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Research Articles

Breeding and Genetics

Effect of Genetic and Non-genetic
Factors on Crossability in Lentil

S.K. Sharma', H.K. Chaudhary? and

Chuni Lal'

' Department of Plant Breeding and Genetics, H.P.
Agricultural University, Palampur 176062, INDIA

? Regional Research Station, H.P. Agricultural
University, Kukumseri 175142, Lahoul and Spiti,
INDIA

Abstract

The effect of varietal group, day length, growing
conditions and temperature on crossability in lentils
(Lens culinaris Medik.) was investigated. The highest
pod and seed set either in the greenhouse or in the
field in winter was observed in the minimum—
maximum temperature regime of 10-21°C. Pod and
seed set were higher in the greenhouse than in the field
both in microsperma X macrosperma and reciprocal
crosses. The use of microsperma as female parent in
winter and macrosperma as female parent in summer
produced substantially higher pod and seed set than
their reciprocals. The effect of varietal group, day
length, temperature and growing conditions is
important and should be taken into consideration when
planning hybridization programs in lentil.

Key words: Lens culinaris; lentils, hybridization;
genetics; varieties; temperature; duration; fruit; seeds;
India.

Introduction

Lentil comprises two subspecies, gene complexes or
varietal groups, namely small-seeded (microsperma) and
large-seeded (macrosperma). The genetic restructuring of
lentils in India involves microsperma —macrosperma
introgression. Crossing in lentil is difficult due to the
small, fragile and cleistogamous nature of the flowers.
Microsperma x macrosperma hybridization programs are
normally undertaken during short days in winter.
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However, certain exotic macrosperma types do not flower
under these conditions and require artificially lengthened
days in the greenhouse, or growing in the Summer
Himalayan Nursery. It is, therefore, imperative to know
the effect of genetic (varietal group) and non-genetic
factors, such as growing conditions, day length and
temperature, on crossability in lentil gene complexes in
order to help geneticists and breeders plan microsperma x
macrosperma hybridization programs efficiently.

Materials and Methods

The experimental material comprised four microsperma
varieties (PL 406, PL 639, L 830 and L 9-12),
recommended for cultivation in northern India, and two
macrosperma introductions (HPL 4 and Precoz). These
were grown during winter (October 1986 to May 1987)
both in the field and in the greenhouse at Palampur (32°6
N, 76°3' E, 1290 m), located in the mid-hills of the north-
western Himalayas. These genotypes were also grown
during summer (May —September 1987) at Kukumseri
(2426 m) in the Lahoul valley, which lies between
latitudes 30°42' and 32°60’ N and longitudes 76°47' and
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78°41' in the dry, temperate, high hills of the north-
western  Himalayas. Microsperma x  macrosperma
hybridization was undertaken at Palampur for four weeks
during winter (14 February to 15 March) and at
Kukumseri for four weeks during summer (14 July to 13
August). All the genotypes flowered during this period.
The maximum and minimum temperatures, number of
cross-pollinations attempted, pods and seeds set were
recorded during the crossing period and aﬂer\‘van_is. The
percentage of pods and seeds set per cross-pollination and
seeds per crossed pod were calculated.

Results and Discussion

The pod and the seed set following microsperma x
macrosperma crosses in the greenhouse were 17.5 and
24.5%, respectively, during week 1, having average
maximum/minimum day temperature of 19.8/ 9.2°C (Table
1). The highest pod and seed set (25.5 and 30.2%)
occurred during week 2 (21.3/10.2°C). The pod and seed
set decreased linearly during weeks 3 and 4 following
linear increase in the average maximum temperature (Figs.
1 and 2).

Table 1. Cross-pollinations attempted, pods and seeds set, and seeds/crossed pod in greenhouse (G) and field (F) during

different weeks in lentil gene complexes in winter.

Week Average air temperature (°C) Growing Cross-pollinations Pods set Seeds set Seeds/
conditions attempted crossed pod
Maximum Minimum
microsperma x macrosperma
I 198 £23 92+ 18 G 355 62 (17.5)t 87 (24.5) 1.40
149 £ 1.2 50+ 1.7 F 289 22 (7.6) 30 (10.4) 1.36
I 213+20 50+ 1.7 G 388 99 (25.5) 117 (30.2) 1.18
16.1 £ 2.1 56+12 F 301 35 (11.6) 49 (16.3) 1.40
II 263+ 19 16.7 £ 1.5 G 339 80 (23.6) 90 (26.6) 1.13
202 £ 0.6 9.1+12 F 277 45 (16.2) 58 (20.9) 1.29
4% 272+ 15 16.6 +2.7 G 300 65 (21.7) 70 (23.3) 1.08
21932 105+1.9 F 356 66 (18.5) 90 (25.9) 1.36
macrosperma x microsperma
I G 118 12 (10.2) 13 (11.0) 1.08
F 81 6 (7.4) 6 (7.4) 1.00
11 G 99 12 (12.1) 23 (23.2) 1.92
F 92 5(5.4) 5(5.4) 1.00
I G 125 14 (11.2) 23 (18.4) 1.64
F 75 8 (10.7) 13 (17.3) 1.63
v G 110 12 (10.9) 13 (11.8) 1.08
F 130 8 (6.2) 13 (10.0) 1.63

t Percentage of cross-pollinations attempted in parentheses,
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Fig. 1. Effect of temperature and growing conditions on pod setting in microsperma x macrosperma and reciprocal crosses of

lentil.
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Under field conditions, however, pod and seed set were
7.6 and 10.4% in week 1 (14.9/5.0°C). They increased
linearly during weeks 2 and 3 following an increase in
temperature, and were highest during week 4 (18.5 and
25.2%, at 21.9/10.5°C), though this was less than the pod
and seed set observed in the greenhouse during week 2.

In reciprocal crosses (macrosperma x microsperma)
attempted in the greenhouse, the highest pod and seed sets
of 12.1 and 23.2% were during week 2 (21.3/10.2°C;
Table 1). Pod and seed set decreased during weeks 3 and
4 following further increase in temperature (Figs 1 and 2).
In the field, pod and seed set of 7.4 and 7.4% respectively
during week 1, and 5.43 and 5.43% during week 2 were
recorded (Table 1). They were highest (10.7 and 17.3%)
during week 3 (20.2/9.1°C; Figs 1 and 2). They declined
during week 4 with the further increase in temperature.
Seeds per crossed pod decreased in the greenhouse
(1.40-1.08) from week 1 to 4 with the linear increase in
temperature in microsperma X macrosperma  Crosses
(Table 1). However, this character remained unaltered in
the field (1.29-1.40). Unlike in reciprocal crosses, seeds
per crossed pod did not indicate any relationship with the
increase in temperature either in greenhouse or field from
week 1 to week 4.
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These observations lead us to conclude that temperature
has a important role in altering pod and seed set. The
highest pod and seed set either in the greenhouse or field
were observed in the minimum/maximum temperature
regime of 10/21°C. Pod and seed set were higher in the
greenhouse than the field in both microsperma x
macrosperma and reciprocal crosses. This could be due to
protection from factors such as rain, frost, sleet and wind,
which are experienced in the field. In a study on technique
for crossing lentils, Wilson (1972) also reports the success
of manual crossing in the greenhouse during the winter,
when temperatures were maintained at 18-24°C, whereas
it was unsuccessful in the field.

At Kukumseri under field conditions, there was little
variation in the average maximum/minimum temperature
(24.4 t0 25.3°C/14.3 to 16.1°C) during four weeks (Table
2). Accordingly there was no significant variation in pod
and seed set and the number of seeds/pod between these
weeks in microsperma x macrosperma cross combinations
(Figs 1 and 2). Likewise, in reciprocal crosses, there was
no substantial variation in pod (13.0-15.2%) and seed set
(152 -17.6%) during weeks 1 to 3. However, pods set
(16.1%) remained unchanged, while seeds set (23.4%)
improved during week 4. Seeds per crossed pod remained

Table 2. Cross-pollinations attempted, pods and seeds set during different weeks under long days in lentil gene complexes

at Kukumseri.

Week Average air temperature (°C) Cross- Pods Seeds Seeds/
pollinations set set crossed
Maximum Minimum attempted pod
microsperma x macrosperma
I 244 £ 03 14.8 £ 0.4 292 20 (6.85)t 25 (8.56)t 1.25
2 246 0.4 152+ 05 303 24 (7.92) 30 (9.90) 1.25
3 253 +04 16.1 £ 0.3 305 21 (6.68) 26 (8.52) 1.24
4 247 £ 03 143 £ 04 325 25 (7.69) 29 (8.92) 1.16
macrosperma x microsperma
I 147 21 (14.29) 25 (17.00) 1.19
11 138 18 (13.0) 21 (15.2) 1.17
I 165 25 (15.15) 29 (17.57) 1.16
v 137 22 (16.05) 32 (23.35) 1.45

t Percentage of cross-pollinations attempted in parentheses.
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unchanged (1.16-1.19) during weeks 1 to 3, whereas it
increased (1.45) during week 4. These observations give
further credence to the idea that temperature has an
important role in altering pod and seed set. However, with
the results available, it was not possible to decide an
optimum maximum/minimum temperature for pod and
seed set under long days. It also gives no indication about
the extent of pod and seed set at the optimum temperature
combination, which yields the highest pod and seed set
under short days.

The two varietal groups behaved differently as female
parents under the different day lengths prevailing in
summer and winter. The use as female parents of
microsperma in winter and macrosperma in summer,
produced substantially higher pod and seed set than the
reciprocals because of their differential adaption to
photoperiod (Tables 1 and 2; Figs 1 and 2). The
adaptability of the female parent to a particular day length
is more important than the pollen parent in planning
microsperma x macrosperma hybridization programs.
Erskine et al. (1990) also report the independent role of
temperature and day length in determining the onset of
ontogenesis in lentils.

A very high degree of association was observed
between pod and seed set (%) both in the greenhouse and
in the field under long and short days involving
microsperma x macrosperma or reciprocal crosses (Table
3). Pod and seed set per cross-pollination attempted were
affected concomitantly by day length, varietal group,
growing conditions and temperature. Pod set and seeds per
crossed pod had positive association in the field conditions
under long days in microsperma x macrosperma and short
days in reciprocal cross-combinations. Seeds set per cross-
pollination under field conditions was also related with
seeds per crossed pod in lentil crosses under both day
lengths. The findings of the present investigation revealed
the role of day length, temperature, growing conditions
and varietal group on crossability in lentil and should be
taken into consideration in planning hybridization in this
crop.

Table 3. Interrelationships of pod (x) and seed set (y) with
seed/crossed pod (z) obtained in greenhouse (G)
and field (F) under different day lengths in lentil
gene complexes.

Photo- Growing Correlation
period condition
Xy Xz zy
microsperma X macrosperma
S G 0.99+* —0.48 —0.35
F 0.96* 0.50 0.72
L F 0.99* 0.97* 0.99*
macrosperma x microsperma
S G 0.98+* 0.12 0.17
F 0.99* 0.76* 0.76*
L F 0.98* 0.66 0.74*

S= Short days; L= Long days.

* Significant at 5% level.
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Heterosis in Lentil!

Ajay Kumar, D.P. Singh’ and B.B. Singh
Department of Genetics & Plant Breeding
Narendra Deva University of Agriculture & Technology

Narendranagar, Kumargarj
Faizabad 224 229 (U.P.), INDIA

Abstract

Heterosis over better and standard parent was
estimated for yield and its components in 30 hybrid
lentils (Lens culinaris Medik.) derived by crossing three
well-adapted varieties as testers and 10 eco-
geographically diverse genotypes as lines. The range of
heterosis over better parent (in percentage) was —10.1
to 49.9 for days to initial flowering, -16.6 to 33.7 for
plant height, —17.1 to 21.0 for primary branches/plant,
-16.7 to 42.7 for secondary branches/plant, —24.7 to
81.7 for pods/plant, —11.1 to 15.8 for seeds/pod, —48.8
to 19.6 for 100-seed weight and -23.5 to 106.4 for
yield/plant. The majority of crosses exhibited negative
heterosis over better parent for 100-seed weight. The
heterosis observed for yield was mainly attained
through major yield components, pods/plant and
secondary branches/plant. The hybrid Pusa 4 X Pant
L-234 exhibited maximum better and standard parent
heterosis for yield/plant, and also showed highest better
parent heterosis for pods/plant along with high
heterosis for seeds/pod and 100-seed weight.

Key words: Lens culinaris, lentils;  heterosis;
hybridization;, varieties; genotypes; yield components;
India.

Introduction

Lentil is a highly self-pollinated crop. The full exploitation
of heterosis through development of hybrid varieties will
not be possible in the near future. However, the
development of pure lines from segregating populations is
very important for producing high-yielding varieties.
Crosses exhibiting good heterotic expression in F, are
likely to give better segregants in later generations. Little
attempt has been made to obtain information about the
magnitude of heterosis involving microsperma and
macrosperma subspecies (Sharma 1991). Therefore, the

' Part of a PhD thesis submitted .by the first author.

*  Present address: Senior Scientist Pulses, G.B. Pant University
of Agriculture & Technology, Pantnagar, Nainital 263 145
(U.P), India.
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present investigation was undertaken to specify the
magnitude of heterosis in 30 F, hybrids involving
microsperma and macrosperma types.

Materials and Methods

Ten eco-geographically diverse lines were used as as
female parents: six microsperma type (NDL 1, Ranjan,
Pusa 4, IC 784013, K 78415 and 1363) and four
macrosperma types (Precoz, EC 151015, E 153 and E
258). These were crossed with three well-adapted and
released - varieties (Pant L 234, Pant L 406 and H 75: all
microsperma types) as pollinators in a line x tester design
to generate 30 hybrids. The material was sown during rabi
(winter) 1991/92 in a randomized block design with
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two replications. Plots were single rows, 3 m long with 30
cm between rows and 5 cm between plants within rows.
The parents and F;s were nested within crosses and
randomized. Observations were recorded on five randomly
selected plants from each of the F,s and parents for eight
characters. Heterosis was measured in percentage over the
better parent of the cross and the standard parent, which
was Pant L 406.

