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Breeding and Genetics

Genetic analysis of biological yield,
harvest index, and seed yield in lentil

S. K. Rao and S. P. Yadav

Department of Plant Breeding and Genetics
Jawaharlal Nehru Agricultural University
Jabalpur 482004 (MP), INDIA

Abstract

Fifty four genotypes of lentil were evaluated for
time to maturity, 100-seed weight, biological yield,
harvest index, and seed yield in Madhya Pradesh,
India in the 1983-85 winter seasons. The variability,
heritability estimates, and association analysis in-
dicated that selection based on harvest index, bio-
logical yield, and seed yield will improve lentil
yield.

Introduction

Information on genetic variability, heritability, and
correlations is useful to formulate selection criteria
for improvement of seed yield. Insufficient informa-
tion is available on biological yield, harvest index,
and seed yield in lentil. Hence, an attempt was made to
formulate suitable selection criteria to improve seed
yield in lentil.

Materials and Methods

Fifty four Indian lentil genotypes were sown on 21 Nov
1983 and 20 Nov 1984 in a randomized complete block
design with two replications. Each plot consisted of a
single row of 3 m long with 5 cm between plants within
a row and 30 cm between plots. A border row was planted
at the end of each replication. Ten competitive plants

G4ty &yl

were selected from each plot to record time to matu-
rity, 100-seed weight, biological yield, harvest index,
and seed yield/plant.

The analysis of variance and pooled analysis of
variance were carried out. Heritability in the broad
sense was calculated by the method given by Hanson er
al. (1956). The coefficient of variation was computed
using the formula given by Burton (1952). Expected ge-
netic advance was calculated by using the method of
Johnson ef al. (1955). The simple correlation of grain
yield with four ancillary characters was calculated.

Results and Discussion

The mean squares were found to be significant for time
to maturity, 100-seed weight, biological yield, and
harvest index for the 1983/84 season, while 100-seed
weight, harvest index, seed yield, and biological yield
were significant for the 1984/85 season. In the pooled
analysis of variance, the genotypes were significant for
all the characters, but the interaction of genotypes
and year was non significant for all the characters.

The range, mean, variance, coefficient of vari-
ation, heritability in the broad sense, and genetic ad-
vance for different characters are given in Table 1.

The range for the character time to maturity was
from 106 days (JPL 401, JPL 923, and Lence 830) to
119.5 days JPL 207, Pant L-406, JPL 306, JPL 384,
and JPL 754) in the 1983/84 season, while in the
1984/85 season it ranged from 101.5 days (JPL 401) to
110 days JPL 781, JPL 548, JPL 953, JPL 970,
JPL 1059, RAU 101, and LL 56). One-hundred seed
weight ranged from 1.14 g (LL 56) to 3.37 g (JPL
207) in the 1983/84 season, while in the 1984/85
scason it ranged from 2.40 g (JPL 765) to 4.35g
(JPL 220). Biological yield/plant ranged from 7 g
(JPL 306) to 21.5 g (JPL 1058) in the 1983/84 sea-
son, while it ranged from 4.5 g JPL 542) to 12.30 g
(LL 56) in the 1984/85 season. Harvest index ranged
from 5.5% (JPL 953) to 28.7% (JPL 983) and 13.0%
(L-a-830) t0 32.6% (JPL 256) in the 1984/85 season. In
the 1983/84 season, seed yield/plant ranged from 1.3 g
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Table 1 Genetic parameters of variation for vield and its components in lentil
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4.19

G.A, as % of

1988

mean

(L-a-830) to 4.4 g (JPL 923) and it ranged from 0.7 g
(JPL 488) to 3.3 g (LL 56) in the 1984/85 season.

Significant genetic variability was observed for
yield and its components. For the 1983/84 season, heri-
tability estimates were moderate for time to maturity
and 100-seed weight and the remaining characters exhib-
ited low heritability. For the 1984/85 season, high
heritability was observed for 100-seed weight and
medium heritability for harvest index and seed yield/
plant. Time to maturity and biological yield exhibited
low heritability. The high genetic advance expressed
as percentage of mean was recorded for 100-seed weight
in the 1983/84 season, while in the 1984/85 season a
high genetic advance expressed as percentage of mean
was observed for 100-seed weight, harvest index, and
seed yield/plant. The remaining characters showed
medium to low genetic advance expressed as percentage
of mean. A relative comparison of heritability esti-
mates and genetic advance expressed as percentage of
mean gives an idea of the nature of gene action domi-
nating a particular character. A comparison of these
two estimates revealed that 100-seed weight had high
heritability with high expected genetic advance, ex-
pressed as percentage of mean, indicating the substan-
tial contribution of additive gene action in the ex-
pression of this character. The remaining characters
did not show high heritability with high genetic ad-
vance as percentage of mean. However, harvest index
and seed yield/plant had medium heritability coupled
with high genetic advance as percentage of mean indi-
cating a significant contribution of non-additive gene
effects in the expression of these characters.

Correlation coefficients for yield and other char-
acters are given in Table 2. There was a positive
correlation between grain yield and harvest index and
biological yield for both seasons. Kumar er al. (1983)
and Saraf er al. (1985) reported positive correlation
between 100-seed weight and seed yield/plant. Agrawal
and Lal (1985) reported the presence of high amounts of
variability for seed yield in lentil accessions.

As overall observation of the findings of herita-
bility estimates, parameters of genetic variability,
and association analysis, it could be concluded that
selection criteria based on harvest index and seed
yield will serve the purpose of improvement of seed
yield in lentil.

References
Agrawal, 1. and Lal, M.S. 1985. Studies on variability in lentil

germplasm in Madhya Pradesh, India. LENS Newsletter 12(2): 26-
27.




Table 2 Correlation coefficients for yield and its components in lentil during the 1983/84 season (above

diagonal) and the 1984/85 season (below diagonal)

Character Maturity 100-seed weight  Biological yield  Harvest index Seed yield per plant
Maturity 1.000 0.136 -0.171 0.073 -0.176

100-seed weight 0.038 1.000 0.174 0.192 0.072
Biological yield 0.232 0.264 1.000 0.179 0.569**
Harvest index -0.254 -0.106 0.072 1.000 0.580%*

Seed yield -0.076 -0.001 0.639** 0.741 % 1.000

** Significant at 1% level
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Differential radio-sensitivity in
microsperma and macrosperma lentils

N. R. Kalia

Regional Research Station

Bajaura Bhuntar (Kullu), Himachal Pradesh 175125,
INDIA

and

V. P. Gupta

Department of Breeding

Himachal Pradesh Agriculiural University

Palampur (Kangra) Himachal Pradesh 176062, INDIA

Abstract

Microsperma and macrosperma lentils have differential

radio-sensitivity for polygenic traits with macrosperma,
the more sensitive.

48 Ar 1988 193 « 150y dpale 3,00 ¢

Introduction

Lentils (Lens culinaris Medic.) is an important winter
pulse crop grown in Northern India. It is known for its
nutritive and cooking quality. Microsperma varieties are
grown in the country, but macrosperma varieties require a
cooler and temperate climate and are comparatively late in
maturity. In the present study a comparison was made of the
radio-sensitivity of microsperma and macrosperma varieties
to gamma irradiation.

Materials and Methods

Dry seeds of two lentil varieties namely HPL-5 (miicros-
perma) and HPL-4 (macrosperma) were irradiated with 5,
10, 15. 20, and 25 kR doses of gamma radiation. The
material irradiated under different doses in each variety
was raised as M, and the sown plants from M, generation
were raised as M, generation. The progenies Iooking nor-
mal for various morphological traits and which have high
potential for number of pods/plant and free from sterile
or abnormal plants were harvested as bulk for raising
M, generation during the 1981/82 season at Himachal
Pradesh Agricultural University, Palampur, Himachal

En S5
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pradesh. India. The M, population of different doses with
respect to each variety “were raised separately in compact
family design within completely randomised block design
(CRBD) with two replications. Augmented design  was
superimposed for each variety in each replication. The
checks used in the experimentwere HPL-1, HPL-4, HPL-5,
L-9-12, and L 830. Inthe augmented design superimposed
on CRBD, each block consisted of 50 lines of irradiated
progenies plus the five checks common for both varieties.

A. Analysis of variance: The data averaged over 10 plants
in each line were analysed for all the traits as per com-
pletely randomised design (Panse and Sukhatme 1967) and
augmented design (Federer 1955). Phenotypic. genotypic.
and environmental components of variance were estimated
for each dose and each variety. Similarly, coefficient of
variability at phenotypic. genotypic. and environmental
levels was estimated on the basis of standard deviation
and mean value obtained for each dose.

B. Within progeny analysis: Within progeny analysis over
replications was done with respect to biological yield and
number of pods/plant, where data were recorded on single
plant basis within lines.

Results and Discussion

In microsperma lentil, sufficient variation was induced
under all the doses for all major yield components. How-
ever. for 100-seed weight it was induced only at 5, 10,
and 15 kR doses (Table 1). The situation appears to be
different in macrosperma lentil, where with the exception
of variation for 100-seed weight the induction of varia-
tion was under 5 kR only (Table 2) for other traits namely
biological yield and number of pods/plant. For seed yield,
the doses 5. 10, and 15 kR generated variation in
macrospermatype. Most of the doses induced variation for
plant height in microsperma and only 15 kR dose in
macrosperma type. All the doses were effective for in-
duction of variation for time to 50% flowering in
microsperma and time to maturity in macrosperma type.
For microsperma lentil the doses 10, 15, and 20 kR in-
duced variation in time to maturity (days), whereas in
macrospermathe doses 5, 10, and |5 kR were responsible
for the induction of variation. The results obtained from
the comparison of control versus different doses further
reveal that in macrosperma lentil, the variation was in-
duced in the population raised from the irradiated seeds
under 5 kR dose for all the traits except for harvest

Table 1 Analysis of variance for completely randomised block design (CRBD) with respect to induced polygenic
variation in HPL-5 (microsperma) variety of lentil for various traits

Mean squares

Source df Seed Biological Harvest Number 100- Plant Time Time
yield yield index  of pods/ seed height to 50% to
(g g plant weight (cm)  flowering maturity
(g (days) (days)
Replications l 9.50*  69.06* 88.32* 510.15%* 0.04* 89.04* 109.14* 1.21%*
Lines 274 1.13* 10.81* 29.94 142.52* 1.05%*  7.82*%  66.83* 5.03*
Irradiated:
5 kR 64  1.02% 8.45% 32.1 117.5* 0.04*  2.2% 14.3* 4.9
10 kR 49 1.35% 10.25% 242 164.64* 0.03*  2.9% 10.83* 8.61%
15 kR 59 0.76 8.54% 30.4 119.40%* 0.1* 2.92% 5.94* 5.8%
20 kR 25  3.8* 11.81% 31.25 163.05%* 0.0l 0.7 6.40 8.81%
25 kR 48  1.40%* 12.72%* 14.41 137.3%* 0.02 2.4* 3.91%* 4.8
Unirradiated 4 0.6 3.1 80.13 22.82 0.03 0.4 4.85 0.85
(control)
Comparison of:
Control vs 5 kR 1 0.6 1.7 154.34* 138.8% 0.05*  0.02 15.02* 2.5
Control vs 10 kR 1 0.01 9.20* 173.3* 41.9 0.15%  2.42*  28.8% 0.32
Control vs 15 kR 1 0.2 14.5*% 251.42%  26.80 0.2* 1.8 26.27* 0.80
Control vs 20 kR 1 0.55 14.9% 218.6% 65.61 0.14% 4 .9% 21.2% 2.14
Control vs 25 kR 1 2.32% 0.8 297.51%  247.73% 0.2* 5.34%  30.93* 1.60
Error 274 0.93 8.05 34,80 111.7 0.02 1.91 3.8 5.2
Pooled error 278  0.92 7.1 35.45 110.40 0.02 1.9 3.8 5.12

over control and error

+ Significant at 5% level
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Table 2 Analysis of variance for completely randomised block design (CRBD) with respect to induced polygenic
variation in HPL-4 (macrosperma) variety of lentil for various traits

Mean squares

Source df Seed  Biological Harvest Number 100- Plant Time Time to
yield yield index  of pods/ seed height  to 50% to
(g) (g) plant weight  (cm)  flowering maturity
(g (days) (days)
Replications 1 6.13* 173.96*  20.66%*  43.34* 0.02*  76.51*% 366.98* 7.57%*
Lines 164  0.98* 8.25*  94.86 104.37* 3.70% 9.39%*  80.81* 61.42*
Irradiated:
5 kR 38 0.80% 7.35%  58.81 99.80**  0.17* 3.66 8.27%% 15.52%
10 kR 52 0.79% 471 % 69.18 63.25 * 0.21* 2.87* 10.76*%  11.02*
15 kR 38 0.77* 5.81*  60.76 70.81 0.22% 5.39* 8.82*%  20.50*
20 kR 9 0.98 3.89 * 102.05 33.86 * 0.26 4.97 11.56 21.16%*
25 kR g8 0.70 5.24  269.26 55.23 0.20 4.54 7.18 29.30*
Unirradiated 2 0.65 6.20 4.50 73.81 0.11 5.46 2.00 20.67
(control)
Comparison of:
Control vs 5 kR 1 2.62% 20.90*  27.88  225.08* 0.34¢  0.15 130.85% 63.29%
Control vs 10 kR I 0.23 4.17 0.03 6.52 0.14 1.31 137.64%  44.00%
Control vs 15 kR I 0.04 0.06* 14.49 4.36 0.11 2.73 178.90* 33.67*
Control vs 20 kR | 0.61 15.73% 99,54  201.65* 0.18 14.21%  147.33*% 76.95%
Control vs 25 kR 1 0.18 4.15 0.32 22.46 0.43* 21.78* 88.91* 48.92%
Error 164 0.71 6.63 107.29 76.43 0.16 4.37 6.70 10.66
Pooled error le6  0.71 6.63 99.67 76.39 0.16 4.38 6.64 10.78

over control and error

index and plant height, whereas higher doses were effec-
tive in inducing variation in other characters such as
the doses 15 and 20 kR for biological yield, 20 kR for
number of pods/plant, 25 kR for 100-seed weight, and
plant height and all doses for time to 50% flowering (days)
and time to maturity (days). In microspermalentil, 25 kR
dose for seed yield; 10, |5, and 20 kR doses for biological
yield: 5 and 25 kR doses for number of pods/plant; 10, 20,
and 25 kR doses for plant height; and all doses for 100-
seed weight and time to flowering (days) increased varia-
tion over the control. The increase in the variation in
the irradiated material of both microsperma and
macrosperma lentil may be due to changes in the nature
of genes or chromosomal re-arrangements or both after
radiation.

