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PULSE MICROBIOLOGY AT ICRISAT
- Past, present and future

J.A. Thompson

The Pulse Microbiology programme hes inevitably concentrated on the
Rhizobium-legume symbiosis. Thic involves not only the ecology of the
Rhizobium, and of the legume,but the formation, duvelopment and decline of
the aynbiotic system with each cycle of plant growth, Clearly other micro-
organisms are involved in the Rhizobium ecology snd are also relevent to the
initiation and development of the symbiosis - the moat notable being tho
mycorrhizal fungi. As far back as 1924, Jones rofcrred to the “tripartite"
agsociation, legumes .rhizobia -mycorrhizac, Mycorrhizae arc now attracting
the sort of interest which Rhizobium attracted 30 years ago. While I look
forward to collaboration in studics of the mycorrhizae with the pulses in the
future, this presentation will be confined to the Rhizobium~-legume symbiosia.

THE ROOT NODULE BACTERIUM

Classification 07 Ohizabiyn and bogt ™k ischigm spoecificit
Sp Y

It is importent to attempt to place the Rhizobium-legume association in
context. There are many, apparently beneficisl, microorganism-plant associa-
tions recarded but the root nodule bacterium Rhizobium only nodulates members
of the family Lequminosac ~ with one recorded oxception (Parssponia, Ulmacose).
Our knowledge of the extent of nodulation within the Leguminosae however is
not complete. Of upto 12,000 species, only about 1200 had been examined upto
the mid 50's and of these sbout 9% apparently bore no nodules (Allen and Allen,
1961). The most rccent testing has redressed this balance and the majority
t(mve been exsmined but 9% are still claimed not to form nodules (Corby, 1980)

Table 1).

Not only is the base of knowledge incomplete but the most popular classi-
fication developed 50 years ago is based on specific names derived from the
major temperate hosts studied to that time (Fred, Baldwin and McCoy, 1932).
This clagsification, which has still to be replaced, illustrates the limited
importance attached to the tropical species snd clearly shows the emphasis on
temperates. There were six "species" whose main hoste are shown in Tablo 2,

It is evident even from a listing of the hosts so far studied that the
"cowpea miscellany" houses the majority of the legumes. In fact the predomi-
nance of relatively "primitive", open pollinated, legumcs in the group and
the considersble degree of cross infection or “promiscuity" has been inter-
preted as indicating that the cowpea Rhizobium is the sncostral type of
Rhizobium (No-ris, 1956). While the ~lassification has remained continually
under criticicm, and there are many published data showing cross infection
between the groups, it remains the popularly used description of Rhizobium,
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Classification of root nodule bacterls

Specles

Group names

Host genera and species

. Rhizobium

meliloti

. Rh, trifolid

. Rb, leg.wino-

sarum
Rh. phaseoli
Rh. lupint

. Rh. japonicum

Rh. Sp.

Med!c

Clover

Pea

Bes
Lupln
Soybean
Cowpea

Straln-
spacific

Nadicago, Nelilotus, Trigonnella

Trifolium

Lathyrus, Lens, Pisum, Vicia

- Pbaseolus (part only)

Lupinus, Ornithopus
Glycine

Acacia, Albrus, Albiszia, Alysi-
carpus, Andira, Arachis, Baptisia,
Cafanug, Cenavwmlia, Cllianthus,
Crotalaria, Cytisus, Cyamopsis,
Darris, Desmodium, Dolichos,
Enterolobium, Erythrina, Ganista,
Hardenbargis, Hymenass, Indigofera,
Ings, Kennedya, lLespsdess, Lonobo-
carpus, Nucuna, Parkia, Phassclus
{part} Piscidis, Pithecellobium,
Platylobium, Pongamia, Pterocarpus,
Pueraria, Puitenasa, Stylosanthes,
Stixolobium, Tephrosia, Ulex,
Vigna, Voandzeia.

Species of: Amorphs, Amphicarps,
Caragana, Cicer, Coronilla, Dalea,
Lotus, Onobrychis, Robinia, Ses~
bania, Strophostyles.
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The classification also coincidea to some extont with o division ip-rote.of
growth of the cells - tho cowpoa group generally being slow growors (5-9 days)
in culturc and all the remainder except R. lupini being fast growors (2-5 daoys)
However even this classification has buen shown here at ICRISAT to be open to
question as fast and slow growers have boon found in both piguonpos and chick-
pea,

The ICRISAT logumes fit into two groups of thc classification. Pigoonpea
and Jroundnut rhizobia belong to the cowpoa group and will genorslly cross-
infect. There has been insufficient study of our local strains to determino
whether the two hosts may bonefit from tho same strains but somo ovidonce of
interaction has been found in relation to effectivencss end infoctivencss.

There is howover some local evidence that pigeonpes mey not be as promis-
cuous as some other legumes nodulating with tho cowpea group. Estimatos of
numbors of rhizobia in the presence of other organisms can only be reliably
made on the basis of nodule formotion on plants inoculated with various amounts
of the carrier. Thus a dilution series is prepared and estimates made by using
Most Probablc Number cstimetes. Siratro (Macroptilium atropurpureum) is a
small, pasture plant traditionally used for ao%ocﬂon of cuwpea rhizobia as it
grows and nodulates well in test tubcs under axenic conditions. However when
estimates wore made from soils from ICRISAT and Hissar with both siratro and
pigeonpea as the trap host, many more of the Hissar isolates were able to nodu-
late siratro than pigeonpca (Table 3). In a study at ICRISAT of a total of

30 isolates from Mung, Indigofora, Sesbania, groundnut and Aeschynomene, all
nodulated siratro but only % {ex Sesbania and groundnut) nodulatod plgeonpea.
In view of the interest of broeders in genera related to Cajanus and tho
probability that they may well be used in future breeding programmes, it is
impcrtant to establish the compatibility of pigeonpea strains with Atylosin
and Rhynchosia., The first of these tests is just complete - & range of spocies
of aacﬁ genes was inoculated with one effective pigeonpea strain. Nodules only
formed on 7 of the B Atylosia species ond 6 of the 9 Rhynchosia. Tho poten-
tial significance of compatibility is well illustrated In two exampies with
soybesn. In Nigeris the Indonesion-type soybeans nodulate with natural cow-
pea rhizobis but U.5. varieties require selocted (U.5.) strains to form
nodules. The decision must bc made whether to use the Indonesian type (and

perhaps lower yields) and avoid nodulation problems or accept, st this stage,
the necessity for inoculation of all varieties from the U.S.

Caldwell (1966) found that the soybean cv. Hardee was ineffectively -
nodulated by some commonly used Rhizobium stroins. In Australies whore tho
soybesn breeding programmes have been based on U.S. varicties it was found
that Hardee with many desirable attributes, did not form nodules at all with
tho particular inoculant strain CB1809 sold in Australia. In the University
of Sydney breeding programme, the decision was made to scroen all advenced
lines for com~atibility with the strain CB1809 and, if nodules are not formed,
to sclect nodulating isolines. This was considered preferable to changing
the sinale recommended Rhizobium strain.



