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Abstract. Biological nitrogen fixation plays an important role in maintaining soil fertility,
However, as BNF is dependent upon physical, environmental, nutritional and biological factors,
mere inclusion of any N-fixing system does not guarantee contributions to soil N pool. In the
SAT in situations where plant stover is also removed to feed animals, most legumes deplete soil
N. Beneficial effects of legumes in terms of increased yiclds of succeeding cereal crops have

been reported. Such benefits are due to N contribution from legumes through BNF and soil N
saving effect. In addition, other non-N rotational benefits for eg. improved nutrient availability,
‘improved soil structure, reduced pests and diseases, hormonal effects are also responsible. For
exploiting BNF technology for developing sustainable cropping systems in the SAT, we need to
take holistic approach involving plant host, bacterium, and environment. Selection of the
appropriate host types and genotypes which fix larger proportion of their N requirement under
adverse conditions through BNF is needed. Along with this optimum management practices rmust
be provided to ensure maximum contribution from the BNFE. For success of inoculation

technology in the SAT, concerted efiorts right from production, demonstration to distribution will
be needed. :

Introduction. Sustainable agriculture involves the successful ‘management of resources for

agriculfire o satisty changing human eeds while maintaining or enhancing te quality of the
environment and ~conserving “natural “Tesources [59).’ In'tcn'siyé"-f'agriicitnlturalff‘systems':i-’f'a:é c
characteristically expanded nutrient cycles involving export of crops from a farm and require

' continued import of nutrients to the farm. Nitrogen is the most limiting nutrient for increasing
- crop productivity. The continued and unabated use of N fertilizers would further deplete stocks

of nonrenewable fossil fuels used in fertitizer production.

Sué‘fﬁiﬁ@ﬁe angéultd:’é; relies g’rez_aﬂjw'é_:n.' rehe\fvé.bié resources and on-farm nitcogen contributions
are achieved through biological nitrogen fixation (BNF). Biological nitrogen fixation helps in
maintaining and or improving soil fertility by using N; which is in"abundance in the atmosphere. -

Annually, BNF is estimated to be around 175 million tones of which close to 79% is accounted

- for by terrestrial fixation (Fig. 1) which is indicative of the importance of BNF in the context of
. ‘e global N cycle. The BNF offer an economically attractive and ecologically sound means of
+*reducing extemal ;inputs.__.lnnmi_s"papgl_:_ we deal ‘with the B systems involving the upland - 7

_legume crops grown in the semi-arid tropies (SAT).  © "
Nitrogen conributions through legunies. Symbiotic Ny-fixation by Rhizobium with legumes = -
" contribute substantially to total BNF' [47, 64). Nitrogen fixation is dependent upon-physical

environtnental, nutritional and biological factors [39, 47] and it can not be assumed that any Ny~
fixing systemn will automatically make large contributions to the N cycle. In most of the studies ;

- whille estimating BNF, plant roots and fallen leaf material is not taken into account which results - Lo
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n undcrcSUmauon of quanmy of Nz fixcd ';' It i 15 cssentml that BNF in roots and fall‘

' hould be conmdcred to accuralely cstunatc onmbuu

' ":.éra'ss'lénds‘
32 3 %

Foresls ra
Woodlands

Non-Legumes 6~5/ /n

: Legumes _
252 %

’ anure 1. Distribution of 139 million tonnes of N estim

ated 1o be biologically fixed in '\'rarioug"tor;estnal '
syslems. Sourcc' Bums and Hardy (1975)." I ' RERISE. S

'bcgumes are 1mporu1n omponent of agnculturc smcc ancxent urna 1s Wi

B cgumcs improve 50il, fc rtility’ bccausc of thieir N;-fixing “ability
~ always amounts of N, fixed by legumes are cited. However, in order to asscss the g
in sustamablhty of different. Cropping . systems in the SAT, not.only the amount of nitypgen. ﬁxed.
by the legume component crop in the system is 1mportam but -overall nitrogen. balxﬁ'lcc of thc
systcm need to be consxdered The SAT is characterized by a harsh ‘environment ith crrauc.
scasonal rainfall and dense human and. animal population:, and it has unique problems in
agnculmrc also. Itisa common practice to rémove plant material also from the field for fccdmg

‘p the animals. . In such a. casc only nodulntcd roots and fallen leavcs go back to thc soxl