Besides between progeny analysis, the results obtained
from within progeny analysis in M, generation for both
microspermaand macrospermalentils with special reference
to biological yield and number of pods/plant further
revealed that in the present material the induction of
increased variation is not only limited to between proge-
nies, but it has increased manyfold within progeny variance
too. There is a number of progenies for both the characters
of both types of lentils showing more variation within them

46 Ar 1988 1 duac « 15alss & |cb)_';;_', . N

Table 3 Number of progenies with significant "within
progeny” variance for biological yield and number of
pods/plant characters in macrosperma and microsperma
type lentils

HPL-5 (microsperma) HPL-4 (macrosperma)

Dose Biological Number Biological Number
kR yield of pods/ yield of pods/
plant plant
5 12 10 22 9
10 5 7 23 16
15 10 6 13 7
20 18 15 1 -
25 - - 2 -

in comparison to the control (Table 3). This is more evi-
dent for macrosperma type where a large number of prog-
enies under 5 kR dose showed increased variation. The
number of progenies under both types of lentil are given in
table 3 for both characters as mentioned above with sig-
nificant within progeny variance as compared to control.

Thus, it can be concluded that macrosperma lentil is
more radio-sensitive than microsperma lentil, This is evi-
dent from the fact that rmicrosperma lentil polygenic
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variation was induced at higher doses, whereas in macros-

perma it was induced at lower doses.
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Developing a bold-seeded tetraploid
lentil line

R. K. Singh and S. S. Raghuvanshi

Plant Genetics Unit, Botany Department,
University of Lucknow, Badshah Bagh, Lucknow-226007,
Unar Pradesh, INDIA

Abstract

A polyploid breeding programme was initiated to pro-
duce a bold-seeded variety with good yield. The
tetraploid plant was raised by treating shoot tips at
the two leaf stage. Meiotic studies of the CZ’ C3, and
C,4 generations showed that the frequency of multiva-
lent configurations decreased with the passage of
the generations, while bivalent frequency increased.
Chiasma frequency/chromosome also followed the
same pattern as bivalents and had positive correla-
tions with pollen fertility and number of seeds/plant.
Autotetraploid plants were more robust and vigorous
for morphological characters. The percent diploid value
for yield contributing components increased over the
generations. The C5 and C4 generations showed great
variation for different quantitative characters which
provide potential for selection to improve the yield
of autotetraploid plants in advanced generations. A
plant was selected in the C,4 generation which had a
higher seed yield (8.9 g) than the diploid control
(8.3 g). Thus, polyploid breeding in lentil may be
successful and after selection for a few generations
the yield can be improved with the whole population of
the bold-seeded type.

Introduction

Polyploidy is one of the most outstanding features in
plant evolution (Stebbins 1950). "It has also been ex-
ploited in crop improvement (Muntzing 1951; Randolph

8 En Lens Newsletter Vol. 15, No. 1, 1988

1932). Polyploid breeding has been unsuccessful be-
cause raw polyploids generally have low seed setting.
However, fertility can be improved to some extent through
selection. Species respond differently to induced auto-
tetraploidy and encouraging results of economic value
have been obtained in buck wheat (Sacharov er al. 1945),
Brassica campestris var. Toria (Swaminathan and Sulbha
1959), rye (Muntzing 1951), and Brassica rape (Schwanitz
1949). 1In some cases, the initial fertility of the raw
autotetraploids was reasonably high and was further im-
proved to near the diploid level by selection over a num-
ber of generations (Muntzing 1951; Parthasarthy and
Rajan 1953; Rajan 1955).

Materials and Methods

The seeds of Lens culinaris Med. were obtained from the
Pulse Directorate Kalyanpur, Kanpur, India. Tetraploid
plants were raised in the laboratory by 0.2% aqueous col-
chicine treatments of shoot tips of young seedlings in
the 1982/83 season. The seeds of tetraploid plants were
collected and the C, generation was studied in the
1983/84 season. The seeds of the C, generation were col-
lected separately from each plant. The seeds of C,
generation were sown at a distance of 30.5 cm between the
plants. The generations of C, and C, were studied in the
1984/85 and 1985/86 seasons, respectively. For meiotic
studies, proper sized buds were fixed in Carnoy’s fluid
(1 part acetic acid and 3 parts absolute alcohol) satu-
rated with iron. Acetocarmine (2%) squashes were pre-
pared for scoring chromosomal anomalies and pollen fer-
tility. Data of chiasma frequency and other meiotic
configurations were subject to statistical analysis, ap-
plying the formula given by Mather (1964). Data on
plant morphology were also collected between the germina-
tion and maturity stages and statistically analysed.

Results

Cytological characiers

The diploids (2n = 14) had normal meiosis which regularly
formed seven bivalents at metaphase I (Fig. 1) while mul-
tivalents were observed in all the autotetraploid genera-
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Fig. 1 Metaphase I of diploid

Fig. 3 Anaphase I of autotetraploid

tions (4x = 28). The configuration at metaphase I (Fig.
2) of the autotetraploid generations was 14 bivalents.
but a variety of chromosome associations was found.

Quadrivalent. trivalent. bivalent. and univalent fre-
quencies per cell were observed in the C,. Cy. and C,
generations (Table 1). Ring quadrivalents ‘were pre-
sent in all the three generations studied. It ranged
from 0 to 2/pollen mother-cell (PMC) in the C, and C
generations, while it ranged from 0 to 3 in the C, gen-
eration. Rod quadrivalents were absent in the C, gen-
eration, but present in the Cyand C, generations. They
ranged from O to | in both generations. The ring tri-
valents displayed a similar trend, i.e. they were pre-
sent only in the C, and C, generations. They ranged in
the C, generation from 0 to 2/PMC and from 0 to | in
the C, generation. The rod trivalents ranged between 0
and 2 in the C, generation and between 0 and 3/PMC in
the C; and C, generations. Univalents were present in all
the three generations ranging between 0 and 3/PMC in
the C, generation and between 0 and 4/PMC in the C, gen-
eration, and between 0 and 3/PMC in the C, generation.
The actual mean (AM), the standard error (SE) of values

44 Ar 1988 1 soc « 75AJ:~°&A.:.0.L£A)..U (w—‘lJ

Fig. 2 Metaphase II of autotetraploid
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Fig. 4 Anaphase II of autotetraploid

of ring quadrivalents, rod quadrivalents, ring triva-
lents, rod trivalents, and univalents decreased grad-
ually from the C, to C, generation (Table 1).

Diploid had higher chiasma frequency per chromosome
than the autotetraploid generations (Table 2). However,
in autotetraploids the chiasma frequency per chromosome
increased with the generation.

Variance ratios between nuclei and within nuclei were
calculated as non-significant in different autotetraploid
and diploid generations. The intraclass correlation value
was negative in diploids, while it was positive in the
autotetraploids (Table 2).

The other stages of meiosis in the autotetraploids
were normal (Figs. 3 and 4) and no anomaly was observed.

The average values of different meiotic configura-
tions per PMC of different generations of the auto-
tetraploids showed that quadrivalents. trivalents. and
univalents decreased with the passage of generations.
Bivalents, however, increased with the generations (Fig.
5). The chiasma frequency per chromosome increased
with the generations (Fig. 7).
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Quantitative traits

The autotetraploid plant (Fig. 8) was more vigorous and
robust in habit with an increase in the different mor-
phological parameters compared to a diploid plant (Fig.
9). The percent of the control (diploid) value for the
different quantitative traits was calculated for dif-
ferent generations of autotetraploids (Table 3). The
morphological characters of plant height, number of
branches/plant, number of nodes/plant, internodal
length, and stem perimeter were more or less similar in
different autotetraploid generations, but yield con-
tributing components increased in the advanced genera-
tions resulting in the increase in total seed yield
with generation. The percent diploid value for the total
seed yield was 4.2 in the C, generation, 36.1 in the C,
generation, and 64.5 in the C4 generation (Table 3).

Pollen fertility was extremely poor 37.1 - 38.0% with
amean of 37.5 +0.47 in the Ci generation, 40.3 - 82.9%
with a mean of 56.8 + 5.85 in the C, generation, and the

T 0.4 T T T

C3 Caq C2 C3 Ca

highest 48.1 to 93.9% with a mean of 89.4 + 1.74 in the
C, generation. Pollen fertility in the diploid plants was
97.6 + 0.49.

Pollen fertility and the number of seeds/plant in-
creased in the Cy and C, generations over the C, generation
(Fig. 6). These followed the same pattern as chiasma fre-
quency per chromosome and bivalent frequency per PMC
in the C, and C, generations.

In the C, generation, the data for different quanti-
tative characters of 20 randomly selected plants showed
great variation among the plant progeny of the C, genera-
tions (Fig. 10).

Selection and segregation patterns in autotetraploid plants
in different generations

One autotetraploid plant was obtained in the C, gener-
ation. Seed setting was extremely poor and only two seeds
were obtained. Tetraploid seeds (Fig. 11) were larger in
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size than diploid (Fig. 12). The two plants raised from
these seeds were both morphologically distinct. The first
plant (P1) was tall and vigorous (Fig. 13) while the
other (P2) was bushy (Fig. 14). At maturity, their
morphological characters were studied (Table 4). The
seeds from these plants were collected separately and
further studies were carried out in the subsequent gen-
erations.

Pl Plant Progeny

In the C, generation. the Pl plant was vigorous. tall,
and robust in habit with 32.0 cm height. 72 flowers. and
12 pods with 38.0% pollen fertility. Total seed yield was
0.2 ¢ and each pod contained a single seed. All the
twelve seeds were sown to obtain the C, plant progeny.

In the C, generation. only four plants survived 1o
malturity. "EhC mean. range. and standard error for the
various morphological characters of these plants are
given in Table 5. The maximum yield in the C, generation
of P, progeny was 2.6 g/plant. near to diploid (2.96
g/plant). Selection was made in the C generation on the
basis of higher number of pods/plant and the total seed
vield/ptant.

Fig. 8 Autotetraploid plant

12 En Lens Newsletter Vol 15, No. 1. 1988

Table 3 Percent of diploid value of different morpholog-
ical characters in different generations of autotetraploid
of lentil,

Quantitative C: C.S C,

Plant height (cm) 108.2 103.2 1.4
Number of branches/plant  108.2 132.4 96.4
Number of nodes/plant 108.2 113.2 115.6
Internodal length (cm) 80.6 73.7 90.1
Stem perimeter (cm) 122.8 112.0 118.8
Number of flowers/plant 114.6 128.1 146.9
Number of pods/plant 3.0 16.8 22.9
Number of seeds/pod 62.5 62.5 80.4
25 seed wt. (g) - 178.1 182.7
Total yield/plant (g) 4.2 36.1 64.5
Pollen fertility (%) 48.1 66.1 91.4

One C, plant studied had 115 pods/plant. Only 80 out
of 115 seeds sown to raise C, plants survived. At matu-
rity. data for morphological characters of 20 plants were
taken at random and subjected to statistical analysis.

Fig. 9 Diploid plant
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Fig. 10 Variation among C, plant population

The range. mean and its standard error are given in Table
4 for plant height. number of branches/plant, number of
nodes/plant, internodal length, stem perimeter, number
of flowers/plant, number of pods/plant, number of
seeds/ pod, test weight, and seed vyield/plant. Seed
yield/plant (g) ranged from .27 to 8.88 g with a mean of
3.35 + 0.407 and pollen fertility ranged from 83.2 to
95.1 with a mean of 91.6 + 1.63. The total seed yield of
one of the C, plants of P, progeny was 8.88 g which was
slightly higher than the diploid plant i.e. 8.26 g/plant.

1’2 Plani Progeny

The height of the bushy plant in the C, generation num-
bered as P2 was 28.5 cm. It had 70 flowers, but seed
setting was extremely poor. Only two seeds were obtained
and its pollen fertility was 37.1% and total yield was
0.05 g.

40 Ar 1988. 1 sdc « 15 ol « Gyale 5,00« uid

The two seeds of the P2 plant progeny of the C, gen-
eration were sown to raise the C, generation, but only
one of the two plants survived. Its morphological charac-
ters are given in Table 4. Like its parent. it was again
bushy in habit with a heightof 21.5 cm. There were 1050
flowers. but only 6 mature pods were obtained. The total
seed yield of the plant was 0.12 g and pollen fertility
was 38.6%.

All the seeds obtained were sown to raise the C, gen-
eration. Only one out of six C, plants survived till matu-
rity. The morphological parameters are given in Table
4. Like its parent, the plant was 35.2 cm in height and
had 1120 flowers with 15 pods at maturity. But in the C,
generation the number of seeds/pod in this line ranged
from | to 2 with a mean of 1.4 seeds/pod. The total seed
yield of the plant was 0.63 g and its pollen fertility
was 48.1%.

En i3
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Fig. 13 Autotetraploid plant no 1

Discussion

Diploid plants had distinctly higher chiasma frequency
per chromosome than the different autotetraploid genera-
tions. But chiasma frequency per chromosome increased
with the generations in polyploids. Similar results were
reported by Raghuvanshi and Chauhan (1970) in 7Tabernae
montana  divericata, Raghuvanshi e¢r al. (1980) in
Melilotus alba, and Raghuvanshi and Singh (1980) in
Trigonella foenum graecum L.

All the meiotic configurations viz. quadrivalent,
trivalent. and univalent decreased while Dbivalents
increased with the passage of generations in the auto-
tetraploids (Table 1). Similar observations were also
reported by Gilles and Randolph (1951), Plarre (1954).
Hilpert (1957), Aaslveit (1968), and Simonson (1973
1975). Bivalents in this case are obviously being formed
at the expense of multivalents. The frequency of quadri-
valents in general was considerably lower than bivalent

14 En Lens Newsletter Vol. 15, No. 1, 1988

Fig. 14 Autotetraploid plant no 2

frequency. The low frequency of quadrivalent association
observed in the autotetraploids may suggest that certain
factors restrict the association of four homologous chro-
mosomes into quadrivalents. Similar findings were also
reported in the autotetraploid Fragaria by Sebastiam-
pillai and Jones (1977), in Festuca pralensis by Simon-
son (1975), and in Melilotus alba by Raghuvanshi ¢! al.
(1980).

