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1. INTROOUCTION

This ssason marked the completion of a series of multidisciplinary
studies on effects of solartzation on chickpea. The experiments included
multilocation testing of solartzation effects, evaluation of residual
effects of solarization, interactions with Rhizgbiup and effacts on
chickpea growth in saline areas, Pulse Agronomy was responsible for the
management of thess field experiments although scientists from different
disciplines were involved in various measurements on the experiments.

The stationing of Dr. N.P. Saxena at Gwalior allowed the conduct of
detailed studies on adaptation of chickpea to tha Gwalior environment, amd
facilitated monitoring of the cold tolerance study at Hisar. An important
development in this season was the identification of non-nodulating mutants
among established chickpea cultivars and the testing of their suitability
for use as non-fixing controls in quantification of nitrogen fixation.

This season also saw further development of gresenhouse pot tests for
use in diagnosis of nutrient disorders in chickpea and evaluation of smal}
field plot tests to determine on-site adequacy of phosphorus, nitrogen and
Rhizobium. Screening of differences in moisture response among chickpea
genotypes utilizing a Vine-source sprinkler technique was continued and
finalized in this season. In collaboration with the chickpes breedars,
advanced genotypes were evaluated on large plots with and without
irrigation and a large demonstration block of ICCC 37 was grown.

This report documents the most important data obtained in the 1986/87
experimental program on chickpea together with some brief interpretive
remarks. Additional experimentation was also carried out in Pulsa Agronomy,
by the GOJ Special Project, but this will be reported separately in a
terminal report for this Project.

For the experiments reported here, any additional details of
experimental procedures, trisl layouts and further ancillary data can be
obtained from the respective Experiment Proposals, seasonal field books and
base data files maintained in Pulss Agronomy.

The comments and suggestions of readers are welcome.

Comsonly used symbols

SE = standard error of mean.

s = difference significent at P<0,085,
sz = difference significant at P<0.01.
3% = difference significant at P<0,001.
NS = not significant.

DAS = days after sowing
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3. METEOROLOGICAL AND SOILS DATA

I. Meteoroloaical Data

Weskly data for the period June 1986 to May 1987 are given for ICRISAT
Center, Gwalior and Hisar 1in Figures 3.1, 3.2 and 3.3, respectively. We
also give these data in numeric form in Tables 3, 1, 3.2 and 3.3, for those
who may wish to utilize these data more precisely (request from Dr R.J.
Summerfield, University of Reading, UK). These data have been compiled by
the Agroclimatology Section of Resources Management Program - Agronomy.

At ICRISAT Center (18°N, 78°E; 542 m as); 782 mm average annual
rainfall), rainy season rainfall was below average but rainfall during the
chickpea growing period was about normal.

At Gwalior (26°N, ra°s; 212 m asl; 899 mm average gnnual rainfall),
rainy season rainfall was well below average and only in January 1987 was
monthly rainfall above average. Tempsratures during the chickpea growing
period did not deviate markedly from the long~term averages.

At Hisar (209N, 759E; 221 m asl; 450 mm average ahnual rainfall),
rainy season ratnfall was a 1ittle below average. There was no rain in Nov-
Dec 1987 but above-average rain in Jan-Feb 1987. December and January
maximum and minimum temperatures were generally below normal.

II. Soils Data

Details of chemical analysis of soil samples taken from the
experimenta) sites during 1986 are given in Table 3.4. Details of sampling
and analysis techniques are given in Chickpea Agronomy Progress Report No.1
(1985/88) pp. 5-7. These analyses were conducted by the Soil Fertility
Laboratory of the Resources Management Program, which we gratefully

acknowisdge.
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Table 3.1. Meteorological data for ICRISAT center during 1986/87.

Year Std Rain %vag Temperature RHO7 RH14 Wind Sunshine Solarad
men

week  (m) max min  (X) x) kmph hr  mi/mes2/d

1986 23 0.0 98,6 38.6 25.5 687.4 29.1 19.9 9.8 23.9
24 73.8 54,5 33,7 23.5 85.9 54.0 14.3 2.9 14.4
25 33.3 50.7 30.8 23.2 87.3 57.3 23.5 3.4 14,56
26 8.0 43.8 30.3 23.0 83.9 53.0 21.7 1.3 10.8
27 7.0 68,9 134.2 24,2 73.2 38.1 17.6 ‘8.6 20.5
28 20.1 53,7 31.8 23.9 74.4 50.4 16.5 2.8 14,8
29 93.6 35,8 27.9 21,8 S0.1 72.9 20.% 2.9 10.9
30 2.3 a1 29.6 21.7 B6.6 59.4 15.3 5.7 15.9
3 58.0 38,3 29.9 21.% 93.0 63.8 9.8 5,2 18.1
32 107.8 28.2 27.5 21.8 83,7 BL..8 15.2 2.4 13.2
a3 89.2 29.7 27.0 21,3 8t.4 76,0 14.7 5.4 14,2
34 4.1 34,0 29.1 21.4 88.7 61.4 8.0 8.7 19.2
35 0.0 43.1 31.4  22.3 81,7 49.1 6.4 10.1 22.8
36 49.2 44.4 31.4 22.3 81.4 571.7 7.5 7.9 19.2
37 4,4 33,2 30,3 22.3 B8.4 58,7 6.4 4,6 11.7
38 2.3 40.8 33.0 22.2 90.4 46.7 4.8 10.0 21,7
30 1.4 41,2 33,2 21.8 89,3 43.¢ 5.9 8.5 19.9
40 0.0 40.5 32,1 21.2 90.6 48.6 6.9 8.4 17.7
41 0.0 42,1 4.1 20.3 B1.6 33.6 5.2 8.8 18.3
42 0.0 47.8 33.8 1.6 81,4 28.1 1.6 9.9 18.%
43 0.0 45.0 31.8 16.3 81.7 28.9 8.4 10.4 19.4
44 4.6 30.3 29.6 20.2 90.0 51.7 6.7 5.5 13.6
4 32,6 30,3 20,8 20.0 92.8 52.4 7.4 6.5 14.4
46 0.0 34,2 31.7 17.8  87.7 32.7 4.9 10,2  17.4
47 0.0 38.56 29.3 13.5 83.1 28.7 5.8 10.6  18.1
48 0.0 35.2 28.5 13.9 B7.3 36.7 6,8 10.4 16.7
49 0.0 35.2 28.3 t1.4 82,3 21.7 5.2 10.5 16.7
50 0.3 33.0 29.9 19.4 91.3 43.3 9.6 1.9  13.3
51 0,0 39.8 29.2 16.3 92.0 35.1 8.7 10.3 17.5
52 6.0 33.3 26.7 16.1 92.3 45.8 9.4 8.4 14,2
1937 1 0.0 32.2 21.0 1.1 88.4 31.7 5.9 10.5 17.8
H 4,4 32.8 28.6 18.7 94.4 41.0 12.1 8.5 15.3
3 0,0 37.2 28.8 16.5 95.4 43.0 10.2 10.¢  17.7
4 0.0 38,2 29.4 14,8 87.6 36.0 6.5 8.6 16.6
$ 0.0 44,6 29.9 13.5 79.4 23.3 6.7 10.6 18.8
] 0.0 45.5 29.0 12.8 66.0 24.9 6.9 30.7 18.8
7 8.0 55,3  30.7 16.5 67.6 23.4 10.¢6 10.7 19.0
8 0.0 59,0 31.4 18.4 70.9 25.7 9.9 10.4 18.6
9 0.0 59.3 32.4 17.3 70.1 23.4 9.3 10.0 18.8
10 0.0 60.3 32.6 19.0 71.4 22.4 9.1 9.3 18.2
1 2.0 58.0 33.6 20.0 70.1 29,1 8.6 9.4 20.6
12 0.0 701 36.0 19.5 64.6 20.3 8.5 10.4 22.7
13 0.0 72.4 36.5 20.2 56.7 18.1 8.2 10.0 21.8
14 0.0 717 38.8 23.7 43.4 18.9 7.0 8.2 20.%
15 0.0 89.5 39.1 22.5 35.7 16.4 10.1 11,2 25.3
16 6.0 83.2 38.6 22.9 59.1 16.4 11.0 9.9 22.7
17 0.0 89.8 39.6 24.6 53.1 16.0 13.4 10.1 23,2
18 0.0 92.0 138.3 24.1 46.9 16.0 13.3 10.2 23.6
19 10.8 80.8 38.0 24.9 83.7 22.9 11.5% 7.6 19.9
20 10.4 70.6 36,7 22.7 69.1 25.9 9.5 9.0 22.8
21 0.0 79.1 38.6 25.6 52.0 23.9 9.8 9.1 21.%
22 8.6 B81.0 38.8 25.8 63.3 25.0 11.7 9.8 23.0




Table 3.2. Meteorological data for Hisar subcenter during 1986/87
Year Std Rain Temperature ¢ RHO? RHi14 Wind Sunshine Eva
week (mm) Max Min (%) (X) kmph hr (mm
1988 23 2.2 40.3 22.4 55 19 11 10.2 13.4
24 0.0 44.0 28.7 45 19 13 6.5 15.7
25 0.0 43.6 29.7 56 32 12 8.2 12.13
26 124.7 32.8 23.1 89 70 12 1.6 9.5
27 2.6 35.6 25.5 16 62 8 8.6 8.7
28 22.5 34,1 24.5 83 53 7 8.9 7.3
29 10.8 37.7 25.9 83 51 10 7.8 8.9
30 26.2 33.1 24.8 a7 kA 8 4.9 5.3
31 102.9 33.1 24.9 1.} 62 5 5.7 6.5
32 0.0 36.4 26.0 81 50 9 10.1 7.7
a3 13.3 35.5 24.6 a7 87 -] 7.3 8.7
34 10.4 5.9 23,5 80 43 ] 10.2 8.0
35 0.0 36.6 21.9 72 43 7 10.4 8.4
36 0.0 ar.9 21.7 69 29 7 10.4 8.5
37 0.0 36.4 22.7 80 21 5 9.7 7.2
38 8.2 37.1 20.4 768 43 5 9.8 7.3
39 23.8 31.8 19.4 91 56 9 9.2 5.9
40 18.0 32.7 19.86 85 46 4 9.3 4,5
41 0.0 34.8 21.9 868 42 1 9.9 5.5
42 6.6 30.4 16.5 82 37 7 8.7 6.4
43 0.0 31.2 11.8 83 23 2 9.6 7.3
44 0.0 32.6 14.4 85 43 2 8.9 3.4
45 0.0 30.4 10.4 87 26 2 9.1 3.4
46 0.0 30.9 13.9 80 29 3 9.0 4.0
47 0.0 27.7 6.9 84 23 2 8.7 3.5
48 0.0 24.3 8.7 89 ki) 5 5.6 2.7
49 0.0 24.0 6.0 93 40 1 6.2 2.1
50 0.0 22.2 6.6 88 34 7 7.2 3.3
51 0.0 18.1 1.1 91 31 2 7.6 2.0
52 0.0 20.4 0.9 94 27 2 8.9 2.1
1987 1 0.0 21.5 3.7 88 39 3 6.4 2.2
2 4.8 21.2 9.0 90 61 3 3.6 1.7
3 28.3 17.2 5.5 84 65 5 5.0 1.7
4 0.0 21.4 3.6 96 41 2 9.7 2.1
5 0.0 23.4 7.0 95 46 2 8.2 1.9
8 0.0 25.8 7.8 B9 30 4 9.4 3.1
7 2.2 24.5 9.7 89 46 [} 8.1 3.0
8 40.0 25.7 10.6 90 41 7 7.8 4.5
9 0.0 24.2 8.8 93 38 3 9.6 3.3
10 0.0 28.8 12.3 86 34 5 8.7 4.5
11 4.5 27.4 12.8 94 40 5 8.1 4.1
12 8.3 29.9 14.9 86 42 8 B.5 5.1
13 0.1 31.8 14.6 91 39 5 7.3 4.8
14 1.8 34.6 15.5 87 23 ] 9.2 7.5
15 2.6 34.6 14.1 87 29 7 9.6 8.6
16 0.0 38.7 16.1 67 30 5 9.9 8.6
17 0.0 39.2 17.7 87 38 8 9.6 11.0
18 10.3 34.6 18.1 70 46 12 7.9 9.3
19 20.5 31.2 17.3 75 40 12 7.8 7.2
20 7.8 35.9 18.5 60 31 8 8.3 8.4
21 0.0 39.3 20.8 59 38 8 8.8 10.1
22 4.0 42.2 25.2 54 24 ] 8.9 11.2




Table 3.3. Meteorological data for Gwalior subcenter during 1986/87.

Year Std Temperature C RH (X) RBain
week Max Min {mm)
1986 23 42.1 26.2 38.4 0.0
24 43.7 30.7 36.7 0.0
25 40.5 27.3 48.0 27.7
28 34.1 23.4 70.6 154.4
27 35.5 26.2 65.9 22.1
28 34.4 24.8 66.9 16.3
29 33.2 24.2 66.1 26.6
30 30.1 22.7 82.9 B0.5
31 32.2 23.5 83.6 4.6
32 34.6 24.7 75.6 3.1
a3 32.9 23.7 80.3 43.2
34 32.3 23.2 74.1 51.0
35 35.5 24.3 64.6 0.0
36 36.9 25.3 55.6 0.0
37 35.9 22.8 73.9 47.7
38 36.8 22.1 61.9 0.0
39 32.0 20.2 81.1 - 9,1
40 32.3 19.3 78.9 - 9.9
41 35.2 20.6 74.3 - 0.0
42 34.3 18.6 68.7 . 1.5
43 31.8 11.86 52.7 0.0
44 34.1 14.1 50.1 0.0
45 30.7 10.5 52.4 0.0
46 33.5 12.9 45.9 0.0
47 29.5 7.2 61.9 0.0
48 28.4 9.5 76.6 0.0
49 26.9 5.6 71.9 0.0
50 25.2 6.5 76.6 0.0
51 20.6 3.7 70.3 0.0
52 22.3 2,3 68.1 0.0
1987 1 23.7 5.2 56.0 4.8
2 23.3 9.0 87.9 15.5
3 20.7 6.2 87.7 11.2
4 22.4 3.0 8.7 0.0
5 25.5 6.8 82.4 0.0
6 27.3 6.6 73.3 0.0
7 27.3 10.4 72.6 2.0
8 29.7 12.9 70.3 29.2
9 27.5 10.7 65.6 0.0
10 32.1 13.5 57.3 0.0
11 32.0 14.2 53.7 10.7
12 34.8 16.6 43.1 0.0
13 35.9 17.1 43.1 0.0
14 38.1 19.9 28.1 0.0
16 37.2 17.7 23.7 0.0
16 41.5 19.5 23.7 0.0
17 40.4 22.0 22,9 0.0
18 36.1 20.7 46.9 31.8
19 37.0 19.2 51.6 8.3
20 40.5 22.5 31.1 0.0
21 42.4 25.7 27.0 0.0
22 43.5 27.4 30.9 0.0

10
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C-110(85)IC Climatic adaptation in chickpea

4.1. Oblectives

a) To define the 1imits to adaptation of commercially growth
chickpea varieties posed by moisture, 1ight and temperature.

4.

To identify genotypes with characters capable of extending these

Timits of adaptation.

¢) To determine canopy structure in chickpea most efficient 1n
utilizing incident 1ight and available soil moisture for carbon

fixation and transfer to seeds.

d) To 1dentify genotypes which can maximize harvest index in
senvironments conducive to good vegetative growth.

b)

12



4.2 PA 86/38 Develegment of chickpea mmu
tamperatures during Tievertang and pud set (WS, .l)

Introductton

At Nisar and other gimilar cooler envirorments in morthers m-m
of the present day chickpea cultivars flower during Dec and Jm m
fail to develop then. The fatlure in pod ast 1s because of low night
temperature, particularly when 1t falls below 8° C. This reswlts 1
period of ineffective podding which {s ocongidered undesirable from the
point of view of realising high ylelds. . Conversion of inePfective podding
period into effective podding period may incresss podding durstion and thus
seed yield. This can be achieved by identifying genotypes which can
continue to flower and sat pods at low temperatures.

A beginning was made in 1982/83 with the bresders making six crosses
which involved a cold tolerant genotype (from two different sources) as one
of the psrents. The F, material was supplied to us 1n 1984/86. From this
we selected and advanced plants as bulks 1n groups different in respect of
time to initiate flowering and also in cold tolarance (Chickpea Agronomy
Report No.1, Section 4.6.). 8Single plant progenies thus selectsd were
grown in this year.

Materials and Methods

This experiment was conducted at GLF, Hisar. Number of propenies
planted varied from 15 to 21 in each flowering group and thers wers 12 such
groups. These progenies were single plant salections, which were able to
sst pods at cool temperatures, selected last ysar. The source and the
pedigres of thess selections 1s described in Chickpea Agronomy Report Mo.1,
1986788, Section 4.8. Each progeny was planted in 4 » long rows spaced at
80 x 20 cm on a flat saed bed prepared after a presowing irrigation.

A basa) 20 kg Py0q ha”' as single superphosphate was spplied before
pianting. The sowing was dons on 2-11-1988 and a post-sowing irrigstion
was immediatsly given. Thres weedings .wers done (November end, December
ond, mid-February) and the plants wers also protected with insecticide
sprays. Data on 50% flowering, podding initiation, maturity timss were
recorded. Shoot dry matter, seed yield, and 100 seed weight were recorded
while hlrvuting at saturity (end of March to mid-April),

Besults and Discussion

m ten top yielding selections in sach flowering group are listed in
Tables 4.2.1 to 4.2.6 with their phenclogy, yield and yield components.
There uwas a wide rengs in msan flowering (901-98 days) end podding times
(52-107 dlys) awongst the Tlowering groups whersas the meturity range was
narrowed down (148-167 days), indicating the early podding entries to have
s longer period of reproductive growth. The shoot dry matter and seed
yield of entries of the first flowering group were considerably lower than

1. Compiled by L. Krishnamurthy



thst of the others, probably dws to s limited groving perted. Flowert
groups II to V recorded higher production of shoot dry astter

yield, inmpite of being early in maturity, snd the Besn harvest indices
also showed some fsprovemsnt. Tha 100 ssed weight varied to & large extamt
among smtries within s flowering growp which would permit sslaction of
lines with desirable combinations of growth duration and seed size
Definita conclusions can be drawn only when thess lines are tested 1
adequately replicated largs plots.
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Table 4.2.1. Phenology, seed yleld and yield components of 10 top ranking
(on the basis of seed yield) cold tolerant selections of flowering groups
1 and II selected at Hisar, 1986/87.

Days taken to
Cold
tolerant §0% Podd- Matu- Shoot Seed Harvest 100 seed
selection flow- ing rity dry matter yleld index weight
number oring (kg ha™') (kg ha™!) (%) (9)
Group I
CTS 10680 40 62 143 8089 2600 35.3 20.7
CTS 109868 42 52 147 8132 2311 28.4 15.8
CT8 50170 40 53 146 4170 2309 85.4 13.8
CTS 10678 42 83 154 7089 2291 32.3 20.3
T8 20650 42 83 143 T 2087 55.4 15.8
CT8 10991 42 53 148 56560 2083 36.3 16.5
CTS 50605 40 §3 144 4962 2047 41.3 10.9
CTS 10824 42 53 138 5463 2033 37.2 16.3
CTS 20600 41 50 162 5025 19717 39.3 12.9
CTS 50487 42 83 144 3338 1570 47.1 12.9
Mean 41 52 146 5463 2115 40.8 16.5
S.Em (+) 0.3 0.3 1.5 496.1 80.9 2.9 1.0
cv (x) 2.3 1.8 3.2 28.7 12.1 22.5 20.3
Group II
CTS 50720 51 59 159 12260 4855 38.0 14,1
CTS 40324 44 58 138 8383 4527 48.3 17.4
CTS 10700 . 47 59 156 13136 4502 34.3 15.1
CTS 50793 46 59 162 9174 4435 48.3 11.1
CTs 60722 48 57 157 8757 4434 50.86 12.4
CTS 50883 52 59 169 10217 3997 39.1 11.3
CT8 50797 48 57 162 10008 3908 39.0 13.1
CT8 1058M1 51 59 154 135653 3789 28.0 18.2
CTS 10754 50 59 157 1339 N 50.8 13.0
CTS 50537 45 568 158 7923 ess 46.5 11.7
Mean 48 1] 156 10175 4166 42.3 13.5
S.Em () 0.9 0.4 2.2 877.1 119.5 2.45 0.87
eV (%) 5.7 1.9 4.4 21.0 8.1 18.3 16.7
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Table 4.2.2, Phenology, seed yield and yield componants of 10 top ranking
(on the basis of seed yield) cold tolerant selections of flowering groups
III and 1V selected at Hisar, 1986/87.

Days taken to

Cold .
tolerant §0x Podd- Matu- Shoot Sead Harvest 100 seed
salection flow- ing rity dry nattqr yield index waight
number aring (kg ha ') (kg na~ V) (%) (g)
Group III

CT8 50876 111 83 167 10426 4973 47.17 12.2
CTS 10062 56 64 165 16138 4787 29,7 18.0
CTS 60543 53 64 167 11678 4673 40.0 21.2
CT8 10702 563 83 156 10425 4391 421 17.7
CTS 50450 52 84 155 - 4308 - -
CTs 10961 59 83 155 7131 4299 60.3° 18.8
CTS 50662 52 83 165 9174 4296 46.8 10.9
CTS 50714 63 64 165 13219 42176 32.4 12.8
CT8 50558 56 61 157 - 4236 - -
CTS 50718 54 64 157 11968 4199 35.1

Mean 54 83 156 9015 4444 41.8 16.9
S.Em (%) 0.7 0.3 0.3 1€80.9 84.7 3.50 1.48
Cv (%) 4.0 1.5 0.8 69.0 6.0 23.7 24.6
Group 1V

CTS 50880 51 87 167 8167 5488 62.7 11.5
CTS 50718 56 87 164 16430 5432 33.1 12.2
CTS 50888 67 65 155 10884 5197 41.7 11.2
CTS 60539 58 67 159 14428 5194 36.0 15.7
CTS 60488 58 67 187 11176 4894 43.8 16.8
CTS 60528 54 87 159 9674 4522 46.7 17.3
CTS 50664 56 66 167 9257 4508 48.7 12.5
CTS 50862 56 65 155 8966 4390 49.0 12.3
CTS 60488 58 67 159 9925 4372 44,1 17.3
CTS 60480 52 66 159 6508 4351 66.9 16.2
Mean 55 66 159 10600 4835 47.9 14.3
S.Em (+) 0.8 0.3 1.2 912.9 145.2 3.29 0.81
cv (x) 4.5 1.3 2.4 27.2 9.5 21.7 17.9
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Table 4.2.3. Phenology, seed yield and yield components of 10 top ranking
{on the basis of seesd yield) cold tolerant selections of flowering groups
vV and VI selscted at Hisar, 1988/87.

Days taken to

Cold

tolerant 50% Podd- Matu- Shoot Seed Harvast 100 seed
selection flow- ing rity dry natg.r y1e1d index waight
number ering (kg ha™ ') (kg na”? (%) (9)
Group V

CTS 30521 58 73 186 8718 4532 52.0 16.8
CTs 30618 3] 73 156 8674 4425 51.0 17.1
CTS 10966 86 T0 164 2341 4368 46.7 20.0
CTS 60532 58 13 155 9591 4220 44,0 18.0
CTS 11148 87 T2 187 1047 3990 86.7 16.6
CTS 60478 - 56 71 158 8340 3863 48,3 18.6
CTS 20745 58 73 163 7631 3881 50.6 17.1
CTS 50868 57 72 1565 8132 3740 48.0 14.4
CTS 40405 53 73 158 1506 3633 48.4 14.3
CTS 50564 60 73 155 7288 3467 47.5 12.8
Mean 57 72 167 8227 4010 48.9 16.6
S.Em (¢) 0.6 0.3 1.1 272.7 114.0 1.17 0.70
cv (%) 3.2 1.5 2.2 10.5 8.0 7.6 13.4
Group V1

CTS 40404 - 1] 79 162 9841 4712 47.9 17.6
CT8 80537 08 18 163 87587 4258 48,6 16.2
CT8 20891 80 15 180 9758 409¢ 42.0 16.6
CTS 30614 62 79 161 8798 4095 46.5 18.4
CT8 21002 82 17 187 T047 3683 52.3 15.1
CT8 50059 68 17 163 6839 3882 52.4 13.8
CTS 50283 1] m 163 6258 3024 48,3 12.8
CTS 21247 68 79 161 §108 2108 53.0 13.4
CTS 20087 04 79 157 6338 2703 42,8 . 14,0
CTS 10998 63 76 187 6484 2600 40,2 16.6
Mean (13 18 160 1621 3548 47.4 15.36
S.Em (+) 1.0 0.4 0.8 518.3 237.3 1.4 0.69
cv (%) 5.1 1.8 1.8 21.8 21.2 9.8 12.1
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Table 4.2.4. Phenology, seed yield and yield components of 10 top ranking
(on the basis of seed yteld) cold tolerant selections of flowering groups
VII and VIII selected at Hisar, 1088/87.

-

Cold Days taken to
tolerant ghoot Seed Harvest 100 saed
sslection sox Podd-  Matu~ dry matior y1¢1d index weight
number flow- ing rity (kg ha™') (kg ha~ ) (x) (9)
ering
Qroup VII
CTS 80505 89 84 161 81567 3696 42.2 16.4
CTS 11134 72 84 159 8666 3404 38.0 16.0
CT8 11123 67 80 185 6156 3072 45.5 18.5
CTS 60463 T 84 162 8881 2944 42,8 16.8
CT8 20798 T4 80 159 5213 2629 50,4 14.8
CTS 20827 74 80 159 4870 2507 53.7 16.2
CTS 20759 72 80 160 4837 24 50,3 16.7
CTS 11148 72 80 167 5421 2127 39,2 . 14,5
CTS 11304 73 a3 160 5504 2112 38.4 20.7
CTS 11308 73 84 160 5171 2101 40,6 16.9
Mean 12 82 168 6217 2102 44,1 18.5
8.Em (+) 0.7 0.8 0.6 497.5 177.4 1,77 0.59
cv (X) 3.1 2.5 1.2 25.3 20.8 12,7 11.3
Group VIII
CTS 50786 " 85 165 8767 4002 45,17 13.2
CTS 60516 6T a7 164 11876 3912 33.5 18.1
CTS 40418 14 88 161 7089 3637 51.3 13.1
CTS 60070 83 90 161 8340 512 42.1 10.9
CTS 50428 19 88 155 6881 3127 45.4 11.6
CTS 60469 66 88 164 7798 3036 38.9 19.9
CTs 20822 70 87 166 6672 3029 45.4 13.1
CTS 60504 70 88 164 8549 2881 33.7 21.0
CTS 20892 72 85 160 6297 2188 44.3 13.0
3TS 20828 75 88 167 5171 2718 52.6 14.6
Mean 73 87 162 7723 3264 43.3 14.8
S.Em () 1.7 0.5 1.3 563.0 141.7 2.04 .12
v (X) 7.2 1.7 2.8 23.0 14.3  14.9 23.8
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Table 4.2.5. Phenology, sead yiald and yield components of 10 top ranking
{on the basis of seed yleld) cold tolarant selections of flowaring groups
IX and X selected at Misar, 1986/87.

Days taken to
Cold
tolerant 50x Podd- Matu- Shoot Seed Harvest 100 seed
selection  flow- ing rity  dry matter yield index  weight
number ering (kg ha ') (ko ha!y (x) (9
Group IX
CT8 60553 % 94 161 17308 5532 32,0 14.5
CTS 50779 84 93 160 8132 4029 49,6 11.8
CTS 60185 89 5 163 1768 3509 45.0 13.3
CTS 50735 87 94 158 5921 3174 83.¢ 13,5
CTS 21352 7% 21 160 8255 3148 50.3 12.¢
CTS 60187 83 g2 1681 8047 2935 48.5 12.6
CT8 10989 86 93 160 8632 2904 33,0 17.7
CTS 50129 83 92 162 PAE)] 2843 39.9 12.7
CTS 50402 88 95 162 8340 2780 33.4 18.2
CTS 20899 83 94 142 7089 2742 38.7 18.2
Mean 84 03 159 8265 3360 42.4 14.2
S.Em () 1.1 0.4 1.9 1060.0 271.4 2,51 o.M
eV (%) 4.1 1.4 a.s 40.2 26.6 18,7 15.8
Group X
CTS 60119 88 96 173 8423 5261 82.5 13.1
CTS 40339 88 o9 172 7548 4719 82.5 13.4
CTs 50426 - 88 96 169 10634 4348 40.9 12.4
CT8 60565 88 100 174 10217 4315 42.2 13.8
CTS 50404 90 o7 173 2007 4258 47.3 10.2
CTS 50422 91 100 169 8799 4232 48.1 12.2
CT8 50783 88 100 169 8966 4184 46,7 11.5
CTS 10886 87 100 156 5338 3075 14.6 1.0
CTS8 50379 90 96 173 9174 3972 43.3 11.4
CTS 50069 90 98 172 8340 3861 46.3 10.7
Mean 89 98 170 8844 4312 51.4 12.5
S.Em (&) 0.4 0.6 1.7 402.4 130,2 3.52 0,53
eV (x) 1.5 1.8 3.1 16.9 9.6 21.8 13.5
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Table 4.2.6. Phenology, seed yield and yield componsnts of 10 top ranking
(on the basis of sead yield) cold tolarant selections of flowering groups
XI and XII selected at Hisar, 1986/87.

Days taken to

Cold *
tolerant 50% Podd- Matu- Shoot Sead Harvest 100 seed
selection flow- ing rity dry matior yield index waight
number ering (kg ha ') (kg ha™t) (%) (8)
Group XI

CTS 40259 92 102 169 7423 5366 72.3 11.7
CTS 50066 87 104 169 9174 4483 48.9 10.6
CTS 50381 96 102 169 8674 3525 40.6 12.9
CTS 502563 B4 104 169 7589 3462 45.4 11.9
CTS 50083 07 104 169 7298 3204 45,1 11.6
CTs 50231 97 104 169 7214 3110 43.1 17.5
CTS 50243 96 106 169 1923 3065 38.7 12.1
CTS 50412 97 104 189 6921 3021 51.¢ 11.3
CT8 60373 94 102 169 6088 2976 48.9 23.0
CTS 50197 96 102 169 1715 2950 38.2 '14.5
Msan 95 103 169 7502 35625 47.2 13.7
S.Em (%) 0.5 0.4 0.0 316.7 250.1 3.1 1.2
eV (%) 1.8 1.1 0.0 13.3 22.4 20.8 28.0
Group XII

CTS 50388 98 106 164 9383 4417 47.1 11.9
CTS 50289 98 106 189 11092 4301 38.8 12.5
CTS 50198 98 107 165 7923 3415 43.1 11.3
CTS 60298 98 106 164 6765 3296 48.8 13.4
CTS 40249 100 108 167 7923 3206 40.5 11.3
CTS 50227 98 106 169 6714 3179 47.4 11.4
CTS 40241 98 106 167 7508 3173 42.3 11.6
CTS 50240 96 107 169 7923 3016 38.1 14.1
CTS 40247 100 108 167 7548 2971 39.4 12.6
CTS 50241 99 107 169 7131 2911 40.8 12.8
Mean 98 107 167 7990 3388 42.6 12.3
S.Em (+) 0.4 0.3 0.6 420.3 168.8 1.22 0.30
cv (X} 1.2 0.8 1.2 16.6 16.7 9.1 7.8
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4.3 PA 06(39 Factors affecting yield of late planted chickpea at Owalior
(NrS) .

Introduction

Late planting of chickpeas in paddy fallows 1{s en important cropping
gystem in northern India. To study the factors affecting production in
late planted chickpeas, an experiment was conducted at Gwalior in 19856~-86
(Chickpea Agronomy Report Na.1, Section 4.5). Factors studied were: two
late dates of sowing, two levels of DAP application and two spacings.
Yield was reduced by 10.8% due to irrigation (though not significant at P
<0.005), by 24X in Dec 9 compared to Nov 29 planting and by 9.5% in 20 x 10
cm compared to 30 x 10 cm spacing, the latter two being significant at P
<0.001, There was no significant effect of higher doses of DAP. The mean
yield lavels in differsnt dates of planting were as follows:

Sowing date Irrig. Unirrig.
Oct 18 (Data from another trial) 2260 1878
Nov 29 1684 1877
Dec ¢ 1274 1433

A significant i{nteraction betwsen dates of planting and spacing was
because the yields were not reduced due to closer spacing 1in Dec 9
plantings. We wished to repeat this experiment with ICCC 32, an ICRISAT
entry, 1instead of K 850 and alao include a normal date of planting for
comparisons.

Materials and Methods

The experiment was laid out in a split-split plot design with four
replications in field no.307. The main plots were two levels of
irrigation: 1) nonirrigated, after a post-sowing irrigation and 2)
irrigated twice or once in addition the post sowing trrigation. The
subplots were sowing time and their irrigation schedule was as follows:

Sowing 1 sowing 2 Sowing 3
Sowing date 26-10~1986 26-11-198¢ 10-12-~1986
Post-sowing irrigation
given on 26-10-1988 28-11-19886 -

I treatment frrigation 28-11-86
II treatment irrigation 2-2-1987 2-2-1987 2-2-1989

1. Compiled by L. Krishnamurthy



The sub-sub plots were plant spacings at 1) 30 x 10 cm and 2) 20 x 10
cm. The sub-plots comprised basal fertilizer application levels of DAP and
200 kg DAP ha ', The sub~sub~plot size sown was 4.2 x 4 m on flat seed
beds. The crop was weeded on 20-11-1986, 3-12-1986 and 31-1-1987. Plan
samples were harvested at two sfages of crop growth from an area of 0.8 m
in 30 x 10 cm spacing and 0.4 m“ 1in 20 x 10 cm spacing treatmsnts. These
samples ware harvested (during comparable phenological stages) on 24-1-1987T
(90 DAS) and 23-2-1987 (120 DAS) from sowing I, 13-2-1987 (79 DAS) and 13-
3-1987 (107 DAS) from sowing II and 24-2-87 (76 DAS) and 24-3-1987 (104
DAS) from the sowing III. The crop was harvested on §-4-1987 and the plot
s1zes harvested at maturity were 3.0 x 3.0 m in the 30 x 18 cm spacing and
3.4 x 3.0 m in the 20 x 10 cm spacing.

Resylts and Discussion

The first growth analysis sample was harvested immadiately after
flowaring, however the chronologica) age of the crop varied with sowing
date. The total dry matter production at this crop growth stage was
positively and significantly affected by irrigation, early planting, denser
population and supplementary DAP application (Table 4.3.1). The plant
components (root, stem, leaf, and reproductive parts) also showed a similar
trend to that of total dry matter. (Tables 4.3.2. to 4.3.5.).

The second growth analysis sample was harvested at mid-pod filling
stage. Total dry matter was significantly and considerably decressed with
delayed sowing time. DAP appltication significantly ingreased the total dry
matter production. 1Irrigation and higher plant density also increased dry
matter production but these effects were nonsignificant (Table 4.3.6.).
Dry weights of vegetative plant parts such as root and stem also showed
responses similar to total dry matter (Tables 4.3.7 and 4.3.8). In
addition, leaf dry weight was significantly increased by closer population
under nonirrigated conditions (Table 4.3.9). The dry weight of
reproductive parts was reduced by 1rrigation due to the delay caused by
irrigation in flowering and pod set (Table 4.3.10). Delay in sowing time
hastenad the reproductive development. Irrigation fajiled to delay onset of
podding in December sown crops. Reproductive growth was enhanced by 20 x
10 ¢m spacing only in the December sown crop.

Irrigation delayed 50% flowering by at least 3 days and delayed sowing
time advanced this character (Table 4,3.11). Fertilizer addition delayed
flowering under October sown conditions. Plant spacing did not influence
the flowering time. Maturity of the crop was delayed considerably by
irrigation and advancad when sown late (Table 4.3.12). Fartilizer
application and dense population did not influence maturity.

Total dry matter production at maturity was increased by 68x with
irrigation and by 15% with fertilizer. November sowing reduced dry mattaer
by 19X and December sowing reduced it by 40X compared to October sowing
(Table 4.3.13). Dense population increased dry matter production conly in
the nonirrigated treatment.

Seed yleld response to irrigation was only 26X and this effect was
nonsignificant. Response to fartilizer was 12X which was significant. The
seed yleld was sfgnificantly reduced with each level of delay 1in sowing
(Table 4.3.14). There wers 15% and 28X reductions in seed yield with
Novemher and December sowings, respectively,



Thers was a trend of harvest index to reducs with irrigation and to
increase with late sowings (Table 4.3.15). Fertilizer and population did
not affect this character. Surprisingly, the number of pods per plant was
not affected by irrigation and sowing time (Table 4.3.18). The yield
differences achisved by thase inputs seems to be by altering the pod
weight. Fertilizer trsatment significantly increased ths number of pods
per plant. Seed number per pod increased with irrigation and dense spacing
but the irrigation effect was nonsignificant (Table 4.3.17). None of the
treatment factors influenced 100 seed weight significantly, whereas there
was a decreasing traend with a delay in sowing time (Table 4,3.18).

December 10th planted chickpea sesms to respogd well to irrigation and
)

fertilizer and was able to yield up to 1986 kg h under these conditions.
Plant density played very 1ittle role in the yield increase.
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Table 4.3.1. Main effects  and first order intersctions of

1rr12ation. sowing date,
gm

in chickpea at Gwalior, 1986/87.

Main effects
Irrigation
Irrigated 251.3
‘Nonirrigated 187.3
Sowing date
Oct. 26 321.6
Nov. 26 194.0
Dec. 10 142.3
§oacing (cm)
30 x 10 177.3
20 x 10 261.3
fertilizer (DAP)
0 kg ha™! 207.0
200 kg ha ! 231.6

§.Emt
3.18%3%

18.82%%x%

10. 10%x%

10.10

24

spacing and fertilizer total dry matter

v s,
2.9

24.3

31.9

31.9



Interactions (First ordar)

1. Sowinag date x irrigation
j Oct. 26 Nov. 26 Dec. 10 S.Eme
1rrigated 351.0  215.5 187.4 1. 21.98
Nonirrigated 292.2  172.8 97.1 2. 26.61
2. Spacing x irrigation .
30 x 10 cm 20 x 10 cm
Irrigated 203.2 299.4 1. 10.69
Nonirrigated 151. 4 223.2 2. 14.20
3. Spacing x sowing date
30 x 10 ca 20 X 10 cm
Jet. 26 280.4 362.8 1. 22.52
Nov. 26 145.8 242.3 2. 17.50
Jec. 10 105.8 178.8
4, Fertilizer x irrigation
0 kg DAP ha~' 200 kg DAP ha™!
Irrigated 232.9 269.7 1. 10.59
Nonirrigated 181.2 193.4 2. 14.28
5. Fertilizer x sowina date
0 kg 0AP ha~! 200 kgiDAP ha™?
Xt. 26 303. 1 340,2 1. 22.52
Nov. 26 188.8 wis 2. 17.80
oc. 10 129.3 15543
8, Fortilizer x spacing
0 kg DAP ha~! 200 kg DAP ha~?
30 x 107 169.3 185.4 14.29
10 x 10 cm 244.8 277.8
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Table 4.3.2. Main effects and first order interactions of
irrigation, sowing date . spacing and fertilizer on root
weight (g m ©) of chickpea at flowering at Gwalior, 1988/87.