Results and Discussion

There was a high heterosis for yield/plant, which reached
significance over better parent in six crosses and ranged
from 48.6 to 1062% (Table 1). These six cross-
combinations also significantly out-yielded the standard
variety, by 46.2 to 82.2%. Heterosis for yield/plant was
not strictly proportional to the heterosis observed for yield
components. In the majority of crosses, heterosis in two or
three components coincided with heterosis for yield/plant.
The crosses showing standard heterosis for yield/plant also
expressed desirable standard heterosis for four to six other
characters, with the exception of NDL 1 x Pant L 406.
The cross Pusa 4 x Pant L 234 showed positive heterosis
for secondary branches/plant, and Pusa 4 x Pant L 406 did
so for pods/plant. Both of these crosses also had positive
standard heterosis for seeds/pod and 100-seed weight
along with yield/plant.

Among 12 hybrids involving microsperma  x
macrosperma, only one (EC 151015 x K 75) exhibited
significant positive heterosis for yield/plant over both
better and standard parents along with significant
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desirable heterosis for days to flowering (over both
parents) and significant positive heterosis for 100-seed
weight (over standard).

Besides yield, considerable heterosis was observed for
other characters, but its degree varied considerably
depending upon the character concerned. The best crosses
for various characters were EC 151015 x K 75 for days to
flowering; Precoz x K 75 for plant height; IC 784013 x K
75 for primary branches/plant; Pusa 4 x Pant L 234 for
secondary branches/plant; Pusa 4 x Pant L 406 for
pods/plant and seeds/plant. All of which showed
significant heterosis in desirable direction over both better
and standard parents. For 100-seed weight, more than half
of the Fs exhibited desirable heterosis over standard
variety; however, none of the crosses showed desirable
heterosis over the better parent. Several other workers
report high degrees of heterosis for yield and its
components in the F;s of various grain legumes (Singh
1991).

Secondary branches/plant, pods/plant, seeds/pod and
100-seed weight appeared important yield components
associated with manifestation of heterosis for yield. This
confirms the view that heterosis for yield is due to
heterosis in individual yield components.
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Cultivation of Lentil in Pakistan:
A Survey of Major Lentil-growing
Areas

M. Tahir, Habib-ur-Rehman Khan and
B.A. Malik

National Agriculture Research Center
Islamabad, PAKISTAN

Abstract

To obtain data on the causes of low yield in lentil (Lens
culinaris Medik.), 44 farmers were interviewed in
Punjab and NWFP — an area representing about 50%
of Pakistan’s lentil area. Lack of soil moisture at the
time of planting due to untimely rains was the most
serious problem identified in all but one of the districts
surveyed. Additional serious constraints were: plant
diseases (Bajaur and Narowal Districts); expense of
inputs (Swat and Attock Districts); wild boar (Gujrat
District); small size of land holdings (Narowal District),
and storage pests (Rawalpindi District).

Key words: Lens culinaris; lentils; cultivation; surveys;
crop loss; soil moisture; plant diseases; rain; costs; stored
products pests; small farms; boars; Pakistan.

Introduction

Lentil is a valuable legume crop of Pakistan in human
nutrition and in dryland cropping systems. However, the
production of lentil in the country is insufficient to meet
consumer requirements. Therefore, the Government has to
spend foreign exchange to import lentils. According to a
recent report by the Ministry of Finance, more than 32,000
tonnes of lentils were imported by the Government during
the five years 1987-92, which cost about 246 million
rupees.

The average yield of lentil in the country is about 408
kg/ha which is very low as compared with the world
average of 812 kg/ha (FAO 1992). The blame for poor
yield is generally placed on biotic (insects, diseases, etc.)
and abiotic (cultivation on marginal land, seed
distribution, etc.) stresses. Generalizations about these
stresses have been made from individual observations and
interviews with farmers, but not based on data to indicate
their range and intensity. Presently, no data are available
which identify the potential threats to lentil cultivation in
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various growing areas. Therefore, a survey of major
growing areas was conducted to identify the potential
factors (biotic and abiotic) responsible for low lentil yields
in farmers’ fields in Pakistan.

Procedural Qutline

Of the total area sown for lentils in the country, 75%
(67,900 ha) lies in the province of Punjab while another
three provinces — NWFP, Sind and Balochistan -
contribute 14%, 11% and 1%, respectively. The present
survey was confined to the major lentil-growing areas of
Punjab and NWFP. Table 1 lists the number of farmers
interviewed and the areas surveyed, which constituted
about 50% of the total lentil area.

of farmers

Table 1. Areas surveyed and number

questioned in each.

Target area Sample size

Rawalpindi Division 18
Gujaranwala Division 17
Swat and Bajaur (NWFP/FATA) 9
Total 44
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Observations/Results

Land holding and land tenure

The maximum land-holding size of 5.26 ha was recorded
in Bajaur Agency, with the minimum of 2.83 ha in
Gujaranwala Division (Fig. 1). Similarly, area allocated to
lentil crop was maximum (nearly 0.8 ha) in Bajaur and
least (0.5 ha) in Gujaranwala Division. The area of lentil
is drastically decreasing, particularly in Gujaranwala
Division, owing to land fragmentation. Land-tenure system
was governed by owner, owner-cum-tenant and tenant, and
the relative share was 77, 15 and 8%, respectively (Fig.
2), in all production zones.

Cropping pattern of different production zones

Table 2 shows the rabi (winter) and kharif (summer) crops
commonly grown in the lentil-growing areas of Pakistan.
The growing pattern of rotation of these crops is presented
in Table 3.

Lentil, being a rabi crop,is generally grown after the
harvest of kharif cereals and largely competes with wheat.
However, in Bajaur area lentil was grown on kharif fallow
lands as mixed crop with mustard (Brassica). A new
pattern of rains (showers in March —April), particularly in
Gujaranwala Division, has proved favorable for wheat
while supporting various diseases and causing lodging in

w O b ~0n I

;

Bajour/ Swat

Gujaranwala Rawalpindi
Production Zones

Overall

Il Area Sown B Land Holding]

Fig. 1. Average land holding and area allocated to lentil in
different production zones.
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lentil. Lack of soil moisture at sowing was the main
reason for fluctuation in the area of lentil crop from year
to year. The area under lentil in Bajaur was increasing
owing to Government policies to eradicate poppy.

Planting lentil as a sole crop was the dominant practice
only in Rawalpindi Division (Fig. 3). However, lentil was
sown as mixed crop in Bajaur and Gujaranwala Division
on 89 and 76% of the area, respectively. Mixed cropping
of lentil and mustard is a common practice in Bajaur,
whereas in barani (dryland, rain-fed) areas of Gujaranwala
Division, chickpea and linseed are grown as mixed crops
with lentil.

Production practices adopted by farmers

Land preparation

Two plowings for land preparation is common practice in
rain-fed areas of Gujaranwala Division and also in
Rawalpindi Division (Fig. 4). However, in Bajaur Agency,
lentil is grown on fairly well prepared soils and most of
the farmers plow their fields three times before planting.

Bajour/ Swat

Gujaranwala Rawalpindi

Production zones

FOwner

B Tenant M Owner Tenant

Fig. 2. Land tenure in different production zones of lentil.
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Table 2. Rabi and kharif crops most commonly grown in lentil-growing areas.

Zone District Rabi crops Kharif crops
Bajaur/Swat Bajaur Barley, lentil, poppy, mustard, wheat Maize, sorghum
Swat Barley, lentil, onions, peas, wheat Maize, mung, urd bean, tomato
Dir Barley, lentil, mustard, wheat Maize, sorghum
Gujaranwala Gujrat Chickpea, lentil, sesame, wheat Millet, mung, urd bean, moth bean, sorghum
Narowal Barseem, chickpea, lentil, wheat Millet, maize, urd bean, moth bean, rice,
sorghum, sugarcane, rape seed
Sialkot Chickpea, lentil, wheat Rice, urd bean, sunflower
Rawalpindi Attock Barley, lentil, mustard, wheat Mung, urd bean, maize, mustard, sesame
Chakwal Chickpea, lentil, mustard, wheat Millet, groundnut, maize, sorghum
Rawalpindi Barley, lentil, mustard, wheat Millet, groundnut, maize, mung, urd bean,
muskmelon

Table 3. Crop rotations commonly

practiced by lentil growers in different production zones.

Zone

District Common crop rotations

Bajaur/Swat

Gujaranwala

Rawalpindi

Bajaur (i) Fallow-lentil-maize—wheat/barley
(ii) Fallow-lentil-fallow—wheat/barley

Swat (i) Maize—lentil-maize—tomato/peas/wheat
(ii) Tomato—lentil-watermelon/maize-wheat
(iii) Fallow—lentil-fallow—wheat

Gujrat (i) Millet—lentil-fallow—wheat
(ii) Maize—lentil-fallow—wheat

Narowal (i) Millet—lentil-millet-wheat
(ii) Urd bean—lentil-sorghum—wheat/lentil
(iii) Fallow-lentil-millet-wheat
(iv) Rice-lentil-rice—wheat
(v) Flooded-lentil-flooded—wheat/lentil

Sialkot (i) Millet—lentil-fallow—wheat

(ii) Rice—lentil-kharif fodder—wheat
Attock (i) Maize/millet/sorghum—lentil-fallow—wheat
Chakwal (i) Lentil-urd bean—fallow—wheat

(ii) Lentil-sorghum/groundnut-wheat

Rawalpindi (i) Lentil-fallow/sorghum—wheat
(ii) Sorghum-lentil-fallow—wheat
(iii) Lentil-mung/sorghum-lentil
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Fig. 3. Cropping pattern of different production zones.

Sowing

Broadcast sowing was the exclusive practice for planting
lentil in all the areas surveyed. However, the seed rate
used varied from farmer to farmer, ranging from 12 to 37
kg/ha. Farmers in Bajaur were using a comparatively high
seed rate (35 kg/ha) compared to the 22 and 30 kg seed/ha
used by farmers in Rawalpindi and Gujaranwala Divisions,
respectively (Fig. 5).

Planting time of lentil in Bajaur area was mid-
September, while in Gujaranwala and Rawalpindi
Divisions it ranged from mid-October to early November
depending upon the rains (Table 4). Farmers of Bajaur
area seemed to be very particular about lentil planting
time. They have set the sowing time according to the rise
and movement of a group of stars locally called "Khhat".
According to them, late sowing reduces the number of
grains/pod and grain size, which then affect the economic
yield. Day-length is correlated with rising of these
particular stars.

Fertilizer application

Fertilizer application was not a common practice among
the growers in any of the regions. However, some farmers
applied fertilizer without any recommendation (Table 5).
Most of the growers claimed that fertilizer is very

16

W Zero tilage [l 1 Plowing Il 2 Plowings 3 Plowings | |4 Plowings

60 —

50 —

40 —

Incidence (%)
(]
o
|

0 — T E T
Bajour/Swat Gujaranwala

Overall

Rawalpindi
Production Zones

Fig. 4. Land preparation for lentil cultivation in different
production zones.

expensive and the most popular fertilizer (diammonium
phosphate) is often not available in the market. Black
marketing also discourages the poor growers to apply
fertilizer to this "risky crop".

Seed rate (kg/ha)
n
o

Bajour/Swat Gujaranwala Rawalpindi Overall

Production Zones

Fig. 5. Seed rate used for lentil planting in different
production zones.



Table 4. Sowing and harvesting time of lentil in different production zones.
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Zone District Sowing date Harvest date
Bajaur/Swat Bajaur Mid-September Mid-May
Swat Mid-October End May
Gujaranwala Gujrat Early November End April
Narowal End October Mid-April
Sialkot Early November End April
Rawalpindi Attock Mid-October End April
Chakwal Mid-October Mid-April
Rawalpindi Early November Mid-April

Table 5. Fertilizer application by lentil growers in different production zones.

Zone District Fertilizer application
Bajaur/Swat Bajaur (i) Nitrophos @ 124 kg/ha
(ii) Ammonium sulfate @ 124 kg/ha
Swat (i) DAP @ 248 kg/ha
Gujaranwala Gujrat (i) DAP @ 124 kg/ha
(ii) Urea @ 124 kg/ha
(iii) Farmyard manure @ 5 trolleys/ha
Narowal (i) Urea @ 40 kg/ha
Sialkot Not common practice
Rawalpindi Attock (i) Urea @ 79 kg/ha
(ii) Urea + DAP @ 124 kg/ha each
Chakwal (i) Urea @ 40 kg/ha
Rawalpindi (i) Urea @ 82 kg/ha

(i) Urea + DAP @ 62 kg/ha each

DAP = diammonium phosphate.

Weeding practices

Weeding practice in the lentil crop as well as the purpose
of weeding varied according to the needs and resources of
the farmers in different production zones (Figs 6 and 7).
Scarcity of fodder is very common in all the rain-fed
areas, so weeding has dual purpose: besides protecting the

crop, farmers get green fodder for livestock (Fig. 7). This
practice ultimately decreases grain yield, because in most

of the fields

weeding is practised after the critical time.

Common weed species observed in lentil fields are listed

in Table 6.
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Bajour/ Swat Gujaranwala Ovenall

Rawalpindi
Production Zones

Fig. 6. Percentage of farmers practising weeding in different
production zones.
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Fig. 7. Purpose of weeding in different production zones.

Table 6. Common weedst of lentil in different production zones.

