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RESEARCH ARTICLES

Breeding and Genetics

Effect of gamma rays, ethylmethane
sulphonate and hydroxyamine on type
and frequency of chlorophyll mutations
in lentil

D. Singh, R.M. Singh, and J. Singh
Department of Genetics and Plant Breeding
Institute of Agricultural Sciences

Banaras Hindu University
Varanasi 221005, Uttar Pradesh, INDIA

Abstract

Three types of chlorophyll mutations (albina, xantha,
and viridis) occured in one small seeded and one large
seeded variety of lentil (Lens culinaris Medik.)
following treatment with gamma rays, ethylmethane-
sulphonate (EMS), and hydroxylamine (HA).
Chlorophyll mutations occured following gamma
radiation at 5 and 10 kR, but not at higher doses.
The 0.02 M EMS treatment produced a higher fre-
quency of chlorophyll mutations than higher con-
centrations. The three concentrations of HA produced
similar low frequencies of chlorophyll mutations. EMS
was found to be the most efficient mutagen as
compared to gamma rays and HA. The small seeded
variety appeared more sensitive to mutagenic agents
than the large seeded variety, indicating a pos-
sible role of seed size in mutagenesis.

Introduction
Lentil (Lens culinaris Medik.) is broadly classified
into microsperma and macrosperma groups on the basis of

seed size. Studies on experimental mutagenesis in this
crop are limited and confined to microsperma varieties.
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Varietal differences in the spectrum and the frequency
of chlorophyll mutations were reported by other workers
(Goud 1967 Goud ¢r al. 1970; Nerkar and Mote 1978:
Sharma and Sharma 1981; Rao and Reddy 1984).

The objective of this study was to investigate the
effects of physical (gamma rays) and chemical (EMS and
HA) mutagens on the type and frequency of induced
chlorophyll mutations in microsperma and macrosperma
lentils.

Materials and Methods

Dry seeds of lentil varieties RAU 101 (macrosperma)y and
Pant L 639 (microsperma) with original seed moisture
contents of 10.02 and 9.82%. respectively were
selected. The seed moisture content of half the seeds
of RAU 101 and Pant L. 639 was decreased to 3.30 and
3.60% . respectively by drying in an oven. Seeds of the
two varieties at both moisture levels were irradiated
with 5. 10, 15. and 25 kR doses of 60, gamma rays.
Fresh seeds of both varieties were pre<oa?<ed for 6 hrs
in distilled water at room temperature (22 + 1°C) and
then the seeds were transferred either into a phosphate
buffered solution of ethylmethanesulphonate  (0.02,
0.04, and 0.06 M at pH 7.0) or a hydroxylamine solution
(0.08, 0.12, and 0.16 M at pH 5.5) for 6 hrs, then
washed for 4 hrs in water. After these treatments, both
treated and control seeds were grown in the field to
produce the M, generation. All M| plants were harvested
individually and the M, was grown the following season.
The M, populations were screened for chlorophyll
mutations and frequencies are reported per thousand M,
plants.

Results and Discussion

EMS was the most effective treatment in inducing
chlorophyll mutations followed by low doses of gamma
rays and HA in that order (Table). Chlorophyll mutation
frequency was highest at the lowest concentration of
EMS (0.02 M) and decreased with increasing
concentrations. The lower doses of gamma rays (5 and 10
kR) were more effective than higher doses in inducing
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Table Spectrum and frequency of chlorophyll mutations/1000 M, seedlings in lentil varieties RAU-101
(macrosperma) and Pant L 639 (microsperma) induced by physical and chemical mutagens
Treatment Total plant Type of chlorophyll mutation Total chlorophyll
population Albina Xantha  Viridis mutation frequency
A B A B A B A B A B
Control 2260 2275 - - - - -
Gamma ray
HM 05 kR 1780 1655 - g 3.37 1.21 1.69 4.83 5.06 6.04
HM 10 kR 1270 1628 - - 3.94 1 4.72 1.23 8.66 3.07
HM 15 kR 1325 1635 - - = - - .
HM 20 kR 1288 1265 - - = - - - -
HM 25 kR 1680 1098 - - - - - - - -
LM 05 kR 1255 1877 - - - 1.07 - 2.13 - 3.19
LM 10 kR 1195 1188 - - - - - - - -
LM 15 kR 1290 1286 - - - - - =
LM 20 kR 1545 1370 - - - - - . -
LM 25 kR 1197 1496 - - - - - -
EMS
0.02M 15981498 1.251.333.132.006.2623.36 10.6426.70
0.04 M 1477 1555 - - 2.03 5.79 3.39 4.14 5.42 10.93
0.06 M 1388 1170 - - 1.44 - 1.44 1.71 2.88 1.71
HA
0.08 M 1615 1277 - - - 1.57 0.62 0.78 0.62 2.35
0.12 M 1450 1399 = - - - 0.69 - 0.69 -
0.16 M 1425 1495 = - - 0.67 0.70 0.67 0.70 1.34
HM = High seed moisture; LM = Low seed moisture; A = RAU-101 (macrosperma); B = Pant L 639 (microsperma)

chlorophyll mutations. HA induced a low frequency of
chlorophyll mutations and concentration had little
effect. In general, the small seeded variety Pant L. 639
was more sensitive to the mutagenic agents used
compared to the large seeded variety RAU-101. This
difference may be due to differences in seed size or
genotype.

The spectrum of chlorophyll mutations was quite
narrow as only three kinds namely albina, xantha, and
viridis occurred in the different treatments in Dboth
lentil varieties. Albina occurred only in the EMS
treatment which induced the highest frequency of
chlorophyll mutations, possibly related to the greater
eftectiveness of this mutagen.

The high incidence of chlorophyll mutations in EMS
treatments may be due to its specificity to affect
certain regions of the chromosomes (Natrajan and
Upadhya 1964). Reduction in frequency at higher doses
has been attributed to the vigour of both diplontic and
haplontic  selections in  the - biological material
(Swaminathan 1961) and elimination of mutations.
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Genetic variability, correlation studies
and their implication in selection of
high yielding genotypes in lentil

M. A. Rajput and G. Sarwar

Atomic Energy Agricultural Research
Centre, Tandojam, Sind, PAKISTAN

Abstract

In a study designed to measure genotypic and pheno-
typic variances and the association of yield with other
traits, 22 lentil genotypes of diverse origin were
sown at one site. Maximum plant height (52.4 cm) was
attained by a local check producing high grain yield/
plant (7.14 g) and highest number of seeds/plant
(216.0). Genotypic and phenotypic variances were very
high for number of pods/plant followed by plant height.
Maximum heritability was for 100 grain weight (91.0%)
followed by number of pods/plant (98.5%). Genetic
advance was very high for number of pods/plant fol-
lowed by grain yield/plant and 100 grain weight (88.7).
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Heritability for 100 grain weight, number of pods/
plant, and grain yield/plant were accompanied with a
high magnitude of genetic advance. Correlation coef-
ficients revealed that seed yield was positively and
significantly correlated with number of peds/plant and
number of seeds/pod. All other components except for
100 grain weight exerted positive, bul non-significant
effects on grain yield.

Introduction

Lentil (Lens culinaris Medik.) is the second major Rabi
pulse crop after chickpea in Pakistan. It is rich in
protein (24%). The average yield (531 kg/ha) is very
low (Anon. 1985) due to continuous cultivation of cul-
tivars with a low yield potential cultivars and exces-
sive vegetative growth with poor response to inputs and
improved management practices, narrow adaptability,
low stability of yield, and susceptibility to stress
conditions. To overcome these constraints it is impor-
tant to develop varieties with improved characteristics.
Estimates of genetic variability using suitable genetic
parameters such as genotypic and phenotypic variance.
heritability. and genetic advance are essential (o
initiate an efficient breeding program. The knowledge
of the relationship of various growth and yield com-
ponents  with vyield is of great value to breeders and
forms a basis for effective selection. In this study
we measure genotypic variance, phenotypic variance.
heritability. genetic advance. the association of yield
and its components and discuss the implication of this
information to selection of better genotypes of lentil.

Materials and Methods

Twenty two lentil genotypes of diverse origin received
from ICARDA (Syria) and NARC (Pakistan) provided the
material for this study. The cultivars differed in
their phenotypic behaviour (Rajput and Sarwar 1988).
The experiment was planted in a randomized complete
block design with three replications in a single line
of 4 meters long. Rows were four meters long and 30 cm
apart with 5 cm between plants in rows. At maturity,
five plants from each plot were randomly selected to
observe plant height, number of branches/plant, number
of pods/plant, pod length, number of seeds/pod. 100
seed weight, and grain yield/plant. The data were
subjected to analysis of variance and different genetic
parameters like phenotypic and genotypic variance.
heritability (broadsense (BS)) and genetic advance were
estimated according to the method outlined by Johnson
el al. (1955) and recently adopted by (Malik er al.
1983). Correlation coefficients were also computed for
all characteristics (Steel and Torrie 1960}.
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Table 1 Morphological characteristics of lentil
Serial Genotype Plant Number of Pod Number  Number 100 seed  Grain
Number height branches/ length of seeds/ of seeds/ weight yield/plant
(cm) plant (cm) pod plant (g) g
1. ILL 8 41.6 1.66 1.03 1.53 67.4 2.26 1.37
2; ILL 816 39.2 3.45 1.16 1.91 73.3 2.60 2.87
3. ILL 1706 32.9 2.53 1.06 1.93 61.7 2.19 2.26
4, ILL 3010 44.8 2.73 1.12 1.93 154.7 1.60 3.68
5. ILL 3382 47.1 .60 1.14 2.00 186.1 1.95 5.96
6. ILL 3480 47.2 1.60 0.98 2.00 130.7 1.75 4.00
7. ILL 1744 x Pant-L-406 243 2.73 1.06 2.00 58.1 3.90 3.28
8. Jotrdan Local x Pant-L-406 28.4 2.73 1.03 1.93 67.1 4.16 4.19
9. LIF-3-13 30.0 2.66 1.00 2.00 62.3 4.33 4.31
10. LIF-3-20 29.4 2.60 1.06 2.00 28.7 4.19 2.15
11. NARC-1 29.7 2.66 1.03 2.00 66.6 4.02 4.05
12. NARC-3 44.2 3.11 1.19 1.80 154.4 1.25 3.84
13. NARC-4 379 2.00 1.00 2.00 82.6 3.24 4.28
14. NARC-5 39.1 3.03 1.13 1.30 21.1 2.00 0.39
15. FLIP-86-19 L 30.6 2.13 1.17 2.00 78.6 5.03 2.92
16. Lenka 32.8 2.60 1.46 1.60 47.9 3.17 1.37
17. FLIP-86-3 L 36.1 2.70 1.20 1.50 77.8 2.61 1.85
18. FLIP-86-12L 32.4 2.20 1.54 1.02 355 5.42 1.82
19. Precoz 37.1 1.50 1.17 1.93 95.4 4.12 4.94
20. Precoz x Pant-L-406 39.4 3.81 1.57 1.83 102.2 3.95 7.15
21, 9-6 (Masoor-85) 44.6 3.25 1.16 1.86 100.0 2.01 2.72
22. Local* 52.4 3.00 1.13 2.00 216.0 0.70 7.14
* Purchased from local market

Results and Discussion

The morphological observations recorded are presented
in Table 1. Plant height ranged from 24.3 to 52.4 cm.
The maximum height was attained by a local check which
had a very small grain size (0.70 g/100 seed). But with
a high number of seeds/plant (216) it produced high
grain yield/plant (7.14 g). The highest seed yield was
realized by the genotype Precoz x Pant-L-406 and the
main yield contributing factors were pod length and
number of branches/plant. Accession FLIP-86-12 L had
very bold grains (52.4/g/100 seed).

The estimates of genetic parameters, genotypic vari-
ance. phenotypic variance, heritability (BS). and
genetic advance are presented in Table 2. These estimates
provide the existing stability, variability, and future
selection possibilities in the breeding material. The
genotypic and phenotypic variances were very high for
number of pods/plant (2501.6 and 2539.4) followed by
plant height (50.1 and 54.2), " which indicated a wide
variation in the material. The high heritability for
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these characters further demonstrated that selection
for these attributes will be very useful. For other
attributes. the variance values both at genotypic and
phenotypic levels were lower. In general, there was no
great difference between phenotypic and genotypic vari-
ability. suggesting a small effect of environment on
these characters. Thus. a selection for these attributes
will provide a great chance of genetic improvement. The
estimates of heritability ranged from 78.0 to 99.0%.
Maximum heritability was for 100 grain weight (91.0%)
followed by number of pods/plant (98.5%). The expecled
genetic advance observed was very high for number of
pods/plant (116.1) followed by grain yield/plant (95.8)
and 100 grain weight (88.7). High heritability is of
low value unless it is supported by high genetic
advance (Johnson er al. 1955 and Panse 1957). In the
present work, very high heritability values computed
for 100 grain weight, number of pods/plant, and grain
yield/plant were accompanied with a high magnitude of
genetic advance. This suggests that these characters
are probably controlled by additive gene effects. Thus,
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Table 2 Genetic parameters for various agronomic traits in lentil
Character X Genotypic ~ Phenotypic  Heritability ~ Genetic ~ Genetic advance
mean variance variance (%) gain (% of means)

Piant height (cm) 37.3 50.10 54.22 92.4 14.01 37.54
Number of branches/plant 2.56 0.30 0.38 78.0 0.99 38.67

Pod length (cm) 1.16 0.03 0.03 90.4 0.31 26.72
Number of seeds/pod 1.82 0.06 0.08 82.2 0.45 29.67
Number of pods/plant 89.4 2501.6 2539.4 98.5 102.3 116.07

100 grain weight (g) 3.02 1.67 1.69 99.0 2.65 88.74
Grain yield/plant (g) 3.84 3.06 3.15 97.2 3.55 95.81

if these attributes in lentil are subjected to a suit-
able selection scheme aimed at exploiting fixable
genetic advance, a lentil variety of general adapt-
ability can be developed as the environment had a low
influence on the expression of those traits. For the
remaining characters (plant height, pod length, number
of seeds/pod, and number of branches/plant) high herit-
ability accompanied with comparatively low genetic
advance revealed, that high heritability is mainly due
to non-additive  genetic effects (dominance, over-
dominance and their interactions). These characters
exhibited high heritability due to favorable influence
of environment, hence selection for such attributes
would not necessarily result in genetic improvement.
Similar behaviour of different genetic parameters in
lentil had been found by Singh et al. (1977).