Main effects
Irrigation S.Eme

Irrigated 21.1 2.00
Nonirrigated 16,4
Sowing date
Oct. 26 23.4 1.58x3
Nov. 26 19.86
Dec. 10 13.3
Soacing (cm)
30 x 10 15.4 0.92%xxx
20 x 10 22.1
Fertilizer (DAP)
0 kg ha”! 19.4 0.92
200 kg ha”' 18.2
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Interactions (First ordear)

1. Sowing date x iccisation
Oct.20 Nov. 28 Dec. 10 S.Emt v X
Irrigated 25.6 23.9 13.8 1. 2.69 33.8
Nonirrigated 21.2 18.2 12.9 2. 2.1
2. Spacing x irrigation
30x10ce  20x 10
Irrigated 17.3 24.9 1. 2.20  33.8
Nonirrigated 13.5 19.4 2. 1.29
3. Soacing x sowing date
30 x 10 ¢m 20 x 10 cm
Oct, 26 21.3 25.5 1. 1.92  33.8
Nov. 26 14.9 24.2 2. 1.59
pec. 10 10.0 16.7
4, Fertilizer x irrieation
0 kg DAP ha~! 200 kg DAP ha”!
Irrigated 21.5 20.7 1. 2.20 33.8
Nonirrigated 17.3 16.8 2. 1.29

5§, Fertilizer x sowing date
0 kg DAP ha! 200 kg DAP ha!

Oct. 28 23.7 23.2 1. 1.92 33.8

Nov. 26 20.0 19.1 2. 1.59
Dec. 10 14,5 12,2
6, Fertilizer x spacing
0 kg DAP ha~' 200 kg DAP ha™!
30 x 10 c» 16.1 14.7 1.20  33.8
20 x 10 22.1 21.6

. S. for comparison of treatments in a cultivar.

1
2. 8. for comparison of cultivars in a treatment.
[ ]

wWherever there is only one S§.Em, the same 1s to be used for making
4he above two comparisons.
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Table 4.3.3. Matin affects and first order
interactions of irrigation, _gowing date, spacing and
fertilizer on stem weight (g m <) of chickpea at flowering
at Gwalior, 1986/87.

Main effects

irrigation S.Emt cv x
Irrigated 113.7 3.30%x 8.7
Nonirrigated 83.1

Sowing date
Oct. 26 163.1 10.223%s 20,4
Nov. 28 82.5
Dec. 10 59.8

spacina (ca)
30 x 10 78.9 ' B.32%xx  37.8
20 x 10" 117.9
0 kg ha™? 8.5 5.328%  37.8
200 kg ha~! 108.3



Interactions (First order)

1. Sowing date x firrigstion

Oct. 26 MNov. 26  Dec. 9 8.Emp
Irrigated 167.0 90.9 $3.0 1. 12.28
Nonirrigated 139.2 74.0 38.2 2. 14.45
2. Spacing x irrigation
30 x 10 c» 20 x 10 cm
Irrigated 91.2 136.1 1. 6,28
Nonirrigated 86.68 99.7 2. 1.58
3. Soacing x gowing date
30 x 10 cm 20 x 10 cm
Oct. 26 133.0 173.2 1. 12.12
Nov. 26 61.0 104.0 2. 9.22
Dec. 10 42.6 16.8
4, Fertilizer x irrigation
0 kg DAP ha~! 200 kg DAP ha™!
Irrigated 100.3 127.0 1. 6.28
Nonirrigated 18.7 89.8 2. 1.8
5. Fortilizer x sowing date
0 kg DAP ha~! 200 kg OAP ha™!
oct. 26 135.3 170.9 1. 12.12
Nov. 28 18.9 86.1 2. 9.22
Dec. 10 51,4 87.8
§, Fertilizer x spacing
0 kg DAP ha~! 200 kg DAP ha™!
30 x 10 73.5 84.2 7.83
20 x 10 103.5 132.3
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Table 4.3.4. Main effects and first order
interactions of irrigation, gowing date, spacing and
fertilizer on leaf weight (g m %) of chickpea at flowering
at Gwalior, 1988/87.

Main effects

Irrigation S.Emt oV %
Irrigated 114.2 1.3728s 2.8
Nonirrigated 83.8

Sowing date
Oct. 26 145.4 7.30s8% 21,0
Nov. 26 87.4
pec. 10 84.2

Spacing (cm)
30 x 10 81.0 4.00ss% 28.68
20 x 10 117.0

Eertilizer (DAP)

0 kg ha) 96.0 4.09 28.6

200 kg ha ! 102.0



W

1. Sowing date x irrioation
Oct. 20 Nev, 26 Dec. 10 8. Emg
Irrigated 150. 4 or.1 8s.0 t. 8.60
Nonirrigated 131.4 171.8 42.4 2. 10.40
2. .Seacing X irrigation .
30 x 10 c» 20 x 10 cm
Irrigated 93.4 138.0 1. 4.3
Nonirrigated ¢8.8 98.0 2. 5.78
3. Spacing x sowing dake
30 x 10 cm 20 x 10 cm
Oct. 28 128.8 164.0 1. 8.60
Nov. 26 6.8 107.9 2. 71.08
Dec. 10 49.4 79.1
4, Fertilizer x jrrigation
0 kg OAP ha~' 200 kg DAP ha~!
Irrigated 108.1 119.3 1, 4.31
Nonirrigated 83.0 84.6 2. 8.78
B._Fertilizer x sowing date
0 kg 0AP ha™! 200 kg DAP ha”!
oct. 26 144.2 146.8 1. 8.90
Nov. 26 8s.2 89.3 2. 7.08
Dec. 10 58.7 0.8
S. Fertilizer x spacing
0 kg DAP ha~! 200 kg 0AP ha™!
30 x 10 cm 77.8 84.5 6.78
20 x 10 cm 114.6 119.4
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jable 4.3.85.

effects
interactions of irrigation,

and first order
date, spacing and

fertilizer on flower and pod weight (g m =) in chickpes at

Gwalior, 1988/87.

Main affects
Irrigation

Irrigated
Nonirrigated

. Sowing date
b Oct. 2¢
Nov. 28
Dec. 10

30 x 10
20 x 10

0 kg ha!
200 kg ha”?

2.4
3.9

-0.3
4.6
§.1

2.1
4.2

’.‘
3.2

8.Em¢ cvx
0.31s 19.8

D.00s3s 54.3

0.4332% 94.4

0.43 4.4



Interactions (First order)

1. Sowing date x irrigation
Oct. 28 Nov. 29 Dec. 10 8. Eme eV
Irrigated -1.0 3.5 4.8 1. 0.78 94,
Noanfrrigated 0.4 5.8 5.8 2. 0.85
2. Spacing x 1rrigation )
30 x 10 cm 20 x 10 cm
Irrigated 1.3 3.4 Y. 0.53 04, .
Nonirrigated 2.8 §.1 2. 0.61
3. _Spacing x sowing date

30 x 10 cm 20 x 10 cm

Jct. 26 -0.8 0.0 1. 0.80 94,
Nov. 26 3.1 6.2 2. 0.74
Jec. 10 3.8 6.5
4, Fortilizer x {rrigation
0 kg DAP ha™! 200 kg DAP ha™'
Irrigated 2.0 2.7 1. 0.53 94,
Nonirrigated 4.1 3.7 2. 0.61
5. Fertilizer x sowing dete
0 kg DAP ha~! 200 kg DAP ha”!
ct. 26 -0.1 -0.5 1. 0.80 94..
Nov. 26 4.7 4.6 2. 0.74
wc. 10 4.7 6.5
8. Fertilizer x spacing
0 kg DAP ha™! 200 kg DAP ha™!
0 x 10 ca 2.1 2.0 0.61 94,0
0 x 10 cm 4.0 4.4
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Table 4.3.6. Main effects and first order
interactions of {irrigation, souingz date, spacing and
fertilizer on total drymatter (g m -) of chickpea at mid-
podfilling at Gwalior, 1988/87.

Main effects
lcrisation 8.Emt oV %
Irrigated 487 40.8 10.4
~ Nonirrigated 3716 ’
Sowing date
Oct. 26 513 28.78s 19.3
Nov. 26 406
Dec. 10 344
spacina (cm)
30 x 10 404 14.7 24,1
20 x 10 438
Fertilizer (DAP)
0 kg ha™? 389 14.78x 24,1
200 kg ha~1 453
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Interactions (First grder)

1. Sowing date x irrigation
Oct. 26 Nov. 26 Dec, 10 8.Em¢ cv X
Irrigated 543 421 43 1. 52.8 24.1
Nonirrigated 483 391 251 2. 40,6
2. Soacing x irrigation .
30 x 10 cm 20 x 10 cn
Irrigated 465 469 1. 43.3 24.1
Nonirrigated 343 408 2. 20.7
3. Spacing x sowing date
30 x 10 cm 20 x 10 cm
Oct. 26 - 504 522 1. 33.8 24.1
Nov. 28 411 402 2. 25.4
Dec. 10 297 391
4, Fertilizer x irrigation
0 kg DAP ha™! 200 kg DAP ha™!
Irrigated 416 518 1. 43.3 24.1
Nonirrigated 361 38e 2. 20.7
§. Fertilizer x sowing date
" 0 kg DAP ha~'! 200 kg DAP ha~'
Oct. 26 449 578 1. 33.8  24.1%
Nov. 28 a7e 434 2. 25.4
Dec. 10 340 348
8. Fertilizer x soacing
0 kg DAP ha~' 200 kg DAP ha~}
30 x 10 cm 358 480 20.7 24.1
20 x 10 cm 419 487
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Table 4.3.7. Main effects and first order interactions of
irrigation, _zsov1ng date, spacing and fertilizer on root
we1a?t (g m ©) of chickpea at mid-podfilling at Owalior,
1986/87.

Main effects

lrrigation S.Em+ cv %
Irrigated 20.5% 2.31 26.4
Nonirrigated 14.4

Sowing date
Oct. 28 26.4 1.83%32 29.7
Nov. 28 20.1
Dec. 10 6.0

Spacing (cm)
30 x 10 15.9 1.1x 42.0
20 x 10 19.1

Fartilizer (DAP)
okg ha™! 16.4 1.1 42.0
200 kg ha ! 18.6
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Interactions (First order)

1. Sowing date x ircisation
Oct. 28 Nov. 28 Dec. 10 S.Emt v x
Irrigated 26.4 26.7 8.¢ 1. 3.13 42.0
Nonirrigated 26.3 13.5 3.4 2. 2.89
2. Spacing x jrrigation
30 x 10 ¢m 20 X 10 cm
Irrigated 19.0 22.1 1. 2.54 42.0
Nonirrigated 12.8 18.0 2. 1.50
3. .Spacing x sowing date
30 x 10 cm 20 x 10 em
Oct. 26 25.1 27.6 1. 2.25 42.0
Nov. 26 17.5 22.7 2. 1.84
Dec. 10 - 5.0 6.9
4, Fertilizer x irrigation
0 kg DAP ha~' 200 kg DAP ha™!
Irrigated 19.8 21.5 1. 2.54 42.0
Nonirrigated 13.1 15.7 2. 1.50
5. Fertilizer x sowing date
0 kg DAP ha~' 200 kg DAP ha~'
Oct. 26 . 25.6 27.1 1, 2.26 42.0
Nov. 28 17.9 22.3 2, 1.84
Dec. 10 5.8 6.4
6, Fertilizer x spacing
0 kg DAP ha~! 200 kg DAP ha™’
30 x 10 cm 14.4 17.3 1.50 42.0
20 x 10 cm 18.3 19.9

1 + for comparison of treatments in a cultivar.
2. S.emt for comparison of cultivars in a treatment.

@ wherever there is only one S.Em, the same 18 to be used for making the
above two comparisons.
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Table 4.3.8. Main effects and first order
interacttions of f{rrigatfon, a%ring date, spacing and
fertilizer on stem weight (g m ) of chickpea at mid-
podfilling at Gwalior, 19086/87. :

Main eoffects

Irrigatton S.Emt cv x
Irrigated 222.1 24.25 26.2
Nonirrigated 148.0

Soving date
Oct. 26 252.4 15.39%s%  23.8
Nov. 26 172.3
Dec. 10 130.8

Spacing (cm)
30 x 10 172.7 9.84 36.8
20 x 10 197.4

Eertilizer (DAP)
0 kg ha~! 161.9 9.848x 36.8
200 kg ha~? 208.3
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Interactions (First order)

1. Sowina date x irrisation

Oct. 28  Nov. 28  Dec. § 8.6t eV X
Irrigated 209.7 200.8 187.1 1. 30.07 36.8
Nonirrigated 236.1 134.9 74.0 2. 21.77
2. Soacing x irrigation .
30 x 10 cm 20 x 10 cm
Irrigated 215.4 228.9 1. 26.17 30.8
Nonirrigated 130.0 166.0 2. 13.92
3. Spacing x sowing date
30 x 10 cm 20 x 10 cm
ct. 28 239.4 205.4 1. 19.88 36.8
Nov. 28 166.8 178.9 2. 17.04
lec. 10 113.0 148.1
4, Fertilizer x irrisation
0 k9 DAP ha~1 200 kg DAP ha™"!
Irrigated 183.1 201.2 t. 28.17% 30.8
Nonirrigated 140.7 1658.3 2. 13.92
5. Fertilizer x gowina date
0 kg DAP ha~' 200 kg DAP ha™!
ct. 26 212.7 292.1 1. 19.88 36.8
Nov. 26 150.4 104.1 2. 17.04
Dec. 10 122.6 138.6
8, Fertilizer x spacing
0 kg 0AP ha~' 200 kg OAP ha™!
0 x 10 cm 145.5 199.8 13.92 36.8
0 x 10 cm 178.2 216.7
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Table 4.3.9. Main effects and first order
interactions of 4{rrigation, ser1ng date, spacing and
fertilizer on leaf weight (g m <) of chickpea at mid-
podfilling at Gwalior, 19868/87.

Main effects
Irrigation S.Emt oV X
Irrigated 116.6 12.65 27.8
Nonirrigated 65.4
Sowing date
Oct. 28 126.2 6.88 *xz 21.4
Nov. 29 83.5
Dec. 10 63.3
Spacing (cm)
30 x 10 87.7 4.28 32.8
20 x 10 94.3
Fertilizer (DAP)
0 kg ha™! 85.6 4.28 32.6
200 kg ha~} 96.4
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Interactions (First arder)

1. Sowina date x irrfcation
Oct. 26 Nov. 26 Dec. 10

Irrigated 144,0 111.0 94.8
Nonirrigated 108.4 56.0 3.8
2. Scacing x irrigation
30 x 10 cm 20 x 10 cm
1rrigated 120.5 112.1
Nonirrigated 54.8 76.0
d._Spacing X sowing date
30 x 10 cm 20 x 10 e
Oct. 268 117.6 134.7
Nov. 26 85.3 81.7
pec. 10 €0.0 8s.8
4, Fertilizer x frrigation
0 kg DAP ha~! 200 kg DAP ha”!
Irrigated 108.7 126.5
Nonirrigated 64.5 86.3
§. Fertilizer x sowing date ,
0 kg DAP ha~! 200 kg OAP ha”!
Oct. 26 116.3 136.0
Nov. 26 78.3 8.7
Dec. 10 82.0 04.6
¢, Fartilizer X soacing
0 kg DAP ha~' 200 kg OAP ha™!
30 x 10 c» 76.3 99.0
20 x 10 cm 94.8 93.9

4

S.6mt

1.
2.

1.
2.

2'

1’
2.

14.94
9.73

13.3¢s
6.00

.I"
7.42

6.08

cva
352.6

32.¢

32.8

2.6

32.¢

32.8



Table 4.3.10, Main effects and first order
interactions of i{rrigation, sowing date, spacing and
fertilizer on flower + pod weight (g m <) of chickpea at
mid-podfi11ling at Gwalior, 1986/87.

Main effects

Irrigation 8.Emt cv x
Irrigated 107.7 5.80% 9.2
Nonirrigated 149.1

Sowing date
Oct. 26 100.1 10.92%  24.0
Nov. 26 140.8
Dec. 10 144.2

Spacing (cm)
30 x 10 122.7 6.14 33.1
20 x 10 134.1

Eertilizer (DAP)

0 kg ha™! 127.8 6.14  33.1

200 kg ha~! 129.2
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Interactions (First order)
1. Sowing date x irrisation

Oct. 26 Nov. 2¢ Dec. 10

Irrigated 87.1 89.4 146.6
Nonirrigated 113.2  192.2 141.9
2..Soncing x irrigation .
30 x 10 cm 20 x 10 cm
Irrigated 100.0 115.3
Nonirrigated 145, 4 152.8
3. Soacing x sowing date
30x10cm 20 x 10 ca
Oct. 26 108.8 $3.8
Nov. 28 142,8 138.8
Dac. 10 118,7 169.7
4, Fertilizer x irrigation
0 kg DAP he™! 200 kg DAP ha~!
Irrigated 108.4 107.0
Nonirrigated 146.8 161.4
5. Fertilizer x sowing date
0 kg DAP ha~' 200 kg DAP ha™ '
Oct. 28 97.2 103.1
Nov. 26 135.8 145.8
Dec. 10 149.8 138.7
8, Fertilizer x spscing
0 kg 0AP ha~! 200 kg DAP ha™!
30 x 10 cm 125.0 120.4
20 x 10 cm 130.1 138.0
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Table 4.3.11. Main effects and first order
interactions of irrigation, sowing date, spacing and
::;:;;;znr on days to 50% flowering in chickpea at Gwalior,

Main effects

Irrigation S.Eme cvV X
Irrigated 74 0.7 1.9
Nonirrigated 71

Sowing date
Oct. 28 78 0.9s8s 3.7
Nov. 28 72
Dec. 10 69

Spacing (cm) 3.4
30 x 10 T2 0.3
20 x 10 T2

Fertilizer (DAP)
okg ha~! 72 0.3 3.4
200 kg ha? 12



Interactions (First order)

1. Sowing date x irrigatipn

Oct.26 Nov. 26 Dec. 10 S.Emt CVX
Irrigated 16 13 1 1. 1.3 3.4
Nonirrigated 74 11 &7 2. 1.3
2. 8pacing x irrigation

30 x 10 o 20 x 10 om
Irrigated 74 73 1. 0.8 3.4
Nonirrigated T1 " 2. 0.5
3. Spacing x sowing date
30 x 10 cm 20 x 10 cm

Oct. 26 75 15 1. 1.0 3.4
Nov. 26 72 12 2. 0.6
Dec. 10 70 69
4. Fertilizer x irriagation

0 kg DAP ha~' 200 kg DAP ha™?
Irrigated 73 T4 1. 0.8 3.4
Nonirrigated 70 71 2. 0.5
%, Fert1lizer x sowina date

0 kg DAP ha™! 200 kg DAP ha”!
Oct. 26 74 768 1.0 3.4
Nov. 26 73 12 0.8
Dec. 10 70 69
8. . Fertilizer x spacing

0 kg DAP ha~' 200 kg DAP ha™’
30 x 10 ca 12 73 0.5 3.4
20 x 10 cm 12 72

1. S.emt for comparison of treatments in a cultivar.

2. S.Emt for comparison of cultivars in a treatment.

@ Wherever there is only one SE m, the same 1s to be used for making the
above two comparisons.
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Table 4.3.12. Main effects and first order

interactions of 4rrigation, sowing date, specing and

::;t};;zcr on days to maturity in chickpea at Gwaltor,
6, .

Main effects

lrrigation S.Eme oV x
Irrigated 121 3.8 6.8
Nonirrigated 112

Sowing date
Oct. 28 128 2.0588 6.3
Nov. 26 116
Dec. 10 106

Spacing (cm)
30 x 10 17 0.6 3.9
20 x 10 116

Eertilizer (DAP)
0 kg ha™! 17 0.6 3.9
200 kg ha~?! 118
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Interactions (Firat order)

1. Sowing date x irrigation
Oct. 26  Nov. 28  Dec. ® S.Emt
Irrigated 134 121 109 1. 4.8
Nonirrigated 122 110 104 2. 3.7
2. Soacina x jrrisation
30 x 10 cm 20 x 10 ¢cm
Irrigated 122 121 1. 3.8
Nonirrigated 11 112 2, 0.9
3. Soacing x sowing date
30 x 10 cm 20 x 10 cm

Oct. 26 128 128 1. 2.1
Nov., 26 116 116 2. 1.1
Dec. 10 107 105
4. Feryilizer x irriaation

0 kg DAP ha™! 200 kg DAP ha™!
Irrigated 121 121 1. 3.8
Nonirrigated 113 111 2. 0.9
5. Fertilizer x sowing date

0 kg DAP ha~' 200 kg DAP ha™!
Oct. 26 129 127 1, 2.7
Nov. 26 118 116 2. 1.9
Dec. 10 107 108
8, Fertilizer x soacing

0 kg DAP ha~! 200 kg DAP ha™!
30 X 10 cm 17 117 0.9
20 x 10 ca 117 116
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Table 4.3.13. Main effects and first order
interactions of irrigattion, aoring date, spacing and
fertilizer on shoot waight (kg ha” ') of chickpsa at maturity
at Gwalior, 1986/87.

Main effects

Ircigation S.Emt cv %
Irrigated 5667 436.2% 19.2
Nonirrigated 3406

Sowing date
Oct. 26 5665 334.3%s 20.8
Nov. 29 4563
Dec. 10 3381

Soacina (cm)
30 x 10 4871 184.4 28.2
20 x 10 4402

Eerxilizer (DAP)

0 kg ha™! 4216 184.4% 28.2

200 kg ha~! 4857



Interactions (First order)

1. Sowing date x irrigation
Oct. 26  Nov. 26  Dec. 10
Irrigated 6621 8010 4370
Nonirrigated 4710 3116 2393
2. Spacing x irrigation
30 x 10 em 20 x 10 ca
1rrigated 6105 5229
Nonirrigated 3238 3574
3. Soaging x sowing date
30 x 10 cm 20 x 10 ¢m
Oct. 26 5762 5568
Nov. 26 4768 4360
Dec. 10 3488 3217
4, Fortilizer x irrigation
0 kg DAP ha~' 200 kg DAP ha™'
Irrigatad 6381 5953
Nonirrigated 3062 37081
5. Fertilizer x sowinm date
0 kg DAP ha~! 200 kg DAP ha™!
oct. 26 8414 5917
Nov. 28 4243 4883
Dec. 10 2992 arT
6, Fertilizer x spacing
0 kg DAP ha~! 200 kg DAP ha™'
30 x 10 cm 4126 5217
20 x 10 cm 4308 4408
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Table 4.3.14. Main effects and first order
interactions of irrigation, oouing_gftc. spacing and
fertilizer on seed yield (kg ha ') of chickpea at
Gwalior, 1986/87.

Main effects

Irrigation 8.Emt cV X
Irrigated 1929 138.0 16.0
Nonirrigated 1533

Sowing date
Oct. 26 2019 118.5¢% 19.4
Nov. 26 1710
Dec. 10 1482

Spacing (cm)
30 x 10 1787 85.5 26.2
20 x 10 1704

Bertilizer (DAP)

0 kg ha™! © 1634 65.5% 26.2

200 kg ha”? 1827
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Interactions (First order)

1. Sowing date x irrisation
Oct. 26  Nov. 2¢  Dec. 10

Irrigated 2191 1932 1664
Nonirrigated 1848 1489 1261
2..Spacing x irrigation

30 x 10 cm 20 x 10 cm
Irrigated 2025 1833
Nonirrigated 1490 1575
3. Spaging x sowing date

30 x 10 cm 20 x 10 cm

Oct. 26 2008 2031
Nov. 26 1821 1600
Dec. 10 1442 1482
4, Fertilizer x irrigation
0 kg DAP ha~! 200 kg DAP ha™!

Irrigated 1889 1949
Nonirrigated 1379 1686
5. Fert1lizaer x sowing date

0 kg DAP ha~! 200 kg DAP ha™ !,
oct. 26 1934 2106
Nov. 26 1845 1718
Dec. 10 1323 1602
8. Fertilizer x spacging

0 kg DAP ha~! 200 kg DAP ha™'
30 x 10 ca 1604 1911
20 x 10 cm 1664 1744
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Table 4.3.15. Main effects and first order

interactions of irrigation, sowing date, spacing and

::;t}l;zar on harvest index (%) of chickpea at Owalior,
8/87.

Main affects

irrigation 8.Em cY X
Irrigated 37.4 2.50 11.8
Nonirrigated 47.5

sSowina date
Oct. 26 ar.e 1.76% 11.7
Nov. 26 4.7
Pec. 10 48.7

Spacing (cm)
30 x 10 42.86 0.96 15.7
20 x 10 42.3

Factilizer (DAP)

0 kg ha™! 43.7 0.96 15.7

200 kg ha™? 41.1
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Interactions (First order)

200 kg DAP ha™!

Dec. 10

40.4
B3.1

20 x 10 cm

31.9
46.8

20 x 10 cm

35.7
46.8

200 kg DAP ha™!

200 kg DAP ha™!

37.2
41.0
45.1

40.3

Y. Soving date x {rrigation
Oct. 26 MNov. 26
Irrigated 34.9 3.8
Nonirrigated 40.9 48.5
2. Spacing x irrigation
30 x 10 c»
Irrigated 36.8
Nonirrigated 48.4
1. .Spacing x sowing date
30 x 10 cm
Oct. 26 38.2
Nov. 26 43.3
Dec. 10 40.4
4, Fertilizer x irrigation
0 kg DAP ha™!
Irrigated 39.0
Nonirrigated 48.4
5. Fertilizer X sowing date
0 kg DAP ha™}
Oct. 26 38.6
Nov. 26 44.3
Dec. 10 48.3
8. Fertilizer x spacing
0 kg DAP ha™!
30 x 10 cm 44,9
20 x 10 cm 42.6

41.9
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Table 4.3.16. Main effects and first order
interactions of, sowing date, spacing and fertilizer on
pod6;=¢mor per plant of chickpea at maturity at Gwalior,
198 .

Majin effecta

Ircriaation 8.Emt cvV X
Irrigated 32.0 2.63 17.8
Nonirrigated 28.2

Sowing date
oct. 26 28.2 2.42 22.7
Nov. 26 .~ 33.0
Dec. 10 29.1

Spacing (cm)
30 x 10 34.5 1.40%8s 32.3
20 x 10 25.7

Fertilizer (DAP)

0 kg ha~! 27.4 1.40%% 32.3

200 kg ha™! 32.8
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Interactions (First order)

1. Sowing date x irripation
Oct. 26 Nov. 26  Dec. 10 8.Emt v X
Irrigated 30.8 36.1 29.0 1. 3.84 32.3
Nonirrigated  25.6 29.9 29.1 2. 3.42
2. Soacipg X irrigation
’ 30 x 10 cm 20 x 10 om
1rrigated ar.? 28.2 1. 2.98 32.3
Nonirrigated 31.2 25.2 2. 1.98
3..Spacing x sowing date
30 x 10 cm 20 x 10 cm
Oct, 26 32.6 23.8 1. 2.97 32.3
Nov, 26 1.0 28.9 2. 2.43
Dec. 10 33.8 24.4
4, Fertilizer x irrigation
0 kg DAP ha~' 200 kg DAP ha™!

Irrigated 30.9 3.6 1. 2.98 32.3
Nonirrigated 24.5 32.0 2. 1.96
5. Fertilizer x sowing date

0 ko DAP ha~' 200 kg DAP ha™!
Oct. 28 23.6 32.8 1. 2.97 32.3
Nov. 26 30.6 35.4 2. 2.4
Oec. 10 To21.9 30,2
¢, Fertilizer x spacing

0 kg DAP ha~! 200 kg DAP ha™!
30 x 10 cm 29.6 39.4 1,988 32. 3
20 x 10 cm 25.2 26.2
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Table 4.3.17. Main effects and first order
interactions of irrigation, sowing date, spacing and
fort}1izer on seed number per pod of chickpea at Gwalior,
1986/87.

Main effects
Irrigation 8.Emt cV %
Irrigated 1.31% 0.045 T.4
Nontirrigated 1.14
Sowing date
Oct. 26 1.23 0.060 13.8
Nov. 26 1.22
Dec. 10 1.23
Spacing (cm)
30 x 10 1.16 0.045% 25.7
20 x 10 1.29
Eertilizer (DAP)
0 kg ha”! 1.25 0.045 25.7
. 200 kg ha~! 1.2
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Intaractions (First order)

1. Soving date x irrjaation
Oct. 26 Nov. 26  Dec. 10
Irrigated 1.32 1.29 1.93
Nonirrigated 1.15 1.14 1.13
2. 8pacing x irrigation
] 30 x 10 em 20 x 10 ¢m
Irrigated 1.20 1.43
Nonirrigated 1.12 1.15
3. Spacing x sowing date
30 x 10 cm 20 x 10 cm
Oct. 26 1.17 1.29
Nov. 26 1.13 1.30
Dec. 10 ' 1.18 1.28
4, Fertilizer x irrisation
0 kg DAP ha~! 200 kg DAP ha™'
Irrigated 1.37 1.26
Nonirrigated 1.12 1.15
5. Fartilizer x sowing date
0 kg DAP ha~! 200 kg DAP ha™!
oct. 26 17 1.30
Nov. 26 1.31 1.12
Dec. 10 1.26 1.19
8, Fertilizer x spacing
0 kg DAP ha~! 200 kg DAP ha™!
30 x 10 cm 1.168 1.17
20 x 10 cm 1.34 1.24
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Table 4.3.18. Main effects and first order
interactions of drrigation, sowing date, spacing and
fertilizer on hundred seed weight (g) of chickpea at
Gwalfor, 1986/87.

Main effects

Irrigation B.Ems cV X
Irrigated 17.00 0.720 8.4
Nonirrigated 17.83

Sowing date
Oct. 26 17.96 0.875 14,2
Nov. 26 17.81
Dec. 10 16.47

Spacing (em)
30 x 10 18.15 0.717 28.5
20 x 10 16.69

Eertilizer (DAP)

0 kg ha~! 17.48 D.717 28.5

200 kg ha™} 17.36
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Interactions (First ordec)
1. _Sowing date x irrigation

28 Dec. 10

20 x 10 ca *

16.45
16.92

20 x 10 cm
16,59

17.33
16.14

200 kg DAP ha™}

17.34
17.38

200 kg DAP ha™}
16.40

18.31
17.35

200 kg DAP Ha™?
17.96

Oct. 26 Nov.
Irrigated 16.93 17.47 16.60
Nonirrigated 19.00 18.16 18.35
4. Spacing x irrigation

30 x 10 cm
Irrigated 17.55
Nonirrigated 18.75
3. _Spacing x sowing date

30 x 10 em
Oct. 26 19.34
Nov. 26 : 18.30
Dec. 10 16.80
4, Fertilizer x frrigation

0 kg DAP ha™!
Irrigated 15.68
Nonirrigated 18.29
5. Fertiiizer x sowing date

0 kg DAP ha™!
Oct. 26 19.52
Nov. 26 17.32
Dec. 10 15.59
8, Fertilizer x spacina
0 kg DAP ha™!

30 x 10 co 18.34
20 x 10 cm 16.61

16.78
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1.
2.

S.Em+

1.248
1.237

. 1.023

1.014

1.023

. 1.014

1.014

28. .

28.5

28.5

28.5

28.6

28.5



4.4 PA 86/40 Analysis of growth and yiely# of chickpea cqltivnrt released
for cultivation in India at different times (NPS, CJ)

Intreduction

We conducted a trial in 1985/88 (Chickpea Agronomy Report #1, Ssction
4.5) at Gwalior with eight cultivars of chickpea (recommendesd for
cultivation in that region) at two levels of irrigation. The objective was
to study genotypic differences in growth and yield of chickpea cultivars in
the Gwalior environment. Cultivars that flower over a short duration of
80~76 days showed large differences in yield and ICCC 32, the top yielder,
was a distinct outlier. Also, genotypes that differed widely in time to
floweg‘ng (80~--85 days), showed a narrow of variation in yield (2,000-2200
kg ha ') ICCC 40, was the eariiest to flower (45 days) and appeared not
suited to Gwalior and similar environments. We proposed to modify this
trial and conduct it at Patancheru, Gwalior and Hisar during the 1986/87
season.

In the Indian Pulse Improvement Program a maximum of 38 chickpea
cultivars have been released so far, as documented in a publication from
Jabalpur. We wished to include the cultivars recommended for release in
the three ragions where the ICRISAT Center or Subcenters ars located. The
objective was to document "The changas 1in growth angd other agro-
physiological characteristics associated with the yielding ability of
cultivars released over time”. Such an analysis in soybean cultivars (John
Boyer, 1982, Science 218: 443-447) raleasad between 1935 and 1975 in USA
showed that cultivars released in later idecades were more tolerant of
drought than those released in the early decades. This was not a character
which was consciously bred for by including parents more tolerant to
drought as selected for 1in droughty environments. Such an exercise in
chickpea should permit us to determine the factors that have contributed to
yield improvement in the three chickpea growing regions in India where the
ICRISAT Breeding Program is carried out.

Matorials and Methods

This trial was conducted at 3 Jocdtions ~ at ICRISAT Center and at
ICRISAT subcenters, Gwalior and Hisar - &nd the cultural details adapted at
these locations are listed in Table 4.4.1. Besides, the crops in all these
places were kept weed free and the crop was regularly sprayed for insect
past control. The set of cultivars tested varied depending upon locations
as per their adaptation and are listed in Table 4.4,2 together with their
year of their release. At Gwalior, plants from an area of 0.6 m“ were
harvested at 32, 87 and 114 days after sowing in the nonirrigated treatment
and 32 and 114 days after sowing in the irrigated treatment to estimate dry

matter.

1. Compiled by L. Krishnamurthy
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ICRISAT Center

Plant stand and growth were affectsd in various degrees by early or
Tate wilt depending upon the cultivar. Entries JG 62 and COG 1 were
completely decimated by early wilt (data partaining to these are hance not
given) while Warangal, BEG 4882 and K 850 wera affected by late wilt, more
80 under irrigated conditions, resuiting in reduced growth and yteld.
Irrigation delayed 50% flowerinp and maturity of all the cultivars. The
delay was mors in early cultivars than in the medium ones (Table 4.4.3).

Dry matter production at maturity and seed yteld in cultivars free
from dissase were aspproximately doubled, in general, with {irrigation.
These cultivars did not differ significantly in dry matter production and
seed yisld. Cultivar Chafa - an excaption -~ being the earliest to flower
and mature produced less dry matter and seed yteld (Table 4.4.4).
Irrigation reduced harvest index aof the cultivars probably due to
tempearature and soil moisture stress during the sxtended reproductive
growth phase. This reduction was considerable 1in cultivars Chafs, BEQ 482,
Warangal and K 850 because the late wiit incidence was severe with
irrigation (Table 4.4.4).

Number of pods per plant was doubled with irrigation, except in the
cultivars prone to disease, indicating this yield component to be the major
yield determinant (Table 4.4.5). Irrigation tended to incrsase the number
of seeds per pod. Number of seeds per pod significantly varied among
cultivars with, cultivars BEQG 482 and ICCC 37 having the highest number of
seeds par pod. Irrigation did not affect the seed size significantiy. The
100 seed weight of entries varied from 10 to 23 g.

ICRISAT Subcenter, Gwalior

Ory matter production at 32 days after sowing was not affected by
irrigation and cultivars significantly differed in dry matter at this
staga. Cultivars such as ICC 4958, ICC 10448 and Radhey produced a high
amount of dry matter in all components (Table 4.4.8). However, at 87 and
114 days after sowing there were no significant difference between
cultivars in dry matter production (Tables 4.4.7-9).

Irrigation effects on flowering time of cultivars was significant. In
some cases flowsring was advanced (i.e. ¢ 235, H 208, ICC 32 and ICC 10985)
while in other it was delayed (i.e. G2, L 550, ICCC 42, Radhey and, T3).
However, there was a significant wide range in flowering time of cultivars
tested (Table 4.4.10). 1Irrigation delayed maturity of all cultivars and
they matured almost at the same time, indicating a forced maturity (Table
4.4,10).

No significent differences due to irrigation, cultivar or trrigation x
cultivar interaction were obsarved in shoot dry matter at maturity, inspite
of a huge variation between irrigation means and among cultivaral means
(Table 4.4.11). Seed yield responses were also similar to shoot dry
matter. Howsver, the mean cultivaral yfelds ranged from 1510 to 2317 ‘kg
ha”' (Table 4.4.11). Irrigation reduced harvest indices significantly.
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The means for cultivars ranged between 37.4 and 53.0% and even then these
differences were nonsignificant. Such as variation in the yield and shoot
dry matter was primarily due to lodging and diseases (Table 4.4.12).

Irrigation enablad the plants to produce significantly more pods while
it did not affect the seads per pod and 100 seed weight (Table 4.4.13).
Cultivars differed significantly in number of pods per plant, seed number
per pod and 100 seed weight. Cultivar T3 produced the highest number of
pods per plant. Small seeded cultivars l1ike C 235, H 208, G2, and T3
produced significantly higher number of pods par plant and seeds per pod as
compensation.

ICRISAT Subcenter, Hisar

Irrigation, in general, did not cause any significant change 1in
flowering and podding initiation time of various cultivars (Table 4.4.14).
There were significant differences among cultivars in 50% flowering and
maturity. Some cultivars such as K 968 and S 26 were distinctly early in
flowering and podding initiation whereas some of them ware early in
flowering (i.e. ¢ 214 and 8G 209) which did not reflect 1in podding
initiation. Irrigation significantly delayed maturity "(Table 4.4.17).
There ware large differences in maturity time of the cultfvars. Cultivars
C 235 an K 468 matured approximately 28 days earlier than QG 209 or GL 769.

Irrigation significantly enhanced the dry matter, production at
maturity, which was almost double, whereas the yield increase was not to
that magnitude due to poor harvest indices (Table 4.4.16). Dry matter
production of the different cultivars did not vary much whereas the sead
yield did. This was mainly due to the difference in yield potential and
partitioning capability between Kabuli (L 144, C 104, etc.) and Desi (826,
K 850 #tc.) chickpeas. Number of pods per plant and 100 seed weight did
not improve with irrigation so as to explain the seed yield variation
(Table'4.4.16). This could be attributed to the small sample size drawn
for these yield component estimations (Table 4.4.16).

iscussion

In an effort to estimate the yield potential of various cultivars, an
trrigation treatment was included in these trials. There were substantial
yield and shoot dry matter increases with irrigation at ICRISAT Center and
Hisar. Nevertheless, there were zero or negative rasponses in some
cultivars which succumbed to disease. There was no such irrigation
response in terms of either dry matter production or seed yield at Gwalior,
which was most probably due to extensive lodging and disease incidence with

irrigation.

No apparent yield improvements could be observed in the disease
tolerant recent cultivars in comparison with the old ones. However, there
seams to be considerable improvement made in incorporating disease
tolerance in the recent cultivars.
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Teble 4.4.1,

jcuitivars releassd ot differsnt timas in Indis, 1088/87.