Zone District Weedst

Bajaur/Swat Bajaur Maina, Billi Booti, Dumbi Grass
Swat Not a serious problem

Gujaranwala Gujrat Maina, Billi Booti, Wild Vetch, Pohli
Narowal Maina, Billi Booti, Bathu, Piazi, Wild Vetch
Sialkot Pohli

Rawalpindi Attock Wild Oat, Pohli, Laili, Wild Vetch, Billi Booti
Chakwal Papra, Pohli, Piazi
Rawalpindi Maina, Pohli, Billi Booti, Piazi, Dodhak

t Bathu = Chenopodium album L.; Billi Booti = Anagallis arvensis L.; Dodhak = Euphorbia helioscopia L.; Dumbi Grass = Phalaris minor Retz.; Laili
= Convolvulus arvensis L.; Maina = Medicago polymorpha L.; Papra = Fumaria parviflora Lam.; Piazi = Asphodelus tenuifolius Cav.; Pohli = Carthamus

oxycantha Bieb.; Wild Oat = Avena fatua L.; Wild Vetch = Vicia sativa L.

Diseases and insects

Diseases and insects observed in surveyed areas are
presented in Table 7. Most fields in Bajaur and Swat area
were disease-free, but ascochyta blight and botrytis were
present in traces. In Gujaranwala Division, an unidentified
disorder causing burning of crop along with rotting of
roots was observed after torrential rains, usually at the
time of pod formation. This was noted as a serious threat
to the crop for several years. Devastation of the lentil
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crop in Narowal Tehsil resulted in a drastic decrease in
production area. Similarly, ascochyta blight was recorded
as an important disease in Rawalpindi Division, causing
severe damage every year. Among insects, pod borer
causes minor problems in Swat and Gujaranwala area.
Bruchid, a stored grain pest, is a problem in Rawalpindi
Division, therefore marketing of the produce just after
threshing is a common practice.
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Table 7. Common diseases and insects of lentil crop in different production zones.

Zone District Diseasest Insectst
Bajaur/Swat Bajaur Botrvtis: Blight None
Swat Botrytis: Blight: Chlorosis Pod Borer
Gujaranwala Gujrat Blight None
Narowal Blight; Root Rot; Rust; Unknown Disorder White Ant; Pod Borer
Sialkot Blight; Root Rot None
Rawalpindi Attock Blight None
Chakwal Blight None
Rawalpindi Blight; Stem Rot Bruchid

t Blight = Aschochyta lentis Bond & Vassill,; Botrytis = Botrytis cinerea Pers. ex Fr.; Root Rot = Rhizoctonia solani Kiihn, Rust = Uromyces fabae
(Pers.) de Bary; Pod Borer = Etiella zinkenalla Treitschke; Unknown Disorder = Burning of plants coupled with rotting of roots duc to unidentified

organism.

Production potential and economics

Grain yield, cost of cultivation and net return

Average grain yield of lentil by zone is presented in Fig.
8. Lentil yields were generally higher in Bajaur area (1420
kg/ha) compared with Gujaranwala and Rawalpindi
Divisions (857 and 892 kg/ha, respectively). Higher grain
yield in Bajaur was due to weed-free fields, minor
problems of disease, insect and other pests, planting on
kharif fallow lands and comparatively long growing
season. Moreover, farmers in Bajaur area grew lentil as a
cash crop and most of the produce was sold in the market;
farmers in Gujaranwala Division grew lentil mainly for
domestic consumption. The trend of the growers in
Rawalpindi Division was also toward marketing because
they used the lentil mostly in the form of dal.

In Bajaur Agency and Gujaranwala Division, 67 and
71% of the growers disposed of their produce at the farm
gate, whereas 72% of growers of Rawalpindi Division
sold their produce in the nearest market (Fig. 9). Highest
cultivation cost was recorded in Bajaur Agency (Rs.
1421/ha; Fig. 10) and lowest in Rawalpindi Division (Rs.
954/ha). There was much variation in net income among
the growers interviewed, but average net return was
highest in Bajaur (Rs. 11,532/ha), followed by
Gujaranwala Division (Rs. 4922/ha).

Use of lentil straw

Lentil straw is considered a poor feed for cattle because
of its adverse effects on health. Therefore, it is mixed with
wheat straw and used as feed for livestock other than milk
animals. Generally, lentil straw was used as donkey feed
or as a kitchen fuel. Data show that in Bajaur area lentil
straw is mostly used for livestock (Fig. 11), whereas 56%
of the farmers of Rawalpindi Division reported that they
did not use lentil straw at all.

Growers’ awareness of improved varieties

The technical knowledge of the lentil growers regarding
improved production technology, particularly improved
varieties, was poor. None of the growers in Gujaranwala
Division knew anything about improved varieties of lentil
(Fig. 12). In Rawalpindi Division, some 22%, mostly
belonging to the Farming System Research (FSR) target
area of Fatehjang, knew about Mansehra-89 (Precoz), a
bold-seeded variety. However, the same growers pointed
out difficulties in marketing the produce of Mansehra-89.
No other improved variety was observed in the fields in
the FSR target area, and no improved varieties were
grown elsewhere. Either local landraces or mixtures were
grown throughout the lentil-production zones surveyed.
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Technical support from Agriculture Department

Of the lentil growers in Gujaranwala and Rawalpindi can be attributed to Government policies which give more
Divisions, 94 and 78%, respectively, were never emphasis to major crops like wheat, rice and maize. The
approached by the Agriculture Department (Fig. 13). This other drawback was that none of the production inputs

20



LENS Newsletter 21(2) 1994

(fertilizer, seed, machinery and credit) are controlled by Overall Assessment
the Extension Department, which has the mandate to
contact the farmers and transfer improved production
technology. Some on-farm research activities are carried
out exclusively by the Research Department. We
recommend that on-farm research activities should always Reference

be conducteq in collaborat1(')n with other relevant agencies FAO. 1992. FAO Production Yearbook 1992. Food and
such as Agriculture Extension. . o
Agriculture Organization, Rome, Italy.

The most important constraints to lentil production in each
area surveyed are listed in Table 8.
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Fig. 12. Farmers’ awareness about the improved lentil Fig. 13. Availability of technical support to farmers in
variety in different production zones. different production zones.

Table 8. Most important problems identified by lentil growers in different production zones.

Zone District Common problems

Bajaur/Swat Bajaur Lack of soil moisture at the time of planting due to untimely rains.
Local varieties susceptible to diseases with low yield potential.

Swat Lack of soil moisture at the time of planting due to untimely rains.
Expensive inputs.

Gujaranwala Gujrat Lack of soil moisture at the time of planting due to untimely rains.
Wild boar.
Narowal Diseases of lentil particularly unknown disorder
Small land holding size.
Sialkot Lack of soil moisture at the time of planting due to untimely rains.
Rawalpindi Attock Lack of soil moisture at the time of planting due to untimely rains.
Expensive inputs.
Chakwal Lack of soil moisture at the time of planting due to untimely rains.
Rawalpindi Lack of soil moisture at the time of planting duc to untimely rains.

Stored grain pests.
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Effect of Date of Sowing and Seed-
rate on Growth and Yield of Lentil

H.S. Sekhon, Gurigbal Singh and S.S.

Sandhu

Punjab Agricultural University
Department of Plant Breeding
Ludhiana — 141004, Punjab, INDIA

Abstract

Field experiments comparing sowing dates, seed rates
and cultivars of lentil (Lens culinaris Medik.) were
conducted during 1987 -93 winter seasons on loamy
sand soil and under irrigated conditions in Punjab,
India. Sowing on 25 Oct. produced significantly higher
yields than sowing on 20 Nov.: 29.9, 22.6 and 41.2%
higher grain yield in 1987/88 to 1989/90, respectively.
For small-seeded lentils (1.7 g/100 grains) a seed-rate
of 22.5 kg/ha was optimum for 25 Oct. sowing, whereas
37.5 kg seed/ha was needed for 20 Nov. sowing. The
grain yield tended to decrease when a higher seed-rate
of 37.5 kg/ha was used on 25 Oct. However, for
medium-sized lentils (2.8 g/100 grains) under normal
planting (end Oct.), 60 kg seed/ha was needed to
achieve higher productivity. The use of 75 kg seed/ha
showed decrease in yield.

Key words: Lens culinaris; lentils; sowing date; seeding
rates; varieties; yields; India.

Introduction

In India, lentil is an important winter pulse crop. Time of
sowing is an important non-monetary factor to exploit its
potential grain yield as it affects plant growth and
development due to environmental change. Moreover, it is
important to study the seed-rate responses to sowing dates
since plant population is also a major factor affecting
productivity. Higher plant population may cause severe
competition between plants and lanky growth leading to
lodging of the crop, which can result in poor yields. On
the other hand, low plant populations do not use the
available natural resources efticiently and yields are
generally low. Therefore, there is a need to manipulate the
plant population according to time of sowing.
Furthermore, new genotypes of lentil with medium-sized
grains have recently been developed and information
regarding their seed-rate requirement was lacking. The
present investigations were undertaken to find out the
effect of sowing dates and seed-rates on the growth and
yield of lentil.
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Materials and Methods

Experiment 1

A field trial was conducted during 1987/88 to 1989/90 on
loamy sand soil at the Punjab Agricultural University,
Ludhiana, India. The experimental soil had pH 8.3 and
was low in organic carbon (0.32%) and available nitrogen
(106 kg N/ha), but medium in available phosphorus (17.4
kg P/ha) and potash (235 kg K/ha). Two sowing dates (25
October and 20 November) were used in the main-plots
and three seed-rates (22.5, 30 and 37.5 kg/ha) as sub-plots
in a split-plot experiment. Small-seeded variety ‘LL 147
(100-grain weight about 1.7 g) was sown at a row distance
of 22.5 cm.

Experiment 2

A second experiment was conducted on medium-sized
lentil having 2.8 g average 100-grain weight during
1991/92 and 1992/93 comparing three/four genotypes (LG



362, LH 84-8, DPL 13 and DPL 30) sown at the seed-
rates 45.0, 60.0 and 75.0 kg/ha, in a split-plot design with
three replications. The crop was sown on 28 and 30 Oct.
during the two consecutive years. A basal dose of 15 kg
N and 40 kg P,Os/ha was given to the crop.

In both experiments, we recorded grain yield, plant
height and the yield attributes number of pods/plant,
seeds/pod and 100-seed weight.
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Results and Discussion

Grain yield significantly decreased with the delay in
sowing (Table 1). There were 29.9, 22.6 and 41.2%
increases in grain yield in the 25 Oct. sowing over the 20
Nov. sowing during the three consecutive years. The
higher grain yield in 25 Oct. sowing was possibly due to
better plant growth and significantly higher values of yield
attributes (Table 2). In all years, plants were significantly

Table 1. Grain yield (kg/ha) of lentil as influenced by seed-rate under different sowing dates.

Seed-rate Grain yield (kg/ha)
(kg/ha)
1987/88 1988/89 1989/90
20 Oct. 20 Nov. Mean 25 Oct. 20 Nov. Mean 25 Oct. 20 Nov. Mean
225 1308 855 1081 2034 1548 1194 1493 924 1208
30 1206 943 1074 2020 1626 1249 1493 1050 1271
375 1160 1007 1083 1973 1733 1235 1391 1128 1259
Mean 1225 935 2009 1635 1459 1024
LSD at 5% 1987/88 1988/89 1989/90
Sowing dates 218 195 101
Seed-rate NS NS NS
Interaction NS NS 113
Table 2.Effect of sowing date and seed-rate on growth and yield attributes of lentil.
Attribute Sowing date Seed-rate (kg/ha)
Oct. Nov. LSD at 5% 225 30 37.5 LSD at 5%
Plant height (cm)
1987/88 393 26.1 2.8 323 32.6 33.1 NS
1988/89 41.6 28.1 3.1 34.6 349 35.1 NS
1989/90 413 29.3 3.5 349 35.3 357 NS
Number of pods/plant
1987/88 923 68.7 4.1 88.8 81.2 71.4 2.6
1988/89 117.1 88.4 3.8 110.6 103.5 94.1 3.1
1989/90 90.4 67.2 4.6 88.1 843 72.9 2.8
Number of seeds/pod
1987/88 1.7 1.3 0.1 1.5 1.5 1.4 NS
1988/89 1.7 1.4 0.2 1.6 1.5 1.5 NS
1989/90 1.6 13 NS 1.5 1.4 14 NS
100-seed weight (g)
1987/88 1.78 ° 1.64 0.09 1.74 1.71 1.68 NS
1988/89 1.80 1.65 0.11 1.75 1.72 1.70 NS
1989/90 1.73 1.58 0.13 1.69 1.84 1.62 NS
23
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taller in the earlier sowing. Similarly, number of
pods/plant and number of seeds/pod were reduced with
delayed sowing. The test weight was 1.73 g to 1.80 g in
the 25 Oct. sowing, while it was 1.58 to 1.65 g in the 20
Nov. sowing. Singh and Saxena (1982) and Singh and
Atma Ram (1986) report similar observations regarding
the effect of planting date on the seed yield of lentil.

Variation in seed-rate did not influence the plant
height, number of seeds/pod or 100-seed weight. However,
number of pods was significantly higher in the treatment
of 22.5 kg seed/ha than in the 30.0 and 37.5 kg seed-rates.
The decrease in number of pods at higher seed-rates
(Table 2) was possibly due to increased competition
between plants. The mean values for grain yield did not
differ significantly across seed-rates, yet the interaction
between date of sowing and seed-rate was significant
during 1989/90. A seed-rate of 22.5 kg/ha in 25 Oct.
sowing produced maximum grain yield (1493 kg/ha),
while in 20 Nov. sowing the highest yield (1128 kg/ha)
was obtained with 37.5 kg seed/ha. Although during
1987/88 and 1988/89 the interaction effects were non-
significant, the trend of grain yield was almost the same
as recorded in 1989/90.

Genotypes showed variability in yield (Table 3). In
1992/93, genotype LG 362 was significantly superior to
LH 84-8. However, in 1991/92, the differences among
genotypes were not significant. In 1992/93, a seed-rate of
60 kg/ha was significantly better than 45 kg seed/ha.
Similar results in the grain yield were obtained during
1991/92. The use of 75 kg seed/ha showed decrease in
yield.