The correlation coefficients among different plant
attributes are presented in Table 3. Examination of
these data revealed that the seed yield was positively
and significantly correlated (P < 0.01) with number of
pods/plant (0.715) and number of seeds/pod (0.586).

components towards seed yield in lentil. The number of
pods/plant appeared to be the most important component
of yield. All the other components except for 100 grain
weight exerted positive, but non-significant effects on
grain yield. Seed size (100 grain weight) had shown
negative association with plant height and number of
pods/plant. This negative correlation may be attributed
to the large seeded varieties which are mostly late
flowering. Hence, pod and seed setting is very poor due
to rise in temperature during flowering and maturity
stages (Sharma and Sharma 1982). For successful
cultivation of macrosperma lentil in Sind, earliness in
flowering and maturity should be incorporated (Rajput
and Sarwar 1988). Plant height had very strong positive
correlation with number of pods/plant. Hence. selection

on the basis of plant height is wuseful in improving
seed yield.
On the basis of variability parameters and

association analysis of different characters with grain
yield, it is suggested that selection criteria based on
number of pods/plant and number of seeds/pod should be

Significant positive association of yield with these given due emphasis for exploiting maximum yield
attributes indicated positive contribution  of these potential in lentil.
Table 3 Correlation coefficient between different morphological characteristics of lentil
Character Number of Pod Number Number 100 grain Grain
branches/ length of seeds/ of pods/ weight yield/
plant pod plant plant
Plant height -0.004 0.012 0.013 0.675%* -0.759** 0.240
Number of branches/plant - 0.320 -0.025 -0.047 -0.126 0.023
Pod length - - -0.550** -0.081 0.259 0.021
Number of seeds/pod - - - 0.414 -0.104 0.586**
Number of pods/plant - - - - -0.635%* 0.715%*
100 grain weight - - = - - -0.100
*= Significant at P < 0.01 level
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Effect of mutagenesis on M
parameters in lentil

A. Sarker! and B. Sharma®

. Bangladesh Agricultural Research Institute
Jovdebpur, Gazipur, BANGLADESH

2. Indian Agricultural Research Institute, Division
of Genetics, New Delhi- 110012, INDIA

Abstract

The immediate effect of mutagenesis was studied in
a land variety of lentil, L-3991. The mutagenic
treatments caused significant biological damage which
was measured by M, parameters. However, the pattern
of mutagenic damage varied with different mutagens.
Gamma rays had more drastic effect on fertility and
seedling height, Ethyl methane sulphonate (EMS) on
fertility, Nitroso ethyl urea (NEU) on germination,
and survival and minimum toxicity was recorded with
sodium azide (SA).

Introduction

Lentil occupies first position amongst pulses with
respect to human consumption in Bangladesh. Its yield
per unit area is very low. Use of traditional varieties
with low yield potential is one of the major causes of
low production of lentil. Moreover. the farmer’s
varieties all over the country have restricted vari-
ability in respect of the economic characters. In this
situation induced mutagenesis seems to be useful in
creating variability, subsequent improvement can be
done through selection. The immediate effects of
mutagenesis were studied in terms of germination.
seedling height, plant survival and pod fertility. This
information may be useful in selecting mutagens or
doses/concentrations if there is any relationship exist-
ing between M| injury and the occurence of beneficial
macro or micromutations.

Materials and Methods

The experiments were conducted on the seed of a local
variety L-3991 at the Division of Genetics, Indian
Agricultural Research Institute. New Delhi during the
1981/82 season. Four mutagens. viz. gamma rays, EMS,
NEU. and SA with three doses/concentrations each were
used. Five hundred seeds were used in each treatment.
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Table Germination. seedling height at 40 days. plant survival. and pod fertility in Ml generation
Germination Seedling height Survival harvest Pod fertility
Treatment % of treated % of cm % % of % of - % _ % of
seeds control reduction  germinated control fertility  controf
plants
Control 96.2 100.0 4.9 0 94.8 100.0 97.5 100.0
Gamma rays
4 kr 70.4 73.1 3.7 25.6 61.2 64.5 76.1 78.0
8 kr 62.6 65.1 3.3 33.5 47.4 50.0 58.7 60.2
12 kr 47.6 49.5 3.3 33.7 39.4 41.5 53.5 54.8
EMS
0.1% 76.8 79.8 4.4 10.3 69.2 72.9 75.8 77.8
0.2% 65.0 67.6 3.7 25.6 54.4 57.3 57.9 59.3
0.3% 43.8 45.5 3.3 33.3 35.6 37.5 54.0 55.3
NEU
0.005 % 69.4 72.1 4.1 17.6 62.4 65.8 78.9 80.9
0.01% 54.4 56.6 3.6 26.0 42.4 44 .7 76.4 78.3
0.02% 39.8 41.4 3.6 26.6 30.8 32.4 75.7 77.6
SA
0.005% 81.2 84.4 4.4 11.5 75.4 79.5 85.6 87.7
0.01% 70.4 73.2 3.9 20.7 63.2 66.6 77.5 79.4
0.02% 64.8 67.4 3.7 24.7 57.0 60. 1 77.3 79.2

The seeds were sown in rows 2.5 m long with 30 x 5 cm
spacing without replication. The crop was irrigated
twice and standard cultural and agronomic practices
were followed to maintain good growth. The emergence of
coleoptile was taken as an indication of germination
which was recorded upto 30 days after seeding. Seedling
height at 40 days was recorded for 20 randomly selected
seedlings in each treatment. The survival percentage
was computed as the percentage of plants surviving till
maturity out of the totai number of seedlings ger-
minated. The pods of 20 randomly selected plants were
taken and the number of fertile pods were counted.
Pod fertility was measured as the ratio of the pods
with seeds to the total number of pods in a plant
averaged over the 20 plants in each treatment.

Results and Discussion

Germination

All mutagenic treatments caused considerable reduction
in germination of the treated seeds. Among the mutagens
tested, NEU proved to be more lethal than gamma rays,
EMS, and SA mutagens. There was almost linear reduction
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in germination with increasing radiation doses or con-
centrations of the chemical mutagens. The effect of
mutagens in reducing the germination is well established
(Konzak eral. 1961). Several workers have also
demonstrated that the dose has a direct bearing on
germination (Bala Ravi 1982: Nalampang 1982: Sharma
and Sharma 1983).

Seedling height

The reduction in seedling height (seedling injury) was
also positively correlated with dose/concentrations in
all the mutagens. Among the mutagens. gamma rays caused
maximum reduction in height. Santos (1965) reported in
Phascolus aureus a decrease it plant  height following
treatment with gamma rays. Similar observations were
also reported by Sharma and Sharma (1983) in lentil:
Rajput ¢r al. (1983) in soybean and Nalampang ¢t of.
(1982) in blackgram.

Plani survival

Plant survival at harvest drastically decreased in all
treatments. In the control, 94.8% plants survived.
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whereas 30.8 (0.02%) NEU - 75.4% (0.005% SA)
survived in the treatments. Thus, NEU caused maxi-
mum post germination lethality. The dose effect on
plant survival was very clear with all mutagens. All
the concentrations of SA showed less drastic effect on
survival. The more drastic effect of NEU on survival
was also reported by Sharma (1977) in lentil.

Pod fertility

Observations on pod fertility revealed that all the
treatments caused considerable increase in sterility.
In general, gamma rays and EMS produced more sterile
pods as compared to NEU and SA. But, Nerkar (1974)
reported great effect of EMS and NEU and recorded less
pollen sterility with gamma rays in lathyrus. The
possible reason for this discrepancy is the different
dose range used in different studies.

In general, mutagenic treatments significantly
influenced all these parameters selected for assessing
the biological damage caused in the generation of
treatment. However, there was some difference in the
pattern of mutagenic damage also. For example, gamma
rays had more drastic effect on fertility and seedling
height, EMS on fertility, and NEU on germination and
survival. Sodium azide displayed minimum toxicity in
terms of M| damage.

The relationship between the M injury detected due
to different doses/concentrations of the mutagens used
and the occurrence of beneficial macro and
micromutations will be studied critically in M, and M,
generations. The information from M, parameters may
help in -the initial rejection of less important
mutagenized populations which may save time and effort
in any mutation breeding program.
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Performance of exotic lentil
genotypes in Sudan

Abdalla Ibrahim Sheikh Mohamed®, Salih
Hussin Salih!, and Farouk Ahmed Salih’
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Ed-Damer, SUDAN
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Abstract

Ten exotic lentil genotypes were evaluated for growth
duration, seed yield, and yield components for two
seasons at Hudeiba and Rubatab in the Northern Region
of Sudan. The genotypes varied in growth duration, but
not in seed yield and yield components. The genotypes
NEL 795 and NEL 812 were promising under Sudan
conditions.
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Introduction

Lentil (Lens culinaris Medik.) is a cool-season annual
legume originated in the Near East. Lentils are
subdivided into microsperma and macrosperma on the
basis of seed size (Erskine and Witcombe 1984; Hawtin
el al. 1980: Webb and Hawtin 1981). Within Sudan. the
long cool winter season in the north is most favorable
for lentil production, with the germplasm evaluation
and cultivation improvement program on lentil con-
centrated at Hudeiba Research Station since the early
seventies (El Sarag and Nourai 1983).

Positive lentil seed yield correlation with number
of branches/plant, number of pods/plant, plant height,
and biological yield were reported (Chauhan and Sinha
1982: Erskine and Witcombe 1984:; Hawtin et al. 1980:
Webb and Hawtin 1981). Rao and Yadav (1988) found that
selection based on harvest index, biological yield, and
seed yield could improve lentil yield. Ahamed and
Pandey (1983). however, found seed yield stability in
lentil was a complex independent character with limited
use of yield components in characterizing this parameter.

The objective of this paper is to present the per-
formance of some exotic lentil genotypes in Sudan.

Materials and Methods

Ten lentil genotypes, received through ALAD/ICARDA/

ARC Collaborative program, were evaluated with a locai
type (Selaim) at Hudeiba (17.34 N, 33.56 E) and Rubatab
(Abu Hasheem 19.32 N, 33.19 E) in the northern region
of Sudan in the 1983-85 seasons.

The experiment was laid out in a randomized com-
plete block design with four replicates and a plpt
size of 6 m x 3 m with net harvested area of 10 m*.
Sowing was in mid November with a seed rate of 142
kg/ha in both seasons. Sowing was on rows on both sides
of ridges 10 cm apart. Irrigation was applied at about
12 day intervals till maturity. Basal nitrogen fer-
tilizer dose of 43 kg N/ha was added as urea. Weed
control was by hand weeding twice. Insect control was
by spraying pesticides when required. The characters
studied were growth duration, seed yield, and yield
components.

Individual statistical analysis for each character,
and combined analysis and stability test for seed yield
were followed as described in Gomez and Gomez (1984).

Results and Discussion

The performance of the genotypes differed significantly
in number of days to flowering, number of days to
maturity, and 1000-seed weight, but performed similarly
in the other characters (Table 1). The genotypes gave
better seed yield at Rubatab in both seasons with a
yield advantage over Hudeiba of more than 1 ton/ha. The

Table 1 Mean performance of the genotypes
Location
Character! Hudeiba Rubatab
Hudeiba Mean S.E. Range Mean S.E.
Number of days to flowering 43-45 44 0.3%* 45-49 47 0.7*
46-51 48 0.6%* 42-45 43 0.4%*
Number of days to maturity 96-98 97 0.3** 93-95 94 0.8
84-91 87 2.7 90-93 91 0.6
Plant height (cm) 37-40 38 1.2 41-47 45 1.7
33-38 37 2.5 44-49 47 2
Number of pods/plant 10-17 13 0.6 29-37 33 3.5
09-14 12 2 21-27 24 3
1000-seed weight 23-24 25 0.7 23-26 24 0.6%
(gm) 21-24 23 1 26-29 27 0.6*
Seed yield t/ha 0.4-0.8 0.6 0.1 1.6-1.9 1.8 0.1
0.5-0.7 0.6 0.1 1.5-1.7 1.6 0.1
Straw yield t/ha 2.4-3.7 2.9 0.1 3.2-3.7 3.5 0.2
3.0-4.0 3.5 0.3 3.2-4.1 3.7 0.3
1. For each character upper: the §3/84 season; lower: the 84/85 season
# ** Significant at P = 0.05 and 0.01, respectively
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low yields at Hudeiba may be due to soil type and high
temperatures at the end of the season, but agronomic
verification is needed for clarification (E!{ Sarag and
Nourai).

There was a significant genotype by season inter-
action for seed yield indicating that genotypes per-
formed differently over seasons. However the genotypes
NEL 795 and NEL 812 performed similarly in the two
seasons at both Hudeiba and Rabatab stations, respec-
tively, indicating high and stable yielding capacity
(Table 2).

In conclusion, inspite of the low yields at Hudeiba
and the similarity of the genotypes to the local type
in seed yield, some genotypes such as NEL 795 and NEL
812 were promising under Sudan conditions.