Dxffercm mamnty groups of p:gconpca culuvars grown at Patancheru, India ﬂxcd 4 53 kg Nhat,
scason [28] and also dcplcted 20-49 kg N hat from soil. In case of. cluckpca dxffcn.pt cultivars
23-4( n (O.P. Rupela. pcrsonal commumcauon) ‘and ¢ ﬁ3—77 kgN:
a’ season’. frorn soxl (Tablc 1), "Groundnut: fixed - 190kg N I L po dyxclds arc g
around 35t h at Paumchcru [38] howcver, groundnut rched for its, 20- 27 lcg N h
‘ scason") of 1he N rcqum:ment on soil: or from feruhzcr [17] obv:ously :"esulnng into neg:
..N balance. Posmvc net N balances up to 136 kg ha! for sevcral legumc crops,fo]lowmg seed
ha.rvcst have been shown [471. However, if c1op, re51ducs are I3 n_'loved from th
. balances for groundnut workout to_be -27 to, 95 for- oybca.n 28 to'
and, owpc =25 to-69k ha




A e

L ced and stovet - removed ranged from 12t -35 kg ha' in’ northem 'I'hmland [22] 1‘or dxffcrcnt '
cropping systems where p:gconpca and groundnut were grown as intercrops nitrogen balances .
orked out negative {32). In case ‘of soIc plgeonpea grown.in rotauon “with sole castor a posmve
A balance of 18 kg N ha dunng two years-crop’ rotation: was observed .t Patanchcru. At
Pata.nchcru, ‘without any N fertilizer application, sorghum and millet cultivars rcmovcd 22-34 kg
;’ ha' y. “These results Show that legumes also mine soil N as cereals do. ‘However, total plant
3 N ylc]ds frofm legiimes are far higher than the cereal plant N yiclds. We reach to'the conclusion
that in gcneral legumes-slow the dcclmc of rather man cnhancc the N fcmhty of thc scul m‘_
~ compzmson thh ccreal systcms. . :

Tablc 1. th nm'ogen balanccs for p;gconpea and chlckpca culnvars grown at Patanchcru, Indm.

Total plzmt o Plant N derived from  NetN .
oL N uptake . ﬁxauon (kg ha 1) balance
i Cultivar (kg ha™) ' o : (kg ha'y

- Pigeonpea®

;n

f: ; Prabhat

¢ UPAS 120
T 21
BDN 1
Bhedaghat
JA 275
Bhandara

_c__mckpea :i B

;c:;*"' 'Aimigeri R 110 . " .o 31 ,

. g ,n? ICCC 42 ;:1. :. g K '- e . - -t K ‘.: o - [ '::: .'_;.'_ ' T ._ -"". Wt -:._64 L

| i ICCV6 S .'-' 230 T "-76'

.f K850 i+ "o : B\ R 63

E Turce. i Demrcd trom Kumar Rao and Dart 125_], Rupcla () P (personal commumcamn)

§ Net N balancc calculatcd as Total plant N upmke (N dcnved from BNF + N denved

“from feruhzcr + N dded to soxl through plant Toots and fa.llen plant pa.rts)




- Beneficial effects of legumes. Déspite the negative N balances for. the légumie, crops- grown in -
. ovation or as intercrops repofted benefits of loguimes to siccceding ion-logume rops haye been
 observed consistently. (Table 2).- Tmprovement in cereal yieid-'folld\.'vih'g‘"rﬁb"ﬁdéi'c}pﬁed legumes -
lic mainly in the 0.5 to 3 t ha™ range, representing around 30 to 350% increase over yields in
cereal-cercal cropping sequences [47). Such. increased cercal yields. following legume Crops’ '
 attributed to the N contribution from Jegumes in crop rotation [13, 39]. This opinion is not held
by all (10,11, 54, 66].- - e L I | '

Table 2. Residual effect of _p_recedin g l.cgumq'on cgréal 'yitid in Lcn_r}é of fe

. Fertilizer N equivalent

. ‘ S _
eceding legume . ... . Following cereal - 't S (kg hah) ]

Berseem. ' ' Maize

© Sweet clover ’ Maize
Winged bean Maize
Blackgram ' Sorghum
Greengram : - Sorghum
Greengram {monocrop) Wheat

* Chickpea . Maize
Cowpea . . Maize
Groundriut _ Pear] millet-
Cowpea L Pearl millet
Chickpea K Pearl millet
Lentil 5 .- '-o .. .. - Peal millet
Peas o ~ Pearl millet
Pigeonpea. . © - - WWheat -
-Cowpea ' - . .~ Monocrop
Latyrus™ - -~ - 77 . Maize *. - -

- Lablab bean Soeo S Maize Ut
Pigeonpea:”. i s o -dr Peard millet
. Greengram v L Lot - Pearlmillet’ "
~ Groundnut (mo_riocrop)_ v oo Wheatt s
_Pigeonpea” .