TABLE 3

Soil populations of cowpes Rhizobium (MPN/g dwt soil)
when tested on siratro and pigsonpea

Numbers of rhizobia nodulating

Soil
Siratro Pigeonpoa
Kaghmir 190,000 3,270
Hissar (1) 3,400 60
Hissar (2) 4,300 0
Maharashtra 43,000 90

ICRISAT 19,300 19,300
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The situation with chickpea sppears much more clear-cut. QCaur and Sen
(1979) recently tested 71 chickpes streins against B8 species of legume, and
287 strains from 52 of these legumes against chickpea (Table 4), The unly
cross infections recorded were by 18 out of the 71 chickpea rhizobia, which
nodulated Sesbania bispinosa and 5. sesben, and one isolate from S. bispinosa
which .tneffecﬂvaly'n—:&ri’iad" chickpea. At ICRISAT nona of 172 cFlchu”'
strains nodulated Sesbania setaria. Cross infection between Cicer species
has not yet been examined but Is necessary if wild Cicer are o be incorpora-
ted into breeding programmos. B

Maturally occurring rhizobia

Populstions of infective rhizobia arc present in soils where commercial
crop or pasture legumes are commonly grown. The extent to which spresd of
rhizobis can accompany development of a crop is woll illuatrated in Australie-
Medicago end Trifolium species are neturslized throughout tho temperate

atming eross of Australia and where they are growing they are generally
nodulated. There are no known indigenous legumes which have related effe-
ctive rhizobia so the rhizobia obviously spread with the species. However
there remain many arcas where thosc legumes have not bocomo naturalized ~
almost certainly due to nutrient limitations - and the rhizobie are also
absent. In contrast subtropical most pesturs legumes introduced into Austrelie
in the last 30 years nodulate naturally without inoculation - slmost inveriebly
with "cowpea group" rhizobia already present on native legumes.

In 1976 information was collected et a number of the villegos under study
by ICRISAT, on the presence of nodules in pigeonpes. Clearly rhizobia were
present although it is certain that no inoculum had ever been used in the
villages (Table 5).

However nodule numbers per plant were generally low. Gencrally at ICRISAT
Centre, therc are high numbers of cowpee rhizobia in both Vertiscls and Alfi-
solas. There were however 5 out of tho 15 Vortisol fields where numbers wero
congidered low i.c. < 1000/g. In 3 of 4 fields oxamined rhizobia were found
to a depth of 160 cm (Table 6).

ThQ situation is different with chickpea. In Vertisols on ICRISAT bet-
ween 10° end 10% thizobia per gram scil are present in the top 10 cm while
in adjacent Alfisols the populstions are almost non-existent. Interestingly
once introduced into these soils they persist at least for the next two -
seasons. Populations of soils from Hissar, Parbhani and Gwalior have ranged
from < 100 to 10,000/g soil. ICRISAT staff have observed farmers' fields in
Madhya Pradesh and Andhra Pradesh where sown chickpes were not nodulated.

Rhizobium infections on hoth nlgeonnea and chick~ca tohd to be low onder
paddy ne nu-ers oon decline ~ftor infrodurtion with. t+2 hbsti - The fodoction
in numhcrd wauld szem’t~ he 3 direct efact 0° 'wataflonning 'tnd.'lb'ﬂlc'ﬂf oxyqen.

Tt ia’@n-~rt-nt to note th~t ~11 theoes observ-tions refer tn présoncé
of rhiz~hiz" on nadul-tion -"this dnes not per se ensure that nssociations
formad will be effertive in Fix~tinn,



TAGLE 4

Specificity of chickpes und 1tu Khizobium (adapted from Guur & Sen 1979)

No. of No. of No. of No. of chick-
Sourre of isclates host ivolates 180lntes pss isolates
spacioa  checked riodulating nodulating
chickpes* Sesbania**
Lroup
Rh. meliloti 5 26 a 0
Rh. trifolii 5 26 0 0
_éf_\_. lequminosarum 5 9 a 0
fh. phaseoli 2 16 0 0
Rh, lupin and
“Totus rhizobis 3 2 0 0
Rh. japonicum 1 5 0 0
Rh. sp. (cowpea) 62 75 c 0
" " Atylosis scarsbaeeides S 0 0
" " Cajanus cajan 5 o ‘0
¥ " Rhynchosie minime 1 0 o
* ¥ Spebania bispinosa 8 1 8
Cicer arietinum " 7 18
298

*4 varieties: Chaffs, C235, L144 end NB53, *#S.bispinoss and S.sesban -




TABLLD »

Nodulation of intercropped pigeonpea in VLS villages,
Kherif, 1977.

Mpan na. nodules/plant (% demeged by insecta)

Site end

Soil 25 days 4D days 70 days
Aurupalle
Shallow black 1 6 (&) 4 (0) 7 (28)
Shallow black 2 4 (D) 7 (17) 1M an
Shallow red 14 (0) 21 (5) 23 (11)
Dokur
Shallow red 13 (2) 9 (8) 2 (D
Shallow red 7 (D) 10 (5) 7% (&)
Shallow red 6 (D) 1M (2) 16 (N
Shallow red 7 (12) 11 (1) 15 (9)
Kanzars
Medium black 29 (2) 34 (10) 38 (15)
Medium black 20 (6) 46 (19) 20 (65)
Medium black 32 (5) 32 (14) 33 (19)

Medium black 37 (20} 49 (11) 33 (20)




TABLE &

Populatione of cowpea group rhizobia (MPN/g dry soil) at
different depths of 2 Alfisol and 2 Vertisol fields, ICRISAT.

Soil depth Alfisol Vertisol
(cm) Field A Field B field C field D
0-5 2,000 33,900 1,700 250,000
5-10 20,400 1,500
20-30 105,000 9,300 " 5,900 81,000
50-60 46,800 300 590 43,700
100-110 16,600 48 37 1,100

150-160 ~ 2,100 o} 42 630
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Effectiveness of fix.tion of naturally nccurring ponulatinns

Yithin successful »ssncistions there is a ranop o effectivencss i.o.
nreocintiong which “ix diffarent ~usntitien of nitronen under low nitronen
conditions,

Tn s>=nle the streins nregent in the soil nooulationa one can collect
from nodules n© oarticuler host nrown in tho soil or from nodulus of n "trap"
host. 1In th- latter cnse isol-~tes orr ofton ohtained after serinl dilutions of
anils nre rdded to tras beats nrown in test tubns.  Tn our cnso nodules were
1lw~vg gelected €rom the ultimate ~aritive dilution nrobably selecting the
meast eormonly nceurrino steein.  Selected by this means, imolrtes from both
niog~nnea and chicknen have shavn 1 nuite wide renoe of effectivenons with
4 marticul"t hnat nerhane not sursrising with pineonoea with its associations
with the rownea nrayn  hut less exnccted with chirknen with its anocific rhizo-
bia and relatively recont use in this environment.

The notentirl imnortnee of the effectivencss of n locnl ponulation is
obvious. The nresence of incffortive strains for a particular host minimizes
the notential fixstion by that hoat and introduction of an effective strain
is essentinl,

Another asnect deserves omohasis - all sclocted inoculant atraine were
orininally isolated from fields. Althounh the orn of genetic monipulation
is unon us, 8o for we h=ve confined our wark hern to isolates collected from
natural situ~tions. Tk’ arohnbly nnnlies to 2ll commercially utilized
Rhizobium strains in the world. These are generally the best selections -

not have magical properties and are unlikely to be "wonder" strains.

Selection of Rhizobium strains

The first criterion for selection of inoculant strains is sffectiveness
in nitrogen fixation with the anticipated host(s) genarally under controlled
conditions. Field evalustion must then ultimately be made. At ICRISAT,
initisl isolations were tested with plsnts grown in sterilized media in
bottle-jar assemblies or in pots, then selections were examined in unatori-
lized soil in pots, and finally evaluated in the field. Ueing plant response
as the measure, a number of strains of fairly consistent superior performence
for a fairly narrow range of host genotypes has been selected, but it cannot
be claimed that we understand the attributes contributing to this relative
superiority or know whether thesc streins ara effoctive with a wide range of
cultivars.