Table 2 Mean seed yield (kg/ha) of the genotypes
Location
Hudeiba Rubatab
Genotype 83/84 84/85 83/84 84/85 Mean

NEL 788 Egypt 804 S35 1780 1663 1196
NEL 790 Egypt 580 675 1520 1507 1071
NEL 794 Egypt 525 650 1722 1554 1113
NEL 795 Egypt 691 688 1875 1518 1193
NEL 798 Egypt 539 635 1609 1657 1110
NEL 804 Egypt 602 682 1710 1553 1137
NEL 812 Egypt 476 622 1654 1559 1078
NEL 813 Egypt 709 684 1777 1657 1207
NEL 818 Egypt 542 670 1795 1687 1174
Giza 9 Egypt 386 487 1832 1469 1044

Origin

Silaim Sudan 670 678 1899 1540 1197

Mean 593 637 1754 1585 1142

S.E. + 51 62 64 97
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Agronomy and Mechanization

LaaShy Tuel, 3l @dtaladl

Effect of spodnam application on lentil
seed yield and harvest losses over
different times and methods of harvest

S. N. Silim, M. C. Saxena, and W. Erskine

Food Legume Improvement Program
ICARDA
Aleppo. SYRIA

Abstract

Experiments were conducted in the 1987-1989 seasons
at Tel Hadya, North Syria to determine the potential
of the chemical ‘Spodnam’ in extending harvest period
and reducing seed yield loss of mechanically har-
vested lentil. Averaged over both seasons, seed yield
loss was 18.5% in a mechanically harvested crop as
compared to hand pulling. Averaged over method of
harvest, delaying (he harvest had no signilicant
influence on seed yield in the 1987/88 season, but
caused significant seed loss (38%) in the 1988/89
season. Seed yield loss, however, was 50% in lentil
harvested late by plot combine in the 1988/89 season.
In both years, Spodnam did not influence seed yield
of lentil significantly. Seed yield increase due to
Spodnam was 7% and 3% in the 1987/88 and 1988/89
seasons, respectively.

Introduction

In the Mediterranean basin (West Asia and North
Africa). lentil (Lens culinaris Medik.) harvest is
traditionally done by hand pulling. The rapid rise in
temperature in May associated with cessation of rain
results in the entire area under lentils in the region
reaching harvestable maturity at about the same time,
with only a short period of not more than seven days
becoming available for harvesting to avoid losses by
pod drop and shattering. Thus, the availability and
cost of labour for the hand harvest become major
constraints in lentil production. The International
Center for Agricultural Research in the Dry Areas
(ICARDA) is. therefore, conducting a major research
project on the mechanization of lentil harvest to work
out economic solutions to the problem of lentil harvest
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(ICARDA 1987, 1988. 1989). Among the different systems
of mechanical harvest tested is a combine harvester
which shows greatpromise ICARDA 1989). The optimum
time of harvest by combine is. however. later than for
hand pulling (Khayrallah 1981). This delay in harvest
often results in high seed losses because of pod drop

and dehiscence  (Khayrallah  1981: Erskine [985).
Extending harvest period without incurring vield
penally would be of great benefit to farmers. A spray

of a chemical named ‘Spodnam EDB" has been reported to
control  pod shattering and delay time of harvest in
peas. soybeans, mungbeans, dry beans. and oil seed rape
(Mandops n.d.). Experiments were. therefore. conducted
at ICARDA to test the potential of this chemical in
controlling pod dehiscence and pod drop in lentil and
in extending the period for mechanized harvest.

Materials and Methods

The experiment was conducted during the 1987-89
cropping seasons al ICARDA’s main research station at
Tel Hadya in North Syria. The experimental design in
both seasons was randomized block with four
replications and with factorial treatments as follows:

1. Chemical spray
a. Control of distilled water sprayed on the crop at
pod filling stage at 400 1/ha.
b. Spodnam EDB sprayed at pod filling stage at a
rate of 1.25 I/ha in 400 I/ha of tank mixed with
distilled water.

2. Method of harvest
a. Hand pulling
b. Plot combine.

3. Time of harvest
a. Normal time: (Physiological maturity when 40-60%
of pods were vyellow for hand harvest: full
maturity when 100% of pods were mature for
combine harvest).
b. Delayed, harvested three
maturity.

weeks after 100%

A dressing of 22 kg P/ha was applied prior to
sowing. Seeds of cultivar Idleb | (ILL 5582) were sown
by Oyjord drill on 2 Dec 1987 and 5 Dec 1988 in plots 3
x 20 m. Al plots were hand weeded as necessary.
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Table 1 The effect of applying Spodnam and time and method of harvest on seed yield of lentil
cultivar ILL 5582 Tel Hadya, 1987/88 season
Method of harvest (H)
Hand Plot combine
Chemical Normal Delayed Mean Normal Delayed Mean Mean
spray (C) harvest harvest harvest harvest
Water 1944 84 014 450 8 1544
Spodnam 2173 45 208 566 4 1600
Mean 2058 64 508 6
Mena for H 1 2
Time of harvest (T)
Normal Delayed
Water 1697 1861
Spodnam 1869 1939
Mean 1783 1900
LSD (5%): C = NS. H =141, T = NS, Cx H = N§, CxT = NS, HxT = N§, HxT x C = NS CV. (%) IS5
Seed vield loss from plot combine harvester Results and Discussion

compared to hand pulling was 26 % in the 1987/88 season
and 11% in the 1988/89 season (Tables 1 and 2).
Averaged over two vyears, seed yield loss was 18.5%
which is similar to the two years’ average of 20%
reported at ICARDA in 1988 with a modified combine
(ICARDA 1989).

The long term-average annual rainfall at Tel Hadya is
330 mm. The annual rainfall was 504 mm in the 1987/88
season higher than long-term average by 52% when only
229 mm was received in the 1988/89 season, represent-
ing 69% of the mean annual precipitation.

Table 2 The effect of applying Spodnam and time and method of harvest on seed yield of lentil
cultivar ILL 5582 Tel Hadya, 1988/89 season
Method of harvest (H)
Hand Plot combine

Chemical Normal Delayed Mean Normal Delayed Mean Mean
spray (C) harvest harvest harvest harvest
Water 484 501 493 607 302 455 474
Spodnam 542 510 526 605 304 455 490
Mean 513 506 606 304
Mean for H 509 455

Time of harvest (T)

Normal Delayed
Water 545 402
Spodnam 574 407
Mean 559 405
LSD (5%): C = NS, H = 48 T = 48, Cx H = NS, Cx T = NS, Hx T = 68 Hx T x C = NS CV. (%) 13.5
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Delaying lentil harvest resulted in yield losses in
lentil (Khayrallah 1981; Erskine 1985). In this study.
delaying harvest in the 1987/88 season had no influence
on seed yield. but increased seed yield loss
significantly in the 1988/89 season by 38% (Tables 1
and 2). In the 1988/89 season, mechanical harvesting by
plot combine accentuated the losses due to delay in
harvesting, giving a total seed loss of 50% (Table 2).
The difference in response to delay in harvest and
methods of harvest in the 1987/88 and 1988/89 seasons
was probably due to differences in moisture supply for
seasons.

Compared to control (water spray), application of
Spodnam on lentil did not increase seed yield
significantly (Tables 1 and 2). The yield advantage
from applying Spodnam was 7% and 3% in the 1987/88 and
the 1988/89 seasons, respectively. This contrasts with
the higher values of 11-14% reported by Dick Hilsenkopf
(Unpublished) on lentil in USA. Probably in the
Mediterranean basin, the rapid rise in temperature and
drought which cut short the reproductive period in
lentil (Saxena 1981) were responsible for the
ineffectiveness of this chemical.
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Effect of mixed cropping lentil and
wheat at varying seeding ratios

Shaikh Mostafa Zaman
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Mymensingh, BANGLADESH

Abstract

Monoculture lentil (Lens culinaris Medik.), monocul-
ture wheat (Triticum aestivun L.), two cropping mix-
tures of lentil and wheat (100% lentil + 33% wheal,
and 33% lentil + 100% wheat) were compared in an
experiment. The highest lentil grain yield was obtained
from sole lentil followed by 100% lentil + 33% wheat
combination. The monocropped wheat gave the highest
wheat grain yield. The highest Land Equivalent Ratio
(1.25), gross benefit, net benefit, and benefit cost
ratio were obtained from 100% lentil + 33% wheat
combination.

Introduction

Mixed cropping as a method of crop intensification is
commonly practiced in densely populated countries to
provide more food. Farmers make the best use of their
land and produce more through crop intensification.
Lentil is the second most important pulse crop in
Bangladesh in area and production (BBS 1985). It is
often grown as a mixed crop with sugarcane, mustard,
and wheat. The mixture of wheat and lentil (100:50
ratio) gave 23% more yield than monocropped wheat
(Anonymous 1980). The wheat yield was not reduced by
the presence of lentil in this experiment. The use of
early maturing varieties, alternating row arrangement,
spacing and plant population are some important methods
that may help increase the yield of inter-crop (Harrera
and Harwood 1974). The combination of lentil and wheat
(100:30) produced more economic return over mono-
cropped lentil (Rahman [984).

In Bangladesh, very little work has been done in
the farmers’ fields to investigate the effect of lentil
and wheat mixed cropping at varying seed ratios. The
present study. therefore. was undertaken to determine
optimum seedling ratio of lentil and wheat in a mixture
at farmers” fields.

Materials and Methods

The experiment was conducted during the period from
November. 1986 to March, 1987 in a farmers’ fields at
the Farming Systems Research site, Panchlia, Serajgonj.
Bangladesh. The soil was of the Sonatala series under
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Karatoya flood plain soil. The monoculture lentil,
monoculture wheat and two combinations of lentil and
wheat (100:33 and 33:100) were included in the study.
The experiment was laid out in a randomized complete
block design with six replications. The size of the
unit plot was 5 x 8 m. The seed rates of the mono-
culture lentil and monoculture wheat were 25 kg/ha
and 120 kg/ha, respectively. The lentil cultivar L-5
and wheat cultivar Kanchan were used. Sowing was on 17
Nov 1986. The lentil sole crop received 20-40-20 of N,
PyO5. and K,0O kg/ha, respectively. A mixture of
80-60-40 of N. P,Os. and K5O kg/ha. respectively was
applied in the mixed treatments. The sole wheat
received 80-60-40 N, P,Os5. and K, O kg/ha. respectively.
The entire dose of P28 and K,O through triple
superphosphate and muriate of potash. respectively
along with 50% of nitrogen were applied during the
final land preparation. The second half of nitrogen was
applied as a top dressing 22 days after seeding. The
plots were weeded once 21 days after seeding. One
irrigation was given 17 days after seeding. Harvesting
of wheat was on Mar 1987 and that of lentil on 9 Mar
1987. The data on different yield parameters were col-
lected from 10 randomly selected plants in each plot
and those on grain and straw yields were recorded from
the whole plot. The collected data were then analyzed
statistically. Land Equivalent Ratio (LER) was computed
to assess the land use efficiency on yield advantage.
The total hours of labour used for different operations
was recorded along with the cost of variable inputs to
compute the variable cost of different combinations.
The cost and benefit analysis was done for each treat-
ment on hectare basis.

Results and Discussion
Yield and yield componenis of leniil

The results showed that the effect of mixed cr%p
treatments were significant on plant populations/m<,
number of branches/plant. number of pods/plant, and
grain yield of lentil (Table 1). The highest grain
yield (0.80 t/ha) was obtained from lentil sole crop
followed by 0.56 t/ha from 100% lentil + 33% wheat.
The lowest lentil grain yield (0.24 t/ha) was produced
by 33% lentil + 100% wheat combination. The vields of
lentil in 100% lentil and 100% lentil + 33% wheat were
significantly higher than the yield from the treatment
33% lentil + 100% wheat. The highest grain yield
produced by sole lentil crop ¢ould be due to maximum
number of plant population/m“, maximum number of
branches/plant, maximum number of pods/plant, and
maximum number of seeds/pod. The plant height of lentil
was not significantly affected by the various plant
population levels.
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Table 1 Effect of mixed cropping on grain vyield and yield components of lentil

100% wheat - =

Seeding ratio Plant population/  Plant  Number of Number of Number of  Grain yield
m” height  branches/ pods/ seeds/ (t/ha)
(cm) plant plant pod
100% lentil 75.6 a 28.8 a 13.7 a 99.2 a 1.65 a 0.80 a
100% lentil + 33% wheat 65.9 a 30.7 a 10.0 ab 65.4b 1.63 a 0.56 a
33% lentil + 100% wheat 24.0b 32.1a 45.1'b 1.60 a 0.24 b

8.5b

Values within a column followed by same letter(s) are not significantly diflerent at 5% level according o Duncan’s Multiple Range Test

Yield and vield components of wheai

The results revealed that the effect of mixed crop
treatments were significant on the number of spikelets/
spike. number of grains/spike. number of spikes/m<.
and grain yield and straw yield (Table 2). The
highest wheat grain yield (2.10 t/ha) was obtained
in sole wheat treatment followed by that in 33% lentil
+ 100% wheat combination (1.70t/ha). The lowest grain
vield was obtained from 100% lentil + 33% wheal
combination. Up to 33% of full lentil seed population
had no significant effect on grain yield of wheat. The
plant height of wheat was not affected significantly by

the various plant population levels. The highest grain
yield produced by sole wheat crop could be due to
maximum number of spikes/m“, maximum number of
spikelets/spike. and maximum number of grains/spike.
Due to higher population/unit area in the mixed cul-
tures. the inter- and intra-crop competition increased
and resultéd in lower yields/plant.

LER. cost, and benefit analysis
The highest LER (1.25) was obtained from 100% lentil

+ 33% wheat mixture (Table 3). Thus. by mixed crop-
ping 100% lentil + 33% wheat, a farmer could produce

Table 2 Effect of mixed cropping on grain yield and yield components of wheat

Seeding ratio Number of Plant  Number of  Number of  Grain yield Straw yield
spikes/m2 height spikelets/ grains/ t/ha) t/ha)
(cm) spike spike
100% lentil - - - - - -
100% lentil + 33% wheat 70.7 b 88.2 a 17.1b 13.4b 1.16 b (.29 ¢
33% lentil + 100% wheat  146.1 a 87.5a 16.7 b 35.8 ab 1.70 a 1.96 b
100% wheat 166.1 a 90.1 a 18.3 a 400 a 2.10 a 2.50 a

Values within a column ftollowed by same letter(s) are not significantly different at 5% level according to Duncan’s Muluiple Range Test

Table 3 Relative yields, LER. cost and benefit analysis as affected by different seeding ratios

Seeding ratio Relative yield ~ LER  Gross benefit Total variable Net benefit ~ Benefit
Lentil Wheat ($/ha) cost ($/ha) ($/ha) cost ratio
100% lentil 1.00 - 1.00 266.4 133 133.4 2.00
100% lentil + 33% wheat 0.70 0.55 1.25 361.6 176 185.6 2.05
33% lentil + 100% wheat 0.30 0.81 : 336.6 179 157.6 1.88
100% wheat . 1.00 1.00 317.1 173 144 .1 1.83
Markel price: Wheat $ 0.151/kg
Lentil $ 0.333/kg
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0.56 t/ha of lentil and 1.16 t/ha of wheat instead
of growing them separately in 1.25 ha of land to
obtain the same combined yield. The highest gross
benefit, net benefit, and benefit cost ratio were
obtained from 100% lentil + 33% wheat combination
(Table 3). The lowest net benefit was obtained from
sole lentil. The highest benefit cost ratio was pro-
duced by 100% lentil + 33% wheat followed by sole
lentil.