The observed trend in the increased formation of the
rings in contrast to the chain quadrivalents is promising
from the point of view of the increased fertility,
because the rings have more chance of an equal disjunc-
tion at anaphase 1. A comparable trend was also reported
by Gopal and Singh (1979) in advanced generations of
autotetraploid of fenugreek.

It was found that the number of univalents exceeded
that of the trivalents resulting from an early disjunc-
tion of bivalents (Gopal and Singh 1979). The mean
frequency of bivalents was greater than that of quadriva-
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lents. trivalents, and univalents. This may indicate that
the disomic type of association of chromosomes is pre-
dominant, and that a comparatively lower number of
chromosomes show tetrasomic association giving rise to
multivalent formation. Two distinct causes have been
recognised for disomic pairing, the first is based on
the evidence of genetic control of bivalent pairing
(Ladizinsky 1973; Harberd 1975; Jauhar 1975) and the
other is based on the structural differences between
the two pairs of homologous chromosomes (Reinberg ¢ al.
1970).

The percentage of pollen fertility in advanced auto-
tetraploid generations tremendously increased as was also
reported by Raghuvanshi er al. (1980) in Melilotus alba,
Raghuvanshi and Singh (1980) and Gopal and Singh (1979)
in fenugreek. Pollen fertility can be influenced by
environmental as well as genetic and cytological fac-
tors. The improvement in pollen fertility could be at-
tributed to selection of more fertile types during the
successive generations of polyploidy, but not to any
distinct role of chromosomal pairing and behaviour during
meiosis.

Improvement of meiotic regularity in induced autotetraploids
of Lens culinaris

A characteristic feature of the cytogenetics of induced
autotetraploids is the gradual regularization of the
meiotic behaviour taking place through selection, either
natural or human, covering succeeding generations after
doubling. This is achieved almost invariably by a
decrease in the formation of univalents and trivalents,
whereas the corresponding changes in the frequency of
the bivalents and quadrivalents can follow different
pathways in advanced generations (Simonson 1975; 1973)
viz. (1) increased frequency of the bivalents at the
expense of the univalents, trivalents, and quadrivalents
or (ii) increased frequency of quadrivalents at the
expense of all the other types of associations.

According to Simonson (1975) the selection for im-
proved meiotic regularity should be carried out on
characters considering all the cytological factors re-
sponsible for regular disjunction of chromosomes at first
anaphase. The selected sample of the highest yielding
individuals can then easily be analysed cytologically and
the regularization process may be speeded up if the
tetraploid individuals exhibiting a high frequency of
abnormal segregations are also excluded.

Brewer and Reinders (1954) found that the selection
over the seven generations increased seed set from about
60 to 75%. They also concluded that selection for high
seed set had led to a higher regularity of the meiotic
division. Hilpert (1957) found that selection for high
seed set and tillering capacity during the three gen-
erations had resulted in a significant increase in

16 En Lens Newsletter Vol. 15, No. I, 1988

meiotic regularity. Percent of pollen fertility and num-
ber of seeds/plant increased with the passage of the gen-
erations (Fig. 1) which showed positive correlation
with chiasma frequency and bivalents and negative cor-
relation with the multivalents (Simonson 1973, Gopal and
Singh 1979).

Segregation patterns in successive generations
retraploids of lentil

of auto-

The autotetraploid plant of the C, generation had only
two bold seeds in comparison to tl]e diploids. The plants,
raised by these two seeds in the C2 generation, showed
differences in their habit. The first one was bushy with
few pods and the other one was tall and vigorous with a
large number of pods. The nature of both plant progeny
was inherited in subsequent generations as studied up to
the C, generation.

The progeny of the bushy plant were low yielding, but
there was a slight improvement with the advancement of
the generations.

The progeny of the tall vigorous plant was high
yielding and the average yield per plant in the C, gener-
ation was 0.20 g and 3.35 g in the C, generation. This
provides potential for selecting a high yielding plant in
the succeeding generations. Thus, it is apparent in this
study that the original diploid plants which were treated
to raise the C, autotetraploids were heterozygous having
started segregation in the C, generation.

It is noted that amongst the different plants in the
C, generation there was a significant variation for yield
parameters and total yield. This clearly indicated that
the selection can still be effectively carried out in
improving yield. Sybenga (1973) reported that the selec-
tion in an autotetraploid crop is difficult because
tetraploidy has a buffering effect against homozygosity
and recessiveness continues to segregate for a number of
generations. The number of plants and generations needed
to achieve homozygous lines is considerable. so selection
must be continued in the successive generations of auto-
tetraploid of Lens culinaris Medic. to obtain a good
yielding, bold seeded, and stable variety.

Thus, tetraploid material is very promising because
there is an increase in yield besides bold seededness.
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Abstract

Twenty genotypes of lentil, with different seed sizes,
were evaluated in the field for three cropping seasons
at the Research Farm of Haryana Agricultural Univer-
sity, Hisar, India to study the difference between
microsperma and macrosperma types in stability parame
ters. Small-seeded types showed better results in terms
of stability parameters. Genotypes with a 100-seed
weight of about 2 ¢ had a comparatively high mean
yield, an average response to their environment, and a
non-significant deviation around unit regression. The
use of one or two cycles of mechanical mass selection
for average seed sized lentils (2 g/100 seeds) in seg-
regating generations, followed by single plant selec-
tions has been advocated for lentil improvement.

Introduction

Seed size is considered an important factor in seedling
vigour, plant growth. and vyield (Wood ¢/ al. 1977:

Agrawal 1982). Distinct morphological and physiological
differences exist between macrosperma and  microsperma
types in lentils (Solh 1980). where large seed size is
given more emphasis in varietal improvement now. On the
other hand. yield stability is also a desirable charac-
ter. but environmental conditions have always been a
major constraint for stable lentil yields. Such uncer-
tainty in yield makes lentil growers cautious about
growing on a large scale. Therefore. clear information
about yield stability of lentil genotypes is desirable.
The present investigation studies seed yield stability
on 24 newly developed lentil genotypes with varying seed
sizes.

Materials and Methods

Twenty four lentil genotypes with 100-seed weight rang-
ing from 1.75 g to 4.35 g (Table 1) were tested for
yield stability during the 1983-86 winter seasons at
Research Farm of Haryana Agricultural University,
Hisar. India. Most of these diverse genotypes, col-
lected from different centres in India (Table 2). were

Table 1 Stability parameters for yield in 24 lentil genotypes with different seed sizes

Genotype Origin 100-seed Mean yield Regression Deviation
weight (kg/ha) coefficient (S4di)
(g) (bi)
ILH 82-2 Hisar 1.85 1431 1.57 11146
LH 82-4 do 1.95 1253 0.75 -15799
LH 82-6 do 3.00 1429 0.97 75246*
LH 82-7 do 2.75 1608 0.90 2720
ILLH 82-8 do 1.75 1398 0.92 29283
LH 83-1 do 1.90 1551 0.86 11020
LH 83-2 do 3.45 1386 1.17 -15972
LH 83-3 do 2.15 1599 1.24 50116*
LH 83-4 do 1.90 1625 1.03 -15602
LH 83-8 do 2.00 1541 1.32% -8802
LH 83-9 do 1.90 1549 1.66* -3229
LH 83-11 do 2.55 1596 1.25 66776*
LH 83-12 do 1.65 1366 0.93 -4277
LH-15 do 1.95 1772 0.95 42558
LH-21 do 2.60 1244 0.71% -8751
LH-97 do 2.10 1816 1.34% 1543
LH-162 do 2.45 1705 0.95 3518
LH-261 do 2.75 1553 1.12 -15010
LH-319 do 1.70 1524 1.02 -8527
Precoz Selection IARI New Delhi 4.35 491 0.07* -10292
Sehore-34 Sehore 3.65 665 0.03* -10255%*
L 4076 Ludhiana 2.90 1091 0.62* 17741
L9-12 Uttar Pradesh 1.90 1548 0.98 1360
Pant-639 do 1.75 1607 1.24 -15469
General mean 1431

* Signilicant at 5% level
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pure lines developed through hybridization. Randomized
block design with three replications was followed in
each year. Observations on seed yield were recorded on
a4x2m? plot basis and subsequently converted into
kg/ha. Pooled analysis of variance of yield for the 24
genotypes was made. Phenotypic stability parameters were
worked out following the method of Eberhart and Russell
(1966).

Results and Discussion

Pooled analysis of variance showed significant differ-
ences among the genotypes as well as among the environ-
ments (Table 2). The genotype x environment interac-
tions (G x E). including the linear effect due to envi-
ronments i.e. E(L). were found to be significant. Mean
squares due to environments were significantly differ-
ent and had considerable influence on seed yield. The
G x E (linear) interaction showed significant differ-
ences among regression coefficients pertaining to the
varieties on the environmental means. The significant
variance due to pooled deviation showed that both linear
and non-linear components were equally important, how-
ever, the magnitude of the former was higher.

As was mentioned before, stability of yield in com-
mercial lentil cultivars is a desirable attribute under
varying environments. According to the model of Eber-
hart and Russel (1966) in stability studies, the three
stability parameters: mean, regression coefficient, and
deviation from regression need to be considered simul-
taneously. Accordingly, a genotype with a high mean,
unit regression. and non-significant deviation (Szdi)
is ideal in terms of stability. However, the regression
coefficient measures the response of a genotype to a
given environment and the deviation measures the sta-
bility of performance. With these points in view, nine
small-seeded genotypes viz. LH82-7. LH83-1, LHS83-4,
LHIS, LH162, LH261. LH319, L9-12. and Pant 639
were found to have a satisfactory yield and average re-
sponse to its environment, in addition to being stable
(Table 1). The ramaining small-seeded genotypes showed
non significant deviation, with low yields sometimes.

All macrosperma genotypes i.e. with a 100-seed
weight of about 3 g (Precoz Selection, Sehore 34,
LH83-2. L. 4076. and LH82-6) were invariably poor yield-
ers, with the boldest-seeded (Precoz Selection) having
the lowest yield (Table 1). Their response to their
environment was generally poor and no specific trend ap-
peared in deviation. Thus, considering the three sta-
bility parameters, none of the bold-seeded genotypes
(3 g or above/100 seeds) was desirable.

In lentil breeding. therefore, emphasis on select-
ing average seed sized plants should be given. Mechan-
ical mass selection for average seed size can be done
in a bulk population like F, or F, before sowing.

34 Ar 1988 1 sac ¢ 15 adow ¢ duale 500

Table 2 Pooled analysis of variance for yield in 24
lentil genotypes

Source of variation d.f. Mean square
Genotypes (G) 23 291322%*
Environment (E) 2 15512399%%*
GxE 46 96925**
E+ (G x E) 48 739237**
E (L) 1 31024799%**
G x E (L) 23 164343**
Pooled deviation 24 28278%*
Pooled error 144 5422

** Significant at 1% level

Single plant selections can be made later, after one or
two generations of mechanical mass selections. Geno-

types bred in this way are likely to be desirable in
terms of yield response to better environment and
stability.
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Abstract

A study on the effect of irrigation on the growth and yield
of lentil was conducted on a silty clay loam soil at the
Crop Research Centre, Govind Ballabh Pant University
of Agriculture and Technology, Pantnagar, India during
the winter season of 1980/81. Irrigation increased
plant height, number of green leaves/plant, number of
pods/plant number of branches/plant, and grain yield/
hectare. The increase in grain yield was mainly as-
sociated with an increase in the number of pods/plant,
number of grains/pod, and 100-grain weight. Irrigation
also increased harvest index and delayed maturity by 5-6
days. The highest grain yield (2.46 t/ha) was obtained
when one irrigation was applied at the flowering stage.
Maximum water use efficiency was obtained with one
irrigation at flowering and the minimum with two irriga-
tions, at flowering and pod formation, respectively.
Maximum consumptive use of water (24.9 cm) was ob-
served with two irrigations at flowering and pod forma-
tion and the minimum (19.5 cm) in the control.

Introduction

Although lentil is an important food legume in India. its
productivity, however, is low (438 kg/ha) due to lack of
adequate soil moisture during its growth and development
stages. Lentil normally meets most of its water require-
ment from conserved soil moisture. In the absence of
enough stored soil moisture and adequate winter rains the
crop responds very well to supplemental irrigation. Water
being a scarce commodity in lentil growing areas of India,
it warrants judicious use to achieve higher efficiency.
Lentil production/unit volume of water used can be raised
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by irrigating the crop at a stage which responds best to
water application. From the little literature available
on irrigating lentil at different growth stages. Panwar
and Paliwal (1975) indicated that one irrigation at early
pod filling stage was observed to be most effective in
lentil, whereas Sharar ¢f al. (1976) reported that the
maximum yield of lentil was obtained with one irrigation at
flowering compared to no irrigation, two and three irriga-
tions under Faisalabad conditions in Pakistan. Ojha er
al. (1977) also reported better yield response in lentil
when one irrigation was applied either at pre or post
flowering stage. However. Yusuf ¢/ al. (1979) found that
grain yield of lentil was highest with three irrigations
applied at seedling. branching. and pod filling stages
under Delhi conditions. The following investigation was
done to study the effect of irrigation on the growth and
yield of lentils.