Cultural details for the trial analysis of growth and yield of chickpma

Location
ICRIGAT ICRISAT Subcenter
Iten Center Malior Hisar
1. Flald Mo, 8P 8C Fleld No. X7 Fiald No.
2. Basa) fertilizer 100 kg OAP ha™' 100 kg AP W' 20 ke Py ntas
3. Ssed bad 88F Flat Flat
4. Design Split plot 8pl1it plot Spitt plot
8. Main plot treatasnt
Nonirrigated One poat-sowing One P51 One PS4
Irrigation (P81) (on 26~10-886) {on I week of Dsc.)
(on 31-10-868) .
Irrigated Ona PSt + 4 more One PS1 + One P81 + ohe pre-
(on 28 Nov, 16 and 2 more (on 27-11-88 sowing irrigation
29 Dec 1988 and 13 andg 2-2-87) {on 1 week of Nov.
Jan 1987) 88)
6. Subplots (cultivars) 12 18 16
7. No. of replications 3 4 4
8. Specing 30x10cm 0 x 10 cm 30 x 10 ¢m
9. Fungicide (seed) 0.8% Benlate T - -
treataent
10. Plot size sown Amx4rows ASmxdm 48X 4 rovws
11, Plot size harvested 3.68 x 4 rows Jmx 3w 3.0mx 4 rovs
12. Date of sowing 28~10-0¢8 20~10-86 11-11=-1988
13. Date of sequential - 27-11-68, 2~-1-81 -
sampling 17~2-87, and
2-4~1987
14, Date of harvest 17-2-81 2-4-1987 24/26~4-1987




Table 4.4.2. Varieties tested in the thres locations and their year of
release for cultivation in India.

ICRISAT Center ICRISAT Sub Center ICRISAT Sub Center
Gwalior Hisar
Year Year Year
of of of

variety release Variety releass Variety releass

Chafa 1940 a2 Before G 24 1958
1956
€06 1 1963 T3 1958 5 28 - 1988
Annigeri 80's C 235 1960 C 235 1960
Jg 62 1972 Radhay 1968 C 104 1960
CPS 1 1976 L 660 1977 G 130 971
80N 9-3 1978 H 208 1977 C 214 971
X 850 1978 K 850 1978 L 144 1976
Jyotht 1978 JG 315 1981 @534 . @17
warangal 1979 1C0CC 32 1984 H 208 1977
1cce a7 1987 1cCC 42 90's L 550 1977
1CCC 40 - 1689 ICC 4558 Germplasm K 468 1978
160042 1989 ICC 10448 . K 850 1978
_1ﬁ : ICC 10985 " BG 209 1980
v ICC 10991 . Pant 1981
G 114

GL 769 1981
Gaurav 9 y

£4



Table 4.4.3. Day&}takan to S0% flowaring and maturity
of some chickpea jcultivars, released for cultivation
in peninsular Imdia at diffarent times, grown at
ICRISAT Center duling 1986/87.

ey

LY
~ ''50% Flowering Maturity
S (days) (days)

Cultivars NI I Mean - NI 1 Mean
Annigeri 40 44 42 81 100 91
BDN 9-3 38 41 40 80 89 89
Chafa 38 41 39 79 88 83
BEG 482(Jyoti) 85 58 88 100 108 103
warangal 40 43 42 e1 87 84
K 850 48 50 49 89 104 87
CPS 1 43 48 44 84 103 83
IccCc 37 38 42 40 80 99 89
ICCC 40 40 42 41 82 100 91
ICCC 42 42 45 44 82 104 93
IMean 42 45 84 29

SE (+) SE (+) .
Irrigation (I) 0.1 x=x 0.2 ==
Cultivars (C) 0.2 =xx 0.3 =xxx
I x C 0.3 xX 0.5 »x
I x C at the same
level of I 0.3 0.5
cY (%) 1.4 0.9

NI = Nonirrigated, and I = Irrigated

xxx Significant at 0.001 level
*x Significant at 0.01 level
x Significant at 0.05 level
NS Nonsignificant
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1abla 4.4.4. Shoot mass, seed yield and harvest indices of some chickpea
cultivars, released for cultivation in peninsular India at different times,
grown at ICRISAT Center during 1986/87.

Shoot mass Seed yield Harvest
(t ha™ ') (t ha™") index (X)
Cultivars NI 1 Mean NI I Mean NI I Mean
Annigeri 2844 6202 4568 1258 3156 2207 44.1 50.2 47.1
BDN ¢-3 2774 6721 4247 1476 2535 2006 50.6 44.2 47.4
Chafa 2708 3154 2931 1125 927 1026 43,6 29.2 38.4
BEG 482(Jyot1) 2229 3961 3095 714 979 846 32.3 24.9 28.6
Warangal 1889 1588 1739 766 295 630 40.4 18.2 29.3
K 850 3115 4671 3883 1503 1517 1510 47.4 32.6 40.0
cPs 1 2536 6321 4428 1226 2927 2076 48,5 46.7 47.6
1CCC 37 2532 5931 4231 1487 3015 2241 57.7 50.8 b54.3
I1CCC 40 2551 5542 4047 1256 2718 1987 49.5 49.0  49.2
1cCC 42 2870 6088 4468 1635 3164 2399 57.0 52.2 54.6
Mean 2605 4925 1243 2123 471 30.8
8E (+) SE (+) SE (+)
Irrigation (I) . 168.9 %% 141.4 % 1.4 s
Cultivars (C) 148.7 *xx 92.0 %% 2.29 5%
IxC 261.4  &%% 187.7 #3% 3,38
I x C at the same
level of I ‘ 210.3 130.1 3.24
oV (X) ‘ 9.1 13.4 12.9

NI = Nonirrigated, and I = Irrigated

sxx  Significant at 0.001 leve)
** Significant at 0.01 level

* Significant at 0.05 level
NS Nonsignificant
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Table 4.4.5. Yield components of some chickpea cultivars, released for

cultivation in peninsular India at different times, grown at ICRISAT Center
during 1986/87,

Filled pod Saed 100 seed

number plant nusber pod”! wt. (g9)
Cultivars Nl 1 Mean NI 1 MNean [} 4 I Mean
Annigert 24 58 41 1.0 1.2 1.1 18.8 17.4 11,9
BON 9-3 35 81 48 1.1 1.2 .1 13.4 12.86 13,0
Chafa 28 27 28 1.1 1.3 1.2 13.9 9.4 11,7
BEG 482(Jyoti) 18 28 23 1.2 1.3 1.2 12.2 11,8 11,9
Warangal 20 13 17 1.0 1.1 1.1 12.4 8.8 10.,¢
K 850 19 26 23 1.0 1.1 1.1 24.8 21.5 23.0
CPS 1 22 54 38 1.1 1.3 1.2 16.3 15,3 15.8
ICcC 37 26 46 36 1.2 1.3 1.3 16.8 17.8 17.1
ICCC 40 27 52 40 1.1 .2 1.1 17.0 16.2 18.8
ICCC 42 23 46 34 1.2 1.2 1.2 2.7 2.8 21,9
Mean 24 41 1.1 1.2 16.5  15.2

SE (+) 8E (+) 8E (+)

Irrigation (I) 2.0 ] 0.01 L2 0.30 NS
Cultivars (C) 2.3 2% 0.02 #ss ¢.30 (11
Ix¢C 3.7 5% 0.03 23 0,61, £
I x C at the same
level of I 3.3 0.03 0.43
eV (%) 17.3 3.8 AT

NI = Nonirrigated, and I = Irrigated

2% Significant at 0.001 level
st Significant at 0.01 level

& Significant at 0.05 level
NS Nonsignificant
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Table 4.4.8. Dry matter production at 32 days after sowing in some chickpea
cultivars, released for cultivation 1n centra) India at differsnt times, grown
at ICRIBAT subcenter, Gwalior during 1988/87.

Root ugight Stem wejght Leaf uaight Yegetative parts
(g m°) (sm™®) (g m ) weight (g ™)

Cultivars NI I Mean NI I Mean NI I Mean NI I Mean

.

IcC 1008t 2.3 2.0 2.2 5.3 4.4 4,9 10.5 9.0 9.8 18,2 15.4 16.8
ICC 10448 2.5 2.1 2.3 7.0 6.3 8.7 14.3 13.1 13.7 23.8 21.8 22.7
ICC 10085 2.2 2.0 2.1 5.5 4.0 5.2 10.0 10.3 10.1 17.8 171.2 11.5
ICC 4958 3.9 3.3 3.8 9.4 8.0 8.7 18.3 14,9 16.6 31.6 26,3 29.0
Radhey 2.6 2.8 2.5 6.5 6.9 8.2 12.7 14.6 13.6 20.7 24.1 22.4
T3 2.2 1.8 2,0 4.7 4.3 4.5 9.3 8.6 8.9 18.2 14.7 15.4
ICCC 32 2.4 3.0 2.7 5.8 7.5 8.5 11.0 14.1 12,6 19.0 24,5 21.8
ICCC 42 2.0 2.1 2.% 5.3 5.8 5.5 13.1 13.0 13.1 20.4 21.0 20.7
L 550 2.5 2.6 2.5 6.0 6.6 6.3 11.6 12.0 11.8 20.1 21,3 20.7
H 208 2.0 1.9 1.9 4,1 3.7 3.9 7.4 7.7 7.8 13.6 13.3 13.4
G2 1.6 1.8 1.7 3.2 4.9 4.9 8.2 10.1 9.2 13,1 16.9 15.0
C 235 2.0 1.8 1.9 3.9 3.5 3.1 8.2 1.1 7.9 14.0 13.0 13.5
K 850 2.3 2.6 2.5 6.4 5.7 6.1 14.0 12,1 13.0 22.7 20.4 21.7
Ja 31§ 2.4 2.0 2.2 5.8 5.0 5.4 12.3 10.7 11,56 20.6 1T.8 19.1
Mean 2.3 2.3 5.6 5.5 11.5 11.3 19.4 14.1

SE (+) SE (+) SE (+) SE (+)
Irrigattion (1) 0.04 NS 0.4 NS 0.75 NS 1.22 NS
Cultivars (C) 0.16 22 0.83 ®xx 1.08  ¥xx 1.81 3%
Ix¢e 0.22 NS 0.96 NS 1.65 NS 2.75 NS
I x ¢ at the same
level of 1 0.23 0.89 1.53 2.58
Wo(x) 19.9 32.0 26.9 26.6

NI = Nonirrigated, and I = Irrigated

% Significant at 0.001 level
*x Significant at 0.01 jevel
% Significant at 0.05 leve)
NS  Nonsignificant
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Table 4.4.7. Dry matter production at B7 days after
sowing 1in some chickpesa cultivars, released for
cultivation in central India at different times, grown at
ICRISAT subcenter, Gwalior during 1986/87.

Flowar Vegetative
Root Stem Leaf + pod parts
weigg& weiggi w.19h§ wo1gh§ wo19h§
) ) }

Cultivars (gm=<) (gm*) (gm (g m (o m
ICC 10991 21.8 78.0 108.3 1.81 208.1
ICC 10448 16.8 8e6.8 112.3 3.44 215.7
ICC 10985 18.5 82.7 117.0 4.04 218.8
ICC 4958 18.9 96.0 121.8 5.18 237.1
Radhey 19.8 100.3 109.3 0.07 229.3
T3 16.0 80.0 99.9 0.00 186.9
ICCC 32 22.2 78.8 101.4 0.00 202.4
ICCC 42 17.4 768.6 114.9 3.01 209.0
L 550 22.2 89.7 118.2 0.00 228.1
H 208 T17.7 75.4 97.8 0.00 190.9
G 2 18.1 77.5 113.4 Q.17 209.0
C 235 22.5 83.0 109.8 0.00 215.1
K 850 20.3 87.8 113.8 0.60 221.9
JG@ 315 18.5 73.0 108.2 1.34 199.7
Mean 19.3 83.3 110.3 1.3% 212.9
Siginificance NS NS NS NS NS

SE (+) 2.65  14.10 10.26  1.49 24.42
cV X 27.4 33.9 18.6 213.9 22.9

NI = Nonirrigated, and 1 = Irrigated

*xx  Significant at 0.001 level
*x Significant at 0.01 level

* Significant at 0.05 level
NS Nonsignificant
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table 4.4.8. uUry matter production at: 114 days aftar sowing in some chickpea
cultivars, released for cultivation inicentral India s¥'Miifferent times, grown at
ICRISAT subcenter, Gwalior during 1086/87.

Root vnlght Stom uoight Leaf ulight
(gm (g m (g w
Cultivars NI I Mean NI I Mean NI 1 Maan

1CC 10891 60.2 117.2 83.7 136.8 141.5 138.7 110.6 110.0 110.3
ICC 10448 38.9 T1.9 56.4 150.4 185.7 182.8 173.2 145.6 159.4
ICC 10985 45.2 174.6 109,9 140.4 221,2 180.8 109.6 182.7 136.1
ICC 4958 36.2 $7.8 67.0 138.3 214.2 1768.3 60.5 152.9 107.2

Radhey 31.3 83.8 47.6 183.8 229.4 208.6 120.5 161.4 140.9
T3 40.7 63.6 47.2 175.5 128.6 152.1 107.0 102.4 104.7
ICCC 32 §2.8 108.6 80.7 182.9 268.6 226.7 100.3 147.9 124.1
ICCC 42 85.5 88.6 2.0 151.5 186.9 159.2 110.3 136.8 123.5
L 550 82.2 121,17 92.0 211.6 2303.1 257.3 112.0 158.7 135.4
H 208 43.3 118.3 B80.8 173.0 139.0 156.0 122.5 99.9% 111.2
G2 37.2 78.3 57.8 119.6 258.2 188.9 106.2 188.8% 147.5
C 235 58.1 111.3  83.7 178.1  220.7 199.4  119.7 164.3 142.0
X B85S0 42.0 124.9 83.5 169.5 304.,0 236.7 148.9 201.% 175.0
JG 315 42.0 56.9 48.4 203.5 164.3 183.9 145.7 136.9 141.3
Mean 45.3 99.1 165.9 208.0 117.6  147.%

SE (+) SE (+) SE (+)
Irrigation (1) 10.50 % 18.58 NS 8.43 NS
Cultivars (C) 14.35 NS 33.38 NS 17.51 NS
Ix¢ 22.19 NS 48.41 NS 25.30 NS
I x C at the same
level of I 20,29 47.20 24,76
cvV (%) 56.2 50.4 37.3

NI = Nonirrigated, and I = Irrigated

sxt Significant at 0.001 level
rx Significant at 0.01 level

% Significant at 0.05 level
NS Nonsignificant
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Table 4.4.9. Dry matter production at 114 days after sowing
in some chickpea cultivars, releassd for cultivation in
central India at different times, grown at ICRISAT subcenter,
Gwalior during 1988/87.

F)ouor*pod_,;ight Vegetative parts weight

(9 m (g & “)

Cultivars NI 1 Mean NI 1 Mean
+

ICC 10993 71.7  78.3 73.8 297 6o 333
ICC 10448 56.4 41.3 48.8 333 383 358
ICC 10985 93.2 T1.1 82.2 295 558 427
ICC 4958 30.3 19.¢ 24.9 238 468 350
Radhey 67.7 51.2 59.4 33¢ 458 398
T3 57.4 48.7 51.5 323 286 304
ICCC 32 58.4 52.9 54,7 336 825 431
ICCC 42 103.1 61.7 82.4 an 392 368
L 550 60.3 16.9 38.6 388 584 485
H 208 : 48.3 31.5 39.9 339 357 348
G 2 91.0 62.7 71.8 203 628 394
C 235 80.3 95.6 88.0 354 496 425
K 850 82.2 74.1 78.1 380 630 495
JG 315 59.8 88.9 74.3 391 358 375
Mean 68.4 55.6 326 456 .

8E (+) SE (+)
Irrigation (1) 3.88 NS 31.2 NS
Cultivars (C) 10.92 % 54.5 NS
IxC - 15.39 NS 80.8 NS
I x C at the same :
level of I 15.45 71.1
cv (x) 49.8 30.4

NI = Nonirrigated, and 1 = Irrigated

sx3 Significant at 0.001 level
s3 Significant at 0.01 level
s Significant at 0.05 level
NS Nonsignificant
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Table 4.4.10. Days taken to 50X flowering and
maturity of some chickpea cultivars, released for
cultivation in central India at different times,
grown at ICRISAT subcenter, Gwalior during 1986/87.

50x Flowering Maturity
(days) (days)
Cultivars NI 1 Mean NI 1 Mean
JG 315 81 51 51 128 141 135
K 850 75 73 74 130 142 136
C 235 81 79 80 127 137 132
Q2 64 86 65 124 146 135
H 208 80 77 79 130 133 132
L 550 71 86 79 133 1486 140
ICCC 32 75 68 72 130 138 134
ICCC 42 68 71 70 126 139 132
Radhey 70 77 74 126 141 133
T 3 67 77 72 129 142 136
ICC 4968 53 52 53 125 144 134
ICC 10448 60 59 59 130 144 137
ICC 10985 59 55 87 125 147 136
ICC 10991 58 58 58 126 139 132
Mean 87 68 128 141 N
SE (+) SE (+)
Irrigation (I) 0.9 NS 0.7 *%x
Cultivars (C) 2.4 k%% 2.3 NS
I x¢C 3.4 NS 3.2 NS
I x C at the same :
level of 1 3.4 3.3
CV (%) 10.1 4.9

NI = Nonirrigated, and I = Irrigated

*xxx Significant at 0.00t level
xx Significant at 0.01 level

* Significant at 0.05 level
NS Nonsignificant
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Table 4.4.11. Shoot mass,seed yield and harvest indices of some chickpea
cultivars, released for cultivation in central India at different times,
grown at ICRISAT subcenter, Qwaltior during 1986/87,

Shoot mase Seed yio]d Harvest

(kg ha™") (kg ha™") index (X)
Cultivars NI I Mean NI { Mean NI I Nean
JG 315 8049 458 4808 2258 2217 2310 58.0 49.9 53.0
K 850 3748 4808 4318 1905 1961 1928 S1.5 40.9 46.2
C 238 4079 6593 6336 1539 2210 1878 39.7 35.0 3T.4
a2 2856 4039 748 1340 1702 1651 43.8 41.2 42.4
H 208 4098 5324 5011 2024 1041 1982 4B.6 41.8 45.2
L 550 3448 5101 4273 1644 2220 1882 43.7 48.3 45.0
Icce 32 4178 3999 4087 1638 1980 1800 39,5 49.0 44.3
1cCC 42 3504 5450 4477 1087 2221 1944  AT.4 44,0 48.7
Radhey 3236 4993 4115 1562 1985 1769 47.3 42,2 44.7
T3 3994 4099 4047 1874 2006 19040 46.8 49.9 43.3
ICC 4958 2443 4181 3312 1297 1723 1510 57.6 468.9 62.2
ICC 10448 4910 5217 5064 2217 2389 2293 45.1 47.0 44.0
ICC 10985 2604 4728 3708 1499 2202 18956 65.7 49.2 62.6
ICC 10991 3686 2069 3327 1750 1578 1664 48.1 54.8 81.4
Mean 37151 4778 1729 2037 4T.9 45,0

SE (+) SE (+) 8t (+)

Irrigation (I) 322.3 N8 171.4 N8 0,34 s
Cultivars (C) . §75.8 N8 184.0 NS 4.11 N8
Ixc¢ 848.3 N8 303.8 N8 8.61 NS
1 x C at the same
lavel of I 814.3 280.2 5.0
oV (%) 38.2 21.¢ 24.9

NI = Nonirrigated, and I = Irrigated

2% Significant at 0.001 level
s Significant at 0.01 level

* Significant at 0.05 level
NS Nonsignificant
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Table 4.4.12, Visual scores in a 1-5 scale of lodging
and disease in some chickpea cultivars, released for
cultivation in central India at different times, grown
at ICRISAT subcenter, Gwalior during 1988/87.

Lodging score Disease score
Cultivars NI I Mean © NI b ¢ Mean
J@ 315 3.0 2.7 2.9 4.2 2.8 3.4
K 850 3.5 3.5 3.5 4.2 2.2 3.2
C 235 2.7 4.0 3.4 5.0 3.2 4.1
a2 2.7 3.7 3.2 6.0 2.0 3.5
H 208 2.2 2.2 2.2 4.0 3.0 3.5
L 8§50 2.5 3.2 2.9 3.2 1.2 2.2
ICcCC 32 2.7 3.7 3.2 3.2 1.5 2.4
ICCC 42 1.5 4.0 2.7 4.2 2.7 3.8
Radhey 2.7 3.5 3.1 4.7 2.2 3.5
T3 1.7 2.5 2.1 4.7 1.7 3.2
ICC 4958 2.2 2.7 2.5 5.0 2.0 3.5
ICC 10448 3.5 3.5 3.8 4.5 2.7 3.8
ICC 10985 2.2 2.5 2.4 5.0 3.0 4.0
ICC 10991 1.5 2.0 1.7 5.0 3.7 4.4
Maan 2.5 3.1 4.4 2.4 .

SE (+) SE (+)

Irrigation (1) 0.07 x% 0.16 ®%
Cultivars (C) 0.33 x% 0.34 x%
I xC 0.486 NS . 0.49 NS
I x C at the same :
level of 1 0.47 0.48
cY (%) 33.6 28.0

NI = Nonirrigated, and I = Irrigated

**x%x Significant at 0.001 level
*x Significant at 0.01 level

x Significant at 0.05 level
NS Nonsignificant
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Table 4.4.13. Yield components of some chickpea cultivars, released for
cultivation 1n central Indts at diffarent times, grown at ICRIBAT
subcenter, Gwalior during 1986/87.

Pod Seed 100 seed
number plant nusber pod™! wt. (9)

Cultivars NI‘ 1 Mean NI I Mean NI I Mean
JG 315 37.0 40.9 43.4 1.22 1.32 .27 15.8 13,1 14.5
K 850 28.3 53.5 40.9 1.17 1,08 1.12 8.1 20,6 22.9
C 238 37.9 48.4  43.1 1.39 1.41 1,40 11.6 12,2 1.9
G2 32.1 76.0 54.0 1,21 t.2¢ 1.2 12.4 13.4 12,9
H 208 51,1 49.2 80.1 1.37 1.33 1.35 10.3 1.5 10.9
L 550 43.9 . 41,4 42,7 1.00 1.16 1.08 18.6 20.4 19.5
ICCC 32 30.0- 51.9 40.8 1.12 1.07 1.09 9.1 1T.T  18.4
ICCC 42 32.4 A42.1 37.3 1,08 1.13 1.09 19.9 20.6 20,2
Radhey 34.8 47.9 41,3 1,07 1.05 1.08 18,1 21.4 19.7
T3 52.0 69.86 60.8 1.20 1.28 1.24 13.2 11,4 12,3
I1CC 4958 22.6 30.4 26.5 1.05 1.02 1.04 21.1  21.9 21.5
ICC 10448 8.6 46,8  42.7 1.20 1,26 1.23 8.5 {T.1 i7.8
ICC 10985 37.3 45.9 41.6 1.256 1,36 1.3% 13.0 13,0 13,0
ICC 10991 42,6 52.86 4r.6 1.20 1.19 1.20 13.0 12.9 13.0
Mean 371.2 50.4 1.18 1.2¢% 16.8 18.7

SE (+) SE (+) 8E (+)
Irrigation (I) ) 2.59 ] 0.016 NS 0.20 NS
Cultivars (C) 4.97 3 0.060 3¢ 0.87 &8
Ix¢C 7.28 N8 0.083 NS 1.20 NS
I x C at the same
leve) of I 7.03 0.085 1.23
v (%) 32.1 14.2 14.7

NI = Nonirrigated, and I = Irrigated

st Significant at 0.001 level
*s Significant at 0.01 level
t Significant at 0.05 level
NS Nonsignificant
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Table 4.4.14. Days taken to 50x flowering, pod initiation, and maturity of
some chickpea cultivars, released for cultivation in northnrn India at
different times, grown at Hisar during 1986/87.

50% Flowsring Pod initiation Maturity
(days) (days) (days)
Cultivars NI 1 Mean [[}4 1 Mean - NI I Mean
¢ 214 78 75 17 107 108 107 182 188 155
G 24 80 78 78 95 98 97 134 136 135
Q 543 . 86 84 85 102 99 101 168 158 154
c 235 91 03 92 93 21 92 130 132 13
G 130 08 99 99 104 105 105 150 188 153
Gauray 74 48 71 100 109 104 146 150 148
K 468 81 7 79 90 92 91 126 137 132
H 208 92 93 93 113 115 114 149 151 ‘150
L 144 99 100 100 109 105 107 131 135 133
C 104 80 i 79 104 103 103 1390 143 141
Pant Q 114 100 102 101 106 106 106 134 147 141
BG 209 75 16 75 118 113 116 158 1861 160
§ 28 67 12 10 90 99 95 130 133 ‘132
aL 769 101 102 102 112 120 118 158 182 160 .
K 850 90 93 91 110 107 108 146 148 147
L 550 97 99 98 110 108 109 143 146 145
Mean 87 87 - 104 105 . 143 147
SE (1) SE (3) SE (+)
Irrigation (1) 0.6 NS 0.5 N§ 0.2 *x
Cultivars 0.7 *2% 1.6 sx% 0.6 $x%¢
Ix¢ 1.2 sxs 2.2 ] 0.8 332
I x C at the same
level of 1 1.1 2.2 0.8
cV (%) 2.5 4,3 1.1

NI = HNon irrigated, and I = Irrigated

x Significant at 0.001 leve)
xx Significant at 0.001 level

% Significant at 0.05 1level
NS Nonsignificant
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1able 4.4.15. Shoot mess, sesd yield and harvest index of some

chrickpes
cultivars, released for cultivation in northern India st diPferemt times,
grown at Hisar during 1986/87

Shoot mass Sead yleld Harvest
(days) (days) {days)

Cultivars L) S ¢ Nean [ #4 1 Nean N1 1 Nean

C 214 4703 8802 8753 1728 2488 2107 7T W 3
G 24 3745 €568 5156 1667 1876 1872 45 26 3
G 543 4344 8677 8510 1866 2800 2333 4 N a8
C 235 4187 8323 8245 1635 2048 2242 43 2 39
8 130 5148 8724 6935 1962 2816 2389 “ 7
Gauray 4099 0104 8602 1814 2898 2387 48 33 40
K 488 4297 8307, 6302 1523 2484 2002 8 29 b 1
H 208 3443 0398 5919 1865 2497 2081 a4 N 39
L 144 3401 7016 5208 1004 1850 1427 31 29 30
¢ 104 3888 9910 6898 1218 3043 213 2 28
Pant G 114 4711 8589 6650 2027 2989 2493 43 34 39
86 209 4833 9505 7169 2071 26848 2359 49 2 3%
§ 26 4755 B099 6427 2251 3350 2800 47 & 44
GL 769 4214 8880 6547 1640 3072 2356 30 M 37
K 850 §927 7135 6531 2034 3388 2700 N & 43
L 550 3667 6573 5120 1798 2118 1988 49 232 40
Hean ' 4334 8288 1744 2082 2

SE (+) SE (+) 8E (¢)
1rrigation (I) §76.5 186.1 % 1.3 =
Cultivars (C) §63.6 NS 239.0 = 1.8 N8
Ix¢ 983.3 NS i76.5 NS 5.4 W8
1 x C at the same
lovel of I 297.1 338.1 5.4
v (%) 26.3 30.8 28.9

NI = Nonmfirrigated, and I = Irrigated

38 significant at 0.001 level
*=* Significant at 0.01 level

L Significant at 0.05 level
s
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iabie 4.4.16. M er of pods piant ' and 100 sesd welight
some chickpea cultivars, releassd for cultivation n norther
India at different times, grown at Hisar during 1908/87.

Nusber of  pods 100 seed
plant wt. (g)
Cultivars NI 1 Mesan NI b ¢ Mesan
C 214 131 1417 139 18.12 18.96 18.59
a 24 91 104 97 15.12 18.00 15.58
G 543 127 91 109 17.02 16.50 16.7¢
C 235 129 139 134 14.87 18.12 15.50
0 130 207 88 147 14.37 14.62 14.50
Gaurav 37 86 62 20.00 21.25 20.62
K 488 134 . 119 126 15.62 16.50 16.08
H 208 159 129 144 16.50 15.75 5.8
L 144 67 41 54 30.00 31.37 30.80
2 104 85 176 130 21.59 22.10 21.84
Jant G 114 121 104 112 15.50 16.25 15.87
G 209 78 97 88 19.25 20.25 19.7%
8 26 90 142 116 17.00 17.37 17.19
GL 7169 76 131 103 15.12 16.50 15.8
K 860 53 79 66 29.00 29.75 29.37
_ 580 .11 103 94 22.47 22.715 22.6%
Mean 104 111 18.79 19.50
SE (+) SE (+)
Iertigation (1) 2.5 NS 0.136 3
ultivars (C) 17.3 ==z 0.268 sx=
Ixc¢ 23.88 = 0.392 NS
I x C at the same
level of I 24.5 0.379
N (%) 45.4 4.0
a Nonirrigated, and I = Irrigated

Significant at 0.001 level
Stgnificant at 0.01 leve!l
Significant at 0.05 level
Nonstgnifant

78



4.5 PA 86/8 Multilocation testing of sffects of solarizstion on
pigeonpas
and chickpea (YSC, CJ, YLN, MPH, Sardar Singh, KLS, JVDKKR, OPR, NPS).

Introduction

Large effects of solarization have been obtained on a wilt-sick
Vertisol at ICRISAT Center (BILT2C) (Chickpea Agron. Rep.#1, Section 4.3).
These have been obtained for both wilt resistant and susceptible genotypes
of chickpea aver a two year period. We thus wished to determine whathar
stimulatory effects of solarization on chickpes could be obtained on
different soil types in differsnt environments.

Materisls and Muthods

Experiments in 4 x 4 Latin Square design were done at ICRISAt Center,
Gwelior and Hisar. Treatments wers & factorial combinagion of with and
without solarization and a wilt susceptible and resistant genotyps. Plot
size was 6 x 5 m with 2 m buffer batween plots. Net plot area harvested
wag, however, 3.6 x 4 m. Other cuitura! details are given in Table 4.5.1t.
Solarization was done according to ICRISAT Research Bulletfn No.1t.

Besults and Discussion

On 8M 9A, which was essentially rainfed, there was no significant
effect of solarization on weight of weeds harvested on 1 Det. Solaerization
increased total dry matter (TDM) yisld of ICCC 4 only, although it was only
significant in the case of TDM (Table 4.5.2). Fusarium w1lgireducad plant
population in the unsolarized 1CCC 4 plots. ;

At Gwalior, there were no clear affects of solarization on weed weight
or composition. There were also no major effects on any other parameter
measured (Table 4.5.3).

At Hisar, there was a suggestion that sclarization increased plant
height, but only significantly at 91 DAS (Table 4.5.4). Plant stand was
reduced by salinity and solarization appeared to delay following and
maturity (Table 4.5.5). Total dry matter, yield and yield components were
nat affected by solarization but yleld of ICCV 17 significantly exceeded
that of ICCC 41 (Table 4.5.6).
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Table 4.8.1.
chickpea, 1986/87.

Cultural details for the muitilocattion solarizstion trial for

Location
Item ICRISAT Center Gwalior Hisar
Field No, BMBA 318 4]
Pre-solarization 10/4/86
irrigation
Begin solarization 22/4/86 29/4/88 20/4/88
Complets solarization 4/6/88 16/6/86 Approx. after
8 woeks
Wilt susceptible 1cee 4 1CCC 10488 1ccc 4
cultivar
Wilt resistant Ja T4 6L 1002 1cce 17
cultivar .
Date of sowing 16/10/86 11/10/86 11/11/88
Seed bed BBF Either side Flat
60 cm ridges
Fartilizer 100 kg DAP ha™' 100 kg AP ha”? zq kg
P 0
205 ha
Spacing 30 x 10 cm 30 x 10 cm 3.5 x 10 cm
Pre-sowing irrigation - 15/10/88 One
Post-sowing irrigatton 18/10/88 18 and 49 DAS -
Yeading 1/12/86 Presowing:
11/8, 19/9, §/10/88
Postsowing:
17,37,69 DAS 10712, 30/12

Sequential sampling

Date of b rvest

2-10/2/87

26/12, 1IN

14/4/81

PH at 15 day
intarvals fromy
10/12. TON at
flowering

28/4/81
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Table 4.5.4. Effect of solarization on plsht height of wilt resistent (ICCV 17) and

:;;:/Bs;xscomm (ICCC 41) chickpea cultivars at various growth stages st !iisar.

Plant height (cm) at various days after sowing

Treatpents 20 W 80 15 91 108 121 138 152

100V 17

Nonsolarized 13 18 23 29 n @ 50 52 52

solarized u 1 24 30 9 53 53 85 56

16CC 41

Nonsolarized 11 1 21 26 32 42 4 4 49

solarized 10 16 20 21 38 9 “® 54 58
SEm $0.7 0.3 $D.18s 20.8  $0.8% 417 $2.4 #3639




Table 4.5.5.

Effect of solarization on plant stand, phenology and
dry matter at flowering of chickpea cultivars at Hisar, 1986/87.

Plant stand plot™! Days to Days Dry matter
50% to st flowering

Treatmants Initia} Final flower maturity (g9)
Icey 17

Nonsolarized B61 338 94 188 342
Solarized 509 1S5 96 187 368
IcCC 41

Nensolarized 599 ars 89 151 221
Solarized 478 283 92 156 318

SEm +65.4 +65.8 +0.4535% +0.7%8 +33.3

180I8 4.0.0.

of chickpea cultivars at Hisar, 1986/87.

EYTECT OT sQiarizacvion on yiweia ang ywsig componancy

Yotal dry Seed Harvest Pod 100
uattor_1 yteld -1 index ng2 seed mass
Teatments (kg ha” ') (kg ha™ ') (%) ) (9)
cev 17
Nonsolarized 3192 534 17.6 1028 17.7
Solarized 85875 354 6.8 1108 18.3
ICCC 41
Nonsolarized 2378 248 11.8 509 11.7
Solarized 46587 131 4.9 7381 i1.8
SEm +686.5 +24.9 +2.14 +94.0 40.50%
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4.6 PA 36/8 Reaidual effacts of solarization of chickpss and fm
{YSC, CJ, YLN, NPH, NPS) °

Introduction

The aclarization sxperiments done during 1984 snd 19885 indicated
residual effacts of solarization into the second year for both chickpea and
pigeonpea. 1In order to detarmine the decay rate of the solarization sffect
we continued the experiments begun in 1984. We applied solarization only
to those plots that had received solarization in both 1984 and 1985, We
thus attempted to determined the rate at which a plot receiving
solarization returns to the status of plots that have never been solarizad.

Materials and Methods

The experiment was conducted on Vertiso) field BIL 2C on the same
plots as used in the 1984/85 and 1985/66 experiments (Chickpea Agronomy
Prog. Rep. No.1 pp 28-41). Treatmants were as follows:

wilt Chickpea

reaction genotype Solarization

1. Susceptible Icce 4 No sol. ever

2. Susceptible ICcC 4 Sol. 84 only

3. Susceptible Icce 4 80). 85 only

4. Susceptible ICCC 4 801. B4 + B85 + 88
5. Resistant JG 74 No. sol. ever

6. Resistant JG 74 Sol. 84 only

7. Rasistant JG T4 Sol. 85 only

8. Reststant JG T4 Sol. 84 + 85 + 86

Plots were in randomized block design with 6 replications. The field was
doveloped into BBF and plot size was 6 x 6 m. No basal nutrients or
Rhizobium inoculum were added. Pre-solarization irrigation was given on 11
Apr 1986 and solarization began on 16/4 and terminated on 2/6, as described
in ICRISAT Research Bulletin No.13.

A pre~sowing irrigation was given on 4 Oct. 1986. Sowing by vacuum
planter was done on 14 Oct. and a post-sowing irrigation given the
following day (effective date of sowing). One bed of some plots of ICCC 4
was used to impose fungal antagonist treatments, which have been reported
by Dr M.P. Haware in Pulse pathology Reports. Plant spacing was 30 x 10

cm,

The crap was harvested on 1) Feb, 1987.

Results and Discussion

Significance of main effects and interactions of treatment factors are
given in Table 4.6.1. Genotypes differed significantly in a1} parameters
asured and total dry matter (TDM) and grain yield were significantily



affected by the solarization treatment and the interaction of genotype and
solarization.

Fusarium wilt ssveraly affected TOM and grain yfeld in nonsolarized
plots of the wilt-susceptible cultivar ICCC 4 but there were substantial
residual effects from solarization in previcus ysars (Table 4.6.2). The
ylyd components most _a_"foctld by solarization treatment wers pod number
m € and pod number plant ° (Table 4.6.3).

The results of this study were combined with previous results from
these plots and those of other trials to produce: Chauhan et al. 1988.
Ef::ct.: of So11 Solarization on Pigeonpea and Chickpea, ICRISAT Research
Bulletin No.11.



Table 4.6,1, F ratios and significance for the residuai solarization tria) for chickpea in BIL 2C, 1988/87

Days to Tota) 100
50% dry Yield Harvest  Pod Pod Sesd  send
flower- Days to nattar_‘ (kg_, 1ndex ) . no. , veight
OF ing paturfty (kgha ) ha ') (%) » plant ' pod (9)
Genotype 1 788.0835  556.188% 78,1333 1§1.3838  185,588% 47,1888 19 388t 20 5ess 111,988
Solarization 3 2.9 0.9 17,2438 g.55x 2.6 3.1y 31 0.2 0.4
Genotype x 3 0.2 0.4 12,1188 4.08 4.3 0.6 4188 1.2 0.2

solarization

tSignificant at 5% level
125ignificant at 1% level
estSignificant at 0.1% level

L8



Table 4.6.2. Effect of solarization on phenology, asrial biomess, grain
yield and harvest index of chickpea Cvs JG 74 and 1CCC 4, Field BIL 2C,
1986/87. i

Cultivar No solari- solarized Solarized Solarized
zation ever 1984 1985 1984485486  SEn'

Days to 50x flowering

JG 74 4.8 T o433 43.2, 44,1 +0.51
IcCC 4 54.0 ' a3 sa.{ﬂ 84.7
Davs to maturity
J6 74 88.2 ., 88,5 87.7 87.8 +0.76
1cce 4 100.8 L 999 100.0 100.0
Iotal dry matter (ka ha™')

Ja 74 1007 1055 1087 1084 56,3
16CC 4 337 608 810 1051

gratn yleld (ka ha™") '
Jg T4 492 518 539 528 21,95
10CC 4 145 244 311 anz

Harvest index (%)
J6 74 8.9 48.8 49.6 .8 £1.10
16CC 4 42.2 39.2 371.8 35.4

t For 1interaction term



Table 4.6.3. Effect of solarization on yield componants of chickpas Cvs JG
74 and ICCC 4, Field BIL 2C, 1988/87 .

Cultivar No solari- Solarized Solarised Solarized
zatfon ever 1984 1985 1984+85¢88  SEm'
Pod number n”'

JG 74 284 303 a3 . 328 422,81
16CC 4 143 191 209 241

Pod number plant”
JG T4 10 1 12 13 +8.0
16CC 4 48 a2 21 1

Seed number pod”*
JG 74 1.1 1.2 1.1 1.1 +0.033
16CC 4 1.2 1.2 1.2 1.2

100 Seed wt, (q)
JG 74 13.8 14.0 14.1 14.1 40.33
16CC 4 11.4 1.3 11.8 11.6

1. For interaction term
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4.7 Visual scoring of GRU chickpea germplasm for early growth vigor,
at ICRISAT Center and Guwalior

Visual Scoring of GRU Chickpea Germplasm at ICRISAT Center on 8
scember Tgﬁg

-~ C. Johansen

GRU and Pulse Agronomy had previously arranged to score seedling
vigour and nodulation of chickpea germplasm, The main purpose of this
was to itdentify genotypes that could form a closed canopy at the
earliest and thus make maximum use of incident light. Of course, in
the peninsular India environment due caution would have to be taken
that such genotypes did not utilize all of the stored moisture before
the pod-f11?1ng phase. For nodulation scoring, it was only dntended
to examine a few plants differing in their top growth to determine if
there was any relation between nodulation and growth.