Table 3. Grain yield (kg/ha) of lentil genotypes
(medium-size seeds) as influenced by different

seed-rates.
Treatment 1991/92 1992/93 Mean
Genotype
LG 362 1687 1186 1436
LH 84-8 1895 1067 1481
DPL 13 1864 1126 1495
DPL 30 Nt 1126
LSD at 5% NS 61
Seed-rate (kg/ha)
45 1750 1044 1397
60 1886 1195 1540
75 1809 1139 1474
LSD at 5% NS 71

Nt Not tested
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Growth Pattern of Lentil under
Different Seed Rates, Row Spacings
and Fertilizer Levels

M.C. Sharma' and Har Pal Singh’
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Abstract

A study was undertaken at the'A.S. College Lakhaoti
(Bulandshahr), U.P., India, during rabi (winter)
1982/83 and 1983/84 to investigate the growth pattern
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of lentil (Lens culinaris Medik.) with three seed-rate,
two row spacings and eight fertilizer levels including
one control (no inoculation and no fertilizer). Number
of plants/ha was considerably higher under narrow
spacing and higher seed-rate. Plants were slightly
taller, sparsely branched with less-spread canopy under
higher seed-rates, while they had more spreading
canopy, profuse branching and were shorter under
wide row spacing. During early stages of growth,
higher seed-rates and wide row spacing were associated
with high net assimilation rate. In general, plants were
taller and more spreading under inoculation + 20 kg N
+ 50 kg P,O.ha, followed by inoculation alone. A
treatment combination of inoculation with 20 kg N +
50 kg P,0ha, followed by 20 kg N + 50 kg P,0,,
inoculation + 50 kg P,O; inoculation alone and
inoculation + 20 kg N/ha appreciably improved the dry
matter accumulation in stem and leaf and total dry
matter accumulation, plant height, lateral spread,
number of branches and crop growth rate resulting in
higher grain yields over control. Highest grain yields
were achieved with 60 kg seed/ha, 20 cm row spacing
and full fertilizer treatment.

Key words: Lens culinaris; lentils; plant habit; seeding
rates; spacing; fertilizer application; application rates;
canopy; yields; India.

Introduction

Uttar Pradesh (U.P.) is the largest lentil-growing state of
India, contributing about 434,000 ha and 209,000 tonnes
to the total area and production, respectively. Leatil is
considered one of the most nutritious pulses. The mean
grain yield in U.P. is low (713 kg/ha). This winter pulse
is mainly grown in dryland agriculture. The main
constraint to lentil production is poor agricultural
management such as inadequate fertilizer application and
plant population.

Besides adequate seed inoculation, a knowledge of
growth pattern of lentil in relation to application of
nitrogen and phosphorus alone and in combination with
planting geometry is of prime importance. Both plant
population and its geometry are varied by altering inter-
and intra-row spacing. Agronomic research on lentil crop
is considered to be limited to a particular agro-climatic
region. In western plain-zone of U.P., there was
insufficient information on the effects of seed-rate, row
spacing and fertilizer application on lentil growth. The
present study was, therefore, conducted in the 1982/83 and
1983/84 seasons.
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Materials and Methods

Field experiments were conducted during rabi (winter)
1982/83 and 1983/84 at the Instructional Research Farm
of the A.S. College, Lakhaoti (Bulandshahr), U.P. (India),
to investigate the growth pattern of lentil under different
seeding rates, row spacings and fertilizer levels.
Treatments consisted of three seed-rates (20, 40 and 60
kg/ha), two row-spacings (20 and 30 cm) and eight
fertilizer levels including control (Table 1). The
experiment was laid out in a single split-plot design with
three replications of 48 treatment combinations keeping
combinations of seed-rates and row spacings as main plots
and fertilizer levels in sub-plots. Lentil (cv. Pant L 639)
was sown on 29 November 1992 and 30 November 1993,
in plots of 6 x 3 m. Net plot size was 5.0 x 1.8 m. The
soil of the experimental field was sandy loam in texture
and low in nitrogen and phosphorus with pH 7.6 during
1982/83 and pH 7.5 during 1983/84.

Total rainfall (planting to harvesting) was 49 mm
during 1982/83 and 70 mm during 1983/84 crop season.
Meteorologically, the second season (1983/84) was more
favorable for the growth of lentil than the first season.
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Table 1. Fertilization of plots.

Fertilizer Inoculation N P,0.
treatment no. (kg/ha) (kg/ha)
| (control) = 0 0
2 + 0 0
3 - 20 0
: - 0 50
5 + 20 0
: + 0 50
7 - 20 50
E + 20 50

Observations were recorded on five randomly selected,
tagged plants in the guarded row of the demarcated 2-m
row length in each plot at 30, 60 and 90 days after
sowing. For the study of total dry matter accumulation and
growth parameters, the plants were sampled from 25-cm
row length and data converted into g/m’.

Results and Discussion

Lower seed-rate (20 kg/ha) had a favorable effect on
characters related to plant growth such as number of
branches and lateral-spread (Table 2). The lateral spread
recorded under 40 kg/ha was equal to that of 20 kg/ha, but
higher than that of the 60 kg/ha seed-rate. Donald (1965)
reports that this type of response may be regarded as
mainly due to plant competition for light, air, soil moisture
and nutrients under high seed-rates. It can be inferred that
the extent of plant population under 40 kg/ha seed-rate
may have been enough to compensate the per-plant
advantage accrued to individual plants under the 20 kg/ha
seed-rate (Tripathi 1982) and thereby recorded higher
grain yield than that of 20 kg/ha and on par with that of
60 kg/ha. The crop growth rate (CGR) and total dry matter
accumulation increased significantly up to 60 kg seed/ha.
The association of total dry weight with CGR was highly
significant and positive at 60-90 day stage (Table 3).
Total dry matter accumulation per unit area as well as the
dry matter of plant components (leaf and stem) were
increased under higher seed-rates (Table 2 and 3). The
higher dry matter may be due to greater leaf area in terms
of leaf dry weight (Table 3) resulting in higher CGR by
way of increased photosynthesis at the 60-90 day stage
(Table 3).
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A row spacing of 20 cm gave higher dry matter
accumulation (Table 2 and 3) which was attributed to
efficient arrangement of plants that presented a greater
total canopy surface to convert solar energy into chemical
energy resulting in higher dry matter production and grain
yield (however, the difference in grain yield between 20-
cm and 30-cm row spacing was not significant in
1992/93). It could be inferred that inter-plant competition
for light and space was also lower with the planting
geometry obtained from rows spaced 20 cm apart,
resulting in best utilization of available natural resources
(Shibles and Weber 1966). CGR was significantly higher
and net assimilation rate (NAR) was relatively higher
under 20 cm row spacing (Table 3). In general, plants
were taller and more spreading under the treatment
containing inoculation + 20 kg N + 50 kg P,Oha,
followed by inoculation alone. Highest grain yield was
achieved with the treatment inoculation + 20 kg N + 50
kg P,O.ha; however, results from inoculation + 50 kg
P,Osha and 20 kg N + 50 kg P,0O./ha were not
significantly different from the best treatment, Total dry
matter accumulation and CGR were highest under the
treatments having inoculation + 20 kg N + 50 kg P,O,, 20
kg N + 50 kg P,O,, and inoculation + 50 kg P,O./ha. It
may be argued that higher nitrogen fixation due to
inoculation alone and with application of N and P,
simulated nodulation, and root and shoot growth
appreciably (Parr and Bose 1944; Saxena and Singh
1976).
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Rhizobial Inoculation and
Fertilization of Lentil in Bangladesh
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Abstract

An experiment was conducted at Muktagacha site
during rabi season (winter) of 1993/94 to study the
effects of a rhizobial strain in mixture with N, P and K
on the growth and yield of lentil (Lens culinaris Medik.
‘L-5’). Inoculation with Rhizobium significantly
increased all the yield and growth attributes except the
for number of seeds/pod, compared with uninoculated
plants receiving no nitrogen fertilizer. That is, the
lowest grain yield (583 kg/ha) was obtained from the
treatment having no fertilizer or inoculation and the
highest yield (1039 kg/ha) was achieved by the
inoculated treatment in combination with 30 kg N, 60
kg P,O; and 20 kg K,O.

lentils;  Rhizobium;
potassium fertilizers;

Key words: Lens culinaris;
inoculation; nitrogen fertilizers;
phosphate fertilizers; Bangladesh.

Introduction

Lentil is one of the important grain legumes in Bangladesh
(Alam et al. 1990). It is cultivated under a wide range of
agro-ecological conditions in different cropping systems
(Kumar et al. 1993). Among the various pulses, lentil has
occupied the top position in terms of popularity and has
been placed second for area and production in Bangladesh.
The land cultivated for lentil in Bangladesh is usually
marginal (as are areas for other pulses), and mostly rain-
fed, since cereals such as rice and wheat occupy the
majority of the productive and irrigated areas. This is one
of the main reasons for the low yield and stagnant
productivity of lentil in the country. However, there is
scope to overcome these constraints through cultivation of
modern varieties, fitting them into traditional cropping
systems, and the use of seed inoculation with effective
Rhizobium strains for better nodulation, nitrogen fixation
and higher grain yield.

like other pulses, has the ability to fix
nitrogen through symbiotic root-nodule

Lentil,
atmospheric
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bacteria. This ability of symbiotic fixation may offer an
opportunity to improve soil fertility and crop productivity
using no or less nitrogenous fertilizers. About 85% or
more of the N needs of lentil may be met by symbiotic N
fixation through inoculation with effective Rhizobium
strains in the field and yield may be increased to 2 t/ha
through lentil seed inoculation (Bisen et al. 1980).

Lentil is the most important grain legume crop of
Mymensingh, but the area of this crop is decreasing owing
to continuous rice cultivation; yields are also decreasing.
The average yield of lentil hardly exceeds 400600 kg/ha.
Most farmers do not use any fertilizer. As there is great
potential to increase yield by exploiting better colonization
of their roots and rhizosphere by effective rhizobial
inoculation, the present study was undertaken at
Muktagacha.

Materials and Methods

The experiment was conducted at the testing site of
Muktagacha, Mymensingh district during rabi season
(winter) of 1993/94 on loamy soil of average fertility. The
soil of the experimental plot was moderately fine textured
and had a pH of 6.7. The crop variety was L-5. The trial
was laid out in a randomized complete block design with
four replications. There were five treatments: (i) 0-0-0 kg
N-P,0,-K,O/ha (farmers’ practice); (ii) 30-0-0 kg
N-P,Oq K.th'l + inoculum; (iii) 0-60-20 kg N-
P,O; —K O/ha + inoculum; (iv) 30-60-20 kg N-P,O,—
K, Ofha, and (v) 30-60-20 kg N-P,0.-K, O/ha +
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inoculum. The unit plot size was 10 x 5 m. The seed rate
was 30 kg/ha. The lentil seeds were coated with inoculant
using molasses as adhesive. The coated lentil seeds were
broadcast in the field on 20 November 1993. Fertilizer
was applied basally. Cultural management was practised
as and when necessary. The crop was harvested after 101
days.

Results and Discussion

Data on plant population, plant height, number of primary
branches, number of pods/plant, number of seeds/pod,
1000-seed weight and grain yield are presented in Table
1. Number of nodules, nodule weight and shoot weight
were also calculated.

Growth attributes

All the characters investigated showed significant
differences with treatment, except number of seeds/pod.
Growth attributes (number of primary branches, number of
nodules/plant, shoot weight (kg/ha), etc.) were
significantly increased by inoculation with Rhizobium.
Vigorous plant growth, significantly taller plants and more
branches in the inoculated treatment may be attributed to
greater N availability for the crop. A significant effect of
30 kg N, 60 kg P,0, and 20 kg K,O was observed on
plant height, number of nodules and shoot weight/ha.
Significant variation in the plant height of N-fertilizer and
unfertilized treatments indicated the role of a starter dose
of N in promoting effective rhizobial activity for
biological N-fixation in later growth stages. However,
nodule weight was not significantly affected by the
application of nitrogen and inoculation except at the full
recommended dose and inoculation. Application of

phosphorus at 60 kg/ha with 20 kg potash and inoculation
significantly increased plant height, primary branches,
number of nodules and nodule weight.

Yield and yield components

Inoculation significantly increased number of pods/plant
and 1000-seed weight. Recommended doses of 20 kg N,
60 kg P,O, 20 kg K,O with inoculation produced the
highest grain yield (1039 kg/ha), whereas the farmers’
practice treatment (no fertilizer and inoculation) gave the
lowest yield (583 kg/ha). The same trend was observed for
straw yield. It was also observed that without nitrogen
application inoculated treatment with PO, and K,O did
not give higher yield than the recommended dose of
fertilizer (30 -60 20 kg N-P,0,—K,O/ha).