Materials and Methods

The field experiment was conducted at the Crop Research
Centre. Govind Ballabh Pant Krishi Evam Praudyogik
Vishwavidyalaya. Pantnagar. Nainital. Uttar Pradesh,
India during the 1980/81 season on a silty clay loam of pH
6.7. organic carbon 1.7% and available P,0, 27.0 kg/ha;
and with a field capacity, permanent wilting point, and
bulk density (0-60 cm depth) of 22.3%, 5.9%. and |.51
g/cc, respectively. The experiment was laid out in a ran-
domized complete block design with four replications. Four
irrigation levels were tested viz. no irrigation (con-
trol), one irrigation at the flowering stage (90 days
after seeding). one irrigation at the pod formation
stage (115 days after seeding), and two irrigations at the
flowering and pod formation stages. Nitrogen (20 kg/ha)
and P205 (60 kg/ha) fertilizers were applied as basal.
The lentil seeds of the test variety Pant L-406 were
planted on 16 Nov 1980 with a row spacing of 20 cm and an
intra-row plant distance of 5 cm. A uniform pre sowing
irrigation was given to all the treatments and later ir-
rigations were given as per treatment. Soil samples were
collected by layers (0-15, 15-30, 30-45, and 45-60 c¢cm
depth) at planting and at harvest times as well as before
and after each irrigation to determine soil moisture
depletion. Precipitation was 79.5 mm during the crop sea-
son. Water use efficiency (WUE) and consumptive use of
water (CUW) were computed from the crop and soil mois-
ture data.
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Results and Discussion

Plant growih

Irrigation had significant effects on plant height. the
number of green leaves/plant, number ol branches/plant.
number of nodes/plant, and number of pods/plant. and on
time to maturity {(days) (Table 1). The tallest plants were
observed when two irrigations were applied at the flowering

and pod formation stages, respectively. The highest number

of branches/plant (32.3) and number of green leaves/plant
(207.2) were recorded when the crop was irrigated at the
pod formation stage. However. (he highest number of
nodes/plant (317.4) was recorded when the crop was ir-
rigated at flowering stage. Irrigation prolonged maturity
by 5-6 days providing more time for photosynthesis and
translocation of photosynthesis from source to sink. thus
leading to higher yield of lentil when irrigated.  Plant
growth measured as dry weights of leaf, stem, pod and total
plant was highest when irrigation was applied at the
flowering stage (Table 2). This improved growth might be
associated with increased plant size due to an increase in

cell elongation and cell division Dby irrigation. where
turgor pressure of the celfl is most sensitive to moisture
stress. A minimum level of turgor is necessary for cell
expansion. which is associated with shoot and root elonga-
tion. leaf enlargement and flower expansion and for
stomata opening which controls the supply of carbon dioxide
to photosynthesis. This increase in crop growth and grain
yield in lentil due to irrigation had also been reported by
several workers (Panwar and Paliwal 1975; Sharar ¢r al.
1976. Ojha ¢r al. 1977: Saxena and Wassimi 1980).

Yield and yield attributes

Lrrigation increased the number of pods/plant significantly
compared to the control, irrespective of its time of
application. which indicates that the poor growth and
development in the control could be attributed to water
deficiency. However. a significant increase in the number
ot grains/pod over the control was observed when one ir-
rigation was applied either at the flowering or at the
pod formation stages (Table 3). A significant increase in
100-grain weight over the control was confined to one

Table 1 Effect of irrigation on growth characters of lentil at maturity at Pantnagar. 1980/81

Irrigation level Plant height Number of Number of green Number of Time to maturity
(cm) branches/plant leaves/plant nodes/plant (days)

Control 44.9 d* 17.6 ¢ 365¢ 2142 ¢ 135.0b
One at flowering 56.1b 30.6 a 204.6 a 3174 a 140.9 a
One at pod formation 53.7c 323 a 207.2 a 298.1b 140.0 a
One each at flowering

and pod formation 65.0 a 2600 134.5b 201.0d 141.0 a
Mean 54.9 26.6 145.7 257.7 139.2

* Treatment means of a single character followed by the same letters do not ditfer significanty at 5% probability level according to Duncan's

Multiple Range Test

Table 2 Leaf. stem, pod, and total plant dry matter accumulation (g/m row
length) of lentil at maturity as influenced by irrigation leveis at Pant-

nagar. 1980/81

Dry matter accumulation (g/m row length)

Irrigation level Leaf Stem Pod Total
Control 16.1 c* 520¢ 66.7 ¢ 1348 ¢
One at flowering 289 a 79.8 a 109.4 a 2179 a
One at pod formation 230b 68.7b 743 cb 166.3 b
One each at flowering

and pod formation 21.5b 533c 845b 159.2 b
Mean 22.4 63.4 83.7 169.5

* Treatment means of a single character followed by the same letters do not differ significantly at
5% probability level according to Duncan's Multipie Range Test
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Table 3 Effect of irrigation on yield contributers, grain yield, biological yield, and harvest index of len-

til in Pantnagar, 1980/81

Irrigation level Number of  Number of  100-grain Grain yield Biological Harvest
pods/plant  grains/ped  weight (g) (q/ha) yield (q/ha) index

Control 88.3 d* 1.5¢ 1.9b 176 ¢ 50.0c 0.36 b
One at flowering 174.5 a 1.7 a 2.1a 246 a 524bc 0.46 a
One at pod formation 122.4 ¢ 1.6 b 20b 196 b 66.2 a 0.31¢
One each at flowering

and pod formation 137.7 b 1.4 ¢ 1.7c 190Db 60.3ab 0.30 ¢
Mean 130.5 1.5 1.9 20.2 57.2 0.36

* Treatment means of a single character followed by the same letters do not differ significantly at 5% probability level according to Duncan’s

Multiple Range Test.

Table 4 Effect of irrigation on soil moisture extraction. total consumptive use of water and water use

efficiency in lentil in Pantnagar, 1980/81

Irrigation level Moisture Effective PET (cm) Total consumptive Water use efficiency
extraction (cm) rainfall (cm) (E x 0.6) use of water (cm) (kg grain/ha/
cm of water)
Control 7.06 9.85 - 16.91 104.3
One at flowering 12.67 9.85 0.62 23.14 106.1
One at pod formation 10.99 9.85 0.95 24.79 89.9
One each at flowering
and pod formation 13.68 9.85 1.37 24.90 76.3
Mean 11.4 9.85 - 22.4 94.1

irrigation at flowering which shows that the flowering
stage is the most critical stage for irrigation, where an
increase of 700 kg/ha in grain yield could be achieved
under Tarai conditions of Utiar Pradesh in India. It is
interesting to note that two irrigations applied at
flowering and pod formation decreased significantly the
number of grains/pod (1.5 to 1.4 g) and 100-grain weight
(1.9 to 1.7 g) compared to the control (Table 3). Sim-
ilarly, Duthion (1977) reported a decrease in the number
of flower heads, number of pods/plant, and 100-seed
weight of spring beans when excess water was present at
the time of pod initiation.

Water use efficiency (WUE) and consumplive use of water
(cuw)

Grain yield/cm of water applied was highest when the len-
til crop was irrigated at flowering and lowest when two
irrigations at flowering and pod formation stages were
applied, respectively (Table 4). This high WUE in the
plots receiving irrigation at flowering was associated with
increased grain yield at a faster rate than CUW. The mini-
mum amount of soil water excluding rainfall (7.1 cm) was
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extracted when no post planting irrigation was applied and
the maximum (13.7 cm) when two irrigations were applied
at flowering and pod formation stages. The maximum
CUW (24.9 cm) was recorded in plots receiving two irriga-
tions at flowering and pod formation, respectively and the
minimum (19.5 cm) in the control. This shows that the
consumptive use of water in different irrigation treatments
increased as the moisture supply through irrigation was
improved. An increase in CUW with irrigation in lentil
was also observed by Singh ef al. (1979).
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Effect of sowing method, rate, and date
on lentil in Shendi area of the Sudan

Ali Khalafalla Mohamed
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P.0. Box 30. Khartoum North
SUDAN

Abstract

Field experiments were conducted at Shendi Research
Station in the north Sudan for two seasons to measure
the effect of sowing date, method of planting, and seed-
ing rate on lentil grain yield and yield components.
Sowing on 10 Dec caused drastic reductions in grain
vield and yield attributes (number of pods/plant, num-
ber of seeds/plant, and 1000-seed weight). Lentils,
sown between the end of October and the end of Novem-
ber, gave the highest grain yield. Broadcasting and
ridge planting produced higher yields than planting in
60 cm ridges, or drilling in rows 20 cm apart. Varia-
tion in seeding rate from 108 kg/ha to 214 kg/ha pro-
duced little differences in grain yield and a seeding
rate of 143 kg/ha was optimal.
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Introduction

Lentil (Lens culinarisy in Sudan is grown by a few farm-
ers in small areas in the northern region for home con-
sumption. The average yields are low due to poor manage-
ment. lack of high yielding varieties, late planting.
and bird damage. Almost all of Sudan’s requirement of
lentil is imported. The average import over || years
(1970 - 1980) was 4017 tonnes (metric) costing 618725
Sudanese pounds per annum (el Sarrag 1983).

Preliminary research trials conducted at Hudeiba Re-
search Station indicated the suitability of the northern
region for lentil production (el Hilo 1971). The present
investigation was undertaken to determine the most suit-
able sowing date. seeding rate, and method of planting
for lentils to obtain high yields and encourage farmers
to produce lentils to satisfy domestic consumption.

Materials and Methods

Two experiments were conducted in the 1982 - 1984 seasons
at Shendi Research Station in a heavy clay soil with a
paste pH of 8.2. Shendi lies in the arid region of north-
ern Sudan at latitude 16°42°N and longitude 33°26°E.

In the first experiment the treatments were a 3 x 4
factorial combination where the treatments consisted of
three methods of seed sowing. M, sowing on both sides
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of 60 cm ridges; M. broadcasting and ridging into 60 cm
ridges: and M driliing in rows 20 cm apart on flat plots,
and of four seeding rates: 107. 143, 179, and 214 kg/ha.
These treatments were arranged in a split plot design
where methods of planting constituted the main plots and
seeding rates the sub-plots with four replications.

The second experiment comprised a 4 x 3 factorial
combination of four sowing dates: 29 Oct. 12 Nov and 26
Nov. and 10 Dec; and three seeding rates, 107, 143,
and 179 kg/ha. These treatments were arranged in a ran-
domized complete block design with four replications.
The varieties used in the first and second experiments
were Selaim and Giza 9. respectively.

The experiments, with plot sizes of 6 x 3 m, were
furrow irrigated and each received about 10 irrigations
at intervals of 10 days. Chemical spraying with 50%
Folimat® was applied to control laphygma (Spodopicra
exigua) at  the early vegetative phase.  Aphids (Aphis
craccivora)y and  thrips (Ca[iolhrgzs sudanesis Bagh and
can) were controlled by Endophos™ at the rate of 2.4 I/ha.
Total seed yield was recorded for every plot from a har-
vested area of 1.8 x 5 m. Pods/plant, 1000-seed weight,
and number of seeds/plant were determined from 10 plants/
plot selected at random from the middle row, and the num-
ber of plants/linear meter were counted at harvest time.

Results and Discussion

Grain yield differences due to planting methods were sig-
nificant (Table 1). Broadcasting and ridging (M,) in-
increased grain yield by 38% and 18% over planting on
ridges (M) and drilling in rows (M,). respectively when
averaged over the two seasons. Planting on ridges 60 cm
wide (M‘) gave the lowest yield in both seasons. On the
other hand, drilling in rows 20 cm apart (M;) signifi-
cantly produced less number of pods/plant, lighter seeds,
but higher number of seeds/plant than the other two plant-
ing methods (Table 2). From the average of the two years,
it was noticed that grain yield slightly increased
(13%) when seeding rate was increased from 107 to 214
kg/ha. but the differences in both seasons were not sig-
nificant (Table 1).  Similar results were reported by
Hakam e¢r al. (1974). Muehlbauer (1973), and Saxena
(1976). Lentil shows a high degree of adjustability to
the available space and its response to plant density
depends on the growing conditions and the plasticity of
the cultivar. Pods and seeds/plant were not signifi-
cantly affected by the seeding rate in both seasons, but
there was a slight drop in these attributes with increas-
ing seeding rate. On the other hand, the lowest seeding
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Table 1 The effect of method of planting and seed-
ing rate on lentil grain yield (kg/ha) during the 1982-
1984 seasons

Grain yield (kg/ha)

Treatment 1982/83 1983/84 Mean
Sowing nwlhodl
M, 1458 800 1129
M, 1778 1335 1556
M, 1778 870 1324
S.EE. + 66.8 165
Significance level i *
LSD 0.05 163.4 404.8
Seed rate (kg/ha)
107 1612 859 1235
143 1643 1007 1325
179 1766 1007 1386
214 1664 1134 1399
S.E. + 101 134
Significance level ns ns
LSD 0.05 207.5 275.8
LM = Planting on both sides of 60 cm ridge

M, = Broadcasting and ridging into 60 cm ridges
My = Drilling in rows 20 cm apart on flat plots

= significanm at 1 % level
= gignificant at 5% level

ns = non-significant

rate produced significantly the lightest seeds (Table 2).
This illustrates to a great extent the compensation among
yield components as suggested by Adams (1967).

In the second experiment, grain yield was signifi-
cantly (P = 0.01) affected by planting date (Table 3).
In the 1982/83 season the highest grain yield was ob-
tained from 26 Nov planting date significantly out-
yielding earlier and later plantings. In the 1983/84 sea-
son, 29 Oct, 12 Nov and 26 Nov planting dates were sim-
ilar in their vyields and were significantly (P = 0.01)
better than 10 Dec planting. Ageeb (1974) reported that
planting in the first fortnight of November produced the
highest yield and Salih (1979) found that planting from
middle to end of November was optimal for Sudan. A con-
siderable reduction in grain yield was noticed in both
seasons when planting was delayed to 10 Dec (Table 3).
This might be due to the reduced vegetative growth and
early termination of crop growth period caused by the
adverse effect resulting from the rise in temperature
early in the reproductive phase. The number of pods/plant,
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Table 2 Effect of planting method and seeding rate on lentil yield components during the 1982-1984 seasons

1982/83 1983/84
Treatment Number of  Number of  1000-seed Number of Number of 1000-seed
pods/ seeds/ wt (g) pods/ seeds/ wt ()
plant plant plant plant
Planting method’
M, 21.2 38.4 26.9 32.6 33.4 23.1
M, 22.6 36.9 26.3 30.9 31.1 23.2
M, 18.3 34.2 26.5 36.6 38.1 22.2
SE + 0.78 2.0 0.51 2.2 2.0 0.23
Significance level *% ns ns ns & i
LSD 0.05 1.9 4.8 1.2 5.4 4.8 0.6
Seed rate (kg/ha)
107.1 2.1 40.4 255 36.0 34.6 22.0
142.9 1.2 40.3 27.1 34.5 35.8 22.8
178.6 9.3 33.5 26.9 32.4 33.8 22.8
2143 0.2 319 26.8 30.6 32.6 23.5
SE + 1.7 4.4 0.62 3.9 3.0 0.40
Significance level ns ns y ns ns *E
LSD 0.05 3.5 9.0 1.3 8.1 6.1 0.8

1. M, = planting on both sides of 60 cm ridge
M,
My = drilling in rows 20 cm apart on flat plots

= broadcasting and ridging in 60 cm ridges

number of seeds/plant, and 1000-seed weight were lower
in December planting (Table 4). The effect of seeding
rate on grain yield was similar to that mentioned above
except that in the 1982/83 season, the seeding rate
of 143 kg/ha gave lower grain yield than 107 or 79
kg/ha (Table 3). The effects of seeding rate on number
of pods/plant, number of seeds/plant. and 1000-seed
weight were not significant in either seasons (Table 3).
The first-order interactions on grain yield and yield
attributes were not significant.