The results suggest that 33% wheat seed can be
mixed in normal cultivation of lentil for economic
advantage of the farmer in Serajgonj area.
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Environmental variation in time to
flower in lentil

Liliana N. Gray and Norma C. de Delgado

Facultad del Ciencias Naturales
Universidad Nacional de Salta
Buenos Aires 177, 4400 Salta, ARGENTINA

Abstract

Twenty-one sowings of non-vernalized seeds of “Precoz”
cultivar were grown in the field during the 1984-86
seasons to test the relationship between time to
flower, temperature, and photoperiod according to the
equation proposed by Summerfield er al. (1985) to
predict the time to flowering. There was a linear
relationship between the reciprocal of time to flower
and mean photoperiod and temperature during the
vegetative growth in the 1985 - 1986 seasons. Predicted
values of time to flower matched observed values well
in these seasons, validating the model. However, the
observed values of time to flower did not match the
predicted values in 1984 because of temperatures at and
below the base temperature (T, ), thus highlighting the
need to use the model only between the published limits
of the respective ranges of mean temperature and
photoperiod.

Introduction

The response of some lentil genotypes in time to flower
to vernalization, photoperiod, and temperature under
controlled environmental conditions has been described
(Summerfield er al. 1985). It was concluded that seed
vernalization and its later treatment at different photo-
thermal regimes significantly affect the number of days
to flowering, even when some genotypes differ in their
relative sensitivity to each of the factors studied.
Irrespective of genotype, photoperiod, or vernalization
time to flowering is regulated by the mean daily tem-
perature rather than by night temperature, or any day-
time variation (Summerfield er al. 1985).

Gray and Delgado (1986) described "Precoz” cv from
Argentina and its interaction with the principal climatic
elements namely temperature and photoperiod. They found
that there is a significant inverse association with

Ar34 1989.2 sse .16 slau . Loale 3,45« il

"days of birth (o flowering”. thus suggesting
temperature sensitivity of the cultivar.

Since Precoz cv is used in numerous hybridization
programmes in the world, an understanding of its
response to the factors temperature and photo-
period in different field environmental conditions
is particularly useful.

This paper. involving twenty-one sowings spread
over three years, presents experimental data from
different field environments to test the predictive
equation proposed by Summerfield ¢/ al. (1985) for
Precoz cv as a means to predict time to flowering.

a high

Materials and Methods

Precoz cv. designated as ILL 4605 in ICARDA. was sown
in 1984, 1985, and 1986 every ten days (twenly-one
sowings) in Salta. Argentina. Valle de Lerma. 24° 54°S.
65° 29°'W. and 1.250 m above sea level beginning in
Autumn, on May 5 in a randomized complete block design
with  four replications. Full experimental details are
found in Gray and Delgado (1986). Seeds were not
vernalized and the crop was conducted in a similar way
to commercial sowing. applying three irrigations for
each sowing. pre-sowing. after 40 days. and pre-flowering.

Time to flowering was considered as days from
sowing to 50% plants flowering. With an average period
of 4 days from the beginning of flowering till 50%
plants in flower, it is more reliable to use the 50%
observation in the field.

Multiple regression was used to study the as-
sociation between flowering period and the factors
considered. The theoretical pattern and its constants,
described by the equation: 1/f =a + b + t + cp. (I/f =
days to tlowering inversed, a, b and ¢ = constants, { =
mean temperature. p = photoperiod) proposed by
Summerfield ¢r al. (1985) was used to give the predicted
values for time to flower.

Results and Discussion

The vegetative period of the lentil crop in North West
Argentina coincides with short and fresh days (autumn-
winter). progressively becoming longer and hotter in
winter-spring. The average data of field photothermal
conditions show that the photoperiod during the three
years was constant and within the range tested by
Summerfield ¢r al. 1985, (10-16 hrs.). but the average
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temperature was only within the tested range (9.33°C -
21.759C) in 1985 and 1986. but not in 1984 when the
mean temperature (t) was 8.61°C = 0.59°C (Table).

No difference was observed between blocks in the
time to flower. thus demonstrating that the seeds
belonged to a pure stock. Means over blocks were used
in the following analysis.

Within each year. a shortening of the vegetative

period coincided with progressive raises in average

temperature and photoperiod. thus demonstrating a
marked inverse linear association.

Using the published values of response to
temperature (b = 0.00093643) and photoperiod (¢ =
0.00075104) and intrinsic earliness (a = -0.005226) for
unvernalized Precoz (Summerfield e al. 1985) in
predicted values of time to first flower were
calculated and are shown with observed time to 50%
flowering in the field for each year (Figures 1 and 2).

(p) in hours among sowing dates

Table 1 Field data of mean time to flowering (f) in days, its mean temperature (t) in °C, and photoperiod

x = Predicted total time to first flowering

100 -

T T T T T

L)
40 50 60 70 80 90

100 x

Fig. 1. Fitting between predicted and observed values
of times to flower in 1984

1984 1985 1986

Date

t p f t p f t P f
l 8.70 11.49 77 11.87 11.47 70 12.51 11.46 60
2 8.43 11.48 72 11.03 11.49 74 12.30 11.46 64
3 7.81 11.50 66 10.14 11.57 72 12.92 11.50 60
4 8.28 11.54 56 10.90 11.69 74 12.79 11.61] 63
5 8.56 11.68 52 9.51 11.81 69 12.99 11.75 64
6 8.80 11.81 54 11.54 11.96 62 13.61 11.91 57
7 9.75 11.94 50 12.16 12.09 61 14.69 12.09 54
Xg 8.61 11.63 61 11.02 11.72 67 13.11 11.68 60
Source: Estacion Agrometeorologica, INTA, Cerrillos, Salta, Argentina

y = Observed total time to 50% flowering y = QObserved total time to 50% flowering

x = Predicted total time to first flowering

Year A A 86

a0 85;

100 -|

40 50 60 70 80 90 100 x

Fig. 2. Fitting between predicted and observed values
of limes to flower in 1985 and 1986.
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The year 1984 (Figure 1) has a poor fit of observed to
expected times to flower (y = x); in contrast to 1985
and 1986 when there was a very good fit of observed
with expected values (Figure 2).

What caused the difference between the years in
model fitting? The years 1985 and 1986 had temperature
and photoperiodic regimes within the range of 9.33 -
21.75°C and 10-16 hours tested by Summerfield e/ al.
(1985). However, the mean temperature in 1984 was
8.619C and many nights were at or below the base
temperature (Ty,). The limits of the photothermal model
proposed by Summerfield er al. (1985) are now known to
be between the base (Th) and optimum temperatures (T )
and critical (P.) and ceiling (P c) photoperiods (Ellis
e al. 1989). Clearly the years %985 and [986 were
within these limits and the model gives good prediction
of time to flower. When temperature T, was overstepped
in [984 the mode!l no longer fitted well. This
emphasizes the need to apply the model only within the
ranges of mean temperature Ty, to T, and photoperiod P,
to Pe.
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Pests an

Insects associated with lentil
in Northern India

Anuj Bhatnagar1 and V. K. Sehgal2

1. Department of Entomology, Govind Ballabh
Pant University of Agriculture and Technology
Pantnagar, Nainital, 263145 Uttar Pradesh, INDIA
2. ICRISAT

Patancheru P.O. Andhra Pradesh 502324
Hyderabad, INDIA

Lentil crop is grown as a Rabi crop in Northern India.

The vegetative stages of the crop pass through a severe
winter between November and January. Flowering and pod
formation occur in February and March. The crop is
mature and harvested in April. Thirty six species of
insect pests, parasitoids, predators, and foraging
insects have been associated with lentil during the
weekly sampling observation in the 1985-87 crop seasons
at Pantnagar.

Being a winter crop, relatively few insect species
are associated with the crop. Twenty three species are
associated with the crop in the vegetative stage and
foliage growth of the crop, 20 species with the
flowering stage, and 24 species with the pod formation
and maturation stages. The insects associated with
lentil crop during crop growth are listed in Table 1a
and 1b (Hariri 1981).

Table 1a List of insect pests associated with lentil at Pantnagar
Plant parts damaged Pest status

HOMOPTERA

Aphididae
Acyrthosiphon pisum (Harris) Sucks the sap from foliage Minor
Aphis craccivora Koch Sucks the sap from foliage Major
Myzus persicae (Sulz.) Sucks the sap from foliage Minor

Cicadellidae
Balclutha sp. Feed on foliage Minor
Empoasca sp. Feed on foliage Minor
HEMIPTERA

Coreidae
Cletus signatus Walker Lygaeidee Feeds on foliage Minor
Graptostethus servus Fabricius Feeds on foliage Minor

Pentatomidae
Eusarcocoris ventralis Westwood Sucks the sap from foliage Minor
Nezara viridula (L.) Sucks the sap from foliage Minor
Piezodorus rubsofasciatus Sucks the sap from Minor
Fabricius vegetative
LEPIDOPTERA

Noctuidae
Helicoverpa armigera (Hubner) Damages the pod and seed Major
Thysanoplusia orichalcea Defoliation Major
Fabricius

Cont'd...
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DIPTERA
Agromyzidae
Chromatomyia horticola Goureau Mines the leaf Major
COLEOPTERA
Bruchidae
Bruchus lentis Froel. Damages the pod and seed Major
Callosobruchus maculatus (F.) Damages the pod and seed Major
Chrysomelidae
Altica coerulea Olivier Foliage feeder Minor
Aulacophora foveicollis Lucas Foliage feeder Minor
Phyllotreta chotanica Duvivier Foliage feeder Minor
Coccinellidae
Brumoides suturalis Fabricius Damages foliage Minor
Epilachna sp. Damages foliage Minor
Table 1b List of other insects of lentil reported Acknowledgement
at Pantnagar
L The authors wish to thank Dr V.K. Sharma for his help during the
Scientific name Insect field study.
Order: family status
HEMIPTERA Reference
Nabidae
Nabis indicus Stal. Predator Hariri, G. 1981. Insects and other pests. Pages 173-189 in Lentils
(Webb, C. and Hawtin, G.C., eds.) ICARDA/CAB. CAB, Slough,
LEPIDOPTERA K
Satyridae
Ypthima sp. Visitor
COLEOPTERA
Coccinellidae
Hleis cineta Fabricius Visitor sigl! g"L‘-‘.‘.‘ 3 el l ol
Verania vincta Gorth., Visitor ‘ale e
Scymunus sp. Visitor
Coccinella septempunciata Linnaeus Predator .
Coccinella transversalis Fabricius Predator oadls
agai ,lghal A usall r;)l.‘.g:.llal,&.;ll... LG G, e3a puis
HYMENOPTERA ..
Apidae il llad
Apis dorsata Fabricius Forager
Apis indica Fabricius Forager
Braconidae
Aphedius smithi Sharma and Subba Rao Parasito
Meicorus sp. Parasito
Ichneumonidae
Allophatnus fulvitergus Tosquinet Parasito
Campoplex sp. Parasito
Diplazon orientalis Cameron Paras!to The present article i part of M.Sc. (Entomology) thesis cubmitted
Trathala hapaliae Cushman. Parasito 1o G.B. Pant University of Agriculture and Technology . Pantnagar.
Nainital, Uttar Pradesh, India.
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Centinela-INIA: A new lentil variety
tolerant to rust (Uromyces vicia fabae)

Gabriel Bascur B. and Paulina Sepulveda R.
Programa Leguminosas de Grano

Estacion Experimental la Platina, INIA

Casilla 439/3

Santiago, CHILE

Abstract

This paper announces the release of the lentil
variety “Centinela-INIA” on the basis of its resis-
tance lo rust (Uromyces vicia fabae) and high yield
in areas with high incidence. The seed colour is light
green with 60 to 80% of the seeds over 6 mm in dia-
meter, making this variety prefered for export.

Introduction

Lentil (Lens culinaris M.) is grown in the drylands of
Chile under many different agroclimatic conditions result-
ing in a great variability in production potential and
incidence of diseases.

Lentil rust, caused by the fungus Uromyces vicia
Jabae. is one of the most important diseases of this
crop (Sepulveda and Alvarez 1982). Although the disease
incidence decreased recently due to the movement of
lentil cultivation to the southern part of Chile, the
disease in some areas is still a limiting factor to pro-
duction resulting in great losses to the growers (Sepulveda
1984).

Fungicides can control the disease in lentil (Tapia
e/ al. 1987), but they are not always recommended due
to their high cost and the scarcity of water, of spray
equipment, and of economic resources in the region.
Thus, the use of lentil varieties resistant or tolerant
to rust is the safest, most efficient, and most cost-
effective  means to control the disease. This paper
presents the results of the breeding efforts of the Food
Legume Program of INIA to develop the new lentil
variety "Centinela-INIA" resistant to lentil rust.

Origin
The new variety. breeding line LP-6382 was selected

from seed introduced from ICARDA through the Lentil
International Screening Nursery (LISN-79). The nursery
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was established i 1979 at Matanzas, Navidad. Chile.
The origin of this lentil line no. 74TA 470 is from
Chile according to the information supplied by ICARDA.

Morphological Description of the Plani

The plant has an indeterminate habit of growth. It is
erect, and of 40 - 45 cm height. The stems and leaves
are green and the flowers are white with traces of blue
in the petals. Inflorescences consist of 2 - 3 flowers.
The pods are oval in shape, and usually contain a sin-
gle seed. The seeds are light green, but may turn
light brown depending on the moisture level of the seed
at harvest.

Agronomic Characieristics

This variety. usually planted in the north-central dry-
lands, flowers 130 - 145 days after planting in May,
and matures 180 to 190 days after planting. A late
planting date (June-July) reduces the number of days to
harvest to 160 - 170 days. The new variety has some
characteristics similar to the varieties Araucana-INIA
and Tekoa.

