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Indications are that the plant growth problems in test
tubes were mainly due to high temperature inside the
tubes. We did not face these problems after we started
maintaining the room temperature 2042°C.

We could not satisfactorjly nodulate chickpea plants
in agar based media. MNore input is required to modify
the system. )

Tubed chickpea plants can be satisfactorily nodulated
in lighted incubators besides plant growth units
designed at ICRISAT.

Surveys for nodulation and native chickpes rhizobia in
farmer's and research station fields in Ra?althan and
Madhya Pradesh indicated poor correlation in root
nodulation and the level of native chickpea rhiszobia
in soil. But the fields with <100 rhisobia per ¢ soil
alvays had pootly nodulated glants. About 39 and 55%
of the fields sampled in Madhya Pradesh and Rajasthan
respectively bad <100 rhisobia per g soil. These
figures include fields which. did not grow chickpea at
all at least for the past 5 years as per the
information collected from the farmers.

Soil Rhizobium population in a soil profile of a

sand dune in Rajasthan was very variable with depth as
compared to an alluvial soil at Baryana Agricultural
University.

Chickpea Rhizobium population measured in 73 fields
indicated 28, 24 and 21 fields with <100, 100-1000
and >1000 rhizobia per g soil respectively. FPields
with <100 rhizobia per ¢ soil were either in unsprayed
area at south end of the farm or Alfisols. Such fields
are very useful in conducting some trials with
specific objectives.

In the trial on Rhizohium screening involving 16
strains the noninoculated treatmen

receiving 150 kg W/ha produced maximum drymatter

followed by strain IC-2002, CHE-777 and IC-149.

Noninoculated control, 1C-2072 and IC~6 were among the

lowvest yielders. Por grain yield, strain IC-2002
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ranked first followed by CB-777, MifTAL and IC-149.

ain, noninoculated control, I1C-2072 and IC-6 were
significantly inferior to IC-2002. MNitrogen applied
control ranked eleventh.

8. No interaction between three Rhizohium strains (I1C-76,
P-7%5 and B-45) and three cultivars (Annigeri, BODR 9-3
and K-850) was noticed for nodulation, W -fixation,
N-uptake, drymatter production and grain yleld in a
trial conducted in a low Rhizobium field. Strain
B-45 ranked first followed by P-75 and IC~76 though
the differences between strains were not significant.
All the three strains resulted in significant
improvement in nodulation, N,-fixation and grain yield
over noninoculated control. MNoninoculated control
receiving 150 kg N/ha yielded more than Rhixzohjium
strains.

9. B8ignificant improvement in nodulation, K, -f{xation and
plant growth in early stages was noticed, in a ¢
Rhizohium inoculation trial in a Vertisol field
having <10 rhizobia per ¢ soil. About 108 increase in
grain yield due to xgzznhxnn application was
recorded in this trial which was not significant.

10. It was noticed that rhizobia applied as seed coat do
not move lower down to the roots where they are
required to infect the roots and form nodules. Such a
possibility was recorded in an Alfisol field with <100
native chickpea rhizobia per g soil and tested in
further field and pot trials.

11. Liquid method of Rhizobium application was found
superior to traditional seed coat method.

Obiectives

1. To quantitatively relate soil Rhixohium population
to success of inoculation in a range of soils.

2. To jdentify and classify Rhizabium strains in
field populations nodulating chickpea and study their
variation between seasons and interaction with
inoculant strains and environmental viriables.

3. To determine whether the success of inoculant strains
is dependent on inherent competitiveness.

4. To select effective competitive rhisobia as inoculants
capable of forming nodules in both favourable and
adverse soil conditions.
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Background

Work commenced on the two original projects in 1976.
The major early achievement was to develop a technique of
growing chickpea in test tubes thus meking it possible to
use the serial-dilution, plant-infection technique to
estimate numbers of rhizobia in soils or any medium where
other organisms were present. This was particularl
important as no other host was available to be substitut
for chickpea as a trap host.

The use of chickpea as a trap host not only provided
the essential tool to count rhizébia but the nodules formed
on the plants from the soil samples served as a source of

for pure culture isolates for the
collection. The collection also continued to build up from
isolates obtained from nodules ocollected directly from
farmer's fields during nodulation surveys and from overseas
sources.

Previous work has provided a reasonably clear picture
of the populations of chickpea rhisobia at ICRISAT.
Normally cropped Vertisol fields generally have populations
of 10° to 10° per g soil. Various experiments, with
differing objectives, have included noninoculated controls,
and significant yield responses to inoculation have been
measured only in three out of 7 fields with low native
Rhizaobium populations {.e. <100 rhizobia per ¢ soil (Table
1). No yield responses have 80 far been observed in fields
with 10 or more rhizobia per g of soil. Also surprising
has been the virtual absence of chickpea rhiszobia from the
Alfisols on ICRISAT, in spite of the close proximity of the
differing soils, and the apparent opportunities for
contamination in dust, on vehicles and farm equipment etc.
Water of all ICRISAT lakes was also apparently free of
chickpea rhizobia when checked in April 1982.

The work in this project in 1981-82 therefore
concentrated on the relationship of soil populations and
responses to Rhizaobium inoculation.

A. TESTS OF MODIFICATION OF COUNTING TECHNIQUE

Por estimation of wmost probable number (NPN) of
chickpea rhizobia the serial dilution plant infection
technique uses chickpea plants grown asceptically in 200 x
25 mm test tubes. The plants are dwarfed by excision of
cotyledons of germinating seedlings immediately before
sowing. Tubes, plugged with cotton, contain 30 cc of coarse
sand (2-4 s diameter) supplied with 9 =ml of nutrient
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solution (Toomsan et al, 1984). Plants grown in plant
growth units requir® at least one watering with 3-5 =l of
nutrient solution per tube at sbout 20-2% day age. After §
veeks the plants are harvested by washing the sand awvay for
nodulation observations. We conducted some experiments in
an effort to improve upon this method.

Expsriment l: Taat of antrisnt solutions and plant growth

In the summer of 1981 we noticed problems in tubed
chickpea plants in the plant growth units. Leaflets showed
yellovw spots similar to K dcticienc{ sesn on white clover.
The symptoms were evident on older leaves first and extended
to growing leaves in about 2 weeks. About 408 of the plants
vere growing poorly and some died, while some nodulated and
survived for 6 week growth period. In an experiment
designed to test recovery of s rhizobia in suspengion of
known numbers using tubes plugged with sponge rather than
cotton, only 508 of tubes formed nodules with either
treatment, even when 15 rhigzobia were added per tube.
Samples from both normal and unhealthy plants were
chemically analysed by B8o0il Chemistry section. These
results were as follows:

Normal 2.10 0.94¢ 1.41 0.26 47 25 286 120

Unheal- 1.47 2.25 1.02 0.23 45 100 210 55
thy

While the symptoms suggested K and Nn deficiency (Dr.
N.P. Saxena personal communication) and this was supported
by the data above, we could not explain why these elements
should become deficient in some tubes apd not in others
while they are all supplied with same nutrient solution.

mn.np B.' Rupel‘. 0.P., Mittal. 8., D‘tt' PJde., and Clark
K.N. 1984. Counting Cicer Rhixobinm using a plant
infection technique. 8o0il Biology and Biochemistry,
Accepted for publication.
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Reading's W-free solution had been used since 197¢. We
set up a trial to re recoveries of rhisobia when the
host plants were grown with 4 different noutrient solutions
(Table 2). Leaves had similar s ons to those seen
earlier. The results indicated that there were skips in
nodulation with all four solutions. The plant growth
problem vas clearly not solved.

Examination of the pE of the sand and nutrient solution
(Table 3) 4id not solve the problea although high pH levels
o:dloan‘ot the sands were considered to be very marginal for
nodulation.

Bowever from 15th May 1981 we replaced Reading's N-free
solution with Arnon's* to provide a more repeatable solution
using demineralized water + nminor elements rather than
relying on tap water to provide minor elements as is the
case for Reading's solution,

We also examined the temperature levels in the plant
growth units. The ambient temperature during the period
April to August 1981 were usually above 22°C for most of the
period during the day. Temperature charts 0of the same
period in 1980, the previous year, showed temperatures
mostly around 20°C and always below 25°C which is considered
to be satisfactory and allows successful nodulation even
wvhen only one viable Rhizahium cell is present in the tube.
A systematic set of temperature measurements was collected
in April-Nlay 1981 (Table 4). We concluded that with all
lights 'ON' the tempetature inside the tubes exceeded the
air temperature by 3-7°C. With only one of each pair
functioning the differential was 2-4°C. To achieve 25°C |in
the tubes therefore requires an air temperature of not more
than 20°C and in the summer this can only be achieved bYy
removing one of each pair of lights.

Prom 3rd August 1961 we maintained ambient air
temperature at 20 £2°C. The experiments conducted after
this date 4id not give any problem of plant growth., We did
not see any yellov spots on the leaves. We believe that our
problem with growing chickpea plants was due to temperature
rather than nutrients but this has not been conclusively
shown.

*Arnon, D.I. 1938. Ricro elements in culture solution
experiment with higbher plants. American Journal of
Botany 25:1322-325%
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2: Raplacing sand xith agar for growing chickpea
Rlants

The original decision to use sand instead of the wmore
commonly used agar followed early experiments at ICRISAT in
vhich nodulation of plants was more reliable with sand.
Bowever the chickpea plant tubes used for NPN estimates of
chickpea Rhizabium require 1 to 2 waterings during the plant
growth period. The amount and frequency of wvatering
necessary is certainly based on a subjective decision and
errors occur. Another probles associated with the use of
sand is the need to wash and remove the sand at the end of
experiment to see the nodules.

During 1981 the issue of agar vs. sand was again
raised. Dr. R. Islam, Nicrobjologist at ICARDA claimed
success in nodulation using agar and Dr. K.
Lakshminarayana, MNicrobiologist at HAU showed plant, tubes
succesafully nodulated in agar. Comson to both situations
vas the use of Jensen's agar medium and the Gibson tube
technique (roots enclosed and tops outside the tube). Dr.
Lakshminarayana prepared his agar in such a way that the
agar contained very msany small air bubbles.

¥We examined plant growth assemblies by comparing the
recovery of Rhizohium from a plate counted suspension.
Pollowing our normal practice the plants were grown wholly
within the tube using pregerminated seeds with excised
cotyledons. Por preparation of “"aerated agar®, tubes were
cooled to 55°C in a water bath and shsken vigoroully on a
"Vortex" shaker until the agar started to solidify. These
vere then cooled to prepare both "plugs® and “slopes”.

Clearly agar based media were no more successful in our
hands than it had been in the past- -(Table 5) as the numbers
of positive tubes were much less than in sand wvhere the
expected number of positive tubes was obtained.

Bxparipent 3: Alternative £o plant growth unit

The plant growth units in use at ICRISAT are large and
suitable for growing many plants. Por an ogcasional user a
smaller facility would be ideal particularly if it could be
shifted easily. We therefore compared a lighted incubator
(Percival, Boone, IOMA, USA model I 35 LL, with standard
fittings) with ICRISAT-designed plant growth unit for
suitabllity of growing and nodulating chickpea plants. The
Percival incubator has 65 cm x 65 cm shelves fitted with two
fluorescent tubes (60 cm, 20 W) per shelf. Height of a
ghelf can be adjusted to requirement. The results (Table 6)
indicate that plants can be grown and nodulated in the
Percival incubator with similar success to the plant growth
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unit. It is preferable to provide lateral {llumination
light 1ntcnlic¥ vas 13-31% less with top illumination
bo::u-c of the interfereace by the cotton plugs in the
tubes.

B. SURVEYS

JaGwalior and Rajasthan

In January and Pebruary 1982 surveys were conducted in
the Gwalior ares of Madhya Pradesh and lngaathan to examine
the relationship of soil populations, soil characteristics
and nodulation status. 80il samples were generally
collected from the inter-row space in chickpea fields. In
Gwalior area some samples were also collected from fields
expected to grow chickpea in 1982-83, to hols select a field
with low chickpea Rhizchium population for a subsequent
trial. The majority of samples came from farmers' fields
and some from research stations. PFrom easch site, five
separate samples, each to 15 cm depth (30 cm depth in case
of Rajasthan area) were pooled, placed in a plastic bag
sealed and stored in an insulated box. Samples were
returned as soon as practicable to the laboratory and stored
under refrigeration until all tests were completed within 18
days of collection.

In the Gwalior survey about 39% of farmer's fields had
populations <100/g d4ry soil (Tables 7 and B8) ~ levels
considered on ICRISAT experience to be 1likely to allow
nodulation responses to inoculation (Table 1). In most of
these sites nodulation of plants was poor with many plants
not nodulated. However there wvas no significant correlation
of populations with nodulation nor with otber soil factors
measured (Table 9) exzcept that populations were negatively
correlated with soil NO, level.

In the survey of Rajasthan,. 29% of the fields were
either free of rhizobia or contained very low numbers (< 20)
(Tables 10 and 11). Although some plants were nodulated in
fields from which no rhizobia were recovered, but which
clearly sust have contained the rhizobia, the plants in 2
fields were also free of nodules (Table 10). There was no
obvious relationship between soil characteristics (pH, EC,
soil moisture, nitrate nitrogen) and Rhizgcbium populations
although there was some correlation of pulations and
nodulation with percentage soil moisture (Table 12).

The relationship of numbers of rhizobia to soil depth
vas also examined at 3 spots of a sand dune growing chickpea
in Rajasthan (Table 13). Variation was grest and rhisobis
were found even belov one metre, the only consistent factor
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being that numbers in the 0-15 cm depth were low.

Nodules formed st the highest dilution of each soil
sample collected from Gwalior and Rajasthan were stored for
isolation of rhisobia. These were to be used for testing of
efficiency of fixation.

ib) Baryana Agricultural Dniveraity, Biasar

On 20 January 1962 a similar sampling was made on $
spots in field 92/2 at the n-nwnan Agricultural University,
Bissar. Counts were made on all 35 samples from 5 spots
vith 7 depths per spot on 2 Pebruary (Table 14). WNumbers
vere much less variable than at Rajasthan and similar to
figures found at ICRIBAT in previous years.

Jc) ICRISAT Canter

Rbhizobium populations were also measured on pooled
samples of S spots per field, collected from the top 15 cm
in the pesticide-free fields at ICRISAT (Table 15). The
fields were examined mainly to identify fields devoid of
thizobia for experimental purposes. Of the 11 fields, 8
sub~fields were found to have <10 rhigobia/g.

Pields under chickpea in 1981-82, including Alfisols,
were also sampled at ICRIBAT. Bach sub-field was about 1
hectare. A total of 10 spots wvas sampled to 0-15 cm depth
and the samples pooled. Samples were processed within 2
days of collection. MNost of the Vertisol fields in Nanmool
basin and the precision fields had adequate populations
vhile most of the Alfisol fields had <20 rhisobia per g of
soi)l (Table 16).

