpi v~1-e 

tested at Tel Hadya. 

A study to investigate the potential of urdeqmurd 
vetch rolder actual graziq caditions and its effect on 
the subeqent barley cmp and its self reyenemtion after 
barley was continued. The xeacticm of promiskg lines 
against mjor foliar and rmt diseases: was mnitored in 
the disease d e s  at Tel Hadya. Table 4.1.1. lists 
the locaticols and rmnker of forage 1- p i e s  studied 
in 1993/94. All bree3.q wxk was done under rainfed 
ccolditians without supplmtary irrigation. 

As international center with mjor responsibility for 
WANA we aim to serve the naticmal forage inn,mvemnt 

(1) asfanbling, classifying, evaluating, 
maintaining and distributing gemplasm; (2) developkg and 
supplying breedkg populaticms w i t h  adequate diversity to 
be used in different -ts; and (3) cx-ordinate 
international trials to facilitate rrolltiplocation test- 
and identification of widely adapted genotypes. M i  M. 
AMElHneim.  



Table 4.1.1. Trials, lccatim and nmkr of entries of 
forage legume spcies studied in 1993/94. 

-&em 
L a w  eativus 
L. cicera 
L. ochrus 
Xiwxplat Yield W s  
Vicia sativa 
v. p5mcmica 
r%bmced Yield Trials 
v. sativa 
V. nazfxaEnsis 
L. sativl~s 
L. cicera 
L. ochrus 
v. dzqrcazpa 
V. paZaestim 
V. ervilia 
F3-families L. sativa crwses 
F4-families of V. sativa x 
v. -c=P cj=-y== 
Reqxme to c u t t q  
Total 

T.H.-Kf&--l 25 
T.H.-Breda-Kf- 36 
T.H.-Br;Bda 25 
T.R.-Breda 25 
T.H.-Breda 16 
T.H.-Breda 25 
T.H.-Breda 16 
-1 Hadya 25 
T.H. -Breda 85 
Tel Ham 

36 
T.H.-Kfardan 10 

536 

?he appraisal was carried out of 1400 accessicas of V. 
sativa in rnusezy rows in a trial in c o l l a b a r a t i m  with 
the Genetic Resources Unit (GFZJ) . A total of 144 entries 
uere selected on the basis of visual evaluat ion of 
seedlkg vigour, winter and spr iq  grauth, cold e f f e c t ,  
leafiness, erect grPwth habit ,  a d  earliness t o  fl-iq 
and mtwity. Elrther amluat icm of their herbage and 
seed yields, reactim against major foliar and m t  
diseases will be dcole in 1994/95. Fesults of a m m m  vetch  
gernplam evaluatim are repcated in 1994 anmal repcat of 
the G3l. Ali Atd El l&ueb aud L.D. -. 



4.1.1.2. Evaluaticn of th.t.ee lathyrw species ard nadxm 
vetch for *tatiCn 

expdmnts HR1.e csmhlcted, in the first 100 
accessicns of three lathyrus species f m  different 
origins, rep-ting 40 Iathyrus sativus, 41 Lathyrus 
ci-, and 19 L a t h y  ochrus - planted in a triple 
lattice design w i t h  three replicates (5 nw each). In 
the seamd, 81 accessicns of V. narbanesis - planted in 
the - &sip. Both exp~iments were fertilized w i t h  40 

k~ P205h- 

In these trials the accessims were visually at 

1-5 scale (1-pr; and 5 very gad) for establisht, 
seedling vigour, cold tolerance, winter and spring growth, 
plot cover, habit, plant vigcwr, leaf iness, tim to 
£1- d mtuity, and diseases susceptibility. 

?here wae wide  variability for the characters studied 
(Table 4.1.2) . Accessicms having average score of 3, 4 
and 5 identified as -sing gemtypes for future 

bredkg  program. Ali M. AM El m. 

Table 4.1.2. Variaticm in selection index (l=pcor; 5 very 
gmd) of three Lathpus spp. and rmkm 
vetch gernplasm grarn in nwxeq - at Tel 
Hady, 1993/94. 

species Selecticm index (1-51 
1 2 3 4 5  Total 



4.1.1.3. Geznplam evaluatim of vetchw and chicklings 
for cold tolerance 

A total of 327 accessicas of six vetch species and 438 

accessions of 23 different species of chickling fcnmd cold 
tolerant c3xh-q 1992/93 and 2659 new accessions klcmging 
to 48 different species of vetches were screened far cold 
tolerance in 1993/94. The minim temperatm (-4.g°C) 

exprienced on 14 Nov 1993 was not sufficient to k i l l  the 
susceptible checks (IFLVPa 2727 of vetch and IFTLS 199 of 

chickling) . Hence Screening v d l  be repeated in 1994/95. 
R.S. b b l h t r a ,  A l i M . A M E l m d L . D .  Rdbertaca. 

4.1.2. Prelbhary Micmplot Yield Trials (MYT) 

The study of variaticn in  agxmmic chracters he lp  the 
breeders to establish suitable ?xe&kg program to develop 
imprwed varieties. Selecticm for desirable traits such 
as leafiness, leaf -retentim, lcng f l m i n g  pericd (for 
grazing putpse), rapid winter and wing grmth ,  high 
herbage yield, high grain yield and harvest index (for 
grain and straw), m shatt- pods, resistance to 
biotic and abiotic stresses and gxd nutritive val..le 
begins in mictvplot trials in a year or tw after l~ursery 
rows waluaticn. This leads to - critical tests in 
advanced yield trials kfore mrltilccaticm test- for 
selected pranising lines. 

In 1993/94 s- microplots of tw V i c i a  species 
i . e . , V. sativa and V. puaonica were tested a t  Tel Hadya 
in 3 .  52 plots arranged in triple lattice k i ~ .  Ncrmber of 
entries for each trial are shown in Table 4.1.1. Seed 
rate was 100 b / h a  and fertilizers applied at  40 kg 

P205/ha. These microplots were in tw3 sets, me was 
harvested at  100% flowering to determine the herbage yield 
(DM) and the other was harvested at maturity to measure 



seed and straw yields and other agnmmic traits. 

4.1.2.1. cmua vetch (Vicia sativa) 

Wty-f ive  seledicas - tested at Tel Hady. I-kzzhge 
yield (CM) at  100% flowerkg varied from 800 to 3519 
kg/ha, total biological yield at  mturity fran 2033 to 
4200 kg/ha, the grain yield from 400 to 1400 k g h ;  and 
harvest index f m  14 to 39%. 

The noderate and high tmpratures in winter and 
s p r m  acaqmied w i t h  high Amfall at Tel Hadya 
facilitated developrent of foliar diseases such as damy 
mildew (Penrmasplra viciae) , p d e q  mildew (misiphi 
pisi) , ascmhyb blight (Asaxhyta Q. ) and chDcolate 
spot/blight (Botzytis fake) . Severe natural infection cn 
leaves and stem caused severe damage ard defoliation of 
leaves which subeqently led to lw herbage and grain 
yields. G e a t  variability was f a &  amplg the tested 
selecticms. Table 4.1.3 shows the perfonmnce of the tcp 
5 selections. These gem- showed a high level of 
resist- t3 the abxe m t i d  diseases. 'Ihese are 
identified as a souroe of resistance for future breeding 

Program. 

4.1.2.2. RL , ' vetch (V. b c a )  

W t y  five selecticn w.?re assessed i n  microplot field 
trials at  Tel Hadya. Herbage yield varied frcm 2168 to 
4399 kg/ha, and total biological yield from 2742 to 5282 
@/ha whereas grain yield rang& from 699 to 1390 k g b .  

Hurgarian vetch is chaacterized by cold tolerance and 
slcw winter grawth, follouRd by rapid spakg gravth. The 

high herbage yield is due to the mild winter taprat- 



that c a d  rapid winter graruth. At the time 
Hungarian vetch was m t  hig-hly susceptible to the attack 
of foliar diseases. It i s  the first season that m i a n  
vetch out-yielded arman vetch. Table 4.1.4 s b  the 
per£onmnce of the top 10 selecticms fur toth high herbage 
and grain yield. Ali M. AW El m. 

Tabla 4.1.3. Herbage (HI , biological (B) and grain (G) 
yields, harvest index (HI) , and days to 
floverjq and maturity of the top 5 lines 
of ccrmrm vetch in pn?liminary yield trials 
at Tel Hady. 

IFLVS Yield (ks/ha) Davs to 
H B G HI(%) flower wture 

+ MBan fur all 25 selecticms. 

4.1.3. Advanced Yia ld  Trials ULYT) 

Bqerhsnts were carried cut to test premising lines 
of V i c i a  spp.  and Lathylus spp at Tel Hadya ('IH) , 
Breda (Br) , T e r h 1  (T) and Kfardan (Kfr) (Table 
4.1.1). These lines were selected cm the basis of 
their perfomme in mi~oplot yield trials for t w  
years. T k  trials viere man and m m q d  as microplots 
h t  with larger plot size ( 2 d ) .  



Table 4.1.4. Herhqe (H) , biological (B) and grain 
(G) yields (kg/ha), harvest irdex (HI) 
and days t o  fl- arid mature of the 
top 10 selecticas of Emqzian vetch in  
preliminary yield trials a t  Tel Ham. 

IFLVP Yield (ks/hal Davs t o  
H B G HI (%) Fl- Mature 

+ Mean for all 25 selections. 

4.1.3.1. Advancd yield tridLs of oamam vetch (V. 
aatriva) at Tel-, !b&d a d  kfardan 

Tuaty five @sing lines here tested. nE1-e - 
great differences bet- lines i n  their winter d 
spring -, cold effect, and days t o  f 1- and 
maturity. 

In Tel Hadya, the herbage yield varied frcm 1271 
@/ha for IFLVS 2483 t o  3625 @/ha for IFLVS 2505, the 
total biological yield ranged from 2171 kg/ha for 
IFLVS 2483 t o  5800 kg& for IFLVS 2487, whereas, 

grain yield ranged frcm 507 b/ha for IFLVS 2483 t o  
1589 @/ha for IFLVS2499. 



In -1, the hwkage yield varied fm 2793 
@/ha for IFLVS 2497 to 5001 @/ha. for IFLVS 2506, 
biological yield from 5154 kg/ha for IFLNS 2497 to  
8777 @/ha for IFLVS 2497, and seed yield ranged £run 
1378 @/ha for IFLVS 2497 to 2972 @/ha for IFLVS 
2495. 

In Kfardar~, herbage yield varied fmn 5039 @/ha 

for IFLVS 2505 to 7494 @/ha, IFLVS 2496, biological 
yield f m  6072 @/ha for IFLVS 2503 to 8083 @/ha for 
IFLVs 2499, vh reas ,  the gain yield varied ?ran U37 
@/ha for IFLVS 2495 to 2180 @/ha for IFLVS 2497. 

The large variations in  both k a b g e  and 
biological yields (Table 4.1.5) - m h l y  cbe to the 
variatim ammg lines in  their winter and spring 
grahlth, a s  indicated by the simficant correlation 
betwen winter gmCh and the total biological yield 
of +0.640, +0.510 ard +0.650 at  Tel Hadya, Terbol and 
Kfardan, respedively. 

The results in general indicate that there were 
large differences bebeen the three sites in crop 
perfonmnze. The herbage yields ~ ~ 1 - e  siqnificantly 
hi* in Kfa.rdan than -1 and Tel Hadya. In 
contrast seed yield a t  -1 was higher than Kf& 
and Tel Hadya. Cknmtn~ vetch respcnds wll to high 
rainfall d h n g  the pod-filling stage. Therefore, 
seed yield was higher at Tdm1. 

4.1.3.2. Advcmoed @eld trials of narkn vetch (V. 

's) 

Thirty six pranisir~~ lines of na rkm vetch - 
evaluated under rainfed ccnzditicns at  three locations 
i.e. Tel Hadya, Breda inSyria andKf& inLehmn. 



Tab10 4.1.5. RwLage, biological ard grain yields for & 25 lines of camrn vetch (Vicia 
sativa) in AIT at Tel Ha6p I'M), -1 (T) and K£a+dan IKfr) . 

Seleztim Hertaqe vield (ks/hal Biolcsical vield lkstha) G r a i n  vield (ks/ha) 
IFLVS M T Kfr ?H T Kfr M T Krf 



?he objective is to determine the relative value 
to these lccaticms for develop-nent of high and stable- 
yielding - vetch cultivars. 

The w t s  were sown in a triple lattice 
design with three replicates. Plot size was 5 x 5 . d .  

The viments -,ere sown by word exprhental drill 
scan after the first autunm rains. Seeding rate was 
100 @/ha. Field germination w a s  about 90%. All 
plots received a basal dressing of 40 kg PZq/ha. 

?he results indicate that: there w r e  differences 
kt- the three locaticms in biological, straw, 
grain yields, harvest index a d  days to flowering and 
maturity (Table 4.1.6) . There - also laqe 
differences amg lines in their cold effect, winter 
and sprirxg growth, earliness and reaction against 
mjor diseases, especially bmmrap (Cmbnche 
c r e ~ t a  For&), &my mildew (- viciae) and 
rust ( U ? a y e s  fahe) . Variatim in biological and 
grain yields =re mainly due to the variation in 
susceptibility to cbwny mil& and rust, at the three 
locatians, where the natual caditans (rainfall and 
texpmtures) favoured the natural infectim and 
disease developnent. T h e  high yielding lines at each 
locaticm are &am in Table 4.1.7. Seledicas 2377 
and 2561 high yielding at the three lccaticns 
becaw of their resistance to dowrry mildew and rust. 



Teble 4 J . 6 .  m t i m  means of biological (B) and 
grain (G) yields, harvest index (HI) and 
days t o  f luer ing and mturity for 36 
lines of rlal-hl vetch in m. 

kcation Yield (Im/ha) ravs to 
B G HI (%I Fl- Mature 

Tel Ham 5230 1234 23 107 155 
C+615) C+213) (52.0) b1.2) (22.0) 

Brda 4900 1368 28 101 149 
( ~ 5 3 )  C+190) (52.8) b1.7) (32.1) 

Kfardan 6114 1530 25 111 160 
C+770) C+258 (22.1) k2.0) (31.9) 

Table 4.1.7.  'Ilze rrast promiskg and adapted lines of 
n a b m  vetch a t  Tel Hadya, Breda and 
Kfardan. 

Tel Hadya IFLVN, 2367, 2377, 2385, 2379, 2381, 2388, 
2561 

Breda IFLVN, 2384, 2377, 2561, 2391, 2463, 2368, 
2382 

Kfardan IFLVN, 2377, 2461, 2386, 2367, 2561, 2397, 
2465 

4.1.3.3. Advaaced yield trials of chicklk 

(Lathylus satiwre) 

Eqerimts wsze carried out t o  evaluate pranisirg 
lines of ocmnan chickling (grasspea) a t  Tel Hady. and 
Breda. m t y  five genotypes were evaluated based on 
their perfonmnce in mincplot yield trials in 
1992/93. WDage yield varied from 2580 t o  3913 kg/k 
a t  Tel  Hadya and from 1967 t o  2833 @/ha a t  Breda, and 
seed yield varied from 1032 t o  2196 @/ha a t  Tel  Hadya 
and from 795 t o  1211 @/ha a t  Breda. 'Ilze mean of 
s t r a w  yield w w  3569 kg/k a t  Tel Hadya and 1834 kg a t  



&&a. Table 4.1.8 aham the top 9 lines based rn 
their perfomimce at hth Tel Hadya and BE&. These 
lines pxsessed e t e  resistance to dowrry mildew 
and ascwhyta blight .  

4.1.3.4. IXarf chicklhg (La- ci-) advanced 
yield trials at Tel Hadya and B a d a  

W t y  f ive  lines were evaluated at Tel  Hadya and 
Breda. Mean m g e  yield varied f m  2953 to  4559 

@/ha at Tel Hadya, and f m  1663 to 2640 kg/ha at 
Breda.  Seed yield ranged £ran 1694 to 2293 @/ha at 
Tel  Haciya and fxun 561 t o  1106 @/ha at ~reda, 

whereas, s t r a w  yield varied £ran 3692 t o  5630 @/ha at 
Tel  Hadya and f m  955 t o  1931 kg/ha at  Breda (Table 

4.1.9).  The mean mge, seed and s t r a w  yie lds  
varied widely at each location. Table 4.1.10 s k m  
the  met premising lines at each lccatim. M 

indivicbal line v a s  promising at the tw lccaticms. 
The relatively low herhage and seed yields at BE& 
was apparently &e to the severe infectim of dnvny 
mildew. 

4.1.3.5. Ochrus chickling (Latbpus ochrus) &vanced 
yield triale at Tel Hadya and Breda 

Sixteen lines of mhrw chickling - tested at Tel 
Hadya and Breda. The s t r a w  yield varied £ran 4823 to 
7159 kg& at Tel Hadya and fran 3700 to 5400 @/ha at 
Breda. At m t u r i t y ,  the grain yield ranged f m  1472 
t o  2467 @/ha at Tel Hadya and frcm 1001 to 1850 @/ha 



Table 4.1.8. Herbage, seed and straw yields and days to flowering and mturity for the top 9 
lines of camun chi&* (Lathyrus sativus) in advanced yield trials at Te l  
Haaya and Breda (B). 

Selection Herbwe vield Seed vield Straw vield Isvs to flowering Eaw to mtmity 
IFLS 'm B ln B ln B ?H B m B 

Grand -+ 3185 2440 1629 1026 3569 1834 115 118 169 162 
m_+ 434 144 216 114 411 212 0.8 0.3 1.5 0.5 
Lm, (P = 0.05) 1235 413 613 326 1170 607 2.3 0.8 4.5 1.3 
OI (%) 24 11 23 20 20 20 2 1.4 1.7 2.5 

+ Mean for al l  25 selections. 



Table4.1.9. WankSEM and range of herbage, seed 
and straw yields ( k g h )  of 25 lines of 
dwarf chickling in a c h r c d  yield 
trials a t  Tel Hadya and B x d a .  

Lccation Herbage yield Seed yield Straw yield 

Te l  Hactya 
Yield -&33l 3776+249 1968_+135 46422309 
R=-w 2953-4559 1694-2293 3692-5630 

Breda 
Yield 2241+183 844+117 1454+170 
Range 1663-2640 561-1106 955-1931 

at  Breda Table (4.1.11) . The nvst prunising lines at  
T e l  Hadya are IFLl-0 551, 549, and at  Ereda I W  185, 

549 and 545. The results confirm that o c h  
chickling is highly prd~ct ive  only in moderate winter 
seascsls, h u s e  of its susceptibilityto cold. This 
season it p d u e d  nwre straw and grain yields than 
both camrn chickling and dwarf chickling. The 
results also confbmd its high resistance t o  
broamape (cldmche -ta Forsk), whereas both 
cam-an chickling and dwarf chicklh were attacked by 
bnmmap at  the pod-filling stage, especially the 
late mtucing selectims. 

Table 4.1.10. The nnst prcmieing lines of dwarf 
chickling (La thpus  ciceza) at  Tel 
h?adya and Breda. 

Location Premising lines IFU: 

Tel Hadya 494, 495, 497, 498, 473, 569 



Table 4.1.11. Mean* SDl and range of straw and seed 
yields of 16 lines of ochrus chickling 
in advaned yield trials at Tel Hadya 
and Breda. 

~ccaticm Straw vield (ks/hal Seed vield (hh) 
Mean $ 3 4  Range -- Range 

Tel Hadya 5811 401 4823-7159 2091 200 1472-2467 
B r d a  4358 360 3700-5400 1568 160 1001-1850 

4.1.3.6. Advamed yield trials of wmly-pcd vetch 
(Vicia villaea ssp. dasycarpa) 

Tknty five lines were tested at Tel Hadya and Breda. 
There were differences between lines at bth locations 
in her!xige yield (CM) , seed and straw yields and days 
to start flowering, 100% flowering and maturity. The 
dry mtter yield varied frcm 3647 to 6025 kg/ha, at 
Tel Hadya and £ran 3472 to 5001 kg/ha at Breda. Seed 
yields ranged £ran 963 to 1410 kg/ha at Tel Hadya and 
£ram 534 to 1002 kg/ha at B r e d a  (Table 4.1.12) . In 
contrast to other Vicia spp, mly-pod vetch prduced 
high herbage and straw yields and low seed yield. 
Seed yield was negatively correlated (r=-0.590, 

P=0.01) with days to s M  flcweririg. The high 
herbage yielding lines are characterized by high leaf - 
retention, which is a good character for high quality 
hay. The results also confim-ed that mly-pod vetch 
is resistant to b m - r a p e  (Gzrdxmche cre~ta  Forsk. ) . 
Lines IFLVD 2562, 2431, 2437, and 2439, were the rmst 
pranising lines at Tel Hadya and IFLVD 2652, 2433, 
2438, 2439, 2457 at Breda, respectively. bre 
emphasis has to be given to reduced pod-shattering, 
and high leaf -retention and earliness in flowering and 
maturity to imp- prductivity of wmly-pod vetch. 