The plots consisted of 4 rows of 2 m length sown on 31 October

1986 on BBF in field BM BC at ICRISAT Center. The number of germplasm
accessions under test was 1320; all were short-duration genotypes.
Checks such as Annigeri, L-550 and BON-9-3 were placed at regular
intervals. I understand that a post-sowing irrigation had been given,
Visual scores of above-ground biomass were used to estimate seedling
vigour. A scale of 1 to 5 was used, with 5 being maximum hiomass.
Firstly, standard plots were identified for constant reference
throughout the scoring exercise. The best growing plot was designated
and the worst 1. Then an intermediate plot was identified and
designated 3. The 2" standard was choselas intermediate between 1
and 3 and "4" between 3 and 5. After the scoring exercise, 3
representative plants from each of these standard plots were harvested
for dry matter determination of tops. Such samples were also taken
from a further 12 plots which had scores over the range of the scale,
By gressing dry weight against score, as done in Figyd, it is
possyle to calibrate visual score to dry matter values. It was
noticed that the original 5 standards (Set A) provided a reasonably
good relationship, even if sYightly curvilinear (y = -0.64 + 1.84 x,
réd = 0,94), However, the relationship was not so good when "scored
standards" (Set B) were considered alone (y = -~2.46 + 2.96x, r2 =
0.67) or together with the original standards (y = ~1.08 + 2,30x, r2 =
0.66). These data indicate a tendency to give lower scores, in
comparison to the original set of standards, for higher biomass plots.

At the time of scoring, many genotypes were beginning to flower,
It was noticed that in most plots plants were suffering from water
stress. The extent of this could be ascertained as there was leakage
of irrigation water into some of the plots on the western side of the
field. A plant sample taken from an Annigeri plot affected by
irrigation (Plot No. 1840) had a dry weight 11.04 g/3 plants whereas
an Annigeri plot nearby without irrigation (Plot No., 1873) had 4.28
9/3 plants; d.e. water stress in most of the plots was reducing
growth to approximately 40T of well-watered plots. It should
therefore be noted that the characterization aiven to this set of



chickpea germplasm applies to water-stressed plants.

Qéﬁcessions with the highest seedling vigour scoras are shown in
Table/1; however, the leakage of {rrggatgon water would complicate
interpretation of this, There were 51 accessions with a score of "4".
The complete set of seedling vigour scores, together with other
observations made (e.g. flowering, leaf type, plant habit, etc.) are
with Pulse Agronomy. No obvious correlations between plant habit,
leaf type, etc and seedling vigour score were noted, except perhaps an
impression that K 850-type plants were relatively better.

For plants taken for dry weight determinatfon, for standard
calibration, the root systems were also du? up and visuvally scored for
nodulation following Dr. 0.P, Rupela's set of photographic
standards. There was no relationship, visual or by regression
analysis, between nodulation and shoot dry weight. A1l nodulation

scores were between 3 and 4, indicating satisfactory nodulation in
this field.

It may be concluded that this exercise could provide guidance in
selecting genotypes that can optimize light use under the moisture
stress conditions of rapidly receding soil moisture and high
evaporative demand of the peninsular India environment, However, only
early flowering and maturity types would be able to maximise pod set
in such an environment if no further moisture became available,

&7. .
Tablgz1. Chickpea plots scoring above 4 in a ranking of seedling
vigour in GRU plots in field BM 8A at ICRISAT Center on 8

December 1986.

Plot No. Accession No. Score
848 6122 4,5%
880 5692 4.5%
882 12625 4,5%

1130 5697 5.0

1405 10957 4.5

1565 6126 4.5

1491 L6R5 f. 5*

2601 ' LE0S L0

[Ep———

*P1ot affected by leaking irrigation water.

q1
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Figure 4.7.1. Relationship between shoot dry weights and seedling vigowr
scores given for GRU chickpea germplasm plots in field BM 8A at ICRISAT
Center on 8 December 1986. O=original five standards chose (Set A);

A = previously scored plots chosen for harvest (Set B).
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Plots were sown on 9 Nov 1988 on 80 cm ridges at 2 rows per ridge to
give a spacing of 30 x 10 cm. Plot size was 4 rows of 2 m length.
Irrigation had been given on 15 Dec and about 22 mm of rain was received in
the second wesk of Jan.

Considerable time was spant in the selection of appropriate standards
of plant biomass, as described in the ICRISAT Center report. Genotypes
with different plant growth habits were also congidered during this
assassment. Uprooted plants were also scored for nodulation. Thers was no
obvious correlation between growth score or shoot weight and nodulation
score (Table 4.7.2),

Accessions scoring 5 are as follows: 567, 1256, 1181, 999, 1300, 525,
369, 1248, 611, 1231, 1177, L550, 11514, 1318, 1065, 2365, 1472, 1093, 102,
§90, 1227, 604, 144, 1327, 601, 1218, 1361, 1043, K850, 1002, 12487, 12686,
1017, 1088, 1365, 1042, 12469, 401, 1044, 1057, 1313, 1209, 1106, 452,
13819, 12254, 121, 1277, 4055, 1240, 1294, 1326, 1208, 1385, 69, 38, 209,
1000, 558, 359, 459, 384, 11088, 129, 244, 1348, 12489, 1270, 12237, 123,
10302, 1141, 1350, 162, 12433,
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Table 4.7.2. B8hoot weight calibration and nodulation scores of chickpea in GRU
plots at Gwalfor, January 1987.

Score Fresh weight Ory Mean

{Shoot of 4 shoots woight nodulation
Genotype growth) {9} of 4 shoots(g) score
Initial standards
1cC 388 (Plot 760) 1 10.35 2.67 1.5
ICC 147 (Plot 328) 2 18,12 5.18 0.7
IcC 387 (Plot B22) 3 29.35 8.30 1.5
ICC 12481 (Plot 549) 4 49.44 11.33 2.§
1cC 19 (Plot 1185) 4 50.86 11,90 1.5
ICC 1294 (Plot 886) 5 78.38 15.80 1.3
ICC 1065 (PTot 110) 5 77.50 16.30 3.3
Later standards
ICC 1292 (Plot 944) 4 33.72 8.00 -3.0
K 850 (Plot 120) 5 81,04 18.32 4.7
K 850 (Plot 87) 4 50.56 10.40 5.0
ICC 420 (Plot 1158) 3 24.25 5.82 2.8
G 130 (Plot 7178) 2 17.90 3.81 0.5
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4.8. Demonstration block of ICRC 37

Chickpea Bresding and Pulse Agronomy decided to have a collaborative
large-plot demonstration of a most promising chickpea cu!tlvns with optimum
input. ICCC 37 was chosen to be grown on a 49 x 48 m ( 2352 m°) plot at the
SE corner of BP 8C. The crop was dry sown by vacuum planter on 1.5 m BBF
(32 beds) at 30 x 10 cm spacing on 28 Oct 10868. A post-sowing irrigation
was given on 31 Oct, which was the effective date of sowing. Irrigations,
by perfo, were subsequently applied on 27 Nov, 1§ Dec, 24 Dec and 10 Jan.
Weeding were done on 24 Nov and 9 Dec. Seed was treated with Benlate T and
sprays of endosulphan (0.3X spray = 0.7 kg/ha) were given as required to
protect against Helicovarpa (see FDO records for dates).

For comparison, some smail plot (¢ x 8§ m = 4 beds of ¢ m length)
demonstrations were also grown just to the north of the large demonstration
plot. Those were:

i. Annigeri, irrigated
i1. JG 62 (wilt susceptible), irrigated
i11. ICCC 37, Unirrigated
iv. ICCC 37, irrigated unsprayed.

Except where part of a particular treatment, they were grown under the same
conditions as the large plot demonstration.

Date of 50X flowering in the large plot was 13 Dec. 1988 and date of
maturity 4 Feb. 1987. By 39 DAS it was noticed that the demonstration
plot was not covering well, due to both early stand loss by
rolfsii and generally less than expected growth vigor. However, the canopy
looked completely closed by 63 DAS.

A yield of almost 2 t/ha was finally realized from the large pilot
(Table 4.8.1); we were hoping for a yield of around 3 t/ha. The lower than
expected yield could perhaps be attributed to sub-optimum plant stand and
periods of drought stress at early growth stages (the soil seemed to dry
very rapidly here); from initial signs of stress, the plants had to
continue for several days under stress until irrigation could be arranged.

From the adjacent small demonstrate plots it could be seen that (Table
4.8.1):

a) Annigeri appeared to be matching ICCC 37 1in yfeld

b) JG 62 readily succumbed to fusarium wilt, demonstrating the value
of wilt-resistant cultivars.

c) Lack of irrigation halved yleld of ICCC 37 and

d) Lack of insecticide protection also lowered yield.
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Table 4.8.1. Data from demonatration plots in 8P 8C, 1986/87.

Total dry Grain Harvest Pog no. Empty_pod Seeds 100
Plot matter yield index (X) m no./m /pod  seed
(kg/ha) (kg/ha) waight
(9)
Large plot
- Icce 37 3671 1997 54 1255 361 1.4 15.4
Small plot
~ Annigeri 3962 2112 53 1220 253 1.3 16.0
~ Jaq 62 820 128 18 153 167 1.0 9.2
~ ICCC 371 1751 957 55 510 27 1.2 15.9
unirrig.
~ ICcC 37 2956 1385 47 704 248 1.4 18.3
unsprayed
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§. €-111(85)IC The alleviation of drought sffects on growth, symbiotic

nitrogen fixation capacity and yield of chickpss

5.1 Objectives

To quantify the response of growth, symbiotic nitrogen
fixation and yield of chickpea to 3011 moisturs deficit.

To identify genotypic variation in this response.

To understand specific mechanisms conferring resistance to
drought streas in chickpea.

97



5.2 PA 86/34 Response of chickpea cultivar K 850 to soil motsturs content
of a Vertisol in a closed pot system (CJ, NPS)

Introduction

In the pot screening experiment for nutrient deficiencies of chickpea
in Vertisol in 1985 (PA 85/23) plants grew poorly and appeared waterliogged
(Chickpea Agron. Prog. Rep. No.t1 PP. 160-167). Growth in & concurrent
experiment in Alfisol appeared normal. The Vertisol soil was maintained at
field capacity (33% moisture), according to the normal procedure for, such
trials. However, these results suggest that field cepacity may not be the
optimum moisture content for chickpea growing in a Vertisol.

In order to detect the potential for nutrient deficiancies in soils by
the pot screening technique 1t 1s necessary to grow the plants with optimum
soil moisture status, to allow maximum expression of any nutrient
deficiencies. Thus it was considered necessary to determine the optimum
soil moisture content for chickpea in Vertisol in the closed pot system
used in nutrient screening studies. Plants were grown at mofsture contents
ranging from 15 to 40% and harvested at 20, 30, 40 and 50 days after
sowing. The data generated also assists our understanding of tha moisture
requirements for early growth of chickpea in Vertisols.

tor thods

Main plot treatments consisted of 15, 20, 25, 30, 35 and 40% (w/w)
moisture in Vertisol from BR 4 (P. Agron. Soil Pit). However, the two
Towest moisture treatments were initially maintained at 25% to ensure even
germination and establishment. Sub-plot treatments were harvest dates: 28,
37, 45 and 57 DAS, following sowing on 7 Oct 1986. Pots were arranged in
G/house 3, Bay 1 in spiit plot design with 3 replications (72 pots).
Rerandomization was done at 13, 30 and 40 DAS. 3.78 kg oven dried soil
sieved to 5 mm was placed in 20 cm polythene-lined plastic pots. Field
capacity of this soil was 34.3X. Single superphosphate (SSP) at a rate of
1.257 g/pot (400 kg/ha SSP) was mixed in the surface 5 cm. Ten seeds of K
850 ware sown per pot at 2-3 cm depth and inoculated with 10 m1 rhizobial
suspension (IC 76) per seed. 800 ml deionized water was added to each pot,
and another 200 ml each on 9 and 11 Oct. Treatment {irrigations were
imposed. on 15 Oct (8 DAS), when 150 g polythene beads were also added to
each pot as a mulch. Plants were thinned to 7/pot on 17 Oct and to a final
3/pot on 22 Oct. At each harvest, oven dry weights of shoots and roots
{including nodules) were determined.

Temperatures 1n the glasshouse were recorded on a thermohygrograph.
Mean max/min temperatures (+ SE) during the growth period were 25.84 %
0.416/16.88 + 0.335°C,

S| nd Dis ion
Soon after imposition of moisture treatments, at 8 DAS, plants at high
moisture levels remained healthy in appearance but by 13 DAS signs of

drought stress (e.g. upturned pinnules) were apparent at 15 and 20%
moisture. Pots sat at 15% did not actually reach that level until 34 DAS.
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At the first harvest, at 28 DAS, optimum nodulation was apparent at
30% moisture with an abundant nodule 'uu at 3-4 cm below the cotyledons
(6-7 cm balow the 301l surface). At 15 and 20X moisture, nodulation was
retarded with only smal) protuberances apparent on roots,

At the second harvest, at 37 DAS, lower leaves of plants at 15%
moisture were withering and dropping, with only the top 2 leaves rematning
green. On these plants there were no nodules and the roots wers black.
Normal nodulation was apparent at 25X moisturs and above. A longer root
system had developed at 40X moisturs, compared with a more “bushy” system
at 25-35% moisture. These observations were also apparent by the third
harvest at 45 DAS.

Plants at 35 and 40% moisture flowsred first, et 49 DAS. At the finsl
harvest, nodules at 25-40X% moisture wers intact and appeared active.

Treatment affects on each dry weights of shoots and roots are given in
Table 5.2.1. It can be seen that growth increased with soil moisture
content up to 35% at all harvests, with no apparent growth depression at
40% moisture. Thus the previously obssrved poor growth on Vertisol cannot
be attributed to waterlogging effects. It is noted that this experiment
was done in the normal chickpea growing period and thus high temperatures,
with consequent high evopotranspiration should not have alleviated
waterlogging effects in this particular study.
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Table 5.2.1. Effect of soil moisture on shoot and root dry weights (g/plant) of chickpea
(cv. K 850) grown in Vertisol in pots, Oct-Dec 1986.

soil Shoot weight (g/plant) Root weight (g/plant)
moisture (%)

28 DAS 37 DAS 45 DAS 57 DAS 28 DAS 37 DAS 45 DAS 57 DAS

15 0.149 0.160 0.140 0.104 0.229 0.213 0.202 0.164
20 0.165 0.227 0.251 0.335 0.266 0.355 0.326 0.355
25 0.234 0.410 0.644 0.986 0.390 0.596 0.658 1.030
30 0.349 0.672 1.009 1.889 0.439 0.669 0.845 1.877
35 0.412 0.942 1.468 2,976 0.455 0.857 0.969 2.408
40 0.373 0.811 1.398 3.337 0.423 0.803 1.007 2.105

SE

~ Moisture (M) effect + 0.0362 + 0.0292

~ Harvest (H) effect + 0.0318 + 0.0224

~HxM + 0.0734 + 0.0579

~ H x M at same level H + 0.0725 4+ 0.0585




5.3 PA 86/36 Determining the to 301l moisture of a rangs of

response
ts:g;:kpoa genotypes using a 1ine source sprinkler technique (CJ, NPS,

Introduct ion

In the 1985/6 Rabi season, a set of 20 chickpes advanced lines with
controls was screened under 1ine source (Chickpea Agronomy Prog. Rep. No.1
pp.82-96). The purpose of this was to determine relative response to a
moisture gradient created by the 1ine source sprinklers. There wers
considerable genotypic differances in the yields of seed and dry matter at
the lowest and highest moisture levals, and in the slopes of plots of seed
yleld or dry matter yield against water applied.

However, unusually heavy rainfall during January and February of 1980
may have complicated interpretation of these rasponses, and the relative
differences in rasponse need verification. The tachnique itself seemed
suitable in creating a moisture gradient for genotypic comparison in
chickpea and it became apparent that the procedure could be adapted for
machanized sowing of large number of genotypes. It was intanded to follow
this procedure in this season. From these studies we hope to be able to
determine whether the ranking in performance of a range of chickpea
genotypes grow in one particular sofl moisture regime differs significantly
at other soil moisture regimes. This information is necessary to help
formulate appropriate breeding strategies for chickpea to be grown in
environments where inadaquate soil moisture commonly limits yield of
chickpea.

Materials and Methods

The 46 genotypes tested are listed in Table 5.3.3. ICC 4958 and ICC
10448 ware drought resjistant controls and ICC 11061 and ICC 10985 drought
susceptible controls. Annigeri was included as a local general control of
short duration and K 850 as a local genera) control of short to medium

duration.

riment was conducted on Vertisol fisld BP 8C. The field had
been :72:;:2: into a flat bed but no fertilizer was added due to suspected
adequate levels (see Table 3.4 and rasults of mini-NP trisls in this fielc,
in Section 9.3). Two sprinkler lines were laid with sprinkler heads ¢ m
apart and with two heads extending beyond each end of the experimental
area. Chickpea genotypes were sown in plots randomized in four blocks, one
on each side of the two sprinkler lines. gach main plot was 4 rows wide
and 15 m long (perpendicular to the line source). Distance between rows
was 30 cm and within rows 10 cm (although seads were sown 5 cm apart and
later thinned to a 10 cm spacing). There was a gap of 60 cm batwaen main
lots. One dummy plot in each replication was used for neutron moisturs
P intervals from the lina source) and here

robes at 3 ®
fﬁ:f;:f?e:a? sE)F:m. This genotype was also sown as buffer plots at either

end of experimental plots in each block.

, for collecting water from the sprinklers, wers placed
. 1?‘:“&:::::1‘:: from the sprinkler line at four locations in each
:epl‘l.cation Two 1ines of buckets per block were in line with sprinkler
heade and two between.



Seeds were sown on 26 Oct. 1966 at 5 cm within~row spacing, and later
thinned to 10 cm spacing. Seeds were treated with Benlate T at 0.5%. No
Rhizobium was appiied. A post-sowing perfo irrigation was given on 31 Oct.
(effective date of sowing) and seedlings emerged a week later. The plots
were reguiarly hand weeded and thinned during 14-20 DAS (from effective

date of sowing).

Line~source sprinkler applications were made on 1 Dec (31 DAS, 2 1/2
hrs), ¢ Dec (38 DAS, 2 hrs), 23 Dec (53 DAS, 2 hrs) and 8 Jan (69 DAS, 1
1/2 hrs). Sprinkling was done after sunset when windspeed was less than 3
km/hr vertical to the line source and 8 km/hr parallel to the lina sourcs.
Gravimetric (0-15 and 15-30 cm) and neutron probe soil mofsture
measuraments were made on 12 occasions (see Table 5.3.2).

Intensive protection against Helicoverpa was provided by spraying
endosulphan at 0.7 kg/ha, according to FDO schedules (records with FDO).

At harvest, on 12 Feb. 1987, the four rows in each 1.5 m sector were
harvested separately, and estimates of aerial biomass and grain yleid

obtained.

In assessing moisture response, grain yield or total dry matter (TDM)
for each sector was regressed against total water applied sector-wise,

esul Discussion

Amounts of water appplied by the sprinklers to each sector and given
in Table 5.3.1. Only 6.3 mm rain was received during December and 4.4 mm
in the second wesk of January. Water distribution in profile over time is
given in Table 5.3.2. Line-source sprinkling appeared to onily temporarily
recharge the top 45 cm of soil. Depths below that were relatively

unaffected by sprinkler application.

As previously observed (Section 5.3 of Chickpea Agronomy Prog. Rep.
No.1, pp. 82-96), drought stress hastened flowaring and maturity in most

genotypes (Tables 5.3.3. and 5.3.4.).

When growth and yield components in each sector were plotted against
moisture applied by sprinklers, it was observed that 1linear relationships
adequately fitted all genotypes (Table 5.3.5). Therefora, we compared
genotypes on the basis of intercepts and slopes (Table 5.3.6). It should
be noted that ICCS 10985 and 11051, ICCC 34, and ICCLs 83224, 84219, 85210
and 85211 ware severely affected by disease (fusarium wiit) and hence
interpretation of their moisture responses is not meaningful. K 850 was
partially disesase-~affected and hence the validity of its moisture response

is suspect.

Genotypes able to yield well under both moisture stressed and well-
watered conditions (high intercept, high slope) include Anniger{i, ICCv 10,
ICCV 17, ICCL 84223 and ICCL 85225. Drought tolerant genotypes unable to
perform well under high moisture conditions (high intercept, low siops)
included ICC 4958, ICC 10448, ICCV 8 and ICCL 84303. Drought susceptible
genotypes with reasonable yield potential under well-watered conditions
(low intercept, high slope) included ICCC 47, ICCV 4, ICCV 5, ICCY 9, iCCL
82104, ICCL 82230, ICCL 83149, ICCL 83228, ICCL 84204, ICCL 85310, ICCL

85311 and ICCL 85333.
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The drought tolerant controls, ICC 4958 and 1CC 10448, again displayed
their tolerance characteristic. Annigeri again rnnkud' nsi"l und':' the
entire range of moisture situations. K 850 displayed drought tolerance
{low slope) but the overall yield level was reduced by disease, and because
the season was shorter for this medium-duration genotype than the previous

one (where it ranked high under low moisture in the 1ine-source experiment
in 1985/6Q.
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Table 5.3.1. Total water applied (cm) by line source sprinklers in the
drought screening trial on Vertisol (BP 8C) in 1986/87. Values are
totals of four appiications and means of four replications.

Sactar

1 2 3 4 5 6 7 8 ] i -

13.84 13.44 12,98 11.83 9.80 6.57 83.22 0.76 0.04 0.00

S.Em +  D0.158%%x
8

1
cv (%) .7
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Table §.3.2.

Mean of 4 replications.

5011 moisture contents (X oven dry weight)
in the line-gource sprinkier trial on vertisol, 1986/87.

Days So1i1 Diatance away from the line source (m)
after depth —=—c—amnoo o i o o e o e S 2 e P S i 2 S
sowing (cm) 2.25 5.25 8.25 11.28 14,25
27 0-15 17.84 19.09 16.62 18.88 17.38
15-30 24.45 24 .38 24.%0 24.59 24.91
30-45 31.80 32.22 31.68 31.88 31.88
45-60 32.46 35.37 35,12 36.52 35.74
60-75 31.88 33.90 34.08 34.4%a 36.03a
76-90 28.87a 33.97b 33.12a 32.94a  33.63b
90-108 33.18b  29.90c 26.77b - -
33 0-15 28.73 27.43 24.20 17.78 16.39
15-30 24.68 24.53 22.90 22.668 23.069
30-45  30.81 29.58 30.23 29.38 32.28
45-60  33.1% 35.13 34.80 35.13 35.10
60-75 32.00 36.13 35.87 36.79a 35.268a
75-90 29.05a 35.57b 33.69a 33.52a  33.58b
90-1058 32.58b 30.78¢c  28.06b - -
as 0-15  20.25 19.60 18.09 18.34 13.668
15-30 20.94 20.41 20.31 20.17 20.88
30-45 27.58 28.12 26.06 25.64 27.22
45-60 29.52 32.27 32.53 31.00 32.00
60-75  30.87 33.87 32.88 33.69a 34.09a
75-90 28.51a 34.02b 31.3%a 32.60a 32.11b
90-105 32.35b 29.39c  26.60b - -
- 27.84 26.89 25.11 17.13 156.50
41 1g—;g 28.08 24.28 21.38 20.74 21.18
30~45 27.36 26.30 25.680 24.25 25.987
45-60  30.73 31.48 31.51 28.45 30.89
60~75  3t1.12 31.84 33.64 33.77a  32.80a
75-80 27.89a 33.21b 31.87a  33.05a 32.87b
90~105 33.98b 29.57¢  27.03b - -
- 19.03 20.43 17.68 16.88 14.58
52 12-;3 22.07 20.05 21.68 19.77 20.68
30-45 23.80 23.47 22.36 22.38 22.82
45-60  26.02 27.18 26.02 24.41 25.14
60-75  29.93 29.42 30.24 29.71a 25.12;
75-90 28.75a  32.60b  31.66a 31,20a 30.78
gg-105 33.53b  29.80c¢ 27.57b - -
27.92 22.63 15.35 14.26
55 08 27-20  23lat  21.09  19.75  20.83
30-45 24.99 23.40 21.86 21.28 21.97
45-60 25.88 25.85 24.32 23.40 23.75
60-75 28.32 27.78 27.25 27.16a 27.1gn
27.74a 31.58b 29.14a  29.01a 29.25b
332?35 52 56b  29.48c  26.86b - -~
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Table 5.3.2. Cont.

Days Soil Distance away from the }line source (m)
after depth —\——————co—rr e -
sowing {(cm) 2.25 5.25 8.25 11.25 14.25
89 0-15 19.26 18.40 17.27 13.88 13.85
15-30 21.73 21.83 18.91 18.54 19.24
30-45 22.61 22.18 20.99 20.986 21.04
45-60 23.87 24 .40 23.13 22.086 22.186
860-75 25.77 25.25 24.02 23.26a 23.87a
75—-90 26.60a 27.682b 23.98a 24.40a 26.44Db
90-105 30.97b 29.34c 23.72b - -
71 0-186 28.76 27.85 23.78 16.94 13.94
15-30 23.31 22.19 22.83 18.51 19.17
30-45 22.78 21.68 20.58 20.33 20.53
45-60 22.986 23.861 22.30 21.55 21.62
60-75 25.25 24.18 23.49 22.72a 23.01a
75-90 25.38a 27.14b 23.52a 23.29a 25.57b
90-1056 29.58b 28.67c 23.03b - -
80 0-15 19.16 19.03 17.85 156.79 14.05
15-30 20.98 20.20 19.57 18.45 18.76
30-45 22.15 22.02 20.32 20.30 20.52
45-60 22.73 23.64 21.69 21.65 21.86
60-75 24 .61 24 .67 22.66 22.55a 23.%4a
75-90 24 .57a 26.98b 22.62a 23.14a 24.85b
90-105 28.16b 27.42c 25.07b - -
a8 0-15 17.18 16.02 15.53 14 .28 12.99
16-30 20.17 19.97 19.61 19.46 19.52
30-45 20.53 20.51 20.16 20.43 20.861
45-60 21.10 22.32 21.33 21.86 21.82
60-75 22.94 23.21 22.45 22.36a 22.69a
75-90 23.16a 23.94b 21.65a 23.07a 23.46Db
90-105 26.04b 23.83c 23.99b - -
94 0-15 15.48 16.49 14 .67 12.79 12,96
15-30 19.89 19.55 19.75 19.50 19.82
30-45 20.13 20.48 20.34 20.52 20.77
45-60 20.85 22.67 21.59 21.99 22.02
60-75 22 .66 23.47 22.55 23.01a 23.07a
75-90 22.88a 24.45b 22.18a 23.45a 24.15b
90-105 24.93b 24.38c¢c 23.93b - -
102 0—~15 14.66 14.94 14,02 12.52 13.16
15-30 18.23 19.24 19.09 18.45 20.16
30~-45 19.62 20.24 20.05 20.53 20.89
45-60 20.62 22.08 21.66 22.01 22.14
60-75 22.33 22.53 22.21 23.04a 22.65a
75-90 22.51a 23.58b 22.13a 23.09a 23.69b
90~-105 24.89b 23.82¢ 24.19b - -

g it e . e o o o o R o Y . S s e R o i ot it 0 5 i e SR e S S T S S T . P o S e o e e e i e

a= values means of 3 reps,

Replication 2 values only
In surface soil layers (0~15 and 15-30 cm) moisture was

gravimetrically assessead.

A

b= values means of 2 reps, c=



Table 5.3.3. Time of 50x flawerin DAS ckpea genc
affacted by water gradiant in a v.gu(uol.) :’0'3:/:17 Types o

Sector
Genotype 1 2 3 4 5 6 k4 8 9 10 Mean
Annigeri 47 45 44 43 42 41 41 40 40 40 42
K 850 52 52 51 50 S0 49 a8 48 47 47 49
ICC 4958 33 33 33 33 a3 33 33 33 33 33 33
ICC 8346 52 52 51 50 49 49 48 48 40 48 49

ICC 10448 49 48 46 42 41 40 40 40 40 40 42
ICC 10985 39 38 39 39 a9 38 k1] 38 38 as 38
ICC 11051 42 42 41 39 3¢ 39 38 a8 38 as 39

1CCC 32 §2 51 51 B0 S0 49 49 49 47 4T 49
ICCC 34 51 51 50 50 49 48 48 48 A7 47 49
iccc 38 45 44 42 41 40 39 39 38 38 38 40
IcCcC a7 43 42 42 41 41 40 39 39 38 38 40
1cCC 38 AT 47 45 44 43 42 42 41 41 41 43
Icce 42 48 48 47 46 48 43 42 41 41 42 44
1cCC 43 49 49 AT 46 46 43 42 42 A2 42 45
ICCC 47 42 42 42 41 41 40 39 39 39 39 40
IceV 2 29 29 29 20 29 28 29 29 290 290 29
ICCV 3 37 37 31 371 31 36 38 38 38 36 36
ICCV 4 50 49 48 4T 46 44 44 43 43 43 48
ICCV 5 47 AT 45 44 44 42 42 41 42 42 43
Icev 8 43 43 42 40 40 39 39 39 39 39 40
IceV 9 45 45 43 42 41 41 39 39 39 39 4\
ICCV 10 51 50 49 49 48 46 45 45 45 45 47
ICCV 17 44 43 43 40 40 39 39 38 38 38 40

ICCL 82104 42 42 41 39 39 39 38 38 37 38 39
ICCL 82230 44 43 41 41 39 38 38 37 37 37 39
ICCL 83149 45 44 42 42 41 40 39 39 139 39 41
ICCL 83224 33 33 33 33 33 33 33 33 33 33 a3
ICCL 83227 47 46 44 44 43 43 42 42 42 42 43
ICCL 83228 48 47 45 45 44 43 43 43 A3 43 44
ICCL 84204 48 47 42 40 40 40 38 38 38 38 41
ICCL 84205 50 49 48 45 43 42 42 41 40 41 44
ICOL 84215 51 50 49 49 49 47 46 46 A5 45 48
IGCL 84218 51 51 50 49 48 47 46 44 44 44 47
ICCL 84223 46 45 43 43 41 41 41 40 40 40 42
IOCL 84303 52 51 49 49 47 44 43 41 41 41 46
ICCL 84311 43 42 41 41 38 39 39 38 38 39 40
ICOL 84327 52 61 50 49 48 47 46 45 45 45 48
IoOL 85210 44 43 42 41 41 40 39 39 38 39 40
ICOL 85211 44 43 42 41 41 40 3% 39 39 38 40
ICOL 85225 45 45 43 42 41 41 41 41 41 41 42
10CL 85307 48 47 45 42 41 40 40 40 39 40 42
ICCL 85310 53 53 52 52 51 50 49 48 47 47 50
ICOL 85311 51 51 50 49 49 48 47 46 48 45 48
IcoL 85314 52 52 51 50 49 49 47 AT 4T 4T 49
JooL BS325 60 60 60 59 59 59 68 58 58 58 59
IoOL 85333 52 52 51 50 49 49 48 48 4T 4T 49

Mean 46 46 45 44 43 42 42 41 41 41
8.Emt cvV (%)
compa. f means of genotypes 0.37
for pbhouind of means of ganotypes x sectors 0.48 2.1

Far comparisons O
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Time of maturity (DAS) of chickpea

genotypes as

Table 5.3.4.
affectad by water gradient in a Vertisol. 1986/87.
Sector
Genotype 1 2 3 4 5 6 T 8 9 10 Mean
Annigeri 96 94 83 g1 88 88 84 82 81 82 88
K 850 98 97 95 93 91 91 90 89 89 89 92
ICC 4958 97 94 93 90 89 87 83 80 79 80 87
ICC 8346 102 99 97 94 93 9 90 89 B8B83 B8 93
ICC 10448 86 93 92 91 90 87 82 81 80 81 87
ICC 10985 84 93 92 90 B89 88 86 82 82 82 as
ICC 110561 94 93 91 90 88 86 80 78 77 78 85
Icce 32 98 97 96 93 93 82 91 90 90 90 93
IcCcC 34 96 9§ 94 92 g2 91 91 90 80 90 92
ICCC 36 96 03 91 90 89 86 82 80 80 80 87
ICCcC 37 99 o7 95 g2 90 €88 84 81 81 82 89
ICCC 38 97 24 83 g2 a1 88 &5 82 81 82 88
ICCC 42 96 94 93 91 g0 87 85 82 82 B2 88
Icce 43 95 93 92 81 89 87 84 83 81 82 88
IcCC 47 97 894 93 91 89 87 82 80 80 80 87
ICCV 2 87 86 83 81 80 79 17 74 72 71 19
ICCY 3 91 89 87 86 84 B 80 76 75 76 82
ICCY 4 97 95 94 92 90 89 87 84 84 84 89
Icey 6 97 94 94 92 91 89 86 83 83 83 89
Iccy 8 a8 96 94 92 89 88 86 82 80 81 89
Icev 9 98 95 93 92 90 89 87 84 83 83 #9
Iccv 10 100 97 a5 23 91 90 88 87 86 86 [-3]
ICCv 17 99 97 96 95 91 87 84 81 81 81 89
ICCL 82104 95 93 91 g0 89 86 81 78 7 78 86
ICCL 82230 97 94 92 91 88 86 79 78 17 78 86
ICCL 83149 97 84 92 91 89 87 82 B8O 78 79 87
ICCL 83224 81 90 88 88 87 84 81 80 79 79 85
ICCL 83227 88 94 92 91 89 87 84 81 a1 81 87
ICCL 83228 94 9% 90 90 89 88 85 83 83 83 88
ICCL 84204 98 94 93 91 89 B8 84 a4 81 81 88
ICCL 84205 97 94 93 92 S0 88 86 83 82 83 89
ICCL 84215 97 95 94 92 92 90 89 88 87 87 91
ICCL 84219 97 89 89 B8 88 88 89 88 87 87 89
ICCL 84223 100 98 95 92 g0 88 84 80 BO 80 89
ICCL 84303 99 96 93 92 90 89 86 84 83 83 89
ICCL B4311 g5 94 92 90 89 86 82 80 79 80 87
ICCL 84327 7 95 94 94 91 B9 88 86 85 85 90
ICCL 85210 84 93 g1 88 87 85 84 81 81 81 86
ICCL 85211 93 92 89 89 88 87 83 81 80 81 86
ICCL 85225 97 96 95 92 90 87 85 81 81 81 88
ICCL 85307 96 93 92 91 89 87 83 81 80 80 87
ICCL 85310 99 96 94 93 91 96 89 88 87 87 91
ICCL B5311 97 94 93 9N 90 89 88 86 85 85 89
ICCL 85315 98 97 95 94 91 90 89 88 88 88 92
ICCL 85325 102 101 100 99 99 98 98 98 98 98 99
‘CCL 85333 96 94 93 92 90 89 88 86 86 86 90
Mean 96 94 93 91 80 a8 13 83 82 a3
S.Emt cV (%)
‘or comparisons of means of genotypes 0.75
ne nf  aatyr + v e eatape [ I r 4 17

‘or cr

rarisone of



Tabie 5.3.5. Percentage variation accounted in a linear and
quadtratic response of TDM

and seed ytald against motsture Hied
in a 1ine source trial during 1986-87. o e

Percentage of variation accounted

TOM vield
8.No.  Genotype Linear Quadratic Linear Quadratic
1 ANNIGERI 04.2 95.3 91.9 91.6
%2 K-850 89.9 91,9 81.7 80.7
3 1CC-4958 96.8 $8.0 96.3 96.9
4 ICC-8356 98.0 98.6 771.7 76.6
5 1CC-10448 98.2 98.5 1.8 92.5
%6 1CC~10985 92.2 92.4 83.2 80.8
*7 ICC-11051 93.2 94.8 91.4 92.1
8 10CC-32 95.9 98.0 95. 4 95.8
%9 1CCC-34 §3.9 ar.4 0.2 0
10 ICCC-36 96.6 98.7 96.1 95.8
11 1CcCC-37 92.8 95.0 94.4 95.1
12 1CCC-38 98.7 98.8 98.5 93.6
13 1CCC-42 98.7 99.0 97.7 97.8
14 1CCC~43 ' 94.4 97.0 80.5 87.4
15 1CCC—~47 93.8 96.0 98.4 98.4
16 IcCv~2 - 95.2 97.5 94.5 98.7
17 1CCV~-3 92.3 91.7 88.6 87.8
18 1CCCV—-4 93.7 97.0 94.2 97.1
19 1CCV-5 94.5 96.6 97.2 97.6
20 1cCcv-8 89.0 80.7 85.4 84.1
21t IcCV-9 96.0 97.0 98.3 :3.;
22 1ccv-10 95.5 95.9 86.3 87.7
23 1CCV-17 96.6 98.6 96.4 ve.3
24 ICCL-82104 98.9 99.2 ;1.: 61.7
25 ICCL-82230 91.3 98.1 95.1 9.
26 1CCL-83149 88.7 89.7 3t 91-2
x27 1CCL-83224 92.3 91.4 O s 20.2
28 1CCL-83227 94.7 94.5 2.5 8.8
29 1CCL-83228 98.7 98.8 814 o1.1
30 ICCL-84204 92.9 96.4 7.4 %e.1
31 ICCL-84205 98.7 99.2 ve.3 9.1
32 ICCL-84215 91.2 95.7 7s.7 12.1
*33 1CCL-B4219 12.8 1. 798 19-8
34 1CCL-84223 99.3 98.9 0.2 51.4
35 ICCL-84303 97.1 97.2 ge-0 Se-1
36 1CCL-84311 95.3 ea.: 94.7 94.8
37 1CCL-84327 99.6 gg.e . 2
*38 1CCL-85210 92.5 9.8 %1 o
*39 IccL-85211 8- 97.5 98.1 98.0
40 ICCL—-85225 93.2 A eas 06 0
41 ICCL-85307 9 -3 26 7 92,2 91,8
42 ICCL-85310 88. e s o7 2 o7 0
43 ICCL-85311 96.0 9.3 vz b
44 ICCL-85314 96-; 966 95.8 o5 4
45 1cCL-85325 oo 93.8 87.7 91.0
46 1CCL-85333 89.4 -

ted by disease severaly.
z: :g‘:zted by disease in some replications.
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Table 5.3.6. Genotypic comparison of moisture response under 1ine-source
sprinklers as measured by components of ltnear regressions of plant growth and
yield on water applied.