In conclusion, the results indicated that lentils
sown between the end of October and the end of November
gave high grain yields.  Delaying planting till 10 Dec
caused a drastic reduction in yield and yield attributes
(number of pods/plant, number of seeds/plant, and 1000-
seed weight). Broadcasting the seed and ridge planting
out-yielded the other two methods of planting. Increas-
ing the seeding rate from 107 kg/ha to 214 kg/ha did
not significantly increase grain yield.
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** = significant at 1% level
* = significant at 5% level
ns = non-significant

Table 3 Effect of sowing date and seeding rate on
lentil grain yield (kg/ha) during the 1982-1984 seasons

Grain yield (kg/ha)

Treatment 1982/83 1983/84 Mean
Sowing date
29 Oct 544.3 995.3 769.8
12 Nov 501.7 884.2 693.0
26 Nov 673.6 974.5 824.1
10 Dec 470.6 435.2 452.9
Significance level Lh ek
LSD 0.05 117.1 217.7
Seeding rate (kg/ha)
107 588.3 720.4 654.4
143 473.8 868.0 670.0
179 580.5 878.4 729.5
Significance level * ns
LSD 0.05 101 .4 188.5
* = Signiticant at 5% level ns = non-significant
= Signiticant at 1% level
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Table 4 Effect of sowing date and seeding rate on lentil yield components during 1982-1984 seasons

1982/83 1983/84
Treatment Number of Number of 1000-seed Number of Number of Number of
pods/ seeds/ wt (g) plants pods/ seeds/
plant plant plant plant
Sowing dale
29 Oct 30.1 40.3 26.5 227 30.9 36.2
12 Nov 15.1 19.5 26.5 256 23.0 28.3
26 Nov 18.7 17.1 27.6 315 18.9 21.4
10 Dec 16.8 16.6 261 317 11.3 9.3
Significance level *ok ok ns *ok *k *k
LSD 0.05 5.7 7.8 1.1 44 6.1 7.4
Seeding rate (kg/ha)
107.1 22.4 27.2 26.4 242 23.8 22.0
142.9 19.5 20.3 26.6 268 20.0 248
178.6 18.7 22.6 27.0 326 19.2 24.6
Significance level ns ns ns *k ns ns
LSD 0.05 5.0 6.7 0.9 38.0 5.3 6.4

## = Signilicant al 1% probability level

= non-significam

through the Nile Valley Project. 1 thank Professor F.A. Salih for
reading the manuscript and for his valuable comments.
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Differential reaction of lentil varieties
to boron application in calcareous soil
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Abstract

The differential reaction of six lentil varieties to B
deficiency was studied in highly calcareous soil in the
field. Among the varieties studied, L 9-12 was highly sus-
ceptible, whereas DL 77-2 and Pant 406 were tolerant to
B deficiency. The remaining varieties Pant-639, RAU-
101, and BR-25 occupied the intermediate positions on
the basis of yield response and B uptake. In the control
treatment (with no B added), the difference in yield
and B uptake within varieties was larger and became
narrower under B applied conditions. The grain yield
was positively and significantly correlated with B up-
take by grain and straw. Also, the B uptake by grain
and straw was positively and significantly correlated
with B concentration in grain and straw.

Introduction

Lentil (Lens culinaris Medic.), grown in winter season, is
an important pulse crop of Bihar state (India). Large re-
sponses of black gram and chickpea to boron application
have been recorded on highly calcareous soils of north
Bihar, India (Anonymous 1984-85). Information regard-
ing the varietal reaction of lentil to boron was lacking.
The present investigation was undertaken to find out the
differential reaction of some lentil genotypes to B appli-
cation on highly calcareous soils, since such an informa-
tion would be useful to crop growers and pulse breeders in
evolving suitable varieties which can be grown under B
stress conditions.

Materials and Methods

A field experiment was conducted in a sandy loam calcar-
eous soil belonging to great group calciorthents at Dholi
Experiment Station, Bihar (India). In a split - plot
design, the B levels were kept in the main plots and lentil
varieties in the sub-plots with three replications. There
were six lentil varieties viz. BR-25, Pant-639, Pant-406,
L9-12, RAU-101, and DL 77-2, and three B levels viz. 0,
1.5, and 2.5 kg B/ha, applied at sowing in the form of
borax. The crop received a basal application of 25 kg N, 50
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kg P,O. 40 kg K,O. and 5 kg Zn/ha through urea, triple
superphosphate, muriate of potash and zinc sulphate. re-
spectively. The crop was harvested at full maturity and the
grain and straw yields were recorded. Plant samples were
washed in acidified detergent solution, dried in hot air
circulation oven at 65°C and pulverised in a Wareing blen-
der. Boron was estimated colorimetrically using carmine
(Hatcher and Wilcox 1950).

The composite soil sample. taken from the experimental
site before starting the experiment, -was analysed for some
important physical and chemical characteristics employing
standard procedure (Jackson 1967). The available B from
soil was extracted with boiling water in a 1:2 soil/water
suspension for 5 minutes (Berger and Truog 1939), and its
amount was estimated colorimetrically using carmine. In
order to know the deficiency/sufficiency of Zn, Fe, Cu, and
Mn the soil was extracted with DTPA-Cacl, solution
(Lindsay and Norvell 1978) and their quantities were esti-
mated in clear aliquot with an atomic absorption spectro-
photometer. The pH. EC, Org. C, free CaCO, available B,
and DTPA- extractable Zn, Cu, Fe, and Mn were 8.3,
0.37 ds/m, 0.32%, 35.8%, 0.37 ppm. 0.48 ppm, 8.50
ppm, 0.85 ppm. and 6.50 ppm. respectively.

Results and Discussion

Grain yield: The yielding ability and magnitude of grain
yield response to B application varied from one variety to
another (Table 1). Out of six varieties, only four re-
sponded to B application as the percentage increase in
grain yield over control was more than 10 (Rathore et
al. 1978; Sakal er al. 1985). The other two varieties did
not respond to it, but they provided negative response
at both levels of applied B. This sort of differential
response may be due to differences in the genetic make up
of these varieties. The experimental soil may be regarded
as deficient in available B as its value was less than
the threshold value of 0.53 ppm worked out by Sakal er
al. (1985) for these calcareous soils. In the control
treatment (with no B added) the difference in grain yield
within varieties was wide and under B applied conditions
it became narrower. Variety L9-12 was most responsive
in grain yield to B application, whereas DL 77-2 and
Pant-406 were unresponsive to B application. The variety
with the highest response to B application was rated to be
most susceptible and those giving no response were clas-
sified as tolerant to B deficiency. On the basis of per-
cent response to grain yield (figures in parenthesis), the
relative susceptibility of lentil varieties to B deficiency
was as follows:

L9-12 > Pant-639 > RAU-101 > BR-25 > DL 77-2 >

37 (28) (26) (13) (-12)
Pant-406
(-27)
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Table 1 Effect of boron application on grain yield of lentil varieties

Grain yield (kg/ha) Percent increase (+) or
Boron level (kg B/ha) decrease (-) in yield over
control
Variety 0 1.5 2.5 Mean
BR-25 933 1050 917 967 +13
Pant-639 900 1050 1150 1033 +28
Pant-406 1350 983 1017 17 -27
L9-12 1000 1367 1233 1200 +37
RAU-101 1033 1100 1300 1144 +26
DL 77-2 1250 1100 1167 1172 -12
Mean 1078 1108 1131 -

LSD 5% level tor B levels mean = Non signiticant
LSD 5% level lor varieties mean = 114
LSD 5% level for B x varieties = 198

Table 2 Effect of boron application on B uptake by grain and straw of lentil varieties

Boron uptake by grain (g/ha) Boron uptake by straw (g/ha)
Boron level (kg B/ha) Boron level (kg B/ha)
Variety 0 1.5 2.5 Mean 0 1.5 2.5 Mean
BR-25 15.2 19.4 19.3 18.0 29.9 48.8 43.7 40.8
Pant-639 15.1 21.3 29.3 21.9 31.6 43.8 53.3 429
Pant-406 34.9 26.8 30.1 30.6 62.6 50.1 53.2 55.3
L9-12 12.9 30.2 32.5 25.2 38.3 63.7 66.1 56.0
RAU-I10I 18.4 26.9 34.5 26.6 37.6 45.8 68.6 50.6
DL 77-2 24.2 23.3 27.3 24.9 51.7 45.3 54.4 50.5
Mean 20.1 24.7 28.8 - 41.9 49.6 56.5 -
LSD 5% level lor B levels mean = 2.54 5.19
LSD 5% level for varieties mean = 3.74 5.61
LSD 5% level tor B x varieties = 9.70 17.30

The grain yield was found to be positively and signifi-  the difference in B uptake within varieties was larger than
cantly correlated with B uptake by grain (r = 0.755%*) and under B applied conditions. On the basis of percent in-
straw (r = 0.822%%), crease in total B uptake over control (figures in paren-

thesis), the relative susceptibility of lentil varieties
Boron uptake: Application of B significantly increased the  to B deficiency was as follows:
?]ez:)r\ B uptake by grain a.nd straw from 20.1 to 28.8 and [ 9_12 > RAU-101 > Pant-639 > BR-25 > DL 77-2 >

.9 10 56.5 g/ha, respectively (Table 2). Boron uptake by (93) (84) (17) (51) (8)

grain and straw was positively and significantly cor-  p,.i 406
related with B concentration in grain (r = 0.881**) and (-10)
straw (r = 0.856**), respectively. The total B uptake
(grain + straw) in the control with zero B added ranged Total B uptake was positively and significantly cor-
from 45.1 t0 92.5 g/ha, and at 1.5 and 2.5 kg B/ha related with B concentration in grain (r = 0.799**) and
levels it ranged from 65.1 to 93.9 and 63.5to 103.1  Straw (r = 0.887*¥), and also with B uptake by grain (r =
g/ha. respectively. This indicates that in the control, ~0.963**) and straw (r = 0.989%¥).
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fertilizer on lentil under rainfed
conditions in upland Baluchistan
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Abstract

The experiment was conducted at Quetta in the 1985-87
seasons and at Khuzdar only in the 1986/87 season to
study the effects of phosphate fertilizer and rhizobium
inoculum on lentil (Lens culinaris) under arid rainfed
conditions. A large response to inoculation was ob-
served in both locations and seasons. Nodule number
and root dry weight significantly increased, thus re-
sulting in an increase of more than 50% in seed and
straw production. Inoculation is therefore a necessary
input in food and forage legume germplasm evaluation
nurseries in upland Baluchistan. In contrast, the ad-
dition of 60 kg/ha of phesphate fertilizer did not
influence plant growth and productivity significantly.
It was also evident that the effects of environmental
variation in rainfall and air temperature on crop
growth considerably extended the growth season of len-
til as well as productivity.
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Introduction

Lentil is the second most important grain legume crop in
Pakistan. It is grown in winter over an area of 82,300 ha
with an annual production of 29,900 metric tonnes (Bashir
ef al. 1986). Out of four provinces of Pakistan, 70% of
the cultivated area is in the Punjab while Baluchistan
has the lowest hectarage (Anwar ef al. 1986). Lentil can
be grown in the poor soil and extreme climate of upland
Baluchistan. However, the outlook for increased cultiva-
tion and productivity of lentils in Baluchistan was not
favourable in the past. Farmers view cropping under
rainfed conditions to be a risky exercise in the arid
uplands and have very little financial resources to in-
vest in new technological agronomic innovations (Rees e/
al. 1988). As a result, research is required to maintain
an acceptable soil nutrient status, without a recourse
to the expensive inputs such as addition of nitrogen fer-
tilizer, which substantially improve legume productivity.

Inadequate nitrogen nutrition is one of the factors
seriously limiting the productivity of lentil as well as
the other food and forage legumes in Baluchistan. The
Arid Zone Research Institute has recently established a
program of germplasm evaluation to determine whether
food and forage legume crops can be successfully grown
in the rainfed uplands of Baluchistan (ICARDA 1987
and 1988). At present, the mono-cropping of wheat or
wheat in rotation with long unproductive fallows are
the present cropping practices under the traditional low
input system of husbandry. The introduction of more le-
gume crops may intensify agricultural production and
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reduce the risks of disease-induced total crop failure.
Epiphytotic conditions of yellow rust in wheat have been
experienced in Baluchistan with resultant severe crop
losses at least twice in the last decade. The experiment
was designed to obtain further information on the sub-
jects of introduction or intensification of legume
cropping:

1. Are native soil rhizobial populations adequate to
nodulate food and forage legume screening nurseries
successfully?

2. Is rhizobial inoculation likely to be an economically
sound innovation into the dryland cropping systems of
upland Baluchistan?

Materials and Methods

The experiment was first planted at the AZRI Farm. Quetta
(altitude 1750 m, latitude 30° 14°'N. longitude 67° 2°E)
in late December 1985 following the first rain of the
winter season. Subsequently, it was repeated at the AZRI
Farm and extended to Khuzdar (altitude 1100 m, latitude
27°46'N. longitude 66° 39°E) during the 1986/87 grow-
ing season. The planting dates were | Nov 1986 at Quetta
and 13 Oct 1986 at Khuzdar. Residual soil moisture
from late summer rains allowed early crop establish-
ment. Crop maturity occurred in early summer with lit-
tle variation from location to location or year to
year. The experiment was conducted in a 2 x 2 factor-
ial design with four replications and four treatments.
The plot size was 5 m x 1.5 m with 6 rows, 25 cm apart,
and 5 m long. Phosphate fertilizer, as triple super
phosphate, was incorporated at a rate of 60 kg
P,0O/ha with the seed at sowing time. The experiment was
planted with a single row drill. All observations were
made from the central two rows of the plot to exclude
border effects. A wide range of plant growth parameters
were assessed and the number of nodules/plant and
root dry weights were monitored periodically before
crop maturity. Analysis of variance was conducted both
separately and collectively to examine specific loca-
tion or season effects and averaged over environments.

