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Research Articles

Breeding and Genetics

Intervarietal Variation for Chromatin
Content in Lentil

B. Ramesh and Salimuddin
Department of Agricultural Botany
Meerut University

Meerut 250 004, INDIA

Abstract

Detailed somatic karyotype analysis carried out on 15
varieties of lentil (Lens culinaris Medik.) revealed
significant variation in total chromatin length (26.1 to
4626 1) and volume (1928 to 46.05 .%). Secondary
constrictions, located very near the centromere, were
observed in only three varieties. Karyotypes were
symmetric with a preponderance of metacentric
chromosomes (4-5 pairs). Symmetry %, Formula % and
Total Formula % also suggested the primitive nature of
lentil karyotypes.
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Introduction

Lentil (Lens culinaris Medik.) is one of the major pulse
crops of North India. Lentils, which have fairly big
chromosomes, are suitable material for detailed
cytogenetic study, but have received little attention in the
past. The existing information on the karyotype of lentil
is quite contradictory (Sindhu et al. 1983; Slinkard 1985)
and substantial variations in total chromatin length,
chromosome morphology and presence of SAT-
chromosomes were reported by earlier workers in
different varieties of lentil. The present study is an
attempt to find out the extent of karyotypic variation in 15
cultivars of lentil.

Materials and Methods

Seeds of 15 wvarieties of lentil belonging to ssp.
microsperma of L. culinaris, procured from the lentil
germplasm collections maintained at Meerut University,
Meerut, were utilized in the present study.

Young, healthy root tips of about 2-3 cm length were
pretreated with p-dichlorobenzene for 3 hours at low
temperatures (15-20°C), washed thoroughly and fixed in
freshly prepared aceto-alcohol (1:3). The material was
transferred to 70% alcohol after 24 hours of fixation.
Fixed root tips were kept overnight in 2% acetocarmine
and then squashed in 45% acetic acid. Photomicrographs
were taken on a Nikon Optiphot microscope with HFX
automatic micro-photographic attachments. Measure-
ments of the chromosomes were made with the help of an
Olympus micrometer. For chromosomal classification,
Levan et al. (1964) was followed. Relative length, arm
ratio, Symmetry (S) %, Formula (F) %, Total Formula
(TF) % and chromatin volume were calculated using the
following formulae:

Relative length = individual chromosome length/total
chromatin length of the haploid complement

Arm ratio = length of long arm/length of short arm

Symmetry (S) % = (length of shortest
chromosome/length of longest chromosome of the
complement) x 100

Total Formula (TF) % = (total sum of short arm
lengths/total chromatin length of the haploid
complement) x 100
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Chromatin volume = =rll, where 1 = chromosome
length and r = radius of chromatid at somatic
mctaphase.

Results and Discussion

The data on finer details of chromosome morphology as
presented in Tables 1 and 2 revealed significant variation
in chromatin content among the different cultivars of
lentil. The total chromatin length varied from a minimum
of 26.1 w in var. P-102 to a maximum of 46.3 u in var. P-
38, while the chromatin volume ranged from 19.8 12 (var.
P-102) to as high as 46.1 2 (var. P-38) (Table 2). Part of
this variation in chromatin content may be due to
artifacts, different levels of condensation and
environmental influences on differential contraction of
chromosomes (Lightly and Plansted 1960). However, a
substantial portion of the variation in lengths must be
real, as is evident from a comparison with the estimations
of chromatin volume, and may be attributed to structural
changes and loss or gain of heterochromatin segments.

Of the 15 varicties studied, only three varietics, namely
P-38 (Fig. 1), K-75 (Fig. 9) and LL-104 (Fig. 12), carried
one pair of chromosomes each with secondary
constriction, located very near to the primary constriction,
while in the rest, secondary constrictions could not be
detected (Figs. 2-8, 10, 11, 13-15). Sindhu et al. (1984)
attributed the absence of SAT-chromosomes in some of
the varictics to difficulty in detecting them in every cell,
as the secondary constriction in Lens species is usually
present very near the centromere. On the other hand,
Sinha and Acharia (1972) felt that total loss of SAT-
region due to translocation and hybridization might have
given rise to the varieties without SAT-chromosomes. In
the present case, both possibilities are still plausible and
more investigation is needed.

The chromosomes were mostly metacentric (4-5 pairs)
(Tables 1 and 2), indicating the symmetric nature of
karyotypes in all lentil varieties studied. The values for
S$% among the different lentil cultivars were high, ranging

from 54.1 (P-262) to 76.6 (P-577). The cstimates for TF%
and F% also werc high in all varieties. The S$% and
rclative length give an idea about the variation in length
of diffcrent chromosomes.  Based on these values, var.
P-262 may be regarded as advanced compared with other
varicties in the study. However, the higher values for
these two parameters in all varicties indicate the primitive
nature of lentil karyotypes. The TF% gives an estimate of
mcan position of centromere in different chromosomes,
while F% is another estimate of arm ratio. The high
values for TF% (about 40, Table 2) and F% also indicatc
that the karyotypes in lentil are symmetrical. It may be
concluded that L. culinaris has a primitive karyotype, with
a prepondcrance of metacentric chromosomes.
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Table 1. Data on absolute length (AL, p), relative lengths (RL, %) and arm ratio (AR) of individual chromosomes in 15
varieties of lentil.

Chromosome number

S
no. Variety 1 2 3 4 5 6 7
1 P-38 AL 8.16 7.42 7.04% 6.69 5.96 5.68 531
RL 17.54 16.04 15.22 14.46 12.88 12.28 1148
AR 1.36mt 147 m 1.14m 1.20 m 1.72 sm 2.36 sm 2.18 sm
2 K-75 AL 7.16 6.63 6.43 6.11% 541 540 512
RL 16.94 15.69 15.21 14.46 12.80 12.78 12.12
AR 127 m 1.28 m 156 m 1.59 m 2.56 sm 1.05 sm 1.78 sm
3 LL-19 AL 6.98 6.93 6.15 5.58 5.10 489 456
RL 17.37 17.24 13.30 13.88 12.69 1217 11.35
AR 148 m 111 m 2.64 sm 1.09 m 2.49 sm 1.89 sm 2.23 sm
4 LL-104 AL 599 558 5.09% 4.75 4.46 422 3.97
RL 17.59 16.38 14.94 13.95 13.09 12.39 11.66
AR 151 m 132 m 146 m 137 m 1.97 sm 2.64 sm 1.74 sm
S P-1278 AL 6.06 5.62 5.22 4.72 4.19 413 395
RL 17.88 16.58 15.40 13.93 12.36 12.18 11.65
AR 1.27 m 1.16 m 1.23 m 221 sm 1.67Tm 1.77 sm 2.09 sm
6 L-1205 AL 5.65 547 495 4.56 4.07 4.03 364
RL 17.46 16.90 15.29 14.09 12.58 1245 11.25
AR 1.03 m 151 m 1.83 sm 1.14 m 1.05 m 1.86 sm 1.96 sm
) Sehore-34 AL 517 5.01 4.77 4.56 435 384 392
RL 16.39 15.88 15.12 14.46 13.79 12.24 12.11
AR 1.66 m 1.27 m 139 m 1.56 m 1.36 m 2.24 sm 1.79 sm
8 LL-89 AL 5.04 4.99 4.95 4.66 427 3.69 359
RL 16.16 15.99 15.87 14.94 13.69 11.83 1151
AR 121 m 134 m 137 m 1.92 sm 1.09 sm 1.82 sm 2.09 sm
9 P-577 AL 5.0 475 4.61 4.32 427 4.12 383
RL 16.18 15.37 14.92 13.98 13.82 13.33 12.39
AR 1.58 m 1.08 m 111 m 1.70 sm 115 m 2.15 sm 1.92 sm
10 P-262 AL 6.07 5.19 4.37 3.98 3.88 379 3.25
RL 19.72 17.03 14.34 13.06 12.72 12.44 10.67
AR 1.29 m 2.18 sm 134 m 141 m 2.80 sm 254 sm 1.23 m
11 LL-1 AL 557 5.48 4.37 412 4.08 339 328
RL 16.79 15.52 15.21 14.55 13.51 12.82 11.60
AR 1.26 m 140 m 1.14 m 1.24 m 2.64 sm 1.92 sm 245 sm
12 LL-73 AL 485 448 4.39 4.20 3.90 N 335
RL 16.69 15.52 15.21 14.55 1351 12.82 11.60
AR 1.64 m 115 m 1.24 m 2.21 sm 152 m 2.06 sm 207 sm
13 JLS4 AL 4.68 4.39 4.00 3.88 3.73 345 321
RL 17.12 16.06 14.63 14.19 13.64 12.62 11.74
AR 148 m 1.26 m 1.94 sm 1.07m 194 m 2.38 sm 1.87 sm
14  LLA408 AL 445 431 391 3.77 347 347 3.09
RL 16.81 16.28 14.77 14.24 13.11 13.11 11.67
AR 143 m 1.03 m 1.81 sm 1.61 m 1.94 sm 247 sm 151 m
15 P-102 AL 4N 4.22 383 3.50 3.39 3.25 3.20
RL 18.50 16.17 14.65 13.41 12.99 12.45 12.26
AR 1.02 m 1.56 m 2.04 sm 140 m 112 m 158 m 2.90 sm

+ m = metacentric; sm = submetacentric.
1 Carries secondary constriction. ¢
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Table 2. Data on total chromatin length, chromatin volume, $%, TF% and karyotype formula of 15 varieties of lentil.

Total chromatin  Total chromatin

S no. Variety length (1) volume (1) S$% TF% Karyotype formulat
1 P-38 46.3 46.1 65.1 39.7 3A™ + 1 A" + 3A™®
2 K-75 423 26.7 71.5 38.1 3A™ + 1 AT + 3A™
3 LL-19 40.2 34.0 65.3 37.4 3AT + 2A°™ + 2B
4 LL-104 34.1 21.7 66.3 38.1 2A" + 1, A™ + 1B™ + 2B*™ + 1C*®
5 P-1278 33.9 25.3 65.2 39.6 3A™ + 1B™ + 2B + 1C™
6 L-1205 324 253 64.4 41.6 2A™ + 2B™ + 2B™ + 1C™
7 Sehore-34 31.5 239 739 39.1 2A™ + 3B™ + 2C™
8 LL-89 31.2 26.3 71.2 40.6 1A™ + 3B™ + 1B*™ + 2C™
9 P-577 30.9 25.3 76.6 40.8 4B™ + 2B*™ + 1C™
10 P-262 30.5 20.7 54.1 37.2 1A™ + 1A°™ + 1B™ + 2C™ + 2C°™
11 LL-1 30.3 26.9 58.9 39.2 2A™ + 2B™ + 1B™ + 2C°®
12 LL-73 28.9 24.8 69.1 38.2 3B™ + 1B*™ + 1C™ + 2C™
13 JL S-4 27.3 22.4 68.6 39.1 2B™ + 2C™ + 3C™
14 LL-408 26.5 203 69.4 38.5 2B™ + 2C™ + 3c™™
15 P-102 26.1 19.8 67.9 39.8 2B™ + 3C™ + 2C*™

+ m = metacentric; sm = submetacentric; sc = secondary constriction; A = >504; B =4.0-504; C = <40 4.
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Figs. 1-7. Mitotic metaphase in lentil varieties (X 2850): (1) P-38, arrows indicate chromosomes with secondary constriction,
(2) LL-19, (3) LL-73, (4) LL-89, (5) LL-408, (6) P-1278, (7) JLS-4.
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Figs. 8-15. Mitotic metaphase in lentil varieties (X 2850): (8) LL-I, (9) K-75, arrows indicate chromosomes with secondary
constriction, (10) P-577,(11) P-102,(12) LL-104, arrows indicate secondary constriction, (13) L-1205,(14) P-262, (15) Sehore-34.



Effect of Different Mutagens on M,
Parameters in Lentil

I.S. Solanki! and B. Sharma?
1
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Indian Agricultural Research Institute
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Abstract

The immediate effect of mutagenesis was studied in a
large-seeded cultivar of lentil, Precoz Selection,
Significant biological damage caused by different
mutagenic treatments was measured by M, parameters.
Among the mutagens used, N-nitroso-N-ethyl urea (NEU)
was found most effective in causing reduction in different
M, parameters, followed by ethylene imine (EI) and
gamma rays. Similarly, the highest dose of all the
mutagens caused maximum reduction in M, parameters
in the order: NEU (0.02%) > EI (0.02%) > gamma rays
(20 kR).
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Introduction

A perusal of M, generation parameters is important for
several reasons. Apart from being useful in comparing the
effectiveness and efficiency of mutagens, it can be used to
distinguish plants into different classes on the basis of
genetic damage. It helps in identifying plants with
maximum genetic damage that are likely to carry
micromutations in M, and M, generations with higher
frequency. This can help in increasing the efficiency of
mutagenesis for polygenic traits because a larger
proportion of the nonmutated or poorly mutated plants
can be rejected even in the M, generation. If this
assumption is confirmed experimentally, one can treat
comparatively larger quantities of seed and select a
sufficient population carrying a larger concentration of
genetic damage in M, itself. Reduction in the volume of
experimental material in this manner also will provide
ample opportunity for concentrated efforts and attention
on the material harboring maximum induced genetic
variability, which should enable rapid progress.

In this study, the immediate effects of mutagenic
treatments were mcasured on the basis of germination,
leaf-aberrations (a-sectors), plant survival at maturity and
seed fertility in the treated M, generation in comparison
with untreated (control) populations.

Materials and Methods

Seed lots of dry and well-filled seeds (500, 1000 and 1500)
of uniform size of a macrosperma lentil (cv. Precoz
Selection) were treated with one of the following
treatments: 5, 10 or 20 kR of gamma rays, and three
doses (0.005, 0.01 and 0.02%) each of ethylene imine (EI)
and N-nitroso-N-ethyl urea (NEU). The treated seeds
along with a control were sown immediately in the field
to raise the M, generation in 4-m long rows with 30 x 5
cm spacing. Recommended optimum agronomic and
cultural practices were followed. The emergence of a
coleoptile at the soil surface was taken as an indication of
germination. The number of seeds germinated was
recorded 20-25 days after sowing to determine
germination percentage. The survival percentage was
calculated as the proportion of plants surviving until
maturity out of the total number of seedlings germinated.
The plants surviving in different treatments, including
control, were harvested and threshed individually, and
their seeds counted. The number of seeds/plant in
different treatments were estimated by dividing the total
number of seeds by the total number of plants in a
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particular trcatment. Finally, relative plant fertility was
compuled by dividing the number of sceds/plant in a
particular treatment by that of the control multiplicd by
100. All material in cach trcatment was classificd into two
groups on the basis of fertility, hencelorth called high and
low damage groups. Observations on lcaf aberrations, or
a-scctors, were recorded from germination to the 4- to 5-
lcaf stage of the plant. As with plant fertility, all material
in cach treatment was classified into two groups on the
basis of a-scctor intensity, i.e., high and low scedling
damage. Classification of material into high and low
damage groups on the basis of plant fertility and leaf
abcrrations would help in better identification of mutated
plants in the M, generation.

Results and Discussion

Germination

In general, the mutagenic treatments caused considerable
reductions in germination percentage compared with the
control (Table 1, Fig. 1a). Similar results have been
recported in leguminous specics: lentil (Sharma and
Sharma 1983; Sarker and Sharma 1989), peas (Selim ct al.
1974; Mohan 1983; Singh 1988) and others (Bala Ravi
1982). Dosc-dependent reduction in germination recorded
in the present study is also in agreement with the findings
ol several previous workers (Mohan 1983; Sarker and
Sharma 1989; Singh 1988). Among the mutagens used,
NEU caused the most drastic effects. It is well established
that NEU is a very strong mutagen, which acts through
alkylation and nitrosilation. Among the chemicals, nitroso
compounds were shown to have a more drastic effect on
germination in earlier studies (Rapoport 1966, Mohan
1983; Singh 1988; Sarker and Sharma 1989).