Table 4.1.12. Wan -+SEM, raqe  of dry matter (CM) , seed and straw yields 
and days to start £1-, 100% fl-ix-.g and maturity of 25 
1ine.a of wwly-pod vetch in advanced yield trials a t  Tel 
HadyaandBreda. 

Locaticm Yield (kq/ha) Davs to 
Dry matter Seed Straw Fl- 100% £1- lv l a tm  

Breda 
Mean kSE 4242+490 7992140 3462_+660 124k1.5 130_+1.1 162k2.1 
Range 3472-5001 534-1002 2235-5005 121-132 127-137 159-167 



4.1.3.7. Mvauced yiald trials of Pdessthe vetch 

(WdU TwlraatClla) 

Sixteen prcmiekg 1- of Palaestine vetch were 
tested at  Tel and Breda (Table 4. I. U) . 'he 

brbge yield varied fran 2742 to 4320 @/ha at  Tel 
H a d p  and fran 2828 to 4324 @/ha at  Breda. A t  

mtwity, the grain yield rangd fm 1072 to 1965 
@/ha a t   el Hady atd frcm 856 to 1394 @/ha at  
Breaa. It prcdxed high stmw yield at  b3th 
locaticms, &e to hi@ leaf-retentim, and tall erect 
plant type. 

Table 4.1.U. H e r b g e  (tM) , atraw and seed yields 
(@/ha) of 16 pranisiq lines of 
Palaestine vetch (Vicia pllaestina) 
gnxn a t  Tel Hadya and E m d a  in 
 ad^^& yield t r ia ls .  



Table 4.1.14. Variation in mjor attrikutes of three 
Vicia spp. and thee Lathpus spp. at  
Tel IIadya. 

l?avs to f l m  Yield (h/ha) HI 
Start 100% Herbage Seed Straw & 

V.V. Ssp. dzsy 122 134 5184 1198 5581 17 
V. Maestina 104 119 3616 1454 3929 31 
L. sativus 115 120 3185 1628 3969 31 
L. dcera 110 134 3779 1968 4642 29 
L. ochrus 107 120 - 2091 5811 26 

The plants are vigorous and ccmpete well with wads during 
the vegetative period. No syqtoms of dawrry mildew or 
ascochyta blight a&pared on the plants during this 
Eeason. 

Table 4 .l. 14 is a BLmmary of the 1993/94 advanced 
yield trials at  Tel Hadya for three Vicia and three 
Latbyrus species. Bearing in mind that forage legnws can 
be used for grazing, hay, straw and grain, ve can begin to 
see hau the various species w i l l  meet the fan- needs 
into the prevail* fami.!q system in the region. The 
high seed and straw yields and early £1-ing of narbcn 
vetch and Pdlaestine vetch w i l l  ke of value to f m m  w i n  
want s t r a w  and grain. In cantrast to n a r h ~  vetch, 
Palaestine vetch can also be used for hay in spring 
because of its high leaf-retentim. For thee  who require 
hay or grazing, wly-pod vetch and perhaps dwarf 
chickling w i l l  be attractive. The results of mmm 
chickling are affected by its susceptibility to Gmbmhe, 
h t  past experience suggests that in dry areas, it can be 
used for grain and straw. Because of its resistance to 
Ondanch, cchrua chickling can be used for grazing or for 
grain and s t r a w  in areas heavily infested w i t h  Gmbmhe. 



4.1.3.8. Advanced yield trials of bitter 6 (V. 
ervll2.h) at T d  Badya 

'Icuenty five elections =re tested at Tel Hadya. Herhge 
yield at 100% f l m i q  varied fran 3660 to 6062 k g b ,  
while the grain yield ranged fran 932 to 2532 I c s b  and 
harvest index f m  18 to 37%. Table 4.1.15 shows the 
perfomane of the 9 top selections. Bitter vetch shed 
very rapid winter and spring grauth as carpared to other 
vetches. Its yield was, therefore, substantially better 
than other vetches. No symptcms of dr;wm( mildau, p d e q  
mildew or asazchyta blight appared, hut the late mturhg 
selecticms rr~1-e affected by Ozbnche. Ali X. A M  El 
M n e h .  

4.1.4. -of PruuisiPgLinesof Vicia audLatbmw 
spp. to Sbubted Orazhq at Different Ck?awth 
S- at Tal  Eadya (Syria) a d  Kfardau ( L e h I n ~ )  

The objective of this trial was to study the respmse of 
V i c i a  and Iathyrus spp. to sinulated w i n g  (cutting), 
the ability for regrcnvth after cutting under lainfed 
amlitions and to ccrrpare m forage quality at various 
times durhg the graving w. 

Qle of the questicms me can ask in assessing the 
prochctivity is as to at what t h  should herbage 
phction and quality of different V i c i a  and Lathyrus 
spp.  be -. C u r  practice has been to ut?aswe 
he?bge yield at 100% flmming stage, hxawe this is the 
time m d l y  reccmnended for hay cuts, and to measure 
seed yield at mturity. But if f m  are mre 
interested in w i n g ,  this would seem to be 
unsatisfactory. F b t k m m x ,  hazvesthg at a particular 
phe~logical stage can m=an big difference in age and 
hence yield. We need to kmw vhther gravth amtinues 



Table 4.1.15. Winter qrmth, herbage seed and s t r a w  yields, harvest index (%) , days to 1st 
flwzirq, 100% flowering and mturity for the top 9 selectims of bitter vetch (V. 
ervilia) i n  achmnced yield trials at Tel &&a. 

IFLVE Winter+ Herbage Seed Straw Hawest Davs to 
grmth yield yield yield ikkx Start 100% Maturity 
1-9 (%/ha) ( W b )  (lorJ/ha) (%) flw?=ring flcxlrering 

2511 8 5512 2292 5265 30 106 11 149 
2513 8 5225 2471 4355 36 103 116 148 
2515 8 5951 2376 4431 35 102 115 146 
2516 8 5400 2480 4639 33 103 117 144 
2517 8 4610 2422 4609 34 103 116 149 
2518 8 6252 2342 3997 37 101 115 147 
2519 7 5127 2173 5202 29 106 120 151 
2522 8 6062 2582 4323 34 100 114 144 
2646 6 5245 2421 4391 35 111 123 150 

Ch 1 to 9, visual scale basis where 1 = p r  and 9 very go=d. 
++ for all  25 selections. 