Above-ground biomass (g/m2) Seed yleld (g/m2)

S.No. Genotype
Intercept Slope r2 rse Intercept Slope r2 rse

1 Annigeri 283.6 21.4 94.2 20.9 163.2 10.6 91.9 18.2
*$2 K 850 247.4 18.86 89.9 36.1 127.3 6.8 83.2 17.1
3 ICC 4958 256.3 21.2  96.8 22.4 152.0 7.4 94.8 10.0

4 1CC 8348 270.6 21.2 98.0 17.4 123.0 8.0 96.3 9.1

§ ICC 10448 262.5 19.2  98.2 15.2 169.0 8.7 98.1 7.1
x§ 1ICC 10885 164.4 9.1 92.2 15.3 86.4 1.9 83.2 4,8
*7  ICC 11081 186.1 16.6 93.2 26.1 102.8 7.3 91.4 13.0
8 ICCC 32 254.5 22.8  95.9 27.4 110.4 9.2 97.8 8.1
*§ ICCC 34 222.2 10.6 83.8 271.7 93.3 2.7 59.1 12.5
10 ICCC 36 205.8 20.1 96.8 22.0 112.6 8.2 87.8 8.0
11 ICCC 37 256.4 23.8 94,0 35.0 146.5 10.9 96,1 12.8
12 ICCC 38 235.7 21.1  €8.7 14.2 127.4 9.4 97.7 8.4
13 ICCC 42 247.7 19.9 98.7  13.3 136.8 9.3 98.6 6.5
14 ICCC 42 226.5 22.0 95.9 26.8 114.9 9.6 96.4 10.8
15 ICCC 47 205.5 22.9 95.4 29.2 114.0 10.1  96.4 11.4
16 ICCV 2 170.8 17.0 94.5 23.8 88.3 7.9 94.8 10.6
17 ICCV 3 176.9 16.6 92,7 27.1% 107.2 8.8 92.0 15.0
18 ICCV 4 200.1 23.5 94.5 33.0 105.1 10.9 94.8 14,7
1¢ ICCV § 203.9 24.1 94,9 32.4 104.3 10.9  97.9 9.3
20 ICCvV 8 272.3 20.2 89.0 41.1 150.6 8.5 80.5 16.0
21 ICCv 9 221.9 23.0 96.0 27.4 115.2 11.2  98.9 6.9
22 ICCv 10 312.9 23.1 95.5 29.2 170.9 10.7  93.3  16.7
23 ICCv 17 263.7 28.0 97.3 28.1 1561.8 10.0 97.8 8.7
24 ICCL 82104  234.4 22.2 98,9 1i3.8 129.8 10.2 97.4 9.6
25 ICCL B2230 194.5 24.8 91.3 44.4 115.5 10.1  95.7 12.5
26 ICCL 83149  200.1 25.1 88.7 51.¢% 113.3 12.8 91.1  23.3
¥27 ICCL 83224  208.1 9.2 92.3 158.5 109.2 1.4 13.4 16.2
28 ICCL 83227  252.6 20.2 94.7 27.7 140.0 9.7 92.4 16.1
29 JCCL 83228  216.7 20.5 98.7 13.8 125.3 11.8  99.2 6.0
30 ICCL 84204  228.9 25.1  92.8 40.4 130.0 12,0 98.6 8.4
31 ICCL 84205  258.9 21.4 98.7 14.2 147.1 8.8 98.3 6.7
32 ICCL 84215  283.2 22.2 95.5 27.8 124.5 9.9 92.4 16.4
*¥33 ICCL 84219 155.1 -1.9 12,8 21.8 65.9 -3.4 79.7 9.9
34 ICCL 84223 265.8 25.4 98.3 19.6 161.6 11.3  97.2  11.1
35 ICCL 84303 273.7 20.5 97.1  20.5 157.3 8.2 96,0 Q.7
36 ICCL 84311 234.9 18.1 95.2 23.6 141.4 9.4 98.1 7.7
37 ICCL 84327 240.5 21.4 99.6 8.2 122.5 9.6 98.4 7.0
*38 ICCL 85210 264.5 12.2  956.4 5.7 162.6 0.8 0.0 14,5
*¥39 ICCL 86211  267.9 12.3  89.3 24.7 160.7 2.0 37.1 14.3
40 ICCL 85225 272.0 24.0 96.5 26.4 152.8 10.2 98,1 8.2
41 ICCL 85307 241.0 18.2 96.9 18.9 143.6 8.8 94.6 12.2
42 ICCL 85310 244.3 21.2  90.3 40.4 118.0 10.6 93.5 16.2
43 ICCL 85311  205.0 20.0 96.5 22.2 108.5 10.6 97.2 10.4
44 ICCL 85314 214.1 20.3 86.5 22.5 101.3 9.2 98.3 7.1
45 ICCL 85325 232.2 17.4  96.8 18.4 87.6 6.9 97.4 6.6
46 ICCL 85333 226.6 23.1 89.3 46.2 117.4 10.8 87.7 23.3

* Affected by disease saverely.
** Affectad by disease in some replications.
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5.4 Response of advanced chickpea genotypes to irrigation (CJ, HAVR, 0S).

Chickpea Breeding and Pulss Agronomy decided to jointly test promising
chickpea genotypes under both rainfed and optimally irrigated conditions.
Chickpea Breeding were to provide the genotypes for testing and Pulse
Agronomy to conduct the test with ¢/- irrigation in large plots.

Genotypes Annigeri (control), ICCV 1, ICCC 32, ICCC 37 and ICCC 42
where compared as subplots in main plot treatments of ¢ and - trrigation in
a split plot design in BP 8C. Subplot size was & x 10 m (4 BBF, 10 m
long). Seeds were treated with benlate + thiram (5%5). Dry sowing was done
on 28 Oct with establishment irrigation applied to all plots on 31 Oct, the
effective date of sowing. Irrigations were 'applied by perfo to the
irrigated treatments only on 28 Nov, 15 Dec, 24 Dec and 12 Jan.
Insecticidal sprays to control Heljcoverpa wers applied by FOO (see their
records). At harvest, 2 outer rows and 0.5 m at the ends of sach row were
left as borders.

Results are presented in Table 5.4.1. Irrtgation slightly delayed
flowering and considerably delayed maturity. Irrigation almost tripled
total dry matter and grain yield. ICCV 1 was badly affected by fusarium
wilt and thus yielded lowest. No genotype significantly out-yielded
Annigeri either with or without irrigation.
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Table 5.4.1.

Effect of irrigation on phenology, total dry matter, grain

yield and yield components of five chickpea genotypes, B8P 8C, postrainy

season, 1986/87.

Genotype
Irrigation
Treatment Annigerd Icev ICCC 32  IcCCC 37 1ICCC 42  Mean
Rays to 50% flowering
Irrig. 44 49 51 42 44 46 °
Nonirrig. 41 46 50 39 41 43
SE $0.33
(0.28) +0.22%
Mean 4?2 47 50 41 42
SE +0.20%%
Days to maturity
irrig. 96 101 101 94 95 a7
Nonirrig. 80 91 g2 80 77 84
SE +0.57%x 40.29%%
(+0.55)
Mean 88 96 96 87 86
SE +0.39%%
Total dry matter (kg/ha)
Irrig. 4944 2882 4920 4476 4675 4379
Nonirrig. 1614 1270 1684 1486 1399 1491
SE +204,0%% +128.0%%
(£177.6)
Mean 32719 2076 3302 2981 3037
SE +125.6%%
Grain yiel
rrig. 2390 645 1969 2255 2354 1922
Nonirrig. 861 450 637 782 767 700
SE +85,6%% +30.6%3%
(+89.3)
Mean 1625 547 1303 1519. 1560
SE +63.2%%, .00
Contd. .
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Table 5.4.1 Contd..,

Geno
Irrigation type .
Treatment Annigeri Icev ICCC 32 ICCC 37 ICCC 42  Mean
Harvest index (%)
Irrig. 48.5 1. 40.3 50.6 50.8 42.3
Nonirrig. §3.2 35.2 3r.9 52.8 54.9 46.8
SE +1,81%s #1412
(+1.59)
Mean 50.9 28.4 38.9 51.7 52.8
SE +1.12
Pods (filled)/Plant
Irrig. 40.4 31.8 38.4 38.5 30.5% 35.%
Nonirrig. 16,7 12.9 11.5 17.0 11,8 13.9
SE +3.87 +0.82%2
(+3.99)
Mean 28.5 22.3 24.9 26.7 21.0
SE +2.82
Seeds/pod
Irrig. .28 . 1.22 1.2 1.17 1.22
Nonirrig. .19 . 1.08 1.18 1.18 1.14
SE 40.032 +0.012
(#0.033)
Mean 1.23 1.15 1.14 1.24 1.47
SE +0.023
100 Seed weight (g)
Irrig. 16.1 10.9 14.7 16.0 22.2 16.0
Nonirrig. 15.1 13.8 16.3 15.6 21.4 16.4
40,3983 +0.21
SE (+0.36)
15.6 12.3 15.5 15.8 21.8
Rean +0.26%%

1. SE in
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8. C~112(85)IC Detection and avaluation of genetic variation in symbiotic

6.1

a)

b)

]

nitrogen fixation in chickpea

Objectives

To determine the scope for genetic improvement of symbiotic
nitrogen fixation in chickpea.

To identify plant and rhizobial germplasm which result in
improved symbioses.

To measure genotype differences in the residual effect of
nitrogen fixation by chickpea by subsequent crops.
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8.2 PA 85/20 Effect of high and low My-f1
productivity in a Vertisol (oPR) Np-fixing chickpss 1ines on crop

Introduction

This trial was started 1in 1984/85 with the objective of recording
genotypic differences in high (K 850) and average (Annigeri) nodulating
and Nﬁ-fixmg lines on grain yield, dry metter, and N-uptake of chickpes
and that of a subsequent sorghum crop. More details on this trial are
given in the Chickpea Agronomy Progress Report No. 1 pp 107-112. The same
trial was repeated in 1986/87 without any change. Tharefora in this report
we would largely discuss the results of yesr 1946/87 only. Materials and
Mothods wherever different from last year have only been reported here.

Materials and Methods

Six treatments in the postrsiny season 1986/87 in 6 x ¢ L'Mn Square
design wers K 850 (high nodulating 1ine) K 850 + 20 kg N ha”', Annigeri
(low nodulating 1ine), Annigeri + 20 kg N ha™ ', Safflower, and Fallow; and
were same as in the two earlier years. Sowing was done on 23 Oct. 1988 in
30 x 10 cm spacing after rotovating on a flat bed. Soi) chemical
properties measured at sowing are given in Table 1. A post-sowing perfo-
irrigation equivalent to about 50 mm rain was provided on 29 Oct. 1986,

Plants from a 1 m x 90 cm area were removed for plant growth and
nodulation observations at 47 DAS. Chickpsa plots were harvested at 110
DAS and safflower at 119 DAS.

In the rainy season, 1987, sorghum (CSH 6) was sown on 27 June 1987 in
60 cm rows using a J.D. Planter. Thinning was done to 60 x 10 cm spacing
within 15 days after sowing. The crop was raised as rainfed, A total of
120 mm rain fell between 1 May and 27 June when sorghum was sown and 352 mm
after sowing (on 7 Sep 1987) of sorghum. Soil moisture measured up to 90
cm depth was similar in all treatment plots. Sorghum was harvested at 72
DAS. During this period it received two weedings, and two sprays against
shoot fly and stem borer at different plant growth stages.

Resulits and Digcussion

Soi1 chemical analysis before sowing chickpea 1s given in Table 6.2.1.
It seems that the high nodule mass of X 850 resulted in improved soil
microbial activity as suggested by the presence of higher chickpea
rhizobial population in K 850 + N plots than tno 5?n1gor1 plots (Table
6.2.1). K 850 + N plots had maximum (3,2 x 10° g ' s011) while Fallow
plots had minimum population (3.2 x 10° g ' soil) of chickpea rhizobia. As
in the earlier two years K 850 formed significantly higher nodule number
and had higher nodule mass compared to Annigeri (Table 6.2.2). At 47 DAS,
K 850 also had significantly noro_iacetylm reduction activity per plant as
well as more specific_ﬂctwicy g ' dry noduls mass than Annigeri both with
or without 20 kg N ha . significant superiority of K 850 for nodule no.
and mass was also recorded at T4 DAS. But the shoot mass of Annigeri was
superior to that of K 850, perhaps dus to its better adaptability to this

environment.
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At about 70 DAS several wilt sick patches of plants were seen in K 850
plots. Annigert being a tolerant 1ine was not affected as much as K 850
but stray dead plants were noticed in Annigeri as well. This resulted in
genarally lowsr yield of K 850 than that of Annigeri (Table 6.2.3). K 850
is known to be a late wilting genotype and wa noticed wilted plants with
pods and there was no scope of any possible compensation effect at this
stage due to plasticity trait of chickpea. At final harvest plant count in
K 850 plots was significantly lower than those of Annigeri but 1t was still
not too low. The count includes diseased plants as well because of
difficulties in separating these from normal plants at the final harvest.

The seed-N concentration of K 850 was 15~18% superior than those of
Annigeri seeds but due to low seed yield of K 850 the total N-uptake
by K 850 +N treatment remained 4% lower than that of Annigeri N plots.
On the basis of N-uptake at 71 DAS K 850 accumulated 13% more N than the
Annigeri plots (Table 6.2.3).

Yield and dry matter of sorghum, 1ike in earlier two years was not
significantly different among all chickpea treatment plots. safflower
plots, howsver, produced lowest dry matter and grain yield while the yield
of Fallow plots was only marginally Jower than thﬁ K 850 + N plots. K 850
plots produced maximum dry matter (2310 kg ha ') and K 880 + N plots

produced maximum grain yield (Table 6.2.4).
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8ItL

Table 6.2.2. Plant growth, nodulation and Nz-ﬂxation of chickpea and safflower at 47 DAS, BP 2C, postrainy season 1988/871,
TCRISAT Center

At 47 0AS At 79 DAS

Nodule MNodule  Shoot Acetylane reduction activity  Nodule Nodule Nodule Nodule Shoot

10 4 dry mass  dry mass_1 T 3 ) "‘.’2 dry mss . -1 mags  dry

plant * (ng _ (gplant™) wipl'h wHg drymdh wT  (g0) plant (ag mss
Troatnent plant™) plant ') {9 n°€)
Fallow « ] 0 0 9 i )} 0 ¢ 0 )]
K850+ 20 kg N 61 175 2.4 1.59 19.9 1080 3.7 k'] K} 197
Annigeri + 20 kg N 27 63 2.5 0.57 9.3 453 0.7 1) 3 255
K 850 56 113 1.4 4,79 21.8 101 5.0 ki m 168
Annigerd 29 69 1.5 0.93 13.8 602 0.8 20 6 174
Safflower 0 0 0.5 0.04 0.3 0 0 0 0 4
§€ #4.1 $9.9 40,14 +0,397 £2.10 1503 4028 2.0 4122 H.2
F - test st 138 112 PTe) 151 st 113 s T "

ox 3% ki 25 59 H % 4 19 u 16
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Table 6.2.3. Total dry matter grain yield, plant stand, seed NX, and2 N-uptake (5{
grown on a Vertisol, postrainy season 1986-87 (area harvasted 225.5 m“ to 42.0 m)

chickpea and safflower

N—uptak02 N-uptake
through by crop at  Shoot
P\ant_;tand Total dry gﬁttu' Grain yie]d1 Seed-N2 seeds at 71 DAS Nx at
Treatment (n%) (kg ha™ ) (kgha ') (%) (kgha!) (kg N ha') 7104
K 850 + 20 kg N 25 1810 (2450) 970 (1310) 3.3 32 53.8 2.8
Annigeri + 20 kg N 30 1970 (2220) 1230 (13%0) 2.9 36 68.8 2,2
K 850 25 1710 (2340) 930 (1280) 3.1 29 49.7 3.0
Annigeri 29 1820 (2080) 1180 (1330) 2.6 30 43.7 2.8
Safflower 25 560 ( 750) 110 ( 150) NA NA 1.2 1.6
SE +1.1 +718 ( 145) #49 ( 85) 10.09 3.9 $2.26  +0.11
F test 2t 12 (32 ) 12 (e2) 12 NS Y3 1
CV! 10 12 ( 18) 12 ( 19) 3 12 18 13
SE ’ +1.13 11 ( 149) +43 ( 92)
Ft!st 52 NS (NS) s (NS)
Cvx 10 10 ( 16) 0 ( 17)

1. Data was analysed after eliminating the harvest material from wilt affected p}tchu Data

in parentheses represent the value adjusted for optimum population of plant m~
2. Statistical analysis done after eliminating data on safflower
Na = Not enalysed
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Table 6.2.4.

Dry shoot mass, grain yield, 1000 seed ws
sorghum, BP 2C, rainy season 1987, (harvest area, 38.4 n°)

Qght {g) grain Nx and N-uptake of

Dry mas§ Days to
(kg ha 100
Treatments  thinned  Weed mais sox Maty- Number Dry shoot Grain seed
in post sorghum (kg ha ') flower- rity plagts mass » yield mass
rainy season at 12 DAS at 19 DAS ing (kgha ') (kg ha” ) (9)
Fallow 45 41 §0 95 12 2280 1430 23
K 850 + N 42 37 60 95 13 1990 1630 25
Annigeri + N 40 33 59 95 12 2160 1240 23
K 850 41 24 60 95 13 2310 1190 25
Annigeri 38 29 59 95 12 1850 940 24
Safflower 33 18 61 a7 1 1570 480 23
SE 6.1 +16.2 40.2 0.3 0.8 +261 4300 40.6
F-test NS NS %% it NS 1t 3 NS
cvx 16 53 1 1 1 13 25 £




6.3 PA 85/27 Evaluation of wilt resistant nes for nodulation (OPR)

Introdyction

This trial was started in 1985/88 (ses Chi
ckpea Agronomy, Progress
fggort No.f1. pages 118-119) but repeated in the postrainy season of 1988/87
ause of the problem of chickpsa stunt in 1985/88, The sajor objective

of the trial was to identify a wilt r Kpea
nodulate at par with K 850. g safstant cnie Hine trat may

Materials and Methods

Fourteen wilt resistant lines and 2 check Yines Annigart (ICC 4818)
and K BS0 (ICC 5003) were sown in randomised block design with four
replications on a Jow-nitrogen Vertisol field BP2C having 80 cm ridges on
28 October 1986 in 4 m x 4 rows plots at 30 x 10 cm spacing. A Yight
irrigation was provided on 29 October 1986. A plant growth and nodulation
observation was made at 48 DAS on a sample of & planta par plot. Al the
1ines were finally harvested at 100 DAS, except ICC 12268 and ICC 12278
that matured late and were harvested at 108 DAS and 116 DAS respsctively.

Results and Discussion

A1l the lines grew well until harvest on the post-sowing irrigation
provided to ensure good nodulation. Nodulation observation at 48 DAS
suggested that three lines ranking highest (K 850, ICC 11313, and ICC
12234) and lowest (ICC 12275, ICC 12255, and ICC 11314) were same in both
the years. Annigeri ranked 13th 1in 1985/88 and 10th 1in 19868/87 (Table
6.3.1). Four linas that ranked very different than last year were ICC
12246, 5th in 1985/86 and 13th in 1986/87, ICC 12268 6th and 9th, ICC 12259
12th and Tth, and ICC 12272 9th and 4th. Differences in sotl-nitrogen
status and interactions due to chickpea stunt that occurred in 1985/86 may
be some of the reasons for such a shift. All other lines ranked within a
difference of *2 ranks’ from the previous year.

Two of the three highest nodulating lines K sgq and ICC 11313 also
produced highest, biomass, viz. 2.55_fnd 2.63 t ha ' respectively. The
other lines producing sbout 2.5 ¢t ha uc_r? ICC 12244, ICC 12245, end 1CC
12256. The lines producing about 1.4 t ha ' of grains were ICC 11313, 1CC
12244, ICC 12246, ICC 12256, Annigeri and K 850 (Table 6.3,1), ICC 11313
thus nodulated similarly to X 850 and produced st par annigeri and K 850
and may be used to replace K 850 for some trials. It may be worthwhile to
have detailed nodulation observations on ICC 11313 in future studies.
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Table 6.3.1. Plant growth and nodulation of 48 days old wilt
resistant chickpea 1ines and their yield, Vertiso) (BP 2C),
postrainy season 1986/87,

Nodule no. Dry Grain

piant™! matter, yield ,
Genotype {Rank) (t ha™ ') (t ha™ ')
ICC 11313 48 ( 3) 2,63 1.38,
ICC 11314 26 (13) 2.40 1.22
IcC 11318 39 ( 6) 2.14 1.07
ICC 12234 61 ( 1) 2.33 1.31
ICC 12238 28 (11) 2.42 1.29
ICC 12244 42 ( 5) 2.67 1.44
ICC 12245 38 (7) 2.48 1.33
ICC 12248 26 (13) 2.40 1.39
ICC 12255 23 (15) 2.41 1.34
ICC 12258 28 (11) 2.52 1.486
ICC 12288 34 (9) 2.17 0.98
ICC 12269 35 (7) 2.36 1.27
IcCc 12272 45 ( 4) 2.22 1.27
ICC 122756 19 (18) 1.78 0.51
Annigeri 30 (10) 2.23 1.42
K 850 81 (1) 2.55 1.38

SE +0.247 +0.08%

T - test »hK KK A K
vV X 18 13 14
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PA B6/47 Test of suitability of
non Ny-fixing control (oPR, wPB)

Introguction

We recently acquired a tof-nodulating mutant (P 233) of ICC 640 from
Or. T.M. Davis of USA. In addition, a spontunooﬁa non—:‘oduhting (Nod )
mutant (ICC 435M) of ICC 435 was {dentified at ICRISAT Center in the
postrainy season of 1985/86. An idea) non-fixing control in N2-fixation
studies should be similar to the test plant in growth duration, growth
rate, flowering, rooting depth, atc. Therefore, a non-nodulating 1inm of &
given legume 1s a preferred non W ~fixing control «over & non-leguminous
crop. This trial was planned to study such aspects of the two mutants and
assass their suitability for use as sppropriate controls plants.

Materials and Methods

Two chickpea Nod lines PM 233 and ICC 435M their parsnts ICC 640 and
ICC 435, respectively, along with othar four test 1ines ICC 4918
(Annigeri), ICC 5003 (K 850), ICC 4948 (G 130}, and ICC 4973 (L 550) wers
grown as subplots on & Vertisol fiald 8p 2tf‘ tn plota of %m x 1.2 m. Four
nitrogen levels 0, 100, 200 and 400 kg ha” ', applied as urea, formed main
piot treatments of the split plot design with four replicationa. Sowing
was done on 27 October 1986 in 30 x 10 cm spacing followsd by a sprinkler
irrigation of about 30 mm on 29 October 1988, Twenty-five days before
sowing chickpea, the appropriate fertilizer levels were placed about 10 cm
below the intended plant rows, followed by a sprinkler irrigation of about
22 mm soon after application and another after 8 days interval. This waa
done to ensure distribution of fertilizer in the soil profile and to
prevent possible toxic effects on the growth of chickpea.

nomnodulating chickpea mutant as a

Slurry of one inoculant packet (70g) of Rhizobium strain IC 59 was
prepared in methyl celiulose (a standard procedure) and coated on to 4-5 kg
course (1~3 mm) sand. The coated sand was dried in the shade and avanly
spread on the trial area of 50 m x 30 m at the time of disc-ploughing.

The top 15 cm soi) profile, of the main (hitrogen) treatment plots was
sampled at sowing to determine soil properties for site charscterization.
Soil sampling at six different soil depths - 0~15, 15~30, 30~45, 45-80, 80~
90, 90-120 cm - was done in plant rows whare urea was applied before

sowing.

h and nodulation observations were made on & 60 x 30 cm
area ?F‘:':;tegcr:ﬁlo: at 17, 31, 50, and 70 DAS, Roots at 19 and 75 days
were collected from a 0.6 x 0.3 m area (2 rows 30 cm long) at various
depths 0-15, 15-30, 30-45, 45-60, 60-90, 90-120 by soaking the aexcavated
soil over-night and sieving it. The root length of the collscted root
samples was measured using A Comair Root Length Scanner from Cosmonwealth
Aircraft Corporation Ltd., Melbourne, Australia, Fresh and/or dry weight of

roots was also determined.



Routine observations on flowering and maturity were taken. The
experiment was harvested batween 92 and 117 days after sowing.

At 29 DAS we noticed Fe deficiency symptoms on leaves of long
duration genotypes that seemed to be associated with the level of applied N
at sowing. Therefores at 40 DAS when the symptoms wera at 1ts peak we
sampled leaves of PM 233, ICC 640, ICC 435, and G 130 from al} the four N-
levels and four replications to measure zinc, ferrous iron and total iron.
All replicate plots of the same four genotypas at two N-levels (0 and 400
kg N ha ') were also sampled to determine nitrate reductase. The top 3
open leaves along with growing points of 30 plants per plot representipg
the degres of chlorosis 1in the plot ware sampled and pooled in a polythene
bag, placed in an ice box, and brought in lab for nitrate reductase
measurement using the method of Jaworski (1971). For chemical analysis,
the laaves were washed in water, swab cleaned, cut into pieces and one g
per plot was used for extraction and determination of iron and zinc.

Results and Discussion

TQ? soll pH, EC (d§ m"). organic carbon (%), available-P and total N
(mg kg~ ' so0il) in the top 15 cm profile did not differ significantly across
nitrogen treatments, The NH,~N and NOg-N level, howaver, increasad with
the increasing level of urea application (Tﬁble 8.4.1). Tha NOg~N + NH,~N
lavel recorded in the 100 and 200 kg N ha™' applied plots was sim{lar to
the levels recorded in the past in some Vertisol fields at ICRISAT Center
and at ICRISAT Cooperative Sub-center, Hisar (Tables 6.4.2, 6.4.3, 6.4.4
and Appandix I). The appiied-N levels were very high for chickpea. But our
main objective of using such levels were to provide sufficient N to match
or even exceed the soil-N levels found in some Vertisol fields at the
Center. These objectives ware cbviously achieved._yhere wers no symptoms of
toxicity even at the highest level of 400 kg N ha ' applied as urea 25 days
before sowing. This method of N-application allowed growing of chickpea on
residual soil moisture without any further irrigation, except at sowing.

Chickpea plants normally draw most of their water and nutrients from
the top 60 cm soill profile. The average concentration of availabie-N
prasent in the top 60 cm was therefore considered as a better indicator of
N available to chickpea than the nitrogen levels applied in this study.
This seems most appropriate because one may add the same nitrogen levels to
a different field but obtain quite diffarent resultant available-N values
depending on the inherent soil-N level, soil buffering capacity, etc. The
available-N 1eve15_{m9 kg™' soil) obtained with different doses of
fertilizer (kg N ha ') applied in this study were 8 with control, 15 with
100, 24 with 200, and 37 with 400. Thus we did not obtain a linear
relationship between the incrsment of applied-N level and the resultant
available~N in the soil. However, we established four soil profiles with
differant N-lgvels.

Jaworski, E.G. 1971. Nitrate reductase assay in intact plant tissues.
Biochem. Biophys. Res. Commun. 43: 1274-1279.
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Available-N in the soil increased with increasing ) -

9 level of N

:pg\;f;tzo?oand this reduced both nodule number and mass per plant (Tables

Youny Dyt 10 Fig. 6.4.1). Maximum reduction occurred at the first N-

eve ,_z.e. when available-N in top 80 cm profile increassd from 8 to 15

(mg kg"' soil), or when it increased from 8.7 to 20.1 ng kg ! 3011 in the

top 15 cm profile which may be mors relsvant for sarly nodule for‘unon

events (Tables 6.4.2, 6.4.3). Available 3011-N levals of 20 mg kg ' sof}
and more are not uncommon at research stations (Appendix-1).

The Nod™ 1ine PM 233 was ganarally fres of nodules whenever dug during
the season at 17, 31, 50 and 71 DAS. Nodulated plants were ancountersd
only occasionally; these may be contaminants. Few plants had a callus type
of growth instead of a norma) nodule, as described on pages 120-124 of
Chickpea Agronomy Progress Report No.1. A}) the other ssven }ines under
test nodulated normally on the O~N plots. As expected, ICC 5003 (K 850)
nodulated best, followed by ICC435. Tha other five lines gdenerally
nodulated similarly, but much less than ICC 5003 and were not different
statistically (Tables 6.4.5-6.4.10)

Plant growth sybstantially improved with increase in available-N
causing maximum fmprovement at first and this improvement ranged from 19 to

94% over the control plots at different plant growth stages. ’oarm'nﬂy
there was no improvement after the third level of 24 mg N_rg' soil and
some Tines showed & decline at thes fourth level (37 mg kg soil)., The

plant growth of Nod~ line PM233 and its parent ICC840 on control plots was
generatly similar up to 50 DAS but at 71 DAS ICC 640 was about 38X superior
to PM 233 (Tables 6.4.11-6.4.14, Fig. 6.4.2).

Brown margins on old leaves of PM 233 1n control plots were observed
at 46 DAS. These became intense subsequently and progressively advanced to
upper leaves. Such symptoms were absent on N-fed plants and on plants of
other genotypes, even in control plots.

wWhile digging for nodules, the easily excessible roats in the top 16~
20 cm profile were also collacted. It was interasting to record
significant differences in dry root mass due to nitrogen level and due to
genotypes. A 10% to 43X incresse was noticed in root mass at different
stages from 8 to 15 mg N level. At higher levels of 24 mg and 37 mg there
was a marginal decrease over the root mass recorded at 15 mp (Tables
6.4.15- 6.4.18). This decrease seemed largely due to the fact that asbundant
available~N was in the vicinity of the main roots and the plants perhaps
did not require further root proliferation to fulfil its N-needs. Reduced
plant growth in some genotypes perhaps suggests A toxicity effect, a hidden
one, as we did not see any apparent toxicity symptoms. Alternatively, it
may be due to the expected interaction of nitrogen with other soil
nutrients as explained above for iron and zinc. At high-N levels the
pattarn of root length density was also different than at low-N (Table

6.4.19).

ta on shoot N% measured at four different stages of plant growth
reveali):d Jnteresting insights, partfcularly about the Nod™ 1ine PM 233
which generally had lowest M% than the rest of the chickpea lines when
rown on low-N plots. It was only marginally lower than {ts parent ICC 640
eman soil-N was 15 mg kg ! soi} and was generally better at soil-N level 24
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mg kg"1 and higher. These differences were generally statistically
significant (Table 6.4.20-6.4.23, Fig. 6.4.3). Interaction batween sofl N-
level and genotypes were invariably nonsignificant. The trend for N-
uptake was similar to shoot NX (Tables 6.4,.24-8.4,27, Fig. 6.4.4).

As the plants grew, the mean shoot NX decreased from 4.7% at 17 DAS to
3.2% at 71 DAS even 1in the N-suffictent plots. The reduction was
substantial from 50 DAS to 71 DAS, obviously suggesting reduced N-uptake
from soil particularly after 50 DAS (Tables 6.4.20-6.4.23, Fig. 6.4.3).
Thus the growing tissue seems to meet part of its N-needs through N-
tranglocation from the older leaves when grown in N-limiting and even in
N-sufficient conditions. Thus the tissue-N conceantration in growing
leaves may not be a good indicator of the degree of N2~f1xat1on sxcept when
the differences are large.

The Nod~ lina PM233 when supplied with nitrogen grew similar to its
parent line ICC 640 and had similar tissue NX and N-uptake pattern (Fig.
8.4.5). Both were, howsver, generally different for nodulation and rooting
pattern and extent (Tables 6.4.15-6.4.19). As expected, PM 233 did not
form nodules but generally formed more root mass and root length density
than ICC B840 (Fig. 6.4.8, Table 6.4.19). This seems to be a need-based
phenomenon. Absence of nodules on PM 233 may be forcing the plants to
extend its roots faster and more intricately into the soil volume than the
nodulated 1ine ICC 64?5 But this may not be a negative point on its use as
a raferenca plant in '°N studies.

The nodulation pattern of the two familiar chickpea lines Annigeri
(ICC 4818) a normal noduiator and K850 (ICC 5003) a high nodulator at the
Tow-N (8 mg) lavel, was as usual and that of an ICRISAT’s released variety
ICCC 37 close to ICC 4918 (Fig. 6.4.7). Formation and development of
nodules at 15 mg and gPove reduced greatly (Tables 6.4.5-6.4.10). The
nodule mass at 24 mg kg N was generally 4 to 20 fold, and the nodule no. 2
to 3-fold, less than that at 8 mg kg~ 'N (Tables 6.4.5-6.4.10, Fig. 6.4.8).
Thus the early processes of nodule formation are not as sensitive to soil-N
levels as the processes involved in nodule development.

The total iron, ferrous iron, and zinc measured at 40 DAS in growing
tips + the top three open leaves generated interesting information.
Neither ferrous iron nor total iron was affected by available-N level.
Iron content differed significantly across genotypes and was lowest in ICC
640 and highest in ICC 435 (Tables 6.4.28, 6.4.29). This, however, did not
match well with the visual observations where ICC 4948 and ICC 435 showed
maximum iron deficieancy symptoms. This suggests that the threshold l1svel of
iron in genotypas 1ike ICC 435 is higher than that of those 1ike I1CC 640.
The visually intense chlorosis seen in ICC 435 seems to match well with a
sharp decline (mean 16-22%) in total ferrous iron at 15 mg kg 'N. _The
quantities increased at 24 mg kg ‘N but decreased again at 37 mg kg N.
Although these fluctuations with N-level deserve further study it is
certain that N-application influences the appearance of chlorotic symptoms
that seems to be associated with the tissue iron content.

The data on tissue zinc concentration showed a trend similar to iron.
On_? mean basis the tissue 2Zn showed a reduction of 17X from 8 to 15 mg
kg 'N (Table 6.4.30). This, however, raises the query as to whether the
chlorotic symptoms are due to iron or zinc., Like iron, the lowest
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quantities were in 1CC 640 but the highe

st in ICC 4948, the latter showing
the highest dagree of chlorosis alon 1th '
highest in tissue zinc concentration, 9 wIth IPC 435 that was the next

Nitrate reductase activity (nmoles 0,~' h~'g™' fresh leaves) measured
in the same four genotypes increased from 2583 units at 8 wg kg 'N to 3709
units at 37 mg kg 'N lave) across genotypas (Table 6.4.30). Genotypes a}so
differed significantly and PM 233 had the highest activity at 8 mg kg N,
At 37 mg kg ‘N, where all genotypes practically did not nodulate, the Nod™
line PM 233 and its parent ICC840, both short duration lines, had highast
activity while the long duration 1ines ICC 435 and ICC 4048 had practically
half the activity of that of the former two (Table 68.4.31). It seems

worthwhile to explore if Fe, Zn and NO4- reductase are really assoctated
with maturity duration.

The plant stand at maturity ranged from 25 to 35 plants a2 (Table
6.4.31). Although the mean genotypic diffarences were significant it may
not be of consequence because whersver relevant most plants died befora 30
DAS. Becausa of substantial appearance of wilt 1n plots of ICC435M, it was
replaced by ICCC 37 at 15 days after sowing. The delay in sowing of ICCC
37 was compensated by its delayed harvest and an additional light watering
with rose cans soon after sowing.

Both genotypic and N-level differences were significant both for total
dry matter and grain yield. Interactions were, however, significant only
for grain yleld (Table 6.4.33, 6.4.34), The significantly increased dry
matter_fnd grain yield was recarded when available-N increased from 8 to 15
mg kg 'N. There was no furthar significant increase with further
incremental levels. The long durstion genotypes such as 1CC 4948, ICC 4973
and ICC435 generally produced lowest dry matter and grain yield apparently
because of low adaptability of these lines at 17°N lattitude. Among the
rest of the short- and medium-duration lines the Nod 1line PM 233 produced
least and Ann1ge{1, the adapted line, produced most dry matter and gratns.
Even gt 8 mg kg~ 'N, PM 233 could produce 2.18 t ha ' of dry matter and 1.05
t ha”' of grains. This strongly suggests its excellent N-scavenging
capacity and with N-application it generally ytelded at par with its

nodulated parent (Tables 6.4.33, 6.4.34).

At 8 mg kg 'N the nodulated genotypes produced 15 _to 27% lowsr dry
matter and 6 to 31% lower grains than at the 15 mg kg ' N-level. This
apparently is the nitrogen effect and is generally taken as potenttal of
improvement in N,-fixation. B8ut 1t is debatable. Noduletion data suggests
that it cannot ge interpretted so simply, Nodulation in this trial was
best at 8 mg and with N-application (or with tincrease in avaﬂabc—n)_‘t
reduced greatly at next high level and aimost diminished at 24 mg kg N
(Tables 6.4.5-6.4.10). N -qxation, although not measured, can be expected
at its maximum at 8 mg Eg" . This suggests that symbiotic plants, being
self regulatory and largely self-dependant for their nitrogen needs, are
highly unlikely to produce higher than fully N-fed plants. An interaction
is, however, expected. Yield improvement due to timprovement {in BNF in
‘Ieéumes can be expected but not to the lavel of fully N-fed plants.

d not record any significantly increased dry matter and
Jevel greater than 15 mg, we did record significantly
6.4.9) and seed # yield (or seed protein yield) at

Though we di
grain yield at N-
improved seed N% (Fig.
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every successive level up to 37 mg kg'1N level in most genotypes. Even the
genotypes were significantly different for these traits., Available~-N level
and genotype interactions were significant only for N-yield (or protein
yield) (Table 6.4.35, 6.4.36).

At 8 mg kg 'N, the Nod™ 1ine PM 233 had lowest NX and N-yleld. ICC
4918, the normal nodulating 1ine, had the next higher valge with 15%
protein but had highest N-yield (protein harvest = 89 kg ha ') obviously
due to highest seed yield. We have generally sesn this happening with ICC
4018 despite the fact that 1t generally nodulates about half as well as
IcC 6003_§Tablns 6.4.6-6,4.10) that had 16,8% protein (second highest) and
88 kg _hs * protein yield (at par ICC 4918). With available-N higher than 8
mg kg  'N the seed NX and N-yield of the Nod 1ine PM 233 was at par its
nodulated parent ICC 640,

From these data sets it seems that the Nod 1ine PM 233 is a very good
control plants for N,~fixation studies, has growth rates and yield levels
similar to its noduIJQQd parent at s0t11-N levels of most Vertisol fislds at
ICRISAT Center.

Some thoughts on posgible follow up:
1. Study Nz-fixat1on pattern over time as affected by chlorotic symptoms.

2. Would NHg ' and N03' fed plants behave differently for ch1o}ot1c
symptoms 1n sand versus soil culture.

3. tlong-duration genotypes where induction of N0, reductase is at paf with
short-duration and gets substantially enhanced with N-application may
be saarched. Thase may be the ones with better plant growth vigour.

4. Genotypes (short to Tong duration} with low tissue concentration of Fe
and zinc are highly tikely to be the ones which would not shgx
chIoroil; whare sensitive ones (with high tissue concentration of Fe
and Zn ") would show. This relationship should be established on a
range of seletted genotypes. Such a study should include PM 233, ICC
435, ICC 435M, -640, -4918 (Annigeri), -491BM, -4935 (C235), -4948
(G130), -4954 (H208), ~4993 (Rabat), and -4993M.
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Table 6.4.1.  Soil chemical pr
trial PR B&4T was conductad
postrainy saason 1984/87,

oparties of top I3 ¢ proffle of tha Vartiwl whate the
Wtk four diffsrant levels of nitroges, ICRISAY Coaler,

LI
NQ,-X RH -0 LY} Total & Olwsnr

i N o or 4 wed  Grganic
Fertilizer-¥ EC_l (ig{ky ! (g by ! (wg bg ! (g ky i {sg kg carboa
1avel P {dSw’) seil)  seil) soil}  seil)  seil) m
Control 8.2 .2 8.2 1.6 1.8 $43 [B) .2
100 kg N 8.0 0.4 151 6.0 .l 52 6.4 1.2
200 kg N 8.0 0.30 1.2 6.9 23.0 53¢ R} 1.2
400 kg X 1.9 6y ws 1.9 4.3 $92 bA 1.3

Nsan 8.0 0.3 19.0 1.1 2.0 540 &4 1.2

$E .06 1000 2. N 28 12 W03 g0

F-tast I NS s 112 it [ [} L

834 LLo1s 1.2 5.9 2.2 [N 1.1

Table 6.4.2. Avaiilable nitrogen (NH4*-N mg kn” soil) at
different soil depths in a Vertisol supplied with different
levels of fertilizer nitrogen (urea), at 23 days after fertilizer
application, ICRISAT Center, postrainy season, 1988/87,

e B 1t = o B o o e P e S A e T T o g T o in S y  m

Fertilizer nitrogen applied kg na~!