Plant survival

As with germination, all threce mutagens drastically
reduced plant survival (Table 1, Fig. 1b). Wellensick
(1965) also found positive correlations between
germination, survival and fertility, all of which decreasced
after trcatment with X-rays, gamma rays and cthyl
mcthanc sulphonate (EMS) in peas. Several other
workers have supported the contention that mutagens
reduce plant survival (Selim et al. 1974; Mohan 1983;
Dixit and Dubey 1986; Singh 1988; Sarker and Sharma
1989). Among the mutagens tested, NEU had the
maximum eflect on plant survival. Similar observations
were reported in peas (Mohan 1983; Singh 1988) and
lentil (Dixit and Dubey 1986; Sarker and Sharma 1989).

10

Dose-dependent reduction in plant survival was observed
with all three mutagens, which is in agreement with the
results of Bhadra (1982), Mohan (1983), Sharma and
Sharma (1983) and Singh (1988).

Table 1. Effect of mutagens on germination, plant survival
and seed fertility in M, generation.

Relative %

Germin- Plant Seed
Treatment ation survival fertility
Control 100.0 100.0 100.0
Gamma rays (kR)
5 91.1 82.2 76.5
10 85.5 74.6 72.6
20 79.1 58.2 65.2
El (%)
0.005 87.0 76.2 74.0
0.01 77.0 61.8 70.5
0.02 68.9 47.2 64.7
NEU (%)
0.005 83.1 73.2 72.3
0.01 73.3 55.6 68.9
0.02 65.3 44.0 62.6

Seed fertility

High sterility was caused by the mutagenic treatments,
which increased with increasing doses of all three
mutagens (Table 1). Sarker and Sharma (1989) reported
similar results following treatment with gamma rays,
NEU, EMS and sodium azide (SA) in lentil. Dixit and
Dubey (1986) also recorded similar observations after
treatment with gamma rays and NMU in lentil. Many
such examples are available in other pulses: peas (Mohan
1983; Singh 1988), Phaseolus wulgaris (Hussein and
Disouki 1976), blackgram (Bhadra 1982) and Lathyrus
(Nerkar 1970). Among the mutagens used, NEU reduced
sced fertility most drastically, followed by EI and gamma
rays. This was expected, as the nitroso compounds arc
known to cause high sterility in M, (Rapoport 1966;
Mohan 1983; Singh 1988). However, Sarker and Sharma
(1989) observed maximum reduction in fertility following
gamma-irradiation than with the chemicals. One of the
possible rcasons for this discrepancy could be different
dose ranges and the matcrials used in different studics.
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Fig. 1. Effect of mutagens on germination: (a) plant survival,
(b) seed fertility, in M, generation.

In general, mutagenic treatments were quite effective
in influencing all the three parameters selected for
assessing biological damage in the M, generation.
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Sapna (LH 84-8): a Lentil Cultivar for
the Northwest Plain Zone of India
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Malik and P.S. Kakkar
Department of Plant Breeding

Haryana Agricultural University
Hisar 125004, INDIA

Abstract

Key traits of a new large-seeded and high-yielding
cultivar, LH 84-8 (Sapna) released for the North West
Plain Zone (NWPZ) of India, are described. In
multilocation trials in Haryana State, it gave an average
seed yield of 1776.8 kg/ha compared with 1560 and 1436
kg/ha for L 9-12 and L 4076 with yield advantages of
14.0 and 24.0%, respectively. Similarly, in coordinated
varietal trials in the NWPZ, its average seed yield was
1522 kg/ha compared with 1196 kg/ha for L 4076 with a
yield advantage of 27.3%. In farmers’ fields, it yielded on
average 1260 kg/ha compared with 1067 kg/ha for L 9-
12, giving a yield advantage of 18.1%.
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Introduction

Among the pulse crops, lentil has a history as old as the
history of agriculture itself. Its cultivation started in the
carlicst Ncolithic farming village of the Near Eas(
between 7000 and 8000 B.C. (Cubero 1981). It is now onc
of the important winter pulses in the Indian subcontinent,
and is used as dal/ by a majority of the people. Among the
pulses, lentil ranked fifth in production in India in 1987,
occupying 1.07 million ha with production of 666,000 t and
an average yield of 620 kg/ha (Anonymous 1989). Despite
the obvious importance of lentil among pulses, little
attention has been given in the past to improving its yicld
potential. The low yicld of existing varieties and poor
farm practices arc thc main reasons for the low
production level of lentil. Thus, a cultivar of lentil, LH 84-
8 (named Sapna), was developed at HAU, Hisar and
released for cultivation in the North West Plain Zone
(NWPZ) of the country.

LH 84-8is a large-seeded cultivar for Indian conditions
with an average seed size of 2.68 g/100 sceds. Its sced
coat color is grayish with small black dots and the
cotyledon color is red. It originated from a cross between
large- and small-sceded Indian lentils: L 9-12 x JL S-2.

LH 84-8 flowers carlier and is comparatively taller
than L 4076, which was the large-seeded check (Table 1).
It has a higher number of primary branches and
pods/plant than L 4076. The test weights of LH 84-8 and
L 4076 are almost comparable, and they have an equal
number of seeds/pod (1.6). The crude protein contents of
LH 84-8 and L 4076 are 28.0 and 26.3%, respectively.
LH 84-8 has a comparatively lower amount of total
sugars, phenols, methionine and ether extract, but has a
higher tryptophan content than L 4076.

Ten yicld irials were conducted at two
locations—HAU, Hisar and Rice Research Station,
Kaul—for scven consccutive years from 1984/85 to
1990/91, using LH 84-8 and two checks, large-sceded
L 4076 and L 9-12. LH 84-8 outyielded L. 9-12 and L 4076
by 13.9 and 23.8%, respectively (Table 2).

Similarly, the seed yield of LH 84-8 was compared with
that of the latest recommended, identified and qualifying
cultivars of lentil in coordinated varietal trials (CVTs) in
the NWPZ of India from 1986/87 to 1989/90. LH 84-8
was [ar superior to all of them. LH 84-8 had an average
sced yield of 1522.1 kg/ha compared with 1195.7 kg/ha
for L 4076, giving a yicld advantage of 27.3% (Table 3).



Table 1. Description of key traits of LII 84-8 (Sapna), L 9-12
(local) and L 4076 (check for NWPZ) lentils.

Trait LI 84-8 1. 9-12 L 4076
Time to flower 77 70 81
(days)
Time to maturity 140 130 139
(days)
Plant height (cm) 53.6 55.0 50.4
Primary 33 5.4 2.6
branches/plant
Pods/plant 68 64 58
Seeds/pod 1.6 1.8 1.6
100-seed wt. (g) 2.68 1.7 2.71
Crude protein (%) 28.0 25:5 26.3
Total sugars (%) 5.7 5.6 6.1
Starch (%) 40.1 43.8 38.4
Phenols (%) (tannic 0.39 0.42 0.40
acid equivalents)
Mecthionine (g/100 g 0.82 0.90 0.87
protcin)
Tryptophan (g/100 g 0.93 0.90 0.91
protein)
Ether extract (%) 0.87 1.12 1.10

Table 2. Seed yield (kg/ha) of LH 84-8, I. 9-12 and L 4076
lentil cultivars in Ilaryana from 1984/85 to 1990/91.

Cultivar

Season Location LI 84-8 L 9-12 L 4076
1984/85 Hisar 2611.0 2378.0 -
1985/86 Hisar 1925.0 958.0 .-
1986/87 Hisar 959.0 1341.0 —_
1987/88 Hisar 1455.0 1721.0 —
1987/88 Kaul 1247.0 1130.0 —
1988/89 Kaul 1139.0 1167.0 1028.0
1989/90 Hisar 2648.0 2096.0 1792.0
1989/90 Kaul 2319.0 1824.0 1940.0
1990/91 Hisar 1650.0 1567.0 1061.0
1990/91 Kaul 1815.0 1420.0 1357.0
Mean 1776.8 1560.2 1435.6
% advantage — 13.9 23.8

of LH 84-8

LENS Newsletter 19(2) 1992

The results of ficld demonstrations conducted by different
Krishi Gyan Kendras (cxtension stations of the
University) and individual farmers during rabi (winter
scason), 1990/91, also were very encouraging. Twenly-
three trials were conducted in farmers’ ficlds in five
districts of the state, where the average seed yicld of
LH 84-8 was 1259.6 kg/ha compared with 1066.6 kg/ha
for L9-12, giving a yicld advantage of 18.1% (Table 4).

Table 3. Seed yield (kg/ha) of the latest recommended,
identified and qualifying cultivars® of lentil in NWPZ of
India from 1986/87 to 1989/90.

Locations Weighted % advantage
Cultivar over years zonal mean of LI1 84-8

LH 84-8 15 1522.1 -

LH 82-6 18 1345.0 13.2

L 4125 20 1233.2 23.4

K 303 15 1157.4 31.5

L 4076 (ch.) 20 1195.7 273

JL-1 (ch.) 6 809.0 88.1

t Qualifying cultivars are those which have obtained the first five

ranks on the basis of weighted mean yield of the last 3 years in
coordinated varietal trials in the zone.

Table 4. Results of field demonstrations conducted by Krishi
Gyan Kendras and individual farmers during rabi, 1990/91.

Average yield (kg/ha)

District of No.

Haryana trials L1 84-8 L 9-12
Hisar 1 1500.0 1200.0
Jind 3 1040.0 926.7
Rohtak 6 702.5 6133
Sonepat 9 1537.8 1352.8
Kaithal 4 1517.5 1240.0
Mean 1259.6 1066.6
% advantage 18.1
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Abstract

Seeds of diploid and artificially induced tetraploid of
lentil (Lens culinanis) (C8) were exposed to gamma rays
at 10, 20, 30 and 50 kR and sown under uniform
agroclimatic conditions. All parameters, including
germination and survival, were investigated to compare
the radiosensitivity of 2x and 4x and also the
stimulation imparted by the treatment to these plants.
The tetraploids were found to be radio-resistant at doses
of 50 kR in germination and 30 kR in survival.
Additionally, tremendous radiation stimulus was
displayed by 4x for certain parameters.
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Introduction

Although the comparative radiosensitivity of diploids and
polyploids has been studied by a number of workers, the
controversy still continues. Sparrow et al. (1956), Sparrow
(1965) and Ichikawa and Sparrow (1967) reported diploids
to be comparatively more sensitive. In Saccharomyces
cerevisae polyploids proved to be radiosensitive (Motimer
1958). On the other hand, in wheat the radiosensitivity
was found to be independent of the level of ploidy
(Swaminathan and Natrajan 1957; Fujii and Matsumura
1958; Bhaskaran and Swaminathan 1960; Matsumura and
Nezu 1961). On exposure to gamma rays and thermal
ncutrons, Gopal Ayengar ct al. (1970) found autoploids of
Chorchorus to be radiosensitive. Joshua et al. (1972)
reported similar results when they exposed 2x and 4x of
this specics to fast neutrons and thermal neutrons.

During the coursc of a literature survey on
comparative radiosensitivity of diploids and
autotetraploids, we found that the different workers have
used allopolyploids or naturally occurring autoploids for
studying the cffect of ploidy on radiosensitivily.
Investigations in our laboratory have clearly indicated that
even different varicties of the same species having the
same chromosome number may show marked differences
in radiosensitivity (Raghuvanshi and Singh 1979). It is
apparent that under such circumstances use of
allopolyploid material may make it difficult to distinguish
genomal effect from that of ploidy. Taking this point into
consideration, it is proposed that for studying comparative
radiosensitivity of 2x and 4x, only the use of
autopolyploids is recommended. During the course of
investigations, autoploids in  Phlox drnummondii,
Tabemaemontana divaricata, Trigonella foenum-graecum,
Melilotus alba and Lens culinaris have been produced in
our laboratory.

The present paper deals with our investigations on
comparative radioscnsitivity of diploid and artificially
induced tetraploid of Lens culinaris. According to Mackey
(1959) use of polyploids in mutation breeding programs
has advantages over diploid because, owing to genomal
multiplication, the polyploids can withstand chromosomal
losses better than diploids. It may be observed that
mutation breeding is of special interest in polyploids, since
they generally exert a higher frequency of wiable
mutations than comparable diploids (Mackey 1959,
Swaminathan 1964). Mutations in polyploids are recovered
in M, and subsequent generations. This procedure may be
more successful in allopolyploids than autoploids because
in the latter a comparatively larger plant population has



to be grown to select useful mutations. This approach has
successfully been tried in autoploids of Brassica campestris
(Swaminathan 1964).

It may be mentioned that studying radiosensitivity with
special reference to the level of ploidy is of applied
significance in both plants and animals. A large
population of domestic plants are polyploid, and polyploid
condition is closely linked with malignant and pathological
condition in animals.

Lens culinaris under investigation is one of the main
pulse crops in India. So, results obtained in this
investigation will be helpful in planning experiments to
develop high-yielding bold-seeded mutants in 4x Lens.
These autotetraploids were raised in our laboratory
through shoot-tip treatment of scedlings in 1982.
Stabilized 4x C8 seeds were used for the present study.

Materials and Methods

Dry seeds of diploids and autotetraploid (C8) of L.
culinaris having 9% moisture content were exposed to
gamma rays at 10, 20, 30 and 50 kR (dose rate = 14
sec/kR; temperature: dry 16°C, wet 14°C) at National
Botanical Research Institute, Lucknow. The seeds after
irradiation were sown under uniform agroclimatic
conditions along with a control. Various parameters
investigated were germination, survival, growth reduction,
time of flowering, pollen fertility, seed setting, duration of
flowering and fruit-flower ratio.

Results

Although germination took place at all doses, the
percentage showed a direct correlation with dose (Fig. 1).
At 50 kR there was no survival. Very few plants at 30 kR
survived for some time, so the studies are based on data
of control, 10 kR and 20 kR only.

Germination of 4x is slightly better than 2x at 10 kR
and 30 kR (Fig. 1) but distinctly better at 50 kR.
However, at 20 kR, 2x showed better germination.
Survival is similar at 10 kR; at 20 kR, 2x is better; but at
30 kR 4x is distinctly resistant (Fig. 2).

In height, after 15 and 30 days, 2x is resistant (Figs. 3,
4). At maturity at 10 kR 2x is better, but at 20 kR 4x
shows slightly greater resistance (Fig. 5). In internodal
length at 10 and 20 kR and in stem perimeter, 2x is more
resistant.
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For the parameters number of branches, number of
main nodes, number of lateral nodes, number of leaves,
number of fruits and number of flowers, 4x is resistant
(Figs. 6-9, 12, 13). In pod length and number of
seeds/pod better resistance of 4x is evident at 20 kR,
while at 10 kR, 2x and 4x are similar (Figs. 14, 15).
However, very marked resistance of 4x is clearly
displayed by the number of lateral nodes at 20 kR,
number of leaves at 20 kR, number of fruits at 10 and 20
kR and number of flowers at 10 and 20 kR (Figs. 8, 9, 12,
13). In pollen fertility, 2x and 4x behave more or less
similarly at 10 and 20 kR, but at 30 kR, 4x is slightly
more resistant (Fig. 16).
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Figs. 1-16. Effects of gamma irradiation on diploid and
tetraploid Lens (all values are in percentage of control).
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Stimulation

There was only slight stimulation in height in 2x at 10
kR. In number of branchcs, there was stimulation in both,
but 4x at 20 kR gave marked stimulus of 160%. There
was slight stimulus in the number of main nodes of 4x at
20 kR. In the number of lateral nodes there was some
stimulus (120%) in 2x at 10 kR but in 4x distinct
stimulus (145%) at 10 kR and extremely marked stimulus
(250%) at 20 kR was noted. In 2x number of leaves
showed some stimulus (118%) at 10 kR. In 4x some
stimulus occurred at 10 kR (148%), but tremendous
stimulus (230%) was noted at 20 kR. Internodal length
displayed some stimulus at 10 kR (110%) (Fig. 10). In
number of fruits, while 2x showed marked reduction in
both doses, 4x showed tremendous stimulation of 240%
at 10 kR and 210% at 20 kR. In number of flowers only
slight stimulation in 2x at 20 kR was observed; however,
in 4x there was almost uniformly marked stimulus of 178
and 182% at 10 and 20 kR, respectively. Number of seeds
per pod showed only slight stimulus in 4x.