aftercutting at  aparticularstageandthed-mqew in 
forage quality. Also, the reqn&!! a t e  after cutt- 
at  different gxwth s w  may vary armxg different 
V i c i a  and Iathyrus spp .  

~~~IKEI  vetch lines and one each of bitter 
vetch, Palawtine vetch, taDad podded vetch, wmly-pod 
vetch, rlarbn vetch, ochrus chickling, mrmxl 

chickling and dwarf chickl iq  were used in this 
qxrh3lt. 

I k t i c a l  exprhats were sown at  Tel Hadya cm 
Nmmhr 26, 1993 and at  Kfardan (Lebarxn) cm NovenJ3er 
27, 1993 at  a s e & q  rate of 100 %/ha except for 
narkon vetch and ochrus chickling the seed a t e  was 
120 @/ha, w i t h  40 kg P205/ha. A randanid block 
design was used, w i t h  three replicates and 5 x 5.8 rn 
plots. Each plot was mklivided to  several 1.2 
mkplots, leaving adequate guKd areas d the 
hie plot as ~ 1 1  as between the -ling areas. A t  

each cut (harvest), tw~ 1.2 mkplota - harvested 
to make up a total of 2 .m2. TIE f irst  harvest at  Tel 
Hadya was cm 20 F e h u q ,  and at  K£& on 21 

February. Harvest 2-5 were taken m March 7, March 
22, A p r i l  5, A p r i l  20 at  Tel Ehdp and March 9, March 

23, April 6, A p r i l  21 at  Kfardan. ?he correaKaading 
plant were 59, 74, 104. 119 days f m  100% 
germinatim at  Tel Hadya, and 56, 70, 85, 101, 116 
days f m  100% w t i m  a t  Kf-. A t  raturity 
mkplots harvested for estimtirg grain yields. 

At each harvest, fresh materials was wighex3 and 
dxanples dried at  80-90% for 24 h to &texmine dry 
ratter amtent. 'he pkmlogicdl of each entry 
was mwrded a t  each harvest. 

Bases m dry ma t t e r  pzrdxticn (dry herbage) of 



each entry fran the first ad. seccPld harvest, all 
entries were able to mmive riuring the winter at toth 
locaticms, howarer winter at b3th locaticas was mild 
w i t h  lesa than average nmhr of f m t  days. 

There were clear differences in phenolcgy (Table 
4.1.16) . Palaestine vetch and n a k m  vetch were early 
reaching start of their fl-ing at Tel Hadya and 
Kfardm at a t k  the other entries were still at 
vegetative stage. Fl-ing at Tel Hadya was 
geneally earlier than Kfadan. 

the vegetative stage of growth differences 
in dxy matter yield at each cut were large (Table 
4.1.17). Up to cut 3, bitter vetch, wooly-pal vetch 
and narkcm vetch gave the highest herbage yield. 
ochrus chicklingpmhxd 0.5 t h a t  the first cut, 
but at the fifth cut (100% fb.ering) , its p m k d i m  
increases up to 7.12 t/ha at Tel Hadya and 4.72 t/ha 
at Kfardan. Generally, the herbage yield of the first 
and d cut of all entries were higher in Kf& 
than Tel Haw. This is in cmtrast to the fifth cut 
when mst of the entriea p d e d  higher herkqe at 
Tel Hadya than at Kfardan (Table 4.1.17) . 

Regmth after cutting was reccnded t m  weks 
after each cut. V. palaestina, V. hybrida and V. 
villasil ssp. skwed rapid regravth after 
cutting up to cut 2. All the entries did not m h  
legravth after cut 3 at Tel Hadya, but v. sativa 713, 
V. pdaestina 2525 and V. hyhrida 2548 regrew pocorly 
after cut 4 at Kf& (Table 4.1.18) . The regum 

materials were left until maturity for seed yields 
estimtim at Tel Hadya. nfter cut 1, all entries 
Ipoduced seeds from the regrown materials which varied 
£run 174 k g h  for mly-pod vetch to 696 @/ha for 
bitter vetch. At harvest 2, seed yield of wooly-pod 



Table 4.1.16. Pkemlogical stages at different cuttirg times and p l a n t  ages for V i c i a  qp. ad la- spp. grum at Tel  
E&&a ad Kfaddn, 1994. 

Locatian/&t M. P l a n t  age Vs713 Vs2560 Ve2517 Vp2525 Vh2548 Vd683 W 3 8 0  Lc642 Is587 Lc501 

(days) 

2 74 v v v v v v v v v v 
3 89 V V V S t a r t F  V V S t a r t F  V V V I-' 
4 104 S M F  V Start F 50% F Start F Start F 50% F 50% F V S t a r t F  
5 119 502 Start F 50% F 100% F 100% F 25% F 100% F 100% F Start F 501 

Hardan 1 56 V V V V V V V V V V 

2 70 V V V V V V V V V V 
3 86 V V V V V V V V V V 
4 101 V V V S M  F Start F V S t a r t F  S t a r t F V  V 
5 116 Start F Start F St- F 50% F 50% F Start F 50% F 50% F V Start F 

V = Vegeta t ive ,  F - F l a e r i q  
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Table 4.1.19. Seed yield (@/ha) f m  the regrckvth 
after cuttings 1, 2 and 3 and at full 
maturity of different Vicia spp.  and 
L a w  spp. grown a t  Tel  1994. 

Spscies/IFIlJD fit 1 mt 2 at 3 mbxity 

Vicia sativa 713 228 320 128 1140 
V. sativa 2560 348 355 142 1743 
V. ervilia 2517 696 511 - 2323 
V. plaestim 2525 386 389 120 1287 
V. hybrida 2548 3 77 308 90 1257 
V. v. ssp. cksy. 683 174 70 - 980 
V. narfxglensis 2380 200 90 - 2753 
lathyma ochrus 542 395 285 40 1653 
L. sativus 587 465 300 110 1550 
L. cicera 501 4 02 420 168 1343 

Mean 367 3 04 114 1602 
m_+ 47.74 43.118 15.45 207 
LSD (P = 0.05) 107.9 97.2 35.00 617 

vetch, bi t ter  vetch and Palaestine vetch was  low a d  
after  cut 3 bit ter  vetch, wcoly-pod vetch and narlrm 
vetch did not prduce any seeds (Table 4.1.19) . 

Results of Tables 4.1.17 and 4.1.19 indicate that 
mst of the entries regrew after  early cutting (cut 1 
and 2) praridirg mre than one tm/ha dry m t t e r  yield 
and enough seed yields for rescwiq. If farmers 
desperately need a forage crop for early grazing (late . . 
Febmaxy-- of lul.lrch, cumwn vetch, b i t ter  
vetch and mly-pod vetch are recamuended. Grazing a t  
this  stage should be m>derate t o  give ability t o  
plants t o  regrow for seed p h c t i m .  



Changes in quality pmntsters (8%, NDFk and 
ADF%) are in Table 4.1.20a and 4.1.20b, a t  Tel 
FWya and K£&, respectively. A t  early grrwth 
stage the 8% in k r h g e  was less than 20% in all 

species in Hardan except mrbn vetch and ammm 
chickling, but a t  Tel Hadya the CP% of all CIKF~ was 
d 20%. The 8 % tended t o  decrease a t  cut 5. In 

contrast the NDF% and ADPa imreaS& pIqn?sSively 
with tim. This is che t o  the n d c t i o n  in leafhss 
with advance of crop towards maturity. 

The crude pmtein (8%) for grain and straw m a  
estimated a t  mturi ty only a t  Tel Kadya (Table 
4.1.21). P a l a e s t h  vetch had the hi-t protein 
amtent in seeds and CbKKf chickling had the highest 
value for the straw. 

The results dstdind £ r a n  this  trial should be 
considered tentative as values may vary frcm year t o  

year and frcm emriwment t o  envimm3t dLle t o  
variation in weather ccolditions. Phever,  t h y  can 
provide g z d  ccnparison bet- different species. 

It can 12 m l u d e d  that a t  Tel Hadya and Kfardan 
conditions and p s i b l y  a t  similar s i tes  V. sativd 713 
and 2560, V. ervilia 2517, V. villcea ssp. 
683 can be grazed a t  early stages when there is a 
great need for m g e .  V. p a Z a e s t i ~  can be grazed 
even a t  a la t ter  stage because of its better ability 
for regravth and seed pndmtion. Vicia  &ensis 
67 should not be grazed and should only be grown for 
seed and straw prdxticol.  V. palaestim 2525, can be 
used for hay mkhg because of its high leaf-retentian 
and high ~3% content mkiq it suitable for winter 

feecbq. Ali M. Abd El-Elcneim and M.C. Saxesa. 



Table 4.1.2Oa. Seamrd charges in crude protein (8%) , neutral detergent fibers (NDF%-) and acid 
detergent fiters O F % )  of ten feed 1- crops cpmn at Tel Hadya, 1994. 

-der Olt  No. Vs713 Vs2560 Ve2517 Vp2525 Bh2548 Nd683 Vn2380 La542 -587 Lc501 

ADF (%) 1 13.80 
2 18.00 
3 20.00 
4 22.00 
5 28.00 



Table 4.1.20b. S b x m a l  changes in crude protein (8%) , neutral detergent fibers (NDR) and acid 
detergent fibers (-1 of ten feed legme crops gzwm at Kfaxlan, 1994. 

Character Cut No. Vs713 Vs2560 Ve2517 Vp2525 Vh2545 Vd683 W 3 8 0  La542 -587 k501 

NDF ( % )  1 26.50 24.25 19.96 24.46 31.80 22.78 26.52 20.42 22.29 18.42 
2 30.00 28.50 24.81 34.10 35.92 27.41 30.00 23.84 27.82 30.74 
3 40.00 38.14 31.11 37.80 42.90 32.60 41.40 34.00 32.86 37.10 
4 38.00 39.36 29.17 39.40 45.28 31.60 41.40 34.00 3286 37.10 
5 43.00 40.00 33.26 34.17 45.12 35.87 42.20 36.70 40.00 38.50 

ADF (%I 1 17.74 17.12 14.48 19.25 18.28 17.92 15.00 15.00 15.50 13.50 
2 16.80 18.38 16.26 22.88 21.00 21.30 18.00 16.72 17.00 17.00 
3 20.47 20.78 19.00 26.17 20.70 20.68 19.50 18.50 20.00 19.00 
4 25.88 23.14 23.00 21.20 21.80 23.60 20.78 20.00 21.00 18.50 
5 28.50 25.90 23.60 31.12 29.00 30.30 30.60 23.74 23.50 25.70 



Table 4.1.21. Crude protein (8%) of grains and s t r a w  of 
V i c i a  spp. and L a w  spp. grown at  Tel 
l-kdp, 1994. 

Species 1- 8 (%I 
Grain Straw 

V i c i a  sativa 713 
V. satin 2560 
V. d l i a  2517 
V. plaestina 2525 
V. hybrich 2548 
V. villosa ssp. dasycap 683 
V. narknensis 67 
LathpUS ochrus 542 
L. t3at . i~  587 
L. ci- 501 

4.1.5. Quality 

4.1.5.1. Cheaical cmpo8itj.m rmd biolcgical as- of 
nutrititnal value of stam Wcia rmd Lathyrus 

SPP- 

m t y f i v e  straw and 16 herbage sanples of rathyrus 
sativus, V i c i a  naztanensis, and V i c i a  ezvilia were 
ana l am for ash, crude protein, cell cxmstituents 
(neutral detergent fiber (NDF) and acid detergent f i h r  
(ADF) , total phenols (TP) , ard Tamin, (TI ( b t h  as tamic 
acid equivalent), ccndensed tarmins (CP) (as leucccyanidin 
equivalent), protein precipitation capacity (PFC) , and i n  
vitm chxacteristics predicted f r u n  Hohenheim gas test, 
organic matter digestibility (CMD), and m e t a t o l i z a b l e  
energy (ME). 

'Ihe cmtent of crude protein of the herbage was 



significantly higher than that of the straw (152.6 vs 64.5 
g/kg) and of ash (82.8 Vs 116 g/kg) , NDF (332.7 VS, 523.5 

g/kg) and ADF (205.2. vs 369.9 g/kg) were significantly 
lower. For straws of L. sativus, V. mzixnensis and V. 
sativa t h x e  was m significant difference in protein and 
ADF contents, whereas, ash content was significantly l m r  
and NDFk higher in L. sativus as rmpared to bth the 
v i e s  of Vicia. Predicted from gas volm, the CMO (70 

vs 56%) and ME (9.7 vs 7.3 MS&) was significantly higher 
in the herhge ccnpared to straw. The OMD of L. satiws 
straw was significantly 1- ccmpared to the straws of V. 
nahmensis and V. sativa. The TP, T and CT for straw 
were 1.08%, 0.43% and 0.33%, respectively and h e  for 
herbage 2.27%, 1.30% and 1.63%, respectively. The PFC was 
m t  detected in any herhge or straw sample. The results 
suggested that the tannin levels of legme straws are 
negligible and those of the krbge  very low, which do not 
appear to adversely affect the nutritive value of herhge 
to any appreciable extent (the maxirmrm decrease in OMD by 
t& was abut 3% units). In additicm, the nutritive 
value of the legme straw is better than cereal straws and 
is amparable to gcxd quality hay. &tails of this study 
are rep3rted in PFLP d report. Iiarhkr Makkar and 
Kluaa Becker, University of Gemiauy, Antmy 

Guodt3il.d. and A l i  M. AM El M, a. 

Chicklirgs (Iathpw s p p . )  are dzuqht tolerant protein 
rich food and feed 1- of areas with less than 350 mn 
rainfall. Gthyrus sat iws (amrm chicklirag or grasspea) 
is particularly adapted to dry caditions and is generally 
grown on fields with marginal soil fertility and low soil 
mistwe and with p r  -t practices. One of the 
mjor factors limiting the use of L3thyms qq. for humn 



camqticol and a n i d  feed is that the seed contabs the 
neurtoxine B-N-Oxalylamino-alanin (KIA&) . The excessive 
ccasmnpticm of seeds causes "&thyrimnu, a nervous 
disorder resulting in incvrable paralysis of 1- links 
of lwran being and domestic animls. Qle of our major 
objectives in breeding chickliqs is to develop lines 
which are early, free £ran the neu~otcocine and adapted to 
ION rainfall areas. We also investigate the asscciatim 
of EOAA mtent with agmnomicdl and  logical 
characters of the genotypes, and their reactim against 
insects and diseases. ICARDA in wllalxraticol w i t h  the 
-in Research Labratory of Winnipeg, Wtaba, Qnada 
has developed a rapid m e W  of determing BOAA content 
using near infrared reflectance (NIR) . 

4.1.5.3. Evaluaticn of eon-t in new lines of 

Lath- spp. 

Gne hundred and ten lines representing 70 L. sativl~s, 24 
L. cicera and 16 L. ochrus wre assessed for their BQAA 
cantent using NIR (Table 4.1.21) . The results indicate 
that in one line of L. sativl~s the BaAA content was very 
ION (0.07%). This line is characterized by large white 
seed and white flower and it mtured 10 days later than 
the high KAA lines. L. c&ms lines had the highest ECFA 
content w i t h  a rrean of 0.615% and L. ci- w lwu with 
a mean of 0.159%. The results appear to be highly 
encouxaging as they pint to the possibility of developing 
chickling lines for ovexcmhg the problem of "Lathyrim". 
A l i M . A b d E l w m e h .  



Table 4.1.22. BCWL content (%I for three Lathyrus spp.  
gram at Td Hadya, 1994. 

Species w Mean No. of 
lines 

4.1.5.4. Estimaticu of anti-nutriticaal ar anti- 
palatawity :actors in - vetch. 

It has heen repcatcr: that xlaz-hl vetch oontains 
undeeirable guhstancea that decrease its value as feed 
1- crcp. The sthtances include twic or anti- 
nutritional or anti-palatability factors, usually m l e x  
organic mnpansds that are difficult to msasure by 
ccnventimd dysis. If the wncentaticm of these 
mpxds is to be re&ced or eliminated, through uq 

prcqan ,  rapid tedmigues of analysis are d. 
Dr. Neil R O W  at the -em Australia Chemistry Center 
developed a new Capill- Zcne ElectropbD1-eses (CZE) 
technique which has prahe5  cutstanding remits for a 
aqmmd in mdxm vetch, the gama-glum1 derivative of 
S-ethanyl Cptein (W), which is ~.espplsible for its 
matability . 

F'orty-six selecticma fmn 1- were g r a m  at 
Reseanh Staticm, Weatern Australia. The see% were 

analyzed for GEC%. 'Ihere here large variaticma in G X %  in 
the selectima and their c n d m d a .  'Ihe GEC varied from 
0.58 to 1.38%. IFLVN 67, 560, 127, 556, 1144 and568 had 
the 1-t W aantent and IFLVN 582 the highest. 

Regarding the acssbxk, a skle plant selecticm 
fromaces IFLVN2524 x IPLVN67 had 0 .12%GECanda~ther  

1.41%, whereas the Gl32 ccntent of the parents was 1.83 and 



0.60%, respectively. F3 derived frcm a m s  IFLVN 567 x 
IFLVN 575 also gave a wide range of GEC -tent (frcm 0.17 
to 2.5% QT) . 'Ibis indicates tbat there is a gccd swpe 
for selection for low GW2 mten t  in nadxm vetch. Qive 
Fhnds (CKQ44) and Ali M. AM Fil Mudm. 

4.1.5.5. Tupmvhg x x u t r i t i d  quality of Lathyrurr 

= t h  by bresdirg 

This progasn was initiated after a large nunker of L. 
sativus lines maintained in  our b r e d q  prcgram were 
sueexd for BOAA m t e n t  uskg NIR and comrentiord 
chemical mthcd as descrited by Briggs et  a1 . 1983. As a 
result of smeenirg a few lines were fcnnd haring low Efl?A 

-tent (0.02 to 0.1%) and a large rnrmber haw high BOAA 
content (0.2 to 0.9%) . 'Ik lcw marotaxins lines had 
undesirable agronanic traits like late flaw3.q and lcw 
yield. So far, l i t t l e  work has ken dcme to  determine the 
genetic h i s  of variatim in FKl?!A and the associated 
w c a l  and rnrphlcgical characters. Hence, this 
project was st-. 

The basic material of this study ccasists of 
twerrty five genotypes of L. satiw, representing the 
available variability in BaAA and d i m i t y  in origin. 
at of these g e m t y p s  4 testers were crossed with 21 

f d e s  and 84 hybrids canbinatias nere abtairaed. Gene 

mkers such as seed and £1- color were used to  
eliminate pods that might  have developed frun self* and 
to  identify F1 plants obtained in 1991/92, and F2 in 
1992/93. me to transgressive segregation t- 
earliness and high FxXA, or due to partial dominance to  
high RIA& and early mturity, large propcation of F2 
population matured earlier than the m t s .  192 families 
descendkg frcm Fz 8-le plant selections, - selected 
for early rraturity, mall seed size, large seed size and 



1 i g h t ~ s e e d c o l o r a n d l o w B Q A A .  'Ihesechaactersare 
cansidered m j o r  select ion criteria f o r  breding low BOAA. 

In 1993/84, 85 families were wluated at Tel Hadya and 
Breda f o r  yield potent ia l  and the ef fec t  of location on 
BOAAamtent. 'Ihree families (19, 80 and 85) had lowBOAA 
content (0.02, 0.017 arid 0.06%, respectively) . T k y  had 
large seed s ize ,  white seed color an3 white fl- c o l o w  . 
Seed yield was high at both lccaticns (0.9 to 1 . 5  t/ha) . 
?he ef fec t  of location cn BQAA rnkls Mt s i q i f  icant since 
families w i t h  high or low BOAA have retained their levels 
at  b t h  locaticas. Tne three low neurotoxine families 
were 10-15 days late in rmturity than lines with high 
BOAA. The 85 families w i l l  be further tested at  Tel Hadya 

and Breda f o r  a d season to select raterial f o r  
internathd testing trials. Ali M. AW El Naeim.  

4.1.6. Studies of BytPFdsBetwamV. sativa esp. eativa 
a d  v. e a t h  esp. alphicarpa. 

I b e n h a n c e t h e k r b g e ~ i m o f ~ v e t c h  (V. 
edtiva ssp. anphicarpa) and to inprove the drwJ#lt a d  
cold tolerance of mmon vetch (V. sativa ssp. sativa) a 
hybridization prcgnm has been udemay since 1989/90 as 
each subspecies possesses m unigue agranomic traits. - prmising lines of camrsl vetch w i t h  m-shatter-- 
pods i.e. IFLVS 1416, 713 and 1448 were crossed with two 
lines of u m b g r a d  vetch i.e. IELVA 2416 arid 2614 to 
make M v e  crosses. ll~ F2 m a t i o n  released e m m r x ~ ~  
v a r i a b i l i t y  f o r  select ion.  lka& a n u l t i p l e  trait 
select ion,  F3 families selected had 4-9 m&qrcmd pods 

plant ,  cold and dnxght tolerance, nore vipm ahve 
g r n n d g m w t h a n d a h v e g r n n d p o d s a s n c a s h a t t ~ a s  
those of the cmmm vetch parent. Selection f o r  F4 
families was obtairaed by kulking an equal m m b x  of seeds 

of 20 F3 plants  f m  the selected F3 families. 'Ilae F4 
families were grawn in 1993/94 at Tel Hadya. -lies 



having 6-10 u d a  grovnd pods and vigoras alxlve 
qrmth were selected. T k e  abe  gmmd biumss of the 
selected families was three times as m& as that of the 
anphicarpous-type parents whereas the rllmker of 

pods was deed by 40%. Seed increase will 
be done for the selected families to study the 
-s in maparisan w i t h  their anphiaqmus type- 
parents. W M. AW El mndlrl. 

Four accessims each of Lathyrus satiw, Lathpus OChZU8 
and Lathpus cicera were treated w i t h  six different 
nutagenic t rea tmts  - 10, 20, 30, 40 and 50 kR of Gam 

rays and 0.15% of ethyl-methane-sulphate (m) . The 