Seventy four Rhizchium strains representing 18 ICRISAT
fields were isolated from nodules formed at the highest
dilution used. These have been authenticated and
freeose-dried for future use to determine effectiveness of
native populations.

C.SBLECTION OF INOCULANT STRAINS

Nost of the strain collection has been made during
nodulation surveys in farmer's (fields, when nodules of
interest have been collected and brought to the laboratory
for isolation of rhiszobis. Generally large sized, pink
nodules are selected. After the isolation is made on yeast
extract mannitol agar (YNA) with Congo Red the isolate is



used as an inoculum on & chickpea plant grown under aseptic
conditions (sutheatichtion). If it forms nodules it
qualifies as a chickpéa Rhizohium strain, It is then
necessary to determine both the effectiveness in n,-fization
and the competitive ability of the strain.

Authenticated strajins are then tested in replicated
trials in the glasshouse, in pots of sand for their relative
efficiency in N,~fization with one or more ocultivars.
Noninoculated and noninoculated MN-fertiliser (KNO, ) pots
serve as controls. Nodule number, nodule weight,
nitrogenase activity as measured :z acetylene reduction, and
shoot weight per plant are measured. The best performing
strains, based on shoot weight, ‘are tested in the field for
their performance in fixing nitrogen and competitiveness.
As techniques Dbecome available for measurement of
competitive ability, as indicated by the proportion of
nodules formed by the inoculant strain, the selection
pressure can be increased. In the previous studies in
glasshouse, the wmajority of the strains isolated from big
pink nodules have turned out to be effective and 4id not
differ significantly from each other even when collected
from well separated sites.

In tield conditions at ICRISAT only 2 out of 11 trials
conducted since 1976 have shown significant increases in
grain yield with any inoculant strains (Table 1). These 2
trials were conducted in fields with low native populations
of chickpea rhisobia. However a total of 7 trials were
conducted in fields with <100 rhizobia per ¢ soil. Pailure
to respond to inoculation could have been due to {) sof]l] N
being high enough to meet crop demand, ii) strains not being
competitive with native soil flora, iii) native strains
being as effective as the inoculant strains, or iv) rhisobia
not establishing in s0il because of some soil factor(s). We
need to review all our previous trials in detall.

In peninsular India chickpea is usually grown on
Vertisols with residual wmoisture and generally have >1000
rhizobia per ¢ soil. B8uch studies have not been rewarding
in differentiating between strains, so in 1981-82 we
departed from this practice to enable us to examine the
performance of strains under low R conditions and with low

native Rhixobhium populations.

We conducted 4 field trials including our AICPIP
commitment in field RCE~4. Tha field RCE~4 was chosen
because of its lowv nitrogen status and lowv Rhizghium status
(<10 rhisobia/gram). The s0il nitrogen was depleted by
groving a maize crop between July and October 1981 and the
pooled s80il sample of the le field (also used for
Bxperiments 2 and 3 Dbelow) had the followi
characteristics: W0, <2.5 ppm, pB 6.3, EC <0.1%5 m mhos/

(= 150 micro Siemens). Unfortunately the plant groutb was
not uoniform, and, while the area subsequently sown to
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Experiment 2 grew good maize, that sown to Experiment 1 and
3 was poor thus possibly failing to adequately reduce the
available N in the soil.

Expariment 1l: Bcrsasning of Rbhizobhium atraina

This experiment was based on the AICPIP (All India
Coordinated Pulse Improvement Project) screening trial which
nominated 15 strains for inclusion. Because  we had
infective rhizobia from only six locations (one each), we
substituted with our own strains.

The 15 strains used for this study comprised -]
effective strains (IC-53, 1IC-59, IC-76, IC-94 and 1C-149)
and one ineffective (IC-6) isolated at ICRISAT; 2 effective
overseas strains (IC-2002 and 1I1C-2072); 1 streptomycin
resistant mutant of I1C-2002 (CH-1); and 6 ‘strains
recommended by AICPIP from 1Indian research centres (B-1,
Ca-181, CBB-32, CB-777, P-6 and KG-31). We also included
RifTAL 1inoculant which contained mixture of three strains
(PAL-480, TAL-620 and TAL-1148). Noninoculated and urea
applied (150 kg N/ha) controls were tested with the locally
adopted cultivar Annigeri.

The so0i]l was cultivated and formed into beds with
centres 1.5 = apart. BEach plot consisted of 6 m.x 4 rows
sown on one bed. A pre-sowing irrigation was g¢given on 20
October 198l1. The sovwing was sade on lst Novemwber, 1981 in

RCE-4 in a randomized block design. A subsequent irrigation
schedule involved approximately 25 cm irrigations with

‘perfo' pipes at 21, 40, 52, 64, 79 and 89 days. When urea
was applied it was banded into shallow furrows at the side
of the plant roots in equal doses of 75 kg R/ha at 21 and 39
days after sowing. )

The inoculant used generally contained at least 10°
rhisobia/g, with the exception of 1C-6 (Table 17), and most
seeds actually received >10° rhizobia/seed. Nodulation was
examined 20 and 45 days after sowing. On both days in spite
of irrigation at 23 days and 40 days, the percentage of
nodulated plants was lov (Table 18). At 20 days none of the
treatments nodulated better than the control. Although over
half were superior at 45 days (Table 19) nodule numbers were
low. The absence of significant differences in top weight
between noninoculated controls and Rhizobium strains (Table
19) is only explicable in terms of the apparently poor
growth of previous uniformity crop in this part of the field

thus perhaps leavi wmore residual nity
chickpos. ng rogen for the
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At 113 days, total dry matter production and grain
yield were measured (Table 20). Treatments in the first
column have been ranked in order for dry matter grodnctlon.
With the notable exception of urea which clearly favoured
dry matter production over grain yield, rankings of strains
were not different. Strain IC 2002 (RCR 3889 ex-Rothamsted,
oCC 1192 ex-Australia) ranked first in grain yield and @ar
matter IC-6, and IC-2072 ranked below the control, althoqu
I1C-2072 was expected to be effective on the basis of our
previous pot test in January 1980.

Because of the poor initial nodulation observed at 20
days, 10 plants were uprooted from each replication of each
treatment on the following day. SProm the 40 plants the seed
coats and cotyledons were separated, bulked and shaken in
sterilized tap wvater from which aliquots of a serial
dilution series were used to provide an NPN estimate of the
rhizobia on cotyledons and seed coats. There were clearl
still fairly large numbers of rhizobia adhering to the -..5
coat and cotyledons (Table 17) so that poor nodulation was
not due to lack of inoculum.

A similar trial was conducted under AICPIP at 13
different locations in the country including ICRISAT Center.
Inoculants for all the 15 proposed strains for all the
locations were prepared at ICRISAT using gamma irradiated
peat, from Australia, as & carrier. All the strains
qualified all the requisite tests before being used as
inoculant. Pour (IC-%9, IC-94, IC-2002 and IC-2072) of the
15 strains were contributed by ICRISAT. Besides these four,
strains CH-1 and I1C-2018 were also supplied on request. At
ICRISAT, we included four more strains (Table 17) besides
those agreed by AICPIP. Strains RG3 (Dholi), DG-34, DG-90
(Durgapura) and H-44 (Jabalpur) though agreed for inclusion
by AICPIP were not used at ICRISAYT because they d4id not
nodulate chickpea during authentication tests though the
inoculants for these strains were provided by the source.

Statistically analysed data were available only from §
of the 13 locations wvhere this trial was conducted. None of
the 15 strains occurred in the top S positions at all the
six locations. IC-94 and IC-2072 occurred in top 5 position
at two of 6 locations and IC-59 and IC-2002 at one location
each. On an average, strains IC-59, 1IC-94 resulted in
14.28, 11.6% increase in grain yield. The data are
summarised in appendix 1.

Experiment 2: Strain x cultivar interaction txial (AICPIR)

This experiment, with the same design and occasional
modifications of strain and cultivar, has been carried out,
at a number of ICAR centres in India for, at least last 6
years. At ICRIBAT Center this has been conducted for 4
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yeats on Vertisol soils and no significant yield or
nodulation responses have been messured (Table 21). 1In
1981-82 the treatments sown in Alfisol field RCE-4 were as
follows:

Annigerd 1C-76
BDN 9-3 x  B-4$
K-850 p-75

Controls: - noninoculated
- noninoculated + ucea
(150 kg/ha)

In contrast to the normal AICPIP design of a split plot
the experiment was sown as a randomized block. An Alfisol
s0il was (RCE-4) selected, as in experiment 1, to allow
expression of the objective of the experiment viz., to see
vhether there was an interaction between strain and host.
Clearly this is wmost likely to be expressed where other
Rhizobium strains are absent and where soil nitrogen levels
are low,

The experiment was sown on 1 November 1981. Inocula
for the study were prepared at ICRISAT in sterilized peat
carrier and forwarded to all collaborating centres in India.
All inocula contained >10' rhizobia/gram. The sowing was
made on beds with centres at 1.5 m» as in Experiment 1.
However these plots of 4 rows were 10 metres long.

The following observations were made:

20 days proportion of plants nodulated, nodulation
45 days proportion of plants nodulated, nodulation
74 days detajled measurements of nodule, nodule

veight, nitrogenase activity and top
dry weight of.plants measured on

0.6 sq.m/plot which included 12-27
(mean 20) plants.

92 days N-uptake on a 1.2 8sq. m area

110 days final harvest of grain and total dry
matter.
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At 20 days after sowing, when most nodules on chickpea
grown on Vertisols are formed, nodulation was poor (Table 22
and 23). With the best strain, H-45, on the wost
prolifically nodulating cultivar, K-850, only 348 of plants
carried nodules. The control plants were virtually free of
nodules and nodulation with IC-76 was no better than the
control (Table 23). At 22 days cotyledons from plants were
removed and the number of surviving rhizsobia determined
(Table 24). A8 in the previous experiment there were still
at least 900 rhizobia present”’ per seed after 22 days
although these had declined from the inoculum available at
sowing. The nodules formed after irrigation were on
epicotyl roots which were not evident at 20 days.

Without inoculation nodulation was never more than S%
even at 70 days (Table 22). At 20 days H-45 was the most
successful strain and IC-76 the least, and this ranking
continued throughout the 3 samplings. By 70 days some
combinations were still <80% nodulated. Of the 3 cultivars
BDN 9-3. was generally the most poorly nodulated but the
magnitude of the differences was not great.

It is tempting to associate the superiority of BH-45
with its faster growth in culture, and hence more rapid
colonization, compared with the slower growing I1C-76.

It was also concluded that the improved nodulation at
45 days was the result of an irrigation at 21 days but this
needs to be further examined,

The data collected at 74 days have been examined on
plant and area bases. The failure of controls to nodulate
clearly indicates that the site was suitable for such an
experiment. The most significant point is that while
significant treatment effects were measured on all
nodulation criteria on both plant and area bases and on
specific activity there was never any significant
interaction between host and Rhizobium (Tables 25, 26, 27
and 28). The cv K-850 carried more nodules (Table 25),
which weighed more (Table 26) and gave higher nitrogenase
activity (Table 28) than the other two cultivars when single
plants were examined. Similar results were obtained on an
area basis. '

The superiority of B-45 and P-75 over 1IC-76 wvas
consistent for nodule number and nodule weight on both plant
and area basis but only B-45 was superior in N,-fixzation,
and then only when examined on an area basis. MNevertheless,
there was a consistent ranking of H-45, P-75 and IC-76 in
all criteria. In contrast, the specific activity of 1C~-76
nodules was greater than the other two strains (Table 27)
while there were differences between cultivars. This could
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be due to the fact that nodules of IC-76 were Yyounger as
they could have formed later than H-45 and P-75. This viev
is strengthened by the fact that the grain yields of P-75
and IC-76 were similar. 1In dry matter yields at 74 days
(Table 29) the effects of lack of nodulation and of nitrogen
application were dramatic and significant. OUnder the given
experimental conditions, B~-45 was a significantly better
strain than IC-76 on both individual plant and area bases.

Surprisingly the dry matter production of K-830 was no
better than of the other cultivars, either as single plants
or on an area basis (Table 29), in contrast  to its
nodulation performance (Tables 25,26 and 27). Although the
percentage N in the tops at 74 days was consistent between
strains and cultivars (Table 30) the product of ¥ield/ha x
NS (ie N yield/ha) was Annigeri:BDN 9-3:1K-850 :: 36:36:31.

At 92 days a small area was sampled for estimation of
dry matter production and N-uptake. Btatistical ahalyses
were not possible (Table 31) because of heterogeneity of
variances. Purther, the appsrent success of IC-76 and
Annigeri even being superior to the urea treatment does not
agree with observations, notes and photographs at other
dates suggesting that some confusion has occurred in the
sampling. Results of both dry matter and N-uptake of BDN
9-3 and K-850 confirm the poor ranking of IC-76 previously
observed.

At 110 days dry matter production and grain yields
showed similar trends as for nodulation and N,-fixation
(Table 32). K-850 was ranked first among the cultivars
although not significantly superior. Among
strains B-45 ranked first and IC-76 last. The differences
between strains were not significant but all strains
exceeded the noninoculated control.

Correlations between N;-fixation and yield of
inoculated treatments at 74 days were all of the order of
0.63 - 0.66 and the N ~fixation parameters vere
significantly correlated with final grajin yield at 0.57-0.61
(Table 33). Clearly, however, much of the variability is
due to factors other than nodulation (N-uptake ?) and this
is exemplified by the lack of growth response of X-850 at 74
days inspite of its superior nodulation.

Percent N in the grain was significantly different
between cultivars and inoculation treatments, again without
significant interaction (Table 34). The expression of these
results in terms of protein (Table 35) illustrates very
clearly that while cultivars can differ in protein
percentage, the actual percentage can be markably affected
by the nitrogen regime. Thus selection for protein content
is only practical by ranking of varieties tested under the
same conditions.
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The same trial with some changes in cultivars from one
9¢ogr aphical sone to next was conducted at 14 locations

uding ICRISAT center. One of the strains in this trial
wvas from ICRIBAT - IC-76. Results were available from seven
locations and interactions were significant only at two
(Jabalpur, Varanasi) of these locations. Treatments
differed significantly at six locations. With the best
combination of cultivar the increase in grain yield due to
IC-76 ranged from 0.5% to 42.9% at different looations with
different cultivars. The results are summarised in appendix
2.

D. RHBIZOBIUM INOCULATION STUDIES

Lxperiment li Iaat of rsasponss f£o inoculation

A number of the pesticide-free Vertisol fields at the
south end of ICRISAT Center are known to have been free of
chickpea for the 10 years of ICRISAT's presence. It was
expected that Rhizobium numbers would be low and that
inoculation responses may well be found. Buch filelds
constitute a parallel with farmer's fields nov being sown to
chickpea for the first time.