Discussion

During the course of irradiation investigation in our
laboratory, it has been noted that the relationship
between germination and survival in different species may
show differences and these could be classified into two
catcgories. In the first group, percentage of germination
and survival is the same, i.e., all the seeds that germinate
also survive. Examples are Impatiens balsamina
(Raghuvanshi and Singh 1979) and Phaseolus aureus
(Pathak 1976). The lcthal radiation effects manifest
themselves at the time of germination. In the second
group exemplified by T. foenum-graecum and P.
drumondii, the germination is not severely affected by
radiation. However, after germination, the seedlings die,
showing relationships with dose. It appears that in this
category there are again two types: (1) in which there is
no growth of shoot system beyond the two-cotyledonary
stage but the root systcm does show some growth, e.g., T.
foenum-graecum; and (2) in which the root system shows
some growth but death manifests itself beginning with the
root system, e.g., P. drumondii.

In 2x and 4x L. culinaris the germination was reduced
with increase in dose but at higher doses of 30 kR, 4x
was slightly more resistant. At 50 kR 4x was distinctly
more resistant than 2x.

An inverse relationship between dose and germination
has been reported by Gustaffson (1944), Sparrow and
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Gunkal (1950), Fujii and Matsumura (1958), Matsumura
and Nezu (1961), Saric et al. (1961) and Bremer-Reinders
(1962). However, Fujii and Matsumura (1958) using ®Co,
reported that sceds of certain genera (Triticum vulgare,
Zea mays, Fagopyrum sagittatum) showed increasced
percenlage of germination at all doses, although there was
death of scedlings at higher doses.

The survival in this case showed an inverse correlation
with dose. It is interesting that the trend regarding
comparalive resistance noted in the germination
percentage is also maintained in the survival percentage,
i.e., better germination in the present case appears to
ensure better survival. Stimulatory elfects of radiation
have been reported on growth in Trfolium (Jones and
Plummer 1960) and germination in 4x P. drumondii
(Pathak 1976), 4x T. foenum-graecum (Raghuvanshi and
Singh 1980) and Solanum melongena. Howcever, such
marked stimulatory cffects as observed in 4x with regard
to number of paramcters are remarkable and
comparatively rarc. Indced the stimulatory effect on
number of {ruits in 4x 1s exceptionally remarkable.

Polyploids have generally been considered to be more
resistant than diploids, but there are exceptions like
Petunia and Tagetes where there is no difference in
radiosensitivity in diploids and polyploids. Generally it has
been accepted that genctic reduplication and redundancy
in polyploid plants arc the main factors that make
polyploids more radio-resistant than diploids. However,
reduced chromosome volumec of polyploids could also play
a significant role in their radio resistance.

In the present case tetraploids are resistant at higher
doses of 50 kR in germination and 30 kR in survival. The
most Intercsting point of this investigation was the
tremendous radiation stimulation displayed by 4x for
certain paramcters.
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Abstract

An experiment was conducted at the Regional
Agricultural Research Station, Ishurdi, on a lentil line
with five dates of sowing (15 October, 1 and 15
November, 1 and 15 December). Date of sowing had a
profound effect on the yield and yield components, which
declined linearly with the advance of sowing dates. The
early sown crop attained more vegetative growth, set
more pods and had more time for grain growth,
resulting in larger seed size and increased yield. In
contrast, the later sown crops had less time for
vegetative and reproductive phases, resulting in poor
growth, less fruiting, small seed size and reduced yield.
Yield reduction ranged from 14% (1 November sowing)
to 80% (15 December sowing) compared with the 15
October sowing. The last fortnight of October may be
considered as the optimum time of sowing for lentil (L-5)
under rain-fed conditions in Bangladesh.
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Introduction

Lentil (Lens culinaris Mcdik.) is the second most
important pulse crop of Bangladesh in terms of arcas and
production. It is grown on 216,404 ha of land, producing
158,719 t of grain with an avecrage yicld of 733 kg/ha
(BBS 1989). Although a potential yicld of as high as 2000
kg/ha has been reported (BARI 1988), such high yiclds
arc not realized by the farmers. Even where inputs are
given, maximum Yyiclds in the existing cultivars cannot be
guaranteed. The agronomic requirements for the
maximum secd yield have not been satisfactorily defined
(Smithson et al. 1985). In the presence of slightly morc
than adcquate soil moisture, vegetative growth becomes
excessive, lodging occurs, diseascs (rust, stemphylium
blight) are aggravated and seed yicld declines. On the
contrary, limited soil moisture (dry secd bed) reduces
germination, establishment, vegetative growth and yicld.
Dclay in sowing is another factor causing low productivily
of lentil.

In the rice-based cropping paticrn, the farmers of
Bangladcsh sow this crop from the 3rd week of October
until the last week of November. It is observed that yicld
reduction occurs in late sowing, but it is not known how
much yicld is reduced by different sowing dates or how
flexible the sowing dates are without any appreciable yield
loss. Therefore, this study was planned to determine the
response of yield and yicld components of lentil (L-5) to
changes in sowing time.

Materials and Methods

A trial with L-5, a promising line of lentil, was conducted
at the Regional Agricultural Research Station, Ishurdi,



during the period October 1988 to March 1989. The soil
of the experimental plot was silt loam with pH=7.5. The
crop was grown under rain-fed conditions. Sceds were
broadcast on 15 October, 1 November, 15 November, 1
December and 15 December. The experiment was laid
out in a randomized complete block design with five
replications. The size of cach unit plot was 25 m® The
land was fertilized with 20 kg N, 40 kg P,O5 and 20 kg
K,O per ha from urea, triple superphosphate and muriate
of potash, respectively. All the fertilizers were applied at
final land preparation.

Data on plant height and number of pods/plant were
recorded on 10 randomly sclected plants from each plot.
The 1000-sccd weight was recorded from the sample
drawn from the grain yicld obtained from cach plot. The
data were analyzed by LSD following Stecl and Torrie
(1960).
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Results and Discussion

The yield and yicld components of lentil at different dates
of sowing are presented in Table 1. The date of sowing
excrted a significant influence on the yield and yicld
parametcrs. All the characters lincarly declined with the
advance of sowing dates (Table 2). The crop duration,
including vegetative and reproductive phases, was affected
as thc sowing dates were delayed. The crop sown on 15
October started flowering 58 days after sowing and that
of 15 December at 45 days after sowing. Similarly, the
total crop duration for these crops was 119 days and 86
days, respectively. The crop sown on 15 October matured
on 14 Fcbruary, the three sowings following (up to 1
December) maturcd by 6 March and the 15 December
sowing matured on 11 March. These variations in
malurity period are not commensurate with the variations
in sowing dates. This clearly indicates that a rise in

Table 1. Yield and yield components of lentil as affected by different dates of seeding.

Date of Days to Days to  Plant height No. pods/  Grain growth  1000-seed Yield reduction
sowing flowering maturity (cm) plant duration weight (g)  Yield (t/ha) (%)t
15 October 58 119 45.57 106.11 61 19.0 1.73 0
1 November 55 110 39.49 88.17 55 17.5 1.49 14
15 November 53 105 35.81 79.90 52 16.0 1.10 36
1 December 49 95 30.31 58.14 46 14.1 0.79 54
15 December 45 86 27.17 29.17 41 13.3 0.35 80
LSD (0.01) 3.86 2.87 3.20 9.16 2.63 1.32 0.31 -
CV % 3 4 13 12 Y 11 —
+ Yicld reduction over 15 October sowing.
Table 2. Mean square values of yield components as affected by dates of sowing.
Mean square value
Days of Grain growth No. pods/ 1000-seed

Item df maturity duration Plant height plant weight Yield
Replication 4 2.78 1.75 3.45 731.58 0.22 0.15
Date of sowing 4 708.75%* 211.00** 343.40%* 15842.02%** 10.45%* 2.3]1*=
Linear 1 2120.09** 633.25%* 1167.28** 74982.31** 55.81%* 15.18**
Residual 3 6.16 9.28 12.41 810.18 1.02 0.32
Error 16 3.21 4.13 8.68 386.14 0.36 0.19
**P < 0.01
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temperature around 14 Fcbruary curtailed the growth
period of the crop. Summerficld et al. (1984) reported a
similar result and concluded that heat stress during the
reproductive period curtailed growth and reduced yicld
significantly.

A curlailment in growth period is reflected in the
growth of the crop. Earlier-sown crops grew taller and
had morc branching and podding, whercas the later-sown
onges attained lcss than three-fourths of the height, less
branching and produced fewer pods (Table 1). These
results agree with the findings of Yousef et al. (1984). A
similar trend was observed in grain growth duration and
grain size. The crop sown on 15 October had 61 days for
grain filling, conscquently its 1000-sced weight was the
greatest (19.0 g), wherceas the crop sown on 15 December
had only 41 days for grain filling, resulting in a 1000-sced
weight of only 13.3 g.

Finally, the trend of contribution of all these characters
was reflected in the sced yicld. The crop sown on 15
October produced the highest yield, 1.73 t/ha, which was
not significantly differcnt from the 1 November sowing
(1.5 t/ha). Yield reduction occurred in later sowings (14,
36, 54 and 80%, respectively, for 1 November, 15
November, 1 December and 15 December) compared
with the 15 October sowing. The reason for these yicld
variations is quite clear; the early sown crop had more
time for vegetative growth, podding and grain growth,
which ultimatcly contributed toward more yield. On the
conlrary, the later-sown crops had less time for vegetative
growth and grain [illing. Thus plant size was diminished
and branchcs were fewcer. The number of pods/plant and
the size of the grains were reduced, which finally resulted
in lcss grain yield. Similar results were reported by
Gowda and Kaul (1982), Murinda and Saxcna (1985),
Bejiga (1984), Saxcna ct al. (1983), Sandhu (1984), Sinha
and Chowdhury (1984) and Sadapal (1988), who
concluded that mid-October to carly November is the
idcal period for lentil sowing and any deviation [rom this
causcs yicld reduction.

20

References

BARI (Bangladesh Agricultural Rescarch Institute). 1988,
Annual Report of Pulses Improvement Programme.
BBS (Bangladesh Burcau of Statistics). 1989. The Year
Book of Agricultural Statistics of Bangladcsh 1987-88,
pp. 43-49. Statistics Division, Ministry of Planting,

Dhaka.

Bejiga, G. 1984. Lentils in Ethiopia. LENS Newsletter
11(2):1-6.

Gowda, C.LL. and AK. Kaul (eds.). 1982. Pulses in
Bangladesh. BARI/FAO, Dhaka.

Murinda, M.V. and M.C. Saxcna. 1985. Agronomy of faba
beans, lentils and chickpeas. Pages 229-244 in
Proceedings of an International Workshop on Faba
Bcans, Kabuli Chickpeas and Lentils in the 1980s,
16-20 May 1983 (M.C. Saxcna and S. Varma, ¢ds.).
ICARDA, Syria.

Sadapal, M.N. 1988, Agronomy of pulscs. Pages 456-512
in Pulse Crops (B. Baldev, S. Ramanujam and H.K.
Jain, eds.). IBH.66, Janpath, New Declhi.

Sandhu, P.S. 1984. Effect of sowing dates, phosphorus
levels and herbicides on the response of Rhizobium
inoculation in lentils. LENS Newsletter 11(2):35.

Saxcna, M.C., M.V, Murinda, M. Rurk and N. Trablusi.
1983. Productivity and water of lentil as affected by
date of sowing. LENS Newsletter 10(1):28-29.

Sinha, R.P. and S.K. Chowdhury. 1984. Latc sowing lentils
in Bihar, India. LENS Newsletter 11(2):24.

Smithson, J.B., JA. Thompson and R.J. Summerficld.
1985. Chickpca. Pages 315-345 in Grain Legume Crops
(RJ. Summerficld and E.H. Roberts, eds.). Collins,
London.

Steel, R.G.D. and J.A. Torrie (eds.). 1960. Principles and
Procedurces of Statistics, pp. 107-109. McGraw Hill
Book Co. Inc., New York, Toronto, London.

Summerfield, R.J., P. Hadley, E.H. Roberts, R.J. Minchin
and S. Rawsthornc. 1984. Effect of date of sowing on
lentil. Experimental Agriculture 20:77-93.

Youscf, M.A., TA. Hussein, ALI Latif and AE. El-
Karamity. 1984. Effcct of sowing dates and sceding
rates on yicld of lentil. Minia Journal of Agricultural
Research and Development 6(1):121-131.



Effect of Sowing Date and Seeding
Rate on Lentil in Eastern Libya

Younis Omar Shoaib
Agriculture Research Centre
P.O. Box 132

El-Marj, LIBYA

Abstract

The investigation was carried out with three sowing dates
(7 December, 2 February and 24 February), using two
varieties (Safsaf-1 and Safsaf-3) and five seeding rates
(160, 220, 280, 340 and 400 plants/m? in three seasons
(1985-88) at El-Safsaf Research Station, Libya. Sowing
early (7 December) produced a significantly higher grain
yield/ha than did late sowing (2 and 24 February). There
was a linear increase in grain yield with increasing plant
density; 400 plants/m* produced the highest grain yield.
There were no differences between the two varieties.
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Introduction

Lentil (Lens culinaris Medik.) in Libyan Jambhiriya is
grown by a few farmers in limited areas in the eastern
part of Libya (El Gabal El Akhdar). The average yields
are very low because of poor management, lack of high-
yielding varieties, weeds and late planting. Almost all of
Libya’s lentil requirement is imported. The present
investigation was undertaken to determine the most
suitable sowing date and seeding rate for lentil to obtain
high yields and encourage farmers to produce lentil to
satisfy domestic consumption.

Materials and Methods

Three experiments were carried out at El-Safsaf Station,
Agriculture Research Center, El-Marj, Libya (32° 49’ N,
21° 54’ E; 641 m as.l), during the 1985-88 scasons on
heavy clay soil.

Season 1985/86

The experiment was laid out in a split-split plot design
with three replications. Sowing dates (7 December, 2
February and 24 February) were applied in the main plot,
varieties (Safsaf-1 and Safsaf-3) in the subplot and seeding
rates (160, 220 and 280 seeds/m?) in the sub-subplot. The
experimental unit consisted of four 4-m long rows, 30 cm
apart. Total rainfall was 384.1 mm during the season;
major rainfall was received during December and January
(Table 1).

Season 1986/87

The designs were split-split plots with three replications.
Sowing dates (7 December and 24 February) were applied
in the main plots, varieties (Safsaf-1 and Safsaf-3) in the
subplots and sceding rates (160, 220, 280 and 400
seeds/m?) in the sub-subplots.

The experimental unit consisted of four 4-m long rows,
30 cm apart. Total rainfall was 507.1 mm during the
season with the majority falling in December, January and
March.

Season 1987/88

The experiment was laid out in a single split-plot design
with four replications. Sowing dates (7 December and 24
February) were kept for the main plots and seeding rates
(160, 220, 280, 340 and 400 seeds/m?) for the subplots.
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Table 1. Maximum and minimum temperatures and average rainfall received during the growing seasons of 1985-88.