objective of the rmtagenic t rea tmts  was to  assess the 
pssibi l i ty of pm3xir-g neurotcodn-free nutants and to  
determine inter-and intra-specific differences in 
respmses to nutagens. ?he seeds of 12 accessims treated 
with six nutagenic t rea tmts  and a mtrol were grwin at  
Tel Hadya dmirg winter seasan. 

The germination in  EXS treaimmt was not effected in 
Lathpus satiws and Iathyrus ci-, harrever, there was 
a l i t t l e  reducticm in Iathyrus ochrus indicat- that L. 
ochrus was relatively mxe sensitive to EN5 treatrent as 
mqiced to  the other two species. 

L. OChZU8 was mt sensitive to Gam ray t r ea tmt .  
This was f o l l d  by L. ci- and L. satiws. 7% seed 
frun all the plants frun all the treatments - collected 
and shall he sam next sea6a-1 in 3 for selection of 
desirable mtants. R.S. Bblbtra and Ali M. AM El 



4.2.1. Effect &Depthof B n h l  a Seedof 
vetch 

'l% effect of depth of burial cn hKdseed brdchm for 
aerialandsubteraneanseedswasassesedfm4lines 
(Selecticn # 2614, 2647, 2650 and 2660) of u r d e q m d  

vetch. For each line, 50 aerial and 50 subterranean seeds 
wereput inmshbags. %bags-pLacedonthesoi1 
surface, at -5an and at -1Oan in the field a t  Tel Hadp. 

-h bags were placed in the field to take regular 
m t h l y  samples for genninatim testing. The e x p r k n t  
was replicated 3 t-. 

The results s h w  that aerial w s  
b m  faster than that of subterranean seeds, with 
differences betwen 30 &40% by day 400 of the trial 
(Figure 4.2.1). 

% Hardseed 

Days from sowing 

4.2.1. Ocnpariacn of the hardseed breaklaPl of 
aerial and subterrrmean seed M e d  at -5an 
for vetch (Selecticn 2614). 



The effect of depth of burial waa not evident 
throughout the trial. Ebevw, buzying the 8Bed at -5an 
resulted in a 5% - 10% 1- hard.seed level for all 
accessions for b t h  seed types by day 400. Further, 
selections d id  vazy in koth the rate and final level of 
hardseed breadum. For exmple Figure 4 .2 .2  Bhavs the 
hardseed bre&&m of udeqmmd seed buried at -5an. 
Selecticn 2614 initially broke h mne rapidly than the 
other tim=e select- lesulting in a difference of 20% in 
the final hardseed leve l s .  

% Hardseed 

Firgrra 4.2.2. Han3sed for four selections of 
vetch buried at -5 an in the 

f i e l d  at Tel kladya. 



4.2.2. Effect of Density aa-dVetch 

Udeqxmd vetch (selectian 2647) has seeded a t  10 rates 
(50, 120, 200, 250, 320, 400, 500, 800, 1260 & 2000 seeds 

per/& in 0.5rn x 6m plots at  Tel Hadya. A andaniaed 
conplete block desip was used w i t h  3 replicaticns. ~t 

mturity a quadrant was harvested axl core w l e s  were 
taken to assess the abve  and k l a w  gmmd yields. 
Figure 4.2.3 &s&ha the yield respcnse. 'Ihe 

seed yield peaked at  a seskirq late of 320 
seeds/$ ,yieldirag -tely 250 c3/ni! or 5000 seeds/n? 
(100 seed wt = 5 grams)). At higher densities 1 - m  

seed yield declined rakd ly .  Likewise, total him 
(ab3ve g i n d  bicrrass + mdeqmmd sten w=i@t + 

Seed yield glm2 Biomass glm2 

Sowing rate per meter 

-Seed yield + Total biomass 

-4.2.3. ?he effect of density cmthe 
seed yield (left y-axis) a d  total bi-s 
(right y-axis) of uridexgrwd vetch 
(selecticn 2647) . 



u d a y m m d  seed wight + rmt k g h t )  reached a peak of 
900 g/ni! at a seeding a t e  of 320 seeds/rc? am3 declined to 
860 g/m2 at a e d k g  a t e  of 2000 seeds/$. Given that 
the rate of hardseed bre&&wn xzgea fran 50%-80% in me 

year, it is likely that unbgmmd vetch in a pure stand 
will ovwxrad itself. 

4.2.3. of Vetch Gennplam feu 

m-m- 
mty-eight  accessiw of undergnmad vetch were gnxvn 
cut in plote of 40 plants, replicated 3 tims in a 
d s e d  oarplete block design. Pb lcg icd l  events and 
yield pnn~te1-8 were remrded to assess the level of 
variaticn within the material hand at  IcaRDA. 

Figure 4.2.4 s l w m  the time to 50% alxnre g?xmd 
fl-hg for each accessim. The latest accessicol 
$3- 27 days after the earliest. 'Ihe majority of 
a c c e s a i c n e f l d b e t w e e n 1 1 0 ~ l 2 0 d a y s f m e s w i r g .  

Day8 from sowing 

Accessions 

-4.2.4. T i m e t o 5 0 % f l a e r i n g f o r 2 8 a c c e s s ~ o f  
underground vetch. The upper and 1- 
limits of the b r a  ?zprwent within plot 
standard errors. 



~ t o 5 0 % ~ ~ p o d 1 ~ t u r i t y r a n g e d f m 1 4 2  
to 163 days. In general t h  late fl-iq accessions 
rat& mre rapidly. 

~ s e e d y i e l d ~ f m n 5 - 3 5 s e e d s p e r  
plant. ?he seed yield was not correlated to f 1-ing or 
pod mturity times. e, this a u l d  be due to tbe 
mildness of the s~nmer dxmqht. 

It is paabable that the variation displayed by the 
accessicms tested a u l d  be correlated w i t h  the 
emimmental axditians in the place of origh. A 

correlation analysis w i l l  be p e r f d  to find cut whether 
this is thecase. 

The backgrad and treatmmts hqcsed in this trial are 
descrikd in the 1993 Legume Prcgam annual report. The 
trial was sown to Barley (var mari.aths*2\\m-ah-73-337-1) 
and udeqnxd vetch all- to volunteer as a teed 
under the barley in the 1993/94 m. 

The hardseed breakd3wn measurements u m k b h n  the 
prwiou8 seascm a m t W .  Barley yields %ere 

m ? a m r & a n d t h e s i z e o f t h e ~ v e t c h s e e d b a n k  
was assess& at the & of this w. 

The highest barley grain yidds (2.3 tcol/ha) were 
realised by the grazed in February and ns grazkg/cut at  
maturity treatnkmts. The other subplots yielded between 
1.6 and 1.9 tab. By CUnta~t, the C€mtinuous barley 
ccmtml yielded cmly 0.7 tcms/ha. 

Except for the grazed in Ma-& establishmnt 
treatment (mairqlots) , there was a 300-400 m/ha 



difference in the barley yields between Bubplots w i t h i n  
their respective main plots. For the February and Eb 
graze min plots, yields - mprica' when c u t  a t  
£1-ing. The v i t e  was true for the grazed in April 
main plot. 

A t  the end of the 1992/93 ~easan, the umhgmmd 
vetch seedtank oontained h t  90% hardseed. There was a 
g n & d  rate of hilrdseed brdcdam to 70% by Septeptember, 
after which they declined rapidly to lcelcm 20% by the end 
of lkcmhr. 

Table 4.3.1 descrites the status of the underground 
vetch seedbank to June 1994. Seed nunbra fell  to bet- 
10%-40% of - m t  h 1993. lh - 
significant difference bet- treatmnts for seedbank 
size in June 1993. In June 1994 the 1989 April-grazing 
and m-grazing / 1992/93 cutting-at-maturity t r ea tmt s  
yielded significantly larger seed banks. This was 
e l y  due to a higher plant density under the barley 
rotaticm in 1993/94. 

In smrmery, the m i d  rate of han%ed b r d d w m  
displayed by the rotation tr ial  seedbank explains the 
1- e i m  in seed mnkrs over the 1992/93 - 1993/94 
seasaw. The high rate of gwmimtim yields a plant 
density which is way abwe the optimal density (320 

plants/$) indicated by the density trial .  In additim 
many of the plants which did germinate under the barley 
canqy d d  have died f m  shading. 



Table 4.3.1. U d e q c m d  vetch seed yields (seeds/n?) for 
the rotation trial. 7% Jme 1993 values 
are averages for the wble plot as there was 
no statistical difference for within plot 
treatments. 

Treatments Seeds ~ e r  n e t &  
1988/89 grazinq 1992/93 c u t t h  June 1993 June 1994 - - 
t r e a t m f s  treamts 
(min plots) (Sub plots) 

F- 100% £1- 526 
h t u r i t y  1429 466 

March 100s fl- 379 
Maturity 2402 385 

April 100% fl- 295* 
Maturity 2502 1023 

I@ grazing 100% £1- 442 
h t u r i t y  2123 714 

* significantly different for figures in the - c o l m .  

At this  stage, the results indicate that undergmund 
vetch my not be suitable as a self regeneratkg pasture 
plant for a ley system. m, the results £ran bth 
the accession asses-t and the depth of Wial trial, 
indicate that scm degree of variation exists for h t h  
seed yield and rate of hmkeed breakdarn. msJs it- seem 
mrthwhile t o  explore mre fully the genetic variation 
within the enlarging gemplasm collectim of 
vetch. Kenstreet. A l i A M E l ~ a n d P h i l D o c k s .  

The prosram of feed l e g m e  inpmven-ent of Vicia spp. and 
chicklings (Laehyrus spp.) has identified praniskg 
genotypes in tenn of yields and adaptation. %e 
objectives of the pathology section is t o  evaluate the 
selected genotypes for resistance t o  the mjor diseases 
and make available information m sources of resistance t o  



individual and dtiple diseases. Since the feed 1- 
genotypes are not yet widely grown in the WINn region, the 
relative ittprtmce of the &eases on the genotyEes 

shouldbenrmitoredannualythmqhdiaease8urveys. ?his 
a d  identify t k  major diseasea arid their potential 
eccPlanic significance in different agm=colcgical areas 
where the crops are grawn. 

4.4.1. for Di- R6Bi~trmCe 

Cknplasn accessions of Vicia and Lathyrus species WE 

evaluated for resistance to Asa&yta blight ard h t r y t i s  
stem blight in the field. The weather was particularly 
favourable for foliar diseases and L a m  species WE 

severely damgcd by asm&yta blight, while Vicia species 
were severely affected by dcwny mildew. Results are 
presented in Tables 4.4.1 and 4.4.2 and Figure 4.4.1. 
Five lines of V. sativa (2609, 2624, 2639, 2640, and 1448) - identified as sources of high level of resistance to 
downy mildew, but all the material in the advanced yield 
trials (AYT) had intamdhte (I) reaction as the highest 
level of resistance. Six lines of V. narkmemi8 in the 
AYT were h t e l y  resistant (I@.) to dowry mildew and 
Selection 2561  as MR at tw~ locaticms, E z d a  and T e l  
Hadp (Figure 4.4.1). 

Dudl resistance to t m  diseases is available in rmst 
species, but mtltiple resistance to three of four diseases 
is not widely available (Table 4.4.2) . Dudl resistance to 
downy mildew and asm3yta blight in L. sativus is 
available at IhR level in only five lines (Selections 
553, 555, 563, 529, and 504) effective at two locations. 
Selecticm 67/2561 of V. narkmemis that originated fran 
Iraq had dtiple disease resistance to four foliar 
&eases (AsaxhyQ blight, kwtrytis blight, &my mildew 
ard p d e ~ ~  mildew). vnfortunately, this selection is 



highly susceptible to cyst nemtode. In addition, 
Selection 566/2381 of V. nadxrnensis and Selections 
2908/2540, 2938/2542, 2988/2543, 2908/2540, 2938/2542, and 
2988/2542 of V. hybrida had resistance to ascochyta 
blight, htrytis stem blight and powdery mildew (Table 
4.4.2) . Wne of the L. s a t i w  and L. cicera accessions 
s h e d  dtiple disease resistance (Table 4.4.2) . 

Basiq on abservations it is noted that resistance 
enhancement is required for the b r e d b z ~  lines that will 
eventually be released to the farmers. Ascochyta blight 
resistance in LathyIZIS satiws and resistance to downy 
mildew in Vicia sativa and V. mxbmemis have to receive 
priority. M.T. Mkaga, A.A. El W m e h  and M. Ballar. 

Disease reactin 

Figure 4.4.1. Disease reaction to downy mildew in 
selected lines of Vicia and Lathyrus 
species (numkers evaluated are in 



Table 4.4.1. Disease reaction (m 1-5 scale) of . - 
prunisiq Vicia spp .  and Lathpxs' qp. 
lines. 

m spp .  -q 
& disease 1 2 3 4 5 

vicia sativa 
Asc. blight 0 
Botrytis 2 
D. mildew 6 
P. mildew 3 

v. nahmensis 
Asc. blight 0 
Botqtis 0 
D. mildew 2 
P. mildew 5 

V. erxilia 
Asc. blight 0 
Botrytis 0 
P. mildew 0 

V. palaeatina 
Asc. blight 0 
Botrytis 0 
P. mildew 0 

V. m i &  
Rsc. blight 0 
Botzytis 0 
P. mildew 0 

v. villosa cksycazpa 
Asc. blight 0 
Botrytis 0 
D. mildew 0 
P. mildew 0 

L. sativa 
Rsc. blight 0 
Botrytis 0 
D. mildew 5 
P. mildew 0 

L. cchnls 
W. blight 6 
Botrytis 6 
D. mildew 0 

L. ci- 
Asc. blight 0 
Botrytis 0 
D. mildew 1 
P. mildew 0 



Table 4.4.2. The availability of sources of nniltiple disease resistance (rating 1 or 2 on 
1-5 scale) in the prunisiq genotypes of Vic ia  and lathycu.~ species fran the 
disease screening at Tel Hadya, 1993/94. - 

species 

No of lines/selections with resistant to ncderatelv resistant reaction 
k c .  & Rsc. & Rsc. & Ewt & P. k., Ewt Asc., Bot Asc., Bot, 
Botrytis P.mildew D.mildew mildew & D.mildew & P.mildew D.&P.mildew 
- 
4 
3 
8 
none 
16 
none 
none 
2 
none 

6 
20 
none 
14 
3 
none 
none 
nore 

13 
2 
none 
none 
none 
31 
4 
.4 
8 

13 
9 
none 
6 
ncole 
nore 
none 
2 

none 
1 
ncne 
none 
none 
none 
none 
2 
none 

- 
none 
2 
8 
none 
6 
none 
Ilone 
none 
none 

none N 
N 

1 P 

none 
none 
none 
none 
nore 
none 
Eone 



4.4.2. Diseaee Survcsy for Raage 

Disease incidence and severity in Vicia and Latbyrus 
species m evaluated in fanrers' fields and an-fann 
trials in eight 1ccatia-m covering mth, central and 
northem Syria. In addition, fanrers fields enrcRlte 
and around these locaticns w a e  also included in the 
mrvey. The objective urns to assess the disease 
situation in vetches and chid* and evaluate 
pranisiq lines for disease mactian. 

Table 4.4.3. Disease incidence (an 1-5 scale) in Vicia 
and Latbyrus species grown in different 
lccatims in Syria, 1993/94 seasan. 

Iccation Disease Disease Pat.h=gen 
severity isolated 

Him iaxcdyta blight 2 As- sp. 
Downy mildew 2 NA 
Sclemtinia blight 2 S. scletvtionnn 

Kamishly Botrytis blight 3 BoUytis cinerea 
Tel Hasoud Sclemtinia blight 4 S. sderotiom 

Ham3 Asci-xhyta blight 2.5 As- sp. 
Downy mildew 3 NA 
Eotrytis blight 3 B. cherea 

As- blight 3 
Downy mildew 2 

Asaochyta sp. 
NA 

Botrytis blight 2 B. cinerea 

Soran psci-xhytablight 2.5 Ascmhytasp. 
n-NJny mildew 2.5 NA 
Botrytis blight 3 B. cinerea 

Disease incidence and swerity was r e c ~ d z d  and 
sanples were collected for d i m t i a n  of 
identification. Results are presented in Table 4.4.3. 
Foliar disease - prevalent in all locations and 



w i l t / =  rot that prevailed during the last seasm 
was not a pd lem.  Ascochyta blight, downy mildew, 
b t r y t i s  blight and sclerotinia blight were the mjor 
diseases a t  a l l  locatims. M.T. w, M. B e l l a r  aud 

Nm scidsts .  

4.5.1. Effect of Sitcan Q-iPitua m Vicia Yield 

The eqerkent  cm control i n  Vicia villc\sa ssp. 
m was e e d  a t  an on-farm lccaticm in  
Alkamiye uskg the same Prcmet t r e a t m t  as in lent i l  
(Section 3.4.1). As in previous years, &e damage 
started late at Alkamiye but reached 62% ard 83% on 11 
April ard 10 By ,  respedively. FnxEt treatmt 
significantly r d w d  &e dmage and in- seed 
and s t r a w  yield s iqi f icant ly  (Figure 4.5.1). 

I , ,  I ,  \ , , , , , I  
1 0 0 8 0 6 0 4 0 2 0  0 1 2  3 4 5 6  

46 moduls damage Yield ( t o a n )  

Figure4.5.1. EffectofFnxEtseedtreatmnt (400 

CS, 10 d/kg seed) on Vicia villosa 
ssp. cbycap  seed arid straw yield 
and x d d e  damage by SitoPla minitus 
in northern Syria, 1993/94. 



This was the 3rd and final year of the Sitcma 
cmtml expr iment .  It confirmed that Sitcma &es 
infest t h i s  V i c i a  species and control results in 
si+f icant yield increases. -r, mt 
treatnwt may m t  be econunical in h i s t e n c e  
farming, but could be used in m i d l  seed 
productim fields. S. Waigand a d  A. Joubi. 

The cxxuxmce and inprtance of Sitma in different 
forage legumes was assessed. W l e s  were taken frcm 
seed in- fields of l d  varieties of several 
Lathyrus and V i c i a  species and the n d d e  damage 
recorded. 

The three Lathyrus qecies, L. a%ug, L. 
aat iws ,  L. cicera had very l m  MChile b g e  of 3 t o  
4% (Table 4.5.1) and m feeding h g e .  If the a W t  

Table 4.5.1. Si tona d e  h g e  in local varieties 
of fomqe legwes, Tel Hadp, 1993/94. 

Forage legme species % nochile h g e  

V i c i a  pannanica 
V i c i a  narkmemi8 

V i c i a  sativa 
V i c i a  ervilia 
V i c i a  villasa ssp. ohsycarpa 



Si tma do not feed on the leaves, they cb mt lay the 
eggs near these plants and there d d  te no larvae 
infest- the M e s .  ZIpparently LatIgmw spp.  is 
mt a p~ferred  host for SitaM. 

Differences in S i m  dannge were also fourd 
between the 5 V i c i a  p i e s ,  V. L d c a ,  V. 

&emis, V. sativa, V. ervilia, and V. villosa 
ssp. dmycap. 1nV.pannCnicathemduledamagewas 
very lw (7%), in V. -is m3de was 
d m  (39%), whexea in V. sativa, V. ervilia ad V. 
villasa ssp. !u+ mdule damge of 93%, 91% 

anl 69% was mrded, respctively (Table 4.5.1) . 
?hese results show that not a l l  forage 1- spciet, 
are attacked to the - extent by Sitma. In 

La- qp., V. pannanica and V. nartanensis Sitma 
is not of importance. It mdd be interesting to 
sturiy the reamm for the p r e f e r e n c e / m - p r e f m  
for the different forage species shwJn by the S i m  
W l s .  S. W d g a d ,  A. JcubiandA.A. El. Mmeim. 



The dry pea research a t  1- w a s  initiated in  1986/87. 
As extensive varietal impmvmmt mrk is king dcole on 
dry pea a t  a m m b r  of instituticsls in the develop- and 
developed countries we capitalise m this research, 
instead of running aur ar~n breeding prcgmm, t o  identify 
dry pea cultivars adapted t o  the farming system of WAN?+. 

Our wrk is ccolcentrated in  the fo l lmhg  areas: 

I. Collecting enhanced germplasdcultivars fran the 
institutes working on dry pea and testing them a t  
ICAWA s i tes  to  identify superior lines for 
evaluation by the national p- i n  m. 

11 Developing suitable prcduction technology and its 
transfer t o  the national programs for testing and 
adaptatim. 

5.1. Genqlam Collectim and Evaluatia 

T h e  new accessicms cbtained £run various institutions were 

evaluated a t  Tel Hadya in Pea Genetic mlua t ion  Trial 
with 49 entries in a 7x7 simple lat t ice design. The data 
were analysed for various phenolqical and mrphological 
characters (Table 5.1.1) . 

T i m  taken t o  f luver ranged f m  91 days (for Acc No. 
572) t o  109 days (for Acc No. 225) ; time taken t o  mture 
mcged fran 136 days ( f o r m  NOP3. -558, -586, -223, -572, 

-573, -580, -576, -589, -593, -578) t o  147 days (for Acc 

No. 570) : biological yield ranged from 815 kg/ha (for Acc 

. 581) t o  6661 kg/ha (for Acc No. 225); and the harvest 
index ranged from 32% (for Acc No. 553) t o  58% (for Acc 

No. 557) (Table 5.1.1) . Seed yield varied frun 390 t o  



3044 @/ha and the f i v e  highest seed yieldiq entries 
included Acc Nos. 225, 568, 569, 555 and 557 w i t h  seed 
yields of 3044, 2452, 2423, 2227 and 2036 k g b ,  
respectively. 

5.1.2. Evaluatica for Cold  Toleranca 

Thirty eight  accessicms of p a  screened earlier and 62 new 