{cm) 0 100 200 400 Mean

0-15 3.8 7.2 11.14 13.8 g.0

15~30 4.1 5.7 12.8 15.3 9.5

30-~45 5.4 5.2 12.5 9.8 8.2

45-80 4.2 5.1 9.0 10.4 1.2

60-~30 3.9 4.0 6.3 8.5 5.7

90-120 4.2 3.7 4.0 7.5 4.9

SE +3.59@ +0.97

. 5.1 8.3 10.9
22‘" 4.3 +3.12

@ SE to compare d
+1.95

. NS: Depth : *%; Nitrogen x depth: N8

: Ni on
gvzeet: mgggen . B4.4; Nitrogen x dapth : 62.7
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Table 8.4.3, Available nitrogen (NOg-N, mg kg~ ! soil) at
different soil depths in a vVertisol supp110d with different
levels of fertiler nitrogen (urea), at 29 days after fertilizer
application, ICRISBAT Centar, postrainy season, 1986/87.

Fertilizer nitrogen applied (kg hn 1)

Depth - o e e
(cm) 0 100 200 400 Mean
0~15 5.9 12.9 13.3 37.0 7.3
16~30 3.9 9.5 10.7 27.0 12.8
30~45 3.3 7.3 9.9 20.4 10.2
45~80 3.5 6.8 5.8 14.9 7.7
60~90 3.2 5.8 5.8 4.8 4.9
90~120 3.0 2.8 3.7 6.9 4.1
SE + 3.79@ + 1.39
Mean 3.8 7.5 8.2 18.5
8E + 2.82

SE to compare different levels of depth at same N level is
+2.77.

F test: Nitrogen ¥; Depth : *x#; Nitrogen x depth  »xx
Ccv% : Nitrogen 6§9.3; Nitrogen X Depth : 58.4

Table 68.4.4. Available-N {(NO4-N + NH , mg kg“. soil)
concentration in Vertisol at % days a ter applying four
different levels of fertilizer nitrogen, ICRISAT, postrainy
geason 1986/87.

Fertilizer-N applied (kg ha™ 1)

Genotype ¢} 100 200 400 Mean
0-15 9.7 20.1 24.4 50.8 26.2
16-30 8.0 15.2 23.5 42.3 22.3
30-458 8.6 12.5 22.4 30.1 18.4
46-60 7.7 11.7 14.7 25.3 14.9
60-90 7.0 9.8 12.14 13.3 10.5
90~-120 7.3 6.5 7.7 14.5 8.0

SE +2.49@ +1.0

Mean 8.0 12.6 17.5 29.4

SE +1.60

a = SE to compare means of different levels of depth at same”N
level is +2.09

F-test : Nitrogen : *x; Depth : *¥¥; Nitrogen x depth : ¥xx
cvx : Nitrogen : 19.0; Nitrogen x depth : 24.8
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Table 6.4.5. Effect of different N-levels on noduls no. plant™!
(at 17 DAS) of different chickpea genotypes grown on a Vertisol,
ICRISAT Center, postrainy season, 1988/87.

-1

Nitrogen lavel (mg kg 8011)
Ganotype 8 15 24 37 Mean
PM 233 0 0 [4) ] 0
ICC 640 30 20 18 18 21
Annigeri 21 18 18 13 17
K 850 43 19 L 12 15 22
ICCC 37 24 12 10 12 14
L 550 24 12 10 12 14
G 130 24 12 10 12 14
ICC 435 24 12 10 12 14
sg? +2.6 1.1
Mean 24 13 11 12 14
SE +1.4
a = S5E to compare means of different genotypes at same nitrogen

level is +2.2

F-test: Nitrogen : *xx; Genotype : *¥x; Nitrogen x Genotype : *%xx
CV% : Nitrogen : 20; Nitrogen x Genotype : 31

Table 6.4.6. Effect of different N-levels on nodule no. p\ant"
(at 31 DAS) of different chickpea gencotypes grown on a Vertisol,
ICRISAT Center, postrainy season, 1986/87.

Nitrogen level (mg kg~ ' soil)

Genotype - 8 15 24 37 Mean
PM 233 0 o] [o] (o] 1]
ICC 640 32 17 16 11 19
Annigeri 30 17 13 11 18
K 850 39 27 14 9 22
ICCC 37 34 268 17 14 22
L 550 168 27 9 -] 15
G 130 29 21 12 9 -17
ICC 435 30 22 12 10 18

sgd +3.1 +1.3

Mean 28 20 12 9 16

SE +1.8

a = SE to compare means of different genotypes at same nitrogen
level is *2.7

F-test : Nitrogen : **x; Genotype : %xx; Nitrogen x Genotype x%
cvx : Nitrogen : 21; Nitrogen x Genotype : 31
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Table 6.4.7. Effect of different N-levels on ncdule mass (mg pl")
(at 17 DAS) of different chickpea genotypes grown on a Vertisol,
ICRISAT Center, postrainy season, 1988/87.

e ot o A 2 e e S S o B e B - - p—.

Nitrogen level (mg kg'1 soil)

Genotype 8 16 24 37 Mean
PM 233 (o] 0 0 o] 0
ICC 840 18 8 5 7 9
Annigeri 13 6 7 5 8
K 850 17 7 2 3 7
Icece 37 16 3 4 2 e
L 580 12 é 4 2 8
a 130 8 6 3 3 5
ICC 435 22 8 3 4 9
SE +1.42 +0.7
Mean 13 5 4 3 6
SE +0.4

a = SE to compare means of different genotypes at same nitrogen
level is +1.4

F-~-test: Nitrogen : *xx; Genotype : *xx; Nitrogen x Genotype HEE 2.2 2

Ccvy : Nitrogen : t4; N1crogon X Genotype 1 44

Table 6.4.8, Effect of diffarent N~levels on nodule mass (mg p1l 1)
(at 31 DAS) of different chickpea genotypes grown on & vertisol,
ICRISAT Canter, postrainy season, 1986/87.

st o o e e e e e o e —-—.._.._._._-___._.._______._.._______.__..._._ _______ [

Nitrogen level (mg kg s0il)

Genotype 8 15 24 37 Mean

PM 233 0 o] 0 0 0

ICC 640 38 5 3 2 12

Annigeri 52 10 4 2 17

K 850 67 17 3 2 22

ICCC 37 33 19 5 1 14

L. 850 27 9 2 6 11

G 130 27 15 4 1 i2

ICC 435 43 10 2 2 14
SE? +6.1 +3.1
Mean 36 11 3 2 13
SE +2.1 .

- o = = = = o 2 o

= SE to compare means of d\fferent genotypes at same nitrogen
level is +5.1
F~test: Nitrogen : *xXx; Genotype : NS; Nitrogen x Genotype : NS
CcvVx : Nitrogen : 30; Nitrogen x Genotype : 88
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Table 6.4.9. Effact of different N-levels on noduls mass (mg p1")
at 50 DAS) of different chickpea genotypes grown on a Vertisol,
ICRISAT Center, postrainy season, 1988/87.

P -
e e o " o2 T S S Y T A S A S i tan

Nitrogen level (mg kg~ ' soil)

Genotype 8 15 24 a7 Mean
PM 233 0 0 0 T 0 5 o
ICC 640 74 9 6 5 23
Annigeri 67 13 ‘8 6 23
K 850 225 37 4 2 67
1cce 37 108 ) 8 3 31
L 550 78 21 5 5 27
G 130 80 20 [ 4 27
ICC 435 160 13 8 2 46
SE +10.8% +5.2
Mean 89 15 5 3
SE . +4.7

a = SE to compare means of different genotypes at same nitrogen
level is +10.4

F-test : Nitrogen : *%x; Genotype : X¥%; Nitrogen X Genotype : ®xx

Cvy : Nitrogen : 30.8; Nitrogen x Genotype : 67.9

Table 6.4.10. Effect of different N-levels on nodule mass (mg p1~ '
(at 71 DAS) of different chickpea genotypes grown on a Vertisol,

Genotype 8 15 24 37 Mean
PM 233 0 0 0 0 0
ICC 640 44 28 5 5 20
Annigeri 77 16 6 4 28
K 850 476 155 8 ] 161
IccC 37 78 8 7 1 24
L 550 63 28 9 4 - 25
G 130 103 16 7 7 33
ICC 435 394 40 19 5 115

SE +35.2% +16.3

Mean 155 36 8 4

SE *17.6

a = SE to compare means of different genotypes at same nitrogen

level is 132.6
F-test : Nitrogen : *%x; Genotype : *¥x; Nitrogen x Genotype : *xx

cVX . Nitrogen : 70; Nitrogen x Genotype : 129

»
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Table £5.4.11. Effect of different N-levels on shoot mass (9
plant™ ') (at 17 DAS) of different chickpea genotypes grown on a
Vertisol, ICRISAT Center, postrainy season, 1988/87.

- - p——

Nitrogen level (mg kg" 8011)

Genotype 8 15 24 37 Mean
PM 233 0.223 0.288 0.289 0.338 0.278
ICC 840 0.240 0.326 0.330 0.355 0.313
Annigeri 0.148 0.187 0.232 0.216 0.196
K 850 0.214 0.251 0.242 0.288 0,248
Icce 37 0.164 0.209 0.224 0.224 0.205
L 650 0.187 0.220 0.257 0.260 0.231
G 130 0.144 0.178 0.176 0.159 0.164
ICC 435 0.204 0.222 0.216 0.214 0.214

SE +0.0185% +0.0087

Mean 0.191 0.232 0.2486 0.256

SE 4+0.0089

a = SE to compare means of different genotypes at same nitrogen
level is +0.0174

F-test: Nitrogen : *%; Genotype : %*xx; Nitrogen x Genotypes : NS

Ccv¥ : Nitrogen : 8; Nitrogen x Genotype : 15

Table £.4.12. Effect of different N-levels on shoots mass (g
plant™ ') (at 31 DAS) of different chickpea genotypes grown on a
Vertisol, IGRISAT Center, postrainy season, 1988/87.

e i i e e e et o o o . b . o s i S i ol O R e o o

Nitrogen level (mg kg~ ' soil)

Genotype 8 15 24 37 Mean
PM 233 1.0 1.4 1.6 1.5 1.4
ICC 640 1.0 1.8 1.7 1.4 1.4
Annigeri 0.8 1.6 1.2 1.5 1.3
K 850 . 0.7 1.5 1.8 1.6 1.4
ICCC 37 0.7 1.2 1.2 1.6 1.2
L 550 0.7 1.5 1.2 1.4 1.2
G 130 1.0 1.3 1.2 1.1 1.1
1CC 435 0.9 1.2 1.3 1.1 1.1

SE +0.152 +0.08

Mean 0.8 1.4 1.4 1.4 .

SE +0.04 *

a = SE to compare means of different genotypes at same nitrogen

level is + 0.16
F-test: Nitrogen : *x%; Genotype : *; Nitrogen x Genotype : NS

CcvVx : Nitrogen : 6; Nitrogen x Genotype : 25

134



Table_P.4.13. Effect of different N-levels on shoot mass (g
plant™ ') at 50 DAS of different chickpea genotypes grown on a
vertisol, ICRISAT Center, postrainy season, 1986/87,

- - - ——— - -

Nitrogen level (mg kg" soil)

Genotype 8 156 24 37 Mean
PM 233 3.s 6.7 6.4 5.8 5.8
1CC 640 3.7 7.2 6.2 6.3 5.8
Annigeri 3.3 5.7 8.2 8.2 5.3
K 850 3.4 4.8 4.8 5.2 4.5
1cCC 37 2.9 4.2 5.2 4.7 4.3
L 550 3.1 4.8 4.9 4.0 4.1
G 130 2.9 4.2 3.7 3.8 3.8
ICC 435 2.5 3.8 3.6 3.4 3.3

SE +0.418 +0.21

Mean 3.2 5.1 5.1 4.9

SE +0.13

a = SE to compare means of differsant genotypes at same nitrogen
level is + 0.41

F-test : Nitrogen : *xx; Genotype : ***; Nitrogen x Genotype : NS

(037 3 : Nitrogen : 6; Nitrogen x Genotype : 18

Table 6.4.14. Effect of different N-levels on shoot mass (g
plant™ ') at 71 DAS of different chickpea genotypes grown on a
vertisol, ICRISAT Center, postrainy season, 1986/87.

Nitrogen level (mg kg~ soi1)

e s s o > - o D T e o e T o

Genotype : 8 15 24 37 Maan
PM 233 5.8 10.7 12.4 12.6 9.8
1CC 640 7.7 13.4 12.2 12.14 11.4
Annigeri 8.8 12.4 15.4 13.8 12.6
K 850 6.7 10.2 10.4 8.9 9.1
ICCC 37 7.9 13.1 11.8 12.1 11.2
L 550 6.8 8.2 9.9 11.6 9.1
G 130 5.2 8.6 8.3 8.9 7.7
ICC 435 5.1 7.5 6.9 7.6 8.8

SE +1.062 +0.53

Mean 6.7 10.5 10.9 10.7

SE +0.37

a = SE to compare means of different genotypes at same nitrogen

level is + 1.08
F-test : Nitrogen : *x%; Genotype : *%%; Nitrogen x Genotype : NS

cv& : Nitrogen : 8; Nitrogen x Genotype : 22
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Table 6.4.15. Effect of different N-levels on root mass (mg plant") (at 17
DAS) of different chickpea genotypes grown on a Vertisol, ICRISAT Center,
postrainy season, 1988/87.

Nitrogen level (mg kg" soil)

Ganotype Mean
8 16 24 37
PM 233 31 45 43 28 31
ICC 640 30 40 48 3¢ a8
Annigeri 38 38 39 34 a7
K 850 47 55 48 60 52
Iccec 37 42 3 38 44 41
L 550 49 63 49 51 50
G 130 34 39 29 38 35
ICC 435 47 47 44 44 46
SE + 3.6% + 1.8
Msan 40 44 42 42
SE + 1.1
= SE to compare means of different genotypes at some nitrogen leveil is
+ 3.7
F-tast : Nitrogen : ¥; Genotype : %x%; Nitrogen x Genotype : ¥
Cvx : Nitrogen : 5; Nitrogen x Genotype : 18

Table 6.4.16. Effect of different N-levels on root mass {(mg p1ant") (ai 31
DAS) of different chickpea genotypes grown on a Vertisol, ICRISAT Center,
postrainy season, 1986/87.

Nitrogen leval (mg kg'1 soil)

Genotype Mean
8 15 24 37
PM 233 101 112 105 103 105
ICC 640 89 132 118 99 110
Annigeri 12 89 75 99 84
K 850 . 17 89 110 107 96
Icee 37 64 89 92 113 89
L 550 82 115 93 105 99
G 130 94 101 88 72 89
ICC 435 98 97 100 99 99
SE + 1118 + 5.7
Mean 85 103 98 100
SE + 3.0
= S€ to compare means of different genotypes at same nitrogen level is
+ 11.4
F~-test : Nitrogen : *x; Genotype : %; Nitrogen x Genotype : NS
cvx : Nitrogen : 6; Nitrogen x Genotype : 24
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Table 6.4.17. Effect of diffarsnt N-levels on root mass (mg plant™') (at 50

DAS) of different chickpea genctypes grown on a Vertisol, ICRISAT Center,
postrainy season, 1986/87.

Nitrogen level (mg kg~ ' soi1)

Genotype Hean
8 18 24 37

PM 233 301 408 ar3 348 as7

ICC 640 222 440 320 335 329

Annigeri 208 295 304 309 278

K 850 189 253 227 213 221

ICCC 37 208 238 282 262 247

L 550 243 351 324 240 290

G 130 221 292 280 226 249

ICC 435 187 262 258 217 230
SE + 27.6% 4 141
Mean 222 317 293 269
SE + 8.1

a = SE to colpiro means of different genotypes at same nitrogen level is
+ 28.3

F-test : Nitrogen : sx%; Genotype : *3%; Nitrogen x Genotypa : NS

cvx : Nitrogen : §6; Nitrogen x Genotyps :@ 21

Table 6.4.18. Effect of different N-levels on root mass (mg plnnt") (at 71
DAS) of different chickpsa genotypss grown on a Vertisol, ICRISAT Center,
postrainy season, 1986/87.

Nitrogen level (mg k9'1 so0il)

Genotype Mean
5 15 24 37
PM 233 369 424 456 247 349
ICC 640 170 4186 373 253 303
Annigeri 337 369 313 ar2 363
K 850 418 599 492 459 492
ICcC 37 321 417 4368 374 387
L 550 492 557 488 552 622
G 130 487 572 587 521 6§37
ICC 435 499 587 503 541 532
SE + 43,28 + 20.7
Mean 372 493 464 415
SE + 19.2

a = SE to compare means of different genotypes at same nitrogen level is
+ 41.4

F-test : Nitrogen : s%; Genotype : s3%; Nitrogen x Genotype : NS
Ccvx : Nitrogen : 9; Witrogen x Genotype : 19
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Table 6.4.19. Root length density (mm cm'a) of two chickpea genotypes at
five soil depths at two soil-N levels, postrainy season 1986/87, ICRISAT

Center.

Genotypes Available-N (mg kg~ ! soil:

Depth
om PM233 1CC640 Mean 8 37
0-15 2.5 2.1 2.3 1.8 3.0
15-30 2.3 1.8 2.1 2.0 2.2
30-60 2.1 1.9 2.0 2.5 1.8
60-90 3.4 1.5 2.4 3.0 1.9 ,
90-120 1.3 0.8 1.0 1.7 0.4

sE +0.29(0.20) +0.25 +0.60(0. 35)

Mean 2.3 1.6 2.1 1.8

SE +0.09 +0.51

Note: Depth, genotype, nitrogen x depth, cultivar x depth were
statistically significantly different and are only tabulated,

F-test: Nitrogen : NS; Depth : *; Genotype : *%¥x
Nitrogen : Depth : *; Genotype x Depth : %;
Nitrogen x Genotype : NS; Nitrogen x Depth x Genotype : N8

.

Table 6.4.20. Effect of different N-levels on shoot NX (at 17 DAS) of
different chickpea gesnotypes grown on a Vertisol, ICRISAT Center, postrainy
season, 1986/87.

Nitrogen lavel (mg kg_1 s011)

Genotype Mean
8 15 24 37
PM 233 4.2 4.6 5.0 4.7 4.6
ICC 640 4,3 4.9 5.2 5.0 4.9
Annigeri 4,0 4.8 5.0 5.0 4.7
K 850 4,2 4.3 4.9 4.6 4.5
Icce 3t 3.9 5.0 4.8 4.7 4.6
L 550 4.1 4.3 4.9 4.5 4.5
G 130 4.2 4.8 4.9 4.7 4.6
IcC 435 4.1 4.7 4.5 4.5 4.5
SE + 0.172 + 0.09
Mean 4.1 4.7 4.9 4.7
SE + 0.04

a = SE to compare means of diffaerent genotypes at same nitrogen level is

+ 0.18 ,
*~test : Nitrogen : $¥%; Genotype : ¥; Nitrogen x Genotype : NS

VX ; Nitrogen ; 2; Nitrogen x Genotype : 8
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Table 6.4.21. Effect of different N-levels on shoo

t NX (at 31 OAS) of
different chi
difter 1985/3‘7‘?‘. genotypes grown on a Vertisol, ICRISAT Center, postrainy

Nitrogen lavel (mg kg~ soil)

Genotype Mean
8 15 24 37
PM 233 3.7 4.8 5.4 4.8 4.0
ICC 640 4.5 4.9 4.8 4.9 4.8
Annigeri 4.5 5.0 5.3 4.9 4.9
K 850 4.6 4.8 5.2 5.3 4.9
ICCC 37 4.3 4,7 §.0 4.9 4.7
L 550 4.5 4.5 4,9 4.8 4.6
G 130 4.2 4.8 4.9 5.0 4.7
ICC 435 4.1 6.0 4.9 5.0 4.8
se? + 0.15 + 0.08
Mean 4.3 4.8 5.0 4.9
SE + 0.06
a = SE to compare means of different genotypes at same nitrogen level is
+ 0.15
F-test : Nitrogen : #3x; GQenotype : #; Nitrogen x Genotype : %
Ccvx : Nitrogen : 3; Nitrogen x Genotype : €

Table 6.4.22, Effect of different N-levels on shoot NX (at 50 DAS) of
different chickpea genotypes grown on a Vertisol, ICRISAT Center, postrainy
season, 1986/87.

Nitrogen level (mg kg~! sot1)

Genotype Mean
8 15 24 a7
PM 233 3.3 3.9 4.5 4.3 4.0
ICC 640 4.3 4.2 4.4 4.3 4.3
Annigeri 4.0 4.4 4.7 4.8 4.4
K 850 4.4 4.6 4.6 5.0 4.7
ICCC 37 4.1 4.1 4.5 4.7 4.3
L 550 4.0 4.2 4.5 4.6 4.3
G 130 - 3.9 4.1 4.6 4.6 4,3
ICC 435 3.9 4.8 4.5 4.6 4,4
SE + 0.15% + 0.07
4.0 4.3 4.5 4.8
::an + 0.08

a = SE to compare means of different genotypes at same nitrogen level is

+ 0.15
F—tegto: Nitrogen : sss; Genotype : 33%; Nitrogen x Genotype : NS

cvx : Nitrogen : 3; Nitrogen x Genotype : 7
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Table 6.4.23. Effect of different N-levels on shoot Nx (at 71 DAS) of
different chickpea genotypes grown on a Vertisol, ICRISAT Center, postrainy
season, 1986/87.

Nitrogen level (mg kg" so0il)

Genotype Maan
8 15 24 37
PM 233 1.8 2.6 3.1 3.0 2.6
ICC 840 2.3 2.8 2.8 3.1 2.7
Annigeri 2.8 3.1 2.9 3.2 3.0
K 850 2.9 2.8 3.5 3.4 3.2
IcCC 37 2.3 2.8 3.0 3.1 2.8
L 550 2.5 3.1 3.4 3.4 3.1
8 130 2.7 3.0 3.6 2.8 3.0
ICC 435 2.8 3.3 3.7 3.7 3,4
SE + 0.18% + 0.09
Mean 2.5 2.9 3.2 3.2
SE + 0.05

a = SE to compare means of different genotypes at same nitrogen level is
+ 0.18

F-test : Nitrogen : *xx; Genotype : **%; Nitrogen X Genotype : N8

cvx : Nitrogen : 4; Nitrogen x Genotype : 12

Table 6.4.24, Effect of differant N-levels on N-uptake (mg p1ant'1) kat 17
DAS) of different chickpea genotypes grown on a Vertisol, ICRIBAT Center,
postrainy season, 1986/87.

Nitrogen level (mg kg"1 s0il)

Genotype Mean
8 15 24 37
PM 233 9 i2 15 16 13
ICC 640 10 16 17 18 15
Annigeri 3 9 12 11 9
K 850 - 9 11 12 13 11
ICccC 37 6 10 11 11 10
L 550 8 10 13 12 10
G 130 6 9 9 7 8
ICC 435 9 1 10 10 10
SE + 1,12 + 0.8
Mean 8 1 12 12 )
SE + 0.5 i

a = SE to compare means of different genotypes at same nitrogen level is
+ 1.1

F-tast : Nitrogen : *x%; Genotype : #x%*; Nitrogen x Genotype : NS

Cvx : Nitrogen : 9; Nitrogen x Genotype : 21
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Table 8.4.25. Effect of different N-levels on N-uptake (mg plant™') (at 31

DAS) of different chickpsa genotypes grown on a Vertisol, ICRISAT Center,
postrainy season, 1986/87.

Nitrogen level (mg ke~! soi1)

Genotype Mean
8 15 24 37
PM 233 EL 1] -1 T (1]
ICC 640 43 87 a1 81 [1.]
Annigeri 3s 81 (1] T2 63
K 850 33 73 92 88 7"
1cce a7 28 89 * 81 80 5T
L 550 33 (1] 60 63 56
G 130 42 80 87 58 54
ICC 435 37 59 85 57 54
se® + 1.9 + 4.1
Mean 38 69 4] 68
SE + 2,2

a = SE to compare means of different genotypes at same nitrogen level is
+ 8.1

F-test : Nitrogen : ss3; Qenotyps : %; Nitrogen x Genotype : NS

Cvx : Nitrogen : 7; Nitrogen x Gsnotype : 27

Table 6.4.28. Effect of different N-levels on N-uptake (mg p\") (at 50
DAS) of different chickpaa genotypes grown on a Vertisol, ICRISAT Center,
postrainy season, 1986/87.

Nitrogen level (mg kg"1 soil)

Genotype Mean
8 15 24 37
PM 233 126 263 288 244 230
1CC 640 157 290 271 264 248
Annigeri 130 251 292 283 238
K 850 150 218 224 280 213
1CCC 37 17 178 232 221 187
L 550 123 193 222 185 181
Q 130 115 173 173 168 157
ICC 435 100 178 165 165 1489
SE + 20.4° + 10.3
Mean 127 219 234 222
SE + 6.7

a = SE to compare means of different genctypes at same nitrogen level is
+ 20.6

F-test : Nitrogen : ss%; Genotype : #%%; Nitrogen x Genotype : NS

cvx : Nitrogen : 7; Nitrogen x Genotype : 21
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Table 6.4.27. Effect of differsnt N~levels on N-uptake (mg plant™') (at 71
DAS) of different chickpea penotypes grown on a Vertisol, ICRISAT Center,

postrainy season, 1988/87.

Nitrogen level (mg kg~ soll)

Genotype Mean
8 15 24 37
PM 233 103 272 are an 268
ICC 640 170 a7o 338 371 312
Annigeri 230 3rs 453 437 284
K 850 194 28% 372 301 289
IccC a7 187 343 357 3a7s 316.
L 550 187 254 329 384 284
a 130 141 258 301 2685 241
ICC 436 142 246 253 285 232
SE + 34,6° + 17.3
Mean 167 301 348 342
8E + 12.3
a = SE to compare means of different genotypes at same nitrogen level s
+ 34.6 ‘
F-test : Nitrogen : t*%; Genotype : *x%; Nitrogen x Genotype : NS
cvx : Nitrogen : 9; Nitrogen x Genotype : 24

Table 6.4.28. Effect of N on total iron in the young leaves of 40 day old
chickpea, Vertisol, postrainy season 1986/87.

Available-N in Total 1ron (ppm)
top 60 profile
(mg kg ' soil) 1CC 640 PM 233 ICC 435 G 130 Mean
8 236 270 342 312 290
15 202 221 281 2719 245
24 217 218 379 274 272
ar - 224 253 324 268 265
SE +24.82 +11.7
Mean 220 240 331 283
SE +10.0
Nitrogen treatment Cultivar Nitrogen treatment x
cultivar
F test NS % NS
eV X 13.2 . 14,9

a. St to compare mesan of different cultivar at same N treatment is +20.1
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Table 6.4.29. Effect of fartilizer -N on ferros iron in the young leaves
of 40 day old chickpea, Vertisol, postrainy season 1986/87.

Available-N in Total iron (ppm)
top 60_¢m profile
(mg kg ' soil) ICC 640 PM 233 ICC 438 G 130 Mean
8 13.1 14,1 16.2 13.7 14.3
15 12.8 1.1 12.3 8.9 11.2
24 11.2 11.9 ° 17.8 11.4 13.1
7 11.7 12.4 15.4 9.8 12.3
SE +1.40% 40,72
Mean 12.1 12.4 15.5 11.0
SE +0.70
Nitrogen application Cultivar N x cultivar
F test . NS (24 NS
eV % 11.3 21.9

a. SE to compare mean of different cultivars at same N treatment is +1.39

Table 6.4.30. Effect of N on zinc in the young leaves of 40 day old
chickpea, Vertisol, postrainy season 1986/87.

Avajlable-N in Zinc (ppm)
top 680 profile
(mg kg ' soil) A ICC 640 M 233 ICC 435 G 130 Mean
0 86.5 44.5 72.3 82.0 78.8
100 59.5 598.5 87.3 74.5 85.2
200 82.8 58.8 70.8 79.0 67.8
400 60.0 54.0 64.8 71.5 62.6
SE +3.42% +2.58
Mean 62.2 66.7 88.8 78.7
SE +1.30
Nitrogen treatment cultivar Nitrogen treatment x
cultivar
F tast % b 23 %
~ : 7.5 7.6

a. SE to compars mean of different cultivars at same N treatment is +2.59
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Table 6.4.31. Effect of fertilizer N on nitrate reductase in the young
leaves of 40 day old chickpea, Vertisol, postrainy season 1886/87.

Nitrate qodu?t

Avatlable-N in (n moles NO,- h” fresh 1eavos)
top 60_?n profile
(mg kg ' soil) ICC 640 PM 223 ICC 435 G 130 Mean
V] 2808 2931 2494 2099 2583
400 5022 4650 2721 2444 3709
SE +1051.92 +920.6
Mean 3915 3790 2608 2212
SE +415.5
Nitrogen treatment Cultivar N application x cultivar
F test NS * NS
cV X 88.5 37.4

a. SE to compare mean of different cultivars at same N treatment is +587.6

Table 6.4.32. Effect of different N-levels on plant stand (n’2) at
maturity, chickpea of different genotypes in a Vertisol ICRISAT Center,
1986-87 (area harvested 1.2 to 3.8 sq.m.). :

N application (mg kg"1 so0il)

Genotype 8 15 24 37 Mean
ICC 640 28.4 30.8 30.4 29.1 29.7
PM 233 29.2 30.5 29.8 27.8 29.3
ICC 435 24.5 26.1 28.4 25.8 26.2
icc 31 . 34.9 34.5 32.6 33.5 33.9
K 850 29.3 30.9 34.4 31.3 31.4
G 130 29.4 28.5 28.6 26.8 28.3
Annigeri 28.7 30.2 30.2 28.1 29.3
L 550 29.8 32.1 31.0 29.7 30.7

SE +1.453 40.68

Nean 29.3 30.1 30.7 29.0

SE +0.69

a. SE to compare mean of differant genotypes at same nitrogen level is

1,44, )
F test: Nitrogen: NS; Cultivar: *#; N x cultivar : NS
CVX¥ : Nitrogen: 4.6; N x cultivar 1 81
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Table 6.4.33. Effect of differsnt N-levels on dry matter yield (tonnes ha ')

of chickpea on a Vartisol, ICRISAT Center strainy season 1986/87
harvested 1.2 to 3.6 sq.m.). » PO Y /87 (area

N application (mg kg" s01l)

Genotype 8 15 24 37 Mean
ICC 6840 2.90 3.98 3.77 3.92 3.64
PM 233 2.18 3.87 . 412 3.48 3.61
ICC 435 2.54 3.12 3.23 2.87 2.94
1cC 37 2.94 3.73 4.53 4.20 3.85
K 850 3.15 3.78 - 4.02 3.84 3.70
G 130 2.21 2.81 3.01 3,01 2,76
Anniger{ 2.96 3.97 4.4 4.28 3.90
L 550 2.95 3.48 3.51 a.50 3.38

SE 40,2042 +0.103

Mean 2.73 3.55 3.83 3.63

SE . 40.064

a. SE to compare means of different genotypes at same nitrogen level is
+0.241

F test: Nitrogen : s®; Cultivar : s%; N x cultivar : NS

CV% : Nitrogen : 3.7; N x cultivar : 12.0

Tab)e Table 6.4.34. Effect of different N-levels on grain yield (tonnes
ha ') of chickpea on a Vertisol, ICRISAT Center, postrainy season 1986/87
(area harvested 1.2 to 3.6 sq.m.).

N appliication (mg kg'1 soil)

Genotype 8 15 24 37 Hean
ICC 640 1.61 2.35 2.27 2.32 2.14
PM 233 1.05 2.21 2.3 1.91 1.87
ICC 435 1.08 1.02 .77 1.22 1.02
icC 37 1.76 2.18 2.556 2.44 2.23
X 850 1.80 2.10 2.19 2.07 2.04
G 130 1.03 1.03 1.23 1.18 1.1
Annigeri 1.92 2.41 2.69 2.58 2.40
L 550 1.39 1.60 1.66 1.62 1.57

St +0. 1552 +0.07

Mean 1.45 1.88 1.96 1.91

SE +0.064

a. SE to compare means of different genotypes at same nitrogen level is

+0.151
F test- Nitrogen : $%; Cultivar : %; N x cultivar : 3%

Cvx - Nitrogen : 7T.1; N x cultivar : 16.8;
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Table 6.4.35. Effect of differant N-levels on grain protein X (NX% 6.25) of

different chickpea genotypes in a Vertisol

harvested 1.2 to 3.6 sq.m.).

Qenotype

ICC 840
PM 233
ICC 435
IcC 37
K 850

g 130
Annigeri
L 650

8E
Mean
SE

N appitcation (mg kg" 3611)

ICRISAT Center,

8 18 24 a7 Mean
17.7 21.0 26.0 26.8 22.5
14.2 20.9 25.1 26.3 21.6
16.7 20.8 24.9 26.5 22.0
15.3 18,7 24.4 24.8 20.8
16.8 21.4 25.4 28.3 23.0
18.5 20,2 26.1 26.8 22.4
15,0 18.8 20.2 23.7 19.4
16.4 20.1 23.8 26.8 21.9

+0.73% 40.37
18.1 20.3 24.4 26.1
+0.24

19868/87 (area

a. SE to compare means of different genotypes at same nitrogen leve) is

20.73

F test: Nitrogen :
CV% : Nitrogen :

*%; Cultivar :
2.2; N x cultivar :

8

#%; N x cultivar :
8.

Table 6.4.38, £ffect of different N-lavels on grain protein yiela (kg ha")
of chickpea genotypes in a Vertisol, ICRISAT Center, 1986/87 (area
harvested 1.2 to 3.6 sg.m.).

N application (mg kg~! soil)

Genotype 8 15 24 a7 Mean
1CC 640 7 154 179 167 144
PM 233 48 118 169 163 124
ICC 435 59 64 64 101 72
10C 37 79 121 185 204 150
K 850 88 154 187 197 158
8 130 81 68 28 85 18
Annigeri 89 129 155 177 138
L 550 87 103 120 122 103
SE +12.72 +6.5
Mean T 114 146 152
SE +3.6
2
is

a. SE to compare means of different genotypas at same nitrogen level

$13.0

F test: Nitrogen : s%; Cultivar : *x;'N x cultivar :

Cvx : Nitrogen : 5.9; N x cultivar : 21.5
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Appendix 1

Available-d (NOg-N + MH,-N) concantration in top 15 cm profile in fields at

ICRISAT Cantar, and 1GREAT rative S e
vis farsers’ fields. Cooperative Subcenters at Hisar and Gwalior vis-a

Ava11a?l Sampling
Field (mg kg soil) time Remarks
Sp (3) - (4)

ICRISAT Center

BR 4 3.8 June 1985 8011 used for pot trial
PA 85/14

BP 9 A 11.8 June 1985 Top 30 cm profile

BP 14 C 7.9 June 1985 "

BIL 2 ¢C 8.8 - 37.9 12.6.85

BP2C 16.9 - 27.3 12.6.85

BIL 5 A 19.9 - 25.3 Juns 1988

BILS5 B 14.9 Juns 1986

BIL5C 17.9 June 198¢

BIL 5 D 18.2 - 18.9 June 1988

BIL 6 C 12.2 June 1986

BIL 6 D 22,1 June 1988

BIL 6 E 17.6 - 19.7 June 1986

BIL 6 H 21.2 June 1986

BM 14 A 13.8 June 1986

BM 14 B 12.8 Juna 1986

BM 14 E 13.8 June 1986

BIL 6 E 19.8 - 35.5 11.11.1986

BIL 6 H 24.0 ~ 31.8 11.11.1986

BP 5 20.7 Oct 1990 About one weesk after
sowing chickpea

BP 6 23.4 Oct 1990 "

BP 7 22.0 Oct 1980 -

BP 14 A 42.1 Oct 1990 -

BUS 10 C 37.3 Oct 1990 -

Hisar

Dryland Farm, HAU 36.8 Oct 1985 (?)

Tield 21, HAU Farm 43.6 - 104.7 July 1986 (?) Data from non solarized
plots of PA 86/6, C'Pea

"ield 851, GLF 9.6 - 27.2 Oct 1986 Young Oats

{eld 852, GLF 11.1 - 23.4 Oct 1986 Oats, Berseem & Chickpea,
Chickpea part has maximum
nitrogen

*{eld 887, GLF 7.4 - 11.4 Oct 1986 Dats and Brassica

“ield 888, GLF 5.4 - 9.7 Oct 1986 Trifolium
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(1 (2 (3 “
Gwalior .
f . FEC
318 9.9 - 15.0 July 1986 Data taken from nonsolarized
plots of PA 86/8, Chickpea
and pigeonpea
324 16.5 July 1985 Top 20 cm profile
321 2.1 - 31.8 Oct 1986
318 22.9 July 1988
324 21.0 - 43.9 June 1988 Samples from six plots of
different cropping systems,
308 26 - 29 Oct 1988 Available-N in lower
depths wasggenera11y
< 10 mg kg ' soil.
Farmers' fields, Hisar
31.9 Nov 1990 Sampiing in between plant

B

- =k e P et b
WONDOROPO
bl bl
NN NO®NeE o

Farmars’ fiaelds, Gwalior

14.3
21.2
15.9 "
25.8
21.0
16.2
15.4
20.7
21.3

rows in chickpea fields

Note: 1) Soil moisture and nitrogen at sowing depth at early plant growth are
most relevant factors to determine nodulation of chickpea grown on
residual soil moisture. The available-N in the top 15 cm profile is

2)

GLF =

thus a good indicator of N-effect on nodulation.

At least four spots were sampled from each field pooled and analysed.
In some fields more than one such pooled samples were made, and
therefore the N-concentration is shown by range.

Government livestock farm
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Q= PM 233 A
~ ® . 1CC 640 ‘.
b - 1CC 4918 .
124 A . 1cC 5003 e
] =ee=~ B mg kgl so1l /s
—- 15 mg kg"l soil PRV <
-

Shoot mass (mqg pi™")

Fig.6.4.2Shoot mass (g plant~l) as affected by available-N concentration
in Vertisol, ICRISAT Center, postrainy season 1986/87.
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5.5 4

2.5 1

1.5 -

L § ) T T

18 30 45 . 60 75
Days after sowing

Pig.6.4,3Shoot NY of four chickpea lines PM 233 (O), 1CC 640 (@,
ICC 4918 (A) and ICC 5003 (&) grown on Vertigol of B mg («——) and
37 mg ( -~~) available-N in top 60 cm profile, postrainy season
1986/87, ICRISAT Center.
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, 0'4": T T T 1
15 30 45 60 75
Age
Fig.6.4.4M~uptake (mg plant‘l) by four genotypes PM 233 (©Q), ICC 640 (.B,
ICC 4918 (A), and ICC 5003 (A) as affected by available-N (- = 8 mg kg~

soll, ~-- = 15 mg ks‘1 s0ll) in a Vertisol, ICRISAT Center, postrainy season
1986/87.
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Root mass (mg plant‘l)

Shoot mass (g plant™l)

300 1

200 1

100 1

141

154

Available-N (mg kg~! soil)

Available~N (mg kg'1 soil)

EZ icc 840

T PMm 223

EZ e 640

M M 233

mg plant™l) of I6C 640 and PM 233

~N levels, ICRISAT Center% postrainy,

nass (right,

at 71 DAS on a Vertisol with four different available

1986/87.