Phytopathological Characieristics

The line LP-6382 was selected out of ICARDA line
74TA-470 for its high resistance to lentil rust (Uromyces
vicia fabae).

A scale of 0 to 5 was used to evaluate disease
severity. The ratings were 0 = no symptoms, | = few
uredosores found only on the basal leaves of the plant,
2 uredosores present on leaves throughout the plant,
3 = abundance of uredosores on stems and leaves with
mild defoliation, 4 = uredosores on leaves, stems,
petioles and pods with severe defoliation, and 5 =
severe defoliation and death of the plants.

The results of the experiments conducted during the
last four years at Matanzas, Chile are presented in
Table 1. The new variety Centinela-INIA showed resis-
tance to lentil rust similar to Tekoa and slightly
superior to Corriente and Araucana-INIA varieties.

Seed Yield

The data on the seed yield of Centinela-INIA compared
with the commercial varieties (Tekoa, Corriente, and
Araucana-INIA) planted under different environmental
conditions, and in the presence and absence of rust are
presented in tables 2 and 3. The data clearly demonstrate
that the variety Centinela-INIA is highly resistant
to lentil rust.
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Table 1 Varietal performance to lentil rust
(Uromyces vicia fabae), during the 1983-86 sea-
sons at Matanzas. VI Region of Chile

Rust rating*

Variety 1983 1984 1985 1986 Average

Centinela-INIA 3.8 3.3 22 33 3.3
Tekoa 25 2.2 35 3.3 2.9
Corriente 40 33 3.0 3.8 3.5
Araucana-INIA 4.0 3.9 4.0 4.0 4.0

# Rating: 0to 5 in which 0 = no svmptoms, and 5 = severe defoliation
and death of the plants

The observations on lentil rust at Matanzas during
the five years showed that the new lentil variety gave
53% more yield as compared with the resistant variety
Tekoa and 70% and 90% more yield as compared with the
susceptible varieties Corriente and Araucana-INIA,
respectively (Table 2). In locations where lentil rust
is not a problem. Centinela-INIA gave a yield similar
to Tekoa and Araucana-INIA (Table 3). These results
indicate that Centinela-INIA is well adaptable to
different agroclimatic conditions.

Region of Cultivation, Planting Date, and Seed Density

Centinela-INIA is well adapted for cultivation in the
North-Central drylands of Chile where the disease is a
limiting factor for the crop.

Planting date in May is considered normal for the
species in the North-Central zone of Chile. Although it
is possible to delay the planting date, but this will
likely result in a yield reduction, the severity of which
depends on the extent of the delay.

The seed density of 60 - 80 kg/ha is recommended
{for planting. depending on the planting method.

Seed Quality

Lentil quality is determined by the size of the seed.
The percentage of seed over 6 mm in diameter produced
by Centinela-INIA is compared to the control varieties
(Table 4). The results show that the new variety pro-
duces a seed size similar to Araucana-INIA which is a
large seeded variety.

The data on the seed size and commercial yield of
different varieties show that the larger seed of Cen-
tinela-INIA is more easily marketed and exported than
Tekoa or Corriente (Table 4). The commercial vyield
(CY). which is the relationship between the seed size
and yield, can be calculated by the following formula:

CY = Fieldyieldx (% 7mm + % 6 mmx 0.864 + % 5Smm
x 0.826)

The different coefficients in the formula cor-
respond to the average export price for a specific time
period, with 7 mm in diameter as the optimum seed size.

Summary

Centinela-INIA, selected from the Lentil International
Screening Nursery 1979, is a new lentil variety developed
by the Food Legume Program at La Platina Experimental
Station (INIA). The new variety was submitted by
ICARDA. and corresponds to the entry No. 4050
(74TA-470).

This variety is highly tolerant to lentil rust (Uromyces
vicia fabae) and produces good yields in areas with high
incidence of the disease. The seed color is light green
with 60 to 80% of the seeds over 6 mm in diameter,
making this variety prefered for export.

Matanzas, VI Region of Chile

Table 2 Seed yield (kg/ha) of lentil varieties during five years. under a

high incidence of rust at

Yield (kg/ha)

can’s multiple range test.

Variety 1980 1983 1984 1985 1986 Average
Centinela-INIA 1380a* 1180a 770a 1420a 1180a 1190
Tekoa 950b 720b 650ab 840bc 930b 820
Corriente - 540bc 480bc 1090bc 700b 900
Araucana-INIA - 440cd 190d 790c 830b 560

+ [n each column, values with the same letter are not statistically different from each other at P = 0.05 by Dun-
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Table 3 Seed yield (kg/ha) of lentil varieties at different locations, without incidence of rust

Yield (kg/ha)

Variety Pichilemu Paredones Mar Pacifico Lolol Hidango Average
1981 1981 1982 1985 1986
Centinela-INIA 1770a* 780a 2340a 1590a 730a 1440
Tekoa 740c 380a 1920a 2200a 640a 1170
Corriente -- — 2190a 1610a - --
Araucana-INIA 1130abc 360a 2310a 1580a 630a 1200

multiple range test

* In each column, values with the same letter are not statistically ditferent from each other at P = 0.05 by Duncan’s

locations in the North-central dryland areas in Chile

Table 4 Commercial yields and percent of seeds over 6 mm in diameter of lentil varieties at different

Seed size over 6 mm (%) Commercial 100-seed

Variety Pichilemu  Mar Pacifico  Lolol Hidango  Matanzas* yield** weight*+*
1981 1982 1985 1986 Matanzas* (®

(kg/ha)

Centinela-INIA 85.5 92.2 85.5 79.2 61.8 970 6.2
Tekoa 64.5 66.8 60.7 61.0 32.7 660 5.9
Corriente -- 50.0 62.9 -- 28.7 590 4.5
Araucana-INIA 62.6 94.0 92.6 90.5 70.0 490 7.1

* Average ol 4 years

e 14% humidity content

** Commercial Yield = Field yield (% 7 mm + % 6 mm x 0.864 + 5 mm x 0.826)

References

Sepulveda R., Paulina. 1984. La roya de la lenteja disminuye el
rendimiento del cultivo. Investigacion y Progreso Agropecuario.
La Platina no. 26: 21-22.

Sepulveda, R., Paulina and Alvarez, A. Mario. 1982. Roya y antrac-
nosis: enfermedades de la lenteja. Investigacion y Progreso
Agropecuario. La Platina no. 13: 9-10.

Tapia F., Francisco, Sepulveda R., Paulina and Covarrubias Z.,
Carlos. 1987. Validacion de Tecnologia. Investigacion y Progreso
Agropecuario. La Platina no. 41: 18-20.

26 En Lens Newsletter Vol. 16, No. 2, 1989

wudall e wsa (diwa : Centinela-INIA

(Uromyces vicia fabae)liall Jasis
omile
e ¢ Centinela-INIA uaall Ciiua slaiel I Tyl ada 5uids
Ul Gky. (Uromyces vicia fabae ) isall Gaylia julisi
spteall] Sudie Ciieall 1in Jans Lany - Llay) Basall GLGLI i
O 780 160 o 2 Al Lajldy (Sl iV 3,0 ol
g 6 e 4yl

1989, 2 sue . 16 slaa s Luake 3,45 « puid Ar 27



Effect of sun drying of lentil seeds
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Abstract

Sun drying of lentil seeds controlled significantly
seed-borne Ascochyta lentis. However, sun drying with a
polyethylene sheet cover was more effective in control
than the treatment without a polyethylene sheet cover
and provided 57 and 96% control in 10 and 30 days
exposure, respectively. The figures for the same
exposure periods without a polyethylene sheet cover
were 12 and 49%, respectively. However, sun drying
adversely affected seed germination in all the
treatments except in 10 days exposure without a
polyethylene sheet cover. In general, a decrease in
seed germination was observed with the increase in the
duration of sun drying which ranged from 18 to 44% and
9 10 36% in sun drying with and without a polyethylene
sheet cover, respectively. The advantage of sun drying
of lentil seeds in the Ethiopian context is discussed.

Introduction

Lentil (Lens culinaris Medik.) ranks fourth among the
traditional highland pulse crops cultivated in Ethiopia.
The grain yield and quality are affected by both
biotic and abiotic stresses (Million and Beniwal 1988).
Among biotic stresses. diseases like rust and wilt/
root-rots are the major ones although ascochyta blight
(Ascochyta lentis Vassil.) has recently become important
in the improvement of the crop in the country. The seed-
borne nature and chemical control of the fungus were
studied at Debre Zeit Agricultural Research Center
(Seid and Beniwal 1988a, b). The objective of the
present study was to investigate the effect of sun dry-
ing in controlling the seed-borne infection of A. lentis
in lentil seeds.
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Materials and Methods

Lentil seeds naturally infected with A. lentis were sun
dried at Debre Zeit Agricultural Research Center in
January 1988. The seeds were uniformly spread on two
tin trays; one tray was kept uncovered. whereas the
other was covered with a polyethylene sheet. Both trays
were exposed to direct sunlight from 0800 to 1700 hrs
for one month. Seeds unexposed to sun and kept in a tin
tray in the laboratory (20 - 25°C) served as controls.
Four hundred seeds were randomly counted from each
treatment after 10, 15, 20, and 30 days of sun exposure
and plated onto potato-dextrose-agar (PDA) following
standard procedures used for seed health testing (ISTA
1966). The twenty petri dishes each with 20 seeds in
both treatments and the control were incubated at room
temperature (20 to 25°C) with 12 h light. Each experi-
ment was laid out in a randomized complete block design
with five replications (80 seeds/replication). Observa-
tions on seed germination and A. lentis colonies
developing from the seeds were made 7 days after
incubation.

Results and Discussion

Sun drying was significantly effective in controlling
A. lentis in lentil seeds (Table). However, sun drying
with a polyethylene sheet cover was more effective in
controlling 4. /entis than the treatment without a
polyethylene sheet cover and provided 57 and 96%
control in 10 and 30 days exposure, respectively.
However. sun drying adversely affected seed germination
in all the treatments except in 10 days exposure
without a polyethylene sheet cover. In general, there
was a decrease in seed germination with every increase
in the duration of sun drying. Several workers have
found the advantage of thermotherapy in reducing and/or
eradicating A. lentis infection in lentil seeds. Among
these. grain drying (Gossen and Morall 1984) and
aerated steam treatment (Kaiser and Hannan 1987) ef-
fectively reduced A. leniis infection in lentil seeds.
Also in chickpea. exposure of A. rabiei infected seed
seed to direct sun light was found effective in reducing
the recovery of the fungus (Tripathi er al. 1987). The
reduction was 50% after |5 days exposure without a
polyethylene sheet cover whereas it was 68% for the
same period with a polyethylene sheet cover. These re-
sults conform to our results which also showed the
advantage of sun drying especially by using a polyethy-
lene sheet cover which almost doubled the eftectiveness
of sun drying in controlling A. fentis in lentil seeds.

Sun drying of A. lentis infected lentil seeds for
30 days with a polyethylene sheet cover provided the
most effective (96%) control of the seed-borne fungus.
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However, this resulted in 44% reduction in seed ger-
mination. In a country like Ethiopia where seed dressing
fungicides are not available for the farmers for
several reasons. this practice offers a practical alter-
native for an effective control of A. lennis in len-
til seeds.  Most Ethiopian farmers routinely follow
this practice of sun drying or lentil and chickpea
seeds after harvest. This may be one of the reasons for
less incidence of ascochyta blight of lentil in the fields
of the farmers in the country.

Table Effect of sun drying with and without
polyethylene sheet cover on percent seed ger-
mination and recovery of A. lensis from lentil
seeds

Sun Mean % seed Mean % Percent

. . 2
exposure  germination e Ascochylaj Ascochyia
(days) colonies control

With polvethylene sheer cover

10 60.0 (50.89) 8.8 (2.98) 57.1
15 48.8 (44.37) 7.2 2.74) 64.9
20 48.0 (43.85) 3.2 (1.82) 84.4
30 40.8 (39.63) 0.8 (0.89) 96.1
Unexposed  73.0 (58.82) 10.5 (4.54) -
check
LLSD (0.05) (6.42) 0.93)

Withowt polvethylene sheet cover

10 73.0 (58.82) 18.0 (4.22) 12.2
15 65.0 (54.04) 13.5 (3.66) 34.1
20 65.0 (53.84) 11.0 (3.22) 46.3
30 51.5 (45.86) 10.5 (3.18) 48.8
Unexposed  80.5 (64.51) 20.5 (4.46) -
check
LSD (0.05) (7.9) 0.7)

! Four hundred seeds from each treatment were plated on PDA (20
seeds/petri dish)

2 Figures in parenthesis are angular transformed values (V %)

3 Figures in parenthesis  are square  root transformed values
(X + 1/2).
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Abstract

Seven cooking characteristics namely 100-seed weight,
100-seed volume, specific gravity, % water uptake after
10 minutes of cooking, cooking time, % increased
cooked weight, and % increased cooked volume were
studied in 24 lentil strains to develop a simple, but
sound cooking test. These parameters had significant
genotypic variances and wide range of variability, but
the coefficient of variation was low (1.42 - 5.73%).
Highly significant positive associations were observed
between 100-seed weight, 100-seed volume, and cook-
ing time, but 100-seed weight had high negative
associations with % water uptake after 10 minutes
cooking and % increased cooked volume. Specific
gravity was highly associated with increased cooked
volume, but had no association with cooking time.
Practical, repeatable, and reliable selection para-
melers for cooking characteristics are proposed in
which lentil genotypes with low seed weight and seed
volume with high specific gravity absorbing com-
paratively more water during the first 10 minutes
of cooking are preferred as selection indices. A
breeding strategy for evolving lentil varieties with
better yield and cooking quality is discussed.