"+ Peas » e

- Greengram (intercrop)
* Cowpea (intecrop)-.: ;.
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Nitrogen effect. Terms like "N residual effect” [13] and “Fertilizer N replacement value (FRV)"
fof.N equivalent [20]- are vsed to describe. the role of legumes in crop rotations: This concept
nguish between biological N, fixation and the "N-conserving effcct” which results

n sub umie logically fixed N for soil N. : The N contribution estimated

. by FRV method from hairy vetch and big flower vetch was almost doubled (135 vs. 75 kg Nha'
1) using grain sorghum as test crop instead of maize 3] Recently, N methodology has been
- used to measure the residual cffects of legumes to circumvent probléms with non-isotopic
‘methods [11, 55, 66]. Based on cstimates obtained via N methodology, Hesterman et al. [20]
.. argued that the amount of N crédited to legumes in a crop rotation in the north-central U.S. may
" be inflated by as much as 123% due to the use of fertilizer replacement value method. Based
- on N methodology it is reported that only 7.3 to 28% of the N in legume crops is taken up

by a following grain crop {29, 631 '

_ _ Growing legumes in rotation does improve, mineral N content in soil as that of the non-legume

< crops.’ At ICRISAT: Center,” Patanchery,, near Hyderabad, a.long-term rotation. experiment is
being conducted since 1983 using two-year crop rotation treatments. “The surface soil (0-20 cm)- IR
samples collected after harvest of Oth season crop, showed higher amounts of mineral N contents
in soil under legume-based cropping system than the non-legume based cropping system (Fig.
2). Inclusion of greengram in cropping seguence increased the available nitrogen in soil to the

extent of 12.6% in non-fertilized control plot [49].

In addition to mineral N content in soil from the long-term rotation experiment, N mineralization”

- potential (N,) of the soils under pigeonpea(pp)-based cropping systems was almost two times
higher than that of the fallow-sorghum treatment. Such increased N, values at Patancheru were
not associated with chickpea(cp) which is grown during postrainy scason on residual soil,

_ moisture. The wactive N fraction” the quotient of N, and Nigw and expressed as percentage varied

..+, between 9-17 % with higher values reported for the soil under pigeonpea-based cropping systems
<. (Wani et al. unpublished data). Using N,and K (N mineralization rate constant) values derived

.through exponential model, "time.‘requircd to mineralize 25 mg N kg soil was less in case of

. pigeonpea-based Systems (1.5-13.8 wk} than that of cropping systems which contained chickpea
or no legunlq.otﬂwhich was left fallow during rainy season (19.6-21.4 wk), ~Analysis of field -

. soll samples collected prior to start of the experiment in 1983 and later in 1993 showed that in '

, case of Fallow+Sorghum (F+8) system total soil N content was decreased by 72 pg g soil
during ten years period, Similarly, S+CP-S+5F and S+SF-S+SF plots also recorded decrease in_
fotal soil N. -The continuous' greengram + sorghum. maintained the soil N- while substantial
increase in total N- was obscrved in S/PP-S+5F (70 ng gh and gowpcg(COP)/PP-S+SF (102 pg
g") (Wani et al. 1994a).. These results demonstrated. that pigeonpea-based cropping systems .
increased total soil N substantially during ten years." - R L
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: S_&gﬁu&ﬁ was grown mmgrecnhouse using sux"facdj'soil_"r‘sa,};;l‘ﬁl:els_‘k‘:ol_Ig:‘qtcd-i;'om field';)lots-

‘which are under different cropping systems since Tast 9 years, Sorghum ‘grown in-soil from v

COP/PP-$+SF plots yielded 63% and in other pigeonpea-based systems. yielded 36-56% higher
: as that of sorghum grown in soil from S+SF-S+SF plots. . In case of chickpea-based cropping

ystems, 'sqrghum'yields_,wérc-Iowéred by 18-24.5% over S+SF-S+5F, plot yields (Wani et al.
unpublished results). - Usin 5N methodology and sorghum grown in-S+SE-S+SE soil as check:
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Frgure Z Mmcral N comenl: in surface sorI samples (0-20 cm) from plols undcr dlffcmnt croppmg
systcms smcc last nine years. Goe e ‘

. itwas csnmatcd that 8.4 t6 20% of total sorghum plant N m'casc of prgeonpca—bascd_ croppmg
- systcms was denved from N that was either fixed prevrously and had accumulated, or soil N that

was made more available duc to the prcscncc of prgconpca in the rotation, The "A" values for
s0il from” prgconpea-based croppmg systeri plots wefe higher by 25.6 to 76. 3'mg pot‘1 (4.5:13.3

kg N ha'* equivalent) than that of the S+SF-S+SF treatrent, ‘The fcmhzcr N replacement values

ca]culated for these treatmients using soil from S+SF-$+SF treatment ranged from 63-161 mg N