Uaing one veriety of pigeonpes the correlation between testing techniques
has not been good. Strains performing well in the glasshouse sometimes fail
to do so in one field or soil while being successful in another. Further
interactions confuse the picture. An example of a strain x year (= environ-
ment ?) intersction of pigeonpea was that studied in field B-9 in 1978-79
and 1979-80. In experiments where 7 etrains were common to the tests in
consecutivo years the four which gave significantly increased yield in 1974-79
were not significantly different from the control in 1979-80 but were signi-
ficantly poorer than a fifth strain which was the only one to significantly
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increase yields beyond the control in that yoar (Table 7). Similar rosults
have boen obtained with chickpea.

It is ovident that we noed to ascertaih whether tho inoculent straina
are in fact forming nodules. While a positive gruwth rosponsc con roasonably
be interproted as successful nodulation, the sbsence of such & moasurable
response may be due to cither failure of the strain to infect, or its info-
riority to native strains.

An important criterion of Rhizobium purformance is compotitive ability -
an attribute quantified osscntislly by rating how successful a strain is in
forming nodulos when other strains are present. Tho ability of a strain to
“compate” is in part dependont on the host - tho data in Table 8 illustrate
this with Vi spocies inoculated with 2 strains simgly and in a mixture
(Thampson lished data), C[B756 was very successful as a sole strain
inoculum on 3 of the 4 aspecics while [B1015 was successful on only 2. Neither
strain was markedly successful on adzuki bean, With tho two strains mixed
CB756 dominated the infections in cowpos and adzuki bean but CB81015 was moet
‘competitive’ with mung bean,

Responses to inoculation on ICRISATY

Of 11 experiments conducted with and without inoculation on ICRISAT with
chickpea, two have shown significant rosponses in yield- One of these was
following paddy (Table 9). 1 find the low proportion surprieing in view of
the spacifidity of chickpes rhizobis, and the distance of Hydersbad from the
traditional chickpea growing areas of Indis.

A similar rate of success has been achiovod with pigeonpea on ICRISAT,
Of 12 experiments, two in different parts of the ssme field in successive
years, demonstrated significant responsos in yield (Table 7), although other
criterie of nodulation showed some responses in other ficlds in other years
(Thompson et al, 1980).

As pigeonpeas have presumably beon cultivated in this region of India
for centuries a response is an interesting phenomenon. As we have used
"improved" varieties it may bu evidence of host x strain specificity.

The continuing reports of significent responacs to nodulation of pigeon~
pea on Indian research stations (Rewari et al, 1980) are equally surprising -
during 1978-79, B of 18 experiments showed significent responses in grain
yield.

I would submit that the likelihood of obtsining significant yield res-
ponses to legumes on research stotions whare effective inocula have been
vaed, and where soil nitrogen levels are likely to be high, is low. It is
likely tobe comparsble to, aid as rewarding es, attempting to domonstrate
phosphate responses by cervals on the precision ficlds of ICRISAT.
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Tanitte 7

Relationsh ) between girown yield. of

pligeonpea 1noculated wath 7 l?hir.rmﬂ

straing I Ccofsecul rtve years on t e
sone field.

(correlation between years r = 0.17)
1978-79 1979-80
(kg/ha)

IHP 35 1750 1440
i+ 147 1720+ 1700
IHP 71 1680+ 1530
IHP 195 1590~ 1630
IHP 24 1560 1640
IHP 100 1540 T1830%
IHP 229 1340 1520
Uninoculated 1370 1430

#*Significantly superior to wninoculated
control (P <0.05)



TABLE 8

The success of inoculant strains in nodulating a range of
Vigna epp. in the field at Tamworth, NSW.

Host Cowpea Mung bean Blaek gram Adzuki bean
Y.ungquiculata y. rediata Y. myge V. angularis

Inoculation % of nodules identified as:

treatment 875  B1015 {8756 (B1015 CB756 (BiD1S (B756 (B1C1S

Uninoculated 3 8 2 n 5 1 23 7

£B756 768 0 % 8a® 1 38

£B1015 9 a o 8 o 8P % 4

(8756 «

£B1015 538 0 s 10° @9 5P 4
xz Analyses a = significant increese of (8756 over uninoculated control,

b

significant incresse of (B1015 over control.

<t
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TABLE 9
Yield of chickpes sfter paddy

Treatment Pry matter Grein yield
(keg/har) (kcg/ha)

Control 1483 1090

Inoculated + N* 2391 1762

Inoculated 2679 1801

SE =« 161 123

#*Calcium ammonium nitrete added at rete of
150 &g N/ha
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THE LEGUME HOST

To imprave the efficioncy of the symbiotic rolstionship more emphasis
bas beon placed on the varistion within tho bacterisl component, very often
with little consideration given to tho hnat.

In chickpea and pigoonpoa the nodulc begins from an infoction via tho
root hair and the plant rospords positively by providing the bacteria~filled
cells with meristematic tissue to invede. As in all logumos the nodule
bocomes an integral pert of the plent. Photosynthato is provided, Np-diffuses
from the soil atmoapherc via the outer parenchymatous colle into the bactericds
and is reduced, and the products, as combined nitrogen, are traneportod from
the root to be assimilated by the plant. While nodulos have a highor % N. than
leaves (e.g. cowpea 5-7% compared with leaves 2.5-4.5%) (Eagleshem et al, 1977},
the nodule does not accumulato N, Theso authors showod that at any ono time
aven when nodules were contributing cu 96% of tho total N they only contained
7% of the total N in the plant.

Although infection is obviously dopendant on tho presence of bacteria,
the process of nodule formetion is scon controllod by tho host. Until tho
meristematic tissue is formed, and leghscmoglobin is produced the bactoria are
parasitic. Ffull symbiosis follows, but the N produced ie obvioualy governod
by the sizo of tho sink, which is the plont itsclf. Fixation in a nodule
continues until external damage occurs to tho nodule or it degonoratos as o
rosult of stresses (tomperature, high or low moisture, nitrato or etage of
dovelopment of the host). This degencration is thorefore also largely a
reflection of the hosts' influence.

An interesting hypothasis which has not provod to beo universally acce-
ptable was that the lcgume host could scloct offective strains from a mixed
population. Robinson (1969) found ovidenco of this with Trifolium pratense
and other workors have supported this finding (o.g. MasteTson and rwood,
1974). However other workers have failed to find supporting ovidonce e.g.
Gibson _e_t_gl_(1975)not only found that natural populations of rhizobis under
Trifolium subterroncum in Australia werc of varying effectiveness, as we have
Tound here with pigeonpea and chickpea, but the mean cffectiveness of the
population of 8 region were 3s low as 62% of that of e standerd effoctive
strain. This does not suggest strong selection pressure for effectiveness.

Even whon we ostensibly "compsre Rhizobium strains® for efficiency or
effectivences, we in fact evaluate in Terme of moasuroments made on the
host. Similarly nodule tissue is quantified by weight of the nodulcs, -
not by enumeration of the rhizobia.

In examining the place of superior N-fixation in plant breeding muct of
the emphasis has been on selection of plants with greator amounts of nodule
tissue (e.g. Mytton 1978) working with Jrifoliun repens. Letterly Zary et al
(1978) have selected cowpua plants for superior N-fixation as measured by
acetylene reduction - o diroct measurc of nitrogonase activity. P.D. Grot.am
of CIAT (porsonsl cosmmication) selects Phascolus vulgaris on superior plant
vegetative growth under controlled conditions. Wynne et al (1980) also consider.
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that leaf dry weight is a suiteble paramoter on which to base solection of
groundnuts.