1985/86 1986/87 1987/88
Rainfall Temp. (°C) Rainfall Temp. (°C) Rainfall Temp. (°C)
Month (mm) {min-max) (mm) (min-max) (mm) (min-max)
October 75.9 10.5-24.0 20.0 11.0-23.0 00.0 14.0-34.5
November 37.0 10.5-26.5 60.0 9.0-20.6 74.0 9.0-23.0
December 105.0 3.5-19.0 127.4 4.0—-16.5 117.6 55235
January 107.0 6.0-17.5 80.3 4.0-22.0 85.9 6.5-22.0
February 34.7 5.5-20.5 56.0 5.521.0 117.6 3.517.5
March 29.5 3.5-23.0 163 .4 1.0=20.0 73.7 5.0—-19.5
Total rainfall 384.1 507.1 468.8

Source: Meteorology Station, Shahat, Libya.

Only one variety, Safsaf-3, was used in this year. The
experimental unit consisted of four 4-m long rows with
30-cm spacing. The total rainfall was 468.8 mm during the
scason with most received during December, January and
Fcbruary. In three seasons the total seed yield was
recovered for every plot from a harvested area of 2.4 m*.

Before planting, 150 kg/ha of diammonium phosphate
were applied. On June 10, the crop was harvested when
90% ol the plants reached maturity. Sun-dried bundles
were threshed and seed yield was recovered.

Results and Discussion

Data on the average yicld of sowing dates and sceding
rates in the trials conducted during the 1985-88 scasons
are presented in Table 2. Sced yicld was significantly
affected by the time of sowing in the 1986-88 seasons.

The highest seed yield was obtained from the early
sowing date (7 Deccember) which outyiclded the late
sowing dates (2 Fcbruary and 24 February). These results
agree with the results of Sckhon et al. (1986), who found

Table 2. Effect of sowing date and seeding rate on the grain yield (kg/ha) of lentil cultivars during the 1985-88 seasons.

1985/86 1986/87 1987/88 Mean
Sowing date
7 December 1356 2524 1610 1830
2 February 1289 1289
24 February 546 1288 945 926
Mean 1064 1906 1278
LSD at 5% NS 646* 395%
Seeding rate (plants/m?)
160 985 1564 1073 1207
220 1054 1813 1260 1376
280 1153 2005 1250 1469
340 1380 1380
400 2245 1425 1425
Mean 1064 1906 1278
LSD at 5% NS 263%* 209%
Varieties
Safsaf-1 1080 1848
Safsaf-3 1048 1945
Mean 1064 1906
LSD at 5% NS NS

*, ** Significant at 5% and 1%, respectively, NS = not significant.
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that carly sowing between 20 October and 10 November
was better than later sowing. Also, Mohamed (1988)
reported that delaying planting caused a drastic reduction
in yicld and yicld attributes.

The superiority of carly sown crops could be due to (1)
a longer vegetative growth period in which the crop can
make better usc of rainfall, which occurs mainly in
December and January (Table 1), and (2) the crop does
not have to rely on infrequent and irregular spring rain
for crop growth. This was in agreement with the results of
Singh and Ram (1986), who found that an inadcquate
period for vegetative as well as reproductive growth might
be responsible for this trend. This is clear from the data
on time to maturity (Table 3), which was reduced from
170 to 104 days bccause of the delay in planting from 7
Dccember to 24 February. Higher temperatures during
the sced development period of the late-planting crop
might have resulted in forced maturity and poor sced
development.

Yiclds in 1985/86 were lower than in either 1986/87 or
1987/88, which could be related to weather conditions.
Unlike the other two scasons, the winter of 1985/86 had
less rain, which resulted in shorter plants, higher seed
weight and lower yield.

Table 3. Effect of sowing date on yield characters, total of
three seasons, 1985-88.

Sowing date
7 Dec 24 Feb
Days to flowering 102 58
Days to podding 120 71
Days to maturily 170 104
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The overall results of this study indicate that sced yicld
could be maximized by increasing plant density to 400
plants/m? corresponding to a total yicld of 2243 and 1425
kg/ha in 1986/87 and 1987/88, respectively (Table 2). So
higher sceding rates improved the grain yield of lentil,
and this agrces with the results of Tosun and Eser (1979).
There were no differences between the two varieties.

Conclusion

The Gime ol sowing had a marked effect on the
productivity of lentil. The results indicated that lentil sown
in carly December gave higher grain yield. Delaying
planting altcr this date caused a drastic reduction in yield.
There was a lincar increase in grain yicld with an
incrcasing number of plants/m? So, the highest yicld was
altained from sowing 400 sccds/m?.
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Seed Quality and Nutrition

Effect of Heat and Germination on
Antinutritional Factors
in Lentil

Vijay Inder Parkash Batra and
Kuldip Singh Dhindsa
Department of Chemistry and Biochemistry

Haryana Agricultural University
Hisar 125004, Haryana, INDIA

Abstract

The effects of temperature (dry heating, autoclaving and
heating in boiling water), soaking and germination on
antinutritional factors, i.e., trypsin inhibitor activity,
phytohemagglutinin activity and flatulence-causing
factors (oligosaccharides), were determined in seven
genotypes of lentil (Lens culinaris Medik.). Trypsin
inhibitor activity and phytohemagglutinin activity
decreased substantially by all three treatments. While
heating increased the oligosaccharide content,
germination decreased it. The possible reasons for these
changes are discussed. Germination up to 6 days
appears to be the most reliable means of eliminating
oligosaccharides for preparation of lentil-based food
products. Heating in boiling water is more effective for
inactivating trypsin inhibitor and phytohemagglutinins
than dry heating or autoclaving.
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Introduction

Legumes contain some antinutritional factors, including
trypsin inhibitors, phytochemagglutinins (henceforth
referred to as hemagglutinins) and flatulence-causing
factors (oligosaccharides of the raffinose family,
henceforth referred to as oligosaccharides) (Liener 1980).
Efforts have been made to reduce the content of
antinutritional factors in legumes, or at least to make
them less effective, through breeding for improved
genotypes and processing, including heating and
germination (Liener 1980). Although heating and
germination limit the subsequent use of legume seeds or
flour, these processes are, on the whole, cffective in
reducing the content of antinutritional factors or
inactivating them. This report summarizes some findings
on the effect of heating and germination on antinutritional
factors in lentil. Effects of heat and germination on
antinutritional factors have been reported for other
legumes, including pigeonpeas (Batra et al. 1986) and
chickpea (Bansal et al. 1988).

Materials and Methods

Clean seeds and finely ground flour samples of seven
genotypes of lentil (Lens culinaris Medik.), viz., L-9-12, L-
82-3, L-82-4, L-82-6, L-82-7, LH-21 and LH-311, were
subjected to dry heating (121°C; 10 min, 20 min, 1 hour,
2 hours), autoclaving (121°C; 15 Ibs in 10 min, 20 min),
and heating in boiling water (10 min and 20 min). The
seeds also were soaked in water for 24 hours, then
allowed to germinate for 6 days. Methods used for
estimation of trypsin inhibitor activity, hemagglutinin
actiity and for separation and determination of
oligosaccharides have been described earlier (Batra et al.
1986; Vasishta et al. 1986; Batra and Dhindsa 1989).



Results and Discussion

Trypsin inhibitor activity

All thc genotypes of lentil analyzed possessed trypsin
inhibitor activity (TIA) (Table 1) and it was maximum in
L-9-12 gcnotype, which otherwise is of good quality on the
basis of proximatc analysis (Batra ct al. 1987). Jaflc
(1950) also recported substantial TIA activity in lentil,
although it was much lower than that in other legumes,
including soybcan, limabean and pigeonpea. Tannous and
Ullah (1969), however, failed to detect TIA in lentil sceds.

Hecating lentil flour for 2 hours at 121°C destroyed
morc than 80% of TIA (Table 1). Dry hcating of winged
beans at 200°C for 30 minutes has been reporled (o
destroy TIA completely (Tan ct al. 1984). Autoclaving of
lentil sceds for 20 minutes led to complete inactivation of
trypsin inhibitor (Table 1). Autoclaving of legume sceds
cven for S minutes has been found to cause a drastic loss
of TIA (Tan ct al. 1984; Kakade and Evans 1965).
Howecver, the decrcasc in TIA might be accompanicd by
a dccreasc in protein cfficiency ratio in rats (Kakade and
Evans 1965). Heating lentil secds in boiling water for even
10 minutcs destroyed (rypsin inhibitor completely (Table
1). As cxpected, moist heating enhanced the loss of TIA
over dry heating. Moisture appcars to mediate some
unidentified biochemical reaction or change in inhibitor
protcin conformation, accomplishing inactivation of the
inhibitors. Purified trypsin inhibitors are, in gencral,
resistant to hcat (Tsukamoto et al. 1983). Trypsin
inhibitor in horse gram has been reported to be
thcrmoslable cven during cooking (Ghorpade et al. 1986).
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Soaking lentil sceds for 24 hours resulted in a marked
decrease in TIA and the decrcase was maximum in
genolype LH-311 (Table 1). Germination of soaked seeds
led to further loss in TIA. In mungbcan, trypsin inhibitor
has been found to be modified rapidly by limited
proteolysis during carly stages of scedling growth and the
modilying activily increased up to 6 days after imbibition
(Wilson and Tan-Wilson 1983). This may cxplain the
marked decrease in TIA on soaking and germination.

Hemagglutinin activity

All the heating procedures led to substantial decreases in
hemagglutinin activity (HA) (Table 2). A perusal of the
data reveals that heating in boiling water is the most
clfective (and cconomical) means of destroying HA in
lentil. Soaking lentil sceds in distilled water for 24 hours
eliminated at lcast 50% of HA except in LH-6 genotype
in which HA remaincd almost unchanged (Table 2). The
decrease in HA continucd with time up to 6 days of
germination.

Little is known about the basis for the decrease in HA
on heating of lentil. Possibly, the hemagglutinin protein
breaks down into its subunits or undergoes some other
unknown conformational change in structure that might
be required for its hemagglutinin activity. Differences in
cffects of different heating procedures on HA in the same
genotype might be due to the differences in the extent to
which the hemagglutinin molecule in the food particle is
exposed to heating, and this might in turn be affected by
the association of hemagglutinin molccule with other

Table 1. Effect of heating and germination on trypsin inhibitor activity’ in lentil seeds and flour,

Autoclaving flour
(minutes) (days)

Dry heating flour (hours)

Germination

Heating seeds in

boiling water Soaking
Genotype Control 1 2 10 20 (10 minutes) (24 hours) 3 6
L-9-12 695 93 100 75 Nil Nil 259 256 100
LH-82-3 638 139 63 75 Nil Nil 240 216 73
LH-82-4 642 106 48 128 Nil Nil 221 205 63
LH-82-6 695 185 48 88 Nil Nil 260 250 134
LH-82-7 692 155 52 46 Nil Nil 268 250 115
LH-21 660 139 63 75 Nil Nil 252 225 48
LH-311 684 117 40 46 Nil Nil 289 212 48

+ umol of tyrosine released/g of material. Each value in this table is an average of two replicates.
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Table 2. Effect of heating and germination on hemagglutinin activity’ in lentil seeds and flour.

Dry heating flour Autoclaving flour lleating seeds in boiling Germination
(hours) (minutes) water (minutes) (days)
Soaking

Genotype Control 1 2 10 20 10 20 (24 hours) 3 6
L-9-12 4096 16 8 32 16 32 16 1024 256 128
LH-82-3 2048 16 4 256 16 32 16 512 256 64
LH-82-4 2048 8 2 128 8 16 16 128 64 -
LH-82-6 2048 8 4 32 8 64 16 2048 64 64
LH-82-7 2048 16 4 128 16 32 8 1024 512 256
LH-21 2048 16 Nil 256 16 16 8 1024 128 64
LH-311 2048 16 Nil 256 16 8 8 1024 1024 64

1t Hemagglutinin activity is expressed in terms of maximum dilution of the seed extract at which agglutination could be observed (for details, see

Batra 1987). Each value in this table is the mean of two replicates.

macromolecules. HA in cereals has been associated with
several protein fractions including glutelins (Newburg and
Concon 1985). In rice endosperm, the acid-soluble glutelin
fraction was found to be heat labile whereas the alkali-
soluble fraction was heat stable. If a similar situation
exists in legumes, the differences in hemagglutinin activity
and its response to heat and germination may be due to
differences in the amount and proportion of different
protein fractions contributing to hemagglutinin activity.

Oligosaccharides

The average oligosaccharide concentration in lentil
increased irrespective of the heating procedure (Table 3).
Even though eligosaccharide concentrations in the seeds
did not change much by heating in boiling water for 10
minutes, the increase was evident after taking into account
the oligosaccharides brought into the solution through the
surrounding medium. Earlier reports on the subject report
either no change (Kalirawana and Bhat 1983) or a
decrease (Jood et al. 1985) in oligosaccharides. Results
obtained in our laboratory agrec with those obtained by
Rao and Belavady (1978) for several legumes, including
red, black and green gram. The differences in the pattern
of changes in oligosaccharides through heating might be
due to differences in heating procedure and the physical
condition of the sample. For example, dry flour
(Chrompreeda and Fields 1984) or seeds immersed in
water (Silva and Braga 1982) have been used for
autoclaving (or pressure cooking). In the case of seeds
immersed in water, cooked samples have been prepared
by including the cooking medium (Jood et al. 1985) or
excluding it (Ayengar and Kulkarni 1977).

The observed increase in oligosaccharides by heating
(Table 3) might be due to release of oligosaccharides
from bound macromolecules including higher molecular
weight a-galactosides, which might occur in legume seeds.
These macromolecules may also be protein in nature,
since air-classified protein-rich fractions of several
legumes are 40-90% higher in a-galactosides, especially
raffinose, stachyose and verbascose, compared with
starch-rich fractions (Sosulski et al. 1982). Nonenzymatic
hydrolysis of verbascose to stachyose, raffinose and
sucrosc also might contribute to an increase in
concentration of the latter sugars.

Although a slight increase in total as well as individual
oligosaccharides occurred during 24 hours of soaking of
seeds in water, all oligosaccharides decreased 3 days after
germination (Table 3). At 6 days after germination,
raffinose and stachyose had disappeared completely while
sucrose showed a proportionate increase. The increase in
oligosaccharides observed after soaking does not agree
with earlier reports for other legumes which show a
decrease in these sugars (Silva and Braga 1982; Jood et
al. 1985). These differences might be due to variation in
details of methodology, e.g., whether seeds were weighed
before or after soaking, and species variability. Possibly,
oligosaccharides might be released from bound form
during imbibition of water and this process may surpass
the leaching out of sugars from seeds, by diffusion,
depending upon solubility (Silva and Braga 1982). The
released sugars will be hydrolyzed by a-galactosidase
(Jood et al. 1985) during germination and seedling
growth. Activity of e«-galactosidase increases during
germination (Alani et al. 1990).



Table 3. Effect of heating and germination on oligosaccharide
concentration’ (g/100 g dry weight) in lentil seeds and
flour.

Oligosaccharide

Treatments Sucrose  Raffinose  Stachyose  Total
Control 1.71 1.11 0.83 3.65
Dry heating (minutes)

10 2.46 2.34 2.21 7.01

20 1.59 1.02 1.17 3.78
Autoclaving (minutes)

10 2.20 1.29 1.06 4.55

20 2.33 1.04 5.06
Ieating in boiling water

10 minutes

Seeds 1.27 0.95 1.38 3.60

Medium 0.35 0.11 0.22 0.68

Total 1.62 1.06 1.60 428

20 minutes

Seeds 1.69 1.48 1.77 494

Medium 0.63 0.54 0.34 1.51

Total 2.33 2.02 2.11 6.45
Soaking (24 hours)

Seeds 1.81 1.36 1.05 4.22

Medium 0.20 0.04 0.04 0.28

Total 2.01 1.40 1.09 4.50
Germination (days)

3 1.14 0.40 0.32 1.86

6 1.74 0.00 0.00 1.74

t Each value in this table is an average of seven values representing
seven genotypes and each value for single genotype is based on
four determinations (duplicate extract for each sample and
duplicate estimation for each extract).