. pot (24—28 kg N hs‘ cqurvalcnt) (All'these results mdrcate thiat iricredsed, sorghum yrelgsyfrorn

prgconpca—bascd cropping systems are’ partly. duc to mcreascd soil N avarlabrhty and ‘all-the

- benefits can not be’ explained in térms of N effects (Wani et al, unpubhshcd msults) '»Slrmlarly,
,.non-N rotanonal bencﬁts of legumcs towards yreld of subsoqucm crop havc been obscrved by
“many rescarchers {10 i1, 47, 22, 66; 67].

t tionis carmot be olcly cxplamod.

j'»f:_m tcnns ‘of" rcsrdual fixéd' N, thcn “what are the sources of th benefits demonstra ed i inT blc 27

;- Several factors can be mvolved the relative i rmportancc of cach ditated by site, season, and crop

¢ sequences.- Crop rotations 1ncrcascd avarIabrlrly of nutnents other. tha.n N through mcrcascd soil
mrcrobra.l actmty [30 66 67] ' ' it ' '
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ding [70] and buffering
: _ stances in legume residucs are
T or 1 fect. . Crop rotations break cycles of cereal pests and diseases, and
" : phytotoxic and allelopathic cffects of different crop residues [14]). Crop rotation is an effective
"« tool against certain pests and diseases, and that cfficacy may contribute to the rotation cffect [10],

-but rotation docs not control all diseases [67].. - 2

W.;lj"sifm; expioitfné BNI?_téchhofdlgy m the SAT o
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» fixing ability for various legumies have been identified, However, efforts to use this variability in
-breeding for improved BNF has been lifnited or non existent in all these legumes,

‘Large plant to plant variability for.nodulation and ARA observed in different legume cultivars
was investigated in chickpea and pigeonpea. It was observed that not only consistent low and
high nodulating plants were present within chickpea cultivars [52], even nonnodulating (Nod)
“plants occurred in normal cultivars or landraces [51]. Consistent variability for nodulation extent
was subsequently detected within pigeonpea cultivars also. Unlike in chickpea, however,
nonnodulating plants in Pigeonpea were found in segregating populations at F, (52]. Using

- appropriate screening procedures, low- and high-nodulation types under low--and high-soil N
conditions have been identified within several chickpea cultivars since 1985 at ICRISAT.
. Preliminary studies of Venkateswarlu and Katyal [64] also indicate plant to plant varability

+." within cultivars of groundnut, Intracultivaral variability for nodulation may be present in other

. legumes also.’ The natural occurrénce of Nod: and the low-nodulating plants in different cultivars

- is undesirable. - Appropriate checks should be built in legume breeding programs to ensure that
- Such'plants are ¢liminated in catly stages,of development of cultivars, High nodulating selections
. are expectéd ‘to improve yield under low N conditioris. In our ‘screening studies the high-
. - nodulating sclection gencrally. grew better than non-nodilating and low nodulating Selections of

cv. ICC 4948+ and cy: ICC 5003, the high nodulating (HN), selection of cultivar. ICC 4948
> produced 31% highér grains than its low nodulating (LN) selection at-low N fertility. : The HN
- selection of ICC 4948 yielded Stperior even at high N fertility. ‘Buf the LN and HN selections
- of another culgvar ICC 5003 yielded similarly. In a previous pot-trial the root length density of

than that of ICC 4948 duc 1o its high Toot length deénsity and as'a
nodulating liﬁés"bf-'ICc.'5oq3. yieldgd' sithilarly.-i" L

fpr BNF traits like nodulc_.humbcr. r;bdu_l_q mass _ahc[_écctjflcnc rcductibﬁ activity (ARA) has been

a given cultivar.™ In large plot yield trials with Tow- and_'higl'i-‘n()_dqlgti.r_lg‘.gélt:ctiéﬁs. of chickpea -

¥ known since carly cightics for chickpea, grotindriut and pigeonpea [39). Genotypes ‘with highN: - ae

ow-nodulating ICC’ 5003, was 32 m' plant® which vias Z:times. grealer than that, of the. low. ...
nodulating ICC 4948 Eethaps the ¢ultivar ICC 5003 could scavenge the soil N more efficiendy .
Tesult both the high'and low .-