Climatic conditions

The climatic conditions in Baluchistan are highly incon-
sistent. The 200 mm of precipitation or less are expected
in at least three years in ten (Keatinge and Rees 1988).
Furthermore, rainfall is often not well distributed
throughout the year. Most of the rain occurs in winter
butoccasionally asmall butimportant summer monsoonal
rain is experienced. Late rainfall in winter may delay
the sowing of winter crops and subsequent crop emergence
due to low air temperatures at altitudes above 1000 m. In
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the 1985/86 season the first rains of the winter season
occured in the last week of December at Quetta. Dry con-
ditions in April and May. coupled with dessicating winds.
resulted in premature maturity and poor yields of lentils
in the 1985/86 season. while in the 1986/87 season yields
were good due to an early well distributed and higher than
the average rainfall at Quetta and Khuzdar (Table 1).

Air temperature in upland Baluchistan is usually very
low in winter and the growth of lentil in late November
to mid February is very slow. In both seasons. minimum
air temperatures well below freezing were experienced
(Table 1). but the local lentil landrace is well adapted
to such conditions. High air temperatures in early summer
in the absence of rainfall may become an important factor
in inducing crop maturity as was experienced in the
1985/86 season in Quetta.

Results and Discussion

The effect of inoculation was highly significant (P <
0.1) and resulted in large increases in the number of
nodules/plant (200%). rootdry weight (70%). shootdry
weight (114%). seed yield (67%). and straw yield (52%)
when compared to uninoculated treatments (Tables 2-5).

The effect of phosphate was not significant and gave
no increase in the growth parameters, such as the number
of nodules/plant and straw yield over the control treat-
ment (Tables 2 and 5). Root dry weight may have been a
minor exception (Table 3).

Only inoculation was considered in the economic
analysis as the biological effect of phosphate was in-
significant. An increase of Rs. 12 in the net revenue
during the 1985/86 season and Rs. 2738 during the 1986/
87 season were estimated for the trials at Quetta. Simi-
farly. an increase of Rs. 2383 in the net revenue was
obtained by inoculation in the 1986/87 season at Khuzdar
(Table 6).

The importance of inoculation with rhizobia for
lentil productivity is in concurrence with the results of
Sekhon ¢ral. (1986) and Sandhu (1984) who recorded in
the other areas of the sub-continent 80-90% increase in
seed yield in comparison to uninoculated lentils on a
variety of soil types.

The clear response to inoculation in lentil in this
experiment indicates the need to use inoculation routinely
in AZRI's legume germplasm screening nurseries. This
policy has been adopted in the 1987/88 season. The lack
of native rhizobia in the soil or their inefficiency to
promote active nodulation in lentils (Table 2) suggests
that the use of inoculation could be an important innova-
tion to the agricultural system of Baluchistan.
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Table 1 Climatic Data

Quetta 1985/86 Quetta 1986/87 Khuzdar 1986/87

Month Total Mean Max. Mean Min. Total Mean Max. Mean Min. Total Mean Max. Mean Min.

Rainfall Temp.* (°C) Temp. (°C) Rainfall Temp. (°C) Temp. (°C) Rainfall Temp. (°C) Temp. (°C)

(mm) (mm) (mm)
July 0 32.0 28.0 2.0 33.7 21.8 81.3 38.2 21.9
August 6.5 31.0 22.0 73.2 30.0 19.0 380.2%=* 37.5 20.2
September 0 30.6 17.1 0 30.4 10.2 0 35.0 14.0
October 0 25.5 4.3 0 26.4 6.1 0 35.6 9.3
November 0 20.5 0.0 6.9 20.2 0.1 4.2 27.9 4.8
December 50.5 12.1 -1.0 11.4 11.7 -3.6 0 25.7 33
January 10.1 10.7 -4.1 28.2 12.9 -3.0 9.5 25.5 3.2
February 63.1 11.3 0.7 64.5 14.7 3.2 46.7 26.4 42
March 77.9 15.8 4.3 06.0 17.9 8.4 0 27.0 7.9
April 0 25.2 9.0 11.8 24.1 12.1 0 32.8 10.8
May 0 30.6 11.4 9.4 29.0 16.4 25.0 36.6 11.6

* Screened air lemperature at 1.5 m
** Monthly total received from two intense storms of more than 100 mm each, runoff will have occurred at this site

Table 2 Number of nodules/plant at 120 days after sowing

Quetta Quetta Khuzdar Mean % of
1985/86 1986/87 1986/87 effect
- Phosphate 3.5 13.4 9.5 8.8
0
+ Phosphate 3.7 13.6 8.6 8.6
- Inoculum 0 0 0 0
>100%
+ Inoculum 7.3 27.0 18.1 17.5
Mean 36 13.5 9.1 8.7
Standard Error 0.31 1.24 0.48 0.66
Prob. of Phosphate NS NS NS NS
Prob. of Inoculum < 0.1% < 0.1% < 0.1% < 0.1%

Table 3 Root dry weight/plant after 120 days of sowing (mg)

Quetta Quetta Khuzdar Mean % of
1985/86 1986/87 1986/87 effect
- Phosphate 55.0 88.6 252.5 132.1
+13
+ Phosphate 57.0 112.5 281.3 150.4
- Inoculum 26.3 80.0 170.0 92.1
+70
+ Inoculum 86.3 121.3 363.8 190.4
Mean 56.2 100.6 266.9 141.3
Standard Error 2.43 10.80 7.40 6.28
Prob. of Phosphate . NS NS NS NS
Prob. of Inoculum < 0.1% < 0.2% < 0.1% < 0.1%
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Table 4 Seed yield (kg/ha)

Quetta Quetta Khuzdar Mean % of
1985/86 1986/87 1986/87 effect
- Phosphate 37.8 620.5 369.8 342.7
+3
+ Phosphate 38.0 583.0 435.6 352.2 | d
- Inoculum 29.8 421.4 246.0 232.4
+67
+ Inoculum 46.0 782.1 559.4 462.5
Mean 37.9 601.8 402.7 347.5
Standard Error 2.12 35.97 37.37 24.47
Prob. of Phosphate NS NS NS NS
Prob. of Inoculum <0.1% < 0.1% < 0.1% <0.1%

Table 5 Straw yield (kg/ha)

Quetta Quetta Khuzdar Mean % of
1985/86 1986/87 1986/87 effect
- Phosphate 154 1680 2184 1339
-5
+ Phosphate 172 1530 2122 1275
- Inoculum 124 1079 1690 964
+52
+ Inoculum 202 2130 2616 1649
Mean 163 1605 2153 1307
Standard Error 14.1 152.9 202.2 119.7
Prob. of Phosphate NS NS NS NS
Prob. of Inoculum <0.1% < 0.1% < 0.1% < 0.1%

Table 6 Net benefit analysis of lentil with and without inoculation at Quetta 1985-87 and Khuzdar 1986/87

Location 1
Quetta 1985/86 Quetta 1986/87 Khuzdar 1986/87
|
Control Inoculum Control Inoculum Control Inoculum '
1
Net revenue (Rs./ha)* 257 369 3127 5865 2621 5004
Net revenue gain above I
control (Rs./ha) - 112 - 2738 - 2383 JI
Marginal rate of return 320% 7823 % 6809 % 1

Note: Lentil seed price of Rs. 5.5/kg, straw price of Rs. 0.75/kg, and inoculation cost of Rs. 35/ha were used in the net

benefit calculation
+ Rs, = Pakistani rupees. US$ | = (approx.) Rs. 17.5

32 En Lens Newsletier Vol. 15. No. I, 1988 1988 1 sas (15 odow ¢ dualebyis « wd Ar 27



Although inoculation of lentils requires a small
amount of extra labour and time, it is evident from the
net benefits calculated for the experiment that this is
likely to be a highly profitable innovation, particularly
if the introduced rhizobia can survive in the extreme
climate of Baluchistan. However, the commercial avail-
ability of adapted rhizobia in Pakistan is extremely
restricted at present. It is hoped that in the light of
the results from more widespread agronomic testing of
inoculation (in progress; ICARDA 1988) that investment
to allow inoculum production on a commercial scale may
be forthcoming.

The lack of response to phosphate in this experiment
is somewhat surprising as P Olsen values were less than 7
mg/kg atboth locations (Harmsen 1984). However, as the
phosphate status of dryland soils in upland Baluchistan
is largely undetermined. these results should not be con-
sidered to be definitive, particularly as the soils are
generally alkaline. This implies that phosphate responses,
particularly in dry years. might be expected. Preliminary
observations (ICARDA 1988) indicate some positive re-
sponses to phosphate under dry conditions.
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Abstract

A series of experiments were carried out at Universi-
dade Federal de Santa Maria (Brazil) to determine the
relationship between lentil seed yield and several mor-
phological traits and development data. Seed yield was
positively and significantly correlated with the number
of pods/plant, number of one-seeded pods/plant, num-
ber of two-seeded pods/plant, and number of empty
pods/plant. Seed yield was also significantly and posi-
tively correlated with the number of days from seeding
to maturily, number of days from seeding to beginning
of flowering, and number of days from flowering to
maturity. These correlations suggest that seed yield
could be increased by selecting later maturing plants
with a greater number of pods.

Introduction

Although lentil is a highly nutritious pulse crop, its
use is limited due to its high price and the lack of
knowledge about its nutritional properties.

Grain production is a function of yield components.
Therefore, in a breeding program it is more efficient
to select plants based on traits that contribute to
yield rather than for yield per se (Sarwar er al. 1982).
According to Bhatt (1977) unilateral selection frequently
results in little or no progress in plant improvement.
Several experiments have been conducted to establish the
association among various plant traits in order to im-
prove selection efficiency. Singh and Dixit (1970) ob-
served that grain yield was phenotypically associated
with number of primary and secondary branches/plant.
Wilson (1977) observed that lentil yield was inversely
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correlated with seed size and plant height. Tikka ¢r al.
(1977) concluded that there is a co-heritability among
seed yield and plant height, time to maturity (days).
and seed weight. On the other hand, Todorov (1980) ob-
served a negative association between seed yield and
length of the period from plant emergence to flowering.

Due to the lack of research in this respect in Bra-
zil and knowing the importance of these associations in
an improvement program at the Departamento de Fito-
tecnia of the Universidade Federal de Santa Maria, this
experiment was carried out to determine the relationship
among several morphological traits and development data
in lentil seed yield.

Materials and Methods

The experiment was conducted for three consecutive years
in the Experimental Field of the Departamento de Fito-
tecnia of the Universidade Federal de Santa Maria, where
the soil is a Hydromorphic Brunizen (Ministerio da
Agricultura, DPP 1973). The four lentil lines used-
DF4/69, DF5/69, DF6/69, and DF7/69- were selected
from a genetically heterogeneous land race. The experi-
mental design was a randomized block with five replica-
tions. As indicated by the soil test, 8.50 and 10
kg/ha of N, P, and K, respectively, were incorporated
in the soil prior to seeding.  Soil acidity was cor-
rected 30 days before seeding, and seeds were in-
oculated with Rhizobium leguminosarum using a solution
of ammonium molybdate (700 mg/ 100 ml distilled water).
Sowing was done during the first half of May in plots
consisting of five rows, 1.5 m long and 0.20 m inter-row
distance, resulting in a population of 1,000,000 plants/ha.

Ten plants were sampled from each plot on which the
following data were recorded: plant height (H), number
of pods/plant (NP), number of two-seeded pods/plant
(NP2), number of one-seeded pods/plant (NP1), number
of empty pods (NEP)/plant, seed yieid/plant (Y) as well
as time from seeding to beginning of flowering (days)
(DSF), time from seeding to beginning of pod set (days)
(DSP), time from seeding to maturity (days) (DSM), and
time from flowering to maturity (days) (DFM).

The means phenotypic variance and standard devia-
tion of traits and phenotypic correlation coefficient were
calculated.

1988 (1 sae (15 odvo c walebio  Ld Ar 79



Results and Discussion

It can be observed that plant height ranged from 35.6
to 49.5 cm and averaged 41.7 cm (Table 1). These values
when compared with data obtained by Erskine and Wit-
combe (1984). (a range of 10.0 to 45.0 cm and averaging
25.8 cm), show that these lines were taller. but less
variable. Such results were expected because the mentioned
authors analysed a greater number of cultivars, in addi-
tion to the environmental effect.

No data were found in the literature on the traits
NP, NP1, NP2, and NP for comparison. In this experi-
ment, one-seeded pods were predominant. The number of
pods with two seeds was low and the number of empty pods
was almost 50% of the total pod number. This can be pro-
bably explained by lodging, the occurence of fungal
diseases as well as by flower abortion due to high tem-
peratures and rainfall during spring. In this regard,

Summerfield (1981) pointed to the lack of knowledge
about the physiological or environmental causes of flower
drop or abortion in leguminous plants.

Seed yield/plant varied between 0.3 and 4.3 g with
an average yield of 1600 kg/ha. The narrow range in
the plant growth stages DSM, DSF, DSP, and DFM is
due to the low number of lines studied and to the common
origin of these lines since they were selected from the
same landrace. Variation in the duration of growth phases
in Santa Maria was small, with a mean similar to the one
observed by Erskine and Witcombe (1984). The traits NP
and NPI had the greatest phenotypic variability and
therefore should be most responsive to selection.