While nodulation characteristics are heritable, and con ofton be improved
by appropriate sclection, nodulation is mars variable in outcrossing than
self-pollinated specias (Gibson, 1980). There is no doubt thaot variobility
exists between germplasm lines of both chickpea (sclf-pollinated) and pigoon-
poa (an outcrossing specics) (Tablus 10 and 11). Wide rangos of nodule numbor,
nodulc weight and nitrogonaso activity havo been found and seem suitabloe
criteris for seloction. Under ficld conditions these critoria have boen found
to be correlated well with yield in chickpea (Table 12) but, apparently
because of difficulties of finding nodulos on pigeonpen, correlations are poor
with this specics (Table 13). It is clearly important tu choose reliablo
sclection criteria which themselves are measuros of fixation or ere woll
correlated with such mensuros.

If only N is limiting in tho tust situation thon a messurc of tho total
N taken up b the plant may well ser.: as a simplo selection critorion
(unfortunately such o critorion is wholly destructive). Grain yield has beon
traditionally used by breeders ond under the same low N conditions is likely
to be n useful criterion. In fact tho broeder tosting undor N-stross may
well be scivcbanyg 1o d=fiaution. liuwover under these circumetances it is
argunble thot yield of dry matter at flowering or some other stnge more
closcly related to the cessation of fixation may woell be a more meaningful
criterion e.g. in piguonpea variocty ICP-1 nitrogen uptoke censod reached a
maximum at 130 days on black soil and was almost maximal on rod soil, in the
absence of applied N (Saxena and Sholdrake, 1977), As fixntion is likoly to
have finished by this stage seloction may be best mnde at this point.

The host and Rhizobium internction raises real issues in relation to
the field of plant broeding. Rhizobium workers in this field advocste collo-
borotion with brecders nnd cite the soparntc genotic control of capacities
to infect and fix nitrogen as justifying aimultencous selection for both
characters (Mytton, 1978). Selection for goneral cffectivenvss, requiring
the accumulstion into one gonotype of sufficient genetic information for it
to roact very effectively with a range of genetically difforent partnora, is
likely to be slow (Mytton, 1978).

If on the other hand the attempt is made to breed rigid specificity into
a legume we must assume that the partnership can alwaeys be estsoblished.
Not only is this o mammoth task (Cibson, 1980) but ie probobly only realistic
where the range of useful genotypes is narrow - this in turn moy infer that
we are dealing with a very restricted environment, or where natural effective
rhizobia do not occur. The latter is currently the situstion in Australis
with soybean, and in one major breeding progremme, screening of oll advanced
sclections was against the one strain ueed in the tightly controlled Australiasn
inoculant industry. The extreme of this viowpoint is that of Caldwell and
Vest (1977) wh suggested selection of hosts rosistant to infoction by the
inefficient strains of s region.

In Nigoris where lrral mnyhenn 1ines nodulate well with local strains
of rhizobis, introduced U.S. varieties do not. In contrast to the above
approaches, the IITA soybean breeding progromme proposes to incorporate the
sromiscuity of the local lines into high yiclding improved cultivars (IITA 1978)
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TARLEL 10

Renge of asymbiotic parameters and yield
of chickpes cultivars sown in the fiesld
at ICRISAT, Rabi 1976-77

Days after Renge of
Character planting values
25-30 4-48
Nod. Number 45-50 10-76
70-75 1-20
25-30 0.3-55
Nod . "‘:n t 45-50 2-105
P 70-75 1-195
25-30 -
Top Weight 45-50 0.7-6.2
70-75 1.8-39.2

Grain yield (q/pl) 1.9-23.5
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TABLE 11

Range of symbiotic cheracteristica in the
110 pigeonpea crossing-block entries used
at ICRISAT., (25 days after planting; Rainy
season 1977; Alfiscl)

Character Range
Nodule number 6.7 - 37.89
Nodule weight (mg/plant) 9 ~ 55
N2-ase activity

WMCoH, /plant/h 1.1 - 11.3

PMC oHy /nodale/h 65 -565
Shoot weight (mq/plent) 380 -1400

_Root weight (mg/plant) 38 - 185
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TABLE 12

Correlatione between Nz-fixation pasrsmeters and
yield of chickpea 61 days after planting

Nodule wt., Nonse/pl. Grein yield
Nod. No. . 78pwns . 779nns . 765100
Nod. Wt. J7630wn «8130ne
Noeae/Pl. LEEaN"
n=20

mSignificant at 1% **e Significant et 0.1%
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This particular situotion is unusual and doge not to ay mind justify the
acrouss-tho-board acceptance of the principle §F wo know that wo cof provido
streins superior to tho locel strains for the particulsr host.

In recont discussions within tho pulse programmo there was gencrnl, but
not unanimoua acceptance of the principle that nll oxporimontal studies on
ICRISAT controlled fields, including breoding maturial, should bo inoculated.
While the opponents roasonobly object to imposition of use of singlo straina
which ollow for host x ettrain interactions, the propononts equally ronsonably
claim that the natural populations differ botween fields snd genefrolly cover
a wide range of effectivoness. A compromisc has been suggested and may well
be mutunlly acceptnble -~ tho use of mixed effoctive strain inoculn. Such n
doecision involves reconsiderntion of a practico which haa beon consistent
within the pulse microbiology programmo since its inception - viz. use of
single strain inoculse.

THE ENVIRONMENT

I do not propose to attompt an exhaustive list of environmontal factors
affecting the symbiosis but to emphasize a few particular points which may be
relevant to ICRISAT and its crops.

Nutrients

As pointced out by Munne and Mosse (1980) "the nutritional requirements
of logumes resemble those of other plants axcept that their potential for
[nitrogen fixation] creates specisl domonds notably for malybdenum and cobalt,
but slso for copper, phosphate and zinc". In foct Byth (1979) pointed out
that the quostion of mincral interaction is inseparsble from biologicsl sym-
biotic N-fixation.

The requirements for zinc for the symbiosis oro virtually unknown
(Edwards, 1975) but some datn (Demetrio et al, 1972) suggest N-fixation may
be adverscly affected by low levels. It 1s therefore s debatable point
whether the top dressings of zinc spplied to Vortisols on ICRISAT are removing
an important variable from cur studios.

There has been considorable study of the offect of inorganic nitrogen on
the symbiotic system and there is no doubt that infection ia reduced by NO3
(e.g. Muns, 1968). This is nlso illustrated in data from ICRISAT with pigeon-
pea (Table 14). However thore is also evidonce of benefit to early growth
and nodulation (e.g. Dart and Wildon, 1970). A 20 kg/ha dosage of N is
recoamended for grain legume sowing in many states of India although it is
difficult to find critical data supporting this recommondstion.

Iron is specifically required by Np-fixing systems being an essential
component of the two enzymes comprising nitrogenase (Klucas et al, 1968).
The evidence of iron chlorosis in chickpee at Hissor recently eﬁf\aslm
the marginal nature of thc Fe levels in those soils ~ of particular interest
however is that some lines are much more suscoptible than others. We hav.
no evidence of direct effects on nodulation or N-fixation of chickpea in this
situation. Inonc study at ICRISAT plants nodulated in the presence of low
Fe but nodules degencreted prometurely.



TABLE 14

* Effect of fertilizer nitrogen on nodulstion, nicrogensse sctivity
and top growth of pigeonpes cv. ICP-1 in Alfiscl, Rainy eeason,1977.