-




e

AR
: .‘f-: e

ucumsta ,cs 5011 N musi maraged :hrough mclusxon of 'approp

: crop ,or gcnotypc ‘of a gwcn crop (as mcnuoncd enrlxcr) and/or appropnat

-'managcmcnt practices. . - PR e

In mtcrcroppmg, shading by assocmlcd cc:rcals rcduccd BNF by componcm lcgumcs {36). Smp
cropping of cercals: and lcgumcs can overcome both these probléms and 1mprovc the’ Systems
producuvuy without rcducmg BNF contributions._ in: the. system | from associated: Icgumcs
Indeterminate legumes fix more N than determinate types in mr.crcroppmg [16]. BNF in climbing °
bean {18], cowpea | [44] ‘and Scrratro [45] was unaffected by mu:mroppmg with cereals.” I cases
where strip croppmg is not poss1blc, cl:mbmg type lcgumcs cxm bc uscd to ovcrcomc shadmg

. fl'cct of componcnt cercal. c:op, . . AR

: Nodulauon and’ Ny fi iXation':] soybcan grown: m|sub-uop1ca
improved unider no tillage with- N balance of 80 kg N ha'l; compan,d Awith Lhc cullwalcd, ystcm
with 30 kg N ha! N balance. Increased N, fixation fesulted mainly from the higher propornon
of plant N derived from fixation since ylclds were unaffcclcd by tllage practice [47] ‘Clean
cultivation accelerates the oxidation of organic matter in soils and. gcncm]ly fesults in higher
eralc-N in the proﬁlc [62] which would affect BNF in legumes.

It should be rcalized however, that poor N fixation can be duc to poor pldnl: growth rcsuItmg

from pests, diseascs, and nutrient deficiencies, In In Karnataka, India, trials on farmer's ficlds with
_ plgconpca showed dramatic increase in nodulation due to application of diammonium phosphatc

"(DAP) alonc than to inoctlation with Rhizobium alonc. The plots receiving DAP and Rhizobium

yielded 100% more than the control plots [9]. Field-grown, soybean, had a highet P rcquucment
. when-it was’ dependent. on’ BNF for: its' N supply as .compared - 1o piineral- N: dependency” [8].
_ Based on the results from 140 on-farm dn.monstrauon plots’ with- ‘soybean in Ugandg il was
- observed that’on an. avcragc 300 kg ha yxcld increase was obtained with 40 kg P,O5 ha't

appllcauon and furthcr mcreasc of 300 kg ha! was obtained through moculatmn wuh R}uzabiwn
. [25] T : : :

: In groundnut, fcmhzauon wuh B Co Mo and Zn ina mcthum calcarcous so11,,wuh and wuhour.

o Rluzobmm 1noculanon sxgmﬁcamly mcrcascd nodu]auon, nerccntagc “of cffecuvc noduIcs ‘and

: plant dry maucr [23] "It'ha d bccn“rcporlcd that Ee: dcﬁcmncy spccxﬁcally hmus nodulc

dcvcloprncm in groun. grown in'the alcarcous so:Is of Thaxland 142): Soil acxdny ‘along witl
.2 OXICILI.CS can_ also rcstnct Nz ﬁxauon m groundnut. Exccﬁs:an‘ as

- ,_-nng;aqqp and“'mm;yicl.;i.__of_ geonpea: [26;748 Sin{i’larlj}, Soil upplication”o of 1} Copal
orit 1 kg ha’. sbdium molybdate’ g-ZnSOy ha! increased chickpea gxfu L yield:
i 7 Spccuwly o*:'cr control Inoculauon with R}z_lzobium .mcrca°scd chwkpca ylc!d,
by. 26% ovcr unmoculatcd comrol howcvcr moculauo g Wi ' ic;

neréased.yield by-4151397and: 28%:

T
Svan
ey £

ATy Y

L S El N

ity e RINTHE
“}é:’-".-:‘ Sy Ry

o
)
7

ST




ten dule;damage fo pigeonpea by a Dipterdn larva; Rivellid angudata-in farmets’. fields
educed yields sigaificantly; The' extent of nodule damagé. was: greater in pigeonpea’ growi in
Vertisols' (up-t6* 86%). as “comipared, to' 20%- in”Alfisols’ (39]: Possible -solution. is"to: select.”
pigeonpea genotypes that can resist or tolerate attack by nodule damaging insects. *- e et
“Deep sowing: of groundnut résults in the developmient of an elorgated hypocotyl, poor rooting,” -
poor nodulation and nitrogen fixation, notably in spanish types. Virginia types have considerable
' ‘nitrogenase activity even when sown ‘deep because of their ability t6 nodulate on the hypocotyl
- [39]. Farmers, fend to sow: chickpea at a sufficient depth to ensure good crop stand as it is
“*generally grown'on residual moisture. - Deep sown chickpea crop in heavy black seils suffer a
" substantial rediction in nodulation and N; fixation [53]. In lighter soils chickpea have been found -
“'to nodulate at depth.’ Greengran, pigeonpea and soybean grown on broad bed and furrows (BBF)
on Vertisol improvéd ‘odufation. than when ' grown on flat’ susface. However, jmproved

nitrogenasc activity on BBF was recorded with greengram and pigeonpea only [68]. ~ " .