accessicas were sown f o r  evaluation f o r  wld tolerance on 
6 C c t  1993 w i t h  a p o s t - s d n g  imigaticm t o  ensure 
adequate mistme ~ l y  f o r  genninatim. IXlrhg the 
growing season, belcw zero t-turw - a33senred f o r  

20 days and minim t ~ t ~  during the season was - 
4. ~ O C  on 14 Nov 1993. Ihring the sezmm the susceptible 
check did mt get a rathg of 9 on a 1-9 scale ( u k ~  1 = 

f r e e  from damage, 9 = ki l l ed )  . Thus s a e a h g  f o r  cold 

tolerance was not possible. These materials, alcaag w i t h  
new entries, w i l l  be cgmm next easm f o r  their 
evaluation. 

5.2. Y ie ld  Trials 

Sixty  four  e n t r i e s  selected f r a n  the genetic evaluation 
trial and preliminary y ie ld  trial (RT) of 1992/93 - 
evaluated f o r  their p e x f o m c e  during the 1993/94 sezmm 
at six diverse -ts. ' h s e  ernrircenwts included 
four  locaticms, Tel Hadya, Jindiress, Kfaxdan and Tcdwl; 

and at Kfardan and Terb31, the trial was &am at  two 
d i f fe ren t  da tes .  The stability analysis us- Eberhart 

and mssell (1966) d l  was done on seed yield. The 
analysis rarealed that only nor-linear c c q n ~ ~ ~ t  of 
variance was important. 'Ihirty eight  entries yielded mre 
than the overall n-ean across a l l  the d r c w n e n t s ,  and 



seven anmg these exhibited significant deviations and 
were unstable (Table 5.2.1) . Of the 31 entries w i t h  abve  
average seed yield and non-significant deviations fran 
regression, 27 entries had regression coefficient equal to 
one and exhibited general adaptation across -ts, 
and faur entries w i t h  abve average seed yield, regression 
coefficient greater or less than unity - specifically 
adaptable to favorable or unfavorable ernrirarmPnts. 

Seed yield for the entries varied fran 1486 to 3420 
k g h  at Tel Ha*; 889 to 2677 @/ha at Jindiress; and 
743 to 4090 k g h  at Terb31 in date 1 (TerDl), and 243 to 
3424 kg/ha at -1 in date 2 (TerD2); 597 @/ha to 4535 
&/ha at Kfardan in date I ( E m ) ,  and 632 q/ha to 3132 
@/ha at Kf& in date 2 (KfrD2). Lacation mans at Tel 
Hadya, Jindiress, -1, TerD2, KfrD1, and KfrD2 were 

2589, 1709, 2640, 2374, 2760, and 2049 kg/ha respectively. 
Based on the -yield- 6 -ts the five best 
lines included Acc Nos. 225, 403, 21, 526, and 321, which 
gave seed yields of 3005, 2910, 2866, 2804 and 2772 @/ha 
respectively (Table 5.1.2) . ?mmg these top y i e l w  
accessions, Am. No. 403 is semi-leafless. 

5.2.2. Pea I n t e r n a t i d ~ t b l ~  (pm 

Twenty three entries selected from Preliminary Yield Trial 
(PYT) and P W  cmidxte.3 during the previcus seasm were 
tested in this trial at Tel Hadya and -1 during 
1993/94. Six test entries namely PS 210713, Le 23, 305 PS 

210572, M3 100726, UMtilla and Syrian Lccal Ueppo at Tel 
Hadya, and six entries -1y M3 102703, K-129, G 22763- 
ZC, Syrian Lccal Aleppo, Lccal Selection 1690, and M3 
104325 at Terbl yielded significantly higher than the 
local check. The location mean yields at Tel Hadya and 
Terkol were, 1782 and 2667 kg/ha, respectively. Ih-e. R.S. 
DWlwtra and M.C. 



W e  5.1.1. Pdjwted seed yield (Yiald=kg/ha) and rank 
(R), biological yield (BYI&kg/ha), tie t o  
fl- (Dm), t h  t o  nature ( m T ) ,  and 
harvaet index (HI) of m of the high 
y ie ld iq  entries in Pea Genetic hraluaticm 
Trial a t  Tel Fadya during 1993/94. 

kc W. Origin Yield R B Y D  DFLR m T  H I  

552 ALfSIRALIA 1936 6 4090 104 146 48 
553 m m 1 7 1 2  13 3715 102 145 32 
554 AWIRALIA 1677 1 5  3336 101 146 50 
555 - 2227 4 4085 101 146 54 
556 XSEWJA 1868 8 3795 103 143 50 
557 ALFIRALIA 2036 5 3723 104 146 57 
558 -1227 33 2400 102 136 50 
559 -1369 28 2763 102 145 50 
560 X S E W J A 1 7 0 0  14 3588 104 144 47 
561 -1433 24 3336 103 146 42 
562 WSlRMJh 1515 22 3064 97 139 50 
563 ALKlRALP.1586 17 3558 101 146 45 
564 m I A 1 3 7 6  26 2670 100 140 52 
565 FESlWGIA 1921 7 3703 104 139 53 
566 AusIRRLlA 1853 9 3969 103 143 47 
567 ALKlRALIA 1719 12 3404 99 140 50 
568 AWIRALIA 2452 2 4983 105 146 49 
569 ALFIRALIA 2423 3 4762 106 146 5 1  
570 AUSIIULLIA1512 23 3263 105 147 46 
571 AWIlWLA 1595 16 3275 100 146 48 
572 USA 593 48 1137 91 136 51  
573 USA 1373 27 2610 102 136 53 
574 USA 881 44 1876 103 139 47 
575 USA 1249 32 2450 103 139 51 
576 USA 1522 2 1  2825 104 136 53 
577 USA 913 43 1976 104 137 47 
578 USA 722 47 1571 102 136 45 
579 USA 963 42 1939 96 139 48 
580 USA 1054 40 2132 94 136 50 
581 USA 390 49 815 104 137 49 
582 USA 1387 25  2875 98 139 48 
583 USA 1530 19 2951 100 139 52 
584 USA 790 46 1762 105 137 44 
586 USA 1771 11 3389 94 136 51  
587 USA 1101 37 2158 94 139 50 
588 USA 1060 39 2164 102 139 48 
589 LCa 802 45 1657 94 136 48 
590 USA 976 4 1  2132 96 139 46 
591 USA 1567 18 3255 108 139 47 
592 USA 1260 3 1  2570 102 139 49 
593 USA 1804 10 3308 101 136 55 
594 USA 1211 34 2385 102 139 50 
596= USA 1064 38 2038 94 139 51  
598 USA 1186 35 2438 93 137 50 
599 USA 1360 29 2603 95 138 52 
600 LEA 1165 36 2352 92 137 49 
223 SYRIA 1529 20 3577 102 136 42 
224 U.K. 1296 30 2428 104 143 55 
225 SYRIA 3044 1 6661 109 146 45 
- 
Locaticn mean 1443 2929 101 140 49 
S.E. of mean 157.1 304.0 0.5 0.9 7.9 
L.S.D. (P=0.05) 442.2 855.5 1.5 1 . 9  8.2 
C.V. Z 18.9 18.0 0 . 9  0.8 10.3 

a= Seni leaflees 



Tabla 5.2 .l. Mean seed yield of the entries in R a  Preliminary 
Yield Trial amiucted at Tel Hdya (m), 
Jindiress (JIN) , T e h l  Date 1 (Term), K f h  
Date 1 (KfrDl), T e h l  Date 2 (Terinl and Kfaxhn 
Date 2 (Kfm) ciuring 1993/94. 

Acc. 
No. Origin ?H JIN TerDl KfrDl Tern2 KfrDZ MEW 

8 SYRIA 3019 6771 3243 2931 2431 1986 2552 
21  SYRIA 3224 7440 4090 2701 2910 2146 2866 
101 GIHIOPIA 2779 6079 3382 2729 2382 2236 2589 

321 EWKE 2524 4906 3174 3972 3188 2382 2772 
380 INDIA 3420 6589 2285 3292 3069 2236 2743 
385 NEW ZFAIAND 2816 5149 2972 3132 2806 2181 2586 
387 NEW ZEhLWLl 2805 5372 2729 2813 2611 2181 2419 
399 NEW ZFAlAND 2502 5104 2653 3500 2701 2014 2541 
403 NEW ZFXMD 3225 6022 3514 2722 3125 2639 2910 
445 ETHIOPIA 2639 5583 1938 3000 2632 2264 2289 
447 ETHIOPIA 3149 6024 2715 2549 2743 2403 2564 
448 FIHIOPIA 2515 6142 3410 2528 2840 2146 2658 
494 ACEPALIA 2538 4995 3215 2990 2333 1965 2417 
496 ACEPALIA 2690 6085 3097 2924 2347 1931 2481 
497 AUS?WLtIA 2556 5475 3785 2806 2201 2090 2486 

Lmaticm meEln 2589 1709 2640 2760 2385 2050 
S.E. of man 226.5 256.5 362.8 487.4 211.7 276.1 
L.S.D. (PO.05) 627.7 710.81005.41350.9 586.9 765.3 
C.V. b 15 .1  26.0 23.8 30.6 15.4 23.3 



The p n p s e  of this study cm host plant-parasite 
interaction was to quantify dry ratter p-ion and 
paaiticoling into different faba bean organs and Czchn& 

-ta, with optinnnn grahq cunditicms for the hast with 
respect t o  light, t-ture, water, d the w l y  of 
mine ra l  nutrients. 

The e.xpriment was arducted in the greenhouse with 
24'C (day) / 16'C (night) tenpratures, and wlemental 
light for 10 h (kigh-pressure sodium l a w ,  250 W). The 
soil tenprature was masurd continuously by us- a 
t k m ~ ~ &  (Figure 6.1.1) . The characteristics of the 
soil useh for the e.xprirnent are described in Table 6.1.1.  

Figure 6.1.1. b&m daily air tenprature (a) and daily 

soil tenprature (b) in the greenhouse 

during the grahq period. 



Plastic pots (10 1 vol.) were filled with 8.5 kg of 
a 1:1 mixture of soil and sand, which had h e n  steam 
sterilized to avoid the presence of viable Cxbnche 

seeds. Thereafter, the soil f ran top 15 cm of each pot was 
~ a n d m i x e d w i t h t h e ~ r e d a m x l n t o f  Gdxnche 
seeds to create the densities of 0 (01) , 50 (02) , 200 (03) 
and 600 (04) seeds of Grdxmche per kg soil. 

The IlmS3er of seeds was calculated £ran the 1000-seed 
weight (4 m g )  of Gzdm~che. In addition, nitrqm and 
phosphorus fertilizer ~amiwnium sulfate and 
triplemrperphasphilte) were mixed with this soil at the 
rate of 30 kg N and 100 kg P205 per ha. The pots v e r e  

refilled and anam@ in a randcmized block design with 33 
replicatians. Qle faba bean seed of the genotype ILB 1814 
(Ombanche susceptible) was planted in each pot. Prior to 
planting the seeds were M a t e d  with Rhizabim 
1- (strain W: 481). Where the seeds failed to 
germinate, those pots were transplanted with seedlings 
grown at the time in sand in the greenlaxLse. 

~~ the c p x i q  period the water loss through 
evapotranspiration was estimated every 2-3 days by 
weighing 10 randanly chosen pots. Whenever the water 
mtent of the soil had reached 75s of the field capacity, 
the pots were irrigated. So, the soil misture was kept 
between 75-100% of the field capacity. Every 3 weeks, 
beginniq 4 vlReks after emxgence, a fluid fertilizer 
(Hoechst-Carplesal, mta- 8% N, 8% P205, 6% KZO, and 
trace nutrients) was applied as foliar fextilizer (3 ml/l 
water). 



Table 6.1.1. Cbmcteristics of the soil used for the 
greenhouse expriment (data f m  ICaRDA's 
soil lhra tory)  . 

NaHCQ,-extnctable P (01- P (Olsen  P) 6 .7  q /kg 
KC1-extractable IN4-N 5 .6  ??/kg 
NO-J-N (H20) 20.7 q/b 
-le K 7 . 6  v/kg 
Total Qq 18.3 % 
DTPA-TEA-extractable OJ 1 . 4  g 
DTPA-TEA-extractable Zn 0 . 7   kg 
DTPA-TEA-extractable FVL 30.4 q/kg 
DTPA-TEA-extractable Fe 7 .7  q/kg 
pH (H20) 8.3 

Clay 36% 
Silt  17% 
Sand 47% 
Field capacity (soil water content 
at a suctim of -0.33 bars) 24% by wight 

Wilting ~ 6 i n t  (soil water content 
at a suction of -15 bars) 13% by wight 

Available water 11% by wight 

At  10-15 day intemals, begh-hq 3 weeks after fatn 

bean r3mqene, 12 pots w.?re chosen randanly (3 pots f m  
each Olnbanche seed density treatnwt) and the dry wight 
(after drying at  70'C for 48 h) of different faba bean 
organs, ckpn3q m the stage of gravth (mts, leaves, 
stems, inflorescenses, @husks, andseeds), and~ltmker 
and dry weight of Grcbmche attactments and 
q e d  Orcabanche shoots w.?re recorded. Tenprature sums 
were calculated as where Ti is the - teqxrature for 

each day i ,  and T, is the base tenpxature, belaw which 
the dwelcpwntal rate equals zero. In this study, the 
base temperat- used was 4'C for air terrperature sum and 
4'C for soil temperature sum. The total gross dry weight 



vias calculated as the sum of all hast plant parts, 
includjng dropped leaves, and Orabanche obtained per pot. 

Different Orabanche infestation levels did not shm any 
significant effect on the total gross dry matter pmduced 
per pot until 101 days after emzryence (Figure 6.1.2) . At 

this stage the bst plants with 200 and 600 Gnhmhe 
seedskg soil (03 and 04) were almsst dead, whereas the 
ones without parasite seeds (01) and with 50 seeds& soil 
(02) were still grckuing. They reached the physiological 
maturity at 115 days after q e .  At this time the 
total dry weight in 01 was significantly higher than in 03 

and 04. The total dry weight in the treatnwt with low 
Grchmhe seed density (02) was l m r  than mtrol and 
higher than 03 and 0 4 .  These differences, inever, were 
not significant (!Rxm test at ~'=0.05). 

In 03 and 04 the first visible odxizhe attachwnts 
(tubercles >1 mn) on faba bean roots were obemd 55 days 
after emergence of the hDst plant, and in 02 at the 
ccnm=ncaw.nt of flowering (69 days after emrgence) . 
Figure 6.1.3 sk%m the relative proprtiom of total 
weights of faba bean organs and Grchnche after the 
ocmmene of visible Gxbnche attachents. In 04 the 
relative proportion of f2dxnche incl-8ased rapidly and 
reached its maxim of 66.5% h t  92 days after 
emrgence, and there was no increase in total dry matter 
thereafter. The period of floering was very short and 
the host plants did not set any pods. In 03 only few pods 
were obsenred, which became brcmish-black with the time. 
No seeds could ke hanested in this treatment. The 
m a x i m  value for the relative p-rtim of Grchnche was 
obtained 101 days after emrgence (52%) . 
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Figure 6.1.2. Total gross dry weights per plot (f aba bean 
organs + Orobanche crenata) during the faba 
bean developnent. Means with the - 
letter are not significantly different 

(-0.05) . Vertical bars: SE. 

55 69 82 9 2  101  I I S  

Days after emergence 

Figure 6.1.3. Relative pmportions of dry weight of faba 
bean rcots, leaves, stems, inflorescences , 
fruits (-+seeds) and f2cbnche cremta 
k i n g  various stages of crop developnent. 



As for the treatmt w i t h  law Qabanche seed density 
(021, the a m t  of the dry matter partiti- into 

parasites and faba kean fruits  w a s  almst the same as the 
one partitioned cmly into fruits  i n  the control pots (01) . 
~ d r g  the pattexn of dry matter partiticnbq into 
Orabanche and fruits,  tm period8 could be distinguished. 
lhring the f i r s t  period, fran faba bean f luer ing t o  the 
beghniq of rapid Gzcbmche grcwth (69-92 days after 
enmqe~l~e) , the sink 6treqth  of both organs seew t o  have 
been equal. Therefore, the faba bean pods and the 
parasites had alnrrst the sane grmth rate. In the s d  
p i o d ,  frun 92 days after emergence up t o  physiological 
maturity of the host, Orabanche should have had a higher 
sink capacity, as there was a rapid increase of the 
parasites' dry weight. The pods that did not contain 
seeds a t  the end of the f i r s t  perid, brownish- 
black and died withcut settiq any seeds. 

6.1.2. bPItter Partiti- into Chabanche m t a  

To quantify as t o  on the expase of wI-Lch of the host- 
plant organs did Crdxnche grow, the total dry ra t ter  
prcdced between two successive sampling dates, through 
the gm.&q period, were calculated. T h e  relative portions 
of these that were p w t i t i d  into the faba bean organs 
and the parasites are presented in Figure 6 . 1 . 4 .  

In the treat- w i t h  h Gxhmche seed density 
(02) ,  the pattern of dry mtter partiti- into rcots 
and leaves+stems was  similar t o  the control plants (Figure 
6 .1 .4a  and 6.1.4b) . The Crdxnche infestatim ths did 
not affect the vegetative grmth of host plants. In the 
r e p h c t i v e  stage of faba bean, there was a ccqXtition 
bebeen parasites and faba bean fruits  for the 
photosynthates king p d c e d .  The relationship between 
the relative portions of the total dry m a t t e r  p~duced 



bebeen tw successive sarrpl- dates and partitioned into 
Oicbnche, and the accllmrlated daily tenprature was 
-tic (Figure 6.1.4b) . 

With riderate and hi* Odwnche seed densities (03 
and a), where the f i r s t  visible Oxknnche attackents - already observed before comnencenwt of flowerhg, 
the growth of lwth vegetative and generative organs of 

faba bean was affected by Oicbnche c r e ~ t a  (Figure 6 . 1 . 4 ~  

and 6.1.4d) . The portions of the total newly p d c e d  dry 
m a t t e r  partitioned into leaves+stem, up t o  1000'C d after 
erexyence, ~ ~ l r e  ahxt equal to  the control plants. 
Thereafter, haever, the vegetative skot g?xwth rate was 
s t q l y  reduced in 03 and 04, wt.lereas in 01 the 
partiti- rates were a l m t  ocastant (50-60%) up t o  the 
begirmirg of pod f i l l -  (1300 'C d) and decreased with 
the increasing of the fruit  growth rate. Furthemre, the 
sink strength of the piuasites was so high, that no faba 
bean seeds were prd~ced in both atuve mentioned Cmbnche 

treatments. C k m e  the dry matter partiticoling into 
Odwnche as s h m  in Figure 4c and 4d (03 and 04) and 
fruits  as &am in Figure 6.1.4a (01) a logistic equation 
of the form provided good f i t  t o  the data, w h e ~  PCM is 

PDM- 
PDM = 

1 + exp (01 +nTJ 

the psrtion of the total dry mtter p d c e d  between tw 
successive sarrpling dates per pot a d  partitioned into 
Oicbnche or  faba tean fruits, and Ts is the acclmhtlated 
rrean daily air t e q x r a t u ~  ('C d) . The e f f i c i e n t s  al 
and a2 of these equations are given in Table 6.1.2. 



Figm-e 6.1.4. Partitioning of the total dry  mtter 
produced between 2 successive simplirig 
dates into faba txan organs and Cmbmche 

crenata during various stages of crq? 

developrent (Ts; air temperat- sun OC d) . 
(a) Control without Onbnche seeds; (b) 50 
Czrbnche seeds/kg soil; (c) 200 flrchnche 
seeds/kg soil; 9d) 500 Oro$ancrhe seeds/kg 
soil. 





In additim, close 1jnea.r relationships w e r e  farnd 
kt- Grbnche dry wight and total dry weight per 
pot in 03 and 04 (Figure 6.1.5, b and c) . With low 
Oxhmhe seed density (Figure 6.1.5a), this 
relatimship was expmential. 

Figure 6.1.5. Relationship bebeen dry wight of 
Onhnche m t a )  (OCW) and total dry 

weight p h c e 3 .  per pot ('IzM) with 50 
ozchnche seeds& soil (a); 200 

G n h n c k  h / k g  soil  (bl ; and 600 
UmbmAe seeds& soil (c) . Regression 
equations are: 

(a) O D ~  = 5.76 - 0.40 TDM + 7.13 d g=0.98 
(b) cKxlr = 0.75 - 15.19 G=o. 93 

(c) = 0.87 TDM - 14.89 2=0.98 

Om: Orobmche dry wight per pot; 
?rtur: total dry weight per pot 



6.1.3. Davalapllent of (habarache -ta cn Fabe bean 

d=wtl=-- 

With h t e  am3 high Gzdzmche seed densities (03 
and 041, the durations of the develqment of toth host 
plant and Ombanclae - shorter than w i t h  lcw 
Ora$anche seed density (02) . Different Ora$anche 4 
density treatments led to a significant difference in 
rnrmbers of parasite attamts o b s d  cm faba bean 
roots at the end of the & period (Figure 6.1.6) . 
The develqent of parasite in pots with high 
GnAnmk seed densities (04) was very fast. Maxinarm 
of b3th the mmker (80) and the dry weight (48.1 g) of 
Orobanche - reached d 900'C d after emsqeme 
of fababean. In03, themaXinunn~of Orabanche 
(44) was absenred at the saw t h  as 04, but the dry 
mtter peak was reached at different tims, around 
1040°C in O3 as against around 95g°C in 04. The value 
in O3 was 1- than in 04. With lcw Grrhnche seeds 
in the soil (02), the maxirnrm m m b ~  of Ora$anche 

(15.7) was significantly 1- than the one in 03, but 
there was no significant difference in parasite dry 
weight bet- the t w  treatnEnts. 

The relationship kt- the Gzdzmche h r  

(ORON) and acamulated soil teqeratm (Ts) could be 
described by following quadratic equations: 

Similarly, the relationship bet- the Ora$anche dry 
weight (g/pot) (q) w i t h  accmulated soil 
tenpzrature (Ts) could be descrilxd by the following 
fundicms: 



For 02: 0- -0.43 - 0.024Ts + 3.7 T~~ @=0.98) 
03: 0% 35.80/(l+e(U.75-0.016T 8 ) )  

04: ORqy= 49 .GO/ (1+e(28.28-0.034T s )  ) 

z h d  M.--, M.C. Sax- (1CmW. Jijagen 