No-sse activity

Fertilizer N $HCRH M Shocot
applied Nodule Nod.Ory wt per per g Nod. dry wt
{kg/ha) No. {=g) plant dry wt. {g)

20 days after planting
0 17 19 3.65 459 .28
20 12 8 1.69 282 35
100 9 5 0.51 205 .33
C.D. at 5% S N.S 0.52 158 N.S
60 days after planting
0 39 351 21 12 18.8
2 35 344 . 18 54 24.8
100 42 369 18 3 28.3

C.0. at 5% N.S N.S N.S N.S 5.9

44
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Seasonal and sical environment

Temperature effects arc manifost in every rapect af growth and with
the nodulatod legume thoy nre particularly important., Modification of soil
temperature is possible by mulching and no doubt occurs in the mixed or
intercropping systom, but tha potentinl for smelioration is usually minimal
and escope is the most rendily employed technique. Evon then with the con-
founding of temperature with other seasonal variablos mekes the affect of
individual components difficult to separste.

This confounding of temperature, espocially with moisture roquircs
greatly increased inpute to clarify the factors governing nodulation and nodule
activity, Not only is this important in the normal growing scasons but
assumes ever greater significance with proposed changes in sowing times
(e.g. early chickpes, rabi sown pigeonpea), Some recent obmervations (below)
illustrate this and omphasize the need for collnbarativo field studies espe-
cially with Fhysiologists Stidiea in controlled environmont where all
variables are measured orz required to separato those effocts., It is hoped
that the proposed collaborntive studies betwoen the University of Reading
and ICRISAT on chickpos can assist in this,

With pigeonpea and chickpea ot ICRISAT interest by preoders and physioe-
logists in modification of sowing dete inevitably involves consideration of
temperature effocts. With the collsboration of the ICRISAT breeders it was
possible in 1980 to examino nodulation of a rengo of chickpea lines sown in
late September, rather than at the normal time in late October. The results
were dramatic - fixation of the early sown crops reached o rapid pesk followed
on equally rapid decline so that fixation had finished by the time the normally
sown crop had formed its nodules. The current explanation of those dats is
that, although nodules were able to form, the symbiotic asystem broke down when
soil temperature excceded 35°C. These results agrec with thosoc of Minchin
et al (1980) who showed marked reduction of nitrogenssc activity at 30°/18°
‘ondar controlled conditions compsred with 22°/18°, Similsr results heve been

reported by Dart et al, 1976.

In contrast pigeonpea sown by Dr.Chauhan in April, 1981 with soil tempe-
ratures up to 50° C nodulated well and the nodules were activo while the soil

tosperature ranged 25-45°C.

The influence of soil moisture on nodulation and N fixation is one of the
most neglected areas of studyin relstion to environment although it is
obviously very relevant to the ICRISAT crops. Sheldrake and Sexens (1979)
showed that numbers of chickpea nodules decressed during the normal Hydersbed
raebi season when moisture was declining. Studies by the Microbiology section
have shown a benefit from irrigation on nodule quantity, fixation and fimal
yield. We do not know whether irrigation of pigeonpes during the rabi season
would promote continuous fixation of nodules. There is also a very marked
detrimental effect of soil desiccation on nodule formstion by clover even i
though the plant is surviving ‘and the Rhizobium populations are not adversely
affected (Worrall and Rouchley, 1976).
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There is currently cansiderable emphosis on tho sowing of pulses after
paddy. Not only doos this involve understanding of the role of tho moisture
on the plant but it is particularly significant in relation to rhizobia,

The docline in numbers of rhizohin in prddy soils aftor flooding strongly
suggests adverse of fucts of witerlogging.,

Salinity tolorance vnrios between spociuvs of logume but it is suggosted
thz?t the tolerance of the host for nodulation moy bu lower than that of tho
rhizobia themsclves (Parker ot al, 1977). There is nlso room for selection
amongst rhizobin. A chickpon _RE,zobiun strain selocted for anlinity toloranco
at ICRISAT performed outstandingly under similar conditions in the Sudnn.

Cultural practices

Within ICRISAT there has been considerable study of particular techni-
ques of growing some of our mandote logumes o.g. tho broadbed and furrow
technique on ‘urtisols with sorghum and pigoonpen.

To dote we have no information on tho offect of such procedures on root
development or nodule formation, activity, persistonce compared with more
common farmer operations.

The Indian farmer commonly uses simple imploments providing shallow
cultivation which (a) does not greatly affect the spatinl relationships of
the profile ss far as distribution of nutrients ond organic matter, and
(b) does not change the condition of the subsoil oepecinlly in rolation to
root penetration. How significont is periodic deep ripping ne used at ICRISAT
in allowing root and nodule development to depths not so readily tapped
without ripping? Is it relcvant to the fermers situation ? Ie there ony
point in attempting tn study Rhizabium ecclogy or residunl nitrogen, in
80ils which receive high inputs of nutrients and such thorough, periodic
mixing ?

Inevitably a serious study of N-fixation by legumos should not only
attempt to understand the net inputs and residual offects but the spatial
aspects of these inputs. Presumably because of thoe cbvious and drometic
changes which arose from land cloaring to allow agriculturo in mony parte
of Africa there has been cansiderablec emphasis on nitrogen profiles (e.g.
Greenland, 1975). Howover although continually cropped lands of India are
unlikely to show such wide ranges the possibility of leaching and subsequont
recovery by deep rooting plants is particularly relevent to understanding
of the performance of pigeonpea. There would seem to be a place for the
study of nitrogen profiles in India.

MEASUREMENT OF NITROGEN FIXATION

The measurement of nitrogen fixation, both in short end long term, is
pssential to our understanaing of the contx_'ibgtion of the legume and its
place in any cropping system. Direct and indirect methods are used.
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Net nitrogen wtake of a legume bosed on Kjeldahl detorminations using
8 non-legume contro

At ICRISAT up to half the nitrogen take up by pigoonpes is caleulnted
to.have bean fixed in onc experiment (Tablo 15). The moximum figure osta-
blished was 69.4 kg N/ha fixad by ev, 1.7,

With chickpen no comparable significant results have boen obtained at

ICRISAT although safflower, maize and wheat hnvo nll boon used ea non-logumo
controls,

The non-nodulating legumes (nlrendy available in groundnut and in soy-
bean) is potentially a very valuable tool as @ control in such studics. It
is for this reason that we nlways watch for the.occurronce of such plants in
pigeonpea and chickpea.

Effect of nitrogen fertilizer

The results of N fertilizer opplications in India to both chickpen and
pigeonpea have boen variable. Saxcna and Sheldroke (1980) citu conflicting
results while alsopeintingout that effects could be observed on nodule or
plant growth without being reflected in finel yield. Such effects aro not
uncomman in other non-legume crops where eorly obvious responses can interact
with moisture to couse a depression in yield,

In our own data significent yield increases were obtained for pigeonpea
to dressings of 20 kg N/ha on an Alfisol ond 200 kg N on o Vertisol (Ysble 16),
The commonly recommended Indian proctice of applying 20 kg N/ho to pulses has
not been sufficiently studicd. The effect appears to bo synergistic (cf. Dart
and Wildon, 1970) where the early provision of N overcomes the short period
of N starvation but there can be sarly adversc effects on nodulation (Table
15). There is a real need to establish whether N starvation occurs especinlly
in warm environmente where nodulation is vory rapid and nitrate levels may bo
already high at the beginning of the rainy season.