UseofInoculantsMuchof thé- applied research! cfforts”in’ studying BNF have"gone’into . .

identifying cfficient strains of bacteria as inoculants. Before inoculation with appropriate strains”™
to be used, it nceds to be determjined whether inoculation is needed?

Need for Inoculation. The need to inoculate the legumes grown on cultivated soils must be
assessed by considering the interacting factors between the soil, the host plant and Rhizobium.
Most cultivated tropical soils are assumed to have relatively large populations (> 100 g! dry soil)
-of rhizobia capable of nodulating the legumes grown in such soils [39]. The results of surveys

- of farmers’ grain and fodder legume ¢rops however, revealed poor nodulation in large areas and
-good nodulation only in a few pockets {21, 24, 27} In a similar survey conducted for 43-47
villages from three districts of Madhya Pradesh, India for nodulation of pigeonpea, black gram, -
green gram and- fentil showed poor nodulation (0-10 nodules plant®) in 64 to 100% of. the

- surveyed area [41]- : o .

- Presence of nodules ‘on plant roots does not necessarily mean that sufficient N, is being fixed
‘for maximugm bencfit to the host plant.” In a survey of groundnut grown on farmers' fields in
; southemn-Tidia, 52 out of 95 fields showed inadequate nodulation with less than 10 per cent N~
- ﬁxizlg/(acetylcnc reducing) activity of what can be ‘obtained under reasonable field conditions |
- [35]. Although adequate nodulation was observed in some parts, ineffective nodules exceeded the
"pumber of effective nodules’ Outéof 87 groundnut rhizobial strains isolated from different parts -
- of India; only 5 were found to be effective [27).. However, the ability. to fix high amounts of N
(efficiency) is govemed by the symbiotic. c’apability-bctwccn’- Rhizobium and the host plant.
‘Hence, it may bc-'nccessary to introduce superior (more compelitive and cfficient) strains of
hizobiwm' to ensure adequate N; fixation for maximum growth and yicld of the hest plant.
Thies et al. [61} "dé#\galppé,d ‘nathematical model ‘using native rhizobia ‘numbers’ (estimated by
“Triost probable: number method) -and- soil mineral N data as inputs, to predict ‘the inoculation” ..
" responsés *at “different- sites"This - approachi* accounted . 83% of the variation ‘obscrved!in ..
noeulation. . These' models have been incorporated into interdctive computer program called -
'RESPONSE which redices the ieed for costly, site-specific field inoculation trials to deteimine
e néed for' inoculation” with Rhizobimy However, Nambiar [33] "rcppnbd-:'s_i'gqif cantyield

»




s:mulauon modcl usmg MPN data and’ mmcral N data cannot provxdc rchablc answers in all thc ‘
cascs and ths approach nccd tobe followcd cauuously
Compelmveness and El‘fcchveness ol' Strams For effccnve nodulauon of legumcs by rhxzoina:
_the introduced: strains should be competitive and efficient. " The dcgrcc of establishmen ‘and
_ persistence of an inoculant strain gencrally decreased with increase in populauon dcnsxty of the
native rhizobia [33]. However, some inoculant strains have succccdcd in forming more nodules
- even in the presence of active indigenous competing rhizobia eg. NC 92 on groundnut [37]. thtlc
is. known: of the factors controlling competitiveness but host, cultwar, soil properties, sml
microﬂora, environmental factors and the nature of the competing strains_ mﬂucncc the success
" of inoculant strains in nodule formation {2]. The success of introduced strains in terms of nodulc
formation - increased with repcated inoculation [71], and with higher inoculum rate {37].
Compeuuon between Rhizobium strains and moculatwn response was less pronounccd in-the
prcscncc of soil mmcral N than under condmons wherc Such N was, Immobxhzcd and unavmlable

(s e g

Factors Affecting Performance of Inoculant Strains. Crop responses to inoculation with
biofertilisers are not as dramatic as those with fertilizer N.. Being biological agents, these are
subjected to range of hostile environments and their survival and efficiency is- governed by
several factors [65]. Generally, there is a decline in the rhizobial population- on seeds but
conventional wisdom is that multiplication should occur as. the rhizosphere forms, so tha:
accelerated germination can also assist in ensuring an adéquate population. In case of crops
- grown on residual*moisture, such as chickpea, the inoculated rhizobia cannot move downwards
with the growing root from the top soil where inoculated resulting in poor nodu]auon. Sccondly,
dccp sowmg results in good crep stand but affects nodulatwn adverscly [39] e