Introduction

Lentil (Lens culinaris Medik.) is one of the important
Rabi pulses grown and consumed in India. It is also an
important traditional dietary in the Middle East
(Erskine et al. 1985). The All India Pulse Improvement
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Program develops and tests new high yielding strains/
varieties of lentil in different agroclimatic zones of
India for cultivation. adaptability, and incidence of
disease and insect pests. Attention to culinary charac-
teristics is relegated to the last  priority while
evolving and evaluating new strains/varieties. On  the
contrary. the consumer first considers the culinary
characteristics  of the variety. The lentils which cook
quickly. expand greatly in volume on cooking and finally
disperse solidly in boiling water to make a thick gravy,
are valued by Indians consuming dahil with chapatiis. The
other characteristics include texture,  flavour. and
appearance of food cooked from lentil like lentil soup.

Cooking time is the most important aspect of cook-
ing quality. It has positive genetic correlation (r
= 0.92) with seed weight (Erskine ¢/ al. 1985). In the
present investigation in addition to test weight and
cooking time. new parameters namely specific gravity, %
water uptake after 10 minutes cooking, % increase in
weight and volume of seed atter cooking were included
to study the inter-relationship to find quick, practical.
repeatable, and reliable parameters to assess cooking
characteristics of lentils.

Materials and Methods

Seed of 24 lentil strains used in the present study
were grown at the Punjab Agricultural University.
Ludhiana, India from the last week of October. 1982 to
the 2nd week of April, 1983. These strains were either
selections from land races or from hybrid derivatives
which were bulked in advanced generations (Fﬁ onwards)
and essentially homozygous. Many of the strains are
released varieties and are under commercial production
in India. Places of origin and pedigrees are given in
Table 1. A randomised block design was used with four
replications for growing the strains. but seeds of two
random replications were used in the present study.
Before sowing, fertilizer was applied at the rate of 40
kg P/ha and 15 kg N/ha. Inoculation with Rhizobium was
not undertaken, but nodulation was good throughout.
Plot size was 4 m long with eight rows of 22.5 cm
apart, and with (approximately) 400 seeds/m“. When
90-95% of pods in a plot were mature, six rows planted
with control were harvested. air dried in the field.
and then threshed and the clean seeds were stored in
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cloth bags. Prior to determining the cooking charac-
teristics. the lentils were stored for approximately 4
months at room temperature (30-35°0).

For determining seed weight and volume. random
sample of 100 air-dry seeds were recorded and their
specific gravity (particle density) was determined as
follows:

Weight of 100 seeds (g)

Volume of 100 seeds (ml)

The volume was determined in a graduated flask
containing 10 ml of water and the difference between
final and initial reading gave the volume. Method of
Rao ¢ al. (1964) was followed for measuring the
cooking time with modifications.

In the present investigation, cooking time was
determined by taking a random sample of 5 g of air-dry.
unsoaked seed and placing it in 50 ml of distilled
water in a 150 ml glass beaker boiling at a constant
temperature of approximately 99.59C. Five seeds were
taken out from the beaker after 15 minutes and tested
for softness by pressing the seeds between thumb and
the index finger. Similar observations were repeated
every 2 minutes to test the softness of five seeds. The
final cooking time was recorded when all the five seeds
became soft and an immediate duplicate sample confirmed
the softness of all the seeds. The increase in the
weight after cooking over initial weight was determined
by draining the water completely over a sieve and
weighing the cooked seeds. The volume of cooked seed
was recorded as the volume of the water lost by them
and the increase over the initial volume was expressed
in percent. The water uptake after 10 minutes of cook-
ing was determined by completely draining out the
water over a sieve and then by weighing the cooked
seeds. Analyses of variance, critical difference (CD),
coefficient of variation (CV). and coefficient of
correlations were worked out for the characteristics
determined.

Results and Discussion

Mean performance and variation

The mean values of various characteristics studied for
24 strains of lentil are presented in Table 1. Analyses
of variance for the seven characters studied in all the
strains showed highly significant F values.  Coef-
ficients of variation for all the characteristics ranged
from 1.42% for cooking time to 5.73% for % increase
in cooked weight representing the repeatability of the
tests. 100-seed weight varied from 1.56 for LL56 to
2.76 g for PL-77-12. Similarly, 100-seed volume
ranged from 0.90 ml for LG 112 to 2.26 ml for
PL 77-12. whereas LL 56 had 1.09 ml. The specific
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gravity (density) of seed varied from 1.10 to 1.76
with LG 112 having maximum density and LG 128 having
the minimum. The range of variation for cooking time
was 19.0 minutes for PL 79-8 to 24.3 minutes for
PL 77-12. The percent uptake for water after 10 minutes
cooking was maximum for the strains P1 79-8 (86.8). LL
56 (86.6). and LG 112 (86.3) and minimum for the

strains PL 77-12(70.0). HPL1(70.3).and L. 1268 (71.1).
The percentage increase in cooked weight was maximum

in VL2 (118.9) followed by L 1268 (110.7). LG 112
(105.5). and L 1304 (101.0). while it was minimum in
LG 189 (70.3), LGI186(72.1), and L9-12 (72.2). A con-
siderable amount of variability was observed for %
increase in the volume of the seed after cooking. The
strains LG 112 and L-1268 showed 200 and 193.3 %
increase in the volume after cooking. respectively.
while PL 77-2 showed minimum % increase in the volume
(71.4).  Kurien e al. (1964) and Sankaran and
Sirinivasan (1963) also observed varietal differences
in time taken and an increase in seed volume in rice
and red gram (Cajanus cajan (L.). Mill.), respectively.

Correlations

The correlation coefficients among various cooking
characteristics in lentils are presented in Table 2.
Highly significant positive correlations were observed
between 100-seed weight and 100-seed volume (r =
0.942), and cooking time (r = 0.841). But high negative
correlations were found between 100-seed weight and %
water uptake after 10 minutes of cooking (r = -0.733)
and % increased cooked volume (r = -0.779). 100-seed
volume had also high positive correlation with cooking
time (r = 0.762), but there were negative correlations
between it and specific gravity (r = -0.425), % water
uptake in 10 minutes cooking (r = -0.719), increased
cooked weight (r = -0.474). and increased cooked volume
(r = -0.684). Similar trends were observed by
Shivashankar e/ al. (1974) in a collection of green
gram (Phaseolus aureus Roxb). A highly significant
positive correlation was revealed between specific
gravity and increased cooked volume (r = 0.929).
Cooking time was negatively correlated with % water
uptake after 10 minutes of cooking (r = 0.490), while
it was not significantly correlated with specific gravity
of the seed, cooked weight, and cooked volume. Cooked
volume and cooked weight of seed had high positive
association (r = 0.583).

In lentil, a close relationship existed between
seed weight and seed volume, but both had high positive
association with cooking time. That is, small-seeded
lentils took less time to cook than bold-seeded lentil.
Similarly, a very high positive correlation (r = 0.92)
was reported between seed weight and cooking time in a
set of 24 lentil genotypes, originating from seven
lentil growing countries (Erskine er al. 1985). The
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Table 1 Cooking characteristics of 24 strains of lentil along with their origins and pedigrees

Number Strain Origin Pedigree 100-seed  100-seed Specific % water Cooking % increased % increased
weight volume gravity uptake in time cooked cooked
(g) (ml) 10 min. (min.) weight volume
cooking
! L9-12 Ludhiana  Hyb. der. 1.81 1.44 1.25 80.0 20.8 72.2 12,1
2 LL 56 Ludhiana  Hyb. der 1.56 1.09 1.42 86.6 19.8 93.3 127.2
3 LL (47 Ludhiana  Hyb. der. 1.70 1.40 .21 79.0 22.8 88.2 114.2
4 LL 153 Ludhiana  Hyb. der. 1.86 1.55 1.18 80.3 213 95.5 110.0
5 LG 112 Gurdaspur Hyb. der. 1.59 0.90 1.76 86.3 19.8 105.5 200.0
6 LG 120  Gurdaspur Hyb. der 1.60 1.40 1.14 83.3 21.0 81.2 78.6
7 LG 128  Gurdaspur Hyb. der. 1.65 1.50 1.10 80.0 20.3 96.2 106.6
8 LG 175 Gurdaspur Hyb. der. 1.59 1.60 1.50 84.3 20.8 87.5 163.6
9 LG 178 Gurdaspur Hyb. der. .64 1.30 1.26 83.0 20.0 87.5 135.5
10 LG 186  Gurdaspur Hyb. der. 2.18 1.69 1.29 74.3 23.0 72.1 110.8
Il LG 189  Gurdaspur Hyb. der. 1.88 1.47 1.28 83.6 20.3 70.3 133.3
12 PL 77-2  Dholi Mutant 2.70 2.24 1.20 73.3 23.3 85.5 71.4
13 PL 77-12 Dholi Mutant 2.76 2.26 1.22 70.0 243 71.4 90.9
14 RAU 101 Dholi Hyb. der. 2.55 2.05 1.24 743 23.0 80.0 100.0
15 PL 79-8 Pantnagar  Selection 1.60 1.25 1.28 86.8 19.0 98.7 153.6
16 PL 406  Pantnagar  Selection 1.76 1.39 1.27 80.0 21.8 88.8 124.2
17 PL 639  Pantnagar  Hyb. der. 1.66 1.30 1.27 84.3 20.8 81.2 90.9
18 K-81 Kanpur Selection 2.20 1.84 1.24 76.6 20.8 79.5 107.7
19 K-82 Kanpur Selection 2.10 1.75 1.20 73.3 21.8 90.4 117.6
20 HPL | Palampur  Selection 1.88 .55 1.21 70.3 23.3 86.2 90.3
21 VL | Almora Selection 1.70 1.42 1.20 83.3 21.0 88.2 114.2
22 VL 2 Almora Selection 1.63 1.45 1.12 83.3 19.8 118.9 136.2
23 L-1268  Delhi Selection 1.75 1.23 1.42 71.1 24.0 110.7 193.3
24 L-1304  Delhi Selection 1.86 1.42 1.30 80.5 21.8 101.0 158.0
G. Mean 1.88 1.50 1.27 79.5 21.4 88.2 122.5
C.D. at 5% 0.14 0.11 0.04 7.12 0.63 10.52 13.10
cv 3.6l 3.55 1.69 4.33 1.42 5.73 5.17
Note: Hyb, der. = Hybrid derivative

Table 2 Correlation coefficient of cooking characteristics of 24 strains of lentil

Character 100-seed Specific % water uptake Cooking % increased % increased
volume gravity in 10 min. time cooked cooked
(ml) cooking (min) weight volume
100-seed weight (g) 0.942+** -0.161 -0.733%* 0.841%* -0.492%* -0.779%*
100-seed volume (ml) -0.425% -0.719** 0.762*%* -0.474% -0.684%*
Specific gravity 0.373 0.002 0.094 0.929%*
% water uptake -0.490* 0.253 0.373
10 min. cooking
Cooking time (min.) -0.087 -0.207
% increased cooked weight 0.583**

% increased cooked volume

* Significant at 5% level
** Significant at 1% level
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strains with low seed weight and volume absorbed more
water after 10 minutes of cooking and consequently took
less time for cooking.

Curiously enough. the strains with higher density
attained more volume on cooking and were independent of
cooking time. This is a culinary characteristic which
gives thick gravy which is preferred by Indian consumers.

It may be concluded that while selecting lentils
for culinary purpose, the genotypes with low seed
weight and volume with high specific gravity (particle
density) should be considered. Further, more water
uptake after the first 10 minutes of cooking can be
taken as an index for selecting early cooking types. It
is possible to breed for early cooking with high
specific gravity types since there is no correlation
between these two traits. Thus, while selecting seg-
regating generations in a hybridization programme for
yield and agronomic characters, special emphasis should
also be given to the low test weight and seed volume
which would indirectly result in a variety with good
cooking quality.
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Bettencourt, E., Konopka, J. and Damania, A.B. 1989. Directory of Germplasm Collections. 1. I Food
Legumes Arachis, Cajanus, Cicer, Lens, Lupinus, Phaseolus, Pisum, Psophocarpus, Vicia and Vigna. 190 p.
IBPGR, Rome, Italy.

The directory lists germplasm collections holding Lentil to facilitate exchange of genetic material. It
replaces the first edition published in 1980. The entries in the directory are organized by crop name and,
within the crop, by country order and, within the country by organizations where the curators or persons
in charge are located. Each entry has name of the curator; telephone and telex numbers and his cable
address, details of collection, maintenance of collection, duplication of collection, availability,
quarantine, evaluation, and documentation. An index is also included.
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Key Lentil Abstracts

Ali-Khan, S.T. and Kiehn, F.A. 1989. Effect of
date and rate of seeding, row spacing and ferti-
lization on lentil. Canadian Journal of Plant Science
69(2): 377-381. Research Station, Agriculture Canada,
Morden. Manitoba, Canada ROG 1JO.

The effect of seeding date, seeding rate, row spacing
and fertilizer level were investigated in two culti-
vars of lentil (Lens culinaris Medik.). Eston and Laird.
in Manitoba. High yields were obtained by early seed-
ing. narrow row_spacing (15 cm) and high seeding rate
(100  plants m'z). Response to fertilizer levels was
variable. Early seedings produced larger seeds. Effects
of other treatments on seed size were not significant.

Bhatty, R.S. 1989. Influence of phytate-phosphorus

on the cooking quality of lentil. Canadian Journal of

Plant Science 69(2): 547. Crop Development Centre.
Department of Crop Science, University of Saskatchewan,
Saskatoon. Saskatchewan, Canada STN OWO.