Correlation analysis (Table 2) showed that plant
height was positively correlated with the number of empty
pods only. Such results disagree with other researchers
who found a positive correlation between plant height

Table 1 Range. means, standard deviation, and phenotypic variance for several plant characters in the

four lentil lines

Trait of growth stage Range Mean Standard Phenotypic
deviation variance
Plant height H (cm) 35.6-49.5 41.7 3.43 11.7
Number of pods/plant NP 18.4 - 258 100 58.9 3.47
Number of two-seeded pods/plant NP2 1.00 - 18.6 6.00 3.94 15.3
Number of one-seeded pods/plant NPI 13.1-13.4 49.5 32.0 1.02
Number of empty pods/plant NEP 4.0 - 160 43.5 28.5 813
Seed yield /plant (Y) (g) 0.30 - 4.30 1.60 0.84 0.70
Time to flowering (DSF) (days) 106 - 118 113 5.03 25.3
Time to beginning of pod set 123 - 125 124 0.82 0.67
(DSP) (days)
Time to maturity (DSM) (days) 162 - 176 169 5.78 334
Time from flowering to maturity 56.0 - 58.0 56.7 0.95 0.90

(DFM) (days)

Table 2 Phenotypic correlation coefficients for the morphological traits and phenotypic data of the four

lentil lines

NP NP2 NP1 NEP Y DSM DSF DSP DFM
H 0.27 0.17 0.16 0.42%* 0.11 0.24 0.24 0.24 0.24
NP 0.22 0.95%*  0.91** 0.82%+* 0.59%* 0.53**  -0.13 0.81%*
NP2 0.23 0.10 0.40%* 0.22 0.24 0.35%+  0.02
NP1 0.77%% 0.91%* 0.56** 0.49**  -0.13 0.76%*
NEP 0.62%* 0.55%* 0.48%*  -0.16 0.78%*
Y 0.46%* 0.42%#*  0.01 0.57**
DSM 0.99%+  0.57%*  0.82%*
DSF 0.65%%  0.75%*
DSP 0.00
**p < 0.01
18 Ar 1988 « 1 9as « 15050 « Wole byl ¢ Luid Lens Newsleter Vol. 15, No. 1, 1988 En 35




and seed yield (Tikka er al. 1977; Sarwar ef al. 1982;
Kumar ef al. 1983; Todorov 1980). However, Wilson
(1977) reported a negative correlation between plant
height and seed yield. = The significant positive cor-
relation between seed yield and NP, NP1, and NEP
and Y suggests that lentil seed yield can be increased
by selecting plants with one seed/pod, which are the
main yield component in lentils. The positive correla-
tion of NP with yield confirms the results obtained
by Singh (1977), Chauhan and Sinha (1982), Nandan and
Pandya (1980), and Kumar et al. (1983), but disagree
with Todorov (1980) when considering lentil lines.
The positive correlation between DSM, DSF, and DFM
was expected since the late cultivars normally have
higher yields than early ones. NP2 showed a positive
correlation with Y and DSP indicating that the two-
seeded pods trait increases in late flowering plants.
NPI was positively correlated with NEP, Y, DSM, DSF,
and DFM. These results are similar to those for NP
showing a dependence among yield, number of pods. and
maturity. Yield also was correlated with DSM, DSF,
and DFM indicating that the late cultivars normally
have higher seed yields. The positive association of
DSF with DSP and DFM with DSM indicates an inter-
dependence among them and the increase in one of these
traits results in an increase in the others.

In general, lentil is a plant species that produces
a great number of empty pods in the Santa Maria region.
This can be explained partly by plant lodging, high re-
lative humidity, and disease occurence at the flowering
stage. The positive correlation of seed yield with num-
ber of pods/plant and other traits related to duration
of plant growth can be useful in breeding lentils. This
fact suggests that an increase in seed yield could be
obtained by selecting late maturing plants with a high
number of pods.
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Pests and Diseases
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Sources of resistance to root-rot/wilt
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Abstract

Twelve cultivars and accessions of lentil were evaluated
against root-rot/wilt disease complex using field glass-
house, and laboratory experiments. Differences in host
response (o the disease were detected; cultivars
H 5-6-81 and H 4-4-81 were resistant, F 29, R 270,
and F 300 moderalely resistant, and ILL 1 and G 370
susceptible. Almost similar resulis were obtained in
the three kinds of tests used.

Introduction

Lentil (Lens culinaris Med.) is susceptible to a number
of diseases (Khare 1981). In Egypt, root-rots/wilt are
important diseases. Several soil-borne fungi were reported
as the causal organisms, viz., Rhizoctonia solani, Fusarium
solani, F. oxysporum, F. moniliforme, Gliocladium roseum,
Verticillium spp. and Pythium butleri (el-Shanawani 1973;
Abd-el-kader 1977; Parveen and Parakash 1982). Sensiti-
vity of lentil plants to irrigation systems used in both
the newly introduced areas and traditional ones in ad-
dition to the lack of resistant cultivars has contributed
to the yield losses in lentil in Egypt. In the present
studies, 12 local and exotic lentil cultivars and acces-
sions were screened against root-rots/wilt diseases using
field, pods, and water culture screening techniques.

Materials and Methods

Field screening. Field screening was done at Bahteem
Agricultural Research Station, Kolubia governorate during
the 1985/86 crop season. The' experimental plot (8 x
12 m?) was divided into two equal parts: one half as a
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control, while the other half was infested with a mix-
ture of R. solani, Verticillium spp, F. oxysporum. F.
moniliforme, and F. solani by inoculating with 50 ml of
of the fungus mixture grown on potato -dextrose liquid
medium to each row. Five rows were used for each tested
entry. The experimental plot was watered daily for three
weeks before planting to enhance fungal growth. Hundred
healthy seeds of each of the lentil entries, Giza 370,
Giza9, F 29, F 300, R270, R107, ILL 1, ILL 3838,
H5-8-81, H4-1-81, H4-4-81, and H 5-6-81 were sown
in pairs about 3 cm deep and 20 cm apart. Infected
plants were counted four months after planting.

Pot screening. The five fungi were grown for seven
days on potato dextrose liquid medium, after which the
fungal growth was collected and washed with sterilized
distilled water and then macerated in a blender at a low
speed. Fungal concentrations were adjusted to 103 spores/
ml for spore-forming fungi and 3-4 mycelia fragments per
microscope field (10 x) for R. solani. Twenty ml inoculum
of each fungus were added to each 10 cm  pot. The pots
containing clay soil sterilized by formalin solution (one
litre 5% for malin per cubic foot of soil) were used.
The pots were watered daily for 10 days to enhance fun-
gal growth in soil before sowing. Four seeds were sown/
pot and 3 pots were used for each treatment. Pots with
sterilized soil without fungi were used as controls. In-
fected plants were recorded three months after planting.

Screening through water culture technique. A modified
water culture technique described by Wensley and Mckeen
(1962) and Roberts and Kraft (1971) was adopted. Plas-
tic containers (20 cm high x 30 cm diameter) covered
from inside with black plastic sheet were filled with
spore suspensions of F. oxysporum, Verticillium spp.
(105 spores/ml), or sterilized distilled water. Lentil
seedlings, previously grown in sterilized sand medium for
10 days, were fixed through a hole in the container’s
lid. The plants were supported by storage discs so that
plant roots were dipped in the solution. Four plants
were used for each entry. Supplemental light (100W) was
placed 0.5 m above the plants. To provide aeration to
the solution around roots, air pumps were used with a
small air pipe connected to the container for 4-6 hrs/
day (Figure). Sterilized water was added when necessary
to keep the solution level in the containers above plant
roots and to compensate the amounts of water taken up
by the plants. Wilting in plants was recorded accord-
ing to a O to 7 wilt disease scale of Dixon and Doodson
(1971), where 0 = no symptoms visible; 0.5 = chlorosis
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Table I Percentage of infected lentil roots of 12 entries in field pot screening

Percentage of infected roots

In pot tests

Entry In field test F. oxysporum  F. moniliforme R. solani F. solani  Verticillium sp.
H 4-4-81 32 9.6 2.2 8.2 8.1

H 5-6-81 37 16.6 16.9 23.3 2.3 10.8
H 4-1-81 33 25.0 16.0 30.1 14.9 32.1
L 270 50 25.2 41.3 327 16.7 21.3
F 29 48 25.7 47.0 33.3 25.3 15.3
F 300 41 23.1 16.0 20.0 23.2 19.5
ILL 3838 68 33.3 41.7 25.6 27.0 41.7
L 107 42 334 33.4 33.9 26.9 26.0
G 370 66 41.3 333 50.3 58.1 40.0
H 5-8-81 52 50.0 25.1 49.0 42.2 35.6
ILL 1 61 58.2 48.4 51.0 57.6 395
G9 72 65.0 50.0 25.1 247 30.0
LSD 5% 6.1 5.3

Figure Water culture lechnique

of basal leaves; 1 = chlorosis and rolling of basal leaves;
2 = necrosis and chlorosis of 5% leaves; 3 = necrosis
and chlorosis of 10% leaves; 4 = necrosis and chlorosis
of 25% leaves; 5 = necrosis and chlorosis of 50% leaves;

the most resistant entries to all the tested fungi, fol-
lowed by H 4-1-81 and F 300 (Table 1). The moderately
resistant entries were L 270, L 107, F 29, and ILL
3838. Susceptibility of G 9, ILL 1, G 370, and H 5-8-81

6 = necrosis and chlorosis of 75% leaves; and 7 = wilting
of plant.

Results and Discussion

In field screening, the lines H 4-1-81, H 5-6-81, and
H 4-4-81 showed less than 40% infected roots. The root
infection in other entries ranged from 41 to 72% (Table
1). In pot screening also, H 4-4-81 and H 5-6-81 were
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to these diseases was markedly high. The results showed
variability among the fungi in their pathogenicity. F.
oxysporum, F, moniliforme, and R. solani exhibited higher
pathogenicity than F. solani and Verticillium spp.

Water Culiure Technique

Although the effect of both the wilt fungi on the tested
entries was almost similar (Table 2), nevertheless, F.
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Table 2 Reaction of 12 lentil entries to F. oxysporum
T . . I
and Verticillium spp. in water culture technique

Entry F. oxysporum Verticillium spp. Average
H 4-4-81 0' 0 0

H 5-6-81 0 0 0

H 4-1-81 3 ! 1.5
1.-270 ! 0.5 0.75
F-29 4 2 3.0
F-300 I 0.5 0.75
IL.L-3838 l ] 1.0
L-107 1 0.5 0.75
G-370 4 1 2.5
H 5-8-81 1 ! 1.0
ILL-1 6 4 5.0
G-9 2 1 .5

!, Disease reading on 0 to 7 scale where 0 = no symptoms and 7 =

wilting of plants

oxysporum was more virulent than Verticillium spp. The
highest scores on wilting were found in ILL I, F 29,
and G 370 entries, whereas no wilt symptoms were ob-
served in H 4-4-81 and H 5-6-81 subjected to F.
oxysporum and/or Verticillium spp.

The methods used for investigation and disease assess-
ment were partially responsible for the differences in
results obtained elsewhere (Rossall 1978). It is possible
that field results often do not correspond completely
with the glasshouse results since the environmental con-
ditions are less controlled and a possible natural infec-
tion couid be caused by unknown pathogens or factors.
The system used in this investigation allowed more crit-
ical assessment of the results obtained. Resistance of
H 4-4-81 and H 5-6-81 to root-rots and wilt diseases
of lentil was confirmed in the three methods used. Never-
theless, slight differences in the order was observed.
F 300 which demonstrated moderate resistance in the
tield ranked as resistant in the pot and water culture
experiment. On the other hand, ILL 3838, the moderately
resistant entry in the pot screening, was susceptible in
the field screening.

The percentage of infection in the field screening
exceeded that of the glasshouse. It has been shown in
lentil, clover, and faba bean that the introduction of
mixed fungi in the field has a greater impact on the
plants than infection with the individual fungus in the
glasshouse (Abd-el-kader 1977; Omar 1978; Abu-Blan
1983). Moreover, the shift in the environmental condi-
tions has also to be considered.

Variability in pathogenicity by different fungi was
detected (Table 2) which showed that F. oxysporum, F.

moniliforme, and R. solani wete more pathogenic fungi
than others. These results were in agreement with Abd-
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el-kader (1977) who also found that F. moniliforme was
the most virulent fungus to lentil.

It is important to mention that the water culture
technique adapted in this investigation might provide a
simple and quick system to examine certain aspects of
host-parasite relationship. A considerable number of host
genotypes can be examined when glasshouse facilities are
limited.

Finally. the promising lentil entries which were found
resistant to root-rots and wilt diseases should be used
in the lentil breeding program to breed for root-rots
and wilt resistant lentils in Egypt.
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LENS Bookshelf ol s
D. P. Beck and Materon L. A. (editors). 1988. Nitrogen
fixation by legumes in Mediterranean agriculture. Pro-
ceedings of a Workshop on Biological Nitrogen Fixation
on Mediterranean-type Agriculture. ICARDA, Syria,
14-17 Apr 1986. 379 pp. Martinus Nijhoff Publishers.

This book is the proceedings for a workshop organized at
Aleppo. to examine the scope for regional research and
development of biological nitrogen fixation in food, for-
age. and pasture legumes in semi arid Mediterranean agri-
culture. The book, which contains 36 chapters, is divided
in the following sections: Biological nitrogen fixation
in the Mediterranean region, genetic and physiological
aspects of legumes and rhizobia, ecology and rhizobium
and inoculation, and nitrogen fixation limitations and
potential .

Key Lentil Abstracts ovadl e il lasds

Khan, M.A., Rana. I.A., Ullah, I. and Jaffer, S. 1987.
Physicochemical characters and nutrient composition of
some improved lines of lentils grown in Pakistan. Journal
of Food Composition and Analysis 1: 65-70.

Physical characters, cookability, and nutritional quality
of four improved lines of lentils were determined. The
hydration coefficient ranged from 175.0 to 189.7%. The
cooking time of dry seed (23.0-26.4 min) was signifi-
cantly reduced (6.3-8.0 min) when the seeds were soaked
overnight in water. Lentils contained an average of 24.1%
protein, 4.3% fat, 55.0% carbohydrate, 4.7 % crude fiber,
2.7% ash, 1.03% tannin, and 355 kcal/100 g. The average
contents of Ca, P, Fe, Zn, Mn, Cu, Ni, and phytate were
190.1, 282.9, 9.6, 6.1, 3.4, 2.3, 0.3, and 164.2 mg/
100 g, respectively. The major amino acids were glutamic
acid, proline, aspartic acid, leucine, lysine and
arginine. Methionine was present in relatively lower
concentrations.

McKenzie. B.A. 1987. The growth, development and
water use of lentils (Lens culinaris Medik.). Ph.D.
thesis. University of Canterbury, New Zealand.
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A research programme to study the growth, development,
and water use of lentils was initiated in 1984 and con-
tinued in 1985. In the first year, Titore and Olympic
lentils were sown at six dates ranging from 16 Apr to 15
Nov, with full or no irrigation. In the second year,
Titore lentils were sown on 20 May and 26 Aug under four
irrigation regimes. A small separate experiment was also
carried out in 1985, in which Titore lentils were sown on
28 May and grown beneath rain shelters. The crop was sub-
jected to four irrigation regimes to ensure large soil
moisture deficits. All crops were grown on a Templeton
silt loam soil.

Sowing date caused the most marked effect on lentil
yield. At populations of about 150 plants m>2,
autumn/winter sowings yielded from 2.4 to 3.3 t seed/ha
and spring sowings yielded from 0.5 to 1.5 t seed/ha.
Seed yields in the 1985/86 field experiment were much
lower due to a severe outbreak of Borrytis cinerea. For
the relatively disease free unirrigated plots, sowing
date again had the major effect on seed yield. The unir-
rigated May sowing yielded 1.5 t seed ha’l, with the
August sowing yielding about 0.8 t/ha.