It may be concluded that inoculation with complete
doses of N-P,0,-K,0 may produce better results than
other combinations of non-inoculation and less fertilizer.
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Table 1. Effect of inoculation on the growth and yield attributes of lentil

Treatment Plant Plant No. of No. Nodule Shoot No. of No. of  1000- Grain Straw
(kg N-P,O, - height pop primary nodules/  wt/plant wt pods/ seeds/ seed wt yield yield
K,O/ha) (cm)  (no./m?)  branches/plant plant (kg/ha)  plant pod (g) (kg/ha)  (kg/ha)
0-0-0 (Farmers’ 28.7 70 1.80 6.05 1.40 198 34.7 1.60 15.43 583 1341
practice)

30-0-0 + 30.8 79 1.98 7.4 1.45 209 38.0 1.73 16.30 945 1394
inoculum

0-60-20 + 30.7 73 1.88 7.5 1.43 211 41.7 1.78 15.93 980 1390
inoculum

30-60-20 31.2 75 1.86 7.95 1.60 219 37.6 1.75 15.45 981 1426
30-60-20 + 33.0 86 2.14 10.1 2.63 235 55.5 2.01 17.43 1039 1628
inoculum

CV (%) 5.09 6.2 9.06 9.25 44.25 4.2 11.40 10.11 4.58 3.8 4.9
LSD (0.05) 2.45 7.6 ° 0.86 1.12 0.44 14.1 7.35 NS 0.92 54.5 156.6
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Computer Simulation Model of Lentil
Growth and Development

Bruce A. McKenzie, George D. Hill and
J. Nick Gallagher

Plant Science Department, Lincoln University
P.O. Box 84, Canterbury, NEW ZEALAND

Abstract

A computer simulation model of lentil (Lens culinaris
Medik.) crop growth, development and yield has been
developed and validated from five years of research in
Canterbury, New Zealand. The model is based on the
relationship between crop dry matter production and
intercepted solar radiation. Submodels determining
crop water-use and phenology are based on potential
evapotranspiration and on accumulated thermal or
photothermal time, respectively. The model has proved
accurate for predicting various phenological events in
Canterbury. Predicted dates of flowering were within
3 days of actual dates in 7 out of 8 sowing dates. Only
in a crop which was severely infected with Borrytis
cinerea were phenological predictions inaccurate. Crop
growth and dry matter accumulation over the growing
season were predicted reasonably well. However, actual
late spring sowings tended to grow faster than the
simulated spring sowings. Total dry matter production
was predicted accurately with the predicted values over
8 sowing dates within 15% of the actual values.
Analysis showed that the model was very sensitive to
changes in the utilization coefficient, but less so to
changes in the extinction coefficient and optimum
temperature. The model requires more extensive
validation, particularly outside Canterbury. However,
it is already useful in predicting yields, flowering dates
and irrigation requirements of lentils in Canterbury.

Key words: Lens culinaris, lentils, computer software;
simulation models; growth; plant development; yields;
flowering; demand irrigation; forecasting; New Zealand.

Introduction

Lentil is a relatively new crop in Canterbury. However,
the area sown to lentils is increasing each year (Gerhalter
and Hill 1992) because the crop provides a profitable
alternative to peas and cereals for farmers on the
Canterbury Plains.
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Many farmers are interested in growing lentils.
However, climate and soils in the area are quite variable.
The Canterbury Plains were derived from braided river
beds which often gave variable soil depth over relatively
small areas. Traditional agronomic field trials are an
expensive way to determine suitability of a crop to a
particular region. Additionally, it can be difficult to
extrapolate results of field trials from one growing season
to the next. A different approach to the problem of
determining the suitability of a crop to a region involves
the production of a mechanistic computer simulation
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model. Many such models have been produced including:
the AFRC (Agriculture and Food Research Council) model
to predict yield and leaf area index of wheat in the United
Kingdom (Weir et al. 1984); and the CERES (Crop
Evaluation Resource Environment Synthesis) models, e.g.
CERES-Maize (Ritchie et al. 1989).

A mechanistic model has many advantages over
traditional field trials for determining suitability of a crop
for an area. If the model is based on sound physical and
biological responses to environmental inputs, accurate
yield predictions over different sites and seasons are
possible.

There are of course some potentially serious problems
with the modelling approach. Most models are based on
a number of assumptions. These assumptions, if incorrect,
can result in inaccurate predictions. Additionally,
conditions which are extreme may cause problems for the
modeller if these conditions are outside those experienced
when the model was developed. Finally, the cost in time
and money to develop and then validate a model is high.

The major aim of the research project reported here
was the production of a simple computer simulation model
of lentil growth and development. The model could then
be used by farmers, extension officers and researchers
interested in growing lentils in Canterbury. Additionally,
with fine tuning and further validation, the model may
prove useful overseas.

Materials and Methods

A fully detailed description of materials and methods is
presented in McKenzie and Hill (1989), therefore, only a
brief account of the materials and methods of the field
trials used for model development and validation are
presented here.

The computer model was based on data collected from
2 of 6 sowing dates in 1984/85. The other sowing dates in
1984/85 and the two sowing dates in 1985/86 were used
for initial validation. In 1984/85, the experiment was a
randomized complete block, split-plot factorial design. Six
sowing dates ranging from April to November were main
plots. Sub-plots consisted of a factorial combination of
four treatments: full irrigation or none, and two cultivars,
Titore or Olympic.

In 1985/86, the experiment was a randomized complete

block factorial combination of two sowing dates and four
irrigation levels. Crops were sown on 20 May or 26
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August. The four irrigation treatments were full irrigation,
two-thirds full irrigation, one-third full irrigation and no
irrigation.

Data collected for model development included:
accumulated dry matter, leaf area, potential soil moisture
deficit, dates of all important phenological stages, seed
yield and yield components, solar radiation intercepted and
some rudimentary information on rooting.

Data was also collected from experiments conducted in
1989, 1990 and 1991 so that comparisons could be made
with simulations run using the same sowing dates as the
real experiments.

Model development

The model is based on work by Montieth (1977), where
total dry matter (TDM) production is the integral of crop
growth rate over time from emergence to physiological
maturity. Seed yield is the product of harvest index and
TDM.

Crop growth rate (CGR) is dependent upon: the amount
of solar radiation (s) intercepted by the crop canopy; the
efficiency at which s is converted into dry matter (u); and,
a drought factor d; which stops growth under dry
conditions. These factors combine mathematically to
describe crop growth in Equation 1.

CGR =05 *s*f *u*d Equation 1
Where f = the fraction of radiation which is absorbed by
the crop.

Equation 1 indicates the submodels which are
necessary to accurately simulate crop growth, i.e. those
needed to calculate f; and d..

The submodel used to determine the amount of
radiation intercepted by the crop is based on Gallagher
and Biscoe (1978), where:

f, =1 - exp(-k * GAI) Equation 2
Where k = extinction coefficient, an indication of how
rapidly light is extinguished as it passes through the
canopy, and GAI = green area index.

Green area index, the variate driving Equation 2, was
simulated most accurately (though not mechanistically)
using a relative leaf area growth rate which was linearly
dependent upon daily thermal time (Equation 3). However,



upon attaining a GAl of 7 or greater, GAI was not
allowed to increase further.

Leaf growth rate = -0.0174 + 0.00892 * tt; Equation 3

Where tt, = daily thermal time.

An empirical parabolic function was used to reduce
GALI after the crop attained simulated maximum GAI and
after physiological maturity.

Though not suggested by Equation 1, all models need
a submodel to determine phenological starting and
stopping points.

The phenological submodel was necessary to determine
crop emergence, flowering, physiological maturity and
harvest. All physiological stages, except the period of
emergence to flowering, were found to be dependent upon
accumulated thermal time above a base of 2°C. The
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phase emergence to flowering was dependent upon
accumulated photothermal time as calculated by Gallagher
et al. (1983).

The submodel calculating the drought factor was based
on Penman (1971) and Ritchie (1972). The d; is dependent
upon soil water status. When all plant-available soil water
is depleted, d; becomes 0, thus turning off the CGR
equation. Any water which becomes available
subsequently, either through irrigation or rainfall, is
considered fully available for crop growth and d, is set to
1, and growth continues at the potential rate.

Model Program

The program requires specific input data to run. Data to
be entered into a parameter file is listed in Table 1. The
data can be entered into an input parameter file and sed
when needed. Changes to input parameters can thus be
made quickly and easily.

Table 1. Data required to run a computer simulation model of lentil growth,

Input Definition Example
loc Location, 70 characters allowed Lincoln
experi Name of researcher. 70 characters B.A. McKenzie
ysd Label, 70 characters allowed May sowing
tbdevel Base temperature for development 2°C
tblfgro Base temperature leaf growth 3°C
tbgro Base temperature for grain growth 6 °C
topt Optimum temperature for growth 25 °C
pb Base photoperiod 7.4 h
tdemer Accumulated temperature for emergence 115 °C days
pttflow Photothermal time to flower 277 °C days
pttmaxg Photothermal time to maximum GAI 490 °C days
physmat Thermal time to physiological maturity 546 °C days
ttharv Thermal time to harvest 270 °C days
hvstin Harvest index 0.26
u Utilization coefficient 1.8 g DM/MJ
stllmt Stage 1 limit for soil evaporation S mm
paw Plant-available water 240 mm
asmd Actual soil moisture deficit at sowing 0.0 mm
sday Sowing day 15
smonth Sowing month 05
syear Sowing year 84
k Extinction coefficient 0.32
# Number of irrigations 1

26 10 84 30

Date and irrigation amount
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The model also requires a meteorological file to
provide the required environmental parameters to drive the
model. The required information is outlined in Table 2.

The model is based on a number of assumptions, If
these assumptions are not correct, it is unlikely that the
model will provide an accurate description of crop growth
over the season. The most important critical assumptions
are:

1. the crop is disease free;

2. there is no flooding or waterlogging which can kill
lentils quickly;

3. the crop is free from pests;

soil nutrients are not limiting,;

5. harvest index is relatively stable, though changes can
be incorporated in the input parameter file;

6. the crop has been sown at a reasonable farm population
(anything from 100 to 300 plants/m?).

R

Subroutines to account for most of these assumptions
could easily be incorporated into the model, but we have
not yet done this.

Results and Discussion

The model is reasonably accurate at predicting
phenological stages of lentils in Canterbury. Over a
number of seasons, with the exception of the 16 April
1984 sowing, predictions of dates of flowering have
always been within three days of actual. Table 3 gives the
actual and predicted dates of a number of important
phenological stages for a few sowing dates.

-

As can be seen in Table 3, predictions of phenological
stages are reasonably accurate, with the exception of
physiological maturity in the 26 August 1985 sowing.
This sowing was affected by a severe infection of Botrytis
cinerea which affected the crop in about the middle of
December, after persistent November rains.

Predictions of dry matter accumulation over the
growing season as shown in Figure 1 are also generally
accurate. However, as can be seen in Figure 1, when the
crop is in its grand phase of growth in late spring/early
summer, simulated growth lags behind actual. There are
a number of possible reasons for this. It is possible that
the model is using a utilization coefficient that is too low.
However, the slower growth is more likely due to a low
extinction coefficient which would not cause a large
difference in dry matter accumulation early on, but when
radiation receipt picks up in late spring/early summer it
would have a larger influence. Indeed, sensitivity analysis
showed that the model is sensitive to changes in the value
of k.

Over a number of sowing dates and seasons, the model
has been reasonably accurate at predicting seed yield of
lentils (Fig. 2), while the model assumes a stable harvest
index (HI). The predictions shown in Figure 2 are based
on an HI of about 0.3 for fall and winter sowings, and
about 0.2 for spring-sown crops. The assumption of a
stable HI is dangerous for grain legumes which can have
highly variable HIs. However, under Canterbury
conditions, crop HI varies linearly and predictably with
sowing date (McKenzie and Hill 1990). A subroutine
relating HI to crop duration is being written and will be
included in the next version of the model.

Table 2. Weather data required for a computer simulation model of lentil growth.

Year Month Day  Max. daily Min. daily Mean daily Total solar Rain Penman  Daily photo-
temp. (°C) temp. (°C) temp. (°C) rad. (MJ/m?) (mm) ET (mm) period (h)
84 04 01 153 14.0 14.7 7.0 1.7 1.0 12.6

Table 3. Actual and predicted dates for three phenological stages at four sowing dates over 2 seasons for lentils in

Canterbury, New Zealand.

Sowing date Emergence Flowering Physiological maturity
Actual Predicted Actual Predicted Actual Predicted

16 April 84 28/4 28/4 22/10 15/10 4/12 3/12

26 July 84 19/8 15/8 9/11 8/11 21/12 21/12

15 October 84 25/10 27/10 8/12 11/12 141 18/1

26 August 85 9/9 9/9 20/11 20/11 1311 3N
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Fig. 1. Actual (v) and predicted (v) dry matter accumulation
of lentils sown in July in Canterbury, New Zealand.

Predicted

Fig. 2. The relationship between actual and predicted lentil
seed yields (t/ha) in Canterbury, New Zealand. Line
is x =y.

A simple sensitivity analysis was conducted using the
model. As expected, the model is highly sensitive to
changes in utilization coefficient (which models both
changes in photosynthetic rate and respiration rate, though
neither can be separated out in this model). The least
sensitive parameter measured was optimum temperature.

Conclusions

Lenmod is a simple model of lentil growth and
development which can make relatively accurate
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predictions of lentil yields in Canterbury. However, further
validation outside Canterbury is needed. The model has a
number of weaknesses, due primarily to the assumptions
made in its development. Despite these drawbacks the
model, the model has proved useful for teaching purposes,
for predicting flowering dates of lentil crops and for
irrigation-scheduling.

The authors would appreciate receiving complete
weather data sets from any interested researchers. Also,
copies of the model are available free of charge by writing
to the senior author.
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Lentil Yield in Relation to
Rhizobium leguminosarum
Inoculation in Eastern Anatolia

F. Kantar, T. Kiziloglu, O. Caglar
and S. Akten

University of Ataturk, Faculty of Agriculture
25240 Erzurum, TURKEY

Abstract

Seed yield of lentil (Lens culinaris Medik.) was
investigated in relation to Rhizobium leguminosarum
inoculation under dry and irrigated conditions during
1988-93 in Erzurum, Turkey. Under dry conditions,
seed yield of cv. Kislik Kirmizi-51 after inoculation, 20
kg N/ha application and inoculation + 20 kg N/ha was
increased by 6, 12 and 4%, respectively, compared
with the control. Application of P,O; up to 80 kg/ha
increased yield by only 4%, but the combination of 20
kg N/ha with 80 kg P,O/ha increased yield by 16%
compared with the control. Inoculation + 20 kg N/ha
produced the highest protein content. P application
enhanced this effect. Under irrigated conditions, among
eight pre-selected R. leguminosarum strains, F15
produced higher seed yields and strains M90, M9, Ml11
and M13 gave higher protein content in cv. Erzurum-
89 than the control in the presence of indigenous
bacteria. In conclusion, because of the presence of
indigenous bacteria, Rhizobium inoculation may not
necessarily give higher yields unless effective local
strains are used.