Phytic acid (PA: MYO-inositol hexaphosphoric acid),
the natural reservoir of seed phosphorus, has long been
implicated in influencing the cooking quality of
pulses. However. unlike in other legumes. few studies
have been reported on the influence of PA in cooking
quality of lentil (Lens culinaris Medik.). The objec-
tive of this study was to investigate the relationship
between seed phosphorus (P), PA, PA-P (PA % P),
inorganic-P and cooking quality in lentil grown under
varying conditions of P availability. Fifty-six samples
of Laird and Eston lentils were obtained from a
Cooperative Test, farmers fields. a phosphate fer-
tilization experiment, and a  hydroponic experiment.
The cooking quality of the lentil samples was deter-
mined using a Kramer shear press. Lentils having a
shear force value of < 4.0 kg g"] were considered
cooked, and > 4.0 kg g’ undercooked. All the samples
were analyzed for P. PA., PA-P and inorganic-P. The
most significant finding was that in each experiment,
except the phosphate fertilization experiment, good-
cooking lentil had significantly higher P. PA, PA-P,
but a generally similar inorganic-P. Of the total 56
samples. the 20 good-cookers and 10.8% more P, 22.2%
more PA. and 12.9% more PA-P, strongly suggesting
beneficial effect of PA on the cooking quality of

34 En Lens Newsletter Vol 10, No. 2. 1989

eadd! s aale Slasl,

lentil.  The shear force (cooking quality) was sig-
nificantly negatively  correlated  with PA  in the
Cooperative Test (0.56) phosphate fertilizer experi-
ment (0.64) and in the total samples (0.42). In another
experiment, a good-cooking sample of Laird (shear
force 3.4 kg g”') was soaked for 64 to 72 h in water
and maintained at 25°C, 35°C and 50°C. On cooking,
the soaked sample (50°C) showed an increase in shear
force (from 3.4 to 6.0 kg g_l). suggesting a hardening
(difficult-to-cook) of the lentil sample. This harden-
ing was accompanied by a general decrease in PA, pre-
sumably brought about by its degradation by the enzyme
phytase which dephosphorylates PA and reduces its
chelating capacity. The mechanism of PA in influenc-
ing the cooking quality of lentil is under investi-
gation. Results of the present study strongly suggest
that increased levels of PA in lentil, brought about
by adequate levels of available soil phosphorus, will
improve cooking quality.

Erskine, W., Adham, Y., and Holly, L. 1989. Geo-
graphic distribution of variation in quantitative
traits in a world lentil collection. Euphyiica 43(1-2):
97-103. ICARDA. Aleppo. Syria

In a world lentil collection the distribution of
variation amongst accessions from 13 major lentil-
producing countries was examined on the basis of
nine quantitative morphological characters by discri-
minant analysis and canonical analysis. Stepwise dis-
criminant analysis revealed major differences between
accessions from different countries. Three major
regional groups were apparent: 1) a levantine group
(Egypt. Jordan. Lebanon and Syria, 2) a more northern
group composed of Greece. Iran, Turkey. and USSR, and
3) accessions from India and Ethiopia with strikingly
similar quantitative morphological characters. Mis-
classifications of individuals  within groups were
frequent. Characters useful in discriminating between
accessions from different countries were in descending
order of importance: time to maturity, lowest pod height
and 100-seed weight. The regional grouping indicates
the importance of local adaptation through clusters of
associated characters with phenological adaptation to
the ecological environment as the major evolutionary
force in the species.
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Havey. M.J. and Muehlbauer, F.J. 1989. Variability for
restriction fragment lengths and phylogenies in lentil.
Theoretical and Applied Genetics T7(3): 395-401. Agri-
cultural Research Service. USDA,  Grain Legume
Genetics and  Physiology Unit, Washington State
University, Pullman. WA 99164-6421. USA

Thirty accessions of domesticated (Lens culinaris  ssp.
culinarisy and  wild (L. culinaris ssp. orienalis, L.
culinaris ssp. odemensis, L. nigricans ssp. ervoides
and L. nigricans ssp. nigricans) lentil were evaluated
for restriction fragment length polymorphisms (RFLPs)
using 10 relative low-copy-number probes selected from
partial genomic and ¢cDNA libraries of lentil. Nei's
average gene diversity was used as a measure of genetic
variability for restriction fragment lengths within
subspecies and a dendrogram was constructed from
genetic distance estimates between subspecies. The wild
lentils L. culinaris ssp. orienialis and L. culinaris
spp. odemensis showed the greatest variability for
restriction fragment lengths and were closely posi-
tioned to domesticated lentil in the dendrogram. Little
variability ~ for restriction  fragment lengths was
observed within accessions of L. nigricans spp. ervoides
and L. nigricans spp. nigricans. This observation is
consistent with a previously published proposal that
nigricans may have been independently domesticated.
Estimates of genetic variability based on RFLPs tended
to be greater than estimates from isozymes.

Kaiser. W.J., Stanwood, P.C. and Hannan, R.M. 1989,
Survival and pathogenicity of Ascochyia Fabae f.sp.
lentis in lentil seeds after storage for four years at
20 to -196C. Plani Disease 73: 762-764. Western
Regional Plant Introduction Station, USDA-ARS.
Washington State University, Pullman 99164-6402, USA.

Survival of Ascochyia fabae sp. lentis in naturally
infected lentil (Lens culinaris) seed was studied over
4 years at temperatures of 20, 5, -18, and -160 to -196
C (liquid nitrogen). The pathogen was isolated from 52
to 78% of the infected seeds during the experiment.
There was an 18-25% increase in the incidence of
seedborne A. [ f. sp. lentis between the third and
fourth years at all temperatures. Incubation of
infected seeds for 4 vears at 20 to -196 C did not
adversely affect the pathogenicity of the fungus to
lentil. Germination of infected seeds was appreciably
lower than that of healthy seeds at all temperatures on
each sampling date (1 day. 1. 2. 3. and 4 vears). There
was a significant reduction in germination of infected.
but not of healthy. seeds at edch temperature over the
4-years period.
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McKenzie. B.A. and Hill, G.D. 1989. Environmental
control of lentil (Lens culinaris) crop development.
Journal of Agricultural  Science.  Cambridge 113(1) :
67-72. Lincoln University. Department of Plant Science.
Canterbury. New Zealand.

The lentit (Lens culinaris Medik.) cultivars Titore and
Olympic were sown at Canterbury, New Zealand. on eight
dates. from April to November in 1984 and in May and
August in 1985. Of the four important physiological
growth stages (sowing to emergence (S-E). emergence to
flowering (E-F). flowering to physiological maturity
(F—Pm) and physiological maturity to harvest (Pm—H).
the duration of all except E-F depended upon accu-
mulated thermal time above 2°C. The mean accumulated
thermal times for E-F, F-P . P -H were 116. 565 and
293°C days, respectively. Stage E-F required from
1165°C days for an April sowing to 509°C days for a
November sowing. There was a highly significant posi-
tive relationship (r2 = 0.99) between the rate of
development during E-F and mean temperature. Photo-
period also affected development rate. Neither of the
two cultivars studied had a vernalization requirement
for the induction of flowering. In both vyears. the
development rate during E-F was highly dependent upon
photoperiod-corrected temperature. The relationships
presented show that development of lentil crops in Can-
terbury can be accurately predicted using accumulated
temperature and photoperiod-corrected temperature.

Mueller. R. and Weder, J.K.P. 1989. Isolation and
characterization of (wo trypsin-chymotrypsin inhibitors
from lentil seeds (Lens culinaris Medik.). Journal of
Food Biochemistry 13(1): 39-63. Institute of Food
Chemistry, Technical University of Munich, Garching.
Federal Republic of Germany.

The two major trypsin-chymotrypsin inhibitors of Lens
culinaris Medik. LCI-1 and LCI-4, were purified to
homogeneity from Italian red lentils by ammonium sul-
fate fractionation, gel and ion-exchange chromatography.
At least two more trypsin-chymotrypsin inhibitors of
minor importance were present. LCI-1 and LCI-4
inhibited human trypsin less (68-74%) but human
chymotrypsin better (268-279%) than the respective
bovine enzymes. The two inhibitors contained no car-
bohydrates. no methionine and no tryptophan and high
contents of cystine. but no free sulfhvdryl groups
(seven and eight disulfide bridges for LCI-1 and LCI-4.
respectively). In  addition. LCI-4 contained  no
isoleucine. The isoelectric points were 5.35 and 7.70
and the average molecular weights  10.600 and  9.900
daltons for LCI-1 and LCI-4. respectively. Inhibitor
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extracts. as well as purified inhibitors  in solution,
were relatively  stable against heating and treatment
with human gastric juice. while soaking the whole seeds
overnight and subsequent boiling for two hours totally
destroyed inhibitor activity.

Silim, S.N., Saxena, M.C. . and Erskine, W. 1989. Effect
of cutting height on the yield and straw quality of
lentil and on a succeeding wheat crop. Ficld Crops
Research 21(1): 49-58. ICARDA, Aleppo, Syria.

Lentil (Lens culinaris Medik.) seeds are an important
source of protein in the human diet, while the straw is
widely used as animal feed in the Mediterranean region
and West Asia. but production is declining due to high
cost of hand-harvesting. Investigations were conducted
during 1984/1985 and 1985/1986 at Tel Hadya. North
Syria. to assess the yield losses in seed and straw
when tentil cultivars of differing plant type were
harvested with a double-knife harvester at various
heights above ground-level, compared with traditional
hand-pulling. Averaged over both seasons, respective
losses were 10.1% . 14.8% and 19.5% in seed yield and
16.1%. 39.9% and 45.1% in straw yield, for cutting
lentil at ground-level and at 5 and 10 c¢cm above ground.
compared to hand-pulling. Digestibility of straw, and
its protein percentage increased with height of cut.
Percentage losses in seed and straw yields were least
in the tall upright cultivar ILL 8 and greatest in the
spreading-type ILL 4400.

The residual effect of the different heights of cut
and cultivars of lentil (rn the succeeding wheat crop,
given 0 and 60 kg N ha™", was investigated during the
1986/1987 season. Method of harvest of lentil in the
1985/1986 season did not significantly influence the
total biological and seed yields of a succeeding wheat
crop in the 1986/1987 season. Nitrogen applied at 60
kg/ha'I on the wheat crop in 1986/1987 tended to
increase total biological yield. but significantly
decreased harvest index and seed yield.

Summerfield, R.J., Muehlbauer, F.J., and Short, W.
1989. Controlled environments as an adjunct to field
research on lentils (Lens culinaris). 1V. Cultivar
responses to above- and below- average temperatures
during vegetative growth. Experimental Agriculture
25(1): 119-134. University of Reading. Department of
Agriculture. Plant Environment Laboratory, Shinfield
Grange, Cutbush Lane. Shinfield: Reading RG2 9AD,
United Kingdom.
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The climates to which lentil (Lens culinaris) crops are
exposed can vary appreciably depending on location and
date of sowing. The effects on growth, development and
seed yield when three USA cultivars experienced
relatively warmer or cooler day/night temperatures
during the vegetative period were investigated in
growth cabinets. Plants were nodulated and supplied
with either 20 or 80 ppm inorganic N: they differed
appreciably in morphology and vegetative vigour, and so
in their potential for subsequent pod production,
depending on pre-flowering temperature and on nitrogen
nutrition.  Variations in seed yield were largely a
consequence of treatment and cultivar effects on pod
number per plant. and a pre-flowering temperature
regime of 219/7°C (mean 14.9°C) was supra-optimal. The
pre-flowering environment clearly affects potential pod
production and has persistent effects on the capability
to plants to fill the pods produced.

Summerfield, R.J.. Muehlbauer. F.J. and Short, R.W.
1989. Controlled environments as an adjunct to field
research on lentils (Lens culinaris). V. Cultivar
responses 10 above- and below- average temperatures
during the reproductive period.  Experimenial
Agriculiure 25(3): 327-341. University of Reading.
Department of  Agriculture, Plant  Environment
Laboratory, Shinfield Grange, Cutbush Lane, Shinfield.
Reading. United Kingdom.

Nodulated plants of three USA cultivars of lentil (Lens
cilinarisy  were grown in controlled environment
cabinets. They were given either 20 or 80 ppm inorganic
nitrogen and experienced a mean temperature of 12.3°C
during the vegetative period. i.e. until 73-77 days
after  sowing. Factorial combinations of above-
(29°/11°C) and  below-average (23°/8°C)  day/night
temperatures were then imposed. to give four mean
temperatures within the range of 16.6° to 21.1°C until
reproductive  maturity. Post-flowering vegetative dry-
matter production and seed vields were dominated by

treatment  effects on the initiation and growth of
branches. Warmer temperatures accelerated  progress
towards maturity. limited branching and restricted

dry-matter production: at a mean temperature of 20°C
plants were almost barren. The implications of these
and previous data to lentil crop production and to the
use of controlled environments in lentil breeding
programmes are discussed.

Weder. J.K.P. and Mueller, R. 1989. Reaction of lentil
proteinase inhibitors with human and bovine trypsin
chymotrypsin. Journal of Food Biochemisiry 13: 81-103.
Institute of Food Chemistry, Technical University of
Munich, Garching, Federal Republic of Germany.
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The two main trypsin-chymotrypsin isoinhibitors pre-
viously purified from lentils (Lens culinaris Medik.),
LCI-1 and LCI-4, inhibited one mol of human trypsin
(1.05 and 1.00), more than one mol of bovine trypsin
(1.53 and 1.38) and human chymotrypsin (1.70 and 1.43)
as well as less than one mol of bovine chymotrypsin
(0.62 and 0.54. respectively) per mol of inhibitor.
Complex formation, together with chemical and
enzymatic modification studies, showed that they were
Bowman-Birk inhibitors with two independent reactive
sitess. One of these sites, mainly reacting with
trypsin, contained arginine and bound tightly to
bovine trypsin, less tightly to human trypsin and

loosely to human chymotrypsin. The other reactive site,
preferring chymotrypsin, contained tyrosine and bound
tightly to human chymotrypsin, less tightly to bovine
chymotrypsin and loosely to bovine trypsin. The amounts
of bound enzyme exceeding one mol per mol of inhibitor
reacted with the "wrong" sites: bovine trypsin with the
chymotrypsin-reactive and human chymotrypsin with the
trypsin-reactive one. The much higher inhibition of
human chymotrypsin compared to that of bovine
chymotrypsin resulted from a combination of two
effects: the additional binding of human chymotrypsin
at the "wrong" reactive site and the weak binding of
the bovine chymotrypsin.
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Editors’ Note

LENS Newsletter has published many articles which use data from a
variety trial grown at only one location and in one year. The data
are usually analyzed for genetic and phenotypic variation, herit-
ability. genetic advance and correlations between characters. We.
the Editors. feel that there is little merit in adding to the litera-
ture more articles of this type. To this end we will only consider
publishing articles which discuss the results of a variety trial sown
in a single environment under exceptional circumstances (i.e. when
the number of entries or genetic diversity is particularly high or
when an unusual trait is discussed).
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General
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ages. Pakistan Journal of Agricultural Research 9(2): 233-240
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ANNOUNCEMENTS

REPORTING OF MUTANTS IN LENS

Manuscripts that report new mulants in lentil will
not be accepted for publication in LENS unless I)
the mode of inheritance has been determined, 2)
seed of the homozygous mutant is provided to the
Lentil Gene Bank (heterozygous for lethal or semi-
lethal mutants), and 3) a gene symbol is proposed
(the gene symbol should be patterned after the
system used for genes in Pisum. as outlined in the
Pisum Newsletter 9: 67-70, 1977, a copy of which
can be obtained from either of the Technical
Editors).