There was a highly significant linear relationship
between dry matter accumulation and cumulative inter-
cepted PAR for all sowing dates. Over both years, PAR
was converted into dry matter at 1.76 g DM MJ ', The
utilisation coefficient on a cumulative basis was rela-
tively stable in both years, ranging from 1.51 g DM
MJ"' 0 2.14 g DM MJ'".

Irrigation had littie effect on seed yield even in
the 1984/85 season when rainfall was only 70% of the long
term average over the growing season. In the 1985/86
season, a wet growing season, irrigation in the field
experiment caused significant yield losses. In the May
sowing, unirrigated plots yielded 1.5 t seed/ha, while
the fully irrigated plots yielded only 0.7 t seed/ha.
There was no difference in yield between the irrigated
treatments in the August sowings. Under the rain shel-
ters, however., there was a large positive response to
irrigation. The fully irrigated plants produced the equi-
valent of 2.4 t seed/ha, while the unirrigated plants
produced only 0.32 t seed/ha.
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In the field experiments, dry matter and seed vyield
were not related to potential evapotranspiration or to
maximum potential soil moisture deficit. However. there
was a significant linear relationship between cumulative
dry matter production and the ratio of calculated crop
transpiration to mean daily vapour pressure deficit. The
crop showed a k value of 0.028 mb. indicating a water use
efficiency lower than that for most arable crops.

Under the rain shelters. both dry matter and seed
yield were related to actual evapotranspiration and to
maximum potential soil moisture deficit. The crop had a
calculated limiting deficit of around 130 mm on the soil
in which they were grown. The water use efficiency of the
plants was 1.3 g dry matier m? mm"' of actual evapo-
transpiration and 0.72 g seed m? mm! of actual
evapotranspiration.

In both seasons phenological development was depen-
dent upon accumulated thermal time in all the stages
except emergence to flowering. In this stage, a highly
significant linear relationship was obtained between
development rate and photoperiod corrected temperature.

A computer simulation model was developed which
accurately predicts crop development and yield. The model
uses weather input and is based on three parameters:

1. The relationship between accumulated dry matter pro-
duction and intercepted PAR.

2. The relationship between development and thermal time
or photoperiod corrected temperature.

3. Crop water use.

The model is useful for predicting the effects of
altering sowing date on lentil yield and for determining
the possible effects of irrigation on vyield. The model
does need further validation in regions outside Canter-
bury.

Rodd, V. 1986. Effect of nitrogen addition on yield and
symbiotic dinitrogen fixation of soybeans (Glycine max.
L. merr. c.v. Maple Amber), fababeans (Vicia faba L.
minor c¢.v. Aladin), and lentils (Lens esculenta). M.Sc.
thesis. University of Manitoba. Canada.

Soybeans, fababeans, and lentils are grown in Manitoba to
alleviate local crude protein shortages, diversify agri-
culture and as a marketable commodities.

Field. lysimeter, and growth chamber experiments were
undertaken in order to determine: 1) the nitrogen nutri-
tional requirements of Maple Amber soybeans, 2) the
amount of nitrogen fixed by Maple Amber, 3) the effect of
nitrogen addition on dinitrogen’ fixation, and 4) the phy-
siological stages of growth during which fixation occurs
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in Maple Amber. The addition of 0-200 kg N/ha, 0-100 kg
N/ha. and 0-1800 mg N pot for field, lysimeter, and
growth chamber experiments, respectively did not result
in significant yield increases. By the classical differ-
ence method, Maple Amber soybeans were found to fix 79
kg N/ha, 71 kg N/ha, and 1216 mg N/pot for lysimeter,
field, and growth chamber experiments, respectively when
grown on soils which had not received additional nitrogen.
Nitrogen addition decreased dinitrogen fixation, the
decrease appeared to be proportional to the amount of
fertilizer nitrogen utilized. The maximum fixation of
dinitrogen occurred from early flowering to mid-pod
formation (reproductive development). which corresponded
to the period of maximum dry matter and nitrogen
accumulation.

The nitrogen nutritional requirements of Aladin faba
bean were studied in lysimeter and growth chamber experi-
ments. Aladin faba beans did not respond to nitrogen
additions of 0-100 kg N/ha and 0- 1800 mg N/pot in lysime-
ter and growth chamber experiments, respectively and
fixed (by the classical difference method) 250 kg N/ha
and 1645 mg N/pot, respectively. As with Maple Amber
soybeans, the fixation of dinitrogen decreased with the
addition of fertilizer nitrogen. and the decrease ap-
peared to be proportional to the amount of fertilizer
utilized.

The nitrogen nutritional requirements of lentils were
studied in growth chamber experiments. Unlike soybeans
and faba beans, lentils responded to additional fertil-
izer nitrogen and hence. did not appear to fix enough
nitrogen for their nutritional requirements. Lentils were
also the least fixers of dinitrogen, 200 mg N/pot com-
pared to 1645 and 1216 mg N/pot for faba beans and soy-
beans. respectively. Lentils also appeared to be more
susceptible to the toxic effects of high rates of nitrogen
addition as urea than soybeans or faba beans.

Various methods of assessing dinitrogen fixation were
used: '°N assisted difference method, difference method,
"A" value method. acetylene reduction assay. and nodule
counts. The '°N assisted difference method and A" value
method in most cases gave similar estimates of the amount
of dinitrogen fixed by the legumes. However. discrepan-
cies between the two methods occurred when the control
and the legume had different fertilizer nitrogen utiliza-
tion. In such cases, the "A" value method was thought to
give a better estimate of fixation. Acetylene reduction
assav and nodule counts were suitable as qualitative
estimates of fixation. Utilization of only the aerial
plant portion for measurement of symbiotic nitrogen fix-
ation by legumes was not uniformly distributed in the
plant parts but tended to accumulate preferentially in
the roots.
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Turco. B.F. and Bezdicek. D.F. {987. Diversity within
two serogroups of Rhizobium leguminosarum native (o
soils in the Palouse of eastern Washington. Annals of
Applied Biology 1112 103-114.  Lilly Hall of Life Sci-
ences. Purdue University, West Lafayette. Indiana 47907,
USA.

The effect of plant genotype. soil temperature. and mois-
ture on recovery of Rhizobiim leguminosarum serogroups
WAOI and WAOQO2 from soil, was evaluated in the green-
house using three plant genotypes (Pisum sativun cv.
Alaska. Pisum sativiin cv. Paloma and Lens culinaris cv.
Rechief). three temperatures (12. 20 and 24°C) and soil
from two different slope positions. The impact of mois-
ture was followed by assessing pea nodulation after in-
cubation of soil at different preplanting moisture levels.
Isolates were also evaluated for serogroup. response (0
low levels of antibiotics and efficacy of symbiotic
characters.

Of the 33 antibiotic-strain  combinations showing
growth, 10 permitted 50% or more of the isolates to
grow. Of the 24 clusters obtained, all except one were
dominated by isolates in either serogroup. WAOI or WAQ2.
There was no relation between either serogroup or clus-
ter groupings and N, fixation. ~Serogroup recovery was
influenced by plant genotype and temperature. At root
temperatures of 12 and 24°C, serogroup WAOQ2 occurred in
a significantly lower fraction of the lentil nodules as
compared to the pea species. At 12°C, recovery of WA02
was higher for the Paloma than Alaska pea. Recovery of
WAOQ2 in pea nodules generally increased as the soil
moisture was preconditioned to drier levels of -0.5 and
-1.5 MPa water potential.

Vandenberg. A. 1987. Inheritance and linkage of several
qualitative traits in lentil. P/1.D. thesis. University of
Saskatchewan. Canada.

The inheritance of newly described morphological genes
and the linkage relationships among these and previously
reported morphological genes in lentil were investigated.
Monogenic inheritance was reported for the contrasting
morphological traits: gray (Ggc Ggc) vs. green (ggc ggo)
ground colour of the seed coat, tan (Tgc Tgc) vs. green
(1gc 1g0) ground colour of the seed coat, tendrilled (71/
171h  vs. tendrilless (1!l 1ll) leaves, red (Grp Grp) vs.
green (grp grp) pod colour, pubescent (Gip Glp) vs. gla-
brous (glp glp) pod, normal (Rpp Rpp) vs. reduced (rpp
rpp) pod parchment, normal (Chl Chl) vs. chlorina (chi/
chi. lethal chlorophyll mutation). and normal (Xan Xan)
vs. xantha (xan xan, lethal chlorophyll mutation). A
series of alleles (Scp’™! - marbled-1, Scp’”"? - marbled-
2. Scp® - spotted, Scp? - dotted, and Scp - absence of
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pattern) at the locus determining seed coat pattern (scp)
phenotypes were reported. These alleles are listed in
decreasing order of dominance with the exception of Scp®
and .S'('pdare codominant. Black seed coat is inherited as
a single recessive gene (blsc-1) in some crosses and as
two recessive genes (blsc-1 and blasc-2) in others.
Interactions between loci were noted. The gray and tan
ground colour of the seed coat are expressed as brown
ground colour of the seed coat when both genes are domi-
nant. and as green when both are recessive. The zero
tannin locus is epistatic to the locus determining tan
ground colour of the seed coat. Black seed coat masks
both the seed coat pattern and the ground colour of the
seed coat. The genetic linkages were observed:

Yellow cotyledon colour (yc) and zero tannin (1an) -
37 + 1.2 cM, seed coat pattern (scp) and pod indehiscence
(p) -25 + 2.5 cM. and green stem colour (gs) and green
pod colour (grp) -7 + 2.5 cM. This new genetic inform-
ation will be useful to lentil researchers by allowing
construction of a more detailed genetic map and by
improving prediction of phenotypic segregation in lentil
breeding programs.

Vandenberg. A.and Slinkard. A.E. 1987. Inheritance of
a xantha chlorophyll deficiency in lentil. Jouwrnal of
Herediry78: 130. Crop Development Centre, Department of
Crop Science and Plant Ecology. University of Saskatche-
wan. Saskatoon, Saskatchewan. Canada STN OWO.

A xantha mutant was observed in segregating progeny of a
hybrid between two subspecies of lentil, Lens culinaris
spp. culinaris (Medik.) Williams and L. ¢. ssp. oricialis
(Hand.-Mazz.) Williams. The xantha mutation is inher-
ited as a single recessive gene (xan) that is epistatic
to and independent of two loci determining cotyledon
color. Cotyledons of seed homozygous for xantha are yel-
low, regardless of the genotype for cotyledon color.

Walley. F.L. 1986. The effect of nitrogen and moisture
availability on growth and symbiotic nitrogen fixation in
lentils (Lens culinaris). M.Sc. thesis. University of
Manitoba. Canada.

Field and growth chamber studies were conducted to
evaluate the effect of various soil conditions including
nitrogen and moisture availability on yield and potential
symbiotic nitrogen fixation of lentils. Application of
fertilizer N at rates of 0-200 kg N/ha and 0-360 ppm N/ha
in field and growth chamber experiments. respectively.
resulted in dry matter and seed yield increases. Nitrogen
stress, simulated by the addition of barley straw to the
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soil. limited lentil yields. The results showed that len-
tils are not capable of symbiotically fixing enough
nitrogen to meet optimum plant growth requirements.
Moisture availability was also found to be an important
factor in attaining high dry matter and seed yield of
lentils. Yields were significantly reduced by the appli-
cation of moisture stress and were notably influenced by
ihe physiological stage at which stress was applied. The
effect of nitrogen availability on symbiotic nitrogen
fixation was evaluated. The quantity of nitrogen symbi-
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Top twenty lentil producing countries with their annual area (A x 1000 ha) and production (P x 1000 tonnes),
ranked on 1986 production

TOP TWENTY

1966-70 1976-80 1985 1986

Rank Country A P A P A P A P
1 Turkey 102 100.2 193.2 205.6 597 618 792 820
2 India 792.8 364.8 908 401 983 547 1069 645
3 Canada - - - - 75 65 134 182
4 USA 26.2 31.6 56.4 65.8 44 37 54 86
5 Ethiopia 171.6 104.4 61.6 36.8 50 65 50 65
6 Syria 97.2 62.4 127 94.2 66 48 67 63
7 Nepal - - - - 123 60 125 61
8 Morocco 25.2 13.6 40.4 19.8 88 46 90 53
9 Bangladesh 70.6 50.4 78 48.8 71 49 71 49
10 Spain 51.6 36.4 72.2 52 61 49 66 39
11 Iran 61.2 39.8 40.4 27.6 73 33 75 34
12 Chile 11 6.2 37.6 23.2 36 25 37 29
13 Pakistan 71 24.4 87 33.4 80 30 73 26
14 France 10 12.6 10.8 14.6 10 20 9 20
15 Mexico 6.8 4.4 10.2 8.8 20 20 20 20
16 USSR 53.6 63.2 18 5 37 13 43 20
17 Egypt 24 34 15.4 18.8 8 13 9 15
18 Argentina 20.4 12 28.6 25.2 16 12 16 12
19 Iraq 9.8 6 8.4 7.4 6 5 7 6
20 Colombia - - 19.8 7.6 17 6 17 6

Source: Food Production Yearbooks of Food and Agriculture Organization of the United Nations System, Rome
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Need More Information on ICARDA Publications and Services?

S leglall e 3l

ICARDA Investing in the Future

ICARDA's historical background and research objec-
tives are outlined in English and Arabic. For your copy.
contact STIP.

FABIS (Faba Bean Information Service)

This service was established in June 1979 when FABIS
Newsletter No. | appeared. Now produced triannually. it
publishes up-to-the-minute short scientific papers in
English and Arabic languages on the latest research re-
sufts and news items. FABIS has also produced other
publications. including Generic 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 East and 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 secks 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
Department.
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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-
uate 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
distinguished international scientists. For your copy,
write GRI Program. Training Coordination Unit.

Checklist of Journal Articles from ICARDA 1978 - 1987
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 code of the article and/or summary
when necessary, and AGRIS reference number. For your
copy write: STIP.

TO OBTAIN PUBLICATIONS:

Address requests for publications to the specific
department or service cited above, at: ICARDA, P.O. Box
5406. Aleppo. Syria.
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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 normally be brief. confined to a single subject. good quality, and of primary ‘

interest to 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 constitute 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
photographs 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 to 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 g2 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:
**%k = P<(.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.
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Submission of articles
Contributions should be sent to LENS, Library, ICARDA, P.O. Box 5466, Aleppo, Syria.
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