Fig.6.4.65hoot mass (lefr, g plant'l) and root
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Fig.6.4.7Nodule mass (mg plant‘l) of three chickpea lines ICC 4918 (Q),
ICC 5003 (A ), and ICC 37 (@), through the season, on a Vertisol having
8 mg N kg~! soil in the top 60 cm profile, ICRISAT Center, postrainy
season 1986/87.
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Nodule mass (mg plant~1)
250

ool N

100

_.:T_’mi“v*"u L‘.h; A /‘—;J
24 a7
Available-N in top 60 cm profile

B icc 4918 [N\ icG 50083

Fig.6.4.8Nodule mass (mg plant"l) at 50 DAS of ICC 4918 and
ICC 5003 as affected by available~N level in Vertisol, ICRISAT
Center, postrainy season 1986/87.
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6.5 PA 86/49 Natural occurrence of non-nodulating plants in chickpea and
thair frequency (OPR)

Report

We 1identified a non-nodulating (Nod'1) plant of ICC 435 in 1985/86.
This trial was designed to study the frequency of occurrence of such plants
in four genotypes ICC 435, Annfger{i (ICC 4918), G 130 (ICC 4998), and K 850
(ICC 5003) at 22 DAS and in ten genotypes Annigeri, G 130, K 8580, L 550
(ICC 4973), Cyprus local (ICC 12328), Iranian local (ICC 12329), Jordanian
Yocal (ICC 12330), Rabat (ICC 4993), Syrian local, (ICC 12331), and Turkish
tocal (ICC 12332) at 112 DAS when all genotypes were physiologically
maturs. At least 13000 plants to about 26000 plant per 1ine were screened
at 22 DAS and 500 to 2000 plants per 1ine of the ten genotypes were
screaned at physi?Iogica1 maturity in field BP 2C. The frequency of
occurrence of Nod ' plants in the four genotypes screened at 22 DAS ranged
from, 120 per million in ICC 5003 to 473 per million in ICC 435. Of the 21
Nod'1 plants identified only seven plants survived the transplanting shock
and adverse effects of fusarium w]?t in the soil accidentally used for this
trial. We had at least one Nod ' plants each of ICC 475, ICC 4918, ICC
4993, and ICC 5003. These were confirmed and multiplied in further
studies, and used in agronomic trials. Work done in this trial and portion
of the further studies have. been proposed as a journal article (JA 1067)
that follows. It has been submitted to €rop Science.

Natural Occurrence of Nonnodulating Plants in Chickpea and their Salient
Characters

0.P. Rupela
ABSTRACT

Large plant population of several genotypes grown on a field under
conditions favouring good nodulation were uprooted to study natural
occurrence of honnodulation (Nod™) trait and its frequency. Observations
revealed presence of Nod plants in five chickpea accessions ICC 435, -
4918, -4948, ~5003 and -4993. The frequency of their occurrence ranged
from 120 to 472 plants per million in the first four accessions when
examined at 22 days after sowing (DAS). Nod plants could also be
identified from two (ICC 4993 and -5003) of the ten accessions when limited
population of each of these was examined at physiological maturity. Plants
identified as Nod wunder field conditions at 22 DAS were potted to produce
seads. Progenies of apparent Nod plants were inoculated with Rhizobium
strain IC 59 and grown in pots for 28 day for confirmation. Only one Nod
plant each of the four accessions ICC 435 -4918, -4993 and -5003 was used
for reconfirmation studies under field conditions in the postrainy season
1987/88 and used for agronomic evaluation in subsequent studies. The Nod~
{ines of these accessions were indistinguishable for B]ant growth except.,
for nodulation, and most yielded similar to their Nod" accessions, when

supplied with moderate levels of N-fertilizer.
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b
On a Tow-N field without fertilizer-N the "~
; Ned plants were Yight
green, grev ’poorl,y, and had short internodal distance with small leaves 'and
1::;}:“‘;1 g sl;:;::1 m::peos‘;‘ h:d rohd.dish-bmvn pigment on margins of leaflsta,
K. ranches but 1 ' '
e Nod- 1inss haq acked in those of 'Kabuli' types,

pparently normal
when examined under stersomicroscope. roct hatrs similar to parent type

Nonnodulating (Nod') lines are valuable in assessing the amount of
biological nitrogen fixed by the lagume crops (5). The’ possibility of
their use in developing host plants with restricted spacificity,

which would circumvent the problem of competition from native rhizobia, has
also been 1nd1cat%d (4). The search for Nod~ chickpea piants bagan at
ICRISAT Canter (18~ N latitude} in 1975 with {nftiation of research work on
biological nitrogen fixation. Such plants occasionally observed during
1976-1980 1in segregating F, and Fa populations could not be saved due to
lack of sufficient knowledge and expertise in salvaging the uprooted
chickpea plants. These methods which became availabls in the sarly 1980's
(2, 10), ware used in recovering a Nod~ plant from a germplasm accession
ICC 435, a land race from Bihar, India. Progenies of this plant were
confirmed to be Nod and were similar to the parent type (11). This Nod™
1ine (named ICC 435M) of chickpea, unlike groundnut mutant with apparent
light green foliage (6), did not show apparent N-deficiency symptoms when
grown on traditional chickpea fields and thus suggested good soil-N
scavenging ability of its root system. To study the fregquency of
oceurrence of such plants, therefore, large number of field grown plants
had to be uprooted and observed for nodulation. This paper describea the
procedures followed to screen for Nod~ plants at early piant growth stage
and at physiological maturity, frequency af their occurrence at early plant
growth stages, and their salient characteristics.

MATERIALS AND METHODS

Large population of saveral chickpea accessions (Table 1) vurg_1grown
on a Vertisol fiald with available~N concentration of about 19 mg k9 _13011
in the top 15 cm profile and chickpea Rhizobium count of 4.7x10° g ° dry
s0i1 as measured by most probable number (MPN) plant infection technique
(15). screaening for Nod~ plants was conducted on four germplasm
accessions at early plant growth stage, 22 days after sowing (DAS), and on
ten accessions at physiological maturity at 112 DAS (Table 1). Conditions
of high native rhizobia, and good soil moisture, considered necessary for
good nodulation of chickpea were ensured.

Plants were uprooted with a crowbar to a depth of about 20 cm to
quantitatively recover roots and nodules. Apparently Nod plants
identified at 22 DAS were counted, potted, fnoculated with chickpea
Rhizobiym strain IC 59, and grown on to produce saeds, following the
methods described by Rupela and Dart (10), Six hundred and forty to 2200
plants of each of the ten accessions were examined for nodulation at 112
DAS. Previous unpublished observations suggested that most chickpea
nodules remain attached to roots when carefully dug at maturity.
Irrigation, a few days before observation, facilitated uprooting of plants.
Apparently Nod~ plants identified at 112 DAS were brought to the
laboratory, the roots were soaked in water for about one hour, and observed
again for nodules. Plants with tiny nodules were discarded and the seeds
of the rest of the plants was presarved for future use.
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Seeds could be produced from at least one Nod potted plants each from
IcC 435, -4918, and -5003 identified at 22 DAS and sufficient seeds were
available of Nod plants of ICC 4993 and -5003 identified at 112 DAS.
Five to ten progeny seeds of each of these apparently Nod plants were
sown in 10 cm diameter plastic pots filled with course river sand.
Inoculation was done at sowing by applying 10 ml suspansio% of peat
1ngqulant (Rhizobium strain IC 59) in water that had at least 10° rhizobia
mL Watering was done with quarter strength nitrogen-free nutrient
solution following Arnon (1), as and when required. Pots were placed in a
glasshouse with max-min temperatures ranging 32-16 °C and relative humidity
of about 70% during Feb and Mar 1987, Twenty-eight-day old plants were
washed and examined for nodulation by spreading the root systems in enamel
trays filled with water. -

Progenies of the one confirmed Nod plant of each of the four
accessions ICC-435, -4918, -4993 and -5003 were grown 1in the postrainy
season of 1987/88 (November 1987 to ﬁgriT 1988) on an Inceptisol field at
ICRISAT Subcenter, Gwallor, India (26°N latitude) for further confirmation
against native rhizobia of a different environment. Wherever more than one
Nod plants were available within an accession, these were stored for
future studies. Plants were uprooted at 60 DAS for nodulation

observations.

_ In the postrainy season 1988/88 (November 1988 to April 1989) the
Nud+ lines of the four chickpea accessions described above, PM233, their
Nod™ parents, linseed (Linum usitatissimum L.) and barley (Hordegm vulgare
L.) were grown on a low-N field at Gwalior each with six different N-
fertilizer levels as main plot 0, 20, 50, 100, 150, and 200 kg N ha ' for
agronomic evaluations on piots of 4 m x 1.2 m in split plot desgign. The
soil pH (1:2, soii:water), electrical conductivity, available-N, and Olsen-
P in the top_?o cm sotil profi%e at Gwalior, respectivq}¥ rangeq 8.1-8.3,
0.2-0.4 dS m ', 17-27 mg kg 5911, and 5-12 mg kg soil. Chickpea

count was 4.3 x 10° g ' soil. Details of this study would be
reported separately. However, nodulation observations on a sample of plants
from 0.3 m“ per plot at 58 DAS, apparent N-deficiency symptoms based on
weekly visual records, and grain yield of ON and 50 N treatments only for
the chickpea accessions are reported here.

Root hair study was conducted on the Nod~ plants from the four lines
repgrted here and on the mutant PM233 of Davis et al. (3). The relevant
Nod" parant of these lines were included as checks. Fifty water-soaked
seeds of each of these lines were germinated in 9 cm petri dishes lined
with water soaked blotting paper. Plates were placed in a 8 L covered
plastic container having a 2 cm water layer at the bottom. Temperature
inside the container was 20~25°C. Radicles on 5-8 day old germinated seeds
were observed for presence of root hairs under a stereo microscope at 20x

to 60x.
RESULTS AND DISCUSSION

The frequency of occurrence of Nod character was calculated to range
from 120 to 472 plants per million (Table 2). Fourteen of the 21
transplanted plants died due to fusarium wilt before producing seeds.
However, all plants survived for at least three weeks and had formed new
roots when examined; and one plant of ICC 4948 even produced nodules
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before dieing. Progenies of a)l the seven surviving Nod™ plants from three
accessions ICC 435, -4918, and -5003 did not form nodules when grown 1in
pots inoculated with Rhizobiug stratn IC 59. Although the plant death dus
to fusarium wilt at transplanting made confirmation studias incomplete, the
fact that fresh root formation was observed and aven nodules on ons of the
14 dieing plants wers seen in sddition to confirmation of Nod~ trait of
all the seven survivors lend ths data on freguency of occurrence a
cradibility. Plants from seeds of Nod' parents of these accessions
nodulated normally under the same conditions. Chances of correct
identification of Nod™ plants from field grown population at early plant
growth stages was thus very good, but was associated with large efforts of
salvaging these plants and risk of plant death due to adverse factors such
as diseases. It also required glasshouse facilities. Only two (one sach of
ICC 4993 and ICC 5003) of the five apparent Nod™ plants salected at
physiological maturity were actually Nod . The latter method to identify
natural Nod plants seemed more convenient and may be applied to lagumes
where most nodules remain attached to roots even at physiological maturity,
for example in groundnut and chickpea.

Progenies of tha confirmed Nod~ plants in subsaquent studies on an
Inceptiscl at ICRISAT Subcenter, Gwalior in the postrainy season of 1087/88
did not produce any nodules with native rhizobta at these locations. This
further confirmed that the identified Nod plants were not only
resistant to strain IC 59 (used in confirmation studies 1in pots) but also
to the mixture of Rhizobium strains that probably occurred in fisld soils
and were thus stable. These plants grew similar to their Nod" accessions
in this fleld upto 65 days when they were uprooted for nodulation
observations and indicated their ability to grow good on the native soil
fertility.

On & low-N field without fertilizer in the postrainy season 1988/8%
the Nod™ 1ines at 60 DAS grew poorly, had small leaves and leaflets, shor
internodal distance, and light green foliage compared to respective Nod
accassion. 'Desi’ lines had red-brown margins on leafliets, rachis, and
somatimes on stems and were mcst conspicuous in ICC 4918M and PM233. These
symptoms matched well with the N-deficlency symptoms described for a
chickpea line Tyson by Smith and Pieters (14). It seems that 'Desi’
chickpea 1ines display reddish-brown pigment under several stresses such as
salinity, and stunt disease (9). It should, however, be possible to
separate N-deficiency from other stresses due to symptoms other than the
pigment. ’'Kabuli' 1ine ICC 49893 did not show the characteristic reddish~
brown pigment of the kind seen on the 'Desi’ types., 1In N-fertilized plots
%hese symptoms were absent. With moderate application of urea (50 kg N ha

) most lines ylelded similar to their respective Nod  accessions except PM
233 and ICC 4918 M (Tablg 3). These two lines seemed to require more N to
produce at par their Nod® accessions. A1l the Nod~ Jines did not nodulate,
Occasional Nod® plant cbserved in ICC 5003M was considered contaminant and

discarded.

very dense root hairs were generally cbserved 5-7 mm above root tips.
A1l the radicles of Nod  plants including that of the irradiation mutant
PM233 (3), and their Nod parents had apparently normal root hairs. This
suggested that, unlike groundnut (7), the Nod trait of chickpea is due to
factor(s) other than absence of root hairs, Presence of root hairs
perhaps allowed the Nod~™ plants to scavenge the soi1-N pool efficiently and
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made their visual identification difficuit in the traditional chickpea
fields. Leaves of Nod~ groundnut that lacked root hairs, were generally
pale grasn and the plants did not grow at par with nodulated groundnut even
when fertilized with 400 kg N ha” ' (8). Chickpea Nod 1ines thus appearsd
suitable raference plants for biological nitrogen fixation studies.

Contrary to Davis et al. (3) who screened about 10000 M, seedlings to
identify one stable Nod~ chickpea 1ine, 1t was felt that “searching for
natural Nod plants would be much faster and easier than developing induced
uod: mutants. After screening a similar population size we could identify
Nod plants without the efforts of mutagenesis. Also, in natural Nod
plants the chances of occurrence of undesirable changss, possible with
mutagenized plants, on the genetic composition of identified plants were
less and thus further studies to establish stable and desirable Nod~ plants
would not be required.

It 1s highly 1ikely that all the Nod~ plants within a genotype are
genetically same and are progenies of a natural mutation that occurred in
the past. This nesds to be examined. However, the Nod~ plants across
different accessions may be due to a mutation at different Toci as
established in the case of ICC 435M and PM233 (13). Seeds of Nod™ lines
have already been given to interested researchers and would soon be a part
of gene bank at ICRISAT Center for general distribution. i

At least three Nod~ plants were identified from each of t four
accessions where population of 14000 or more was screened. This suggests
their wider occurrance than may be genarally believed. The wide ocaurrence
of Nod~ trait may be due to 1ikely preference of chickpea plants for soil-N
over symbiotic-N. Poor nodulation due to low soil moisture at sowing and
high so11=N stc may encourage their occurrence. A survey of farmers fields
in a chickpea groewing region indicated great scope of poor nodulation due
to factors other than the absence of native rhizobia (12)., The
unfavourable nodulation conditions perhaps forced plants to shed off non-
functional appendages and the Nod types perhaps evolved.

In our screening procedure we looked for Nod  plants only. It seems
that some accessfons may have natural variants of traits that may not be
very apparent unless scresned under right conditions. For example, some
researchers have noticed occasional fusarium wilt resistant plants within a
susceptible line in a disease screening nursery and found that the progeny
of such plants was similar to parent type and was wilt resistant (Personal
communication, Dr M.P. Haware, December, 1990). Screening for naturally
occuring desirable traits thus offers a good opportunity of identifying

genetic variability.
CONCLUSIONS

Natural occurrence of Nod™ plants within an accession seems wider than
may be generally believed. It is highly likely that the Nod~ plants within
a genotype are progenies of a mutation that may have occurred long ago.
However, the Nod plants across accg;sions may be nonallelic for this
trait. The fact that Nod and Nod types of an accession could not be
distinguished for plant growth under N-suffiicient conditions suggested that
they are efficient in s011-N uptake unitke the Nod  1ine of groundnut (8):
On low-N fields without fertilizer-N the Nod plants showed N-deficiency
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symptoms that matched well with t

but,the *Kabul1® 1ins did not hwoho" avacte iy, Snith
of 'Desi’ types. This suggested a
N fields without uprooting at

and Pieters (14)
the characteristic reddish-brown pigment
scope of tdentifying Nod™ plants on low-
early plant growth stages.
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Table 1. Description of chi
early plant growth stage and

ckpea accessions used in tha search for Nod~ plants at
at physiological maturity.

Accession

Synonyms

Age at Seed Origin Maturity Remarks
screening typs
DAS)
1CC 435 P 319~1 22 India Land race
ICC 4918 Annigeri 22,112 Ind{a Selection from
a land race
ICC 4948 G 130 22,112 India Land race
ICC 4973 L 550 112 Ind{a Bred variety
ICC 4993 Rabat 112 Norocco Land race
ICC 5003 K 850, 22,112 India Bred variety
850-3/27

ICC 12328 Cyprus local 112 Cyprus Land race
ICC 12329 Iranian local 112 Iran Land race
ICC 12330 Jordanian local 112 Jordan Land race
ICC 12331 Syrian local 112 Syria Land race
ICC 12332 Turkish local 112 Turkey Land race

= short duration

DESI - light to dark brown color and angular head seeds,
KABULI - mediterranean type, beige or ivery color, owl's head shape seeds,
long duratfon, = medium duraion,

Table 2. Frequency of naturally occurring Nod~ plants in four
chickpea accessions -measured at early plant growth stage.

o " v o o . o o S S v o 4 o W v o 9 O . e e e A S T T SRR S . 4 O e e S

Field studies Frequency
--------------------------- of Nod
No. of plants Apparent trait
observed in Nod (no. per
Accession field plants million)
ICC 435 14812 7 472
IcC 4918 26190 4 163
IcC 4948 36260 7 165
ICC 5003 25056 3 120

1 one of the seven plants formed noduies

after transplanting.
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Table 3. Salient characters of Nod~ 1ines compared with respective Nog*
accession at 0 kg (ON) and 50 kg- N ha ' (50 N), Gwalior, postrainy
season 1988/89.

Nodule -2 Apparent
Chickpea mags (g m “) N-deficiency Gru1n_¥1eld
line at 58 DAS symptoms® (t ha™ ")

ON 50 N ON 50 N ON 50 N
ICC 435 10.8 9.4 - - 3.57 2.58
ICC 436 M 0 0 + - 2.24 3.02
ICC 4918 7.0 4.8 - - 2.9 3.25
ICC 4918 M 0 0 + - 1.56 2.38
ICC 4993 5.4 4.0 - - 2.55 2.40
ICC 4993 M 0 0 + - 2.06 2.33
ICC 5003 12.3 6.4 - - 3.70 2.69
ICC 5003 M 0 0 + - 2.69" 3.32
ICC 640 7.3 3.5 - - 2,98 3.53
PM 233 0 0 + - 1.87 2.36
LSD (0.05) ‘0.468

L. Accession no. suffixed with M are the Nod  1lines of the pespestive
accession. PM 233 1s Nod mutant of ICC 640(3)

4

2-, Observation at 60 DAS, -, + = Absence and presence of N-deficiency
symptoms.
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7. €P-113(85)Ic Identification of situations whers chickpes and
pigeonpea respond to Rhizobium inoculation
7.1 Objectives

a) To determine and document the optimum methodology for “need
to inoculate” triamls specifically for chickpea and
pigeonpea.

b) To evaluate whether estimates of soil rhizobial numbers

alone (e.g. MPN counts), or in cowbination with various

soil properties and previous-cropping history, can
reasonably predict inoculation response.

¢) To understand short-term and long-term survival, location

in the soil profile and competitive ability of native and
finoculated rhizobial strains.
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7.2 PA 88/12 The interaction of solarization and rhizobial inoculation in
chickpea (OPR, CJ, YSC, KRK)

Report

In a previous experiment solarization reduced the native chickpea
rhizobia in the top 15 cm soil profile by at least 100 fold when measured
soon after solarization in June 1985 (see PA 85/1€ 1in Chickpea Agronomy
Progress Raport No.i1 pp 28~41). Bafore sowing chickpea in October 1985 the
fhizobium population increased in some solarized plots. However; reduced
nodulation was observed in solarized plots. Between June, whan
solarization treatment was completed, and the following October the land
remained fallow. In the two years the experiment was conducted, chickpea
was sown on residual soil moisture without any supplemental irrigation and
tillage before sowing. This perhaps resulted in poor plant growth,
However, without inoculation, the nodule number and mass was substantially
reduced due to solarization. In inoculated sub-plots, there was no
improvement in nodulation over the noninoculated treatment, perhaps due to
the poor soil moisture conditions.

In this trial we further examined the extent to whic¢h rhizobtial
numbers are affected due to solarization, whether this has any adverse
effects on chickpea nodulation and, if so, can this effect be minimized by
rhizobial inoculation.

It is the common experience of many BNF workers that inoculant strains
rarely form more than gox of the total nodu1?s on a plant when the native
population is high (10° and more rhizobia g~ ' dry soil). 1In our previous
trials on chickpea grown on residual soil moisture about 10% of the nodules
wara genarally formed by the inoculant strains. Solarization, which killed
native rhizobia, as suggested by our earlier observations, offered a
possibility to displace native rhizobia and hence this was an additional
objective of the trial. The work done under this experiment has been
published in Biology and Fertility of Soils 10: 207~212 that follows.

1RR



piol Fertll Solls (1990) 10:207~2(2
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© SpringerVorlag 1990

Displacement of native rhizobia nodulating chickpea (Cicer arietinum L.)
by an inoculant strain through soil solarization *

0.P. Rupela and M.R. Sudarshana

P :
Andhra Pradesh 302324, India

Received January 23, 1990

Summary. Soil solarization greatly reduced the native
chickpea Rhizobium population. With inoculation, it
was possible to increase the population of the Rhizobium
in solarized plots. In the 15t year, 47% nodulation was
obtained with chickpea inoculant strain IC $9 when in-
troduced with a cereal crop 2 weeks after the soil solariza-
tion and having a native Rhizobium count of <10g™*
soil, and only 13% when introduced 16 weeks after
solarization at the time the chickpeas were sown, with
2.0x 10 native rhizobia g~' soil. In the non-tolarized
plots inoculated with 5.6x10° native rhizobia g~! soil,
only 6% nodulation was obtained with the inoculant. In
the succeeding year, non-inoculated chickpea was grown
on the same plots without any solarization or Rhizobium
inoculation. The treatment that showed good establish-
ment of the inoculant strain in year 1 formed 68% in-
oculant nodules. Other treatments indicated & further re-
duction in inoculant success, from 1%-13% to
1% —9%. Soil solarization thus allowed an inoculant
strain to successfully displace the high native population
in the field and can serve as a rescarch tool to compare
strains in the field, irrespective of competitive ability. In
year 1, Rhizobiwm inoculation of chickpea gave increased
nodulation and increased plant growth 20 and 51 days af-
ter sowing, and increased dry matter, grain yicld, and
grain protein yield at maturity. These beneficial effects of
inoculation on plant growth and yield were not d

.

Institute for the Semi-Arid Tropics (ICRISAT), Patancheru PO,

It is generally difficult to displace indigenous rhizobia
with inoculant strains, and most nodules on the host le-
gume arc formed by native rhizobia (Boblool and
Schmidt 1973; Kvien et al, 1981; Moawad et al. 1984).
However, this is only likely to occur where the native
Rhizoblum population is low or absent (Materon and
Hagedorn 1982; May and Bohlool 1983). The degree of
establishment and the persistence of inoculant rhizobla
generally decreases with increasing population density of
the native rhizobia (Roughley et al. 1976; ICRISAT
1981). However, some inoculant strains have succeeded in
forming the greatest number of nodules even in the pres-
ence of active indlgenous competing rhizobla, e.g., Vi-
king t on French beans (Robert and Schmidt 1983), G
1067 on Tr{folium (McLoughlin et al. 1984), and NC 92
on groundnuts (Namblar ot al. 1984), The reason(s) for
these successes is not well understood. The often poor
ability of inoculant strains to compete with the native
populations and the importance of identifying competi-
tive strains have ly boen jewed by Schmid
(1988).

High temperatures may adversely affect the survival
of rhizobia in soil, When exposed to s continuous incu-
bation temperature of 46°C all 10 Rhizobium strains on
different legumes, Including one strain (TAL 620,
ICRISAT 3889) on chickpeas, died within & week

in the 2nd year.

Key words: Soil solarization — Displacing native rhizobia
— Chickpea — Cicer arietinum — Survival of inoculant
strain —~ Rhizobium spp.

* Submitsed as Journal Articie No. JA 945 by the Lateraational Crope
Research [nstitute for the Semi-Ard Tropics (ICRISAT), Patanchery,

Offprint requests to: O.P. Rupela
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{ et al. 1984). In the ficld, even higher tem-
peratures occur (Somasegaran et al. 1984) but with diur-
nal changes/fluctuations. Soil solarization, i.c., heating
the topsoil by covering it with transparent polythene
sheeting during the hot summer period, increased the du-
ration of high soil temperatures and heated the s0il to a
greater depth than the control soil (Chauhan et al. 1988).
Further, solarization of well watcred soil markedly re-
duced chickpea rhizobial populations. Since the in-
oculant strains became well established when pative
rhizobia! populations were low (Materon and Hagedorn
1982), soil solarization thus made it possible to establish
inoculant strains in fickds with high native rhizobial pop-
ulations. The objzctive of the present study was to test
this use of solarization.
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Results and discussion

Soil temperature

A temperature of 50°C or more was recorded on

the 50 days of solarization and the temperature at th?t:;
of the ridges was generally 0.5°~ 1 °C higher than that in
the furrows. The soil temperature ranged from 42¢ to
55°C in the top 20 cm of the profile between 1100 and
1800 h on 6 June 1986 (Fig. 1), with the highest tempera-
turc at & depth of 5 cm and the lowest at 20 cm, Over the
rest of the day the highest temperature oceurred at o
depth of 20 cm and the lowest at 5 cm, with a range of
33°- 46 °C. The temperature at the 10cm depth was gen-
erally between those of the S-cm and the 20-cm depths;
in the top 10 cm of the profile the temperature reached
Z50°C for about 5 h a day in the solarized plots. In the
non-solarized plots the soil temperature in the top 10 em
of the profile ranged from 42° to 48 °C even in the hottest
period of the day (1100-1800h). Soil femperatures
above 45 °C may kill rhizobia (Somascgaran et al, 1984),
and the soil temperatures in solarized plots may decrease
the survival of rhizobia well below that in the non-
solarized plots.

Solarization and Rhizobium population

Solarization  substantially decreased the native
Rhizobium population in the top 15cm of the profile
when measured soon after solarization, from 2.2x10° to
<10 rhizobia g~ soil in the solarized piots. The extent
of the decrease was similar to that reported by Chauhan
et al. (1988) for a different Vertisol field at the ICRISAT
Center. At the time the chickpeas were sown, the popula-
tion of native rhizobia increased in all plots. From <10
rhizobia g~! of soil in the solarized plots, the number
swelled to 200 cells (2.31 logy) in the non-inoculated
plots and 5.6x 10° (3.75 log,o) rhizobia in the inoculated
plots. The population in the plots inoculated with sor-
ghum when chickpeas were sown was, respectively, two-
fold and fivefold higher in the solarized and non-solariz-
ed inoculated plots compared with the population mea-
sured before the solarization.

Cover crop of sorghum

The significant soil chemical change brought about by
solarization was a substantial increase in soil nitmte. Thc
Ievel was at least double in the solarized compared with
the non-solarized treatments (Chauhan et al. 1988). A
sorghum cover crop was therefore grown soon a{wr
solarization to deplete the excess NOy-N. The planting
of sorghum also filled the large gap between solarimluon
during the summer (April to Junc), and the normal time
for sowing chickpeas (October/November).

In the solarized plots the sorghum produced about
twice the above-ground biomass and threefold more seed
yieid than in the non-solarized plots, from which 2800 kg
biomass ha~! and 360 kg grain ha”' wese obtained. Da-
monthegmwthox‘somhumuinﬂumedbysommﬁon
are being separately (O.P. Rupela, N. Secthara-
ma, and M. R. Sudarashana).

204
) Beoo 1200 1500 2400
Time in hours
Fig. 1. Diurnal changes in soil temperaturm in solarized (4) and non-
solarized (A) plots st 30il dapths of § cm (rmems) and 20 0 (~ = =),
and stmospheric alr temperuture (o ~+) on 6 June 1989, 3 days before
the end of the solarlzation period

Naduiation, N, flxation, and plant growth of
chickpeas

The solarized non-inoculated plots had the fewest nod-
ules and the smallest nodule mass both 20 and 51 days af-
ter sowing (Tables 1 and 2). Twenty days after sowing the
solarized plots with dual inoculation, both sorghum and
chickpea, had statistically more nodules per plant than
the solarized non-inoculated control. The nodule count
51 days after sowing was similar with and without chick-
pea inoculation. The treatment with a dual application of
Rhizobium sp., however, showed the maximum numbers
of nodules (Table 1), With dual inoculation the nodule
mass was aiso at a maximum. These differences did not
appear among the non-solarized treatments (Table 2).

Acetylene reduction activity plant™' h™~' was geacral-
ly similar both in the plots with and without Rhizoblum
inoculation (Table 2), However, in the solarized inoculat-
ed plots the N concentration in shoots and the N uptake
per plant were, respectively, 10% and 40% greater than in
the solarized non-inoculated plots. The N uptake in the
non-solarized inoculated plots was 8% greater than that
in the non-solarized non-inoculsted plots (Table 2).- The
application of the Rhizobium inoculant increased plant
growth by 4% —9% by 20 days after sowing and
9% ~ 20% by 51 days after sowing over the non-inoculat-
ed treatments (Table 2).

The chickpea growth in year 2 was superior to that in
year 1 due to the apparently better soil moisture condi-
tions. About 240 mun rain fcll 2~ 5 weeks afier sowing. In
year 1, only 42 mm mxin fell during the crop growth peri-
od. Unlike year 1, the Rhizobium-inoculated plots were
only marginally superior to the non-inoculsted plots for
nodulation and plang growth 47 days after sowing, and
for grain protein and protein yield at the final harvest (Ta-
ble 3).

n



rul.mmm..-'un.mmw").um, HAge biained from the inoculant strain with
and without Inoculation and soil sofarizath
Treatment® RAizobium populstion Nodules (0. plant™") Nodulation by inoculant strain®
at chickpes sowing (L]
time, your 1 (log,e)
Year ¢, Year 2, Yeur 1, Yoear 2,
51 DAS 47 DAS 51 DAS 47 DAS
Solarized
SCP i n Ei4 41,0 (43.0) 63.3 (36.2)
CP 210 24 36 13.2 20.7) 9.3 (16.0)
[o] 23 2 kL] 1.0(3.2) 1.0 (3.2)
Nou-solarized .
sCp 4.04 2 41 6.2 (14.2) 2.0 (6.6)
(o 4 4.0% n 36 6.6(11.9) 1.9
[+ 373 31 3 [ ()] 0.6 (1.2)
+SB 0.212 2.0 1.4 (2.70) “.n
CV (W) 16 13 9 9 as)
. , inoculant applied when both sorghum and chickpeas were sown; CP, | applied when chic were sown; C, non-inoculated con-
trol; CV, of variation
DAS, days after sowing
* Data anatysed after angular transformats formed values In p
Table 2, Nodulauon, N; fixation, shoot mas, and shoot N conteat of chickpess with and without Rhizobium lnoculation and soll
In year 1
Treatment Nodules, Nodule fresh mass Acetylene reduction Dry shoot mass T Shoot N content,
20 DAS (mg plant~") activity (uM C,H, (mg plant™") ! 51 DAS
(no. plant™ ") plant='h-") .
]
20 DAS 51 DAS 20 DAS 51 DAS 20 DAS 51 DAS . mg plant~!
Solarized k .
SCP n 24 653 1.8 1.8 189 2490 © 39 9
Cp 15 197 616 1.6 2.0 181 2140 $ 3.8 82
C 1“4 193 514 1.7 1.8 183 1790 " 3.8 64
Non-solarized B
SCP 32 28 649 1.7 2.0 161 2220 .38 85
cpP 3 23] 667 1.7 2.1 175 2520 4.0 101
C 28 204 626 1.6 2.6 154 2170 39 86
+SE 1.6 t6 61.9 0.18 0.37 7.4 143 0.10 6.4
CV (%) 16 19 U 27 4 10 16 [ 18

See footnote a to Table 1

Dry matter, grain yield, per cent grain proiein, and
wotein yleld

In year 1, the nodulation and the eacly plant growth dif-
ferences between treatments in the solarized plots were re-
flected in the final yicld, An increased yield due to the
Rhizobium inoculation was even observed in some non-
solarized plots, but the difference was statistically signifi-
:ant only for grain yleld; in the solarized plots signifi-
:antly improved yields over the respective non-inoculated
slots were recorded both for dry matter and grain yield.
The mean increase ranged from 15% to 19% in the
solarized inoculated treatments and from 13% to 14% in
the non-solarized inoculated treatments (Table3). The
ercentage of grain protein also improved with inocula-
tion, by 4% — 5%, and resulted in significantly more grain
srotein yield over the non-inoculated plots, both with
and without solarization. Although inoculation treat-
ment improved the yield components, the plants in the
solarized plots yiclded less as a whole. This may have
been due to excessive depletion of nutrients in the solariz-

ed plots where sorghum was grown in the previous season
and the solarized plots produced twofold more biomass.
However, the amounts of soil N and soil P were similar
in both the solarized and non-solarized plots at the time
the chickpeas were sown. In year 2, the treatment differ-
ences were not apparent for any yield parameters studied
(Table 3).

Tracing the inoculant strain

Although the antiserum had a low agglutination titer
(= 1/100), it was successfully used in the ELISA.

rum showed no positive reaction with any of the nodules
formed by native rhizobia in the same field, on plants
Away from the experimental area, nor did it show any
cross-reaction with several other Rhizobium strains in our
collection. In year 1, most nodules were formed by the in-
oculant strain (47%) when it was introduced, soon after
solarization, with the sowing of the sorghum, and subse-
quently with the sowing of chickpeas. In year 2, this per-
centage increased to 68%. In other treatments, nodula-



Toble 3. Dry matter (kg ba~"), grain
Rhirobium inaculation

M

Yicld (kg ha™ '), grais protein (W), snd protein yield (ke ha ) of chickpeas with aad withoot soll solarization

and
Troatment Year § Yonr 2
Dry Onln Grain Protcla Dry Ocala Orsls Protsin
mattor yield protein yield [ yield protein yicld
Solarized
scp 1830 1190 1.3 199 wo 210 15.8 408
gl' :g : ::: 1.1 164 90 160 "
136
Soon 3, 137 3990 310 15.6 01
SCP 2040 1340 14.7 197 36D 2020 5.7 s
cP 2080 1360 14.9 02 o 1990 153 381
c 1800 1190 14. 3] 3460 1960 156 m
+SE T * 0.36 .9 16 ] 0. e
CV (W) 9 10 6 13 ? L} 4 ’

See footnote a to Table 1

tion obtained with the inoculant strain decreased from
6.2% — 13.2% in year 1 to 1.9% ~9.3% in year 2 (Table 1),

Previous unpublished studies (O.P. Rupels, M.R.
Sudarshana, and R. Gururaja) indicated that after a con-
siderable reduction in the native chickpea RAizobium
population in solarized plots, the numbers continued to
increase even in the absence of the chickpea host. It was
for this reason that we decided to introduce the inoculant
strain into the soil as early as possible. Sowing a sorghum
cover crop provided a good vehicle for the application
and sprcad of the inoculant strain in soil. Chickpea
rhizobia are known to survive well and even multiply in
the rhizosphere of sorghum (Toomsan et al. 1983). Thus
the inoculant strain may have become established in large
numbers before the chickpeas were sown about 4 months
later. The MPN of native chickpea Rhizobium in the
non-inoculated plots increased from <10g~" soil soon
after the solarization to 1.3—2.0x 10° g~" soil at the time
the chickpeas were sown (within about 4 months). This
increase obviously occurred in the sorghum rhizosphere.
With inoculation following solarization, the increase over
the same period was about 28-fold over the non-in-

1n the solarized plots most of the 47% nodulation ob-
tained with dual Inoculation was apparently formed by
the rhizobia applied with the sorghum, because the in-
oculant rhizobla applied when the chickpeas were sown
formed only 3% nodules. This indicates that resident
rhizobia, whether Indigenous or introduced (established
by special methods such as solarization), are likely to
form the most nodules on the host. This may be attribut-
ed to the special advantage of resident rhixobia in making
contact with the rhizosphere in lasge numbers. A further
increase in nodulation by the inoculant strain, from 47%
in year | to 68% in year 2, probably reflects rhizosphere
multiplication of the inoculant strain in year § chickpeas
and also those rhizobia that originated from year | de-
generating nodules.

The reduction in native rhizobia by soil solarization
2nd the successful establishment of inocutant Rhizoblum
as demonstrated in these studies indicates that solariza-
tion can be used as & new rescarch tool o cvaluate in-
oculant strains for N; fixation without confounding
their ability to compete. Several inoculant strains can now

' be introduced to field solls (with a high native population
of h logt rhizobia) after solarization and com.

oculated treatment, and was reflected in the in d
number of nodules formed by the inoculant strain in this
treatment. The inoculant strain, when first introduced
with the chickpeas 4 months after the solarization, thus
faced a large native population and succecded in forming
only 13% of the total possible nodules. This effect was
observed in spitc of the application of a high pppulaﬁon
of the inoculant strain using the liquid inoculation meth-
od, which is considered 8 WM;%W of Rhizobium
application (Brockwell et al. 1980). .

ppljn ye:r zf the percentage nodulation obtained with the
inoculant strain was also high (68.3%) when it was intro-
duced soon after solarization. Where the inoculant was
introduced about 4 months after solarization, the success
of the inoculation remained very poor (< 10% nodules).
Clearly, the inoculant strain became well established and
had even survived well for at least onc year when it was
measured, These measurements were continued beyond
the present study.

pared for their survival, persistence, and effectiveness un-
der ficld conditions,
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7.3 PA 85/21 Survival of introduced Rhizcbium in an Alfisol (OPR, JVDKKR)

lnsrodyction

This trial was started in 1984/85 to test a hypothesis that resident
rhizobia, be they native or introduced, have a spatial advantage and form
more nodules than the inoculant strain introduced fresh in the given year.
For the previous two years report see Chickpea Agronomy, Progress No.i, pp
139-143, This section reports on the work done in 19868/87.

Materials and Methods

Six treatments in randomized block dosisn with five repitcations in
different years were as follows:

Treatment 1984/85 1985/86 1986/87
T1 Control Control Control
T2 Control Liquid, H45 Liquid IC 69
T3 Control Seed coated, H 45 Seed coated IC 59
T4 Seed coated H 45 Seed coated, IC 2091 Control
T5 Seed coated H 45 Seed coated, IC 2091 Seed coated IC 59
6 Seed coated H 45 Control Control

Sowing was done on 29 October 1981 in 30 x 10 cm spacing followed by a
postsowing irrigation the next day. The plot size per treatment was 5.5 x
3.9 m.

At 77 DAS six plants per plot were sampled twice per plot. Nodules
from one set of six plants were removed and stored in 2X glycerol at -13%
in a deep freezer. Another set of 6 plants per plot was used for assessing
nodule number, nodule mass, shoot mass, and ARA (acetylene reduction
activity). Final harvesting was done on 23 February 1987 when total dry
matter and grain yield was measured.