FORMATION OF LENTIL GENE BANK

the need
Accordingly. the Crop
University of Saskatchewan is

As genelic information on lenlil increases,
for a central gene bank arises.
Development Centre,

initiating a Lentil Gene Bank (o serve as a repository
for lentil genes. Thus, as soon as a researcher
describes a gene in the literature. determines its
mode of inheritance and assigns a gene svmbol, he is
requested to send 20 seeds carrying the gene and 20
seeds carrying its contrasting allele to the Lentil
Gene Bank. All genotypes in the bank will be avail-
able to interested researchers within the limits of
available seed.

As soon as you have described a gene in lentils,
determined its mode of inheritance and assigned a
gene symbol, please submit seed samples to:

Lentil Gene Bank

c¢/o Dr. A. E. Slinkard
Crop Development Centre
University of Saskatchewan
Saskatoon

Saskatchewan, STN OWO
CANADA
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Second International Food Legume Research
Conference 12 - 16 April 1992, Cairo, Egypt

The First International Food Legume Research Conference (IFLRC-I)
on pea (Pisum sativumy, lentil (Lens culinaris), faba bean
(Vicia fabay, and chickpea (Cicer arietinum) was held at Spokane,
Washington, U.S.A. in 1986. It was a resounding success with over
500 registrants from 50 countries. The program consisted of 91
papers coauthored by 202 contributors from 40 countries. The
Conference Proceedings was published as: Summerfield, R.J. (ed.).
World Crops: Cool Season Food Legumes. 1988. Kluwer Academic
Publishers, Dordecht, The Netherlands.

The success of IFLRC-I has prompted development of the Second
International Food Legume Research Conference (IFLRC II) from
April 12-16, 1992 in Cairo, Egypt. Recent success in development
of low neurotoxin lines of grass pea (Lathyrus sativus) has
resulted in the addition of this promising cool season food legume
to the list of species covered.

The objectives of IFLRC-II are to 1) review and assess recent
results from national and international research programs on cool
season food legumes and 2) develop strategies for increasing pro-
duction per unit area and increasing use of these cool season food
legumes in various cropping systems. Both basic and applied research
will be addressed and multidisiplinary research efforts will be
emphasized.

The organizing committee is developing the program and details
will be available in the Second Announcement. The primary function
of this First Announcement is to alert everyone to the time and date
so they can make plans to attend. In addition the organizing com-
mittee wishes to develop an updated mailing list of interested food
legume researchers and those involved in technology transfer of
these research results.

For further information regarding reservation for 1992 IFLRC-11,
Cairo, Egypt, please contact:

Dr. A.E. Slinkard

Crop Development Centre
University of Saskatchewan
Saskatoon

Saskatchewan, STN OWQO
Canada
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Forthcoming Conferences and
Events - 1990

July

Third International Seed Technology Course and
Workshop Cambridge, UK, 2-13 July.

Contact: P.T. Nelson, National Institute for Agri-
cultural Botany, Huntingdon Road, Cambridge, UK.
Fax: 44 223 277707; Telex: 817455 NIABG.

This course will be given at the National Institute of
Agricultural Botany, Cambridge, UK, 1990. The course is
divided into two parts. The first is allocated to seed
certification and the second to seed testing. A third
optional part that deals with seed pathology or
tetrazolium testing procedures is offered after the
completion of the first two parts. Proficiency in
English is required.

Summer

Legumes in Cropping Systems of the Tropics and Sub-
tropics, Stuttgart, Germany in summer.

Contact: Course Coordinator, Centre for Agriculture in
the Tropics and Subtropics, University of Hohenheim,
P.O. Box 70 05 62, 7000 Stuttgart, Germany

Fax: 711/45 92 785; Telex: 72 29 50.
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The course will be held in summer 1990, Stuttgart,
Germany to discuss the principles of legumes and point
out the issues, benefits, and possibilities of their
integration into tropical or subtropical cropping sys-
tems. Requirements for application are: A university
degree or equivalent in Agriculture and proficiency in
English.

September

International Conference on Genetic Engineering and
Biotechnology

Kathmandu, Nepal, 9-13 Sept.

Contact: Secretary General, ICGEB Conference Organiz-
ing Committee, NBA, P.O. Box 2128, Kathmandu, Nepal.
Telex: 2492 MURARKA NP

This conference, organized by the Nepal Biotechnology
Association (NBA), aims to create awareness about
genetic engineering and biotechnology and give the
Nepalese scientists an opportunity to interact with
scientists working in various areas of biotechnology.
There will be invited speakers, contributed papers, as
well as poster sessions,
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Contributors® Style Guide

Policy

The aim of LENS Newsletter is to publish quickly the results of recent research on lentils.
Articles should normaily be brief. confined to a singie subject. good quality, and of primary
interest (0 research. extension. and production workers. and administrators and policy makers

Style

Articles should have an abstract (maximum 250 words) and whenever possible the following sec-
tions: introduction.  materials and methods, and results and discussion Authors should refer
to recent issues of LENS for guidance on format. Articles will be edited to maintain uniform

style but substantial editing will be referred to the author for his/her approval: occasionally,
papers may be returned for revision.

Disclaimers

The views expressed and the results presented in the 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 constitule endorsement of or discrimination against any product by ICARDA.

Language

LENS Newsletter is published in English but ICARDA will publish articles submitted in Arabic
and French.

Manuscript

Articles should be typed double-spaced on one side of the page only. The original and two other
legible copies should be submitted. The contributor should include his name and initials. title.

program or department. institute. postal address. and telex number if available. Figures should
be drawn in India ink: send original artwork. not photocopies. Define in footnotes or legends
any unusual abbreviations or symbols used in a figure or table. Good quality black and white
pholographs are acceptable for publication. Photographs and figures should preferably be 8.5 cm
or 17.4 cm wide.

Units of measurement are to be in the metric system: e.g. t/ha. kg, g. m. km. ml (= mili-
liter). m”.

The numbers one 1o nine should be written as words except in combination with units of mea-
sure: all other numbers should be written as numerals: e.g.. nine plants. 10 leaves. 9 g. ninth.
10th. 0700 hr.

Examples of common expressions and abbreviations

3 g 18 mm: 300 m>: 4 Mar 1983: 27%: 50 five-day old plants: 1.6 million: 23 ug; 5°C: 1980/81
season: 1980-82 seasons: Fig.: No.: FAO: USA. Fertilizers: 1 kg N or P,O; or K,O/ha.

Mon. Tues. Wed. Thurs. Fri, Sat. Sun: Jan. Feb. Mar. Apr. May. June. July. Aug, Sept. Oct. Nov,

Dec. Versus = vs. least significant difference = LSD. standard error = SE +. coefficient(s) of
variation = CV(s). Probability: Use asterisks to denote probability * = P<0.05: ** = P<0.0l:
*** = P<0.001.

Botanical: Include the authority name at the first mention of scientific names. Cultivar(s) =

cv(s). variety = var(s), species = sp./spp., subspecies = subsp.. subgenus = subg.. forma = f.,
forma specialis = f. sp.

References
Journal articles: Slinkard, A. E. 1981. Eston lentil. Canadian Journal of Plant Science 61: 733-734.

Books: Webb, C. and Hawtin, G. (eds.). 1981. Lentils. ICARDA/CAB. CAB. Slough. England. 216 pp

Articles from books: Solh. M. and Erskine. W. 1981. Genetic resources. Pages 53-67 in Lentils
(Webb. C. and Hawtin. G.. eds.). ICARDA/CAB. CAB. Slough. England.

Papers in Proceedings: Hariri. G. 1979. Insect pests of chickpea and lentils in the countries
of the Eastern Mediterranean: A review. Pages 120-123 in Food Legume [mprovement and Develop-
ment: Proceedings of a Workshop. /University of Aleppo (Hawtin. G. and Chancellor, G.J., eds.).
ICARDA/Aleppo University. May 1979. Aleppo. Syria. ICARDA/IDRC. Ottawa. Ontario, Canada.

Submission of articles
Contributions should be sent to LENS. Library. ICARDA. P.O. Box 5466. Aleppo. Svria.
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ICARDA Investing in the Future

ICARDA’s historical background and research objec-
tives are outlined in English and Arabic. For your copy,
contact CODI.

FABIS (Faba Bean Information Service)

This service was established in June 1979 when FABIS
Newsletter No. 1 appeared. Now produced triannually, it
publishes up-to-the-minute short scientific papers in
English and Arabic languages on the latest research re-
sults and news items. FABIS has also produced other
publications, including Genetic Variations within Vicia
faba. For further information, write: FABIS.

RACHIS (Barley, Wheat and Triticale Newsletter)
This ICARDA service is aimed at cereals researchers in
the Near Eastand North Africa region and Mediterranean-
type environments. It publishes up-to-the-minute short
scientific papers on the latest research results and
news items. RACHIS seeks to contribute to improved bar-
ley, durum wheat, and triticale production in the re-
gion: to report results, achievements, and new ideas;
and to discuss research problems. For further informa-
tion, write: RACHIS.

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 research scientists, trained instructors,
and proven programs. For a complete brochure of the
training opportunities at ICARDA, write: Training
Coordination Unit.

Free Catalog of ICARDA Publications

Request your list of all currently available publications
from the Communication, Documentation and Information
Department (CODI).

ICARDA Information Brochure

ICARDA’s historical background and research objectives
are outlined in English and Arabic. For your copy,
write: CODI.
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Checklist of Books, Reports and Journals published
outside ICARDA 1973-1988

This checklist. compiled to bring information to the
attention of the scientific community and especially
to those collaborating with ICARDA, consists of
references of books, reports and journals prepared
and/or edited by ICARDA scientists and published
outside ICARDA as of 1973. Each reference includes
within year of publication: author, primary title,
pagination, place of publication and publisher, ISBN,
AGRIS reference number and price. For your copy write:
CODI.

Introduction to Food Legume Physiology

This comprehensive 105-page technical manual is
designed for food legume scientists and their support
staff. It covers several areas of food legume
physiology in a practical way, with examples whenever
possible. The book contains four chapters covering the
following: plant structure and physiological functions;
mineral nutrition; photoperiodism, vernalization, crop
canopy and radiation, and growth analysis; and
physiology and crop improvement. For your copy, write:
Training Coordination Unit.

Screening Chickpeas for Resistance to Ascochyta Blight
A Slide-tape Audio-tutorial Module

This slide-tape audio-tutorial module is the first in
the food legume training series. It is designed for
the use of legume trainees during the training courses
at ICARDA as well as for scientists and their support
staff in the various national programs. This module is
also useful educational material for universities and
training departments in national research systems. For
your copy of this publication or package, write:
Training Coordination Unit.

Checklist of Graduate Theses Prepared with Support
from ICARDA 1980-1988

This checklist, compiled to bring information to the
attention of the scientific community, consists of
references of theses by graduate students supported by
ICARDA during the period 1980-1988. Each reference is
listed in a sequence determined by the calendar year in

198942J.LA:16..\1+_.:1._A.A.|.A;J.¢L3:UJ Ar b5




which the thesis was accepted; by the country code and
name of the University, by the level D (Doctorate) or M
(Master): and by the graduate student’s name (nation-
ality given in parentheses after the name). For your
copy. write: CODI.

Opportunities for Field Research at ICARDA

This brochure is intended primarily to assist Master of
Science candidates, who are enrolled at national univer-
sities within ICARDA region and selected for the Grad-
vate Research Training Program. It explains to them the
opportunity they have to conduct their thesis research
work at ICARDA research sites under the supervision of
international scientists. For your copy, write: Training
Coordination Unit.

Checklist of Journal Articles from ICARDA 1978 - 1988
This checklist, compiled to bring information to the
attention of the scientific community, consists of

references of articles by ICARDA research scientists
submitted to refereed scientific journals as of 1978.
Each reference includes within year of publication:
author, primary title, volume number, issue number,
pagination. language of the article and/or summary
when necessary. and AGRIS reference number. For your
copy write: CODI.

ICARDA Library Catalogue of Serials Holding 1989

This catalogue contains serial titles held in ICARDA
Library. It includes holdings data of 574 serials
covering monographic serials published in the countries
of ICARDA region, annual reports, newsletters, abstract
journals, and journals. For your copy write: Library.

TO OBTAIN PUBLICATIONS:

Address requests for publications to the specific
department or service cited above, at: ICARDA, P.O. Box
5466, Aleppo, Syria.

When you contact any of the programs, departments or services cited in LENS Newsletter for your copy and/or
further information. please indicate that you saw the announcement in the LENS Newsletter.
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ICARDA publications deposited at
AGRICULTURAL libraries

ICARDA publications are now deposited in the following AGRICULTURAL
libraries to make them available to other users under normal inter-library

loan and photocopy procedures.

Libraries Division
Agriculture Canada
Ottawa K1A 0C5
CANADA

Telex 533283 canagric ott

Helsinki University
Library of Agriculture
Viikki

SF-00710 Helsinki
FINLAND

Telex 122 352 hymk sf
Telefax (90)708 5011

J-F. Giovannetti

Chef du Service Central IST
Avenue du Val de Montferrand
BP 5035

34032 Montpellier Cedex
FRANCE

Telex 480 762f

Library

Agricultural University
Postbus 9100

6700 HA Wageningen
NETHERLANDS

Telex 45015 blhwg nl

John Hjeltnes

Head Librarian

The Library of the Agricultural University
of Norway

P.O. Box 12

N-1432 Aas-NLH

NORWAY

Telex (56) 77125 nlhbi n

ARE YOU MOVING ?

If you are moving, please let us know your new address as soon as possible, send it to:

Documentation Unit

. Box 5466, Aleppo, Syria
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