If a smell dressing fails to produce a responso, but a high dressing
does 8o this is usually interpreted as an indication of sub-optimal fixation..
This may well have been the case in the Vertisol in Table 14, If on the
other hand the response obtained to large doses of applied N is similsr to
that provided by a starter dose it is commonly sssumed that nitrogon fixation
is apparently adequate under those con:.!itiona. However absence of a response
merely indicates that nitrogen supply is not limiting and does not nece-
searily indicate that Fixation could not be improved. This attitude is evi-
dent in the discussion by Hawtin et al (1980) in regard to chickpes -
“nitrogen fixation is normelly adequate, st least for present yields, as
there are few reports of positive responses to N fixation",



TABLE 15

Total N uptake and fixation by some pigeonpea cultivars
on an Alfisgl at ICRISAT Centre, rair season 1977

N yield kg/ha Balance

Matu- Plant + Fallen Total agasinst

rity Root + plant N-up sorghum

Cultivar (days) Nodules parts< take {N-Ffived)
Prabhat 115 57.7 11.4 69.1 + 4.4
Pant A-3 115 63.1 8.5 1.6 + 6.9
UPAS-120 125 76.3 15.5 91.8 =+ 27.1
T-21 130 91.4 16.5 107.9  + 43.2
BON-1 130 93.6 24.6 118.2 + 53.5
No.148 150 102.2 17.6 119.8 + 55.1
JA-275 170 60.2 17.7 77.9 -« 13,2
1cP-7035 170 80.0 21.0 101.0  + 36.3
ICP-7065 175 79.6 28.1 107.7 + 43.0
7-7 . 215 112.8 21.3 134.1 + 69.4
NPWR-15 2480 99.6 14.7 114.3  + 4%.6

Sorghue 175 64.7 0 64.7

[
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Rogidual effect of the lequmes on a suhsoguent non-logum erop

A recent study on a Vertisol at ICRISAT shuwod thot the boneficinl
effect of.sole €rop pigeonpea on the yield of o subsequent maize crop wos
equated with an' N application of 35-40 kg/ha (Figure 1), This estimate showe
remarkable agreement with previous ustimetos by Sheldroke and Narayanon
(1979) that leaf fall and roots could contribute 30-3% kg/ho to tho eoil.
The N removed by the initial pigeonpen crop was/gronter than that removed/!Xy/ha
t_Jy the sole sorghum crop grown at the same time. Thus the totel net N input
in this experiment was over 50 kg assuming piguonpon and sarghum tako up
similor amounts of mineral N from the soil,

) With chickpea results are not so cloarcut. Experimants at ICRISAT of
similar design to the pigeunpon oxporimont did not show any consistent effocts.

As might be expected in view of the lnrge masses of nodulos formed,
%:'g\;m)inut has been favoured as n rotation crop in Ugandn - McWalter and Wimble,
6).

In the world literature on benoficinl rosidual offocts of tropical and
sub-tropical legumes, the majority of favourable responses havo been with
forages. Data are now appearing showing henoficinl rosiduasl offects of tom-
perate yfain crops such as lupin, but the sub-tropiocal end tropical grein
crops have been least rewarding in this respoct.

Giri and De (1980) found that yiclds of poarl millet receiving no N
fertilizer but following pigeonpea at Delhi wore equivalent to thoso where
30 kg N/ha was applied, They ranked groondnut, cowpea, pigeonpea and mung
beans in arder of benefits to subscquont crops. Soxona snd Tilek (1975)
demonstrated a significant residual offect of inoculated soybean oh subse-
quent whest yicld. On’the other hand, Jonas' (1974) domonstration of benefit
from groundnut was accompanied by evidence that cowpea did not benefit the

subsequent maize crop.

Acetylene reduction technique

This technique, depending on tho ability of nitrngenase enzyme to reduce
CoHg at a rate related to its ability to reduco N2 has been used extensively
since ite first implementation in the late 1960's. It is a test which only
gives & measure of current activity and requires digging and incubation

of the nodules in an stmosphere of CoH, for %-1 hour.

i has provided valusble ineights into the fixation pattern
of therh:u;.:co: qgiobabl‘y) becouse of the greater ease of recovery of chick-
pea nodules, some very striking effects are evident. Seasonal profiles of
activity at Hydersbad and Hissar are strikingly different in both magnitude
and duration of activity, fixation is short lived at JCRISAT while it continues
throughout the winter st Hissar. Perhaps more importently the rates of
fixation during carly growth differ morkadly batween Hyderabad and Hisser,
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The deta were collected ut H.A,U., Hissar under conditions commonly followed
by farmers, i.e. adequate prior moisturc end declining tomporatures. When
chickpea grown at Hyderabad is irrigated regularly similar ratos and dura-

tion of fixation can also be induced (Figure 2).

Nitrogenase activity of chickpen oorly in the life of the plent grown
in the ficld at ICRISAT can be well correlated with nodule quantity and with
final grain yield.

With pigeonpes the situation is very difforont although fixation also
d?clines after flowering. During the active period, spocific activity (acti-
vity/unit mass of nodules) is certainly higher than chickpea although it is
arguable whether there is more N fixed per unit nrea, The problem with pigeon-
poa is that recovery of nodules is difficult and, perhaps not surprisingly,
correlations between mean nitrogenase activity at 30-40 days ond final dry
matter cr grain yields sre poor. The relationships of these parameters will
need to be established under conditions where nodules are recoverable ( 9.9.
under control'cd conditions) but therc is clearly e need for nlternstive
procedures which do not involve excavation.

8iochemical techniques

In 1977 Matsumoto et ol showsd that the long-recognized uroides (allen-
toin and allantoic acid) were commonly associated with nodulation in eoybeon,
and current evidence suggests that the ureides arc probsbly the major mete-
bolite into which gaseous No is convertoed in the nodule. Thus there is an
opportunity to memsure N fixation indirectly by assay of the ureide content,

At ICRISAT, Dr.Matsumoto found however that the ureides were only of
significance in one of the mandate legumes, viz. pigeonpea. The nitrogen of
bleeding sap from the hypocotyl region can contain over 50% of the total
soluble nitrogen as ureides with the remeinder as NO3 (presumebly sbsorbed
from the soil), and amino ocids plus emides (source yet to be eatablished).

While the technique is obviously attrective, much more study is nece-
asary to develop it as a reliable measure of Np~fixation and currently
Or.Ann Mary Mariadass is working on this programme as a Rescarch Fellow.

The source of the amides and amino-acide (soil or fixation) and the
level of ureide production from other patiways must be determined. The
correlation between concentration of ureides in xylem sap exuded from decapi-
tated plants and thet found in different plant parts is poor but is being

further investigated.

However, the possibility of obtaining a relisble estimate of fixation
for field grown pigeonpes remains; the incentive to develop such an assay
certainly reroins, We clearly need on alternative to oxcavation of nodules,
which in sny case has not proved rewarding.
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Use of 15N

15, . .
N usege in studying of nitrogen fixation is based on nv?glabnlty to

thc; legume of gaseous N, and soil/forti}izer N which diffor in '°N contont,
This is most readily stiidicd by, using 5% onriched solls (i.c. by adding
enriched fertilizer alEhour;h 5N can be used undor controlled conditiona
(natural abundance of "N is 0,366% of atimogphuric N, so that 5 atom % oxcoss
is in fact 5.366% 1oN),

The s@mplest procedurc involves examination uf the N token up by o logume
and a non—?gtrogen fixing plant, usually a non-logume, supplicd with ? amall
amount of 1N fertilizer an1 calculating the difforential smountad 15N
present, -Fried and Middleboe (1977) proposed the following:

1y excess in legume crop total N in

amount fixed = X Jegume crop

%
% 15N excess in reference crop

This assumes that tt. 15N:"‘M ratio of the mineral N taken up by the two
crops is the sume.