Aot lated e o

Camcr-bascd moculants are usually coatcd on sccds for the mtroducnon of bactcnal su'ams into
ithe soil” However,. aliernative inoculation mcthods .are necessary where seed treatment w:th
fung1c1dcs and insecticides is needed or whcre seed of crops such as groundnut and soybean ¥ ¢an
‘be da.maged when inoculated with an adhcswe. Increased groundnut yields were obtained whcn
moculatxon was done-by applying a sluny of peat-based inoculation in the seed’ furrow (T able
+3);+-The normal carries-based inocula can be. successfully applied scparately from the seed [4,
7] Wh;lc all mcthods of moculatmn werc succcssful undcr favorablc conchuons "liquid”. and

. Soil- propcmcs can also, affcct thc survwal of moculatcd rh:zobxa. For cxamplc out oE 11
locanons tested for Iesponse of groundnut cv Robut 33-1 inoculation with strain NC 92 fule;d
to increase yields at two locations, nnmcly Tu'upal]u and Kadiri, India 1. Subscqucnt analys;s
t of soil¢ samplcs from. Tu'upath: rcvcalcd a hxgh (150 ppm) avallablc manga.ncsc contcnt [33]

symbl_ou .Nz ﬁxauon.‘ For such problem areas, spec1ﬁc strams with the ab111ty to ovcrcomc such.
- adverse: ondmons need to: be: §c1cctcd as ino¢ulants. - ngmﬁcant dxffcrences wcrc obsc: yed
' among_plgconpca;hlzoblal strams for thc1r ab1llty to nodulc and fix N under saline condltpns




[59] Namb:ar ot al [40] rcportcd rcduccd nodulc damagc by 50% due to moculauon of
: p:geonpca ‘with cngmcered Bradyriuzobmm ca.rrymg insecticide gene- (Bacdlus :hurmg:ensis
Hsubsp lsraclensm) 1n thc prcscncc of Rwellta augulam larvae under grccnhouse condmons o

gt Lo

‘% nodules_ foxjined on groi,ﬁdhu't pl ams o

3

Sedson

72, days 116 days aftcr
after’ sowmg " sowing o<+

: 'Umnoculzitcd

..+ Uninoculated . 9 (5)

-'._Uninoculatcd Inoculatcd 31 (2?)

: . Inoculated ;. . Uninoculated’ 28 (25)

¥ . Tnoculated” ) ‘Inoculatcd R 39'(41)
% . sE . o R +2.5

“ Data analysed afier arsine transformation: originaf means in paremhesis.

& . Source: Nambiar [33], | . S :

.. Yield Response to Inoculation. The ficld pérformance of inoculation is variable, For example,
“.with chickpea significant improvement in grain yicld was reported from 7 out of 16 [57] and 6
- out of 12 Iocations [58], predominantly in céntral and northern India with y:cld increases varying !

. from -14 to 30% over the control plots, In pigeonpea significant increases in early nodulation '
E “* . due to inoculation were not always well correlated with the final grain yields. Increase in grain Cod

"" yxcld of the pigeonpea 1nocu1ated with effective Rhizobium ranged from .19 fo 68% over’ T

;; uninoculated controls [39]. In groundnut, moculauon responses varied from decreased yields to :

1 s:gmﬁcant mcreascd yields over unmoculated conu'ois {27, 39, 571, Using network approach
. Niftal 1muatcd Worldwide Rhizobial Ecology Network (WREN) and conducted: standardized o
- inoculation trials with extensive environmental data. Over 228 inoculation trials,were conducted o
B undcr the Imernanonal Nclwork of chumes Inoculation Trials (INLIT) by coopcratmg scientists . ‘ i

“in-28 countries over the years. " In approximately 52% of the cases, inoculation resulted i in -

i . significant yield increases [12]. In summary, yield, responscs to moculauon were, site spocxf'lc

dcpcndmg on locauon, spcclcs, fcmlxty, and. olhcr factors. . R - : L

plant parts 1s mcrcascd over lhe umnoculatcd comrol. In cases; ‘where both. types, “of rcsponscs -
7 are not. obscrvod it, mlght sxmply rcsult in'a savmg of 5011 N whlch mlght be useful for: the