Rhizobium;

Key words: Lens culinaris; lentils;

inoculation; yields; Turkey.

Introduction

Lentil is one of the most important pulse crops in the
traditional cereal-based farming system in Turkey. Its
production and acreage sharply increased during the 1980s
(State Institute of Statistics 1990). However, national
yields over this period increased only marginally. Proper
crop management practices, such as fertilization and
Rhizobium inoculation, could increase yields. Government
agencies provide inoculants and encourage their use in
lentil farming.

This study investigated the yield performance of lentil
in relation to Rhizobium inoculation under dryland and
irrigated conditions.
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Material and Methods

Two experiments were conducted in order to investigate
the effect of Rhizobium inoculation on lentil yields at the
University of Ataturk farm in Erzurum, Turkey, using two
lentil cultivars under dryland and irrigated conditions
between 1988 and 1993.

Trial 1

The yield of small-seeded lentil cv. Kislik Kimmizi-51
(1000-grain weight =29 g) was investigated in relation to
sowing density (50, 62, 85 and 125 kg/ha to give 350,
400, 450 and 500 seeds/m?), phosphorus fertilization (0,
40 and 80 kg P,0O,/ha) and Rhizobium inoculation (control,
inoculation only, 20 kg N/ha application, and inoculation
plus 20 kg N/ha) in 1988, 1989 and 1990 under dryland
conditions.



Rhizobium culture in peat (Central Soil-Fertilizer
Research Centre, Ankara) was applied to the seed a day
before sowing by wetting and mixing the culture with
seeds according to manufacturer’s instructions.

Trial 2

Yield of large-seeded lentil cv. Erzurum-89 (1000-grain
weight = 54 ¢) was investigated in relation to ecight
Rhizobium strains in 1992 and 1993 under irrigated
conditions. Rhizobium strains (M8, M9, M10, M11, M13,
F15, M90 and M2426) were previously selected from 18
strains isolated from lentil (M) and common vetch (F) in
the region (Kiziloglu 1992). The experiment also included
an uninoculated control and control + 40 kg N/ha.
Rhizobium strains were cultured on yeast mannitol agar at
28°C for 5 days (Vincent 1970) and incorporated into
irrigation water in equal volumes (107 cells/ml) when
seedlings were 2-3 cm high (Kiziloglu 1991). The plots
received several light irrigations using furrows until the
end of pod-setting stage.

Both trials used 5 x 1.2 m plots containing 6 rows with
four completely randomized factorial blocks. P,Oy in triple
super-phosphate (60 kg/ha in Trial 2) and N in ammonium
nitrate were pre-sowing soil-incorporated in spring.
Sowing was at a depth of 3-4 cm during 21-26 April
(Trial 1) and 4 May (Trial 2). Plants in middle 3.6 m® of
the plots were harvested at full maturity during 20-25
July (Trial 1) or 27 August and 7 September (Trial 2).
Throughout the season, weed control was done manually
when required.

The soil was a loamy-sand with pH of 7.5. Average
soil contents of CaCO,, P,0; and organic matter were
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0.33%, 35-40 kg/ha and 0.75%, respectively. Total N was
0.03%.

Total N content of air-dry seeds was analyzed using
Kjeldhal method and protein content was calculated by
multiplying total N by 6.25.

Data were subjected to analysis of variance using the
MSTATC statistical package.

Results and Discussion

Trial 1

Seed yield under dryland conditions in the treatments of
20 kg N/ha application, inoculation alone, and inoculation
plus 20 kg N/ha application were respectively 12, 6 and
4% greater than the control (984 kg/ha) (Table 1). Control
plants had equally high numbers of nodules as the
inoculated ones, indicating the presence of indigenous
rhizobia. In soils where adequate rhizobial populations
exist, the beneficial effects of inoculation on lentil depend
largely on the effectiveness and competitive ability of the
introduced strains (references in Islam 1981) and soil
conditions (Sekhon et al. 1978).

In lentils, N, fixation declines with increasing soil
nitrate levels (Bremer et al. 1990) probably due to
inhibition of the root exudation of isoflavonoids that act
as regulatory molecules in the initiation of the
legume —Rhizobium symbiosis (Wojtszek et al. 1992) and
a depression of leghemoglobulin concentration and
decrease in carbon transport to the nodules (Chamber-
Perez and Camacho-Martinez 1992).

Table 1. Mean seed yield and protein content (in brackets) of lentil cv. Kislik Kirmizi-51 in relation to phosphorous
application (T1) and Rhizobium leguminosarum inoculation (T2), 1988-1990.

Treatment Control 20 kg N/ha Inoculation Inoculation + Mean
(kg P,0./ha) 20 kg N/ha
60 963.3 1076.8 1022.8 1000.7 1015.9
(21.8) (22.3) (24.6) (27.2) (23.9)
40 986.9 1102.9 1038.4 1016.2 1036.1
(22.2) (22.7) (25.0) (27.4) (24.3)
80 1001.6 1119.8 1050.1 1030.8 1050.6
(22.3) (23.0) (25.3) (27.7 (24.6)
Mean 983.9 1099.8 1037.1 1015.9 1034.2
(22.1y 2.7 (24.9) (27.4) (24.3)
LSD at 0.05 Seed yield: Protein content:

T1=2.67, T2=0.09, T1xT2=5.35

T1=0.12, T2=0.10, TIxT2=0.21
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In our trials, inoculation x density x year interaction
was significant (P<0.001). In 1989 when more adverse
conditions prevailed, e.g. higher temperatures (Fig. 1A)
and less rainfall (Fig. 1B), yield was lower and the
difference between the treatments was less obvious at
higher plant densities (data not presented). Greater
competition for the limited soil moisture at higher plant
densities probably restricted the effectiveness of rhizobial
inoculation (Rathore et al. 1992a) and limited the available
nitrogen status of the soil (Subedar-Singh and Singh
1986).

Phosphorus application increased seed yield and protein
content by only 4 and 0.6%, respectively (Table 1).
However, combination of 20 kg N/ha with 80 kg P,Os/ha
increased seed yield by 16% compared with the control
(Table 1). Inoculation x P interaction was not significant.

There is evidence for increased seed yields in lentil
with P application (Dhingra etal. 1988) and enhanced
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Fig. 1. Average temperature and total rainfall during the
growth season at the experimental site.
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nodulation (Rathore et al. 1992b). However, the
availability of P also depends on the water state of soil
(Rathore et al. 1992a). In our trials, a significant P x
sowing density interaction occurred (P<0.001). Phosphorus
effect disappeared at higher plant densities (Table 2), at
which the exhaustion of the limited soil water supply
probably decreased the availability of the applied P.

Under irrigated conditions (Trial 2), strain FI15
produced higher seed yield (1785.8 kg/ha) than the control
(1093.4 kg/ha) (Fig. 2), although yields in this trial,
irrespective of inoculation, were higher owing to irrigation
and the use of a high-yielding large-seeded cultivar
(Eastern Anatolia Agricultural Research Institute 1990).
Protein content of seed from strains M13, M11 and M9
was higher (19.7, 18.2, 18.6 and 18.3%, respectively) than
the control (12.2%) (Fig. 2). The year x treatment
interaction was not significant. Nodulation was observed
in all plots (data not presented).
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Fig. 2. Seed yield and seed protein content of lentil cv.
Erzurum-89 in relation to inoculation with
Rhizobium leguminsarum strains.
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Table 2. Mean seed yield of lentil ev. Kislik Kirmizi-51 in relation to phosphorous application (T1) and sowing density

(T2), 1988-1990.

Treatment Sowing rate (kg seed/ha)
(kg P,0.)

50 65 85 125 Mean
0 897.5 991.2 1065.2 1109.8 1015.9
40 934.4 1003.3 1091.5 11133 1036.1
80 960.2 1018.6 1103.5 1120.3 1050.6
Mean 930.7 1004.3 1086.7 1115.2 1034.2
[.SD at 0.05 T1=2.67. T2=3.09, T1xT2=5.35

The data indicate that the use of locally isolated
superior Rhizobium strains (Kiziloglu 1991) may be a
more rational approach for increasing seed yield in the
presence of indigenous bacteria, although these strains
possibly need to be tested under different locations and
soil moisture conditions before any inoculant is produced
commercially. In other studies, the use of locally isolated
strains increased nitrogen fixation, yield and protein
content (Sharma et al. 1982; Bremmer et al. 1990).
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Abstract

Faba bean necrotic yellows virus (FBNYYV) is one of
the viruses that affect lentil (Lens culinaris Medik.) in
Syria. A preliminary screening of 116 lentil genotypes
for their resistance to FBNYV was conducted using
artificial inoculation by aphids. Two genotypes were
highly resistant to the virus with no loss in grain yield
due to infection and no virus detected in their leaves by
ELISA. In addition, 12 genotypes were resistant with
only 10% reduction in grain yield. Moreover, 76
genotypes were highly susceptible to FBNYV, as their
grain yield was reduced at least by 50%.

Key words: Lens culinaris; lentils; genotypes; selection;
plant viruses; disease resistance; Syria.

Introduction

Lentil is the most important legume crop in Syria, and
around 100,000 ha were planted to this crop in 1993. Six
viruses were reported earlier to infect lentils in Syria
(Makkouk et al. 1992), among which faba bean necrotic
yellows virus (FBNYV) was the most commonly
encountered. FBNYV is known to spread in nature only
by aphids; infected lentil plants show yellowing and
stunting (Katul et al. 1993). In this study we evaluated
116 lentil genotypes for their reaction to FBNYV using
artificial inoculation by aphids.

Materials and Methods

The 116 genotypes used in this study originated from 34
countries and are available as part of the collection held in
the Genetic Resources Unit of ICARDA. The origin of the
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genotypes was Algeria (3), Afghanistan (3), Argentina (3),
Bangladesh (3), Canada (3), Chile (3), Colombia (2),
Cyprus (2), Czech Republic and Slovakia (3), Egypt (3),
Ethiopia (4), France (3), Greece (3), Hungary (3), India
(2), Iraq (4), Iran (3), Italy (3), Jordan (5), Lebanon (3),
Mexico (3), Morocco (3), Nepal (3), Pakistan (3), Poland
(3), Romania (1), Spain (3), Syria (17), Tunisia (2),
Turkey (3), Yemen (3), the former Yugoslavia (2), USA
(7) and the former USSR (3). Genotypes tested were
planted in the field in two replicates each composed of
two 1-m rows, with 10 plants/m in two adjacent
randomized complete block trials, one inoculated with the
virus and the other not. The healthy treatment was
maintained virus-free by regular insecticide spray
(Supracide = methidathion), once every 15 days, for the
duration of the experiment.

Faba bean (Vicia faba L.) was planted as a marker
between each 10 lentil genotypes to determine the success
of inoculation, because of its known susceptibility to the
virus. A local FBNYV isolate (SV292-88) was used for
artificial inoculation and pea aphid Acyrthosiphon pisum
was used as the vector. Aphids were kept on infected
plants for 48 h to acquire the virus and then transferred to
lentil (10—15 aphids/plant) and were permitted one week
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of inoculation feeding, after which they were killed using
an insecticide (Supracide) spray.

Virus disease incidence was recorded 3—6 weeks after
inoculation. Virus detection was made by ELISA
following the procedure of Clark and Adams (1977). Yield
loss was determined after harvest of infected and healthy
plants.

Results and Discussion

Disease incidence and yield loss were determined for all
the genotypes tested and are presented in Tables 1 and 2.
It was possible to divide the genotypes into four
categories. (1) Highly resistant genotypes: these genotypes
showed no disease symptoms and no virus was detected
in the leaves by ELISA; in addition there was no loss in

Table 1. Yield loss categories of lentil genotypes inoculated with FBNYV in inoculated as compared to protected field

plots.

Genotype

% Grain yield loss

ILL 75, 86, 204, 291, 292, 5816, 6198, 6245

ILL 212, 214, 324, 6193

ILL 203, 4400

ILL 74, 85, 478

ILL 112, 213, 259, 344

ILL 221, 271

ILL 64, 67, 70, 76, 84, 105, 107, 202, 227, 236, 623, 705
ILL 71, 205, 211, 219, 222, 342, 757, Chilean 78

ILL 3, 65, 81, 97, 265, 341, 345, 346, 3485

ILL 2, 50, 96, 98, 226, 258, 260, 336, 347, 707, 921, 3433, 4401, 6229

0
0.1-5
5.1-10
10.1-20
20.1-30
30.140
40.1-50
10.1-60
60.1-70
70.1-80

ILL 1, 24, 25, 31, 49, 54, 57, 68, 79, 104, 269, 339, 711, 716, 855, 920, 1646, 1647,

1855, 1856, 1857, 1922, 3484, 3500, 4408, 4409, 4410, 4411, 4412, 4550, 4605,

80.1-100

4667, 4735, 4736, 4737, 4774, 4803, 5582, 5699, 5700, 5873, 5588, 5994, 6015,

6220, 6226, Palouse, Crimson, Red chief

Table 2. Incidence (%) of FBNYV infection based on visual symptoms after artificial virus inoculation.

Genotype

FBNYYV infection (%)

ILL 6198, 6193, 6245

ILL 213, 291

ILL 75, 5816

ILL 86, 226, 227

ILL 85, 292

ILL 74, 204, 214, 344

ILL 70, 203, 478, 757, 4400
ILL 112, 84, 205, 4401

ILL 67, 65, 76, 81, 105, 107, 211, 219, 236, 324, 342, 623, 711, 706
Chilean 78, Red chief, ILL 3, 31, 54, 64, 71, 79, 96, 97, 104, 202, 222, 245,271, 336,

0
1-5
5.1-10
10.1-20
20.1-30
30.1-40
40.1-50
50.1-60
60.1-70

70.1-80

341, 212, 346, 705, 707, 855, 921, 3433, 5700, 5582, 5994, 6220, 6229

ILL 1, 2, 24, 25, 49, 50, 57, 68, 98, 221, 258, 259, 265, 269, 339, 347, 260,

920, 1857, 1646, 1647, 1855, 1856, 1922, 3485, 3484, 3500, 4408, 4409, 4410,

80.1-100

4411, 4412, 4413, 4550, 4605, 4667, 4735, 4737, 4736, 4774, 4803, 5588, 5699,

5700, 5873, 6015, 6226, Palouse, Crimson
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grain yield (e.g. ILL 6245 and ILL 6198); (2) resistant
genotypes: disease incidence in these genotypes did not
exceed 10%, grain yield loss was 0-10% (e.g. ILL 75,
291, 5816 and 6193); (3) tolerant genotypes: disease
incidence was high (80%), but the grain yield loss was
only about 10% (e.g. ILL 204, 212, 214 and 324), and (4)
susceptible and sensitive genotypes: disease incidence in
these genotypes was high (reached 100%) and the grain
yield loss was also high (reached 100%) (e.g. ILL 4803
and ILL 4774).