Field BUS 1l1F was chosen after the population of
rhi:obia was found 'to be 48 per g soil. The experiment

rised 10 replicates of 2 treatments - inoculated and
non noculated. Seeds were inoculated with a peat culture of
IC-76 and were hand sown into flat land in rows each 30 om
apart with 10 cm spacing on 2 November 1981. On each of
following four occasions a strip of plants covering 9 rows
near the end of the plot vas removed for examination of
nodulation and N,-fixation.

Days after No of plants
sowing examined
19 15
40 15
61 33-53
76 11-27

n a drymatter samplina at 74 davs
7 rows x 1 m (= 2,1 »*) and thus provided an estimate of
l"uptlk e,



Page 16

The final harvest was made on 22nd January 1982 at 114
days from 7 rows of 1lengths between 5.2 to 5.7 m (ares
harvested =10.92 to 11.97 m'). Bach sampling was separated
from the next by at least one plant in the row.

nley

The perjodic nodulation observations made between 19
and 76 days after sowing are presented in Tables 36 and
those for shoot weight and N-uptake between 19 and 74 days
in Table 37. Nodule number, nodule weight and nitrogenase
activity clearly showed an inoculation response (Table 36).
Plant growth followed an expected trend with a maximum at 74
days (Table 37 and 38), by which time nitrogenase activity
had certainly declined (Table 36). N uptake per plant also
increased to 74 days (Table 37). The decline in SN in the
shoot after 40 days agreed with the evidence of decline in
acetylene reduction (Table 36). Total dry matter production
and N uptake at 74 days were significantly improved by
inoculation (Table 38). Visual ratings at about 65 days, by
officers not familiar with the plan, consistently ranked the
growth of the inoculated plots above or not less than, those
noninoculated but this was not reflected in any significant
differences at final harvest (Table 138).

Ne manually picked Heliothis larvae from all the plots
from 30 days until a week before harvest and removed about
17000 larvae from the trial. Despite this effort 33% pods
were damaged - (3111.0 and 34.2+2.4% pods were respectively
damaged in noninoculated and inoculated plots). Taking the
damage in account the grain yield was increased by 138 with
inoculation but this was still not significantly superior to
the noninoculated control (Table 39).

Bxpariment 2: Methods of Rhizobium application

In experiments 1 and 2 reported in Section C above,
peat-based inoculant was applied to the seed by the
traditional method using methyl cellulose as an adhesive.
In the Alfisol soil of RCE-4, where soil moisture changes
are so rapid, poor early nodulation was apcribed to the
failure of rhizobia to migrate to the root although there
wvas sufficient moisture for germination. A field experiment
using strain IC-76 and cv. Annigeri was therefore designed
to examine this hypothesis using the following treatments:

l. Traditional seed inoculation with adhesive
(2.56 kg inoculant/ha i.e. approximately 18
times the recommended rate)
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2. Traditional seed inoculation (2.56 kg
inoculant/ha) followed by irrigation

3. Granular inoculant i.e. peat inoculant applied
to sand as a carrier (4.8 ¢ inoculant gor kg
2-4 » diam sand applied to provide 3.17 kg
inoculant/ha) and placed below the seed.

4. Liquid inoculant i.e. peat inoculant suspended
in water and poured on seeds after sowing
(1 ¢ inoculant/litre water applied to provide
2.67 kg inoculant/ha. About 3 1 inoculant
suspension wvas used per plot of 7T mx 1.5 m)

5. Suitable controls vis., untreated seed,
untreated seed + liquid and untreated seed
+ {rrigation.

The estimated numbers of rhizobia applied per seed
(based on a peat inoculant containing 10° rhisobia/g) were
as follows:

1. Traditional 9.5 x 10
2. Granular 1.2 x 10;
3. Liquid 9.9 x 10

The experiment wis sown on 27 November 1981 in RCE-4,
the same field as for Experiments 1 and 2 on Rhischium
strain selection. The trial was replicated three times, in
4 row plots of 7 metres length, with 30 x 10 cm spacing.
The experiment had to be irrigated 13 days after sowing
because adjoining trials in the field used sprinkler
irrigation which covered this experiment. This trial was
also irrigated 25, 37, 51 and 61 days after sowing.
Sampling for nodulation and N, -fixation was made 60 days
after sowing. Pinal harvest for dry matter and grain yield
was done 87 days after sowing.

Though some plants nodulated without inoculation,
inoculation significantly improved the proportion of
nodulated plants, and the mean number of nodules r plant
vith all treatments (Table 40). In both criteria the
presence of moisture as irrigation or as an inocuvlant
carrier, gave better results, but nodule number, nodule mass
and nitrogenase activity significantly exceeded the ocontrol
with 1liquid inoculant only. As may reasonably be expected,
specific activity vas not very different between any of the
treatments or the controls (Table 40). However the mesn d4ry
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veight of plant tops at 60 days was significantly increased
by treatments receiving water as irrigation or as part of
inoculum over relevant controls (Tsble 41), the only
exception being the 1iquid inoculant. By the final harvest
no trestment showed significant responses in either dr

matter and grain, although the 1liquid and irrigat

treatments vere again ranked highest. Nodule number, nodule
weight and N,-fixation were all correlated with grain yield
(Table 42)., The fairly consistent superjority of the liquid
inoculant, and of the normal inoculant with irrigation lends
some support to the hypothesis that colonization by .the
rhizobia is improved by the presence of 1liquid which
presumably results in more rhizobia being available for
infections away from the seed coat. While |t is also
possible of course that survival of the rhisobia is improved
by the presence of added mofsture, the low nodulation (56%)
of plants nodulated by granular inoculant in spite of the
highest inoculation rates, supports the former possibility.

The rates of inoculation in this experiment were of the
order of about 15x normal rate, and provided about 10’
rhizobia/seed, but no treatment achjeved 1008 nodulation,

Expariment 3: Pot trial to sxaming methods of Rhizobiw

annlication

The results of the previous experiment suggested that
poor nodulation in Alfisols could result from the imability
of inocula to migrate in the absence of moisture, This
experiment was designed to provide a range of moisture
regimes expected to be adequate for seed germination but
di:gc:nntially affecting the migration of rhizobia from the
seed. .

The pot study was commenced in Pebruary 1982. Pots of
7" diameter were filled with Alfisol soil direct from field
RCE-4, which was known to carry a low (48/g soil) population
of chickpea rhisobia. Boiled dejonized water was used for
frrigation to about 198 moisture by weight (field capacity
approximately 20%) by weight through saucers placed at the
base of the pot.

At the start of the experiment, four replicate sets of
pots were watered 7, 5, 3 and 1 day before sowing with
cultivar Annigeri. Pour seeds were sown per pot after
inoculation by traditional seed inoculation, or by pouring 5
ml liquid (peat suspension) on each seed at sowing. Two
inoculant strains 1IC-76 and H-45 were used separately. No
vatering was done for 15 days after soving and the pots were
subsequently watered 5 times during plant growth period via
the saucers. MNoisture percent by weight was measured
frequently and is given in Pigure 2. The initial watesing
vas delayed to the point where plants were more sewerely
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stressed than intended. All replicates of treatmsnts (2
methods x 2 strains and 1 control) were co:slotoly
randomized in blocks comprising one watering peri
experiment was harvested at 30 days when the proportion of
plants nodulated, nodule number and fresh plant weights were
measured. The use of delayed sowing provided the following
initial moisture contents:

1 day 15.2%
3 days 11.8%
S days 7.6%
7 days S.4%

The experimental layout, using watering date as main
plots and randomising the strain x method treatments, d4id
not readily lend itself to a comparison of the separate
strain or method treatments perhaps because of extessive
drying before watering could be started and 1low moisture
later on. However at 30 days the liquid treatment with both
strains gave significantly greater proportion of plants
nodulated (Table 43) and more nodules per plant (Table 44A)
than normal seed inoculation. A delay in sowing affected
the proportion of nodulated plants but did not consistently
affect nodule number (Tables 43 and 44A). The absence of
significant effects of delayed sowing on plant growth (Table
44B) was not surprising as plants were only 30 days 0ld and
they had encountered excessive moisture stress.

At 30 days after the original irrigation the proportion
of plants nodulated was variable. BH-45 seems to be
consistently superior to IC-76. This result s oomparable
with that in Experiment 2. The expected superiority of
ligquid inoculant over seed inoculation is generally evident
but not always at all moisture levels.

As in the previous field experiement, inoculation rates
for seed were high. The quu}d inoculum provided between
3.4 x 10 (IC~-76) and 8,0 x (8-45) per seed. The
normsally inoculated seeds in our experiments carry >10°/seed
(Table 17) and hence the treatments are quite comparable.
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BRQIECT: CRP-MICRO-§ (81) (formerly CR-Micro-l (J€) 1)

AITROGEN FIXATION BX CHICKREA

Summacy

l.

2.

3.

4.

5.

Cultivar K-850 was significantly superior to Annigeri
for nodule number, nodule mass and nitrogen fixation
per plant whether they were sown on flat beds, sidges
or broad beds with and without mulch. Por plant growth
at different stages and drymatter at final harvest
K-850 had an edge over Annigeri but the differences
vwere not significant. Though Annigeri produced more
grains than K-850 which might have suffered Que to its
mediud maturity as it enters into unfavourable moisture
and environmental conditions while still podding.

Nodule number, nodule mass and nitrogenase activity
declined after 54 days sampling. Drop in nitrogenase
activity was drastic might obviously be due to
development of a more competitive sink - the flower

and pods.

Upto 41 days no significent differences in nodule
number, nodule mass due to different types of land
preparations were noticed. After 59 days plants-on
mulched broad beds were better nodulated followed by
flat, broad bed and rid?ol. Surprisingly, nitrogenase
activity of K~-850 was significantly inferior on flat
beds as compared to other land treatments but was still
superior to Annigeri which showed maximum activity when
sown on flat beds.

In Vertisols, chickpeas sown at 10 cm depth had about
388 less nodule number and 52% less nodule mass than
those sown at 5 cm depth. Plants from 10 cm sowings
also formed epicotyl nodules. This work seems to have
relevance in Vertisol soils where at least 90% of the
nodules are formed in top 15 ca profile.

Nodule number, nodule mass and nitrogenase activity
declined by about 26, 33 and 27% respectively in 30 day
0ld plants exposed to 24 h day length for 16 days

(from day 14 to day 29). At 50 days plants exposed to
extended day treatment had 37, 63 and 87% less nodule
nusber, nodule mass and nitrogenase activity
respectively. By this stage they had been exposed to
extra ;1ght for 30 days (from day 14 to day 43 after
sowing).

Of the three cultivars, Annigeri, L-550 and G-130 under
normal and extended day length, Annigeri had
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significantly more nodule number, mass and nitrogenase
activity at 30 days after sowing.

7. Decrease in Nodulation, W,-fixation and‘glnnt growth
was observed when the plants were exposed to four
increasing soil temperature regimes for 40 days from
day 7 to day 47 after sowing. At similar regimes
significant effects were seen only on nitrogenase
activity when the plants were exposed to differential
soil temperatures for 6 days from day 46 to day 351
after sowing. At similar regimes significant effects
wvere seen only on nitrogenase activity when the plants
were exposed to differential soil temperatures for 6
days from day 46 to day 51 aftet sowing.

8. 48 Rhixobium strains were obtained from the nodules
formed at various temperatures of which 16 are from
pink green nodules formed at high and very high
temperature regimes. We expect that these rhizobia
will be effective in nitrogen fixation at higher
temperatures which need to be tested.

9. Intercropping of chickpea with sorghum resulted in 59,
56 and- 59% decrease in nodule number, nodule mass and
nitrogenase activity per unit area basis respectively.

10. Cultivars K-850 and G-130 identified as high and low
for nitrogen fixation by acetylene reduction technique
were also high and low N,-fixing by ''W technique. The
percent fertilizer utilisation efficiency was <3% and
this raises a concern on the usefulness of ''N
technique for crops grown on residual moisture. ''N
technique can certainly be used for ranking cultivars
for nitrogen fixation.

Obiectives

l. To measure nitrogen fixation by chickpea in the field

2. To determine the nutritional and environmental
factors limiting nodulation and nitrogen fixatjon

3. To determine the amounts of fixed nitrogen made
available to subsequent crops.
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Mackgrannd

lost .of the work on this project bhas used the scetylene
reduction (AR) technique for wmeasurement of nitrogenase
activity. The technique is essentially as reported by Dart
at al, 1972. Chickpea plants growing in a given area are
carefully dug with maxisum roots and nodules intact.
txcised roots with nodules are placed in s container which
is then carefully sealed and is inzcctcd with acetylene to
achieve about.. 108 concentration inside the container. The
container is, incubated at about 25°C. A sample of the gas
is then drawn after 30 minutes and stored in a pre-evacuated
glass tube (vacutainer) until it is analysed on a gas
chromatograph in the laboratory.

Thitleichnléuo has been of great advantage because it
is quick and simple but its limitation is that it provides
information on N,~fixed at a given point in time. y

Our studies on this project started in 1976 with
measurement on AR of five cultivars over time. The trial
vas repesated in four subsequent years with four cultivars.
The Questions addressed were on {) cultivar differences, i)
differences betveen years, iii) diurnal variability, iv)
seasonal variability, v) effect of moisture, vi) effect of
location. Salient features of these studies have been
reported Dby [Rupela and Dart (International Chickpea
Workshop,1980) and in ICRISAT Annual reports of 1977-78,
1978-79, 1979-80 and 19080-81.

Expeciment 1: Land preparation and nodulation of chickpea

This study was conducted in collaboration with Dr. K.
L. Srivastava of Parming Systems and Dr. N. P. Saxena,
Pulse Physiologist. Dr. Srivastava wished to study the
effect of different land preparation treatments on the
incidence of cracking of Vertisol soils and its effect on
soil ~ wmoisture status. Dr. N, P. Saxena (Pulse
Physiology) wished to examine the effect of land treatments
on plant growth. Our interest was to examine the effect of
the treatments in N,-fixation. The treatments were as
follows:

1. broad beds and furrows

Dart, P.J., Day, J.A., and Barvis, D,.1972. Assay of
nitrogenase activity by acetylene reduction. Pages 88
to 100 In use of isotopes for study of Pertiliser
Utilizsation by Legume Crops. IAEA /PAO, Vienna.
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2. broad beds and furrows with straw muloh
2. ;id:!l and furrows
. fla

Two cultivars, Annigeri and at our request, K-850, were
tested. The design was a split plot with land treatment as
the main plot. Cultivars were sown in subplots 9 mx 7 =,
Howvever there were different numbers of rows between
treatments. Within rows plant spacing weas same in all
treatments (10 cm). Broad beds with centers spaced at 150
cm each carried 4 rows. These rovs were 30 cm» apart but the
space Dbetween the outer rows of eaclf bed was 60 cm. Ridges
were on 60 cm centres and one rov was sown on each aeide of
ridge so that all rows were consistently 30 om apart. Plat
sovings were also made with rows 30 cm apart. Thus the mean
numbers of plants/m! were 27.16 for broadbeds and 33.33 for
the other sowings.