Another approach is to use the A value concopt (Fried and Brosshart,1975)
which involves the assumption that a plant confronted by two sources of s
nutrient will take up the nutrient in proportion to tho omounts svailable from
the two sources. This enables one to ensure that the non-fixing control has
an adequate N supply so that it explores s similar volume of eoil to the legume.

% nitrogen derived from soil rote of

A valug = X
% nitrogen- derived from fertilizer N applied

The N, fixed thus = A value (fixing system) - A value (non-fixing system) x
fraction fertilizer N (fixing systom) uee.

A field experiment with 15N{z:'anducted on pigeonpee in 1980 at ICRISAT/wng
to utilize these concepts.. As the soil was an Alfisol, castor was used as
the non-fixing control. The plants grew poorly in 1960 so we propase to
repeat the experiment in 1981.

While enrichments of soils by "N fertilizers are commonly of the ordor
of > 1 atom percent excess 19N, there is some evidence that lightly labelled
soils may be of use to screen breeding meterials for Ny-fixing sbility (Kohl
and Shearer, 1981 ). The major limitation is thet the rote of minerslisstion
of 19§ enﬁchcd organic metter should he constant during the experiment eo
that the '”N:79N ratio in inorgenic N recleased during the experiment is con-
stant. Such equilibration following enrichment with fertilizer mey take a
musber of years, With equilibrated soils, screening can be done with a few
plants with selcction in fovour of those with loast w.
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The particular advantage of the 5y technique
P Ar o : que basud on wholo plant
ganpling"ls_tl)ﬂt it is an integratod measure and doos n;t suffor gom the
one of f" limitation of the acetylene roduction tochnique. The 15N techniquo

can be_used on the vegetative material at final harvost snd sceds saved for
further utilisation.

INOCULANTS

Preparation

. The majority of legum: inoculants on salu in tho world nre preparcd by
impregnation of a finely ground carrier, commonly pont, but in India, lignite.
The quality of the inocula is the most readily dcfined in torms of numbers of
suitable nodule bacteria per unitquantity of carrier. Unloss the product ie
prepared by impregnation of a pure culture into a storile sealed package of
carrier, the nroliferation of contaminants is such that n reliable plate count
is not poseib.e. Regrettobly, Indian inoculonts whother produced by Univer~
sities or private componies, are generally not prepared in this fashionend the
necessary control procedur.s involving serial-dilution/plant-infection toats
are also not utilized. The result is that quality control is poor nnd the
quality of inoculants on sale to farmors (and ovailable between inatitutions
for All India coordinated trials) is poor (Figure 3).

In order to service ICRISAT experiments our own inoculants aro currently
produced using irradiatod peat imported from Australia. As collaborating
ascientists from Indian institutiona provide us with purc bactevrinl cultures,
we have undertaken to store them by freeze drying, return them when required
and to prepare peat-basod cultures of those strnins required for use in All
India studies.

Meanwhile studies have been initiated to,

(a) attempt to simplify methods of broth production ueing simple metsl
fermentors rather than expensivo glass flasks and shnkers,

(b) test alternative carriers,

(c) develop suitable means of sterilizing finely ground carrior in
the sealed packet before impregnation.

Because the impregnated peat is moiet,and needs to remain eo,waterproof
packaging is nccessary. For the same ream;ns the package must be effectively
sealed. The packing material of choice is plastic - polyethylene most
commonly used. However this is not hent resistent and as sutoclaving is a
successful means of sterilizing the package before impregnation, polypropylene

has proved us: “ul.

t Dr.Goswami of Punjob Agricultural University spent some time on
umeR:ct;mdig’and some pre. iminary storoge data including Or.Goswsmi‘s first
tests are prescnied {Table 17).
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FIGURE 3

QUALITY OF INDIAN INOCULANTS
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TABLE 17

Preliminary (1980-81) datn

Survival of (“uzobium in varioun Ceiriers

Log. No. rhirobin*/q moist cerrier
Sterility of

cerrisr hterile®~ Non-aterile
Time from
impregnation 2 woeks B weeks 2 wooks B wooks
Carrier
Australion peat .
(neutralised) (pH 7.4) 9.69 8.91 - -
Octy Peat
(neitralised) (pH 7.6) 9.34 9.24 8.84 8.24
Lignite
(neutralised) (pH 6.1} B.26 B.66 a.64 8.08
Press mud (pH 8.0)  7.48 5.87 <35 < 4.68
Chareoal (pH 8.1) 8.5 8.34 8.26 7.24

*Each figure is the geometric meen of populatians of &4 atrains
{1 pigeonpes, 2 groundnut end 1 chickpes)

##A11 except Australian peat aterilized by sutoclaving.
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Meanwhilc ICRISAT staif have beon invited to nssist in rodrafting tho
Indian Standax_-ds for inoculants to include more officient counting techniques
involving sorial-dilution/;lant-infection techniquus, and use of identification
procedures. There is littlc doubt that unlesa strict control monsurgs are

implemented in India the whole concopt will loso crodibility with tho
farmers.

Use of inoculants

Production techniques throughout the world gencrally reflocts the fact
that inoculants are nommally applicd to soeds, hocause this is the ensiest way
to introduce them into the soil.

Problems however arise from this practice - (o) somo soeds are not
easily inoculated (the obvious examplo is groundnut where tho seed cost is so
pasily damaged in the process, and. soybenn is alsu roadily damaged by uso of
adhesive solu .ons), (b) where the us. of harmful insect.cidos or fungicides
is practiced (e.g. groundnut, Phasenlus vulgaris and Pisum sativum) added
rhizobia cen rapidly die, "°) sowing under ary conitTons eepecially with
small seed which rannot he doeply buricd {and so oscape hinh temporatures),
(d) the risk with some species that a proportion of the inoculum can be
carried up on the sced coot at germination.

Brockwell et al (1980) have shown that application of inoculont directly
to the soil either by implantntion cf "solid" inocula (i.c. normal inocula
corried on inert materinl such as sand) or “liquid inocula” (i.e. narmal inocula
suspended in water and sprayed into the soil near the seed) both likely to
givebetter responses with pasturc seeds then sced inoculation, whon adverse
conditions exist.

Already groundnut microbiclogists are utilizing nlternstive inoculation
procedures at ICRISAT. Similarly there are situotions wherc pulses ere sown
under adverse conditions, capecially the dry sowing of pigeonpea in Vertisols.
It is not difficult to anticipate that succesaful introductions of chickpes
in farmers' fields in South India may also be dopendont on dry sowings in
anticipation of late Kherif rains for germination., On ICRISAT the preference
for use of ridges rather than flat cultivation may be unfavourabls to survival
of rhizobia due to less fovoursble temperature and/or moisture relationships.

Evaluation of success of inoculants

Inoculent strains ideally are chosen for their ability to infect the host
under & range of conditions and again ideally, to provide the maximum plant
response in terms of N-fixation.

In fact they are often chasen osccntially on their effectiveness with
the host and there may be no measure of their ability to infaect the host.
Ultimately this sbility m ¢ be tested.

With all its feults associated with nodule size etc. the most comson
criterion of sbility to infect is to determine the proportion of nodules due
tn the innoul At strain. This in turn involves recognition and identification.
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Tdentification of inoculont strains

Serology has been most publicised teol For recognition of rhizobio from
n?dules or many years (oc.g. Vincant, 1981), Its opplication rangos from the
simple agglutination tests (mixing eabtit-based antisora with on urknown in
n_tube) through gel diffusion {whuro recognizable bands aro formed whoro
differing substancos mect within agar containing sntisere and antigon) immuno-
flourescence which results from conjugation of immunoglobulin with o flource-
cent dye visible under the micrascopc, to ELISA (onzyme linkod immunosorbont
assay} (Reddy, 1980) where  colour ronction can, in the ultimato uso of the
technique, be automatically rend and the results quantifiod and recordod by
electronic equipment. Unfortunatcly with those methods cost 1. positivaly
related to speed of determination.