The increase in sucrose at the expense of stachyose
and raffinose at 6 days after germination (Table 3) further
strengthens the view that raffinose and stachyose are
hydrolyzed to produce sucrose during germination.
Germination of lentil seeds for 6 days is perhaps the most
rcliable means of completely eliminating raffinose and
stachyose, the most gas-forming sugars, and thercfore may
be applied in preparation of lentil-based food products.
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Physiology and Microbiology

Effect of Co-inoculation (Azospirillum
and Rhizobium Strains) on Nodulation,
Yield, Nutrient Uptake and Quality of
Lentil in Calcareous Soil
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Abstract

A field experiment was conducted on lentil in calcareous
saline-alkali soil to evaluate the effectiveness of single
and mixed culture inoculation of Azospinllum (strains
ICM-104 and SL-33) and Rhizobium (strains TAL-634
and LC-5). Rhizobium alone or in combination with
either of the two Azospirillum strains significantly
increased the total number of nodules and dry weight of
nodules/plant. Significant increases in straw yield and
considerable increase in grain yield also were obtained
from inoculation with Rhizobium LC-5 + Azospinllum
SL-33 at 45 days after sowing. Yield and uptake
parameters were positively and significantly correlated
with total number and oven-dry weight of nodules/plant.
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Introduction

A beneficial effect of specific Rhizobium and Azospirillum
strains on yield and quality of cowpea was found in field
experiments (Gunawadena and Vlassak 1986). No
information is available regarding use of mixed
inoculation of Azospirillum and Rhizobium strains on yield
and quality of lentil in calcareous soil. However, a
synergistic effect of specific Rhizobium and Azotobacter
spp. on yield and quality of seed was shown in field
experiments conducted on chickpea (Rawat and Sanoria
1977) and pea (Ram and Sanoria 1979). A similar effect
has been reported with lentil in calcareous soil (Kumar et
al. 1988).

Materials and Methods

Pure cultures of Rhizobium strains TAL-634 and LC-5
and Azospirillum brasilense strains SL-33 and ICM-104
were used in this study. Cultures were grown in liquid
medium for 6 days at 30+1°C and slurry inoculant was
used for inoculation. The symbiotic N,-fixing and
associative N,-fixing abilities of Rhizobium and
Azospirillum strains were assessed in a field experiment
with lentil in a three-replicate randomized block design.
Surface-sterilized seeds of lentil genotype PL-77-2 were
inoculated singly as well as mixed with Rhizobium strains
and Azospirillum strains in equal amounts using
approximately 10" viable cells (Rhizobium + Azospirillum)
per seed. Chemical properties of soil were pH=8.3, free
CaC0,=30.4% and total N=0.053%. Soil was basally
dressed with urea (N) at a rate of 20 kg/ha and single
superphosphate (P,0;) at a rate of 50 kg/ha. Ten plants
from each plot at 45 days after sowing were uprooted
carefully for nodulation study. Grain and straw samples
collected after harvest were analyzed for N (Arther and
Herbert 1977). Uptake of N was calculated separately for
grain and straw. For nitrogenase activity, 0.5 g fresh
nodules were taken in a serum vial. Ten percent of the air
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was rcplaced by acetylene and incubated for 1 hour.
Ethylenc formed was determined by gas chromatography.

Results and Discussion

A significant increase in total number of nodules/plant
over the control was found in seed inoculated with single
and mixed Azospinllum and Rhizobium strains (Table 1).
The data indicate that number of nodules, dry weight of
nodules and nitrogenase activity increased with Rhizobium
and Azospirillum inoculation. The maximum number of
nodules, dry weight of nodules and nitrogenase activity
were recorded with mixed inoculation of Rhizobium LC-5
and A. brasilense SL-33 compared with Rhizobium strain
alone. It was noted that a single inoculation of
Azospirillum strain gave a nonsignificant increase over the
control in dry weight of nodules and nitrogenase activity.
This suggested that Azospinillum SL-33 caused belter
nodulation with Rhizobium strain LC-5.

A significant increase in straw yield over the control
and highest grain yicld (Table 2) was due to inoculation
with Rhizobium LC-5 + A. brasilense SL-33. Using this
combination, straw and grain yield increased firstly over
control by 18.5 and 63%, and secondly over Rhizobium
LC-5 alone by 0.2 and 25%), respectively. Rhizobium TAL-
634 + A. brasilense ICM-104 inoculation significantly

lowered the straw yield and caused minimum grain yield.
Mixed inoculation with Rhizobium LC-5 + A. brasilense
SL-33 gave better yield results compared with a mixed
culture of Rhizobium TAL-634 + A. brasilense ICM-104.

Rhizobium strain inoculation, alone or mixed with
Azospirillum  strain, significantly increased uptake of
nitrogen by straw and grain. The maximum uptake of
nitrogen by straw, grain and whole crop was found with
a mixed inoculation of Rhizobium LC-5 + Azospirillum
SL-33. However, that grain protein was nonsignificant
with mixed and single inoculation.

Nodulation, yield and uptake of nitrogen were
positively related with each other (Table 2). This indicated
the contribution of better nodulation toward the
postharvest characters. Therefore, Rhizobium LC-5 either
alone or in mixture with Azospirillum performed better in
a calcareous soil system because of its inherent tolerance
of adverse soil properties.

30

Table 2. Correlation coefficients (r) between variables.

Variable r
Total number of nodules/plant vs. ODW t of 0.86"
nodules/plant
Total number of nodules/plant vs. grain yield 0.82°
Total number of nodules/plant vs, straw yield 0.92""
Total number of nodules/plant vs. nitrogenasc 0.96"
activity
ODW of nodules/plant vs. grain yield 0.96"
ODW of nodules/plant vs. straw yicld 0.80'
ODW of nodules/plant vs. nitrogenase activity 0.90"
ODW of nodules/plant vs. nitrogen uptake by 0.96"
grain

t ODW = Oven-dry weight.
*,*"  Significant at 5% and 1% probability levels, respectively.
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Research on the Growth and Flowering
Conditions of Lentil

Zhang Chuannai, Yuan Congxuan and
Lin Chenming

Shaanxi Academy of Agricultural Sciences
Yangling, Shaanxi, CHINA

Abstract

Differences between the vegetative and reproductive
growth stages of lentil were delineated by daily
observation of the development stage and flowering
process. Days to 50% flowering and days to 100%
flowering were recorded. Data also were collected on the
relationships  between flowering and temperature,
humidity, flowering habit, flowering on stems and
branches by location on the plant, and pod setting
percentage. The optimum temperature for flower
production was 14-22°C and optimum relative humidity
was 50-80%; 93% of flowers were on branches. Lentil has
an indeterminate flowering habit.
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Introduction

This study was conducted to quantify the length of
different growth stages in lentil and relate this to
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prevailing climatic conditions and the latitude of origin of
lentil lines. Additionally, the location within plants of
flowers and pods was recorded.

Materials and Methods

The experiment was conducted in Yangling, Shaanxi
Province (34°21' N), using 36 Shaanxi lentil lincs. Length
of development phases was recorded. Dali and Binxian
lentils also werc sclected to observe their flowering
conditions. Four plants per lentil varicty were obscrved
daily every other hour from 7 am. until 6 p.m. The
number of flowers, the flowering locations/plant and the
location of all pods were recorded. The opened flowers
were removed alter recording to create a favorable
climate for the next data collection.

Results and Discussion

Vegetative and reproductive growth

The cxperimental results showed that the growth rates of
lentil varieties differed in vegetative and reproduclive
stages. In Yangling, the vegctative growing stage of
various lentil varictics was 194-212 days and the
reproductive growing stage was 28-40 days. On the basis
of place of origin of lentil varicties, vegetative and
reproductive growth can be classified into three types of
regions (Table 1). The following points can be seen from
Table 1:

® the period of vegetative growth is reduced with the
latitude of collection of the lentil lines

® variation in the reproductive growing days of different
regions is contrary to the vegetative growing days;
accordingly, the length of reproductive growth
increased with a decrcase in the latitude

® the total number of days for growth and development
is largely governcd by the length of the vegetative
growth period.

These results indicate that the total days for lentil
growth and dcvelopment are chiefly dependent upon the
length of the vegcetative growing stage. As lentil is a long-
day crop, from the high latitudes in North Shaanxi
southward to Guanzhong (the middle part of Shaanxi),
lentil flowering is delayed because of the decrease in the
daylength; from the low latitudes in South Shaanxi
northward to Guanzhong, lenul blooming starts earlicr
because of the increased daylength, which causes a
reduction in the vegetative growing stage.
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Table 1. The growing and developing days of lentil varieties of three different regions and available accumulated temperature in

a single location.

Origins of varieties

North Shaanxi
(35°-39° 20'N)

South Shaanxi
(31°-34° 45'N)

Guanzhong
(34°-35° 20'N)

Length of:

Length of: Length of:

Veget. growth Repro. growth

Veget. growth Repro.growth  Veget. growth Repro. growth

Days 206.4 32.4
Mean whole growing and 238.8
developing days

Accumulated temperatures 7331.4 679.3
of 210°C

Total accumulated temperatures 8028.7

201.7 343 200.6 349
236.0 235.5

6351.4 703.5 6102.5 720.2
7054.9 6822.7

Accumulated temperatures of 210°C for the entire
growth duration of the crop varied from 6822.7 to
8010.7°C and for the vegetative growing stage from 6102.5
to 7331.5°C, with the decreasing-temperatures sums
reflected by the order of the regions of collection: North
Shaanxi, Guanzhong and South Shaanxi. Accumulated
temperatures of 210°C in the reproductive growth stage
were from 679.3 to 720.2°C, with regions by decreasing
temperature reversed, i.e., South Shaanxi, Guanzhong and
North Shaanxi. Accumulated temperatures of 210°C tend
to be in agreement with the corresponding days of every
growth stage. Thus the days for growth and development
of lentil varietics have a close relationship with the
accumulated temperature > 10°C; that is, less available
accumulated temperatures results in a reduced period of
vegetative growth.

Blooming days, quantities and full blooming stage

Under average temperatures of 9.7-25.6°C and a relative
humidity range of 46-88%, lentil blooming lasts from 20
April to 26 May. The length of the blooming stage
differed among varieties. The average blooming days of
Dali and Binxian were the same (Table 2).

Lentil varieties and individual plants vary in the
number of flowers. A single plant can bear 114-278
flowers. Dali lentil had 153.3 flowers on average and
Binxian lentil had 196 flowers on average. The overall
mean was 174.8 flowers/plant.

The full blooming stage of Ientil falls between 3 and 20
May, during which time 84% reach full flower. In the 13

Table 2. The blooming days and number of flowers per lentil
plant.

Flowering start Average

Variety and finish, and no. days no. flowers/plant
Dali 26 Apr-20 May = 25 139

24 Apr-26 May = 33 168
Binxian 20 Apr=20 May = 31 278

26 Apr-21 May = 26 114

days prior to this time, 14.1% reach 100% flowering, and
in the 6 days after the 18-day period, only 1.9% (the
remainder) reach full flowering (Table 3).

Most (94.4%) flowers open in the morning. Between
9 am. and 12 noon, 48.2% opened. After 12 noon,
flowering was reduced; after 6 p.m., a small number of
flowers bloom. On a single plant, an average of 10.8
flowers open each day.

Relationship between flowering, and temperature and
humidity

It can be seen from Table 3 that the optimum
temperature range for lentil flowers to bloom is 14-22°C,
accounting for 80.1% of the total; they seldom if ever
bloom below 10°C or above 26°C. The temperature
required by lentil flowers to bloom was related to the
place of origin. Dali lentil, which comes from a warm
area, only bloomed in a temperature range of 10-26°C;
in Binxian lentil, which comes from an area with a lower
temperature, 1.1% of flowers bloomed below 10°C.
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Table 3. Number of flowers at different dates, temperatures and humidity levels, and number of flowers on main stems and
branches.

Dali lentil Binxian lentil
Total no. % of total
Conditions No. of flowers % No. of flowers % flowers flowers
Flower production
20-26 April 5.0 33 18.5 9.4 23.5 6.7
27 Apr-2 May 11.5 75 14.5 7.4 26.0 7.4
3-8 May 54.0 35.2 40.5 20.7 94.5 27.0
9-14 May 45.5 29.6 63.5 32.4 109.0 31.2
15-20 May 33.5 21.8 56.5 28.8 90.0 25.8
21-26 May 4.0 2.6 2.5 1.3 6.5 1.9
Temperature (°C)
<10 4.0 2.0 4.0 1.1
10.1-12.0 10.0 6.5 10.0 5.1 20.0 5.7
12.1-14.0 10.0 20.5 7.5 3.8 17.5 5.0
14.1-16.0 31.5 6.2 28.5 14.5 60.0 17.2
16.1-18.0 9.5 31.9 28.0 14.3 37.5 10.7
18.1-22.0 49.0 18.9 58.0 29.7 107.0 30.6
20.1-22.0 29.0 7.8 47.5 242 76.5 21.6
22.1-24.0 12.0 1.7 12.5 6.4 245 7.1
24.1-26.0 2.5 2.5 0.7
Humidity (%)
20-29 3.0 1.5 3.0 0.9
40-49 18.5 12.1 14.0 .2 325 9.3
50-59 59.5 38.7 72.5 37.0 132.0 37.8
60-69 36.0 23.5 51.0 26.0 87.0 249
70-79 25.5 16.6 43.5 222 69.0 19.7
80-89 14.0 9.1 12.0 6.1 26.0 7.4
Number of flowers
Main stems 18 10.7 25 9.0 43 9.7
Branches
2 42 25.0 84 30.3 126 28.3
3 36 21.4 27 9.7 63 14.1
4 16 9.5 41 14.8 57 12.8
5 5 3.0 24 8.6 29 6.5
6 19 11.3 30 10.8 49 11.0
] 14 8.3 28 10.1 42 9.4
8 11 6.6 4 1.4 15 34
9 3 1.8 5 1.8 8 1.8
10 2 1.2 4 1.4 6 1.3
11 2 1.2 4 1.4 6 1.3
2 0.7 2 0.4




A relative humidity of 50-80% was most conducive to
lentil flowering, accounting for 82.4% of total flowers.
Lentil seldom bloomed when humidity was under 40% or
over 80%, but Binxian lentil had a few flowers when
humidity was below 29%.

The cxperimental results indicate that the optimum
temperature and atmospheric humidity for lentil blooming
arc 14-22°C and 50-80%, respectively (Table 3).

Blooming orders

From 20 April to 26 May, the location of each flower on
cach varicty was recorded daily. Within 37 days, 446
blooming flowers were observed. The blooming
tendencies of the two lentil varictics were in agrecment
with whether they were branching plants or the whole
plants. They bloomed from basal nodes to more apical
nodes. This indicates that the flowering habit of lentil is
indeterminate.

pPercentage of blooming and pod setting related to
different stems and branches

Lentil can have more than 10 branches on which most
flowers grow (accounting for 90.3%), whilc only a small
number of flowers grow on the main stems (accounting
for 9.7%) (Table 3). Therefore, the ratio of flowers on
the branches and the main stems is 9:1. The majority of
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Table 4. Pod-setting percentage and stages.

Pod Date of start

No. of No. of setting of zero
Lentil variety flowers pods setting (%) pod set
Dali 168 156 92.9 May 14
Binxian 278 257 93.2 May 15
Averagce 93.1

flowers arc found on the first primary branch; the number
gradually reduces apically.

There were somce differences in the pod-sctting
percentage among different lentil varictics, with an
average pod sctting of 93.1%. The flowers that did not sct
pods opcned late (14-15 May) (Table 4). The relative
humidity after 15 May was 50-60% on avcrage, while the
daily mean temperature was over 20°C, reaching as high
as 22°C after 18 May (Table 3). This clcarly indicatcs that
a tempcraturc >22°C is unfavorable for lentil to fertilize
and bear fruits and further proves that the optimum
tcmperature for lentil to bloom is within the range of
14-22°C. Also, it can be scen that temperature is the
major climatic factor affecting ability to bear pods. In
addition, the nutrient supplies have a certain ellcct on the
pod-sctting pereentage. The flowers blooming after 14-15
May locatcd on the apical part of primary and sccondary
branches were lower in pod-setting ability than those on
more basally located branches.