Kroschal and Joechim Saueafrarn (oLi-ity of 

Figure 6.1.6. Relaticnship between m m h r  (a) and dry 

k g h t  (b) of Orcabanche -ta cm faba 
k a n  and ammdated soil t-tu, 
T, ("C dl, for host plants grown in 
pots w i t h  different Orcsbanche seed 
densities (02, 03, 04) in the soil. 



The objectives of this study were to: a) validate a 
faba bean grarrth model dwelcpd by Stiitzel (1990*); 
b) study the faba bean root gwth and distribution 
within the upper 30 an soil layer; c) quantify the 
relationship between faba bean rcot-length density 
(an/&) and the nmkec of Gzdmdk?  m t a  
attachents; d) study the dry nntter partitiming 
between different faba bean organs and Orobanche 
acco- to the abiotic factors soil moisture and 
teqerature; am3 e) determine the extent of h g e  
caused ky Gxcbnche on faba bean accordiq to 
different e c h e  seed banks in the soil. ?he study 
was caducted at Tel Hadya during the 1993/94 seascol. 

The soil of the study site is a chrunic luvisol, poor 
in organic matter arid mre than t m  meters deep (Table 
6.2.1) . Total precipitatim &riq the crop sasm 
anwunted to 373 mn and therefore was higher than the 
lcslg-term m annual rainfall (331 mn). Its 
distributicm, however, w s  poor, rrpst of the rain 

falling between January and Febmaq. 'R=e total 
rainfall received &riq bBr& and April was 12 mn, 
only. Blringthewinterlnmths, the t ~ t u r e S ~  
abcnre the lcmg-tenn averages and no severe frost 
spells occurred (Figure 6.2.1). 

The trial was desipzd as split-split-plot with 
mist- m l y  as min plot, sowirag date as -lot, 
and Grchnche seed load as sub--lot (Table 6.2.2). 
There wre four replicatians. 

* Stiitzel, H. 1990. Modellierung des 
Ertragsbildungssystems Ackerbohnenstand. 
Habilitaionsschrift, Fakultat III- 
Agrarwissenschaften I (Pflanzenproduktion 
und Landschaftsokologie) der Universitat 
Hohenheim, Germany, pp 131. 



Table 6.2.1. Cbncteristics of the soil a t  the 
fqx?ximntal site iT1 Tel Hadya (data 
frun IcaRnn's soil labratory) . 

N a H q - e x t r a c t a b l e  P (Olsen P) 1.8 - 2.3 y/kg 

KC1-extractable q - N  2.6 - 4.7  y/kg 

q - N  (H20) 10.1 - 19.2  kg 

Total C a q  23.6% 

clay 

S i l t  

Sand 

Field capacity (soil water 40% by weight 
cmtent a t  a suction of 
-0.33 

W i l t k g  point (soil water 23% by weight 
-tent at  a suction of -15 bars) 

A v a i l a b l e  water 17% by weight 





Table 6.2.2. SLnmFuy of the exprimtal factors. 

Factor -1 Cescription 

Moisture -1y MS1 no water stress 
MS2 with water stress 

Sackg date 5111 10 Nov. 1893 
SD2 17 Dec. 1993 

Orobanche seed load 01 without Gz&nnche seeds 
02 50 Cimbm& seeds/lcg soil 
03 200 Gz&nnche -/kg soil 
04 600 Gxbmhe seeds/@ soil 

In order to avoid the presence of viable 
Gxhmche seeds naturally occurring in the soil, the 
area of this trial was solarized in the smmr of 1993 
(July-August) . At the beginri~&~ of Nwember, different 
Gxhmche seed densities (02, 03, and 04) created 
by m h h g  the Gz&nnche seeds with the soil. The 
mmker of seeds was calculated f m  the 1000-seed 
weight (4 m3) of G z c h n d ~ .  Nitrogen and phcwphorus 
fertilizers (ammonium sulfate and 
triplesuperphosphate) - incorporated into the soil 
at the rates of 20 kg N and 50 icg P2q px hectare. 

At hoth sm6.q dates, the seeds of faba bean 
genotype ILB 1814 (Onabatlche susceptible) were sown by 
hand in - with 45 an spacing (22 seedsln?) . Plots 
were 3m w i d e  and 3m laq. A fluid culture of 
Rhizabim 1- (strain FB: 481) was applied 
directly an the seeds to ensure Maticm. In both 
misture w l y  treatments (lulS1 and E2), the average 
volmtric water amtent of the t w  mil layers, 0 - 
15 and 16 - 30 an, was det ermined gravimtrically at 
7-10 day inteds, and water was applied by surface 
irrigation mtkd. In order to avoid the -t of 
Gz&nnche seeds bet- the treatments, plots were 



separated f m  each other by ccslstrubm ridges 
them. In Ml, water w a s  applied, when the soil 

misture in the active rooting zone had been re&& 

to 50% of the amilable water. T k  c x p  in the 
treatment M2 g x m  mainly under rainfed 
ccnditions. 

Xl1 data - collected on a per plot basis. 
Sequential saples were taken k i n g  plant pmth, 
beginnkg 4 weeks after emqence and ediq at  
physiological maturity. Plants fnm 5 adjacent 
p i t i o m  were collected at  each -1- date ard 
separated into: stems, leaves, inflorescences, pod 
walls, arid seeds. NLlmber and dry e g h t  (after drying 
a t  70°C for 48 h) of these organs were m?amred arid 
the - of missirq leaves was calculated accom3hg 
to the numker of bare ncdes. Leaf areas were 

determined with a calibrated Lia r  Leaf Area M e t e r .  
For tw adjacent plants, out of 5 collected, the root 
length density RU) (an rmts/cm3 soil) was measured. 
Three soil saples - taken fm each plant w i t h  an 
auger (diamter 11 an) . lk first  sanple was taken as 
a core centering d t k  plant (CM), and the tw 
others as adjacent left/right cores ( C L k )  . T k e  soil 
sarrples were collected from the soil dppths, 0-15 and 
16-30 cm, respxtively. In total, 12 sarrples per plot 
were obtained (Figure 6.2.2) .  

The soil sanples: - soaked aver night in water 
w i t h  sodium bicarbmate (absut 50 g per 15-L bucket) 
todisperse thebulkyclay soil. ?he roots-washed 
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free frun soil m a 1-mn sieve. Living rcots w x e  
separated f m  dead roots and debris by hand. Ihe 
obtained rcots f m  each sanple wre cut into d l  
pi-, q-ately 2-3 an 1 9 .  The rcot 1erqt.h was 
rn8asuredbyusiq the Ckimir Root k q t h  Scanner. For 
each soil  sanple Grhnche tubercles 1 , buds, 

and shmts - m t e d .  After 
separating the parasites frun the faba k e n  rcots, 
their dry wight (after drying a t  70DC for 48 h) was 

m=asuxd per host plant for the tm soil depths, 
respectively. 

At each sanpling date, total incident and total 
intercepted solar radiaticm - maswed w i t h  tw 
tube sokximters, d l  TSL (Delta-T devices, 
Cabridge, UK, see Szeicz 1965*) . Qle solarimeter (97 
c m l o q )  hwm~11ltedabcIvethecropcanopy.Iheseccar3 
(identical) solarimter was inserted into the base of 
the crop at right aqles  t o  the -. S o l a r h t e r  
mtplt was integrated for 60 sec using a millivollt 
integrator (Delta-T devices). All the 

made within 2 h of solar m. ?he fractim of 
total incident mdiatim t2anrmitted thrmqh the 
canopy (T) was calculated a c a d i q  t o  the equatim 

where Ca and are the integrated ccmmts alwve and 
belcuv the canopy, respebively. U s k g  the technique 
of Gallagher & Bi- (1978*) , transmissivity r - e ,  - recalculated into the fractim (Q) of &so* 

@tosynthetically active radiaticn (PAR) : To abtain 
Q = ( l . O - T I . * )  / 1 . 1  

total  PAR betwen successive sanpliq dates, 
a r i t h e t i c  - of Q, as r w a w a d  a t  successive 
sanpling dates, - d t i p l i e d  by 50% of the global 



radiation recorded f m  the Tel Hadya veather station. 
PAR has been reported to mtprise 50% of the totdl 
incident shortwave radiation (Szeicz, 1974*). 

With a datdlcgger, soil t-ture was reccaded 
ccsltirnmusly at 5, 15, and 30 an depth in b t h  
moisture supply treatments. Tenpmture sum were 
calculated as where Ti is the - tenpezature for 
each day i, and Tc is the base t m t u r e ,  M w  
which  tlae develqmntal rate equals zero. In this 
study, the base t-ture used was 0 'C f m  air 
tenpratwe m ad 4 'C for soil t-ture sum. 

The plots in tbe misture supply treatmnt MSl 
were irrigated 5 times (29 Dec, 15 & 23 W ,  5 & 13 

Apr) &ring the g n m h g  seasan (Figure 6.2.3). Under 
this soil moisture cdticm, the faba bean crops did 
not shw any water stress. In MS2, irrigation was 
applied only 2 times d x i q  the period. First 
time on 29 Dec to ensure the germination ad emqeme 
of fata k a n  plants, and second time cm 13 Apr at pod- 
filling stage ciue to the lag drought period h i r g  
March and April. Plants were sufferkg f m  water 
stress &y &ring the repnductive phase. 

* Sceicz, G. 1965. A muniature tube 
solarimeter. Journal of Applied Ecology 
2:145-147. 

Sziecz, G. 1974. Solar radiation for plant 
growth. Journal of Applied Ecology. 
i1:617-636. 

Gallagher, J.N. and Biscoe, P.V. 1978. 
Radiation absorption, growth and yield of 
cereals. Journal of Agricultural 
Science, Cambridge 91:47-60. 





6.2.1. Sjnulatioo of S a d  Dernlqmsnt in Faba 
beam (ILB 1814) 

The f i r s t  step in  d l l -  the faba bean-Gnhnche 
interaction, is t o  build a n-cdel for the sirrollaticm of 
host-plant growth and developnent stress-free 
-t. Since drought stress is the main abiotic 
yield-limit- f ado r  in faba bean prducticm in semi- 
arid zones, in the next step, a water stress m e  
should be developed t o  -ider the effect of water 
shortage on faba bean growth. Haw Buch a d l  
developed, the final step d d  ke t o  inteqate an 
Orabanche m e  sinailat- the effect of Gznhmhe 
infestation on faba km grckvth and develcrpnent. Olle 
of the objectives of this study waa t o  validate a faba 
bean gra&h n-cdel developed by Stiitzel (1990). The 
d l  was built mainly based on data and relatiunships 
obtained f m  field ~ i m t s  with indeterminate and 
determinate faba bean cultivars grown a t  E b k r h i m ,  
Southern Genrarry. In the follckuing, a brief 
descripticm of this nodel and the conpariscols bet- 
s i d a t e d  and nrasured data on faba bean gxud3-1 are 
presented. The data on faba bean growth and 
developrwt were collected f m  the control plots 
(without Orcabanche infestation) of the mist- supply 
treatmt m1. 

In the -1, dry ra t ter  is prcdud as a £unction of 
light interception and uti l izat im. A f t e r  reading 
basic inputs (genotypic, l c c a t i ~ ,  and agronanic 
data; Table 6.2.3), and calculat iq derived basic 
data, sirnilation starts in  daily intervals, beg- 
w i t h  the day of em%cgence. Every day, - 
tenprate ,  global radiaticn, and relative U d i t y  



are read fran a -ther data f i le .  Provided that the 
crop is still gru .v iq ,  i.e. not mature or killed, 
phenolqical parameters such as flaer-, leaf 
prducticsl, branchirag, and pod fomt ion  are 
calculated. The end of the natural qw&h p e r i d  
(physiological maturity) is reached when the leaf area 
index reaches zero. 'Ihe d l  estimates the faba bean 

yield under anple w l y  of water and nutrients in a 
pest-, disease-, and weed-free e n v i m t  (Figure 

6.2.4) .  

Input mutant 
Calculate 01 

drlwd 
constant 

pmw 

Ned R- 

f End 

Figure 6.2.4. Flcw diagram of faba bean d l .  



Table 6.2.3. &scription of basic input data. 

Paramter Abbr Ijnit Used  in sinulation* 
H. ILB-1 ILB-2 

Latitude W depxes 48.72 36.01 36.01 
Soil water holding capacity WHC mn 100.0 100.0 100.0 
Cultivar CNR - H. h-ey ILB 1814 I33 1814 
Thmsand seed weight 'KW 9 400.0 1700.0 1700.0 
mkerof seedspe rpod  NSP - 4.0 2.7 2.7 
@ t i m  tenaeature for flowerins TOF 'C 14.8 14.8 14.8 - 
&stant A ?or f lowerkg 
Constant B for f l o e r k g  
Constant C for f luering 
Constant D for flmering 
mximnn na?= d per stem 
Banching? l a ,  2=Yes BRA-122 
Assimilate f l u x  per branch 
Assimilate flux per pod . . Mmmnn light extinction 
ccef f icient 

Specific leaf area 
l kqen tu re  sum for pod fill* 
Seedkg k i t y  
Date of emq?nc? (Julian date) 
Date of in i t ia l  W (Julian date) 

AFL 
BFL 
CF'L 
DFL 
MXN 

SLPl 
TPF 
sm 

Sbiq density (gemin?.ted seeds 
per 2) 
Sbiq technique  score: 

O=excellent, 9=Fcor) 
Date of sx iq  (Julian date) 

* Herz R.eya: an indet-te Genran faba bean cultivax; 
Iis-1 and ILB-2: an indeterminant £aka bean gemtyp? (ILB 1814, Syrien L c c d  Large) 
planted on Nov. 10 and Dec. 17, respectively. 



For the initial sMat ian ,  a weather data fi le of the 
st* site (Tel Hadya, 1993/94) and the input 
mslstants for the faba kern gemtype ILB 1814 (Table 
6.2.3), planted a t  tun> swhgdates, mere used. For 
the weather data f i le  and the agrcrmnic input 

parameters, in this stuch/, the Julian calendar s M s  
with the ist of septemter since the ILB 1814 gerustype, 
in ~~t to H. FYeya, was planted as a winter crcp. 

The d l  starts the sirnilation of dry mtter 
prcductian and partiti- when the crnp has reached 
a certain leaf area per plant (JD1, initial LAI) . A t  

this t h ,  it is as-, that mst of the ootylecbn 
reservea have been depleted and that the further 
gw&th of plants is related to newly praiued 
assimilates. In cultivar H. Freya, w i t h  a thaLsand- 
seed weight of 400 g, the initial W was calculated 
t o k e  0.0925 andwas reached 12 daysafter w. 
For a large-seeded faba bean genotype like ILB 1814 

with a thousand-seed wight of 1700 g, the same 
calculatian remlted in an initial W of 0.21. This 
stage of leaf area was cS3eerved in ILB 1814 d 20 
daya after emqence (Table 6.2.3). 

The Ccnparisapl bet- sindated and measured 

data s h e d  that, the d l  averestimted the IKI as 
wel l  as the total grass dry mtter, WID, for hth 
sxiq dates (Figure 6.2.5). The rraximrm W similated 
was higher than the ane i n  the field, and it 
was reached earlier. l%is indicates that, the d l  
overestimated the faba lean grad31 during the winter 
mths. Ccslsequently, the p d c t e d  fruit and seed 

dry wei+ts - higher than the measured ca~s (Figwx 
6.2.6) . The dry matter partiticmhg into leaves was 
sinulated realistically, whereas the predicted stem 
dry weight exoeeded the ~ i m m t a l  data 



considerably. The &l umk-estimated slightly the 
root dry wi&t for the first swing date until 100 
days after emergence and overestimated thereafter. 
For the seoord sm5.q data the sirniLated T03t dry 
~ight comqxmded to the meamm3 data until 80 days 
after mergeme, and as for the first saving date, it 
exceeded the chemed data thereafter (Figure 6.2.6) . 
W s  ~reans, with higher tmprature and 1- &all 
in the mid spring, the d l  overestirmtes the not 
dry weight casiderably. 

The reascols for these discrepancies between 
sindated and masured data could ke: a) for initial 
sidations scme genotypic inplt n t e r s  such as 
specific leaf area, SLA, assimilate flux per branch 
(ANT) and assimilate flw per pod (ANP) were c b s a  
frcm H. Freya. These pramters might differ in the 
case of ILB 1814 and they had to be determjnd. b) the 
faba bean &l is based mainly on analytical results 
frun field experiments w i t h  small-& culti- 
g w m  under temperate climatic &ti-. ?his means 
that saw of the physiological relationshipa and 
asrmmpticas a w h i c h  this nadel is baed might be 
genotypic or locatim specific, and thus shculd be 
d f i e d  for the genotype ILB 1814 gmm in a 
mediterranean -t. 

6.2.1.3. Detenu ina t iar  a d  nudificaticn of saw basic 

inplt 

a) Sgecific leaf area, SLA ( d / g ) :  The f a  
d l  calculates the 1 4  area index, IAI, a- 

LA1 = WLG*SLA / 10000 

to the equation where WG is the green leaf dry matter 
(g) , and SLA the specific leaf m. Higher SLAs thus 



Figure6.2.5.Simlated (cuzves) and measured 
(points) leaf area index, m, gmxs 
total  dry matter (WID), leaf dry mtter 
(WLT) and stem dry mtter (PET) in faba 
bean genotype IIB 1814 planted on Nav. 
10 (SD1) and Cec. 17 (SD2). Bars 
indicate s t a d a d  errors. 



Days a b r  amergoma Day. after emergence 

Figure 6.2.6. Similated (cunres) and 
(pints) rcot dry matter (WRO), fruit 
dry matter (WPO), and seed dry  matter 
(WSE) in faba bean gemtyp ILB 1814 
planted on Nav. 10 (a) and Dec. 17 

(SD2) . Bars M a t e  standard errors. 



lead to higher LAIS. In ILB 1814, the SIA was f w d  

to be 217 for the first 6 f x j . q  date, and 225 for the 
seccnd cne (Figure 6.2.7). ' h m  SIA is 1- in IIB 
1814 than in H. Freya (270). 

Figure 6.2.7. Relati- between leaf weights. k. 
axxi leaf area, pe, for the fatn bean 
gemtype IIB 1814 planted m W .  10 (a) 
and Dec. 17 (b) . Regressim equaticm 
are: 
(a) % = -0.08 + 0.0217 k, ?? = 0.99 
(b) % = -0109 + 0.0225 k, 2 = 0.96 



b) Stemleaf parti-: nE overestimation of stem 
dzy matter in the initial sirmlaticns (Figure 6.2.5) 
led to the asmion, that the coefficient h and g of 
the linear regression between the n a t d  lqarith of 
stem and 1-f weights used in the lrrdel 

lnW, = h+glnW2 

might be different in the case of IIB 1814. 
zroughout the perid of stem and leaf graYth in IIB 
1814, the abwe menticned relationship was also 
linear, as graphically shown for the b t h  scrnring dates 
in Figure 6.2.8. ?he ooefficients h and g, houRver, 
differed f m  those assumed in the model. Having 
f d  the relaticslship bet- h and g in IIB 1814, 
the original equation used in the lrrdel was 
substituted by the one presented in Figure 6.2.9 

C )  L k y  matter pat-ti- into roots: In the d l ,  
dry matter partitiming into roots deperds cm total 
m s  dry wight, (Wy), c r ~ p  growth rate, (GOS), and 
v a p x l r - p ~  deficit of the air, (VOS), as shown in 
the equation: 

This means that the root grw.vth accelerates when the 
 pour-pressure deficit of the air increases. Using 
this equation, the model overestimated the root dry 
weight &kg the wamer and dryer perid in mid- 
q r k g  althougfi the plants - irrigated (Figure 
6.2.6). When the urps are ginvn under anple s~ply 
of water, one can as-, that the root grcnuth is 
related only to the plant total gross weight, and to 
the soil teqerature. In ILB 1814, a strict linear 
relationship was f d  bebeen the root fracticm and 
the a c d t e d  soil teqezatm -t the root 
g r m t h  perid (Figure 6.2.10). For the time being, 
the linear regressim model shaKn in Figure 6.2.10. 



w i l l  ke used for the sirmlatim studies, when faba 
kean is grown imigatim &ticas. This root 
d l ,  haever, w i l l  be devel@ further t o  account 
for the effect of water stress cm the mt growth. 

Figure 6.2.8. Relatiawhip bet- the n a t d  
lqarithn of stem wight (In Ws) and 
the natural lcgarithn of leaf weight, 
(In %) for faba bean IIB 1814 

planted cm Ww. 10(a, b) a d  k. 17 
(c, dl. Closed qmbls repmsent data 
fxun f i r s t  sanpl iq  until 
of £1-iq and open -1s for data 
obtained after flcwering. 





RLgure 6.2 .lo. Relati&p bet- the rcot 
f r a c t i m ,  %/wr, and the a d a t e d  
d a i l y  mean soil t-twx in 10 an 
depth in faba bean gemtp IIB 1814 
planted m Nnr. 10 and Dec. 17 

(%:rcot dry wi*t; %:plant t o t a l  