The experiment in BP13 was dry sown with 2 seeds per
hill on 2-3 Kovember 1981, watered by "perfo® irrigation on
¢ November 1981 and the plants thinned to one per hill after
one week,

Nodulation and N,-fixation observations were made on at
least 66 plants taken from a narrow strip across the end of
each plot at 26, 42, 54, 70 and 84 days after sowing., Bach
sampling strip was separated from the next strip by at least
one plant. The sampled strips were marked by two strings
stretched across 8.1 m (22 rows) of the broad beds and 8.4 &
(28 rows) of the ridge and flat sowings at rov ends. The
strings were 30 cm apart but. it was evident from the
sampling data that although the seeds had been very
precisely sown on 10 cm spacing within the row (confirmed by
subsequent counts of ¢t remainder of each plot) the
theoritically expected number of plants (e.g. broad beds 22
rows x 3 plants = 66) was greatly exceeded. There were
clearly more than 3 plants removed from many rows so that
the effective area was not for example 8.1 x 0.3 m, The
calculations made on an ares basis using the results from
these strips were therefore derived from the single plant
deta x the theoritical number of Yluntu/n . The results are

resented in Tables 45-53, The final harvest at 117 days
gor dry matter and gqrain yield (Table 54) was made on at
least 6§ m length of the 22 rows (broadbeds) or 28 rows (flat
and ridges) in each plot and errors due to ‘area measurement
were sinimal,

Rasulis

At 26 days there were more nodules snd a greater nodule
wveight per plant (Table 45-48) on X-830 than Annigeri but no
differences between cultural treatments. On sh area basis
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there were thus more nodules on the ridges and flat bed
obviously due to more number of plants per unit area (Table
46, 48). Although Annigeri had a higher specific activity
than K-850, the latter had more dry matter production per
plant and per unit area than Annigeri (Table 52, 53).

At 41 days the superiority of K-850 was greater in
terms of nodule number, nodule weight and fixation per plant
and for unit area (Tables 45-51). The difference in
specific activity shifted in favour of Annigeri (Table 49)
but the previous differences between Annigeri and K-850 for
plant sise and yield/unit area (Table 52, 53) disappeared.

By 54 days significent differences in nodule number
vere no longer apparent (Table 45,46) but K-850 remained
clesrly superior in nodule weight in both single plant and
unit area basis (Table 47,48). The greater population of
plants on ridges and flat sowings had not maintaiped any
greater quantity of nodule per unit ares. Differences in
specific activity again emerged (Table 49) in favour of
K-850 so that fixation was clearly superior with K-850
(Table 50,51). This superiority wvas not evident in plant
size or dry matter production per unit area. The greater
number of plants on ridges and flat sowings perhaps resulted
in greater plant yield per unit area (Table 52,53) on ridges
and flat sowing than on broad beds.

At 69 days K-850 again had wmore nodules per plant
(Table 45) and per unit area (Table 46), greater nodule
veight (Table 47,48), retained its high specific activity
(Table 49) 80 that fixation was greatly superior (Table
50,51). Bowever, yields per  plant and per unit area
favoured Annigeri. This indicates that Annigeri is using
the alternate source of K, the s0il N pool. The treatments
wvith more plants gave signficantly greater top weight per
unit area (Table 52).

" The results at 82 days was essentially similar although
nodule number and weights had declined markédly especially
with Annigeri (Table 45-48) for which specific activity was
also drastically reduced (Table 49).

The superiority of Annigeri in dry matter production on
an aresa Dbasis (Table S3) was also reflected in grain yield
(Table 54). There is little doubt that K-850 fixed much
more of its own nitrogen than did Annigeri but N was
presumably not limiting and Annigeri was able to produce
both more dry matter and higher yield.

At the final harvest (Table 54) broad beds with mulch
resulted in significantly poor dry matter yield than all
other treatments and ridges ranked best. Rankings of grain
yield were similar. Cultivar K-850 produced significamtly
more dry matter than Annigeri but this trend was reversed
for grain yield. Clearly we cannot ascribe the greater
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yield of Annigeri to better, nodulation and N,~fization as
Annigeri alwe ranked lower than K-8350 for nodulation and
N, ~fization. The total dry matter of Annigeri was lesser
than K-850 while it ranked better than K-850 in all earlier
samplings. This could be because of more leaf fall in
Annigeri than in K-850. Also, Annigeri matures earlier than
:~:gg and might have shed Jleaves for larger period than

Expariment 2: Nodulation and N.-fixation mith different
aoxing daptha

During a field visit to the Pruit Research 8Station of
APAU at Sangareddy, ochickpea planted at different depths
were found to have different nodulation, with the deeper
plantings having poorer nodulation. As about 908 of the
chickpea nodules in Vertisols at ICRISAT Center are found in
the 0-15 cm profile deeper planting may be expected to
restrict the nodulation of chickpea.

To test this hypothesis a small trial with two
cultivars Annigeri and k-850, was planted on 2 March 1982 at
two depths, 5 and 10 cm. The trial was sown in RCB design
with three replications and plot siszse of 4 m x 6 rows each
30 cm apart in field BP 13. DNodulation observations were
made at 37, 47 and 59 days after sowing on 25-60 plants.
Root nodules and epicotyl root nodules were recorded
separately. ‘

Irrespective of sowing depth all nodules occurred below
S ca depth. (Pig.9) so that no epicotyl nodules formed on
seeds sown at 5 cm. However they were formed vwhen seeds
were sown at 10 cm. The data in Tables 55-39 are on total
trestment differences based on overall nodulation and
N,~€ixation while the proportionate contribution of the
epicotyl nodules to the overall nodule system is presented
in Table 60.

Total nodule numbers per plant decreased with age
(Table 55) with both cultivars although the changes were not
significant and were not reflected in nodule weight per
plant (Table 56). Cultivar K-850 sown at 5 cm carried
significantly greater numbers and weight of nodules than 10
cn while with Annigeri, which was poorly nodulated as
compared to K-850, depth had less effect. Similar trend for
nitrogenase activity per plant (Table 58) was also observed
but the activity declined with age of both cultivars
although the decline was significantly more rag:d with
Annigeri. When activity vas greatest (st 37 days) the shoot
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vu:ght- of both cultivars were superior with 5 cm sowing
(Table 59), all dates s ti that activity may bhave
commenced earlier ia ¢ shallover sowing. At otber two
samplings at 47 and 59 days also 5 cm sown plants were
better grown than 10 c» sown plants.

The only significant festure of the data on the
progortlunal contribution of the epitocyl nodules is that
k-850 carried a greater proportion of its nodule numbers and
weight in the epicotyl regions especially in the later
samplings (Tables 60). The differemces betwesn the
cultivars wvas even more marked in terms of nitrogenase
activity. By 59 days only 1.3% of Annigeri's N,-fixation
wvas from epicotyl nodules while those of K-850 contributed
51.7% (Table 60). SBimilar trend wvas seen for specific
activity also.

Quantitatively, the nitrogen fization per plant in
general wvas very poor for both cultivars particularly after
37 day sampling. This could be due to poor moisture status
of soil and relatively warmer temperature than normal as the
trial wvas sowvn at fag end of the proper chickpea season.
Though the s0il profile was recharged by watering with a
tanker, before sowing, it might have depleted relatively
fester than in a normal planted crop.

, Two obvious questions arose from these data: (a) in
the absence of sufficient moisture in the tep 10 cm for
formation of nodules does chickpea adequately compensate for
the lack of epicotyl nodules by growing them in the

hyToootyl rciion, (b) what is the significamce of the
cultivar difference evident . in Table 60. Since the

experiment was taken up at the fag end of chickpea growing
season in relatively warmer temperatures the experiment
should be repeated and alsoc the .answer to the gquestions
raised be attempted.

A2 Nodulation and N.-fixation with axtendsd day
langth

This experiment was comducted by Dr. N. P. BSaxena,
Pulse Physiologist. Treatments were normal and extended
days with cultivars Annigeri, G-130, and L-550. They were
sown in ridges and furrows in field BP 13 on 27 October 1981
under dry conditions and irrigated om 2 November 1981. Plot
sizse was dm, 13 rows with spacing of 30 x 10 cm in a split
plot design with day leagth as the main plots and cultivar
as subplots. The plots under different light regimes were
separated by screens and the day length extended to 24 h by
100w tungsten lamps, suspended 0.9 m above ground and
providing 20 lux at the plant surfaee. Lights were turned
on between 6 pm to 6 am from 10 November 1981 until 11
December 1981 for 31 days. Por plant growth and other
details incloding final yield, please see Chickpea
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Physiology Report of work, 1981-82. WNodulation ezamination
was conducted on samples consisting of all plants from a 1.8
Q.8 area at 30 and 50 day harvests.

At 30 days Annigeri had significantly lu:ortor nodule
number, nodule mass and nitrogenase activity than both other
cultivars, G-130 and L-550. HBowever it also reacted least
to extended day length although there was a general tendency
wvith all three cultivars for all nodulation slrlnotorl
except specific activity to drop ‘vith extended day length
(Table 61,62). B8hoot weight per plant or per unit area
tended slightly in the opposite direction (Table €63).

At 50 days cultivars 414 not differ seignificently in
nodule number or weight but the treatment ‘temained
significantly superior in normal day temperature (Table 64).
Specific activity was halved at normsal daylength and reduced
by about 80% with extended daylength s0 that nitrogenase
activity per plant or per sq. m. was also reduced due to
light treatment (Table 65). 1In contrast to the nodulation
parameters, dry matter yields generally tended to be more
with increased daylength (Table 66).

Also the significantly greater top growth of Annigeri
at 30 days vas not retained by 50 days vhen it was at least
equalled by L-550 ‘(Table 63,66). There seems little
evidence of a controlling effect of plant growth by
nodulation parameters. :

Experiment 4: Nodulatiop and N,.-fixation at different scil

At ICRISAT Center N,-fixatjon in chickpea occurs only
upto 40-50 days after sowing when the crop is grown under
residual moisture conditions while at Hissar, in north
India, it continues upto 150 days after sowing (ICRISAT
Annual Report, 1982). The levels of fixation are only
25~508 of those measured st Bissar. High soil temperature
at Hyderabad could be one reason for the lov levels of
N, ~fixation. Betveen sowings in mid-October and
nid-Decesber in 1980-81 soil temperature at 10 cm depth was
above 30 C for about 6 hours per day (e.g., Pigure 4). Dart
et al, 1975 found that 30 C was a limiting temperature for
nodule formation and N,-fixation by chickpea under
controlled environment conditions.

The present study was designed (a) to examine at the
effect of temperature on nodulation N,~fixation and on
Rhizabius populations in the soil and (b) to select
Rhizobium strains which would fix nitrogen at the higher

[

— e
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temperatures. Por this purpose We grev plants in mixture of
soil from several fields wmized with small quantities of
inoculants of chickpea rhisobis of several different origin
in peat carrier. Plants were exposed to different soil
temperature treatment after a period of 7 days till the
plants emerged. This period of common temperature
environment for all treatment in glass house was provided to
facilitate infection process Dbefore the temperature
treatment were introduced. It was hoped that the nodules
thus formed and functioning at higher temperature may be
from strains resistant at these temperatures. The strain,
Ca-2 reported to be fixing nitrogen at above 30°C by Dart gt
Al 1975 was planned to be used as check but could not be
procured though all possiable sources were tried.

We did not introduce the temperature treatment from
sowing with the reason (a) even infection process may get
affected at higher temperature and hence we may not get
nodules functioning at these temperature vhich was one of
the objective, (b) seed germination may get affected at
different temperatures and plants may emerge at different
times and hence confounding the studies with age of plants.

S8oil from 8 different ICRISAT fields which were known
to have >1000 rhizobia per ¢ soil (Appendiz 3) was
collected, air dried, shredded and mixed thorouqh1{£1n equal
proportions. Ten g each of the 35 different peat inoculants
(Appendix 4) and 50~100 g soil from each soil sample _from
farmers fields in Nadhya pradesh and Rajasthan which are
listed in Table 7 and 10 were pooled and mixed with the main
bulk of soil from 8 fields. The mixture was found to have
>10° rhizobia per ¢ soil, pE 8.3, and electrical
conductivity of 0.24 mmhos/cm’. BEach pot contained 16 kg
mixed s0il + inoculant.

"Thirty two pots were each sown on 29 January 1982 with
15 seeds of cultivar k-850 and thinned to 10 per pot 7 days
after sowing. Pour of these pots were placed in each of ¢
temperature controlled water baths (Delta Cold Pty Ltd.,
Osborne Park, Western Australia) immediately after thinning
and held for 40 days before harvest. The water level in
baths was adjusted on altenate days to reach slightely above
the level of soil in pots. The remaining 16 pots were grown
in the glasshouse, beside the waterbsths under the same
light and ambient temperature conditions (25 $£2°C) for 45
days before being split into group of four ‘and placed in the
vaterbaths for 6 days (from day 46 to day 51).

Dart, P.J., Islam, R., and Baglesham, A. 1975. The root
nodule symbiosis of chickpea and pigeonpea. Pages 63-84
Proceedings of International Workshop on Grain Legumes,
13-16 January, 1975, Byderabad, A.P., India.
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A further four pots, without plants were prepared at
the same time along with other pots and placed in the water
g::hs at the same time as the long duration treatment for

ays.

The vater baths were udguutod in an attempt to provide
8 hour periods of 25, 30, 32 and 35°C temperatures between
0800 and 1600 hours each day. Pigure 5 suggests that soil
temperature could not be controlled precisely due a big lag
period between water and the soil temperature. The periods
necessary to reach the desired maximum were longer for the
higher temperatures so that at the highest temperature
settings the nminimum temperature was also higher than the
minimum of the lower temperature setting. This was later
found to be due to the fact that soi] temperature plotted in
figure 5 were measured in the nmiddle of the pot. Later
studies indicated that there vas a gradient of temperature
decreasing from periphery to the middle of the sotl. The
difference in temperature from periphery to middle of the
pot tended to get smaller with time. It appeared that water
temperature should be taken as correct for treatment
differences. The temperature measurements were done only
for a limited period and the means are given below. The
same timings. for putting ON and OPF of the water baths were
maintained throughout the experimental period, Por
practical purposes, four distinctly different temperature
regumes could be established successfully.