Plasticity of Small and Large-seeded
Lentil Cultivars®

D. Begum!, S.B.A. Dewan! and M.M.B. Solh?
U Bangladesh Agriculture Research Institute

Joydebpur, Dhaka, BANGLADESH
2 gmerican University of Beirut

Beirut, LEBANON

Abstract

The use of two different population densities for growing
small- and large-seeded lentil can indicate differences in
plasticity of these two types. To test this phenomenon, a
field experiment was conducted in 1979/80 at the
Agricultural Research and Education Centre of the
American University of Beirut with five small- and five
large-seeded lentil cultivars in three levels of population
densities: 1,600,000, 533,000 and 266,000 plants/ha. A
split-plot design with densities as main plot and cultivars

as subplot was used. Data were collected on a per-plant
basis. Effect of population density was significant for all
the characters studied except 100-seed weight. Effect of
cultivar was significant for all characters except
biological yield. Interaction between density x cultivars
was significant for yield/plant, plant height, number of
seeds/pod, leaflets/leaf and one- and two-podded
peduncles/plant. Orthogonal comparison showed the
difference between two lentil types was significant for
number of seeds/pod, 100-seed weight, plant height, stem
diameter, days to maturity, number of primary and
secondary branches, one-podded peduncles, nodes/plant,
height of the first pod-bearing nodes and number of
leaflets/leaf. Interaction of the two types with density was
not significant for all characters studied. which shows
the similar ability of these two types to utilize available
resources.

+ Contribution from the Facully of Agricultural and Food Sciences,
American University of Beirut, Beirut, Lebanon. Adapted from the
M.Sc. work of the senior author.
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Introduction

Plasticity refers to the ability of a crop to use efficiently
the available resources. It points to the efficient use of
resources in the partition of dry matter into harvestable
products and in the partition of resources available to
individual plants in the crop, allowing manipulation by
crop management. Available resources like irrigation,
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fertilizer and space allocated per plant arc quite easy to
manipulate; cven the availability of solar radiation is
somewhat manageable in one way or another. In
developing countrics, crop management is more difficult
to manipulate as tools and mcans arc limited. Farmers
usually grow crops under rain-fed conditions and fertilizer
application is a rarc practicc. Only the staple crops, such
as rice or wheat, get more carcful attention. A legume
crop, like lentil, which is an additional crop between two
rice scasons or a fallow land crop, gets few inputs. Thus,
for lentil grown under rain-fed, unfertilized conditions, the
space allocated per plant remains the only easy way (o
manipulate plasticity. In those areas of the world where
both small- and large-sceded lentils are grown, farmers
use a high population density for small-sceded type and
medium density for large-seeded type. The notion is that
the large-seeded type has relatively higher plasticity in
making better use of space allocated per plant than small-
sceded types. This study tested the responses of small-
and large-secded lentil to different plant population levels.

Materials and Methods

A field experiment was conducted in 1979/80 at the
Agricultural Rescarch and Education Centre (AREC) of
the American University of Beirut (AUB) with five small-
sccded and five large-seeded lentil cultivars of diverse
origin. Seeds were collected from the lentil world
germplasm collection of the International Center for
Agricultural Research in the Dry Areas (ICARDA),
Aleppo, Syria. The countries of origin and seed
characteristics of the cultivars are listed in Table 1.

Table 1. Accession number, country of origin and seed types
of 10 lentil cultivars.

Accession Country of  Seed

number Common name origin type
ILL 4401 Syrian local small Syria Small
ILL 1877 Wint pull 11 Turkey Small
ILL 1880 Wint red 51 Turkey Small
ILL 4399 Lebanese local Lebanon Small
ILL 179 74 TA 181 Turkey Small
ILL 915 74 TA 66182 Spain Large
ILL 467 — Chile Large
ILL 101 74 TA 138 Morocco Large
ILL 468 - Chile Large
ILL 4400 Syrian local large Syria Large

Three levels of population densities, 1,600,000 (high
density D,), 533,000 (medium density D,) and 266,000
(low density D;) plants/ha, were used. To achieve these



different levels of population densitics, row spacings of
2.5,7.5 and 15 cm were uscd. A split-plot design with four
replications was uscd with densities as main plots and
cultivars as subplots.  Each subplot was plantcd in four
5-m rows, 25 c¢m apart. The soil condition and the
available nutricnt status of the experimental plot (C-63)
were studied by Ryan ct al. (1980). Cropping history of
that plot for the last 2 ycars was wheat in 1976/77 and
sweet corn in 1977/78. The sced bed was prepared alter
plowing down the residues of the previous crop using a
moldboard plow. Furadan was incorporated in the soil to
control Sitona sp. at the ratc of 60 kg/ha. Planting was
donc by hand on 15 November 1979. Sceds cmerged on
17 Deccember because of late rainfall. All plots were
plantcd at a high sceding rate and plants were thinned
later to establish the desired population densitics.

Data were collected on cight plants from the central
two rows in cach subplot. The following characters were
cvaluated on a per-plant basis: grain yicld (g), number of
pods and sccds/pod, 100-sced weight (g), plant hcight
(cm), stem diamcter (mm), height of the first pod-bearing
node from soil level (cm), number of leaflets/lcaf based
on eight leaves randomly picked per plot, days (o
physiological maturity recorded at 90% of pods yellowing
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or drying, numbcer of primary and sccondary branches,
nodes, and onc-, (wo-, three- and four-podded peduncles,
biological yicld afler air drying (g) and harvest index.

Data were analyzed for all characters using a split-plot
analysis. Orthogonal comparisons were done to partition
sum of squarcs of densitics, cultivars and their interaction
following Steel and Torric (1960).

Results and Discussion

Effcct of population density was significant for all the
characters  studied  except  100-sced  weight, sccd
number/pod and plant height. There were significant
diffecrences between cultivars for all characters except
biological yicld (Table 2). Interaction between cultivars
and population density was significant for grain yicld,
number of secds/pod, plant height, number of
leaflcts/lcaf and number of one- and two-podded
peduncles/plant.  Partitioning  of  trcatments  and
intcraction was done to show the effect of population
density (i.c., available resources allocated as space per
plant) on (wo lentil types (Table 3). Orthogonal
comparison between small- and large-sceded lentil
varieties (Q,) indicates the differences between these two

Table 2. Mean squares for analysis of variance of split-plot design for characters in 10 lentil cultivars.

Main plot Cultivars x

Character Density error Cultivars density Subplot error
dfr 3 6 9 18 81
Grain yicld/plant (g) 27.36** 1.75 4.23%* 1.00** 0.51
Biological yicld/plant (g) 273.99* 1.39 4.59 3.21 2.85
Harvest index 7.134%* 0.008** 0.061** 0.010 0.005
No. pods/plant 46424.0%* 211.0 1920.0%* 529.0 318.0
No. sceds/pod 1.262 0.021 0.380** 0.095** 0.027
100-sced weight (g) 0.246 0.717 8.659** 0.333 0.228
No. primary branches/plant 195.23** 6.53 33.05** 3.10 2.23
No. secondary branches/plant 1465.88%* 3.36 48.27** 7.37 10.45
No. nodes/plant 113658.0** 942.0 5102,0** 670.0 1493.0
Plant height (cm) 39.13 18.71 71.85** 8.99* 4.62
Hcight of first pod-bearing node from 132.36** 1.70 17.83* 1.63 1.18
soil (¢cm)
No. lcaflets/leaf 1.613** 0.122 7.884%* 0.550* 0.303
No. onc-podded peduncles/plant 3017.0%* 34.0 288.0** 95.0%* 31.0
No. two-podded peduncles/plant 4152.0%* 29.0 358.0%* 98.0** 37.0
No. threc-podded peduncles/plant 112.0%* 2.32 127.0%* 14.0 8.63
Stem diameler (mm) 0.0693** 0.0001 0.0124** 0.0005 0.0004
Days to maturity 448.0%* 21.83 350.67** 16.78 13.53

** * Significant at 1% and 5% probability levels, respectively.
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Table 3. Mean squares for orthogonal comparisons of characters in 10 lentil cultivars.

Q, (small- vs large-

Q, (medium vs high and

Characters seeded type) low density) Q,xQ,
Grain yicld/plant (g) 0.01 38.46%* 0.06
Biological yield/plant (g) 1.64 13.5%* 0.41
Harvest index 0.0002 0.09* 0.00006
No. pods/plant 568.0 3265.0%* 526.0
No. seeds/pod 1.048** 0.743* 0.038
100-sced weight (g) 61.30** 0.021 0.009
No. primary branches/plant 174 6** 18.0 0.43
No. secondary branches/plant 170.2%* 21.6 2.87
No. nodes/plant 24696.0** 1556.0 1262.0
Plant height (cm) 17.6* 5.64 1.85
Hecight of first pod-bearing node from soil (cm) 22 .5%* 7.01 0.58
No. leaflets/leafl 15.5%* 1.8 0.001
No. one-podded peduncles/plant 389.0%* 28.0 0.0006
No. two-podded peduncles/plant 0.94 222.0% 134.0
No. three-podded peduncles/plant 0.0009 49.0%* 0.149
Stem diameter (mm) 0.038%* 0.007** 0.003
Days to maturity 371.0%* 17.6 2.6

**, * Significant at 1% and 5% probability levels, respectively,

types and, between medium (D,) vs. high (D;) and low
(Ds) density (Q,), explains the behavior of cultivars over
density levels. The third column of Table 3 (Q, x Q,)
shows the interaction of two types with density, which
reflccts whether these two sceded types will have higher
yicld with more spacc allocated per plant, i.e., more
available resourccs. The difference between the two lentil
types was significant for number of sceds/pod, 100-sced
weight, plant height, stcm diameter, days to maturity,
number of primary and secondary branches, one-podded
peduncles and nodes/plant, heights from soil level of the
first pod-bcaring node and number of leaflets/leaf (Table
3). The effect of medium density over high and low
density was significant for grain yield/plant, number of
sceds/pod, stem diameter, biological yicld, harvest index,
number of leallets/lcaf, number of pods, secondary
branches and two- and three-podded peduncles per plant.
Intcraction of two types with density levels was not
significant for any of the charactcrs studied, which reflcets

that these two lentil types do not differ in ability to use
available resources given, i.e., space allocated per plant.
The farmers’ traditional concept about using different
densities for different lentil types is in dispute. However,
for conclusive comments, further experiments with
diffcrent types of density levels should be conducted
involving a number of small- and large-seeded cultivars.
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Chemical and Mineral Composition of
Lentil in the Flowering Stage as
Affected by Herbicide Application in
the Field

S. Labuda'! and M. Wesolowski’

' Department of Agricultural Chemistry

2 Department of Tillage and Plant Cultivation
Agricultural University of Lublin
P.O. Box 158
20-950 Lublin I, POLAND

Abstract

The paper presents the results of studies on the effect of
soil and foliar herbicides on the chemical and mineral
composition of lentil in the flowering stage and on its
yield. The content of C, N, S, P, K, Ca, Mg, Na, Cl, Fe,
Mn, Zn and Cu was determined in the plants and then
the ratios of carbon to the other elements calculated. It
was proved that the use of herbicides had not
deteriorated the quality of lentil in the flowering stage.
An increase in the carbon level in lentil in the flowering
stage increased its seed yield; however, an increased
sulphur level decreased it. The herbicides affected the
yield of lentil mainly through accessibility of the mineral
elements in the agrosystem.
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Introduction

The use of herbicides modifies the agrosystcm and affects
cultivated plants both indirectly through changes in the
number of plants and weeds, and dircctly through the
chemical action of the organic compounds that herbicides
contain. A considerable effect of herbicides is excrted also
on soil microorganisms, hence on organic matter changes,
i.e., the processes of mineralization and immobilization in
the soil. All these influences may affect both the yield and
quality of lentil (Trivedi and Tiwari 1986; Hernando ct al.
1987; Bhatty 1988).

The objective of this study was to determine the cffect
of various hcrbicides on the chemical and mincral
composition of lentil’s aboveground parts in the flowering
stage.

Materials and Methods

Studies on the lentil (Lens culinaris Medikus) cv.
Trebisovska were carried out in the ycars 1987-89 on
locss soil, ncar Lublin (51°19' N, 22°16’ E, 206 m as.l.).
The soil reaction in 1 mol KCL/dm® was 5.6; P and K
content in soil, dctermincd with the method of Egner-
Riehm (Egner et al. 1960) was 130 and 152 mg/kg of soil,
respectively; available Mg determined in 0.0125 mol CaCl,
was 93 mg/kg of soil and the total N content was 1.120
g/kg. Organic carbon content, as detecrmined with the
method of Tiurin (Sokolov 1975), was 8.578 g/kg of soil.

The experiment was set up in a systcm of equivalent
subblocks. It included 14 treatments in 4 replications: (1)
hand weeding control, (2) Triflurotox (trifluralin 26%) 2
L/ha, (3) Afalon (linuron 50%) 2 kg/ha, (4) Comodor
(tebutam 72%) 4 L/ha, (5) Azogard (prometryn 50%) 3
kg/ha, (6) Tribunil (mcthabenzthiazuron 70%) 3.5 kg/ha,
(7) Stomp 330E (pendimcthalin 33%) 4 L/ha, (8)
Dosamix (metoksuron 72% + simazine 8%) 2.5 kg/ha,
(9) Azogard + Kerb (prometryn 50% + propyzamide
50%) 3 + 1 kg/ha, (10) Command (clomazone 48%) 0.6
L/ha, (11) Aretit (dinoscb acctate 40%) 2 kg/ha, (12)
Arctit 3 kg/ha, (13) Aretit 4 kg/ha and (14) Basagran
(bentazon 50%) 2 L/ha. Trcatments 2-10 were the
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herbicides used in the soil, and Treatments 11-14 were
the herbicides uscd on lcaves. Triflurotox was used 3 days
beflore sced sowing and incorporated into the soil; the
rcmaining herbicides were used 3-10 days after sowing.
Foliage herbicides were used when tendrils appcared on
the plants, which was between 4 and 9 Junc.

In the crop rotation system lentil was cultivated after
oats in the 5th ycar since thc application of manure.
Mineral fertilizers werc applied (P, 35 kg/ha; K, 83
kg/ha); N fertilization was not used. Lentil seeds were
sown in rows 25 cm apart, at 3-4 cm depth, in 4-m? plots.
There were 200 sceds/m?, which corresponded to 60 kg
seced/ha. The dates of sceding in the study years were
between 4 and 14 April. Flowering began between 15 and
19 Junc.

To determing the chemical and mincral composition of
the lentl, plants in the flowering stage were used when
the first small pods appcarcd. Annually from ecach
treatmcent the whole 4 m? aboveground parts of the plant
were taken. The number of weeds and their dry matter
were determined before harvesting. The date of harvest
was between 7 and 11 August.

Chcmical composition was determinced according to the
following procedure: the dry matter was determinced at
105°C, crude protein using the coefficicnt 6.25 x N% as
total N, crude fibrc with the acid-alkaline method, crude
fat with the extraction method, crude ash was determincd
at 550°C and nitrogen-free extract based on the
dctermined compounds.

The mincral composition was determined in the
flowering stage way; C and N content with a Perkin-
Elmcr 240 CHN analyzer; P, K, Ca, Mg, Fe, Mn, Zn and
Cu conlent alter the mineralization of the plant material
in quartz crucibles at 550°C; P calorimetrically with the
vanadomolibdcnic mcthod; K with flame photometry
method; Ca, Mg, Fe, Mn, Zn and Cu with the atomic
absorption spcctrophotometry method; total S with the
ncphelometric method; Na and Cl after plant material
extraction with the acctic acid solution; Na with the flame
photometry mecthod, and Cl wusing silver nitrate
calorimetrically.