The common disease symptoms observed in all
genotypes were yellowing and stunting (see photograph on
front cover of this issue). Some genotypes showed leaf
reddening.

There was no clear association between the best-
performing lentil genotypes and the origin of these
genotypes. However, among the 14 best-performing
genotypes in terms of low disease incidence and low yield
loss due to infection, four originated from Syria.
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Even though this is a preliminary screening and results
need to be confirmed by second- and a third-year trials, it
clearly indicates the presence of useful genetic diversity in
Lens culinaris for FBNYV resistance.

References

Clark, M.F. and A.N. Adams. 1977. Characteristics of the
microplate method of the enzyme-linked immunosorbet
assay for the detection of plant viruses. Journal of
General Virology 34: 475-483.

Katul, L., HJ. Vetten, E. Maiss, K.M. Makkouk, D.E.
Lesemann and R. Casper. 1993. Characterization and
serology of virus-like particles associated with faba
bean necrotic yellows. Annals of Applied Biology 123:
629-647.

Makkouk, K.M., S.G. Kumari and R. Al Daoud, 1992.
Survey of viruses affecting lentil (Lens culinaris) in
Syria. Phytopathologia Mediterranea 31: 188-190.

43



LENS Newsletter 21(2) 1994

Variety Release Notice

Rubatab-1 and Aribo-1: Improved
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Abstract

Six lentil (Lens culinaris Medik.) lines were evaluated
for yield and related characters, in comparison to the
check ‘Selaim’, in seasons 1990/91 to 1992/93, under
farmers’ conditions in Rubatab and Wad Hamid area
in northern Sudan and Jebel Marra area in western
Sudan. The lines showed significant differences in grain
yield at Wad Hamid and Jebel Marra in all seasons,
while there were no significant differences at Rubatab.
The best grain yield over locations and seasons was
given by ILL 818 (2.9 t/ha), followed by ILL 813 (2.8
t/ha) with yield advantage over the check of 11% and
6%, respectively. The results in the three locations
justified the recommendation of ILL 813 for release for
northern Sudan under the name Rubatab-1 and ILL
818 for Jebel Marra area under the name Aribo-1.

Key words: Lens culinaris; lentils; varieties; evaluation;
selection; Sudan.

Introduction

Lentils are an Old World legume and were probably one
of the first plant species to be domesticated. The crop is
a cool-season herbaceous annual which originated in the
Near East.

Lentils are classified into two races based principally
on seed size: the macrosperma, having large seeds (6 -9
mm diameter), normally yellow cotyledons and little or no
Pigmentation in the flowers or vegetative structures; and
microsperma, which have smaller seeds (2—-6 mm
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diameter) with red, orange or yellow cotyledons and more
pigmentation on the flowers and vegetative structures
(Erskine and Witcombe 1984; Muchlbauer et al. 1985).

Within Sudan the relatively long and cool winter in the
north is most favorable for lentil production with
germplasm  evaluation and cultivation improvement
programs concentrated at Hudeiba Research Station since
the early 1970s (El-Sarrag and Nourai 1984; Sheikh
Mohamed et al. 1989). Recently, the crop has shown good
performance at the lower wadis of Jebel Mara area due to
the microclimate generated by the effect of the high
altitude (300 m).

The objective of this study was to test the performance
of some exotic lentil genotypes under farmers’ conditions
and make recommendations for their growth in Sudan.

Materials and Methods

Lentil germplasm received from Arid Land Agriculture
Development/ICARDA  and Egypt was evaluated for



adaptability in Sudan. In the light of an earlier evaluation
at Hudeiba (16°N, 34°E), four microsperma lines (ILL
795, ILL 813, ILL 818 and ILL 788) and two
macrosperma lines (ILL 4605 and ILL 6004) were
selected for testing under farmers’ conditions. The lines
were evaluated for yield and related characters, in
comparison to check ‘Selaim’ at Rubatab area (Kudig,
19°N 32°E), Shendi area (Wad Hamid, 16°N 33°E) and
Jebel Mara (Zalengei, 13°N 23°E and Dankuge, 13°N
24°E). At each location, different sites were selected for
the trial in three consecutive seasons (1990/91 —1992/93).

The design used was a randomized complete block with
four replicates; plot size was 6 x 5 m and net harvested
area was 10 m’. Planting was by drilling seeds on flat
plots in rows 30 cm apart with seed rate of 120 kg/ha.
Sowing was done in mid-November in each season.
Nitrogen fertilizer was added at the rate of 43 kg N/ha,
applied as urea at the second irrigation. The crop was
irrigated at two-week intervals until maturity; weed and
insect pests were kept at a minimum. Characters studies
were phenology, grain yield, yield components and grain
quality (protein content (% day weight basis) and grain
dehulling measured on a Tangential Abrasive Dehulling
Device (TADD)).
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Results and Discussion

Grain yields of the lines are presented in Tables 1—4. At
Rubatab, the best line over seasons and sites was ILL 813,
with yield advantage over ILL 795 and Selaim of 2%
(Table 1). At Wad Hamid, the best line over seasons and
sites was ILL 813, followed by ILL 818 and ILL 795 with
yield advantages of 11%, 8% and 4%, respectively, over
the check (Table 2). At Jebel Marra, the best line over
seasons and sites was ILL 813 (leading in two sites and
second in the third), followed by ILL 788 and ILL 4605
with yield advantages of 34%, 27% and 17%, respectively,
over the check (Table 3).

Taking the average performance of these lines in grain
yield over locations and seasons, the best line was ILL
818, followed by ILL 813 and ILL 795, with yield
advantages of 11%, 6% and 4% over the check (Table 4).

Yield superiority was also estimated by taking the
mean rank of the lines over environments (locations, sites
within locations, and seasons), according to Nachit and
Ketata (1986). Line ILL 818 was the highest-yielding
genotype, followed by ILL 813 and ILL 4605. ILL 795
was not superior to Selaim (Table 5).

Table 1. Grain yield (kg/ha) of lentil lines at Rubatab, 1990/91 -1992/93.

Line Season Mean Advantage over
check (%)

1990/91 1991/92 1992/93

ILL 795 1724 1652 2179 1852 0.0

ILL 813 1943 1673 2065 1894 +2.3

ILL 818 1776 1705 1806 1762 -4.9

ILL 6004 1129 1316 1830 1425 -23.1

ILL 4605 1128 1767 2204 1700 -8.2

Selaim (check) 1914 1727 1915 1852 -

Mean 1602 1640 2000 1747

SE 274 158 204

CV (%) 35 35 23

Sign. level NS NS NS

NS = Not significant at P = 0.05.
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Table 2. Grain yield (kg/ha) of lentil lines at Wad Hamid, 1991/92 -1992/93.

Line Season Mean Advantage over check
(%)

1991/92 1992/93

ILL 795 5363 3433 4398 +4.3

ILL 813 5813 3550 4682 +11.1

ILL 818 5500 3583 4542 +7.7

ILL 6004 3663 2183 2923 -30.7

ILL 4605 4150 2800 3475 -17.6

Selaim (check) 5431 3000 4216 -

Mean 4986 3091 4039

SE + 134 176

CV (%) 5 11

Sign. level il **

** Significant difference at P = 0.01.

Table 3. Grain yield (kg/ha) of lentil lines at Jebel Marra, 1990/91 —1992/93.

Line Season Mean Advantage over
check (%)

1990/91 1991/92 1992/93

ILL 788 2310 2690 1950 2317 +27.1

ILL 795 1860 2240 1750 1950 +7.0

ILL 813 1670 2240 1560 1823 0.0

ILL 818 2250 3010 2090 2450 +34.4

ILL 4605 2140 2540 1740 2140 +17.4

Selaim (check) 1940 2050 1480 1823 B

Mean 2030 2460 1760 2053

SE + 110 127 113

CV (%) 16 10 13

Sign. level i L "‘

* Significant differences at P = 0.05; ** Significant difference at P = 0.01.

Table 4. Mean grain yield (kg/ha) of lentil lines over seasons and locations.

Line Location Mean Advantage over check

(%)
Rubatab Wad Hamid J. Marra

ILL 818 1762 4542 2450 2918 +11.0

ILL 813 1894. 4682 1823 2800 +6.4

ILL 795 1652 . 4398 1950 2733 +3.9

ILL 4605 1700 3475 2140 2438 -7.3

Selaim (check) 1852 4216 1630 2630 -
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Table 5. Mean grain yield ranking of the lentil lines and superiority estimates over environments.

Line Location Mean

Rubatab Wad Hamid Jebel Marra
90/91 91/92 92/93 Mean 91/92  92/93 Mean 90/92 91/92  92/93 Mean

ILL 795 4 5 2 3.67 4 3 35 4 3 2 3.00 3.38
ILL 813 1 4 3 2.67 1 2 1.5 5 3 4 4.00 3.88
ILL 818 3 3 5 3.67 2 ! 1.5 1 1 1 1.00 2.13
ILL 4605 5 1 1 233 5 S 5.0 2 2 3 2.33 3.00
Selaim 2 2 4 2.67 3 4 35 3 5 5 4.33 3.50

Yield stability over environments was estimated by
relating the yield (t/ha) of each variety to the
environmental index (E) by simple linear regression
(Eisensmith 1991). The index for each environment is
equivalent to the mean yield of the genotypes grown in
that environment. Table 6 shows the yield stability
statistics of the genotypes over environments and Figure
1 compares the stability regression lines of ILL 813, ILL
818 and Selaim. All genotypes, except ILL 4605, showed
high stability over environments with correlation and
determination coefficients of more than 0.95. ILL 813
showed best response to favorable environments, as
indicated by the slope of the regression line, followed by
ILL 818 and ILL 795 (Table 6). ILL 818 also showed
high yield in less favorable environments as indicated by
the intercept of the regression line and the high mean
response.

Grain quality of the lentil genotypes was analyzed at
the Food Research Centre, Shambat. The results are shown
in Table 7. The protein content of the seed was high in all
genotypes: 26-29% at Rubatab and 24-30% at Wad
Hamid. Percentage of dehulled grains was acceptable at
86 -94. The best line in protein content over locations was
ILL 818, followed by ILL 813.

ILL 818, although low in the percentage of dehulled
grains (86%), had higher yield, particularly in the less
favorable environment (Fig. 1). The high and stable yield
together with high protein content makes the line an
appropriate candidate for release, particularly for areas
where filling the food gap is more important than cosmetic
attributes.

Table 6. Yield stability statistics of five lentil genotypes over environments.

Parameter Genotype

ILL 813 ILL 818 ILL 795 ILL 4605 Selaim
Correlation coefficient 0.992 0.982 0.996 0.948 0.985
Determination coefficient 0.984 0.965 0.993 0.900 0.971
Regression line intercept -0.393 0.091 -0.091 0.550 -0.155
Regression line slope 1.179 1.045 1.042 0.700 1.034
Standard error of slope 0.061 0.082 0.037 0.096 0.073
Student’s t value 2.906 0.556 1.147 3.137 0.461
Probability 0.027 1.000 0.295 0.020 1.000
Error mean square 0.040 0.070 0.014 0.096 0.056
Mean response 2.564 2,715 2.525 2.308 2.440
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Table 7. Lentil quality analysis.

Location/line Protein Grain dehulling properties (TADD) Extraction
(% DM basis) (%)
Dehulled (%) Undehulled (%) Broken (%)
Rubatab
ILL 795 26 91.5 8.5 3.0 81.5
ILL 813 29 93.5 6.5 3.0 77.5
ILL 818 28 86.0 14.0 35 82.0
ILL 6004 27 96.0 4.0 1.0 82.0
ILL 4605 28 93.5 6.5 1.0 81.5
Selaim (check) 26 90.0 10.0 3.0 75.0
Wad Hamid
ILL 795 29 82.0 18.0 25 78.5
ILL 813 28 94.0 6.0 3.0 77.5
ILL 818 30 86.0 14.0 3.0 79.0
ILL 6004 24 90.5 9.5 1.0 79.5
ILL 4605 29 86.5 13.5 20 79.0
Selaim (check) 28 78.0 21.0 2.5 73.5

The performance of the lines in yield-related characters
is presented in Table 8. The microsperma lines were
earlier than the macrosperma ones; the seed mass of the
macrosperma lines was higher then the microsperma ones,
as expected.

Recommendation

According to the performance of these lines over
environments and their relative stability in grain yield, we
recommend: (1) line ILL 813 for growth by farmers in
northern Sudan, under the name Rubatab-1; and (2) line
ILL 818 for growth by farmers in the Jebel Mara area,
under the name Aribo-1.

Description

The lines ILL 813 and ILL 818 are selections from the
families 130 and 143 introduced from Egypt and received
through ALAD/ICARDA in the early 1970s. They have
erect growth habit, white flowers, dark seeds and red
cotyledons. Other yield-related and quality characters were
shown in Tables 7 and 8.
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Fig. 1.  Stability regression lines of the yield of the
genotypes ILL 813, ILL 818 and the check Selaim
over environments.



Table 8. Mean performance of lentil genotypes in yield-
related characters at Rubatab, Wad Hamid
and Jebel Marra.