: substanual -arhounts of 'mtrogen through BN'F et N balanccs for lcgumcs or’ Icgum -based .
>.." cropping systcms in thc SAT indicated that such balanéés are ncgatwc and Icgumcs also deplete”:
soil N in the situations where plant residues dre rcmovcd from the field. Howcvcr total plant”
"N yields ‘are far higher than the cercal yields and legumes slow the decline of, rather than
enhance, the N fertility.of the soil in comparison with cereal’ systems. The’ unportant"lssuc is

; . how bt'.st we can cxplort BNF tcchnology for dcvclopmg sustamablc cropplng systcms in the
. : .SA'I‘? :

~-There-is- nced 0. undcrstand BNF systcm by ta.kmg hohsuc approach whrch includes host,'
. .. ¢ bacterium and environment and ensure that ali the partners involved work in harmony to deliver .
! - maximum benefit. - Accurate quanut' cauon of N, fixed by légumnes will help us to identify the:
~ systems which really maintain or improve the soil N status. Host controlled factors play an
_important role in regulating BNF but have not rcccrvcd ns due ‘share by researchers. We need '
to’ 1denufy type of lcgumc and also gcnotype of a grvcn Icgumc which yrc]ds morc ‘and:also
derive larger part of its N requirement from fixation in a’ particular cropping systcm “For
cxamplc, we need to identify crops and genotypes of legumes which can fix more N, undcr sole
cropping and intercropping situations without being affected by high mineral N contcnts in soil,
There is a need to identify host genotypes which can fix well under adverse soil condmons like
soil acidity, Al & Mn toxicity, alkalinity, water logging, etc. ‘ :

e S S = =

At ICRISAT non-nodulating lines of chickpea, pigeonpea and groundnut have been developed
. from the existing cultivars and/or segregating populations. Natural occurrence of nonnodulating %
plants ranged from 120 to 490 per million plants and efforts are required to see that occurrence
of such plants do not increase. Most of the breeding and testing work is done at the research
stations where mineral N contents are far higher than observed on the farmers fields. There is
i . every likely hood that low- or non-nodulating plants may not be identified as r.hcy‘will Erow
- - .normally using soil N. To avoid this, appropriate checks during breeding: and tesmg for
drscardmg low- nodulatmg plants must be built in the brccdmg programs.

0
'™

1

Along wnh Lhc appropnatc host typcs and genotypes, optxmum managcmcnt pracnccs must be
- provided .to ensure maximum contribution from’' the BNF.. - In intercropping situations where
- application of fertilizer N is csscnual to obtam higher cereal yields, appropriate form of fcmlizcr
“--'eg. slow releasing formulanons orgamc N ‘and smtablc method of apphcauon eg placcmcnt
. between. cereal rows than broadcasting and mixing iny ‘soil must: be worked out. Appropnatc
K a.mendrncnts wrth nutncnts other than N whrch mlght Irrmt the plant growth should.be donc._

e Tary
i

- Apphcanon of farm yard manure and othcr orgamc amcnd.mcnts rmprovcd BNF in lcgumcs._ ’
e Smtablc land managcment practices which can improve water storage, capacity of soﬂs 'or which
. :.can drain excess water away from the pIa.nt dcpcndmg on the situation ‘need to bc used to l;amess
.-+ 'maximum benefits from BNF. For eg. pigeonpea grown on Vertisols fixed more mlrogt.Jm ‘when

it grown on BBF than thc one. grown on. ﬂat surfacc whcreas n was rcvcrsc for chlckpca, :
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constramts to effecuve explortanon of BNF,technology 1n the SAT are:

! AT

hes e

the quallty of the mocnlants
“Jack of knowledge about moeulanon technology for the extensron
farmers. i : . : - ' )
o' effective moeulant dehvery system :
o' formulatron of the pohcy drctatmg the dcsxre to explort BNF successfully

personn'el;tﬁncf-'tﬁe

_ For stccess of broferuhzers in ‘the SAT, concerted efforis right from producnon, demonstratron
“ {o distribution wrll be mqmred Bioféitilizers should be used or considered as an insurance for
" harnessing BNF to its maximum poteqtial taking systems approach. As’ discussed earlicr in
* chickgea, the non-nodulatmg or low nodulated plants look similar in appearance to well nodulated
"'_"plants but this is at the cost of spil or fcruhzer N, We must take the vrcw “that in the end we
may derive benefit in terms of mamtammg ‘or unprovmg the producuwty ‘of our soils:* We shou{d :
not be dxsappo:ntcd by not’ seemg the direct benefits in some cases. A holistic approaeh to
‘improve production of legumes is needed and ‘we must ensure that all the constraints for good
plant growth other than N nutrition are alleviated and suitable management pracnces are
-provided for better performance of BNF technology Cor
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