Rabbits arc normally used for production of antisera and facilitios for
the housing arc currently nlmost complote nt ICRISAT, Ffor moat of the tech-
niques o pure culturc of an isolate for ench nodule is nocessary - this is time
consuming and “acility-saturating as it is not unreasonnbile to consider 40
nodules/plot as o minimum samplc. With adequotely sizod nodulos and a wolle
developed technique, direct nodule sguashos are possible, and in fact profe-
rable, with immunnfluoresconce, but the technique must be woll developed by
the operating laboratory - without a culture of the nudule forming organism
there are no second chances.

Antibiotic rcsistont strains arc readily selectod ns mutants by asubjocting
a nommal Rhizobium population to growth on an sntibiotic-containing medium,
Commonly sclection of the mutants is made at a concontration in the agar nt
100-200 ug/m} although somc antibiotice are particularly prono to produce
mutants of reduced cffectivencss (Setwinghamoer, 1967), Mutants rosistant to
streptomycin and spectiomycin nrc commonly selocted. When used as inocula
the identity of this strain can be readily confirmod by growth of o nodule
isolate on ogar containing the relevant antibiotic(s). This tochnique {intro-
duced by Obaton, 1971) was cmploycd by Banyong Toomsan to identify e strepto-
mycin resistant inoculant strain of chickpen Rhizobium in a field inoculation
trial at ICRISAT. Success of the inoculant was closcly related to the popu-
lation of natursl rhizobio present in the sofil. To date similor studios have

not been made with pigeonpea at ICRISAT,

Inherent antibiotic resistance is a concopt utilized by Josey gt nl (1978).
It was " . Tnosarum that rcasonatly consistent growth reactions .
could be measured by pargmular strains inoculated on agar incorporsting low
levels (5-30 ug/ml) of different antibiotics. Several levels of a rango of

suitable antibiotics aro selectod so that they each only adversely affect some

strains of rhizobia but not others, The ability or otherwise of a single
stra;n or isolote to grow on each of the test platee is recorded and the final

result constitutes a genetic "fingerprint”. The antibjotic resistance profile
isolates of a ~opulation of unknowrs can potentially be used to classify them,

This potentinl ability to clnssify unknons is particularly oppealing as a
means of dﬁemmﬂg whethor changes occur in fielc’s between years.
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_ The first rosults wore encournging: they successfully placed tho known
inoculsnt strain (2 mutnt resistont to n high lovol of entibiotic) inta 1 or
2 groups depending on the number of "errors™ nllowod and subdivided tho
remaining population of 473 isulates into 119 classes, many of which only
containcd one strain.

. The technique is not without its problems nnd further dovelopment at
this stage is in the hands of Or.Eden Bromfiocld of Rothomstod who 1o nttempt-
ing refinements as part of a collsborative projoct with ICRISAT sponsorod by
British Oversens Developmont Adminjetrntion. Strains from both pigeonpen and
chickpea are being studied,

Phage typing. The technique of identifying bnactoria by thoir ronction to
8 rongc of v.lrrj bactoriophages hos boen known for n long time but hns
remained cssentially of academic intersst to date with Rhizobium. Our
collaborating laborstory, Rothomstod Experimontnal Station In UK. is currently
investigating its use with isolates end soils from ICRISAT,

THE FUTURE

Short-term objectives (12 yenrs)

(a) To develop and estnblish suitnble methodology for:

i) identificotion of Rhizobium for study of field performance of
inoculants,

ii) measurement.of nitrogen fixation,
iii) manufacture of high quality legumc inoculonts with Indian meterials,

iv) screening of germplasm ond brecders material (in collaboration with
breeders?

(b) To study recognized constraints to nodulation nnd fixation with
existing methodology:

i) effect of insect domage of nodules on N fixation by pigeonpes,

ii) effect of nodulation on incidence of disenss (in collaboration with
pulse Pathology)

jii) effect of time of sowing on N fixation - to dato these studies heve
utilized sowings made by physiclogists (pigeonpea) and breeders
(chi~%pea). Implicit in this study is measuremont of the effects
of temperature and moisture. Studies may omploy glasshouse experi-
mentation using temperaturc baths depending on the degrec of
involvement of t:. University of Reading Plant Environment Laboratory
with whom ICRISAT is currently proposing to collsborate.
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iv) effect of dry sowing of incculated s
_ Sowing wed and of introduction of
grar_xular or liquid inoculants separnte from the seod before
80wWing, on survival of rhizobin,

v) examination of comatibility of close relntives of both pulsos
to their respective rhizobia,

vi) determination of heritsbility of nadulation,

{c) To examine the response of pulscs sown into farmors' fields and low
input areas of ICRISAT. Thaso sowings hnve niruady been mnde nt
Aurupallo and ICRISAT with pigeonpea,

Studies on farmers' fields. There nro a various ressons for this approach:

i) in principle any ngricultural development should bo tested in the
fields of the farmer whom we nre committed to asaist. This particu-
larly applies when the conditions under which thoir development has
been made differ from those of the farm. Reod et ol (1980) stated
that surveys of over 1000 ficlds of pigeonpen mross 13 states of Indis
from 1975 to 1980 have indicated that over 80% of this crop is grown.
with few or no purchased inputs. Chickpea is probably grown under
somawhat more favourable conditions but inputs nre ngoin rolatively low.

Thus we are interested whothcr inoculation con provide o response in
eny of the measuroble criteris relevant to N-fixation,

ii) a major input into ny resenrch programme is the definition of now
problems. If our inoculation experimonts fail we shall need to
determine why. To do this we shall have to returm to the laboratory,
to devise new procedures but ultimstely agoin we must return to the
farm. One may -reasonably anticipate thot nutrient deficiencies may
be revealed.

1 wish to make it perfectly clear that those studies sro simplo experi-
ments and not demonstrations.

In addition I submit that there is a neod for opportunities to work in
villages other thon thuso we are fortunste enough to be associated with
through the Vilage Level Studies. There is currently s strong bureaucratic
wall separating us from the farmers of India. While we accept its existance
there is no ressonable justification for our claim to be serving the problems

of the farmer of the S5AT.

Mid-term objectives (1-3 years)

Yo utilize developed methodology to assist in,

ti f dosir ble Rhizobium strains of versatility in relation
b zgl;fostgnngd environments of India{and other countries ?).
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ii) mensurement of N fixrtion and

input
conditions, nputs uvior normal farming

iii) screening,‘solection nd breading fur high Fixation levels in
collaboration with breeders,

iv) advising manufacturors on techniques of invculant monufacturo,

Long~term objectives (1-10 yenps)

(a) To develop collaburative long term rotntion exporiments on ICRISAT
unde; conditions relevant to the farmor with particular omphasis
on nitrogen balance determinntions,

(b) Collaborntive studies on N bnlnnces in all cropplng systoms,

(c) To develop breeding atrategics in collnborntion with tho breeders
to maximise N fixation by broedors materinl,

(d) To include in the programme, nnd integrate with the Rhizobium studics,
the currently proposed studies of mycorrhizas boing Tnitlsted in
the Cereal microbiology programme,

(e) To provide usnblo technolugy for inoculant manufactute nnd usage
in nll countries relevant to the ICRISAT progromme.
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