Mean Kipimum Maximum

............. - L L 2 T 2 £ 4 2 X 2 1 2 X X J L L 2 2 X X X 7 3 2 T 1 1 J

Soil Water goil Nater Soil Water

........................ LI 3 ¥ 1 2 X r 4 2 ¥ ' ¥ X ¥ & B ' X X [ 2 1 2 4 23 X X 2 2 2 Z2 1 2 J J J

Low 24,0 23,9 21.5  21.5 25.8  25.8
Nedium 26.2 27.8 22,0 22,8 30.5 1.5
Bigh 27.8  29.8 23.5 24,25 32.5 32,75
Very high 30.2 33.0 26.3 27.3 33.8 35,0
Asbient
Peb.1982 19.0 26.4

March 1982 19.4 27.1

........................ L 2 2 T L L2 2 1 X 2 1 2 2 X 2 2 1 1 J 2 1 2 d 2 4 4 4 J L. 2 1 J
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At harvest all plants were removed, examined and
measured for nodulation and plant growth psrameters.

Bince fev plants died in some pots which wvas not
necesarily assoclated with temperature treatment we are
pre:onting our results on per pot basis and not on per plant
basis.

Raanlta
8ol Rbhizobium population:

Rhizobium populations in soil samples at S3, 68, 83 and
114 days were not differentially affected by soil
temperatures. A slight but significant decrease in
- population was observed over time. The interaction between
duration of treatment and temperature treatment was not
significant (Table 67).

Nodulation and N,-fixation:

After growing the plants in glasshouse for 45 days,
various temperature treatmsent understardably d4id not affect
nodule weights and numbers and plant growth (Table 68).
However there was clearly a drastic effect on N.~fixation
with the higher temperastures. The specific activity of
nodules and nitrogen fixation per plant were about 8-10 fold
lower when soil temperature rose from medium to high. As
expected the root over shoot weight ratio are not different
zat various temperatures.

The exposure of plants to differential soil
‘temperatures for 40 days from day 7 to day 46 not only
decreasdd the N,~fixation and specific activity of nodules
with increased temperature but also significantly decreased
the number of nodules, nodule growth, shoot and root growth
(Table 69). Bven the ratio of root weight over shoot weight
vas also significantly affected which increased with
increased temperature. This indicates that even the
nutrient uptake might have been adversely affected at higher
s0il temperature such that plant had to produce more roots
per unit shoot weight.

Isolation of rhizobia:

One of the major objectives of this trial was to obtain
thisobia from pink or pink green nodules formed at higher
temperatures which were expected to be fixing nitrogen.

t
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Some green, presumably i{neffective nodules were also
selected at these temperatures. A 1list of these strains
(Appendix S5) will be tested in the future.

Out of the total of 83 isolates obtained from nodules
only 48 (about 588) were found to nodulate chickpea in
authentication tests in test tube grown plants. Generally,
more than 908 of our isolates turn out to be rhizobia. The
poor success rate is surprising. Provided these isolates
are rhizobia and not contaminants we wonder it they require
a higher temperature to nodulate than the temperature in the
plant growth room which was qcnor|11¥ <25°%. All the
non-nodulating isolates may be re-tested for nodulation at a
range of temperatures.

Experiment 5: Nodulation, nitrogen fixation in sale chickpea
And sorghum/chickpesa intercrop

An experiment conducted by FPFarming Systems Research
Program (Dr. M. NKatarajan and Dr. Sardar Singh) studying
moisture-use patterns of sole chickpea Vv/s intercropped
chickpea with sorghum were examined for nodulation and
N,-fixation at 32, 57 and 74 days after sowing. The
exper iment was planted on 29 October 1981 in field BW 3 with
five treatments:-

1. chickpea with 30 cm between rows
2. chickpea with 60 cm between rows
3. sorghum with 30 cm between rows
4. sorghum with 60 cm between rows

5. chicipea/aorghuu intercrop (alternate rows) 30 cm

Chickpea was not inoculated but soi]l contained about
10° rhizobia per g of s0il. Thickpea plants were observed
for nodulation and N:-fization after sampling from 0.9 s8qg.m
area in each plot except in intercrop when it was 0.45 sq.m.
Chickpea occupies 508 area.

At 32 days nodule numbers per plant were similar in all
treatments and the nodule number/sq.m was ligniticantly
higher at the 30 cm spacing (Table 70) obviously due to more
number of plants per square meter area. BHowever by 74 days
the number/sq.m vas similar with all trestments (Table 70)
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due to a significant drop 4in the nodule number in 30 o=
spacing while the drop in 60 cm spacings was not very
pronounced. This drop in nodule number per plant may be due
to degeneration of nodules with time, different sampling
spots and significantly more sampling errors as by this time
the soil gets very dry. This argument is strengthened Dby
the nodule dry weights at 74 days.

Rodule weight per plant however was consistently and
significantly greater with 60 cm spaced chickpea reflecting
the trend towards larger individual plants with ° this
treatment (Table 70). However, nodule v.i?ht per unit ares
was greater with 30 cm spaced chickpea until 53 days after
which it declined and was no better than 60 cm spaced
plants. Intercropped chickpea, presumably because of
oompetition as evidenced by lower shoot weight per plant
especially at 74 days (Table 72), carried less nodule weight
per unit area and these reactions were reflected in lower
nitrogenase activity per plant and per unit area (Table 71).
With the drastic decline in specific activity after 32 days
nitrogenase activity was virtually finished by 74 days {n
all treatments (Table 71).

By 74 days the dry matter yield of chickpea spaced at
60 cm was only 300 kg/ha lower than the more closely spaced
treatment but intercropped chickpea only vyielded half the
dry matter of the 60 cm indicating the severity of the
competition (Table 72). The sorghum in the intercrop in
fact produced as much dry matter at 74 days as the sole
chickpea. -

There seems little doubt that intercropping adversely
affects chickpea growth and N,-fixation presumably through
reduced plant size rather than any special effect on
particular nodulation parameters.

Experiment 6: Dae of ' N to measure N,-fixation by chickpea
AL ICRISAT

This was the first experiment where we used '‘ N isotope
dilution technique to measure N,-fixation and was conducted
in collaboration with Rothamsted Experimental Station, U.K.

The objective of the experiment was to find out a '°N
based reliable field method to evaluate 'large number of
cultivars for nitrogen fixation. Known high (cv.K-850) and
low (cv. G-130) nitrogen fixing cultivars based on
atetylene reduction wvere sown on 4 Dec. 1981 in field BP 13
oh flat land in a systematic design such that all chickpea
plots were surrounded from all sides by two safflower
(Carthamus tinctorius L.). Safflower was seen growing
slowly upto about first 60 days in water sheds and was felt
to serve as 2 good non-fixing control. All the 18 chickpea
plots were surrounded on all four sides by two rows of
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'
safflower which was ,Fp-ctnd to provide an estimate of

spacial variability in '‘W:'" B uptake within a given control
in an expgriment.

Bach of the 18 plots of chickpea were 2.1 = long and
had 2 rows each of K-850 and G-130 such that 2 rows of a
given cultivar did not occur as pairs (Pigure €) and were
randomised within a plot. Spacing of 30 x10 om for
safflower and 30 x 5 for chickpea was followed, wvhether the
safflowver rows were BRast-West or North-Bouth. BSome more
details on lay out of the trial are given in figure 6.

After sowing the seeds in a dry piece of land, labelled
nitrogen fertilizer was applied as amhonium sulphate at the
rate of 10 kg N/ha over the complete experimental area of
13.8m x 9.9m (130.62 sq.m). Irrigation was immediately
provided with 144 rose cans (=4.4 cm rain)., The experiment
was then covered with polythene for three days to prevent
and conserve moisture. Germination and plant stand was
good, except in one row of safflower which was misssed
during sowing. The missed rov was filled with transplanting
seedlings available at the time of thinning about 1 week
after sowing. 'In another about 10 days some safflower
seedlings died at 3-4 spots and resulted in gaps of about
30-50 cm. These gaps were also filled by transplanting
plants from Dborder rov wherever excess. All the
transplanted plante remained stunted till the harvest 67
days after sowing.

At harvest plants from 2.1m x 2 rows of safflover were
brought to crop work area, chopped into pieces of about 1",
approximately one fourth of the total amount was subsampled
in oven at 80 C, weighed and ground in a cross beater mill
with a sieve of 0.2 mm. There were 51 such plots of
safflover numbered 1-51 in figure 6. Mean values for atom §
excess of safflower for each plot were calculated from the
enrichments of the four bordering rows of a given plot.
Nitrogen fixed was then calculated in each chickpea cultivar
using safflower as a non-fixing control plant and the
relative nitrogen fixation in each chickpea cultivar
compared by using the cultivar with highest enrichment as
control for the other. )

Rasults

Growth of safflower plants in the rows which were
completely transplanted was very poor, giving dry weights of
only 700, 920 and 1210 kg/ha compared to a mean value of
4390 kg/ha in rows which had not been transplanted (Table
73). These plants had high enrichment of !* N, 0.076 - 0.090
compared to a mean of 0.027 atom § '*N excess, suggesting
that they had taken up enriched nitrogen early but that
growth and nitrogen uptake bhad then been markedly reduced.
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Plants transplanted into gaps in other rows will bhave bhad
some effect on the overall mean values for those rows for
the same reasons. All data from these rows are excluded
from further calculations. The total nitrogen conteat of
G-130 was much lower than that of K-850, as was the total
dry matter production (Table 74). S8afflower had both higher
total N content and dry matter than that produced by each
chickpea cultiver. The percent fertilizer utilisstion
efficiency (8 PUE) was very lov in all the crops, the
highest being found in safflower (<38). The enrichment of
the safflower and cultivar G-130 wvas similar while the
entichment of cultivar K-850 was quite consistently lower
than G-130 in 16 of the 18 replicate plots.

The low uptake of fertilizer i{ndicates that the
fertilizer was unavailable for plant growth. It is likely
that this was due to insufficient irrigation, resuvlting in
the Iimmobilisation of the fertilizer in the surface soil
profile so that the labelled nitrogen could not be abmorbed.

The '°N-enrichment of safflower in wmany cases
approximately the same as that of G-130 indicating that
negligible nitrogen fixation was taking place in G-130
(Table 75). However, in more than half of the plots there
vas wore dilution of N in safflower than in G-130. This
suggests that safflowver was either absorbing nitrogen from
different depths than G-130 vhere more '*N was available
f.e. where N fertilizer had not been incorporated, or
that safflower was taking up nitrogen later in the season
than G-130 wvhen the enrichment of the scil might have
declined. As relatively rapid safflower growth in the
seedling stage than G-130 was noticed in subsequent
expetiments, the former explanation is more likely.

The consistently lower enrichment in K-850 compared to
G~130 indicates that the technique may be useful in
providing a good comparative estimate of the nitrogen fixed
by each cultivar over the growing season. Unfortunately as
such a low amount of '* N was takent up by both cultivars the
error due to heterogeniety in the amount of avajlable soil
nitrogen between plots and analytical precision was
proportinately high. )

If the estimates of nitrogen fixation by isotope
dilution and the difference method are compared (Table 74),
it can be seen that estimates of nitrogen fixed by each
chickpea cultivar are similar. The difference method with
safflower as a non-fixing control has not been used due to
the higher total nitrogen content of safflower.

This experiment has confirmed that K-850 and G-130 are
respectively high and low nitrogen fizers and has provided
insight into experimental procedure which must be adopted to
ensure a useful measurement of nitrogen fixzation. Two
recommendations for experimental procedure can be made; (a)
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transplanting must be avoided as it can affect plant growth
and nitrogen uptake considerably, (b) thorough irrigation is
essential to ensure that fertiliser is washed into the soil
to depths wvhere it can be absorbed by the plants. This will
help to reduce differences in fertiliser uptake due to
contrasting rooting patterns of the legume and ocontrol
plant. It s not clear whether the isotope dilution
technique will be applicable for use under residual moisture
conditions due to the problems of fertiliser incorporation
jnto the soil and its subsequent unavailability.

Cultivar differences in nitrogen fixation were
reasonably consistent and gave a comparative estimate of
nitrogen fixation efficiency between. the two chickpes
cultivars similar to the difference method. The experiment
suggests that the R-isotope dilution technique in the
field will provide a useful method for cultivar screening
and safflowes can provide a factor on spacial variability
for N-uptake. ‘

e AT e Tt
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'Teen-7 (A1) (formerly CR-Micro-4) 76

SELECTION OF CHICKPEA GERMPLASM POR H: -FIXATION

1.

2.

Due to problems of plant to plant variability within
a cultivar experiments on this project were deferred.

Investigations in the glass house on a non-fixing line
at F. stage reported from HAU found to have nodules at
par and N,-fixation better than one of the parents.

No yellowing symptoms as reported in the field studies
at HAU were seen. Yellowing symptoms were seep at P,
stage when the progeny was grown in field. All the
plants died within 60 days of sowing.

Nine cultivars previously known for their nodulation
were observed again and confirm for their high or
low nodulation.

In the above trial we noticed better seedling
emergence, plant stand, drymatter production and grain
yield on the eastern side of a ridge than the .
western side. Nodulation and N,-fixation per plant
did not differ significantly due to ridge placement
though it was better on eastern side in some cultivars
obviously due to differential plant poulation.

Obisctives

1.

2.

Characterise differences between chickpea lines in
ability to nodulate and fix nitrogen

Monitor breeders material and germplasm for abjlity
to nodulate and fix nitrogen

Select desirable material for use in breeding
progranmes

Determine heritability of nodulation

studies

We screened about 200 crossing block lines grown in the
fiela,

over two seasons 1976-77, 1977-78 for variability in

nodulation with the native soil Rhizobium populations.
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noticed large plant to plant varisbility for days to
germination, nodulation and plant growth, not only in hybrid
but also in the parents. This wvas the first time that we
noticed large plant to plant variability within s given
cultivar. Excess watering might have been one of the reason
for such large variability. Plants were grown {n S" pots
having sand and stood in half inchb trays full of nutrient
solution. We decided to review the situation carefully
before undertaking further nodulation evaluation studies.
Experiments undertaken in this year were (1) to examine a
reported non-fixing chickpea line from Baryana Agricultural
University using the watering system we successfully used
for evaluation of Rhizobium strains (2) yield evaluation of
cultivars known for their nodulation behaviour.

wuwumwm
from BADU Hissar

In the December 1981 issue of International Chickpea
Newsletter, B.S. Dahiya and A.L. Khurana reported a
non-fixing P, progeny of a cross between NEC-721 and G-1130.
On request we received seeds of F progeny and both the
parents. 5-6 plants of each genotype were studied in a pot
trial sown on 15 Pebruary 1982 for nodualtion and
N.-fixation with each of two types of i{noculants, (a)
mixture of 9 Rhizobium strains, (b) soil from field 92/2 of
Haryana Agricultural Oniversity, Hissar from where the
progeny was selected. The mixed inoculant comprised 5
strains from ICRISAT (I1C-6, IC-13, IC-53, IC-59, amd IC-76),
3 from NifTAL (TAL-480, TAL-620, and TAL-1148) one John
Innes (9036)., The mixed inoculum was suspended in tap
water, and applied to pots at sowing and provided 10°
rhisobia per seed. Where HAU soil was used as inoculant, 5§
g 80i]1 per pot was added with the seeds at sowing. Seeds of
uniform size were sown two per pot in case of cultivars and
one per pot in case of the P, progeny in 7 * plastic pots
containing acid washed sand.The plants were grown in a
glasshouse with day maximum temperature ranging 26-29 C and
night minimum temperature ranging 18-20 C over the total
growth period. Pour days after emergence all plants wvere
thinned to one per pot. Watering was done as required using
Arnon solution containing 25 ppm N as KNO, .