The chemical analyses were made twice in each sample
of plant matcrial and the results were given in terms of
dry matter. The ratios of carbon to the determined
clements were calculated on a molar basis.

Results and Discussion

The characteristics of weed infestation and yield of lentil
as affected by the herbicides arc presented in Table 1
according to the studies of Wesolowski (Annales UMCS,
parts I and II, in press). The highest increase in the yield
of lentil seeds was caused by Dosamix 2.5 kg/ha, Azogard
+ Kerb 3+1 kg/ha, Tribunil 3.5 kg/ha, Stomp 330E 4
L/ha and Aretit 2 kg/ha. Command and Basagran were
ineffective for weed control in lentil. The herbicides used
in the studies, with the exception of Basagran, limited the
number and weight of weeds in lentil.

Table 1. The characteristic of weeding and yield of lentil as affected by the application of herbicides.

Treatment No. weeds/m? Dry matter of weeds (g/n?) No. plants/m? Seed yield (g/m?)
1 52 183.8 110 98.5
2 127 488.3 94 53.6
3 49 308.7 91 35.5
4 85 278.0 113 66.0
5 81 307.7 117 59.2
6 71 358.6 111 68.7
7 82 306.7 105 68.5
8 70 309.3 107 73.8
9 74 293.7 105 71.2
10 66 286.1 77 55.9
11 84 288.3 115 83.8
12 T2 295.8 112 79.9
13 75 285.5 109 77.8
14 108 4153 69 18.6
LSD (0.05) 60 189.7 25 26.2
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Table 2. The content of chemical compounds in lentil (g/kg dry matter) at the flowering stage as affected by the application of

herbicides.
Treatment Crude protein Crude fiber Crude fat N-free extract Crude ash
1 205.7 2721 32.4 3934 96.4
2 182.1 253.7 28.9 444 .6 90.7
3 184.0 2773 39.4 402.5 96.8
4 183.9 282.1 335 4132 873
5 189.2 279.1 31.1 410.9 87.9
6 200.0 279.2 344 391.8 94.6
7 182.9 277.9 303 411.8 97.1
8 186.1 286.1 38.9 401.4 87.5
9 176.3 274.8 347 431.2 83.0
10 191.0 284.4 32.9 397.6 94.1
11 192.5 298.2 344 385.4 89.5
12 203.9 255.6 40.7 398.5 101.3
13 178.4 258.5 333 438.8 91.0
14 217.1 266.0 40.7 352.0 124.2

These herbicides also affected the chemical composi-
tion of lentil in the flowering stage (Table 2). The changes
in the content of chemical compounds were dependent on
the herbicides. The fodder value of green tops of lentil in
the flowering stage, expressed in the content of chemical
compounds, was high irrespective of the herbicides used.
The greatest changes occurred in the content of crude
proteins, crude fat and crude ash; however, the content of
crude fibre and nitrogen-free extract changed in a lesser
degree. Therefore, use of the herbicides clearly affected
the chemical composition of lentil in the flowering stage.

The mincral composition of lentil in the flowering
stage is presented in Table 3. The content of C, N, §, P,
K, Na, Cl and Fe was significantly changed as affected by
the herbicides; however, nc significant differences
between the element and the average level were found in
Ca, Mg, Mn, Zn and Cu. Thus, it can be stated that
significant differences were found in such clements as C,
N, S, P and K. A significant differcentiation in the carbon
suggests that the herbicides applied affected the process
of photosynthesis, which might have been caused primarily
by the accessibility and uptake of the remaining mineral
clements. The correlation between the mineral elements
and the yield of lentil seeds shows that it was significant
only between the content of C and S in lentil in the
flowering stage and the yield of seeds; for C: r = 0.657,
b, = 3.251 and for S: r = -0.632, b, = -26.887. Thus,
limitation in carbon assimilation caused by the herbicides
and increased sulphur accessibility are the two main
factors that affected the yield of lentil.

The herbicides used were not homogeneous either
chemically or in dosage, so it was accepted that the ratios
determining quantitative correlations between carbon and

the remaining mineral elements in lentil in the flowering
stage characterize element ratios in the agrosystem
because carbon was in the same amount in all treatments.
The ratios of carbon to the other elements are presented
in Table 4. The herbicides used had a significant cffect on
the uptake of mincral clements from the soil, which
affected the yicld of seeds irrespective of the conditions
existing in the canopy of plants.
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Abstract

Gliocladium  virens, Trichoderma harzianum and
Paecilomyces lilacinus significantly reduced root rot
infection of lentil caused by Macrophomina phaseolina,
Rhizoctonia solani and Fusarium spp. Use of microbial
antagonists as soil drench or inoculum multiplied on
wheat bran and rice grain was more effective than their
use as seed dressing.
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Introduction

Lentil (Lens culinaris), an important pulse crop, was
found to suffer from root rot and wilt diseases caused by
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Macrophomina phaseolina (Tassi) Goid, Rhizoctonia
solani Kuhn and Fusarium spp. in Pakistan (Ghaffar
1990). Use of fungicides for the control of fungal
pathogens is a common practice. Considering the cost of
chemical pesticides and their associated environmental
hazards, the use of microbial antagonists in the control of
soil-borne plant pathogens has received increasing
attention throughout the world (Mulder 1979).
Experiments were therefore carried out on the biological
control of root rot of lentil.

Materials and Methods

Cultures of Trichoderma harzianum Rifai (KUMH 115),
Gliocladium virens Miller, Giddings & Foster (KUMH
464) and Paecilomyces lilacinus (Thom) Samson (KUMH
244) obtained from the Karachi University culture
collection were used. The inoculum was multiplied on
potato dextrose agar (PDA) for 5 days and the conidial
suspension was used as seed dressing or as soil drench.
For seed dressing, 1% gum arabic was used as sticker and
each sced contained 3.6 x 10° conidia of T. harzianum, 5.6
x 10° conidia of G. virens and 4.9 x 10° conidia of P.
lilacinus. For soil drench, a 300-ml conidial suspension of
each microbial antagonist was applicd in 2-m furrows.
Each milliliter of suspension contained 1.2 x 10’ conidia
of T. harzianum, 1.2 x 10’ conidia of G. virens and 2.5 x
107 conidia of P. lilacinus.

In another set the biocontrol agents were multiplied on
wheat bran and rice grain and 7-day-old cultures were
applied in soil at 0.1 and 0.3% w/w in 2-m furrows. The
wheat bran culture contained 5.6 x 10° conidia/g of T.
harzianum, 0.4 x 10° conidia/g of G. virens and 6.1 x 10°
conidia/g of P. lilacinus. The rice grain culture containcd
5.1 x 10° conidia of T. harzianum, 5.4 x 10° conidia of G.
virens and 20.9 x 10° conidia of P. lilacinus per rice grain.
The experiment was carried out on 2 x 1 m microplots in
a randomized complete block design at the experimental
field of the Department of Botany, University of Karachi,
in January 1990. The soil had a natural infestation of 1-5
sclerotia of M. phaseolina /g of soil as found by using wet
sieving and dilution technique (Sheikh and Ghaffar 1975),
4% colonization of R. solani on sorghum seeds used as
baits (Wilhelm 1955), and 3000 cfu/g of soil of Fusarium
spp. as assessed by soil dilution plate method (Waksman
and Fred 1922). Each treatment was replicated three
times.

Plants were uprooted after 30 days of growth. Ten 1-
cm-long root picces from cach plant were cut, surface
sterilized with 1% Ca(OCl), for 3 minutcs and transferred
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to PDA plates containing Penicillin (10° units/L) and
Streptomycin (0.2 g/L). Plates were incubated for 5 days
at 28°C and the incidence of root-infecting fungi, viz. M.
phaseolina, R. solani and Fusarium spp., was rccorded.

Data of infection percentage were subjected to
factorial analysis of variance (FANOVA) after arcsine
transformation (Orléci and Kenkel 1985).

Results and Discussion

Results of FANOVA are presented in Table 1. Infection
percentage  differed  significantly among pathogens
(P<0.001) but antagonists did not exhibit significant
differences with respect to infection percentage. However,
the different methods of application had significant
(P<0.001) differential influence on infection percentage.
Only the interaction of pathogen x method of application
was significant (P<0.001); other intcractions were not
significant.

Infection of M. phaseolina was completely controlled
when T. harzianum and P. lilacinus were used cither as
sccd dressing, as soil drench or where wheat bran culture
at 0.1% or rice grain culture at 0.1% and 0.3% w/w were
used. Gliocladium virens showed complete control of M.
phaseolina infection when used as soil drench and where
wheat bran and rice grain inoculum were used (Fig. 1).

Infection by R. solani was completely inhibited by
wheat bran and rice grain culture of T. harzianum and G.
virens and where G. virens was used as soil drench.

when rice grain culture of P. lilacinus was used at 0.3%
w/w,

Fusarium infection was controlled by seed dressing
with G. virens and P. lilacinus, in soil drench by T.
harzianum, G. virens and P. lilacinus, and when wheat
bran and rice grain culture of T. harzianum and P.
lilacinus were used (Fig. 1).

In the present study all the microbial antagonists
showed promising results in the control of M. phaseolina,
R. solani and Fusarium infection on lentil roots. It may be
mentioned that secd dressing or soil trecatment with 7.
harzianum, G. virens and P. lilacinus elfectively reduced
infections of M. phaseolina, R. solani and Fusarium spp.
on okra, sunflower, soybean and mungbean (Ehteshamul-
Haque ct al. 1990). Similarly, P. lilacinus, a parasite of
Meloidogyne eggs, significantly reduced the infection of M.
phaseolina on mungbean, okra and sunflower (Shahzad
and Ghaffar 1989; Hussain et al. 1990).

The present study suggests that multiplication of
biocontrol agents on organic substrate or its delivery in
soil as drench is more cffective for the control of root-
infecting fungi than when used as seed dressing. There is
a need to develop a simple, inexpensive method for the
multiplication of microbial antagonists on different
substrates and their dclivery to the soil environment lor
control of root rot diseases.
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Table 1. Results of factorial analysis of variance (FANOVA) of infection by root-infecting fungi.
Source of variation Sum of squares df Mean square F Prob.
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BC 2963.347 16 185.209 1.407 NS
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Fig. 1. Effect of Trichoderma harzianum (TH), Gliocladium
virens (GV) and Paecilomyces lilacinus (PL) on infection of
Macrophomina phaseolina, Rhizoctonia solani and Fusarium
spp.-on lentil roots. A,control (no substrate); B, control (wheat
bran); C, control (rice grain); D, seed dressing; E, soil drench;
F, 0.1%rice grain inoculum; G, 0.1% wheat bran inoculum; 11,
0.3% rice grain inoculum; 1, 0.3% wheat bran inoculum.
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Abstract

Vascular wilt in lentil is caused by Fusarium oxysporum
f.sp. lentis. Incidence of the disease is influenced by both
environment and host. A study of root morphology and
anatomy revealed that lentil varieties with short roots
and few secondary roots showed a low incidence of
vascular wilt resistance. Furthermore, compact cork
cambium, fully developed phellogen, thin-walled and
narrow metaxylem were the characteristics of lentil
varieties exhibiting resistance to wilt. No significant
anatomical variation was found between varieties of lentil
resistant and moderately resistant to vascular wilt.
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Introduction

Much work has been carned out on the host resistance of
lentil against rust (Reddy 1980; Reddy and Khare 1984).
However, information 1s lacking for soil-borne discases in
lentil. The present work was undertaken to determine
whether  root  morphology and  anatomy influcnce
incidence of wilt in lentil.

Materials and Methods

To study the influcnce of host structurc on vascular wilt
incidence 1n lentl, six varicties, namcly Pant L-234 and
Pant L-639 (resistant), JPL-355 and JPL-1014 (moderatcly
resistant) and JL-1 and JPL-18 (susceptible), wcre
sclected. Obscrvations were recorded when the crop was
45 days old. Morphological characteristics were examined
alter carcfully uprooting the plant and thoroughly washing
it. Transverse scctions of 25 um thickness were cut with
a microlome to study the root anatomy. To rccord wilt
incidence (in 9%), sterilized sceds were sown in infested
soil containing the desired inoculum of the pathogen
(Khare 1980).

Results and Discussion

Root length was significantly less in resistant and
modecrately resistant varietics than in susceptible varictics
(Table 1). It was minimal (5.0 cm) in Pant L-234, which
exhibited 4.2% wilt incidence. The maximum incidence of
wilt was 53.5% in JPL-18, which had 10.27-cm-long roots.
Similarly, sccondary roots were significantly less in
resistant and modecrately resistant varictics than in
susceptible oncs. The least number of sccondary roots
(4.67) was notcd in Pant L-234, where incidence of wilt
was minimum. The incidence of wilt increased with (he
increase of root length and secondary roots. Correlation
cocfficients of root length (r = 0.95;y = -51.8 + 10.2x)
and sccondary roots (r = 0.99; y = 24.0 + 5.8x) were
significant. Susceptibility may be duc to exposure of more
surfacc because of long roots. The pathogen Fusarium
oxysporum f{.sp. lentis gains entry through natural
openings, such as ecmergence of sccondary roots, or
through wounds, which expose xylem (Khare 1980). The
greater number of sccondary roots in susceptible varicties
provided more potential entry points for the pathogen and
increased the contact surfacc.

Besides morphology, anatomical characters of root-like
cuticle thickness (Martin 1964), type of cpidermis and
periderm  (Campbell ct al. 1980) are involved in
resistance. The cclls composing periderm arise from cork
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Table 1. Influence of root morphology and anatomy on vascular wilt incidence in lentil.

Morphology Anatomy of metaxylem
Wilt Root length Number of
Varieties incidence (%) Reaction® (cm) secondary roots Diameter (xm) Wall thickness (xm)

Pant L-234 4.2 R 5.00 4.67 25.70 2.997
Pant L-639 5.0 R 5.43 5.00 29.98 2.997
JPL-355 8.9 MR 6.13 5.67 29.98 4.280
JPL-1044 8.1 MR 7.07 6.00 29.13 3.850
JL-1 40.1 N 8.33 13.67 35.12 4.710
JPL-18 53.5 S 10.27 10.33 35.98 4.710
SEM + 0.454 1.088 1.099 0.391

LSD (0.05) 1.399 3.356 3.410 1.206

1 R = resistant; MR = moderately resistant; S = susceptible

cambium (phellogen). The periderm provides strong
rcsistance to the invading pathogen (Jensen et al. 1963).
Internal structures of lentil root revealed that cork
cambium cells were more compact and multilayered in
resistant varietics. The phellogen also was fully developed,
causing a barrier to the invading pathogen (Fig. 1). The
fungus ultimately colonizes the metaxylem and stops the
supply of water and mincral ions, resulting in loss in
turgidity and finally wilting. Critical studies of metaxylem
(Fig. 2) showed that diameter of mctaxylem in resistant
varictics was significantly less (25.7-29.98 um) than in
susceptible varieties (35.12-35.98 um). No marked
dilferences were found in the diameter of metaxylems of
moderately resistant and resistant varieties. The thickness
of metaxylem in roots of resistant varicties was at least
2.997 pm, whereas in susceptible varieties it was 4.71 um
(Table 1). It is evident that thickness and diameter of
metaxylem were positively correlated with the fusarial wilt
incidence and values of correlation cocfficients were 0.81
(y = 66.0 + 219x) and 092 (y = -1369 + S5.1x),
respectively. The narrow metaxylem and thin outer wall
influence translocation and provide more flexibility in
resistant  varicties; this is responsible for rapid
translocation of water and mineral substances. Thus, the
fungus has less time to colonize in the metaxylem of the
root in resistant varieties. A large lumen of metaxylem
provides more space for the pathogen and a slow rate of
translocation favors its development and colonization in
susceptible varieties.
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Fig. 1. Transverse sections of lentil roots: (1) compactness of
cork cambium cells in Pant L-234 resistant to wilt; and (2)
large and loose cork cambium cells in JPL-18 susceptible to
wilt. (145 X)
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Fig. 2. Structure of metaxylem in roots of different lentil varieties: (3) and (4) narrow metaxylem vessels and thin wall in roots of
Pant L-234 and Pant L-639 (resistant to wilt); (5) and (6) intermediate type of metaxylem vessels and thickness of wall in roots of
JPL-355 and JPL-1014 (moderately resistant to wilt); (7) and (8) large metaxylem vessels and thick walls in susceptible varieties

of lentil JL-1 and JPL-18. (600 X)
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In vitro Evaluation of Fungicides
against Botrytis cinerea of Lentil
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Abstract

Using the poisoned-food technique, 14 fungicides
(Antracol, Bayton, Benlate, Calixin-M, Cobox, Daconil,
Dithane M-45, Liromenzeb, Polyram Combi, Ridomil,
Tecto-60, Topsin-M, Tri-Miltox Forte and Vitavax) were
tested against Botrytis cinerea Pers. ex Fr, the causal
fungus of lentil blight. Benlate, Calixin-M and Tecto-60
were the most effective in suppressing the growth of the
fungus.
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Introduction

Lentil (Lens culinaris Medik.) suffers from a number of
discases which are causcd by fungi, bacteria, viruses,
nematodes and phancrogamic plant parasites (Khare ct al.
1979). In recent ycars, it has been attacked by Botrytis
blight, which caused severe losses to the crop
(Anonymous 1989). Blight caused by B. cinerea has been
reported in Syria (Bellar and Kebabeh 1983) and India
(Kannaiyan and Nene 1973). Varieties of lentil resistant
to blight were reported in the USSR (Moghilelf and
Ryakhovski 1937). The best protection of lentil sceds
against B. cinerea has been achieved with Captan and
Thiram (Kovacikova 1970). Baudys (1929) suggested
chemical control of the discase by spraying 1.5% lime
sulphur and 1.0% sulikol.