Results and Discussion

Nodulation and N,-fixation in this year was much lower than in the
previous year (see Chickpea Agronomy, Progress Report No.1 pp 139-143) when
measured at 77 DAS the (Table 7.3.1). Last year it was measured at 43 DAS
and perhaps by 77 DAS the ARA had greatly reduced. However, the reasons
for_ low nodule no. and mass are not clear. Available-P was low (2.8 mg
kg") even in 1985/86 and this year 1t was <1 mg kg ' soil 1in three
replicate plots that were measured. This could be a reason for low
nodulation. The dry matter and grain yield was, however, similar to that
of last year and the treatment differences were absent (Table 7.3.1).
Mineral-N level was 18 mg kg soil in the top 15 cm profile and we
expected treatment differences but it seems that with freguent sprinkier
irrigations (once every 10-12 days, total 9 irrigations) the plants could

meet their N-needs satisfactorily.

It seems that after growing chickpea continuously for 2-3 years the
very low native population of rhizobia multipites to the level of
inoculated pliots. This discouraged serotyping of nodules, which was

deferred to a later date.
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Table 7.3.1. Plant growth, nodulation, total dry matter and grain yield as affected
by different time and method of Rhizobium application, RCE-4, postrainy season
1988/87, ICRISAT Center.

Rhizobium At 77 DAS At final harvest
Inoculation Nodule  Nodule Shoot ARA ARA Y Total | Grain
treatment no. _, dry dry Cum -1 (uM g dry yleld
plant mass(mg mass . plant ° dry nod.  matter, (tha’)
plant ') (g plant ') h' ") mass) (tha )
T 10 166 7.1 0.5 4.4 2.82 1.50
T2 8 32 7.0 0.2 3.7 2.79 1.46
13 [} 30 5.1 0.1 2.0 2.41 1.25
T4 1" 120 8.0 Q.6 4.4 2.91 1.54
T5 15 109 6.5 0.5 8.5 3,33 1.70
T6 £ 50 5.2 0.3 5.3 2.29 1.16
SE +3.2 +41.3  +1,08 +0.12 +1.84 40,322 +0.195
}
F-test NS NS NS * NS NB NS

Cvx 75 110 39 17 88 28 30
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T.4 P(Ao::)/‘a Rates of Rhizchium application and responss to inoculation

Introduction

Previous studies have shown that response to Rhizobium application for
1ncreaseg yield was generally seen when native rhizobia were lacking.
About 10° rhizobia per seed were generally applied in these trials,
Increased nodulation and/or plant growth has been reported for groundnut,
soybean and chickpea when a high population of rhizobia per seed was
applied in pot culture conditions. In the postrainy season of 1985/89
increase in nodule number was recorded at ICRISAT Center when at least 10
rhizobia were applied per seed in a fisld trial in Alfisol. This 1s a
similar trial conducted in the postrainy season 1986/87 in three Vertisol
fields one with high and two with low native chickpea Rhizobium population.

Materials and Methods

The trial was conducted in 6 x 6 latin square design in thres fields

BP 2C, having at least 1000 rhizobia, BIL 8E having <10 rhizobia, and BIL
6H having low b_u1t variable population of chickpea rhizobia that ranged 5 to
457 rhizobia g ' soi)l in a triplicate measurement at the time of sowing
chickpea. The other properties of soils of these three fields are 11stoq
in Table 7.4.1. Lands were prepared in summer after applying 240 kg ha~
of single super phosphate and left undisturbed during the rainy season.
Weeds were occasionally removed manually during June to October 1986.
Chickpea genotype K 850 (ICC 5003) was sown on 29 October 1986 in 8P 2C at
30 x 10 cm spacing, on 11 November in BIL G6E at 60 x 10 cm spacing and on
12 November in BIL 6H at 60 x 10 cm spacing. A dibler allowing uniform
sowing depth of 7.5 cm was used at sowing. Twenty ml seed ' of Jiquid
suspension of peat in water was applied at sowing. The concentrated
§uspension for Tg was prepared by suspending 100 g peat of strain IC 59 (.
of water. Suspensfon for other treatments were prepared by 100 fold
sequential dilutions from Te down to T,. Ordinary water was used for T,.
The count of rh128b1a applied (at highest level of T,) per seed (in tht 10
ml) was 1.8 x 10° 1in BP 2C, 1.6 x 10° in field BI?. 6% and 1.2 x 10° in
field BIL 6H. For field BP 2C, we thus applied 1.8 x 10" rhizobia per seed
in Tg, 1.8 x 10" rhizobia per seed in T4, 1.8 x 10° rhizobia per seed in T,
and ?.B rhizobia per seed in T,. Similarly, the count per seed applied for
the other two fields can be ca?cu’lated.

No postsowing irrigation was provided except in BP 2C that was flood
irrigated soon after sowing. Nodulation and plant growth observations were
made ?n a subsample of 12 plants plot in B8P 2C at 50 DAs,_{our plants
plot™! in BIL 6E at 51 DAS and 64 DAS and on four plants plot” ' in BIL.6H

at 64 DAS.and 74 DAS.

A1l the nodules were preserved after taking fresh nodule mass on
different sampling dates for all these three fields. A representative
sample for serotyping of nodules of 50 day sampling of BP 2C, 64 day
sampling of BIL 6E and BIL 6H from a given treatment plot was determined
by the formula (N x 100)/(N + 100) where N = tot,:‘l no_._1of nodules on
sampled plants. Final élarvesl: ng was done from 1.8 m“ plot ' on 11.2.87 12
field BP 2C from 7.2 m° plot™' on 24.2.87 in field BIL 6E and from 1.8 m

plot~! on 25.2.87 in field BIL 6H.
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Results and Discusgion

Analysis of soil from the three fields suggested that the three fields
had similar pH, EC, and total-N. Olsen-P values seem low but in the past
we have not racPrded any response to applied P even at these levels.
S8ti11 240 kg ha” ' of single superphosphate was applied at land preparation.
Available-N in BIL 6E and BIL 6H was at least twice in that of BP 2C (Table
7.4,1). At the N-concentration of BP 2C, N- deficiency symptoms were
observed in the Nod line at about 50 DAS that were growing in the
adjoining plots of field BP 2C. (see section 6.4 on trial PA 86/47 in this
report). Nodulation of K 850 at all the rates of Rhizobjum applicatien in
field BP 2C was similar (Table 7.4.2). But in field BIL 6E and BIL oy
nodule no plant ' greatly improved (Tables 7.4.3, 7.4.4) when at least 10
rhizobia were appiied per seed. Improvement_ in nodule mass was only
recorded in field BIL 6E having <_\0 rhizobia g~ ' soil but not in field BIL
6H that had over 100 rhizobia g ' soil in some of the replicate plots.
This suggested that a good number of nodules were formed by native
rhizobia, The size of nodules formed on §0 days old plants in BP 2C was
about B~10 fold bigger than the 51 day old plants of BIL 6E. High
available~-N in BIL 6E seems to be a plausible reason for the poor nodule
daevelopment (see section 6.4 on trial PA 86/47 in this report). Yhe great
improvement in nodule number due to inoculation in T5 and Te of both the
field BIL 6E and BIL 6H did not result in improved shoot growth megsured at
51 DAS and 64 DAS in BIL BE and at 64 DAS and 74 DAS in BIL 6H. ®bviously
the high scil-N allowed the plants to meet its N~demand from soil and
masked the possible inoculation effects in BIL 6E and BIL 6H. In field B8P
2C the treatment effect on nodulation was absent and therefore 1ts effect
on shoot mass was not expected. )

A maximum of 8% nodules were formed by the inoculant rain at
highast concentration (Tg) in field BP 2C having at least 107 native
rhizobia. This suggests that the strain IC 59 could not comp1ete the
native rhizobia. Eve? in field BIL 6H that had portions of land with at
least 100 rhizebia g ° soil IC 59 formed 68% nodules at Tg. But in field
B8IL 6E which was practically devoid of native rhizobia, IC 59 formed
maximum (92%) nodules at T6 It was surprising to no f that even in BIL 6E
only 27% nodules were formed at T, recelving 1.2 x 107 rhizobia per seeds,
through tiquid application which {s considered the best method of Rhizobium
applicatjon. This implies that for reasonable success of inoculation at
least 107 rhizobia per seed should be applied.

There was no treatment effect on total dry matter and grain yleld at
final harvest in any of the three fields. It may be because of no
nodulation response in BP 2C and in fields BIL 6F and BIL 6H it may be due
to high mineral-N in soi) that perhaps masked the nodulation effect (Tables

7.4.2-7.4.4).

The last two fields produced aroqu 2t ha 1 dry matter and 1.0 t ha
grains while in BP 2C at least 3 t ha ' dry matter and 1.7 t ha” ' grain was
produced. It may be due to additional water provided with the postsowing
irrigation and about 36 mm rain the trial in BP 2C received at 11 DAS. The
trial in BIL 6E and BIL 6H was sown on 11 Hov 1986 and only about 10 mm
rain fell until harvest.
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Poor nodulation in field BIL 6 even st
Tq was .

::p;:;n:: lg' the 3011 moisture at sowing that wvas .1'33”.;"‘2'“3.....’: :::.ngg
e salted ir ”::o 30 cm profile at sowing. Such levels in previous trials

Taae144) . nodulation (sas ICRISAT 1985, ICRISAT Annual Report 1984
] Heats + It was suspected that the rhizobia died in due course after
application. To underatand this, soil corss were collected at 102 DAS at
growing points when plants wers stil) green but physiologically mature.
Roots and nodules were carefully discarded and the soil was subjected to
MPN count using the method of Toomsan ot a) (1984). Data in Table 7.4.5
is not very conclusiva bacause of low counts in Tg. If we take the waight
of soil core (40 mm diam. x 15 cm) as 400 g and assume that most of the
applied rhizobia remained in the vicinity whers applied suggested a great
decrease in the count over time. Normally one would expsct an incresse in
count dus to rhizosphere multiplication but fnstead we recorded a 10 fold
decrease at T, and a 100~ to 1000-fold decreass at T,. At T, and at lower
levels to Tz here was no appreciable change or & 2 ‘,o 3-fold increase 1in

population was noticed. Non-inoculated control treatment plots showed a
10-100 fold increass.

In conclusion, the inoculant strain IC §9 fatled to establish in
Vertiso) having at least 1000 rhizobia g ' 3011 even when an extremely high
inoculation rate was used. In soil having variable population of native
rhizobia but always less than 1000 rhizobia a maximum of 68X nodules were
formed by IC 59. But in a soil of uniformly low native rhizobia (<10 g~
soi1) about 92% nodules were formed by IC 59. Even in this field (BIL GEz
only 27X nodules wers formed at the usually recommended population of 10
rhizobia per seed. This suggests that even the 1ow‘numbqr of native
rhizobia multiply faster and form nodules than the 10" rhizobia of the
inoculant. One plausible reason of low success may be the rainfed
conditions. Rhizobia spplied in the sead zone may remain where it is
applied and may not move further in the absence of additional infilitrating
water that could carry these rhizobia desper into the active root zone.

Toomsan, B., Rupsla, 0.P., Mittal, S., Dart, P.J., and Clark, K.W. 1984,
Counting Cicer - Bhizobium using a plant infection techniqus. Soil Biology
and Biochemistry 16:503-507.
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Teble 7.4.1. 8Soil properties and rhizobial population used per seed
at sowing trial PA 86/48, ICRIBAT Center postrainy season 1988/8Y -

Paramster B8P 2¢ BIL OF BIL CH
pH - 8.16 8.29 8.26
EC (ds m™ ') -1 0.27 0.28 0.20 .
Available-P (mg kg ' so0il) 8.5 4.0 1.8
Organic carbop (%) 1.36 0.89 0.77
=N (mg kg~ 3011} 1.3 - 8.5 8.2
Available~N (I!1k¢ so11) 12.8 26.1 20.4
Total-N (mg kg = soi]) 528 663 506
>hickpea rhizobia ¢ ' soil 4.82 x 18 5-10 s 5-457 s
Inoculant count (per sesd) 1.8 x 10 1.6 X 10 1.2 x 10
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281

Table 7.4.3. Plant, nodulation, total dry matter and grain yield of chickpea as affected by different rates
of Rhizobium application, postrainy season 1986/87, BIL 6E, ICRISAT Center.

At 51 DAS At 64 DAS At final harvest

Nodule Nodule Shoot Nodule % Nod. Nod. Shoot Total Grain -

no. _ i fresh dry no. ) from  fresh dry dry yield‘i

plant mass o mass o plant © IC59 mass mass _ ) matter, (tha')

Treatment , (ng plant™l) (g plant™) (mg plant ) (g plant ') (t ha ')

T1 1 1 2.8 2 0(0) 4 4.5 2,12 1.07
T2 1 2 2.7 1 8(8) 5 5.9 2.06 1.02
T3 2 4 2.5 ? 9(12) 4 5.0 1.86 0.91
T4 4 10 2.3 4 27(31) 14 4.6 1.80 0.88
T5 16 3 2.4 21 15(60) 172 5.8 1.70 0.85
T6 19 59 3.2 26 92(74) 117 5.4 1.90 0.98
SE 41.9 #9.7 - +0.34 +1.7 (+4.3) +18.2 40.65 +0.125  +0.079
F-test ¢ %t NS £1x (#3%) I NS NS NS -

oV 69 130 A 41 (34) 85 K| 16 20
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Table 7.4.5. Soil moisture (%) over profile at sowing chickpea and chickpea
rhizobia in BIL 6E at 102 DAS, postrainy season 1988/87, ICRISAT Center.

Rhizobia g~ Rhizobia
So11 moisture s0i1 at 102 DAS per
Depth (%) at sowing —————————— e core of
(cm) (Mean of 3 reps) Treatment Log values Nos. 400 g
0-15 22.8 (22.5) g 0.8 4 1.7 x 102
15-30 26.1 (30.7) T2 0.5 3 1.3 x 102
30-45 28.5 (32.3) 3 0.5 3 1.3 x 102
45-60 31.1 (33.9) T4 2.1 123 4.9 x 104
80-75 33.5 (35.4) 5 1.3 20 8.2 x 103
75-90 33.8 (35.5) 16 4.4 26920 1.1 x 107
90-105 33.1 (35.1)
105-120 32.3 (34.6)
120-135 31.7 (34.2)
135-150 31.5 (34.1)
150-166 28.3 (32.1)
165-180 27.9 (31.8)
SE (41.08) +0.861
F-test £ X
cvx 6 67

Note: Data in parentheses are angular transformed values.
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8.

w-134(08)1C Maintonance, meltipitcation and distribution of
rhizehial gasuplasa of ahickpes and pigeonpes.

8.1 Ghjestives

a) Yo develop an afficient systes for classificattion, and
storage, of chickpea and pigeonpea Rhizohiim strains.

5) To develop an efficient procedurs of multiplying, packaging
and despatching strains from this collection.
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8.2 Maintenance of rhizobial strains their multiplication and supply ‘to
NARS (OPR)

Multiple coples of each of 47 rhizobial strains were froeze dl""led
after authentication. The strains were IC 51, -54, -99, ~-110, ~113, ~114,
-1168, -121, -133, ~-148, -158, -161, -162, -163,. -164, ,-2002, -2005, -2007,
-2009, ~2011, -2018, -2021, ~2027, -2034, -2046, -2048, -2049, -205%, -~
2053, ~2064, ~-2056, -2057, -2088, -2084, ~-2068, -2070, -2073, -2075, ~2079,
-2085, ~208%, -2092, -2093, -2095, -2104, -2105, and -2107. .

About 15 1noculant packets each of the 21 rhizobial strains lisfed in
Table 8.2.1 were prepared and supplied to thirteen locations of the Al}l
India Coordinated Pulses Improvement Program for muitilocation trials. we
did not subject these inoculants to plant _infection count but all the
inoculants were nodulation positive up to 10° dilution.

In addition, rhizobial strains as ampoules/agar slopes and peat
inoculants werae supplied on request. Some of these are listed in Table
8.2.2. Soil samples were also received from some NARS for determining
plant infection most probable number counts (Table 8.2.3).
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Table 8.2.1. Plate count of peat inoculant
prepared in 1988/87.

8.No. Bhizobium stratn Plate count
(no. g peat)
} IC 149 3.4 x 1o:
2 cM 1 6.4 x 10
3 IC 78 t.4 x 103
4 KG 48 9.5 x 102
s TAL 480 1.4 x 102
6 IC 2018 5.8 x 10
7 TAL 820 2.0 x 109.
s K@ 3% 4.2 x to$°
bl a 567 1.3 x 1079
10 TAL 1148 1.8 x 102
11 G-5-81 4.2 x 109
12 CBH-32 1.0 x 10
13 1C 94 1.3 x 1019
14 © F 8 8.9 x 103,
15 ca 181 3.1 x 100
18 F 75 4.9 x 100
17 KG 61 1.3 x 109
18 IC 89 2.4 x 10
19 G-10-80 ND
20 IC 83 ND
21 B-1 ND

ND = Not determined
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18bie 8...2. wifckpes rhizobiai s.rains ana inocuiants suppiiea during May

1988 to Juns 1987,

T " Person Place Strain Remarks
India
Dr K.R. Chowgule Bombay IC 76 Agar slope
Assoc, Prof of Breeding NARP IC 59 Agar slopes
Bharuch, Gujarat IC 76 .
Soil Nicrobiologist Rajandra Agril. IC 76 Agar slopes
Univ, IC 172
Sabour, Bihar
Dr A.L. Khurana HAU, Hisar CM-1 Agar slope
Or S$.C. Bhandari Sukhadia Univ. IC 58 Agar slope
Jobner IC 76 '
Rajasthan IC 172 | .
Or Dulare Lal Ragional Soil IC 76 Aiar slope
testing 1lab. s
Lucknow L
¥
Dr M.M. Husain APAU IC 59 I?ocu]lnt
Hyderabad 3
Mr D.D. Dom Karnataka IC 59, IC 2099 A&ar slope
Or Banshi Dhar varnasi, U.P. 1C-76, IC-128
I1C-2002, IC-2048 '
1C-2072, 1C-2096
1C~-2098, IC-2099
IC-2100, IC-2104 Agar slope
Abroad
Dr Nora B. Inciong Philippines 1C 59, Both as agar
1C 76 slopes and
as ampoules
Mr Tae-San Kim South Korea IC 59 Inoculant
Dr P.J. Dart Australia IC 59, IC 76, Ampoules
IC 165, IC 172 .
Dr Uttla Than Burma IC~53, IC~59, Agar slopes

IC-76, 1C-149,
I1C-2016, 1C-2099
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Table 8.2.3. Plant infection MPN count done in 1986/87 for NARS

Plant infection

Nagina

ng-count
. Sample g ' dry soil or
Requestes no, inoculant Remarks
Hindustan lever A < 10 Inoculante
8 < 10 ‘
Agril, Res, Station, 40 8ci) sample
Sehore
2 91 8011 sample
Gujarat Agril. Univ, 1 <10 8011 sample
8.K. Nagsr
2 41 8011 sample
Dr Chandra 1 3.8 x 102 8011 sample
G.8. Pant Univ, -
Res. Stn.



9. cP-115(85)IC Detection and alleviation eof mimeral autrient

deficiencies and 3011 chemical toxiciti.s in chickaoa
and pigeonpea.

9.1 Objectives

a)

b)

¢)

d)

To develop appropriate methodology for detecting mineral
nutrient deficiencias in chickpea and pigeonpea.

To develop appropriate corrective measures for any mineral
nutrient 1imitations found.

To detect genotypic differences in response of chickpea and
pigeonpea tc salinity and alkalinity.

To 1dentify mechanisms of resistance to salinity and

alkalinity damage so as to furthear enhance the screening
procedure.
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9.2 PA 38/35 Scresning Vertisol, Entisol and Inceptisol soils for
potential mutrient 1limitations to chickpss cultivar X 830 by weans of
& pot culture technique (CJ, NPS).

Introduction

This techniqua was tried last ysar for chickpea cultivar ICCC 38 in an
Alfisol and Vertisol. While the technigue proved to bs satiafastory for
the Alfisol, plant growth in the Vertisol was generally poor. Excess soil
moisture conditions wers suspacted to be reducing growth, sven though the
Vertisol was kept st field capscity. Optimum soi) moisture 1leve) for
growth of chickpea in Vertisol was determined bafore conducting the present
experiment (see Section 5.2).

Thus it was intended to repsat the screening with an ICRISAT Vertisol,
using an optimum soll moisture lavel, as well as test soil typical of the
ICRISAT subcenters at Hisar and Gwalior. These studies will contribute to
production of s ressarch bulletin on fdentification of sdaphic Timitations
in chickpsa and pigeonpea.

¥aterials and Methods
Treatments were assigned as follows:
Factor Nutrient
A P
B s
Cc K
D Zn
E Fe
F 8
G (Mo, Co, Mn, Cu)

Details of nutrient amount snd for, applied are given in Table 9.2.1. The
axperimental design-was a 1/2 x 2' factional confounded 1into 4 blocks as
follows:
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T BLOCK B
Treatment No. 1 11 111 v
1 ABCDEFG  ABCEF ABCFG ABCDF
2 ABCDE ABCEG ABDEF ABCDG
3 ACEFG ABDFG ABDEG ABEFQ \
4 BDEFG ACDEF ACDFQ CDEFG
5 COF ACDEQ BCDEF ADEFG
6 coa BCOFG BCDEG BCEFG
7 EFG ABD ABC COE
8 ABF CFa CEF ABE
9 ABG OEF CEG ACF
10 ACE DEG DFG ACG
1 ADF AFG ACD ADE
12 ADG BCD AEF BCE
13 BCF BEF AEG BOF
14 BCa BEG BFa 800
16 8DE A D F
16 E c B g

%
Blocks are confounded on the basis of the three factor 1nteract1oﬁs (ACE),
(BDE) and (EFG) being unlikely to occur. For further details ‘refer to
W.Q. Cochran and G.M. Cox (1957). “Experimental Designs”, 2nd Ed. Wiley:
New York. Separate experiments were conducted for Vertisol (ICRISAT
Center), Entisol (Hisar) and Inceptisol (Gwalior) .

For the general procedure followed in such experiments, refar to pp.
162-184 1in Chickpea Agron. Prog. Rep. No.1. Vertisol was collected from
the Pulse Agronomy soil pit in BR 4 and Entisol and Inceptisol from
recently unfertilized and uncropped areas in the vicinity of ICRISAT
experimental areas at Hisar, and Gwalior, respectively, Four kg of air-
dried soil from each site, sieved to 5 mm, was added to pots. Pots had 20
cm top diameter, 14.5 cm base diameter and were 18 cm deep. They were
1ined with water-tight plastic bags. Nutrients were added on 10 Nov. and
the experiment sown on 11 Nov. S§eeds of K 850 wera treated with "clorax”
and placed in & holes at a q?pth of 2-3 cm. Rhizobium strain IC 76 was
fnoculated as a slurry at 10° rhizobia/seed. 400 m? deionized water was
then added to each pot of the Vartisol and 300 ml each to the other soils.

The experiment was conducted in Glasshouse 3, Bay 1 where daily
average max/min tonpurntural (+8E) during the experiment were 23.5 %
0.35/15.3 + 0. 30°%. 150 g polypropylene beads were added to each pot at
11 DAS. Pots were kept weed fres and chickpea seedlings gradually thinned
to 3 plants per pot by 15 DAS.

Water content of pots was gradually increased to reach field capacity
(FC) by 13 DAS (FC = 34,3x% for Vertipol, 13.0% for Entisol and 17.7% for
Inceptisol). Thereafter, pots weres maintained at FC. Pots wars
rerandomized at about 10 day intervals.
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Tha experiment was hat'\mt.tldf on 8 Jan 1987 (56

i DAS) when stems were
cut at the soil surface and the roots carefully washed )out of each ;:t.
shoot and root (including nodules) samples were oven-dried and wetghed.

Resylts and Discyssion

From 13 DAS it was obsarved that seedling growth vi
order Inceptisol > Entisol > Vertisol. A unkglgtor. hov:?:r:‘ ‘:ro:r:.ht:.n
the Entisol was matching that in the Inceptisol and thereafter growth in
the Entisol was more. By 30 DAS, slight P responses were noticed in
Entisol and Inceptisol and 1large P and S rasponses and interaction in the
vartisol. Flowering initiated in each soil type at 30 DAS.

At harvest, the large P and § responses and intsraction in shoots of
vVertisol were recorded (Table 9.2.2). Thers were also significant
interactions of P and S with K, with +K reducing growth at -P and -§. This
may have been a toxicity effect of KC1. This depressive effect of K was
also measured in roots, along with a S response but not a P response.

In Inceptisol, there was also a slight P x S interaction in shoots but
only the main effect of P was significant (Table 9.2.2).

Thare were also
slight interactions of K x Zn, K x Fe and Zn x Fe. In roots, the P
response was also significant and thare was a minor Fa x B intaraction.

In Entisol, a margina)l P response was recorded in shoots (Table
9.2.2).

There was also a depressive effect of K on root growth, and an
interaction with Zn. This was perhaps due to toxicity of KCl.

Overall, it may be concluded that P and § can be severe limitations to

chickpea growth in Vertisol and only marginal P responses can be ax
in Inceptisol and Entisol.
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Table 9.2.1. Details of basa) nutrient additions for pot expsriment PA
86/3% . .

Nutrient Nutrient Salt g salt/ ml
Salt MW, element  element (mg/ vol. stock/
(kg/ha) (mg/pot) pot) stock pot

1. K,80 174.26 50 K 15§7.15  350.15 280.1/4 L 5.0
4

208
2. N ‘804 142.04 20 8 64.45 285.54 28.55/ . 2.5
(for =K treatments only) 800 mL
3. K1 74.58 50 K 157.16  2909.85  28.97/ 2.5
(for -8 treatments only) 250 mL
4. InCly 1368.29 2.6 I2n 7.86 16.38 16.38/2 L 2.0
5. Cu612.2ﬂzo 170.60 2.5 Cu 7.86 21.08 21.00%! L 2.0
s, N3803 81.83 0.6 8B 1.572 8.979 8.91‘/2 L 2.0

7. NagMoOy.2Hg0 241,08 0.16 Mo 0.4T1  1.188 1.18§/2 L 2.0
8. FelgHgOy.8H0  335.03 2.5 Fe  7.86  47.14 47.14f2 L 2.0

9. MnCly.4H 0 197.91 2.5 Mn 7.88 28.3 20.31[2 L 2.0
10. CoCly.6H,0 . 237.98 0.1 Co 0.314 1.269 1.200/2 4 2.0
11. Ca(HgPO,)a.Ha0  252.08 100 P 314.3 1278

65 Ca 20.43

N.B.: &) Conversion of kg/ha to mg/pot. Area of 20 cw dismeter pot s
0.03148 m2

0.03143
o=we=- X 1,000,000 s 3,143 ma/pot s § ka/ha
10,000

b) Make up each aolution ssparately (apart from Co, Mn and Cu
which may be combined)

¢) Maks up fresh solution of Fe citrate for each experiment and
stors in refrigerator.
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Table 9.2.2. Stgnificant main effects and inter
in pots of Verti ! actions of nutrisnt treatsent effects
ss0 grown in po sol, Inc.pt.nop and Entisol, Mev 1036 ~ Jan. 1981. on K
' Yarfiso)
ghoot, dry veiaht (g/olagt)
-p +P Mean -p WP "
-§  0.887 1.077  0.982 - oan -8 + M
5000 2 nen ok LS 26 e K Lo 2700 L4
“Tr0.048a888 4 1,105 2,734 1,919 K 0,913 2.928 1.9%9
S he TlMEm o s 40,03 00040 30,0342
Hean . y . 2,849 382 2,
SE $0,03421238 £0.0343000 . ) z_nz.o:&zgﬁ
Rgat dry wefsht (a/plant)
-5 +$ -K X
SE
1.641 2478 300408835 1,588 1.331 3 0.0406%
Inceptisel
shoot dry wataht (a/plant}
- P ¢ Mean -K +K Wesn
-§  3.338 4,306 3.806 ~In  3.823  3.988  3.905
+$ 3,511 4,216 3.863 +2n  3.902 3.748 3,842
SE $0.0737%  $0.0521 40.0737x 40,0521
Mean  3.424 4,308 3.8682 3.007
SE +0,0521383 +0.0524
~-K +K Moan -n + In Hean
-fs  3.766 3,923 3.044 ~Fe 3.877 3. 12 3.844
+Fe 3,959 3.811 3.885 +fe  3.834 3.036  3.808
SE 40,0737 40,0521 + 0,0737¢ 40,0821
Mean 3.8862 3.867 3.905  3.842
SE + 0.0821 + 0.0521
Boot dey weight (a/plapt)
-p  +P  BE ~Fe +Fa Hean
. 1,602 1.861 320.0451% -8 1.637  1.494  1.568
+8 1.529 1,664 1.507
SE + 0.0837¢ £0.045%
Nean 1.583 1.579
s + 0.0451
Eatisol
shoot, dry weight (a/plant): Root dry woight (g/plant)
-p Ny SE -« +K Hean
. 338 -2n 2.249 1.891 2.070
4.355 4.13 £0.0840 +2n 2.093 2.09¢8 2.0904
St +0.0803% 40,0568
Mean 2.171 1.993
SE +0.0588%
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9.3 PA 86/37 Mini-NP trials for chickpea (CJ, NPS, OPR) - oo
Introduction

Debate continues on the needs, or otherwise, for phosphorus and
nitrogen fertilizer and rhizobial inoculation for chickpea. For Yreeders'’
yield trials in particular it is important to know the nutritional status
of the crop, 80 as to appropriately interpret genotype x environment
interactions. In fact, for any experimentation it Js necessary to know
whether or not the crop is limited by inadequate nutrient supply, and the
extent of this Hm'ltation.“

Standard "need to inoculate” trials have been used as a matter of
course in legume experimentation for many years. It 1is surprising that
they have not besn regularly used in legume research at ICRISAT. These
consist basically of three treatments: not inoculated, inoculated with the
best known effective rhizobial strain, and inoculated plus nitrogen
fertilizer (to measure the effectiveness of the symbiosis). Whera there is
uncertainty about soil phosphorus status, it 1s wise to 1nc1u§e a fourth
treatment: 1noculation without phosphorus, with the other three treatments
receiving a basal dose of phosphorus (where other nutrient defidiencies are
suspected then additional treatments could also be included). §

Such trials were established on pigeonpea breeders fields in 1986,
around the edges of precision flelds as fertilizer treatments are not
allowed to be imposed within the main cropping area of these fields. It
was proposed to set up a similar series of trials on fields where chickpea
breseders have their yleld trials, at ICRISAT Center, Hisar and Bwalfor, as
well as on cmckpoa Agronomy fields.

Materials and Methods
Treatments were as follows:

1. P as 200 kg/ha SSP (~Rhizobium)

2. P + fhizobium (IC 76) 1noculation

3. P + Rhizobium + N as 60 kg/ha urea at sowing and a further 100
kg/he urea during vegetative growth (when top soil is moist due
to rain or irrigation).

4. Rhizobjum (-P)

A randomized block design was used with adjacent plots of 4 treatments
placed at different parts of the edges of fields. These parts of the
fields were not fertilized in the current season. Plant spacing was 30 x
10 cm, with plotas consisting of 4 rows 30 cm apart and 4 m long. Dummy
border rows wers sown whers & plot row faced an edge. . Apart from
fertilizer application, plants wers given optimum conditions of irrigation
and pest, diseass and weed control, as far as was known and could bz
arranged. Rhizobium was slurry-inocuilated and basal fertilizer placed a
about 10 cm in the seed row. Seeds were sown at about 5 cm depth. For
the tater N application urea weas .placed in furrows at least 5 cm deep
betwesn chickpsa rows. At harvest, only the two inner rows were considered
;or yisld estimation. Other locational and cultural details are as
o1lows:
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" Post-sowing Veg. phase
site Sown Repg 1irrigation Genotype urea '.:.mmwn

IC BPBA 21/10/88

4 24/10 Annigert 26/11
BPTA 20/10 4 21/10 Anm:rl 25/11
BPTS 20/10 4 21/10 Annigerd 28/11
BPeC 20/10 4 31/10 Annigeri 25/11

ow f1d. 305  28/10 ¢ K 850 ?

308 27/10 s - K 850 ?
307 28/10 s K 850 1

so11 analysas for these sites are given in Tabls 3.4,

Results ars not reported for Hisar as the expsriments were eithar not

planted as planned or discarded dus to uneven growth caused by variabls
soil moisture,

Results and Discussion

In the Vertisol fields tested at ICRISAT Center, no hint of response
to rhizobial inoculation, N fertilizer application or P fertilizer
application could be found, even though growth and yield was good (Table
9.3.1). Thus thase factors do not appear to be limiting chickpea in this
situation, which is understandable in terms of the history and consaquent
high Rhizobium, avail. N and avail. P levels of thess fislds (Table 3.4).

At Gwalior also no significant treatment effects could be detected,
indicating sufficiency of ? and N, fixation at this location (Table 9.3.2).
However, growth and yield in FieTds 306 and 307 were very poor, indicating
Vimitations by other factors (probably water).
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Table 9.3.1. Data of mini-NP trials conductod with Annigeri in Vertisol
fields at ICRISAT Center, postrainy season 1986/87.

Parameater
Days to Days to Total dry s Grain ¥1eld Harvest
Treatment flowar maturity matter(g/m“) (9/m°) index (%)
BPGA .
1 (+P) 42 95 546.8 282.6 51.7
2 (+P+Rh) 42 96 533.2 279.7 §2.5
3 (+P+Rh+N) 41 95 579.3 287.5 49.7
4 (+Rh) 41 94 492.4 254.6 51.7
Signif. NS NS NS NS ) NS
SE +0.52 +0.76 +21.32 +12.00 , 0,97
BP7A
1 (+P) 39 88 438.7 266.7 . 60.8
2 (+P+Rh) 41 86 425.3 261.9 , 61.4
3 (+Rh) 40 87 436.0 266.9 L 61.2
4 (+Rh) 40 88 454.5 272.1 g‘ 60.1
Signif. * NS NS NS H
SE 40.47 +0.50 +12.38 +7.36 . $0.51
BPIB
1 (+P) 40 88 441.4 261.7 ‘. 60.0
2 (+P+Rh) 40 86 421.3 223.4 . 54.4
3 (+Rh) as 87 435.6 261.2 60.1
4 (+Rh) 39 86 421.5 253.2 60.3
Signtf. x NS NS NS NS
SE +0.72 +0.66 +26.50 +10.10 +2.26
BP8C
1 (+P) 42 100 562.6 237.3 42.1
(+P+Rh) 43 99 560.1 261.1 46.0
(+Rh) 43 100 560.7 203.5 35.6
> (+Rh) 43 99 507.3 229.7 44.5
Signif. % NS NS NS NS
SE +0.25 +0.72 +33.03 +15.90 +2.67
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Table 9.3.2. Data of mini-NP trials conducted with X 850 in Inceptisol fields at ICRISAT Cooperative

Subcenter, Gwalior, 1986/87. ——
Days to 50X Days to Shoot dry Grain,yield Harvest ng no. Seed no. 100 “;
Treatments  flowering  maturity wt. (g m?) (g a-2) Index(%) ® pod wt. (9)
Eield 30§
1 (+P) 77 121 202 ﬁ 30.0 320 1.07 22.2
2 (+P+ith) 76 121 204 88 28.5 275 1.13 22.8
3 (+P+RheN) 18 128 m 4 24.7 218 1.13 22.5
4 (+Rh) T4 125 223 81 26.7 215 1.03 22.3
Signif. NS i T NS ns NS NS NS NS
SE 1.8 0.3 +34.8 +16.9 +3.75 89.8  $0.050 41.30
Elald 206
1 (+P) 81 124 ars 193 54.5 159 1.40 25.7
2 (+P+Rh) 85 125 357 162 48.3 843 1.94 25.3
3 (+P+RhN) 88 121 455 214 47.1 828 1.77 25.8
4 (+Rh) 83 125 393 201 51.4 757 1.43 26.2
Signif. NS NS NS NS N NS : ns NS
SE 2.2 $0.9  +40.5 £21.4 $3.11  484.6  10.393  $0.57
Eleld 307
1 (+P) 89 122 9 5 123 1 1.1 4491
2 (+P+Rh) 88 121 19 23 21.7 18 1.28 28.2
3 (+P+RhN) 20 122 8 15 12.4 4 1.28 -3
4 (+Rh) av 122 90 15 15.5 45 1.26
: NS
Signif. NS NS ns xS LT N8 2a  35.59
3 2.3 0.5 127 +16.9 15,07 2207  10.1 =




9.4 PA 88/7 Effect of solarizidti1oh on growth and yield of pigeonpea and
chickpea in saline areas at Hisar (CJ, YSC, NPS)

Intreduction

buring his consultancy at ICRISAT 1in September/October 1985, Dr J.
Katan mentioned that solarization had ameliorated the effects of salinity
on plant growth in a preliminary study in Egypt. For example, with
solarization there may be less movement of salt to surface soil layers
during hot, dry periods. Due to the salinity problems facing chickpea and
pigeonpea, particularly at Hisar, we considered this phenomenon worth at
least preliminary investigation. Thus we imposed treatments with and
without solarization on moderately saline areas at ICRISAT Sub-center, HAU,
Hisar.

Materials and Methods

Treatments of solarization and no solarization were appiied for 6
weaks from 29 April 1986, on 3 replications on field No. B and 3
replications on field No. 18 at HAU Farm, Hisar. Plot size was 6 x 5 m.
Chickpea cultivar ICCV 17 was sown 1n rows 37.5 cm apart f@llowing
irrigation on 11 Nov. 1986. 100 kg ha ' SSP was broadcast and mixed in the
surface two days later. Thinning to a spacing of 37.5 x 10 cm wag done on
30 Nov. Weadings were done on 10 Dec 30 Dec and mid-Jan 1987. qu sprays
of monocrotophos were applied after flowering. Plant height was jrecorded
at about 15 day intervals from 10 Dec. Harvesting of surviving plots was
done on 28 April 1987. p

Results and Discussion i

There were some positive effacts of solarization on plant hhight at
eariier growth stages but from 100 DAS several plots were badly affected by
salinity and had to be abandoned (Table 9.4.1). At 121 and 136 DAS plant
height appeared better in nonsolarized plots but this was confounded by the
uneveness caused by salinity. '

By final harvest, all plots in field 18 and the nonsolarized plot in
Rep 1 of field 8 were abandoned, and final harvest data refer only to the
remaining plots (Table 9.4.2). Final TOM and grain yield was higher in
nonsolarized plots probably because of the better plant stands here (Table
9.4.2). 100 seed mass seemed higher with solarization.

Although 1initial plant height data indicated a positive effect of
solarization, the natural unaven nature of the salinity precluded any
conclusions on effect of solarization on salinity effects at later growth
stages and at harvest. It is suggested that any effects of solarization on
salinity, if they indeed exist, would only be demonstrable in fields of
much more even spatial distribution of salinity than recurs at HAU Farm,

Hisar.
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Table 9.4.1. Effect of solarizatian on plant height (cm) of chickpea cv ICCV 7 at
various stages of growth at Hisar, 1986/87.

Plant haight at (days after sowing)

Treatment % M 80 15 T 108 121 126

Nonsolarized 6.0 9.7 12.9 18.7 23.6 32.8 45.3 49.8
solarized 6.8 10.6 12,7 18.9 4.2 30.7 34.8 39.9

SEm 40,24% $0.225%  $0,21NS  +0,10%%% +0.7ENS +1,80N5 +0.96%%% 10,8932

NS  Difference betwaen means not significant

*  Difference batween means significant at 0.05 level
L2 Difference between means significant at 0.01 lavel
*%  Difference between means significant at 0.001 level
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