Regultg

Observations on acetylene reduction, nodule weight and
nodule number per plant were made 41 days after sowing
(Table 76). After removal of nodules, plants were
re-established for seed production. With the set of
genotypes inoculated with 80il, nodules formed near the
cotxlodons only, and the reason(s) for this are not clear.

id not observe the yellowing symptom described by Dahiya
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and Kborana at any stage of plant growth,

The P:. progeny had nodule numbers table to the
poor nodulating pareat G-130, nodule weight (with mixed
inoculant) intermediate between the parents and N,~fixation
at least as good as one of the parents but superior to the
lov R, ~fixing check, Annigeri.

The transplanted plants experienced pot temperature
periods when re-established for seed production on 29 March
1982. These plants produced 30 seeds, most of which were
not fully developed. Only 8 of these germinated in field
wvhen planted in October 1982. 1In field. these plants grew
stunted and showed yellowing symptons of the tzpo deacribed
bg Dahia and Khurana,1981. All these plants died between
45-60 days after sowing. Though we have lost all the seed
but the phemomena is quite interesting and deserves a fresh
look.

Experiment 2: Yisld evaluation of nins chickpsa gultivara
known for thair nodulation bebaviour

The main reason of conducting this trial was to
wultiply seeds of cultivars Rabat, E-100, P-310-1, P-319-1,
ICC-435 and ICC-685 which we were running short. Because a
good land piece was avajilable we decided to take a trial
with two additional objectives - yield evaluation and
nodulation behaviour; besides the main objective of seed
multiplication. Pour replicate plots (5m, 8 rows on 60 cm
ridges- 2 rows per ridge) in RCB design were sown on 2
November 1981 in field BP 13. . We noticed differences in
emergence and plant growth between rows on east and west
sides of a ridge, while plant rows ran north-south.
Therefore we decided to make all observations on east and
west rows separately. [Nodulation and N,-fixation was
observed at 45 days after sowing by uprooting plants from
0.9 sq.m area. Plants from East and West part of the 60 cm
ridges of all rows were sampled separately, pocled and used
for different measurements.

Cultivar K-850 had highest nodule mash and N,-fixation
per plant. Nodulation of other cultivar was as expected, cv
P-310-1 had lower nodule number but was at par with other
bigh nodulating 1lines for nodule mass. Cultivars differed
significantly for all the nodulation parameters (Table 77).
Cultivars G-130 and L-550 had lowest nodule weight and
activity per plant. Ridge placement was not siginficant for
all the parameters measured except for plant population.
This may be due to differences in wmoisture conditions on
east v/s west sides of a ridge. Nodulating and N,-fixation
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was observed at 45 days after sowing by uprooting plants,
from 0.9 sq.m area. Plants from east and west part of the
60 c» ridges of all rows vere sampled separately pooled and
used for different measurements.

At the time of final harvest also east and west sides
of the ridge were measured separately and the significant
differences in 4ry matter and grain yield were seen not only
for cultivars but also for ridge placement (Table 78).
Cultivar ICC~435 produced maximum dry matter but for grain
yields K-850 was at top followed by ICC-685 and P-3}9-1.
Good nodulating cultivars in ?Cnttll yielded better than low
nodulating cultivars. Significent correlation between grain
vyeild and nodule weight, N, - fixation were also seen (Table
79). Dry matter correlated poorly with nodule weight
(r=0.262) as compared to grain yield (r=0.454).

We have seen differences in emergence and ..F={ plant
growth in Vertisols in the past also. In 1961-82, we
noticed that in field RCE-4 where ridges ran east- west, the
north side of ¢the ridge had poor plant population as
compared to south side. The slope in this field was towards
south-east. It seems that the plant stand and early growth
on the side of a ridge opposite to slope gets affected
adversely and could be due to the fact that this side allows
water to stand for a more period. Such east-west
differences are only seen if the crop is sown dry and
irrigated for emergence and not when sown with dibblers. in
an irrigated field of right moisture.
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Table 1: Responses to Rhizobium inoculation in chickpea
at ICRISAY, TU78 to 1981

Field Av. yleld Native
Year of contro) X Rhizobium
old new (kg/ha) Increase popuTation
name  name 9 No/g soil
1976-77 Paddy p 6 1090 65 (P <.01) 2*
field
ST2 RP16A 1070 53 (unrep)i- 0?
cated) .
1977.78 B9 BS3 1% 10 (ns)° 14
Manmool RM 1C 1560 37 (P <.01) a4
1978-79 B.8  BP 14C 930 & (NS) 3090
B9 BS3 900 14 (NS) 14
1979-80 BN 3 BN 3 1080 6 (NS) 19950
M12  BM 16C 900 9 (NS) 40
B9  B8S3 410 19 (NS) 14
1980-81 BT 2 B8P 10 1330 <1 (NS) ~10000
BT 2 8P 10 1440 1 (NS) ~10000

SMeasurements made in 1978 from adjoining parts of the respective fields,

bys = Mot significant.
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Table 3: pH Measurements of sand, water and media used for
plant tubes (sand:distilled water 1:2), 1981,

Treatment pH range
Distilled water 6.0
Sand in test tubes where plants died .
(1:1 sand and water) 7.2-8.4

Sand in test tubes where plants with yellow
spots but did not die 9.15-9,54

Sand from Glass house complex

Unwashed B.85-8.95
Washed (rgnning water 5 days) 8.8
Acid washed (1% Hcl 24 hours) 8.3
Acid washed (6% Hcl 24 hours) 8.2

Sand from different sources

Near Eucalyptus trees near SN gate 7.7
Near field RCE-21 81
Used by PPS for construction 8.4

Nutrient solutions (of pH 6.8) after autoclaving

Reading's ¥ strength 8.8
Arnon's ¥ strength 89
Jensen's k strength 8.95
Reading's full strength 7 65
Arnon's full strength 7.10
Jensen's full strength 7.61

Use of deionised water or tap water for washing after acid treatment
did not make any difference in pH of sand.
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Table 41 Tempersture messucements inside the plant tubes placed
in Plant growth unit, 20-1-1981 to 26-%- 1981

wooden Wooden NMetsl Both units ON Nalf liohts ON
Flace- o ory on
PNt metsl Thermo- Therse- All’ Half wooden  Wooden
orr seters meters lights l15ghts on ory
far end  neat on on Meta) , Mota)
of AC  to A orr on
sooden Unit
Top shell 4 26.0 231 20.8 27.) 21.8 M. 1.7
L) 7.9 24.9 2.2 27.8 21,4 22.0 18.9
Middle ahelf z 2%.2 2).9 2.1 2.1 22.4 3.0 . 19,8
L] 25.1 22.4 1.4 26.2 n.% 2.6 20.2
Bottom shelf 4 25.1 22.2 20.8 26.7 22.4 2.¢ 20.6
22 1‘.7 2‘.‘ 25-0 2101 u.s 20-’
28.3% 2.0} 20.8% 26.5%1 22.1) 2. 19.78
Metal Unit
Top shelf ] 22 30.6 0.8 20.8 3.8 2.) 2.4
1.9 8.8 9.8 28.1 4.1 n.a 20.9
Se0ond shelf |4 22.9 N.D 26.4 28.7 25.0 ana 21.3
N.D N.D 27.0 .27.0 2%.% F i ] 22.6
Third shelf E 1.5 2%.0 25.6 27.0 25.4 a1.8 23.0
L] 2.4 4.9 n.D 2.6 5.0 2.4 23.4
bottom shelf | 4 20.? 6.1 a8 26.2 2.8 2.1 217
] 20.) 24,1 24.9 25.8 22.8 221.8 21.4
x 21.%4 26.5)3 26,91 21.4 4.4 22. 14 21.96
Rooh tempe- .
rature 20.2 21.8 21.8 n. 2.4 9.1 19.0

*Ic was difficult to keep plant tube tempersture below 30°C as the room tesperatute
spprosched 22°C. We could not run both 'light uaits' together
7 hours at » stretch with room temperature 22°C or 1=~

E = Rast )

W » wegt | "hile the units lie Morth-South.
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Table 9: Correlation between chickpea nodulation, Rhizobium population

and soil properties of soil samples from

January 1982

flelds around Gwalior,

Electrical Nitrate
Nodulation PH conductivity N
Rhizob ium :
popuTation 0.a66M> -0.216™ -0.278" -0.512""  (df 28)
Nodulation 0.2s7'% -0.117"8 -0.459%%  (ar 14)
pH 0.5713" 0.197 (a1 24)
| | «e
go:ﬁ:crt‘l:::ty 0.756 (af 24)

df = degree of freedom

6"



Table 10: Chickpes population st research stotions and in farmers' fields

of Rajasthan, 1982
AL EC. percmt  mitrate
<t - R

1 § %9 8.4 <18 3.4 .$
2 14 %8 9.0 0.2 7.8 0.5
3 10 44000 8.8 <% 1.3 1.0
L 2% 920 8.6 X 9.5 .40
59 ) 306 8.5 <18 4.5 1.0
§ " 856 8.8 <18 2.0 Q.5
3¢ 7 43100 8.7 <15 2.0 0.5
2 N " 8.8 <15 0.3 Q.5
b 1 18 8. <18 3.8 Q.5
ub 5 <10 8.8 <15 1.9 . Q.5
3 0 <0 8.6 .18 2.4 Q.5
%P 1 10 8.4 <15 1.0 Q.5
4 o <10 8.6 <15 0.7 Q.5
3¢ 12 >103000 8.6 <15 1.8 Q.5
39¢ 5 >104000 8.6 0. " 3.0
40° ‘ 18400 8.7 <.15 2.3 9.5
4 . <10 8.6 <18 2.1 0.5
Qo : <10 8.7 <15 1.0 <0.5
R . <10 8.4 <15 1.8 0,5
Wb 0 <10 8.4 <,15 1.1 <0.5
T 2 <0 A4 <15 1.0 0.5
“% 6 <10 8.6 <15 0.4 0.5
¢ 9 17 8.4 <.15 2.2 <0.$
® 3 m 8. <15 1.9 <0.5
8 1 <10 8.5 <15 2.3 0.7
50 10 N0 8.4 <15 1.8 0.5
51 ; <10 8.4 <15 2.7 <0.5
52 1 3970 8.6 <15 2.0 <0.5
53 18 m 8.9 <15 4.6 <0.5
54 9 ()] 6.3 <15 'R <0.5
5 19 17% R <15 1,9 <0.5
5 13 1810 8.2 W18, 8.5 0.5

a » Barren Yond, b ® poor crop, lower Teaves redden ¢ » irrigatad at least once
after sowing, d * research station, ¢ o Factor for 96X canfidence limits 18 x ¢ 4,68
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Table 13 Rhizobium population over depth, on slope of
2 sand dune groning chickpea in Rajasthan,
February, 1982.

Depth spot 1 Spot 2 Spot 3
(cm) (top of (centre (base of
dune) of dune) dune)

0-15 <10 17 172
15-30 <10 1760 18700
30-45 87 n 1780
45-60 179 10 177
60-75 19000 88 45000
75-90 393 186 4000
90-105 <10 874 903
105-120 <10 1750 403

Top of sand dune, though sown, did not have any
plants presumably due to shortage of water at
sowing.



Table 14: Variation of sofl characteristics over depth in field

92/2 of HAU,

January 1982

Rhizobium*
Depth {(cm) pH co:g:{g of EL:E&:Z?::ty g§§s§::;
(log MPN) (m mhos/cm?®)

0-15 8.1 94 (1.87)9 0.25 4 6.0
15-30 8.2 9080 (3.85)3P 0.19 1.4
30-45 8.1 9330 (3.97)2 0.16 1.7
45-60 8.2 3800 (3.58)3P¢ 0.15 12.5
60-75 8.1 1230 (3.09)2P¢ 0.15 1.4
75-90 } 490 (2.69)°9 0.16 10.6
90-105 8.0 1050 (3.02)P¢ 0.16 9.8
SE+ 0.12 0.32 0.012 0.39
cv % 3.4 23 15.6 8.2
F.test NS haliad *"AJ S fafiad
t+ Mean separated by Duncan's multiple range test at.P <0.05

¥s



Table §:  pogulation fa tep 16 cm fn Vertise! unsprayed
ds sampled in Oacember, 1981

{
Field % P e Percent

(Tog,s WPR) misture
BUS- 1A 20 (1.31) 8.2 <. 1§ 19.4
8US-18 1000 (3.00) 8.1 ©.18 9.1
BUS-1C 6 (2.64) 8.1 <0.18 18.5
BUS- 10 2040 (3.31) 8.2 .18 2.9
BUS-2A 97 (2.99) 8.1 <0.1§ 18.9
BUS- 34 20 (1.31) 8.2 . .15 20.4
BUS- 38 " (1.64) 8.2 <0.1§ 7.8
BUS- 3¢ <10 (<1.00) 8.2 .15 16.6
BUS-30 199 (2.30) 8.2 ©.15 18.3
BUS- 3€ - South 524 (2.72) 8.1 0.18 4.6
8US- 3E-North <10 (<1.00) 8.2 <0. 15 18.4
BUS-4D 4570 {3.66) 8.5 .15 19.8
BUS-SA “y (2.68) 8.3 <0.18 21.3
BUS-5C Az (€1,07) 8.8 <0.15 17.6
BUS-50 209 (2.32) 8.3 <0.15 21.8
BUS-6A 209 (3.32) 8.3 <0.15 22.2
BUS-68 10230 (4.01) 8.2 <0.15 19.2
BUS-7C 20 (1.30) 8.5 <0.15 17.2
BUS-84 A2 (€1,07) 8.4 0.16 19.2
BUSBG- 1 479 (2.68) 8.3 0.19 2.8
BUSBG-2 . 9 (2.04) 8.2 0.19 29.4
BUSEH 479 (2.68) 8.3 0.20 29.4
susa! 89 (2.34) 8.2 0.2 29.4
BUS-10C 199 (2.3) 8.1 0.16 19.2
BUS- 10F A2 (<1.07) 8.5 0.17 19.2
BUS-11A M (1.64) 8.4 0.17 18.3
BUS-118 <10 (<1.00) 8.6 0.17 - 17.1
8US-11C <10 (<1.00) 8.3 0.19 30.0
8US-110 4% (2.64) 8.6 0.17 18.1
BUS-11E 43 (2.84) 8.5 ©.15 7.
BS-11F e (1.68) 8.2 0.19 0.0