Location/ Days to 50%  Days to  1000-Seed
line flowering maturity  weight (g)
Rubatab

ILL 795 45 105 46
ILL 813 45 104 50
ILL 818 45 104 45
ILL 6004 62 103 62
ILL 4605 62 104 62
Selaim (check) 50 103 48
Mean 52 104 52

SE £ 0.3** 0.2%* 2.0%*
Wad Hamid

ILL 795 45 111 52
ILL 813 46 111 52
ILL 818 46 111 43
ILL 6004 59 113 62
ILL 4605 57 113 62
Selaim (check) 46 111 53
Mean 50 112 54

SE + 0.3** 0.2*%* 2.0%*
Jebel Marra

ILL 795 57 104 50
ILL 813 55 102 50
ILL 818 52 103 46
ILL 788 54 104 54
ILL 4605 61 101 58
Selaim (check) 57 100 48
Mean 56 102 51

SE + 0.3** 0.2*%* 2.0%*
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Lentil Information

Editors’ notes
Lentil in AGRIS

Recipients are reminded that this title ceased publication
after 1989 (vol. 4). You should be aware that recent lentil
references are now published in an annual supplement to
LENS Newsletter.

Recent lentil publications

Breeding for stress tolerance in cool-season food
legumes, Ed. K.B. Singh and M.C. Saxena. John Wiley &
Sons, Baffins Lane, Chichester, West Sussex PO19 1UD,
UK. A Co-Publication with ICARDA and Sayce
Publishing (UK). ISBN 0-471-94212-X. 1993, 474 pp.

This book constitutes the proceedings of an international
conference on ‘Breeding for stress tolerance in cool-season
food legumes’ held at Ravello, Italy, 10-12 September
1990. The conference was jointly organized by the
University of Naples (Italy) and ICARDA. The crops
covered are chickpea (Cicer arietinum L.), faba bean
(Vicia faba L.), lentil (Lens culinaris Medik.) and pea
(Pisum sativum L.). Some 24 papers are presented under
the following headings: Problems and prospects of stress
resistance breeding; Screening for resistance to biotic
stresses; Screening for resistance to abiotic stresses; Tools
for stress resistance breeding; and, Strategies for stress
tolerance breeding. A concluding Summary of the main
issues discussed at the conference is also presented.

Expanding the production and use of cool season food
legumes. A global perspective of persistent constraints
and of opportunities and strategies for further
increasing the productivity and use of pea, lentil, faba
bean, chickpea and grasspea in different farming
systems. Proceedings of the Second International Food
Legume Research Conference on pea, lentil, faba bean,
chickpea, and grasspea, Cairo, Egypt, 12-16 April
1992, Ed. F.J. Muehlbauer and W.J. Kaiser. Current Plant
Science and Biotechnology in Agriculture. Kulwer
Academic Publishers, P.O. Box 17, 3300 AA Dordrecht,
The Netherlands. ISBN 0-7923-2535-4. 1994, 991 pp.
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Variety Release Notices

Commencing with this issue of LENS Newsletter, we will
publish short articles on released varieties in a separate
section: Variety Release Notices. Researchers are invited
to contribute to this section by sending brief articles
describing newly released varieties. All articles should
indicate the pedigrees of varieties, their release date, and
include data on agronomic traits.

The principal objectives of the Second International Food
Legume Research Conference were to review and assess
recent results from national and international research
programs on cool-season food legumes and to develop
strategies for increasing the productivity, improving the
quality and extending the use of these crops in different
farming systems. Topics in both basic and applied
research were addressed and multidisciplinary research
efforts were emphasized. The papers published here are
organized according to subject areas: Processing and
animal feeds; Climate change and biotic and abiotic
stresses; host plant resistance to manage biotic stresses;
Policy incentives; Breeding methods and selection indices;
Infrastructural support; Cool season food legume breeding;
Management to control biotic and abiotic stresses;
Biotechnology and gene mapping; Crop physiology and
productivity; and Farmers’ constraints on on-farm
research. Sessions devoted to regional discussion groups
and to the continuation of the IFLRC cencept are also
included. A conference summary is also presented.

Insect pests of pulses. Identification and control
manual, by K.S. Chhabra, S. Lal, B.S. Kooner and M.M.
Verma. Copublished by Dr K.S. Chhabra and Dr S. Lal on
behalf of Punjab Agricultural University, Ludhiana and
Directorate of Pulses Research, Kanpur, India. 1993.

This manual covers the major insect pests of the main
pulse crops in India: greengram (mung bean), blackgram
(urd bean), pigeon pea, chickpea, lentil and field peas.
Excellent color photographs show the identification
characteristics of each insect as well as symptoms on plant
parts or seeds. Since the photographs have been taken
under natural conditions, they are of practical diagnostic



value. The illustrations are complemented by information
on distribution and host range, damage caused, description
of pest, its biology and appropriate control measures. This
publication provides good information for research

Conferences

1995

24th International Seed Testing Association (ISTA)
Congress, Copenhagen, Denmark, 7-16 June. Contact:
Dr Hans Arne Jensen, ISTA Congress Co-ordinator, Plante
Directorate, Skovbrynet 20, DK-2800 Lyngby, Denmark
[Tel. +45-42-88-33-66; Fax +45-45-93-33-66].

International Symposium on Rhizoctonia: Facts and
challenges in Pathology, Taxonomy, Ecology and
Disease Control, Noordwijkerhout, The Netherlands, 28
June -1 July. Contact: ISR ’95 secretariat, Mrs Francien
Verwoert, [PO-DLO, P.O. Box 9060, 6700 GW
Wageningen, The Netherlands [Tel. +31-8370-76001; Fax
+31-8370-10113].

13th International Plant Protection Congress, The
Hague, The Netherlands, 2-7 July. Contact: XIII
International Plant Protection Congress, c¢/o Holland
Organizing Centre, Lange Voorhout 16, 2514 EE
Wageningen, The Netherlands [Tel. +31-365-7850; Fax
+31-70-361-4846].

Improving Production and Utilisation of Grain Legumes
— 2nd AEP Conference, Copenhagen, Denmark, 10-12
July. Contact: KVL (1995 AEP Conference), 40
Thorvaldsensvej, DK-1871 Frederiksberg C, Copenhagen,
Denmark [Tel. 45-35-28-24-32; Fax 45-35-28-20-89]; or
AEP, 1995 Conference, 12 avenue George V, 75 008
Paris, France [Tel. +33-1-40-69-49-09; Fax +33-1-47-23-
58-72].
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workers, extension personnel, farmers and students. As
many of the pests are not restricted to India, the manual
should receive broad attention and be widely used.

S. Weigand

10th  biennial Australasian Plant Pathology Society
Conference, Lincoln University, Christchurch, New
Zealand, 28-30 August. Contact: Secretariat, 10th
Biennial APPS Conference, Centre for Continuing
Education, P.O. Box 84, Lincoln University, New Zealand
[Tel. 64-3-325-3819; Fax 64-3-325-3840; E-mail
crabbd@lincoln.ac.nz].

1996

2nd International Weed Control Congress, Copenhagen,
Denmark, 25-28 July 1996. Contact: ICS, International
Conference Services A/S Strandvejen 171, P.O. Box 41,
DK-2900 Hellerup, Denmark.

6th International Parasitic Weed Symposium, Cordoba,
Spain, tentative. Contact: Dr Maria Teresa Moreno,
Centro de Investigacion y Desarrollo Agrario, Apartado
4240, 14080 Cordoba, Spain [Fax +34-57-202721; Telex
76686].

1997

International Food Legume Research Conference III,
Adelaide, Australia, 22-26 September 1997. Contact: Dr
F.J. Muehlbauer, Chair: IFLRC-III, 303W Johnson Hall,
Washington State University, Pulman, WA 99164-6434,
USA [Tel. +1-509-335-9521; Fax +1-509-335-8674]; or,
Prof. R.J. Summerfield, Program Chairman IFLRC-III,
Department of Agriculture, University of Reading, Early
Gate, Reading, Berkshire RG6 2AT, UK [Tel. +44-734-
318482; Fax +44-734-352421; Telex 847813].

LENS NEWSLETTER BACK ISSUES

Here is your opportunity to make your set of LENS Newsletters complete! ICARDA Distribution
Office needs to make space, so we are going to dispose of all pre-1990 stocks of LENS
Newsletter. We are therefore offering to dispatch near-complete sets and odd back issues to
lentil researchers and libraries who have missing copies, or who only recently began to subscribe
to the newsletter. Hurry! Do not delay! Stocks will not last and some issues are very rare. Write
today to: LENS Newsletter;, ICARDA, P.0O. Box 5466, Aleppo, Syria.

STOP PRESS: The following are already out of print.
LENS Newsletter 1-6, 8, 10(2), 11(1), 16(1&2), 17(1&2).
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ICARDA Publications and Services

ICARDA Publications

Request a list of all currently available publications from
the Communication, Documentation and Information
Services (CODIS).

FABIS Newsletter

FABIS Newsletter is produced biannually by the Faba
Bean [nformation Service. It publishes short scientific
papers on the latest research results and news items related
to research on faba bean and other legumes in the genera
Vicia and Lathyrus. For further information or to receive
a sample copy, write to: FABIS/CODIS.

Rachis (Barley and Wheat Newsletter)

This publication is aimed at cereal researchers in the Near
East and North Africa region and Mediterranean-type
environments. It publishes short scientific papers on the
latest research results and news items. Rachis seeks to
contribute to improved barley and wheat production in the
region; to report results, achievements and new ideas; and
to discuss research problems. For further information or to
subscribe, write to: Rachis/CODIS.

Opportunities for Training and Post-graduate Research
at ICARDA

ICARDA has active training courses on the development
and improvement of food legumes, cereals and forages
with ICARDA’s tesearch scientists, trained instructors, and
proven programs. For a complete brochure of the training
opportunities at ICARDA, write to: Training Coordination
Unit.

Graduate Research Training Awards, Opportunities
for Field Research at ICARDA

The Graduate Research Training Program (GRTP) is
intended primarily to assist Master of Science candidates
who are enrolled at national universities within the
ICARDA region. Men and women who are selected for
the program will have an opportunity to conduct their
thesis research work at ICARDA research sites under the
cosupervision of university and center scientists. For
further information on terms of award, nomination
procedure, selection criteria, appointment conditions, the
university’s  responsibilities, and the student’s
responsibilities, write to: GRT Program, Training
Coordination Unit.

Library Services

The ICARDA library maintains bibliographic databases
for the use of researchers at the center and elsewhere.
FABIS and LENS databases contain 5000 and 1500
references, respectively, extracted from AGRIS since
1975. Literature searches will be conducted for research
workers by the library staff, upon request, and results
downloaded to diskette or hard copy. Photocopies of
articles identified in a literature search can be provided to
users, if available. Researchers can request a literature
search by letter or telex to: Library.

To obtain further information on these services, please write to the program indicated and state
that you saw the advertisement in LENS Newsletter: ICARDA, P.O. Box 5466, Aleppo, Syria.
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Contributors’ Style Guide

LENS Newsletter publishes the results of recent research on lentils, in English with Arabic abstracts. (Letters
written in Arabic or French will be accepted for publication.) Articles should be brief, confined to a single subject
and be of primary interest to researchers, extension workers, producers, administrators and policy makers in the
field of lentil research. Articles submitted to LENS Newsletter should not be published or submitted to other
journals or newsletters.

The views expressed and the results presented in LENS Newsletter are those of the author(s) and not the
responsibility of ICARDA or the University of Saskatchewan. Similarly, the use of trade names does not
constitute endorsement of or discrimination against any product by ICARDA.

Manuscript

Contributions should be sent to; LENS/CODIS, ICARDA, P.O. Box 5466, Aleppo, Syria. The name, address, and
telex or fax number of the corresponding author should be included in the covering letter. One good-quality
original of the text should be submitted, typed double-spaced on one side of the paper only. Figures should be
original drawings, good-quality computer print-outs or black-and-white photographs of good quality. Photographs
and figures should be suitable for reduction to a printed size of 8.5 or 17.4 cm wide. Photocopies are not
acceptable for publication. Authors may submit color photographs to be considered for the cover.

All articles must have an abstract (maximum 250 words) and usually the following sections: Introduction,
Materials and Methods, Results, Discussion, Conclusions and References. Articles will be edited to maintain
uniform style, but substantial editing will be referred to the author(s) for approval. Papers requiring extensive
revision will be returned to the author(s) for correction. Authors can refer to a recent issue of LENS Newsletter
for format. The following guidelines should be followed.

Include the authority name at the first mention of scientific names.

Present measurements in metric units, e.g. t/ha, kg, g, m, km, ml, L. Where other units are used (e.g. quintal),
the metric equivalent should be provided in parentheses.

Define in footnotes or legends any unusual abbreviations or symbols used in the text, tables or figures.
Provide the full name of journals and book titles. Use the following formats for references.

Journal article: Vandenberg, A. and A.E. Slinkard. 1989. Inheritance of four new qualitative genes in
lentil. Journal of Heredity 80(4): 320-322.

Article in book: Erskine, W. and F.J. Muehlbauer. 1990. Effects of climatic variations on crop genetic
resources and plant breeding aims in West Asia and North Africa. Pages 148-157 in Climatic Change
and Plant Genetic Resources (M. Jackson, B.V. Ford-Lloyd and M.L. Parry, eds). Belhaven Press,
London, UK.

Article in proceedings: Montoya, J.L. 1988. The production of seed of leguminous crops in Spain.
Pages 136142 in Seed Production in and for Mediterranean Countries. Proceedings of the ICARDA/EC
Workshop, 1618 December 1988, Cairo, Egypt (A.J.G. van Gastel and J.D. Hopkins, eds). ICARDA,
Aleppo, Syria.

Book: Agarwal, V.K. and J.B. Sinclair. 1987. Principles of Seed Pathology. CRC Press, Boca Raton,
Florida, USA.
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