Genetic resistance is the most effective method to
control the disecase. However, if resistant varieties are not
available, the use of fungicides may be an alternative
control measure. Therefore, the in vitro effect of some
fungicides was tested on mycelial growth of B. cinerea.

Materials and Methods

The fungus was isolated from infected stems of lentil on
potato dextrose agar (PDA) medium purified and
increased on chickpea seed meal agar (CSMA) medium.
The toxicity of 14 fungicides, viz., Antracol (zinc
propylene bisdithiocarbamate), Bayton (beta-
chlorophenoxy triazol ethanol), Benlate (methyl-N
butylcarbamyl benzimidazole carbamate), Calixin-M

(dimethyl  tridccyl morpholine), Cobox  (copper
oxychloride), ~ Daconil  (tetrachloroisophythalonitlc),
Dithane M-45 (zinc and mangancse cthylene

bisdithiocarbamate), Liromenzeb (manganese al_'ld ?.Enc
cthylene bisdithiocarbamate), Polyram Combi (zinc
polyethylene thiuram disulphate), Ridomil (methyl-N
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dimcthyl phenyl-alaninate), Tecto-60 (thiazolyl-
benzimidazole), Topsin-M (bismethoxycarbonyl
thiourcido-benzene),  Tri-Miltox  Forte  (zinc  and

manganese cthylene bisdithiocarbamate) and Vitavax
(dihydro methyl-oxathiin carboxanilide), was tested by the
poisoned-food technique (Nene and Thapliyal 1979).

Each fungicide was mixcd scparately in autoclaved
meclted CSMA  medium to obtain the required
concentration (100 ppm). Poisoned melted medium (20
ml) was then poured into each sterilized plate and
allowed to solidify. CSMA medium without fungicide
served as control. After solidification, 3-mm agar plugs of
actively growing cultures of the fungus were placed in the
center of the plates. Ten plates were used per treatment
and incubatcd at 20 * 2°C. Growth inhibition rate of the
fungus was rccorded after 8 days of incubation. Percent
inhibition was calculated according to Vincent (1947).

Results and Discussion

Most of the test fungicides significantly reduced the
mycclial growth of the fungus. Complete reduction in
mycclial growth was observed when Benlate, Calixin-M
and Tecto-60 were used. Fungicides Topsin-M, Vitavax
and Ridomil significantly inhibited the mycelial growth of
B. cinerea by 99, 84 and 82%, respectively, compared with
the control (Table 1).

Table 1. In vitro evaluation of fungicides against blight of
lentil caused by Botrylis cinerea.

Radial Decrease over control
S no. Treatments growth (mm") (%)
1 Control 9.00a —_
2 Antracol 4.44¢ 51
3 Bayton 6.67cd 26
4 Benlate 0.00h 100
5 Calixin-M 0.00h 100
6 Cobox 9.00a 0
7 Daconil 6.30d 30
8 Dithane M-45 7.24c¢ 20
9 Liromenzeb 3.35f 63
10 Polyram Combi 431e 52
1 Ridomil 1.64g 82
12 Tecto-60 0.00h 100
13 Topsin-M 0.08h 99
14 Trni-Miltox 8.65ab 4
Forte
15 Vitavax 1.44¢ 84

+ Values followed by same letters do not differ significantly using
the DMR test at 5% level of probability.
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Use of fungicides for the control of fungal diseases 1s
a common practice. There are several reports that
fungicides were uscd as foliar spray, soil drench and sced
treatment. The chocolate leaf spots of faba bean caused
by Botrytis fabae can be controlled effcctively by the spray
of bavistan and Benlate (Osman 1979; Elliott and
Whittington  1980). Efficacy of Benlate has been
confirmed against blight of lentil (Igbal et al. 1989) and
Ascochyta lentis (Bashir et al. 1987). Tecto-60 has been
proved cffective against A. fabae (Kharbanda and Bernicr
1979). Completc reduction of scedborne A. rabiei of
chickpca was achicved when the seeds were treated with
Calixin-M (Rcddy 1980).

In light of the present study, Benlate, Calixin-M and
Tecto-60, followed by Topsin-M, Vitavax and Ridomil,
can be recommended for further investigation.
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Effect of Lentil Strain of Pea
Seedborne Mosaic Virus on Lentil

M. Aftab, S.M. Igbal and C.A. Rauf

National Agricultural Research Centre, Islamabad
Durani Agricultural College
Rawalpindi, PAKISTAN

Abstract

Pea Seedborne Mosaic Virus was isolated from naturally
infected lentil variety Precoz showing serious mosaic
symptoms. Leaves demonstrated chlorotic pale spots and
shortening of internodes, and plants were stunted.
Infected plants bore fewer flowers and pods. In growth
and yield components, decrease in plant height, number
of pods, number of seeds and yield/plant was 51.2, 58.4,
65.6 and 72.0%, respectively. An electron micrograph
from leaf dip preparation showed flexuous, rod-shaped
virus particles.
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Introduction

Lentil (Lens culinaris Mcdik.) is one of the important
legume crops of Pakistan. In an arca of 76,000 ha, 33,000
t are produced with a yicld of 434 kg/ha (FAO 1990),
which is low compared with yields of 1900, 1425 and 1385
kg/ha in Egypt, USA and France, respectively. Pea
seedborne mosaic virus (PSbMV) of lentil strain is
important among the diseases responsible for low yields.

Under field conditions the virus can overwinter in hairy
vetch (Vicia villosa Roth.) and volunteer peas (Pisum
sativumm L.). The virus is transmissible to susceptible pea
cultivars planted nearby (Stevenson and Hagedorn 1973)
and yield and secd quality are adversely affected
(Stevenson and Hagedorn 1970). This strain, transmissible
manually or by aphids to all known pea and lentil cultivars
(Hampton and Baggett 1970; Gonzalez and Hagedorn
1971), was discovered to be a seedborne contaminant of
the US lentil germplasm collection (Hampton 1982). The
frequency of seed transmission in lentil is estimated to
range from 32 to 44% (Hampton and Muehlbauer 1977).
Symptoms of PSbMV in lentil are similar to those in pea,
causing plant stunting, leaf rolling, leaf size reduction,
stem twisting, flower distortion and reduced seed sct
(Hampton and Muchlbauer 1977). The cause of the high
incidence of seed transmission and the susceptibility of
commercial lentil cultivars in the Pacific Northwest, USA
is vulnerability to PSbMV. The purpose of this study was
to identify the virus problem in lentil through symptom
expression, indicator hosts and electron microscopy.
Moreover, discase incidence and yicld losses were
assessed to determine the economic importance of the

51




LENS Newsletter 19(2) 1992

disease. Control depends on the use of virus-free seed
stocks, but the ultimate means of control would be
cultivars resistant to PSbMV.

Materials and Methods

To confirm the viral nature of PSbMV, symptom
expression, mechanical inoculation and particle
morphology with leaf dip methods were applied. Yield
loss and effects of the virus on growth components were
studied at NARC, Islamabad. Seeds were collected from
both PSbMV-infected and healthy plants of lentil cultivar
Precoz in 1988, and planted in the rabi (winter) season of
1989. Each lot was planted in a 5 x 10 m plot, with a
row-to-row and plant-to-plant spacing of 20 and 10 c¢m,
respectively. Twenty healthy plants with no signs of
infection and the same number of diseased plants showing
distinct PSbMV symptoms at flowering stage were
sclected at random, marked and harvested individually at
maturity. Various parameters contributing to yield, such
as plant height, number of branches, pods, seeds and
yicld/plant were recorded. The data were statistically
analyzed with student "t" test and the results in percentage
of losses were compared.

Results and Discussion

The effects of the virus on growth components of lentil
crop revealed that the percentages of decrcase over
control were 51.2, 58.4, 65.6 and 72.0 for plant height,
number of pods, number of seeds and yield/plant,
respectively (Table 1). The decrease in number of
branches was nonsignificant. Although seed and aphid
transmissions were not confirmed in our experiment, the
primary infection of disease might be through infected
sceds (Hampton 1982) and the secondary through aphids
(Gonzalez and Hagedorn 1971). Because PSbMV is
basically a discase of peas that has been transmitted to

Table 1. Yield loss per plant in lentil cv. Precoz due to the
effect of pea seedborne mosaic virus (PSbMV).

Average Decrease
over control

Characters  Healthy Diseased (%) t value
Plant ht. (cm) 42.8 20.9 51.2 11.4*
No. branches 13.5 10.9 19.3 1.2
No. pods 102.2 4255 58.4 3.7*
No. sceds 157.2 54.1 65.6 4.8%
Yield (g) 8.5 24 - 72.0 5.0%
* P < 0.05.
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lentil, it is suggested that these two crops should not be
planted near each other. The other possible control
measure is the selection of resistant varieties. Attempts
also should be made to climinate neighboring
leguminousweeds, which act as a source of virus and
vectors. If we sow seeds collected from virus-free plants,
we can control the disease by as much as 50%, because
the virus is readily seed transmitted (Mink et al. 1969;
Hampton and Muehlbauer 1977).

The observed symptoms of the disease were similar to
those reported by Hampton and Muchlbauer (1977):
stunting of the plants, mild systemic mosaic, deformed
pods, shortening of the internodes and downward curling
of the leaflets. According to the reaction on the different
hosts, the virus was mechanically transmissible to
Chenopodium amaranticolor, which showed local lesions,
and peas showed systemic mosaic symptoms. An electron
micrograph from a leaf dip preparation showed flexuous,
rod-shaped virus particles (Fig. 1).

Fig. 1. Flexuous, rod-shaped particles of pea seedborne mosaic
virus (magnification = 20,000; enlargement = 4.5 X)
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Effect of Fungicidal Seed Treatment on
Lentil Germination and Recovery of
Seedborne Ascochyta fabae f.sp. lentis

S.M. Igbal, S. Hussain, M. Tahir
and B.A. Malik
Pulses Programme

National Agricultural Research Centre
Islamabad, PAKISTAN

Abstract

Effect of seed dressing with eight systemic (0.1%) and
nonsystemic (02%) fungicides on the germination of
lentil seed infected by Ascochyta fabae f.sp. lentis was
studied by using the blotter test technique. Benlate,
Daconil, Calixin-M and Antracol significantly increased
the germination of seeds over control whereas Calixin-M,
Benlate, Tecto-60 and Topsin-M proved effective in the
eradication of seedborne inoculum of A. fabae f.sp. lentis.
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Introduction

Lentil blight caused by Ascochyta fabae Speg. [sp. lentis
(Gossen) is one of the most devastating lentil discases.
The discase has been reported (o cause as much as 40%
yield losses (Gossen and Morrall 1983). Secdborne
inoculum is reported to be an important survival
mechanism in lentil blight (Gossen and Morrall 1981,
Kaiser 1987) and the scedborne nature of the fungus has
been confirmed by Seid and Beniwal (1988). Seed
dressing with various fungicides such as benomyi,
carbendazim carbathiin, ipodion and thiabendazole for the
control of seedborne lentil blight under ficld conditions
has been evaluated (Morrall and Gossen 1979, 1981,
Morrall 1980, 1988; Morrall and Beauchamp 1984,
Beauchamp and Morrall 1985). Seed treatment with
thiabendazole and benomyl were the best for control of
lentil blight (France et al. 1987; Russell et al. 1987). Other
fungicides such as thiabendazole, thiram and metalaxyl
also were reported to be effective (Bretag 1989).

Considering the effectiveness of various fungicides that
reduce or climinate the initial inoculum and prevent the
spread of seedborne diseases, this study was conducted to
determine the in vitro effect of various new commercial
fungicides on lentil seed germination and recovery of
seedborne A. fabae f.sp. lentis.

Materials and Methods

Eight fungicides—Antracol (zinc
disthiocarbamate), Benlate (methyl

propylene
N-butylcarbamyl
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Table 1. Effect of fungicidal seed treatment of lentil on seed germination and recovery of seedborne A. fabae f.sp. lentis.

Seed germination Recovery of seedborne A. fabae {.sp. lentis

Increase over Decrease over

Treatinent Concentration Germination (%) control (%) Recovery (%)' control (%)
Control — 39 2ct - 69.6a —
Antracol 0.2 69.6a 77.6 43.2cd 37.9
Benlate 0.1 76.0a 93.9 21.6fg 68.9
Calixin M 0.1 72.0a 83.7 16.0g 77.0
Cobox 0.2 43.2¢ 10.2 64.0ab 8.0
Daconil 0.2 73.6a 87.8 36.8d 47.1
Dithanc M-45 0.2 51.2bc 30.6 52.0bc 253
Tecto-60 0.1 64.0ab 63.3 24 8ecfg 64.4
Topsin M 0.1 66.4a 69.4 32.0def 54.0

t Valucs followed by the same letter are not significantly diffcrent at 5% level of probability.

benzimidazole carbamate), Calixin-M (N tridecyl dimethyl
morpholine), Cobox (copper oxychloride), Daconil
(tctrachloroisophalonite), Dithane M-45  (zinc  +
manganesc cthylene bis dithiocarbamate), Tecto-60
(thiazolyl benzimidazole) and Topsin-M (bismcthoxy
carbanyl thioureidobenze) —were tested to determine
their impact on seed germination and disease eradication.

Diseased seeds of a locally adapted varicty, Masoore-
85, with lesions of A. fabae f.sp. lentis were surface-
disinfected with 0.5% sodium hypochlorite solution for 3
minutes and dried on paper towels. Solutions of systemic
(0.1%) and nonsystemic (0.2%) fungicide were prepared.
Seed lots comprising 125 seeds were immersed in
fungicide solutions for 4 hours, placed on filter papers in
petri dishes (90 mm diam.) and incubated at 24 + 2°C
with 100% relative humidity. These treatments were
irrigated once a day with 2.0 ml of distilled water.
Germination counts were taken after the 7th day and
perce