Sus-128 <12 (<1.07) 8.8 <0.15 1.7
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Table 17: Plant infection count (log,, MPN) of rhizobia in
inoculants, on seeds and on cotyledons after 22
days - Rhizobium screening trial in RCE-4,1981-82

Log number Loq number rhizobia per seed  MPN on

Stratn Tt te e i
B-1 9.23 1.57 »6.00 »5.00
Ca-181 9.93 7.60 >6.00 >5,00
CBH-32 9.23 6.49 >6 :00 >5.00
CH-777 8.93 7.06 >6.00 4.63
CM-1 8.93 7.48 >6.00 »5,00
F-6 8.93 7.63 >6.00 4.26
1c-6° 6.23 7.57 . 1.92
1c-53° . >9.00 7.76 »6.00 >5.00
1C-59 7.93 6.72 >6.00 »5.00
1C-94 9.93 >5.00 >6.00 >5.00
1C-149% 10 93 7.21 5.63 >5.00
1C-2002 10.26 7.52° >6.00 4.26
1€-2072 8.93 5.91 4.2 3.58
KG-31 9.93 6.85 5.63 3.23
NifTAL " 8.23 . 5.63 >5.00

AN estimate of inoculant obtained by serial dilution infection technique
on peat inoculant

bSeeds were processed within 3 days of treatment with peat inoculant after
storage at ~ 4°C,



Table 18: The percentage of chickpea plants nodulated in
Rhizobium strain screening trial, RCE-&, 1981-82.
At 20 days after At 45 days after
Strain sowing and before sowing and after
irrigation 2 irrigations
B-1 17.5  (18.1)? 57.5
Ca-181 0 (0) 27.%
CBH-3? 75 (11.2) 17.5
CH-777 5.0 (9.2) 30.0
CM-1 7.5 (8.3) 85.0
F-6 10.0 (13.3) 47.5
[IC-6 0 (Q) *10.0
1C-53 20.0 (22.7) 87.%
1C-59 7.5 (11.2) 35.0
1C-76 17.5 (17.9) 62.5
1C-94 12.5 (17.5) 62.5
I1C-149 2.5 (4.6) 42.5%
1C-2002 10.0 (12.9) 70.0
1C-2072 10.0 (13.3) 92.5
KG- 31 2.5 (4.6) 42.5
NifTAL 12.5 - (11.3) 87.5
Uninoculated 2.5 (2.4) 30.0
Uninoculated + N .
(150 kg N/ha) 17.5 (21.1) 25.0
SE +(6.94) +12.02
F.test: NS

Values in parentheses

are means after angular transformation

56
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Table 19: Nodule number, miss and shoot wetght of chickpea at
45 days in Rhizobium strain screening trial, RCE-4,

1981-82 .
W
Strain Nodulealo/ Nodule 'E Top wt
plant (mg/p1) (g/p1)
B-1 3 (.79 27 (1.2a)® 0.75
Ca- 181 1(1.13) 3 (0.53) 0.81
CBH-32 >1 (1.01) 5 (0.44) 0.57
CH-777 1 (1.22) 16 (0.96) 0.65
CM-1 7 (2.68) 20 (1.30) 0.72
F-6 2 (1.44) 16 (1.02) 0.63
1C-6 >1 (0.78) >1 (0.08) 0.69
IC-53 8 {2.87) 17 (1.22) 0.67
1c-59 2 (1.711) 9 (0.93) 0.49
1C-76 3 (1.83) 17 (0.98) 0.60
1C-94 2 (1.45) 8 (0.80) 0.54
1C-149 2 (1.56) 7 (0.80) 0.67
1C-2002 5 (2.22) 9 (0.95) 0.93
1C-2072 5 (2.15) 15 (1.08) 0.60
KG-31 1 (1.19) 10 (0.81) 0.61
NifTAL : 7 (2.1) 25 (1.36) 0.76
Uninoculated  >1 (1,13) 11 (0.64) 0.70
Uninoculated +
N (150 ky/ha) 1 (1.01) 9 (0.73) 1.1
SE £(0.239) $(0.205) £(0.099)
cvx +(29) £(47) £(29)
F.test v o *

3yalues in parentheses represent means after transformation
bData analysed after vx +0.5 transformation to bring independence of errors

Cpata analysed after Log.(x+1) transformation to bring activity and
independence of errors



Table 20: Total dry matter production, grain yleld and their rankings ot
final harvest in Rhizobium screening trial in RCE-4, 198182

Strain mmt::nm" Gratn y "“’
(kg/M) (ko/ma)
Uninoculated ¢ Ures
(150 iy N/ha) N (1) 150 (19)%¢
1¢-2002 050 ()% 10 (1)
CHe777 2870 (3% o ()%
1C-149 2820 (4)%¢ 620 (4)%¢
N1 2820 (4% 1540 (6)%¢
MITAL a0 (6)% 1640 (3)%¢
1676 o (1) 1550 (5)%¢
1¢-53 200 ()% 1aso (19)%¢
Fo6 200 (9)% 1500 (7)%¢
154 2650 (10)%¢ 180 (5)%¢
Ca-181 2520 (1) g0 (9)%¢
KG-31 2510 (12)%¢ 1200 (17)%
B-1 2610 (12) 120 (13)%¢
1C-59 410 (14)% 1390 (14)%¢
CBH-32 2030 (15)> ug (9%
Uninoculated contro! 2%60 (16)¢ 170 (15)%¢

1220 (16)¢

12072 2210 (17)°

1C-6 1770 (18)° 1040 (18)¢
5 £193 2126

vy 15 1}

F. test: " *

*Figures in brackets indicate ranking

*ueans were sepdrated by Duncan's Multiple range test. Means with the

same letter are not significantly different at P <0,05



5,

TIUWIL S ubys AL1e2343S1303IS JON = SN

TPIPNIOUL sAemle (NYD 40 ®aan Se N By 0SL) [043U0I-N pue Lo43ua)

9£-31
00001 (SN) ‘2002-J1 ‘*6$-I1 0S8-% ‘L-Sd)
03 0001 SN L> "GN ‘Se-4 ‘€56 NQ8 ‘1436 uuy L8-0861
9L-J1
(snN) ‘2002-31 “6$-31 0S8-% °L-Sd)
000L< 03 Q0L> SN 2L ‘Sy-H.‘GL-3 ‘8024 °‘jaabjuuy 08-6.61
2002-21 *6S-31 0S8
(swN) ‘Sy-H °‘S¢-3 ‘Jeqey °‘29-9¢
000¢€ SN 2 ‘L-*) °“9¢08 ‘802-H ‘ze8¥-938 6.-8L61
(SN)  2002-21°S¥-H °*S/-4 0S8-% ‘ieqey
11 SN oL 8202-31 °‘¢-®) 29-9C °G€2-) ‘0fL-9 8L-£L61
tios 6 sad woj 30w {043 uod
eIQOT Y4 -a133u] AIAO gSuteals SARALIIN) 409,
3AL3eN Jdseadudu} g

sfe a3y

"0861-LL6L °LVSI¥DI I® ®adwd1yd uo

U0§3IILIIJUL uNIQOZIYY PUR ISOY JO SI|NSIU 4O Aavumng 112 219qey



62

Y SN SN ARALILN)

. s - Juduneasy
SN SN » UO}IDRAIIU] IS4
€6° €3 06°2% (Y £ 3s
0°'88 O0°S§ L°¢€S 0°9€ O0°LE €£°6¢ 2°6 £y €°6 unay
"8 E6°¢3 SL°EF 6¥° 93 €L°¢3 L(8°2% 3
e 4 0°s o 6°1 vo o 0 2t 0 0 0 0 L4 L]
B £t S$°0OL 0Oy 'L 2t 0 L't v'0 0 0 £°1L LO43U0)
8'€E8 O0't6 £°28 0°9 8°62 €9 622 8°82 -2 8¢t s 2 £t 9£-21
888 9'i6 0'%8 /98 6°6§9 889 9°LS €LY €'l 8°EL  S°¢L s 2t SL~3
L°96 6°86 *°¥6 (796 t'e8 8°¢8 0°S¢ £°L6 L°€8 6°82 ¢€£°LL £ LE Sv-H

T I A R I
Sujmos ad3je sAep Of Buymos 43330 sAep Gp Buymos 43 jv sAep Q2

jusun eda)

uogebiraay 433,v

uoy3ebiaay aaosag

-

28-1L861L ‘9-30¥ ‘(R4 43 uopIIRAIIUL
ARALIIND X ULRAJS U} wOLIeBiaa 43P puR I34033qQ PIJR|NPOU SJue|d JUIDLBY 22 Iqey



63

-

(s) SN s dRALILND)
(ss) »» .. JuaIedL)
(su) su SN U0} IDRABU] IS 4
. (s6°1L) 29°0% 10°03 3s
(6°tL) 2°¢ (2°9) 6°+ (v'6) »2 0 0°0 (O] ueay
(2s°2) 08" 0% (LE°¥) 6E°13 60°0%  sL0% s
(o) o0 (o) o0 (0) o0 (o) o0 0°0 00 00 00 a0
(o) o0 (o) o0 (0) o0 (0) o0 00 0°0 00 00 {o43u0)
(9°t) 90 (8°t) 9°0 (1°0) €0 (0°€) 0 1’0 10 00 00 9L-21
(s"eL) 8y (1°02) 0°2 (€°8) £°€ (L°81) 9°€ €0 90 10 00 S¢-4
(s"92) Lt°¢ (v°sE) s°8 (9°21) €°s (v-iL€) 9°¢« 9°0 1t €0 180 S-H
: - 206
veay 058- €-6 MO8 § 436 uuy veay ose-x o6 SOV sy
sAep G¥ IV sAep 02 JI®

28-L861L
‘9-30¥ ‘1R14] VO IDOVAIJUL ARAJIIND X UIRAIS U} Mco—uomt.: 493j0) sAep Gp
pue (uojirebyiaay 3s038q) 02 ¢ Jue|d uad (6w u} Jyb(am 3| NpoU) 4IQuNU I NPON EZ B qQR)



Table 28: Populations of chickpea rhizobia in inoculants and on Annigeri seeds

at sowing and after 22 days

Log,, number rhizobfa/ Log,, number rhizobia/ Log,, number

g inoculant at sowing seed at sowing on cotyledons
Strain at 22 days

Plate MPN Plate MPN MPN
count estimate count estimate estimate

F-7% 10.29 10.93 6.75 >6.00 2.92
H-45 9.73 10.23 6.74 >6.00 >5.00
1C-76 9.81 9.93 7.94 >6.00 6.26

"9
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Table 27: Specific activity of chickpeas nodules at 74 days

in Rhizobium strain and cultivar interaction trial
in WCE-T Tn 1981-82

uM C,H,production/g.nod/hr
Ann tgerd BON 9-3 k-850 Mean

JLVarn

H-45 80 95" 108 o4
F-75 106 102 76 95
1C-76 142 114 151 . 136
SE £12.9 £7.5
Mean 109 104 112
SE 7.5
Contro)® 20 16 106
Urea® 9 0 5
F.test:

Interaction NS

Cultivar NS

Strain

24

'Excluded from statistical analyses
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Table 30: Percent nitrogen in chickpes tops at 74 days
in Rhizobium strain and host interaction tria)

in RCE-T In 1981-82
Cultivar
Strain Annigeri  BDN 9-3  K-850  Mean
H-45 2.18 2.3 2,26 2.25
F-75 2.18 2.% 2.21 2.25
IC-76 2.46 2.27 2.22 2.3
Control 1.89 1.78 2.18 1.95
Urea 2.54 2.74 2.90 2.73
St £0.123 £0.071
Mean 2.25 2.29 2.%
SE £0.055
F.test:
Interaction NS
Cultiver NS

Strain
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Table 34: Nitrogen percent in seeds of 3 chickpea varieties
under different nitrogen regimes

———

Cultivar
Treatment
Anniger{ BON 9-3 K-850 Mean,
1C-76 2.64 3.26 2.9 3.00
H-45 2.7% . 2.96 2.98
F"’S 207’ 3.07 2085 2-91
Uninoculated 2.3 2.69 2.48 2.50
Nitrogen (150 iy
N/he) 3.62 4.10 3.4 3.82
SE £0.090 £0.052
Mean 2.87 3.27 2.9
St £0.040
F. test:
Interaction NS
Cultiver Ll

Strain L



Table 35: Percent protein in seeds of 3 chickpea varietties
under differing nitrogen regimes

Culttver
Treatment
Annigert BON 9-3 k-850 Mean
H-45 17.2 20.1 18.5 18.6
F-75 17.5 19.2 - 17.8 18.2
IC-76 17.8 20.4 18.1 18.7
Uninoculated 14.5 16.8 15.5 15.6
Urea (150 g N/ha) 22.6 25.7 23.4 23.9
SE 20,56 £0.33
Mean 17.9 20.4 18.7
SE £0.25
F. test:
Interaction N.S.
Cultivar

Strain
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Table 38: Dry matter production and N-uptake at 74 day
harvest chickpea in inoculation trial, BUS 11F,

1981-82 .
Treatment Dry matter N-uptake
(kg/ha) (kg/Ma)
Inoculated 1050 25.0
Control 900 19.3
SE 244 1.4

F. test | * *
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Table 41: Effect of different methods of Rhizobium inoculum
spplication on dvy matter and grain yleld (kg/ma)
of chickpea at 60 days and at maturity in an alfisol
field, RCE-4, 1981-82

Ory matter Ory matter Grain

yleld yleld at
Treatment at 60 days final har.  Yield
vest

Inoculated seed 1100 1860 1150
Inoculated seed ¢

irrigated 1300 2200 1320
Granular inoculum 1110 2020 1210
Ligquid inoculum 1300 2240 1320

Uninoculated controls:

Seed | 750 1660 970
Seed + {rrigation 760 1990 1040
Seed + 1iquid 690 2030 1040
St . 1127 231 +143

F. test NS NS
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Table 43: Effect of delay in sowing after irrigation and method of inoculant appli-
cation on percent plants nodulated at 30 days in glasshouse.

Sowing day Control H-45 IC-76
after irri- “Seed Liquid ~ Seed Liquid Seed Liquid Mean
gation coat coat coat
1 0 o 70.8 100.0 31.2 75.0 46.2
3 o o 75.0 100.0 37.5 75.0 47.9
S 6.3 0 97.1 97.1% 47 .1 18.5 44 .4
7 8.3 o0 45.8 93.8 12.8 43.7 34.0
SE +12.41° 24.20
Mean 3.6 o . 72.2 97.7 32.1 53.1
SE ’ 16.40
F.test: Sowing day ns )
Treatment habed
Interactton ns
a

SE for comparison of treatment of treatment means within a sowing day.