k*t) . w s i m  equatim is : 
%= ( 0 . 4 7 y )  - (0. 00037*Ts *Wy) 7?=0.98 

in ccntnst to the values in stfitzells 
1 :  %= (0.046*%) + (0.33*035*U)5) . 



d) Dy rnt* Parti- within t b  pod: At the 
physiolo+cal rraturity of faba bean, the 6 1  
averestimated the proportion of pod husk m total 
f r u i t  dry weight (Figure 6.2.6) . The mxk l  sirmlates 
the dry matter partiti* w i t h i n  the pod based on 
the asamptian that the propcation of pal M cm the 
total f r u i t  m s  is related linearly to the single 
f r u i t  weight. A l t h @ ,  a similar relat ionship was  
found in IIE 1814, the intercept of the regression 
equation was hi* than the one assurd in the r d e l  
(Figure 6.2.11). 

0 D.c I7 

0.1 , I I I I I 

0 1 2 3 I 5 6 

WPOINPS(g) 

Figure 6.2.11. Proportion of the pod M ,  WPO-WS3, 
on whole f r u i t  mas, WPO, as 
dqedent on skgle f r u i t  mass, 
WPO/NPS, in faba bean genotype IIB 
1814 planted an Nm. 10 and IRc. 17, 
respectively, (WSE: Seed dzy matter 
lg/"?1; NPS:Nmnk?r of seed m i n g  
pcds/"?) . Regression equation is: 
(WW-WSE) / W P O = O .  78-0. l o *  (WPO/NPS) , 
G=o. 98 
WSE=WPO* (1- (0.78+0. lo* (WW/NPS) ) 

Sti i tzel 's  Model :WES..wpo* (1- (0.42+0.10* (WPO/NPS) ) 



e) Dry mtter pzudwti~1: In the d l ,  daily rates 
of dry mtter prductim (GII)) are the pmAct of 
photosynthetically active radiatim incident (PAR) the 
prop3rtim of radiatim intercepted (Q) and the light 
use efficiency (LLIE) (g dry mtter per MJ intercepted 
PAR: 

GTO = LUE * Q * PAR 

LLlE depends only m li&t extindim coefficient, K, 
(given inplt m t a n t ,  Table 6.2.3) : 

LUE = 1 / (-0.078+0.733*K) 

nt the study si te  (Tel Hadya, No?33-em Syria), 
tenperature, and not radiatim, is the main abiotic 
gnxth-limit- factor &rhq the winter period. As 
shown abwe, the e l ,  hxwer, cbes mt consider its 
effect m dry mtter prductim, and this might be the 
reascm for the are res th t im of dry mtter prductim 
observed &r- the winter period (Figure 6.2.5) . 
'Iherefore, the equation for the calculation of LUE has 
been d f i e d  according to the assuption that, with 
daily mean tmpmtures up to 12 'c, the LLlE is 
reduced linearly in relatim to tenperatme: 

LUE = (1 / (-0.078+0.733*K)* ( - 0 . 1 7 + ( 0 . 1 * T :  

where T is the daily mean tenperatme. 

6.2.1.4. S i n u l a t i a ~ w i t h  the d f i e d  gruwthmDdal 

After having d f i e d  the abcnre-mticned 
relationships, the d l  was run again to see whether 
the predictim of grayth and develqment in IIB 1814 
faba bean agreed with the cqerimmtal data. The 
basic input pa.ramters for IIB 1814, as shavn in Table 
6.2.3, were used again, except that the inplt value of 
SIA, for IL5 1814 was 220 cn?/g (average of b th  
saving dates, Figure 6.2.7), and due to the shortage 
of exp%rimental data, the values for the assimilate 



flux per branch (ANT) and the assimilate flux per pod, 

(ANP) were asswed to be 0 . 1  g/day, respectively. 

As s b m  in Figure 6.2.12 and Figure 6 . 2 . U  for 
toth .swing dates m and the total wm predicted by 
the msdified mDdel, agreed d l  w i t h  the reaswd 
data. The dry matter partiticming into different plant 
organs was also sindated realistically. This 
indicates that the modified d l  is able to take into 
consideratim the effects of delayed s m k g  on 
vegetative and generative grcwth of faba bean -type 
IIE 1814. 

6.2.3. Future D e v e e t  of t b  &deA 

As presented stove mdel is now able to simrlate the 
growth and develCpEnt in faba bean genoQp ILB 1814 

grown under water-stress free ccozditicns. For other 
£aka k i n  cultivars, the gemtypic inplt m t e r s  
should be determined. The nt=del waa tested with the 
experimental data £run me g r m h g  seascgl (1993/94) 
cnly. Elrther validation of the 6 1  w i l l  be 
undertaken with the data fran the same field trials to 
be amducted in the 1994/95 seascm. In addition, the 
effect of water shortage on faba bean grarvth w i l l  be 
ccasidered in the nodel by 6evelopixg a water-stress 
submutine. For this, the data aksady collected fran 
the cc~ltrol plots in misture sqply treatrent MS2 
(with water stress) will be used. Root-1- 
density, as one of the rat  inportant factors for 
germination and attachwrit Cznhncb, can not yet be 
sindated by the nodel. A submtine for the 
estimation of rmt lerqth fran rmt dry weight w i l l  be 
integrated in the mdel. After having analyzed the 
data already collected on f3r&m& infestation in 
faba bean, the effect of &&axhe infestation on dry 



matter p d d i c m  by faba bean and its partitiming 
w i t h i n  the faba bean-Ckhnche system will be 
sinulated. M M .  -, M.C. Saxena, W. Ooebal 

(I-, J. Kroscbal a d  J. (WV. of 

Figure 6.2.12. Sindated (curves) a d  r n a a r d  

(pints) leaf area index (IAI), gross 
total dry matter (WrO), leaf dry 

matter (WLT), and stem dry mtte r  

(WST) , in faba bean genotype IT2 1814 
planted on W .  10 ( S D I )  and Dec. 17 

(SD2) . Bars indicate standard m r s .  



Day% after emergence Days aller emergence 

Figure 6.2.U.  Sirrollated (curves) and measured 

(pints) rcot dry mtter (W), f ru i t  
dry mat t e r  (WFO), and seed dry m a t t e r  
(WSE) , in £ a h  bean genotype ILB 1814 
planted m Ncnr. 10 (SD1) and Dec. 17 

(SD2) . E a r s  indicate standard e-. 



The international testing prcgram cm lentil, kabuli 
chidpa, dry pea, lathyrus and vetches is a +cle for 
the dissemination of genetic mterials in the form of 
inteznatimal nurseries and trials, to the national 
prcgranrs in and outside the WINA region. ?he genetic 
materials carprise early segregating maticas in F3 and 
F4 generaticas, and elite lines with wide or specific 
adaptation, special rmrpholqical or quality traits, and 
resistance to ccmrcol biotic and abiotic stresses. 
Nurseries are only sent on request and often include 
germplasm specifically developed for a particular region 
or a national prcgram. 

The testing prcqram helps in identification of 
genotypes with specific and wide adaptaticm. The 
perfomace data permit asses-t of genotype x 
envircanrwt interaction and help in targeting breeding 
efforts for specific amlogical ccolditicms. 

In 1994 t w  separate dmqht tolerance nurseries, one 
each in chi- and lentil, were developed for 1994/95 
seascol. The Chickpa International Leaf Miner Nursery 

(CILIUW) was dropped as there was m demand from the 
ccoprators. We supplied 1027 sets of 40 different 
nurseries (Table 7.1.1) to cooperating scientists in 48 
countries for the 1994/1995 season. Several cmprators 
requested large quantities of seed of elite lines, 
identified by them from the earlier internatiunal 
nurseries/trials for dtilccation yield testing and or- 
fann verificaticm. 



?he salient results of the 1992/93 internatid 
nurseries, received from cooperators until 1 October 1994, 
are presented here. Tne stability analyses of scn-e of the 
trials were done us- Eberhart and Russell (1966)* 
ndel. 

For Ientil Internatid Yield Trial-Lap Seed (LIYT-L) 

data were d y e d  for seed yield for 31 locations. At 
Guelrra in Algeria, Larissa in &-eece; Gazvin, Nishabm 
and Sanandaz in Iran; Qltagimne in Italy; Wka in 
Jordan; El Saf Saf in m, Badajoz in Spain; Gelline, 
Idleb Izra'a and Breda in Syria; El Kef in W s i a ;  and 
m i n * e ~ , 1 , 3 , 2 , 5 ,  1,14,1,1,2,1,3,1,1, 
5 and 14 of the test entries exceeded the respective lccal 
check in seed yield by a significant rrargin (Pc0.05). Cm 
the basis of lrean across locaticms the five heaviest 
yielding lines - FLIP 91-9~, FLIP 87-I~L, FLIP 88-7~, 
FLIP 90-llL and FLIP 89-5L. 

Stability analysis for seed yield of LIYT-L entries, 
based over 30 locations, revealed that linear and nun- 
linear portion of entry x envi-t (-) interaction 
were si@f icant (Table 7.1.2) . ?he stability pramstem 
exhibited that 2 out of 23 entries, namely FLIP 87-16L and 
FLIP 87-17L, with above average rrean yield, regression 
coefficient (b) greater than 1, and nan-significant 
deviations f m  regression, exhibited specific adaptation 
to the high yieldkg envi-ts. Another entry FLIP 88- 
7L with above average yield, ran-significant deviations 
f m  regression and regression equal to unity exhibited 
general adaptation over all the en-ts. 

* Eberhart, S.A. and Russel, W.A. 1996. 
Stability parameters for comparing 
varieties. Crop Science. 6:36-40. 
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Table 7.1.1. Dietritutim of regwe I n t e m a t i d  -ies for the 
1994/95 season to cscp=rators. 

I n t e r n a t i d  Trial/Nxseq No. of sets 

L m t i l  
Yield T r i a l ,  T a l l  ( m - L )  45 
Yield Trial, Smdll (LIYT-S) 30 
Yield Trial, Early (LIYT-E-95) 37 
screnbq Num?ry, Large-Seed (LIrn-L-95) 33 
screnbq NuE3sy, m1-Seed (LIW-S-95) 21 

w, Early (LEN-E-95) 30 
~ursery, -t ~ o l e r a n ~ e  (LISN-DT-95) 30 

F5 Num?ry, Large Seed (LIF5N-L-95) 23 
F5 Nursery, Srrall Seed (LIF N S 95) 15 
F5 Nursery, Early ( L I F ~ N - E - ~ ~ ;  - 15 
F5 Nursery, Cold Tolemnce (LIF N-CT-95) 6 
 old m1eranCe ~ursery (LILT-9% 19 
Asmchyta Blight Nursery (LUEZ-95) 11 
FLlsarim W i l t  Nursery (LIEWT-95) 26 
mlSt Nursery (LIRN-95) 14 

a c b e a  
~ i e l z  Trial Spr ing (CW-Sp-95) 45 
Yield Trial Winter. Mediterranean Resim (~I~TW-m-95) 45 
y i e ~  Trial ~0uthei-l~ -tit&-I (&-=-95) 12 
Yield Rial Su~tk r ly  Latitudes-2 (CIYT-SLi-95) 16 
Yield 'Rial Latin m i c a n  (CW-IA-95) 12 
saeeniq Nursery Winter (CISN-W-95) 28 
~ c r e ~ i n s  ~lrserv ~orincr (CISTJ-SO-~~) 26 

- 6, Latin &rim ( m - L A - 9 5 )  
F4 Nursery, Mediterranean Rqim (CIF4N-N-95) 
F~ ~ursery, 9 t h e r l y  Latitudes (LIF N-SL-95) 
Ascochyta Bllght Nursery: K h l i  (&-~-95) 
Zwxdqta Blight Nursery: Katuli & Mi (CIAIN-B-95) 
Fusarim W i l t  Nursery ( C I M - 9 5 )  
Cold Tolerance Nursery ( a m - 9 5 )  
~mught m1- ~ursery ~ w n - 9 s )  
-Lw'== 
Lathyrus Pdaptatim Trial (IIAT) 
- Ia- satiw ( r n - I S - 9 5 )  
- Iathyrus cicpra ( m - L C - 9 5 )  
- L3thyn.m ochzus ( m - L O - 9 5 )  
Vetch 74aptatian Trial (IWiT) 
- Vicia s a t i ~  U~T-VS-95)  
- vicia narianensis (IVAFVN-~~) 
- Vicia ervilia (IVA!l-VE-95) 
- Vicia villcsa ssp ( ~ R T - v D - ~ ~ )  

Peas - -- 

pdEntatim Trial ( P m - 9 5 )  
TCnaL 



W e  7.1.2. AKNA for stability analysis of seed yield for the entries 
in LIYT-L, LIYl'-S, Kd m - E  ccawhrted &ing 1992/93. 

Source of variaticn m-L m - s  m - E  
df MS d f W  df 135 

+ Significance at P 5 0.05, ** Significance at P 5 0.01. 

T h e  results of Lentil International Yield Trial- 
-11 Seed (LIYT-S) received from 17 locations 
rwealed that at 11 locations, Gemniza in Egypt; 
lblentino in Italy, El Safsaf in L&ya, Lincoln in New 
Zeal&; Badajoz in Spain, Gelline, H a m ,  Heim, 
Idleb, Izra'a a d  Tel Ha- ir. Wia, 4,  1, 1, 1, 6, 
7, 2, 9, 2, 1, and 1 of the test entries exceakl the 
respective local check in seed yield by a significant 
(P 5 0.05) margin. The five heaviest yielders in this 
trial included 81 S 15, FLIP 90-41L, FLIP 89-3% FLIP 
90-36L, and FLIP 90-30L. Stability analysis for seed 
yield based over 16 lccations d e d  that b3th entry 
x location (linear) and deviations f m  regression 
(nonlinear) w2re significant (Table 7.1.2) . Three 
entries namely, FLIP 90-41L, FLIP 90-3OL, and FLIP 90- 
40L exhibited above-average yield and nonsignificant 
deviations from regressim. P x q  thse entries FLIP 
90-~OL and FLIP 90-4Lt had regressicgl coefficient (b) 
equal to 1, and exhibited general adaptation and the 
entry F'LIP 90-41L with b>1.0 exhibited adaptaticol to 
favorable envbxunwnts. 

The d t s  of Lentil International Yield Trial- 
Early (LIYT-E) from 13 losations revealed that at 3 
lccations namely Camiza in Egypt, Wsim in Saudi 



Arabia, andRdeiba inSudan  1, 7, and 2 of the test 
entries exceeded the l oca l  check in seed yield by a 
s ign i f i can t  nrlrgin. The f i v e  heaviest yielders a-s 
locations included FLIP 89-7lL, ILL 7165, FLIP 86-39L, 
ILL 7164, and FLIP 87-72L. The s t a b i l i t y  analysis 
cbne across 10 locations d e d  that d y  mn-linear 
por t ion  of  G x E interaction was s ign i f i can t  (Table 
7.1.2) . Five entries -1y ILL 7165, FLIP 87-72L, 

Ll.282, ILL 7164, and I L L  4403, w i t h  abave average seed 
yield, m - s i g n i f i c a n t  deviaticm £run regression and 
regressicn b 1 . 0 0 ,  were adaptable across emrironents . 

For Lentil I n t e r n a t i d  Saeeniq Nurse2y - 

Laqe (LISN-L) , ml (LISN-S) , and Early (LISN-E) , 
the da ta  f o r  seed yield were rep3rted f r u n  17, 9, and 
11 locat ions,  respectively. The analyses of  data 
d e d  that at 5 locations in LISN-L (Caltagbmm in 
I t a l y ;  Lincoln in New Zealand; Tel. Hadya and He im in 
Syria; and Ermmnn in Turkey), tuo locations in LISN-S 
(Oristam in Italy and I z r a l a  i n  Syria), and 2 
locaticms in LISN-E (Sri Nagar in lndia and Tel  Hadya 

i n  Syria) sane of the test entries exceeded the 
respect ive local check by a s ign i f i can t  margin (Pc 
0.05) . The f i v e  heaviest  yielding lines across 
locations in these nurseries are given in Table 7.1.3. 

Teble7.1.3. Thefiveheaviestyielctiqlinesa-s 
locations in d i f f e r e n t  lentil 
nurseries, 1992/93. 

Rank LISN-L LISN-S LISN-E 

1 FLIP 93-28L FLTP 93-2OL FLIP 93-44L 
2 FLIP 92-llL FLIP 93-19L FLIP 92-50L 
3 FLIP 93-21L FLIP 89-39L FLIP 93-46L 
4 FLIP 92- 4L FLIP 89-40L T I P  93-47L 
5 FLIP 93-33L FLIP 91-2lL FLIP 91-27L 



The redts of Lentil International F5-Nursery 
hiXJe (LIF5N-L) , F5-Nursery -1 (LIF5N-S), F5- 

Nursery Early (LIF5N-E) , and F5-Nursery Cold T o l m  
(LIF5N-CT) , - received from 9, 7, 6, and 2 

lozations, respectively. At 4, 6, 3 and 2 locaticns, 
respebively, sans indivichLal plant selections 
made by the rooperatom. 

The results of Lentil International Cold Tolerance 
Nursery were received from 6 locations. Nne of the 
lines at Sanadaz in Iran and Hymm in Turkey; cole 
line ILL1878 at Toshevo in Bulgaria; all the lines 
except ILL1878 at Elvas in Portugal; and three lines 
namely ILL 323, ILL 780 and ILL 7155 at Di- in 
Turkey exhibited tolerance reaction (rating 54) . At 

Tolentim in Italy all t k  entries exhibited a rating 
of 1. 

The regults of Lentil Internaticnal Ascochyta 

Blight Nursery were received frun Akaki and &inchi in 
Ethiopia. All the entries including the susceptible 
check rated5 5 at Qlinchi. Al Akaki, hmwer, three 
entries m l y  Lenka, 78.5 26013, and FLIP 93-13L 
showed resistant reactim (rating 5 3) . 

The results of -ti1 International Fust Nursery 
w a e  reported f m  Ishdi in Bzuqladesh, Chilan in 
Chile and Kanpur in India. At Chillan all the entries 
including susaeptible check s M  tolerant reactim. 
All the entries except I I L  358 at Ishurdi and ILL 857, 
FLIP 87-19L, 87-60L and lccal check at Kanpur - tolerant. The tolerant lines acmss t m  
locaticals mcluded, Lenka, FLIP 84-112L, 81515, FLIP 
86-16L, FLIP 86-38L, FLIP 87-17L, FLIP 87-74L, FLIP 
88-32L, M P  92-52L, FLIP 93-2L and FLIP 93-3L. 



The results of Lentil I n t e r n a t i d  Fusarium W i l t  
Nursery - reprted f m 6 locatims . At Alepp3 and 
Ham in Syria, there was 110 disease infestation. At 
M e  in Nepdl all the entries were rated at  9. At 
lbebm in WiLgaria only cme entry Naslada, and at 
Izra'a in Syria a l l  the entries including susoeptible 
check &aid tolerant reacticn. 

The results of Chickpa I n t e r n a t i d  Yield Trial- 
Winter-Mediterranean Reyicm (CIYT-W-bR) were reported 
from 33 lccatims in  11 -tries. A r m h r  of test 
entries exceeded the respective local check by a 
significant margin (P50.05) at six locatims, namely 
Khroub and Cued %w in Algeria; HaAamtd in Iraq; 
Caltagi- and Papiano in Italy; hshagar in Jordan; 
-1 in Lebanan; El Safsaf and Seba in Libya; Elvas 
in Portugal; Gelline, Ham, Idleb, Izra, Jhdbxss and 
Tel  Hadya in w i a ;  AdaM I, AdaM 11, Di-r and 
mnemm in 'nrkey. The five k t  entries a-s 
lccatims were FLIP 90-96C, FLIP 88-85C, FLIP 89-29C, 
FLIP 90-132, and m p  90-13C. ?he stability analysis 
(Table 7.2.1) revealed that c d y  entry x lccatim 
(ncm-lkear) corcpcolent w a s  sig-ificant. ?he entries 
FLIP 90-109C and FLIP 86-6C, with abve average seed 
yield, regression equal to 1.0, and deviaticms 
qroachhq  to zero, exhibited average stability. 

For Chi- I n t e r n a t i d  Yield Trial-Spring 

(CIYT-SP) data were reported f m  29 lccaticms in 13 
-tries. At 10 lmaticns -1y lhessaloniki in 
Cseeoe, M in Jordan; Papiam and Tolentin0 in 
Italy; Jim in  cXan; H e i m  in Syria; Geni Roral i n  
Tunisia; and &msya, Enmnm and Menemen in Turkey, 

of the entries exceeded the respective local 



check by a significant rrargin (P50.05) . The five best 
entries -s lccatims included FLIP 90-64C, FLIP 
89-67C, FLIP 90-37C, FLIP 90-79C and FLIP 89-127C. 
The AEXML for stability for sea3 yield indicated that 
man squares ciue to pled dariati- and entry x 
locatim (linear) war? significant (Table 7.2.1) . 'Ihe 
entries FLIP 90-64C, FLIP 89-67C, FLIP 89-127C, FLIP 
82-15W and FLIP 90-136C had regressim coefficient 
equal to 1, deviations a p p ~ ~ a c h h i g  to zero and seed 
yield more than the general mean, and were thus widely 
adaptable. 

The results of Chickpea International Yield Trial 
Southerly latitudes-1 (CSYT-SLl) were reported frcm 10 
lccaticms in 8 countries. At same locatims m l y ,  
Sids in Egypt, Dnyapwa in India, Al Kbaraj in Saudi 
Arabia and Tel Hadya in Syria - of the test entries 
exceded the local check by a significant margin. ?he 

five best entries a-s locaticms included, FLIP 88- 
87C, FLIP 87-6OC, FLIP 90-78C, FLIP 82-150C and FLIP 
88-86C. The ANWA for stability for seed yield 
revealed the significance of non-linear prtim and 
mn-significance of linear porticn (Table 7.2.1.). 
FLIP 90-65C, with regression coefficient equal to 
unity, deviations approaching zero, and seed yield 
abave the averall - aver locati-, was stable 
a-s envi?xmmmts. 

?he results for Chickpea International Yield Trial 
Sautherly Latitudes-2 (CSYT-SG?) were reported f m  6 
locaticms in 4 countries. Nane of the test entries 
exceded the local check in seed yield by a 
significant margin at any of the locaticms. The five 
heaviest yieldkg entries -s locations included 
FLIP 88-47C, FLIP 88-46C, FLIP 88-340, FLIP 89-39C and 
FLIP 88-36C. The ANNA for stability d e d  the 