1 )
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st for compertsen of trostment seans vithia 3 sewieg day.

‘e mumbors por plant ot 30 duys, potted piants W ¢}
Contre) (=) 1c-n
Sowt
vl BHE—TRW S TRY Wa—TET e
petion coat cost
1 0{0) 0 (0) 3(0.00) 0 (0.91) < (0.W4) 3(0.62) 2(0.3)
b | 0 (0) 0 (0) 2 (0.48) 15 (1.17) < (0.20) 3 (0.90) ¢ (0.9)
1 1 <t {0.04) 0 (0) 4 (0.68) 7 (0.07) 1 (0.24) <1 (0.19) 2 {0.29)
7 <1 (0.03) 0 (0) 2 (0.M4) i'(o.n) <1 (0.07) 2(0.33) 2 (0.27)
s (10.097) (20.030)
oan < (0.02) 0 (0) 3 (0.62) 9 (0.93) <t {0.17) 2 (0.4%)
4 (00.044)
F.test: Soring day o
Treatomnt had
Inmtarect ion [ ]
. -
$E for comporisen of trestment meens within o sowing day
Toble #48: The effect of delay in sowing @fter trripation end tnocwistien
apthod on asen Tresh weight per plant in pots ot 30 dann
Sovim Gy Contro) L L T 1C-2¢
after Send Liquid Seed Liguid Seod Ligute Mo
trrigation coat oset cot
1 940 ] 900 1080 40 ] 90
) "0 020 100 w0 1%00 00 1020
$ -] 790 1200 %0 000 0 )
? 1040 1000 1100 850 900 "o L 4]
st 111 22
e S g
e 30 30 1080 1000 90 $20
St 8
F.tent:  Sewing duy 3
Trostoant *
Intaraction s
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Table 54:

Total dry matter and grain yield of chickpea at 117 days

harvest under different land preparstions, field 8P 13,
{(area harvested 27 sq, m).
Saxena, Pulse Physiology.

Data supplied by Or, X.P,

Total dry matter

Grain yield

Treatment (kg/ha) (kg/ha)
Annigeri K-850  Mean Annigeri K-850 Mean
Broad bed furrow 2980 3070 3030 1880 1720 1800
Broad bed + mulch 2120 2960 2840 1690 1650 1670
Ridge of 60 cm 3120 3160 3140 1930 1760 1850
Flat bed 2970 3110 3040 1810 1690 1750
SE £59 £51 40 234
+42° +28
Mean 2950 3070 1830 1700
St 2 +14
cv s 3 4
F. test: Treatment v *
Cultivar e b
Interaction NS NS

SE for comparison of cultivar mean within a treatment.
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Table 65: Nitrogenase activity of chickpea at 50 days under normal and extended
day length, BP 13, 1981-82

umoles C,H, per

umoles C,H, per

umoles C,H, per

Cultivar g nodule/hr plant/hr sq. m/hr

Normal Extended Normal Extended Normal Extended
Amnigerit 28.8 10.4 2.42 0.328 81.3 11.2
6-130 25.4 8.0 2.13 0.333 67.1 11.6
L-550 29.9 10.8 2.74 0.280 93.1 8.8
SE +2.92 $1.38 +0.441 +0.071 £13.56 £2.32
F. test NS NS NS NS NS NS

$01
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Table 67: Changes in Rhizobium population (log,, MPN) over time
T tenper

at differen stures in pots withoyt plants, 1981-82
l":‘:::“o" Temperature
(days) Hean
Low  Medium  High Very high
0 5.00 5.00 5,00 5.00 5.00
53 5.00 5.00 5.00 5.00 5.00
68 4.5 4,68 5.1 4.84 4.78
83 4.49 4.84 4.24 4.4 4,50
114 4.24 4.41 3.99 4.34 4,20
SE £0.206 20,103
Mean 4.65 4.87 4,58 4,72
SE 10,092
cvy 9
F. test: Time Aok

Temperature NS
Time x temperature NS
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Table 73: Total dry matter harvest (kg/ha) of safflower from different
plots (reference: figure 12)*

Plot No. Dry matter Plot No. Dry matter Plot No. Ory matter
1 3245 18 2987 35 3234
2 5439 , 19 6057 36 6297
3 4765 20 3214 37 3912
4 5558 21 5516 38 3937
S 3883 22 2765 39 2614
6 5480 23 4647 40 4736
7 5969 24 2331 41 3535
8 3101 25 3403 42 4075
9 1213 26 5943 43 5760
10 3760 27 5173 44 3597

1 917 28 4524 45 7187
12 4563 29 2868 45 ) 3346
13 703 30 5755 47 5656
14 3664 31 3422 48 3589
15 3457 32 5267 49 6570
16 3819 33 4678 50 4586
7 3830 34 3826 51 5177

*Calculated from net harvest area of 1.32 sq.m.

g1t



Table 74: Estimates of N,-fixation in chickpea using safflower
as a non-fixing control, BP 13, 1981-82

Ory matter (kg ha-')
Total N (kg ha“')
Atom % '*N excess

£ N fixed

N fixed (kg ha=' ) by
isotope dilution

N fixed (kg ha™') by
difference

6-130

1318
28.7
0.030

K-850 St
2052 +43.4
4.5 +0.69
0.023 £.001
23

10

18

114
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Table 77: Plant growth and N,-fixation parameters at 45 days of nine chickpes cultivars, ® 13, 1981-82

Nodule No/ Nodule Specific activity N, -fixation Shoot dry Piant
plant dry weight wt C . H, /g dry Wt C K0,/ weight popul at ion/
(wp/plant) nodule/mr plant/hr (g/plant) sq. ®
East Vest Mean East Mest Mean East West Mean East West Mean East Vest Itoan fast Mest T

€-100 15 10 12 60 k' 47 82 84 83 4.8 2.8 38 2.1 2.8 2.3 20 15 18
6-130 7 ? ? 60 72 66 51 49 S0 2.9 3.4 3.1 1.9 1.9 1.9 29 4] 2%
L-5%0 ] 8 8 $3 $0 52 4?2 30 > 2.% 1.4 2.0 2.7 2.6 2.6 n "% 11 J
Rabat 12 n 1" 55 54 111 73 56 o 4.0 I 3.5 2.5 3. 3.2 13 12 12
P-310-1 w0 10 0 ” | ¥ S8 sS4 s 5.4 6.9 6.2 2.3 3.0 2.6 o] n 23
P-319-1 3 n 33 150 149 150 42 37 » 6.3 5.6 6.0 2.2 1.9 2.0 » b "
ICC-435 n 32 » 143 1S3 s 43 42 43 6:2 6.1 6.1 1.9 1.8 1.8 2 . n
1CC-68S 28 k ) 29 102 a5 ] 51 % 59 5.4 5.7 5.5 2.0 1.7 1.9 » b ) 29
-850 2 31 30 2% 90 2%% 1) 60 61 13.2 M. 128 2.3 2.2 2.2 » 2 n
SE 2.2 1.6 216.7 211.8 +8.7 6.2 +1.04 10.7) 20.53 £0.38 2.2 1.5
Mean 20 19 07 103 55 53 5.6 s$.2 2.2 . 2.4 » F 4

b 3 0.7 25.6 2.9 0. 35 +0.18 0.7
cv g 23 k * 4 » » L Y "
F.test:

Cultivar .- b b b us Lad

Ridge JUS ns s s " us bt

Interaction ns ns RS RS ns -3

til



Table 78: 6Grain yield and dry matter production of nine chickpea cultivars,

BP 13, 1981-82.

' Dry matter yield

Grain yield

Plant population/

Cultivar kg/ha kg/ha sq. m.
East West Mean East West Mean East West Mean

€-100 3530 2110 2820 1190 710 950 18 12 15
G-130 3540 2780 3160 1680 1290 1490 29 23 26
L-550 4040 2390 3220 1980 1080 1530 27 22 24
Rabat 3350 2250 2800 1390 900 1140 19 15 17
P-310-1 3280 2430 2850 1400 1030 1220 24 20 22
P-319-1 4430 2700 3560 2190 1270 1730 30 26 28
1CC-435 3940 3120 3530 1820 1480 1650 30 27 28
ICC-685% 3550 3160 3350 2060 1670 1860 31 31 3
K-850 4130 2590 3360 2430 1620 2030 30 23 26
SE 1266 +188 +139 198 £1.3 0.9
Mean 3760 2610 1790 1230 26 22
SE +89 +46 +0.4
Cv (x) 17 18 10
F.test: Cultivar ~ bl badd

Ridge placement bl hadad e

Interaction NS NS NS

8il
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Figure 1: Touring route of Rajasthan, January 1982, Spot mo. 33
to 51 fall {n areas where chickpea i3 not preferred
due to lack of moisture in the growing season.
say $ee an occastonal field of chickped on this route.
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Figure 2. Moisture content of soil used in study of delayed sewing and method
of inoculant applicstion, Glass house, 1981-82.
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Fiqure Effect of depth of sowing on nodulation
pattern of chickpea, 1981-82. Arrows
indicate position of cotyledons.
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Figure 5: Temperature recordings in water (——) in the water baths and soil (---) in pots placed in
four different water baths., Each figure represents a different temperature regime called
low, medium, high and very high.
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Appendix V: Performance of ICRISAT Cicer Rhizobium strains in myltilocation trial of AICPIP, 1981-82
+Yield of Change %tatisti- Strain rank/ Top S5 treat-
Reporting Test uninocu- in grain cal signf- total no. of
Location Strain cultivar lated yield ficance treatments wents Remarks
control {(X) over
(kg/ha) contreol
Burgapura 1C-59 RSG-2 1180 12.7 NS 7/16 IC-94, 8-1, DG-90,
(Rajasthan) 1C-2072. 06-34
1C-94 1180 51.7 - 1/16
1C-2002 1180 -8.5 ns 13/16
1C-2072 1180 30.5 NS 4/16
ICRISAT 1C-59 Annigeri 1370 1.5 NS 14/18 1C-2002, CH-777, Trial conducted on alfisol
{Andhra 1C-94 8.0 NS 9/18 NIFTAL, 1C-149, havi <10 rhizobia per g
pradesh) 1C-2002 36.5 - 1718 1€-76 of sofl. NIFfTAL s a
1C-2072 -7.3 ns 16/18 mizxture of 3 strains with
1C-2002 as one of the
three.
1AR] 1C-59 NA 1690 15.4 NS 9/16 Ca-181, H-44, H-44 did <10 rhizobia per
{(New Delht) IC-94 18.1 hd 6/16 CH-777, XG-31%, peat when tested at
1C-2002 3.6 NS 12/16 8-1 CRISAT
1C-2072 17.2 ns 7/16
Jabalpur 1C-59 nA 1580 12.7 NS 8§/17 H-44, DG-90, 1C-94, H-44 and 06-90 haﬂ.rtspo-
{Madhya 1C-94 17.1 1 3/%7 C8H-32, B-1 ctively <10 and 10" rihizo-
Pradesh) 1C-2002 14.6 NS 17/17 bis per g Inoculant when
1C-2072 12.0 7717 tested at ICRISAT
Kanpur 1C-59 7-3 1610 28.6 ns 1/18 1C-59, NIFfTAL, H-44 had <10 rhizobia per
{Uttar 1C-94 -0.6 ns 17/18 F-6, Ca-181, of pest when tested at
Pradesh) 1C-2002 20.5 NS 6/18 H-44 CRISAT
1C-2072 12.4 NS 13/18
1C-2018 19.3 ns 11/18
:ﬁ:::" 1C-94 T-3 770 -24.7 ns 14/16 DG-34, NIFTAL, 06-34 and DG-90 had <10
pradesh) 1C-2002 6.5 NS 9/16 1€C-2072, D6-90, rhizobia per g of peat
I1C-2072 29.2 NS 3/ Ca-181/CH-277 when tested st ICRISAT

cvyg=-2n

NA = Data/information not availsble,

* = Significant,

NS = Mot significant.
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Appendix 3: List of fields from where soil samples were taken
for Experiment 4, Project CP-Micro-6, 1981-82

Fleld Sofl pH m uﬁgs/cm mzmgg(m”
fn top 15 cm profile

BIL 78 B.1 0.18 3.57

BM 16C 8.5 0.23 3.84

BM 17 8.3 0.22 .73

8p 2C - - -

8P 8 8.4 0.20 4.05

BP 10 (BT-2) 8.3 0.20 3.24

BP 14 (BP) 8.0 0.21 3.46

BW 3 7.93 0.19 4.30

v



Aopendix 4: List of strains used in Experiment 4, Project CPMicro-6,

19&"82.

S.No. Strain Source Growth rate
1. IC-8 ICRISAT Center Medium
' Ic-n -d0- <1 ow
3. 1€-13 -do- Medium
4, 1€-20 -do- Slow
5. 1C-21 -do- Med {um
6. 1C-23 -do- Slow
7. 1C-24 -do- Slow
8. 1C-2% -do- . Slow
9, 1C-30 -d0- $1ow

10. 1C-135 -do- Slow

1. 1C-44 -do- Slow

12. 1C-52 -do- Med { um

13. 1C-51] -do- Slow

14, 1C-%9 Hissar, Haryana Slow

15, 1C-66 -go0- Slow

16. 1C-76 -do- Medium

17. 1C-97 -do- Medium

18. 1C-128 Rajasthan Med {1 um

19. 1C-14) ICRISAY Center Med {um

20, 1C-144 -do- Medium

21. 1C-145 -go- Med {um

22. 1C-149 -do-

23. 1C-2001 Ex Rothamsted 3827 Med | um

24, [C-2002 Ex Rothamsted 3889 Med {um

25. 1C-2027 £x HAU CH-827 Fast

26. 1C-2028 Ex HAU CH-777 Medium

27. 1C-2046 Ex WAU CA-2 Med i um

28. 1C-2048 Ex HAU CA-7 Medium

29. [C-2058 Ex HAU CA-181 Med 1um

30. 1C-2091 Ex John [nnes 9036 Med1ym

3. B-1 IAR], New Qelhi Medium

32. F-6 -do- Medium

33. F-75 -do- Med ium

34, H-45 JNKYY, Jabalpur fast

35. KG-31 CSAUAT, Kanpur Medium

36. TAL -480 Ex Bangalore UAS 857 Med1um

37. TAL-620 Ex ICRISAT 1C-2002 Medium

38. TAL-1148 Ex USA 27 A2 Medium

Fast = About 2 mm size in 3-4 days
Medium = About 2 mm size in 7 days
Slow = About 2 mm size in 7-10 days.
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