significance of b t h  linear and m-lineax partion of 



G x E interaction variance (Table 7.2.1) . ?he 
adaptable lines across envircrnwts included FLIP 88- 
34C, FLIP 88-3OC, and FLIP 90-18OC. 

The results for Chickpa I n t e m a t i d  Yield Trial 
Lat in  America (CIYT-LA) - reported f m  5 locations 

in 4 -tries. The ANXR for seed yield rwealed 
that only a t  Gmnercs in Chile 11 tes t  entries 
exceeded the local check in seed yield by a 
s ip i f ican t  rayin (P50.05) . The five kaviest  
yielders across locatims included FLIP 90-15C, FLIP 
88-6C, FLIP 87-9OC, FLIP 85-5C and ILC 4184. The 
AtK%4 for stability rwealed the sipificance of non- 
linear portion of G x E interaction only. A large 
mnrS3er of lines namely, FLIP 88-6C, FLIP 87-9OC, ILC 

4184, FLIP 86-llOC, ILC 136, ILC 4178, ILC 99, IJL 
613, and ILC 3356 were adaptable across -ts. 

The data an seed yield of Chickpa I n t e m a t i d  
.. Nurseries -Winter (CISN-W) , -Spring (CISN- 

SP) , -Southerly Latitudes-1 (CISN-%L), -Southerly 
Latitudes-2 (CISN-SL2) and -Latin Amxica (CISN-W 

were reported f m  22, 13, 4. 5, and 4 locations, 

respebively. S c m  of the test  entries exceeded the 
local check by s ip i f ican t  margins a t  14, 2,  1, 2 and 
1 locaticols, in CISN-W, CISN-SP, CISN-SLl, CISN-SL2 

and CISN-LA, respectively. The five best entries 
a m  locations are given in Table 7.2.2. 

Chi* I n t e r n a t i d  F4 b e s  for 
Mediterrarrean (CIF4N-MR) and for Southerly Latitudes 
(CIF4N-SL) w x e  cqplied t o  ccaperators a t  28 and 15 
locations, respedively, and only 7 and 3 locations 

made the plant selections for use in their a v n  - P-. 



Table 7.2.1. A I O m  f o r  s t a b i l i t y  d y s i s  of seed yield f o r  the entries in  Chi- I n t e r n a t i d  Yield  Trials- 
spring (CIYT-SP) , W i n t e r  (CIYPMR), Southerly Lat i tudes-1 ( m - S L 1 ) .  Souther ly  Ia t i tudes -2  (CTrr-SL2), 
and L a t i n  mica (CIYT-IA) mmiwte3 &ring 1992/93. 

~ource  of variaticn CIkT-SP m - m  C W - S U  C n T - 9 3  m - I A  
df W X ~ O ) ~  af M S C X ~ O ) ~  af Ms (-0) d£ ~ ( ~ 0 ) ~  dfC ~ i f i 0 ) 3  

rntly 22 472.341** 22 293.678** 22 484.539** 22 167.003* 22 224.592 
mtly x location 
(Linear) 22 269.040** 22 163.649 22 119.887 22 94.799 22 85.994 

&led deviation 575 138.697** 621 151.684** 161 216.197** 69 79.750** 46 145.440** 
Po3103 - 1188 69.974 1276 68.563 396 56.110 220 39.431 176 71.346 

* S i w f i c a n t  at P 5 0.05. 
N 
.I 
m 

Table 7.2.2. 'Ihe five M e s t  yieldiq lines across lccaticns in d i f f e r e n t  chickpa txn?miq 
rauseries, 1992/93. 

Rank am-W CIS?-SP CIShT-SL1 CISN-SL2 CISi-IA 

1 FLIP 90- 12C FLIP 91- 34C FLIP 91-203C FLIP 91-102C FLIP 90- 18C 
2 FLIP 90- 8C FLIP 90-173C FLIP 90- 94C FLIP 90-126C FLIP 91- 85C 
7 F'I.TP 90-182C FLIP 90-172C FLIP 91-163C FLIP 91-129C FLIP 89-121C - - --- - - - - - - -~ - -~ 

4 FLIP 91- 52C FLIP 91- 31C FLIP 91-178C FLIP 82-15OC FLIP 91- 86C 
5 FLIP 91-U1C FLIP 82-150C FLIP 91- 26C FLIP 91-127C FLIP 90- 2C 



?he Qlickpa I n t e r n a t i d  Asmckyta B l i g h t  
Nursery results f o r  kabili type (CIABN-A) - 
reported f r a n  11 locations and f o r  d e s i + k a t d i  type 
(CIABN-B) f r a n  9 lccaticm. Rme of the entries 
( k a b u l i  or desi) was tolerant to Asaochyta blight 
infestation across all locaticms. Ccolsidering the 
f requency o f  ccmrrence o f  an entry an-mg the tolerant 
sroup ( w i t h  rat- 5 4 on 1-9 scale) in K a h l i  tw, 
entry FLIP 84-182C, tolerance at  1 7  cut of 2 1  
locations and best, and was f o l l d  by ILC 
200, and FLIP 84-92C (which occurred 1 6  t i m e s ) ,  and 
ILC 72, FLIP 85-84C, d FLIP 90-56C (which each 
occurred 15 times). Similarly, ammg desi lines ICC 
4475, ICC 13269, ICC 13508, ICC 13555 and FLIP 87-505C - tolerant at 4 cut o f  1 0  lccaticms. These entries 
tkm exhibited relatively --based resistance to 
AsmckFjta blight as ampxed to others in this 
mmery. The d i f f e r e n t i a l  reaction o f  lines at 
various places further revealed the presence o f  
variability in the pathcgen. 

The results o f  Chickpa I n t e r m t i m i i t  M i u m  
W i l t  Nursery (CIFWN) were received f m  1 2  locations 
in  8 countries. At f o u r  locaticms m l y ,  Dholi ,  New 

Delhi and E%dmpx in I n d i a ,  and Pazwaniipur in Nepal 
all the entries exhibited 9 rat*. A l l  the entries 
a t C u e d S m a r i n A l g e r i a a r d ~ i n Q l i l e -  
tolerant with rating 53 ,  8 entries at Guelma in 
Algeria; 1 0  entries at Debre Z e i t  i n  Ethiopia; 28 
entries at Bhrapre in India; 2 entries at M e h  
in Iran; me entry at e i b a  in Sudan; ard 22 entries 
at (hmiza in Egypt took rat- o f  4 or less and were 

tolerant. F i v e  lines m l y  FLIP 85-29C, FLIP 85-30C, 
UC27, Be S e l  81-48 and Be S e l  81-103 - tolerant at  
6 o u t  of 1 2  l o c a t i o n s .  



The results of Chickpa Internatid Leaf miner 
Nursery (m were rqorted f m  four locations 
( m a  in Italy, T&m1 in L&ancm, and Bolnava 
and I d r  in %key). The susceptible check took a 
score of 3 at Tarcplinia in Italy, 5 at -1 in 
Lebmm, and 9 at other t w  places (on 1-9 scale, 
l=free, 9shighly susceptible). Cut of 30 test 
entries, rime of the test entries was tolerant to leaf 
miner at Bonmva and Izmir in Turkey where the 
~usceptible check took 9 rating. 

For Chickpa Internatid Cold Tolennm Nursery 
(CICIN) the cold tolerance score was reported frcm six 
locaticas (hugapura in India, Tolentino in Itlay, 
-1 in I e h m ~ ,  Elvas in Portugal, Tel Hadya and 
Ekeda in Syria,. Only at three sites the susceptible 
check tcok rating of 9 on 1-9 scale (where l=fn?e, 9- 
killed). Gn the basis of reaction across locations 
four entries namely ILC 3857, ILC 5667, ILC 5947 and 
FLIP 85-4C shed tolerant reactim to cold at all the 
lccaticms and vere the test. 

?he lathyms and vetch adaptation trials =re -lied 
to cooperators for the third year in 1992/93. 'RE 
International Lathyrus Adaptation Trial (ILAT) 
included 13 entries of L. sativus and 10 entries of L. 
ci-. % results for ILAT were received f m  20 
locations. The AKX4 for stability was dme using L. 
sativus entries as one group and L. ci- as amther 
gnxlp. The AKX4 for L. sativus entries (Table 7.3.1) 
revealed the inprtance of both linear and non-linear 
portion of GxE interacticm in qressicm of seed yield 
in L. satiw however, AtOlA for L. ci- entries 
exhibited the siwficance of only entry x locaticm 



(1-1 interactim. T k  L. sativus accessicms with 
above average seed yield across locations included Acc 

No. 188 sel 38, Acc. No. 178 sel 29, Acc No. 199 sel 
452, Acc No. 232 sel 471, Acc No. 206 sel 463, Acc No. 

277 s e l 4 7 6 ,  Acc No. 200 sel 453, a n d m  No. 205 S e l  

459. Amg these, the later f i v e  accessions exhibited 
nan-sigificant deviaticns and exhibited average 
stability across a of -ts. I a x q  
Lathpus ciaera six accessions, namely No. 142 sel 
496, Acc No. 119 sel 489, Acc No. 136 sel 495, Acc No. 

536 local selection, and k c  No. 121 sel 491 had abve 
-ge y ie ld ,  m - s i g n i f i c a n t  deviations £run 
regression, and regressim equal to unity.  ?hese f i v e  
L. cicera accessions tlus pclssessed geneml adaptation 
across locations. 

The Internatid Vetch Pdaptaticm Tr ia l  (lX4T) 
included 17  entries of Vicia sativa and 6 entries of 

Vicia naztxlwlsis. The rwults f o r  w z e  reprted 
£ran 17 locaticns. The AKWA for s t a b i l i t y  of y i e l d  

perfonmnce WE &me sepxately f o r  V. sativa and V. 
narbcrnensis (Table 7.3.1) . ?hg seed y i e l d s  of Vicia 
nadanensis accessions WE, in general, mre as 
carpared to Vicia sativa accessions. 'hs f i v e  high 
yie ld ing  V. natmemis entries a-s the locations 
included Acc No. 568  el VN 2383, Acc m. 565 sel - 
2380, Acc No. 577 el -2391, Acc No. 574 sel -2388, 
and Acc No. 573 sel -2387. Amg these, three 
accessions, k c  No. 565, -577 ad -574 w i t h  abve 
average yield and regression equal to one WE 

adaptable to a wide  range of emriroments,  and the Acc 
No. 568 Se l  2583 was adaptable to favorable 
envirconrents. Amq V. sativa, 8 accessions gave 
above average performance and included, k c  Nos. 384 
sel 2062, Acc No. 705 sel 2556, and Acc No. 4 sel 
2057, Acc. No. 482 sel 2096, a d A c c  no. 709, k c  No. 
7 sel 1135, Acc No. 2 sel 1134 and Acc No. 507 



2019. h n q t h e s e A c c N o .  4 sel 2 0 5 7 ~ ~ s  madaptable; 
Acc No. 384 sel 2060, Acc No. 705 sel 2556, Acc N>. 
482 sel 2096, Acc No. 7 sel 1135 and Acc Elo. 1331 sel 
1437 were speci f ica l ly  adaptable to favorable 

envimmmts; and Acc No. 709, and Acc No. 2 sel 1134 
and Acc No. 507 sel 2019 were adaptable -s a wide  
range of -ts. 

The results of Pea I n t e r n a t i d  -tation hid 
(PI7XI') were  reported frcm 28 locaticms. At eighteen 
locaticazs, namely, Toshwo in Bulgaria; Gisozi in 
6unmdi; Athalassa in Q~IUS; W l e t t a  in Ethicpia; 
Makedonia in Greece; Caltagixrme i n  Italy; -gar 
and M a n  in Jordan; Cddmm i n  Bolivia; New Delhi 
a n d I G l n p u r i n ~ ; T e r b l i n ~ ; Z a h r a i n  

Libya; Xedainiai i n  Lithuania; Rawdat Hanm in @tar; 
Gassim in Saudi Arabia; Badajoz and Valladolid in 
Spain; and Tel H d y a  in Syria; same of the test 
entries exceeded the lccal check in seed yie ld  by a 
s ignif icant  (P20.05) mqin. The f i v e  heaviest 
yielding e n t r i e s  across locaticats included, M: 104325, 
Lacal Selection 1690, MZ 102029, Collegian, and Early 
rXm. The XWUA for seed yield f o r  stability 
parmeters based on 24 ernriixmmnts d e d  that b t h  
linear and m-linear ccrrponents of GxE interaction 
nsan squares were s igni f icant  (Table 7.3.11 . 'R-icee 
entries m l y  MG 104325, Lccal Selection 1690, and M: 
102256 with abve average yield, and deviatim 
approachkg zero, were relatively adaptable across a 
? 3 q e  of w t s .  



Table 7.3.1. XKNA for stability paramters for seed yield for the entries in Internaticmal Vetch Pdaptaticn 
Trial (IVAT) - Vicia nahmemis (VN) , and Vicia edtiva (VS) , International L a t h y r ~  Pdaptatim 
Trial (IIAT) - Lathyms cicera (LC) and lathyms edtivus (LS) and Pea Intematic~lal Pdaptatim 
Trial (PIAT), cbc i rq  1992/93. 

Source of variation IVA!I IIAT 

 linear) 
Pcoled deviation 91 99.862** 208 160.860** 150 72.377ns 195 154.400** 506 276.490** 
Poled e m r  180 102.254 450 119.019 306 65.657 408 82.942 1056 117.448 

*, ** Signifim at P 5 0.05, and at P 5 0.01 respectively. 



The naticmal p r q a a  scientists participating in the 
Legme International Testing program identified 
several lines for nniltilocaticm testing, cm-fann 
trials am3 pre-release nultiplicatim and release for 
general cultivaticm. 7I-e releases for general 
cultivation are listed in Table 7.5.1. Also a large 
n m h r  of lines resistant to vari.0~8 stresses wxe 
identified and they are being used for direct or . , udu-ect exploitation. N a t i d  Prograaa Scientists, 

R.S. m, K.B. , W. a, A.E. B h d m ,  
M.C. SaxllPa and S. Waig8nd 

labla 7.5.1. ~egune cultivam mprted in 1994 as released by tk 
~ticnal pnqlam. 

tivara Year of Specific fea- 
release 

1994  or mid-altitude areas, 
high yield, tol- to 
W i l t / n l s t  

'Rlrkw kziziva (FLIP 84-192) 1994 For Qllti~ticn in 

hW.1 
Ethicpia NEL 2704 1994  or laplad nuisture- 

&reas& CECditiEns; 
early naturity, hi@ 
yield, t o m  to rust 

hdan Arlb3 1 (m 818) 1993 High yield. for Jehel 

-- 
~lprus ~artenerce (FS 210713) 1994 ~ i g h  yield 
Bthiqia 06lK-2P-2192 1994 For high altitude areas, 

high yield, to- to 
powdej mildew and 
asmchyta blight. 























The training activities - a m t W  to st- the 
tedmical capabi l i t ies  of reseKchers involved in  the 
gemplasm inpmvenent activities in the n a t i d  pmqmm. 
Table 9.1.1 slnrrarizes the activities during 
1994. M x h  of these activities were dcs7e jo in t ly  with the 
cereals hpvmwnt scientists. A total of 90 . . 
par t ic ipants  received tranxq in the inprwen-ent of 
lentil, kabuli chickpa and anmal f o r q e  legurns at 
Aleppo (Table 9.1.1) . In addi t im,  d part icipated 
i n  training activities o m z e d  i n  the r e g i d  prqmm 
or with other 1- prqmm. 

Table 9.1.1. Sumray of tramrg 
. . activities in  leguk? 

inpzmemnt in 1994. 

1.1. L q m ~  diseases ard their mtrol 
10 t o  21 A p r i l  1994 9 

1.2. Insect mtrol in legumes andcered l s  
18-26 Ppril 1994 14 

1.3. Breeding m ~ l o g y  in legumes 
2-12 m y  1994 10 

1.4. Diagnosis of plant  viruses 
28 to 8 Sept 1994 13 

1.5. LXW mlecular mxker  tedmigues 
19 to 29 Sept 1994 9 

2 . G m u p c o u r s e i n t h e r e g i c m  
2.1. Mechanical harvest of legumes, 

in lebarvPl 10 



2.2. Field research techniques, 
- 

inL5hml 
3. Indiviciual non-degree 
4. Graduate students incldiq t h e  

doing B.Sc. and diplam mrk 

Details of scare of the group courses are given in the 
1994 d report for cereals. ?he i.ndiviW =-degree . . 
trammg, which anged in hticm frun a few days to 4 
mths, waa provided M cm the specific needs of the 
natid prcqram. The nuriculun for this was t a i l 4  
to met the specific needs of the indiviWs. 

The Program hasted for 2 days (23-24 Noverr33er 1994) 
the participants of a r q i c m a l  training caurse cm 
"nutaticm techniques for -t of stress tolerance 
in kit food ~ o p s "  organized by the Intermatid Atcmic 
merSy Pgency (IAEA) and the Syrian Atanic mergY 
acmnissicm W). There were 15 participants f m  9 
countries (Bulgaria, Hmgary, Jordan, Lithuania, Poland, 
Romania, Syria, Tuxkey and W). Fmsentatica~s uere made 
by ICaRDA scientists cm breedkg wheat, barley, chickpa. 
and lentil f a  stress envircpments, and m use of ti- 
culture and wide hybridizaticm for ceredl hpmvemmt. 
The participants visited the biotedmolcqy lab facilities 
and ca3serJBd demmstraticr.6 of aqects of anther 
culture and the use of DA-marker t a w .  

The list of participants in graduate research 
training -, registered for M.Sc. or Ph.D. dqree is 
given in Table 9.1.2. Eight candidates ccnpleted their 
M.Sc./Pfi.D. degree in 1994. 



Nan-? Desree U l i m i t y  Quality 

R a b t r a t i c P  in 1994 
1. Mr. -1 Ofar A.L. 

2. M r .  AMel Majidpdlan 
3.  M r .  El-Tahir Ahned A.A. 
4. Mr. Ken Street 

5. Ms. Ha33 N 3 s e a l  
6 .  M r .  SaidWsan 
7. M r .  Gecage CharvLrw 
8. Ms. J-Haidar 
9. Mr. AlewnderFranz 
10. Mr. Mohamed Ibrahh I k l  

AUB 
AUB 
Jordan 

W. Australia 

Al- 

Uepp3 

AUB 
Brawmdeig 
Jordan 

Sudan 
Sudan 
Sudan 
Austdia 
Syria 
Syria 
Syria 
Lekamm 

Gerrrany 
Sudan 

tra b 
1. Ms. W i d a d  Shehadeh M.Sc. cena~as Syria 
2. Mr. Ahbas Attes R . D .  A l e p p 3  Syr ia  
3. Mr. Ahned M. Manschadi &.D. rrustria/Ixan 
4 .  Mr. Wsan Amed A l i  Tan'kal M.Sc. AUB Sudan 
5. k. Wsan M i d  A l i  M.Sc. AUB Sudan 
6. M r .  Wdmnkd A.M. man M.Sc. AUB Sldan 

7.  Mr. I S m a i l ~ l u  R . D .  Selcuk, iCmya W k e y  

8. Ms. &la Azslan M.Sc. A l p  Syria 
9. Ms. Sara w3.X R . D .  m, L%m Sudan 
10. Mr. Wdmnkd IaMi R . D .  INFA Algeria 

11. Mr. Bruno c-ca 'p  R . D .  Cordoba Italy 
12. Mr. I d  mh~xd R . D .  Eelsinki Sudan 
13. Ms. Bianca van Dorrestein M.Sc. mlland 
14. Ms. Kholaud Sultan M.Sc. Al- Syria 
15. Mr. Mohamed Lammni D.E.S. &Bnde& Mx-cCCa 
1 6 .  k. Ali h t t w  M.Sc. ma,  t+kbe€ MD- 
17.  M r .  Mohamed N03I Al-Hand M.Sc. Jcndan Jordan 



1. Ms. Aziza D h  Ajcuri 
2 .  M r .  ILwsamEl Sayed nxzhim 
3. Ms. Maja van Hezewijk 
4. Ms. SafaaM. Qlassan W i  
5. Ms. Susarrne Pecher 
6. Mr. Elias El-Hajj btwa 

7 .  Mr. Habib Halila 
8. m. Atmd mhama 

MWPJ 
Alexandria 
Amsterdam 
Tishreen 
E b h e n k i m  
CMEAM 
Lcadcol 
Tishreen 

Egypt 
Hollarid 
Syria 

Germarry 
Lekxmcm 
Tunisia 

Syria 

GP hosted a large mm33er of visitom for varying 
periods of time during 1994. Scientists £ran Germany, 

Italy, the Netherlands and I W W  visited the Program 
to discuss a p i n g  and pxpasd joint projects for 
research on 1- crops. Mher scientists fran 
Austrdlia, Bangl=desh. Egypt, m, -, Lekxmcm, 
Pakistan, %dm, Syria, Tunisia and vK cam to get 
inf-tim about GP's work or to discuss joint 
res& or trainkg in lepw iqxmmnt. 

Students fran Syrian Universities came with sane 
teachers for a me-day visit as put of a tour of 
IclWX's facilities arid on-go- research and training 
activities. 

GP scientists also visited NARS in a d  other 
camtries to discuss aollaknrative wxk and evaluate 
1 9  gemplasm qwm in these countries. S. 
Wigad, H. Ketata aud other 1- aciemtists. 
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Figure 11.1. Mean nwnthly average, maxim and minimum 
terrperatures, and monthly total and 
cumulative rainfall at Breda and Tel Ha.- 
during 1993/94. 
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during 1993/91. 





M.C. Saxena 

A l i A W E l t 4 x e j . m  
M. Baum 
w. EYekine 
H. Ketata 
K. mkkmk 
M.T. m* 
K.B. Si& 

F. eigand 
s. Weiw 

R.S. b h l i d x a  
G.A. Alloush* 

N.P. Sxer& 

W i l a  Arslan 
mtafa Bellar 
JoaM Haidar' 
S d r  Haj jar 
Hasasan El-- 
Ahidla Joubi 

Gaby Waf 

F o r a s e w -  
l rb lecu la r  B i d o g i a t  
L e n t i l  Bmder . . Ramrg Scimtiet 
V b l c g i s t  
ChiCIcpa Pathalogist 
Chiclrpea Breeder ms!I.wr) 
l rb lecu la r  Biologist 
mta~31cgist 

Iptmnatiad Trials Scientist 
-t*t P l a n t  mtriticmist 
(Tishreen University) 
Consultant Pathologist 

V i s i t i n g  Scientist, Chi* 

EQ-=wg 
V i s i t i n g  Scientis&, C x p  

F i 3 y e l q y  (I(3RIW) 

Post Doc. Fellsyl, W l d a r  
Blolcqy 

6lesearch Waistant 
%ewTh Ass*- . . &eiatant 

mistant 
BeaeaPch Amsistant 
Research Assistant 
Resex& Assistant 



l?iad&flmr& 
Pie r re  Kiwan 

M a t  Azw 
Wlnian A. Karin 
Khaled El-Dibl 
M.K. Isea 
M.I. El-J- 
Nidal  Kadah 
m L a b b a n  
D i a b  A l i  Raya 
Seta D h j i  
Seta D h j i  
Jceeph Kardci 
Ghazi Khatib 
Aida Naimeh 

w Bogharian 
Hagna BaJgtani 
Nuha Sadek* 
Namm A j a n j i  

SeniorReeearchT€&nician 
senior Research Technician 
(-1) 
Senior research T€&nician 
Senior Research Technician 

Reaearch Technician 
Reeeaxh Technician 
Research Tecimician 
Reecarch T€&nician 
ReseKch Technician 
Research Technician 
ReseKch Technician 
Reaaarch Technician 
Feeear& Technician 
-Technician 
r(lesearch Technician ( ~ 1 )  
Research Technician (-1) 
ReseKch Technician ( M l )  

Senior secletary 

-tary 
-tary 
Driver-cun-Store Assistant 

* Left during the year 1994 




