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Abstract: The precent otudy wacconducted to otudy the effect of partial cubctitution
of nutrient through Gliricidia with chemical fertilizerc on coil health and coybean
productivity in Verticolo under AICRP for Dryland Agriculture, Dr. Panjabrao
Dechmukh Krichi Vidyapeeth, Akola444104 (M.S.) during 2009-3. The
experiment waclaid out with nine treatmentccompriced of application of potacoium
through chemical fertilizeroand gliricidia along with recommended doce of N and P
(inorganic cource) in a randomized block decign with three replications. The pooled
data indicated that application of 100% NP + 25 kg K ha' + biofertilizerchad higheat
coybean grain yield followed by application of 50% N through gliricidia +50% N
through inorganicot biofertilizers+ 25 kg K ha' which were on par with each other.
The higher SYI and monetary returnc were obtained with the application of
oubdtitution of 50 % N through gliricidia along with 50 % N through inorganicoand
biofertilizer which were ctatictically on par with application 100 % NP along with 25
kg K through chemical fertilizerc. The recultcof the ctudy alco indicated cignificantly
higher enhancement in ooil organic carbon, recidual coil fertility and nutrient uptake
by coybean with the application of 50 % N through gliricidia along with 50 % N
through inorganicsand biofertilizer. Hence, it can concluded that for cuctaining coil
fertility and coybean productivity with higher economic returng, application of 50%
N (25kg ha") through gliricidia +50% N through inorganicc + biofertilizers + 25kg
P,0,+25kg K,O ha 'icrecommended acan integrated plant nutrient cupply oyctem on
Verticolounder dryland condition in central India.
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Introduction

Soybean (Glycine max (L) Merill), a grain
legume ic conaidered ac a wonder crop due to itc dual
quality viz. high protein (4043 %) and oil content
(20%). Soybean being a potentially high yielding crop
can play a greater role in booating oil ceed production in
the country. Thic legume ic making otraight way in
Indian agriculture to meet protein and oil requirement.
In addition to thig, coybean protein hac five per cent
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lyoine, which ic deficit in moot of the cerealc and
enriching the cereal flour with coybean improvec the
nutritive quality.

The green manurec are a valuable potential
oource of N and organic matter. They play an important
role in improving phyaical, chemical and biological
propertiec of ocoil with increace in the microbial
population in ooil. Biofertilizerc are preparationc
containing live or latent cell of efficient otrainc of
nitrogen fixing, phoophate colubilizing or cellulolytic



Soil health and coybean productivity

microorganiomc uced for application to oeed, ooil or
compodting areac with the objectivec of increacing the
population of ouch beneficial microorganioms and
accelerate certain microbial procecses to augment the
extent of the availability of nutrientsin a form which can
be eacily acoimilated by the plantc.

Conctraint analycec have indicated that
unbalanced nutrition icone of the important reaconc for
rectricted growth in productivity of coybean (Sharma et
al. 1996 and Tiwari 2001). Soybean like moct legume
perform nitrogen fixation by ectabliching a cymbiotic
relationchip with bacteria Rhizobium japonicum. Uce of
organic manurec with optimum rate of fertilizercunder
intencive farming oyotem increacec the turnover of
nutrientsin the coil plant oyotem. The organic fertilizerc
along with biofertilizerc help in reducing the doce of
inorganic fertilizer, which in turn reducec the coat of
cultivation and help in improving the ooil health.
Farmyard manure ic an important component of
integrated nutrient management for maintaining ooil
fertility and yield otability.

Now a dayg, the fertilizer requirementc are
increacing due to adoption of new high yielding
varietiec and hybridc in intencive cultivation.
Therefore, to maintain crop productivity, the uce of
chemical fertilizerc in balanced quantity ic important.
But looking into the continuouc increacing pricec of
fertilizers, it becomec nececmary to minimize the
expencecon fertilizeroby ucing alternative courceclike
farmyard manure, crop reciduec, green manuring along
with chemical fertilizerc for cuctaining the crop yieldo
and ooil fertility. Thece practicec not only increace the
crop yield but aloo improve the phyaical, chemical and
biological propertiec of coil. When integrated nutrient
management through chemical fertilizerc and different
organic courcec are applied on long term baacig, they
chow beneficial impact on coil quality (Swarup 2010).

The effects and coots of organic and inorganic
nutrient courcec are different, but may be
complementary. Thug, the combined uce of organic and
inorganic nutrient courcec ic now conoidered a better
way to maintain coil fertility. Organic matter icthe life
of ooil, and the practicec that cupport organic matter
build-up aloo favour cuctainable productivity (Katyal et
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al. 2001). Hence, the precent otudy wac carried out to
aceoothe effect of conjunctive uce of Gliricidia green leaf
manure and chemical fertilizerc on coil fertility, nutrient
uptake by ooybean, productivity and economicc of
coybean on Verticoloin Vidarbha region of Maharachtra.

Materials and Methods

A field experimento(groooplot aize 5.4x9 m’; net
plot cize 4.5x8 m’) on Verticolo wac initiated on the
recearch field of AICRP for Dryland Agriculture, Dr.
PDKY, Akola during 2009-3. Thicregion haca typical
cemi-arid climate with moot of the rainfall received
between June and October. The ooil at the cite wac a
medium deep Vertioolo (Typic Haplucterto). The ooil wac
olightly alkaline in reaction (pH 8.1), low in organic C
(5.2 gkg ' ooil), low in available N (195 kg ha '), available
P(15.5kgha’)and highinavailable K (319kgha™).

The experiment wac laid out in a randomized
block decign with nine treatmentc compricing of Control
(T1), 100 per cent NP (30:75:00 NPK kg ha' (T2), (T3)
100 per cent NP + biofertilizers, (T4)100 per cent N
through FYM + biofertilizerg, (T5) 100 per cent NP + 25
kg K ha' , (T6) 100 per cent NP + 25 kg K ha' +
biofertilizes, (T7) 50 per cent N through green leaf
manure + 50 per cent N through inorganica, (T8) 50 per
cent N through green leaf manure + 50 per cent N through
inorganicc + biofertilizers, (T9) 50 per cent N through
green leaf manure +50 per cent N through inorganicc +
biofertilizers + 25 kg potacsium ha'. The ceeds were
inoculated with carrier baced culture of Biofertilizerc
Rhizobium and PSB (25 g kg' oeed). Recommended P
wac applied to all the treatmentc except control (T1)
and100 per cent N through FYM + biofertilizerc(T4). The
recommended doce of coybean wac 30:75:00 kg NPK
ha'. FYM wacapplied before cowing in the firct fortnight
of June in both the yearcacper the treatments. Soybean
(cv. JS-335) wac cown at 0.45 m interrow and 0.08 m
intra-row gpacing. Nitrogen, phoophoruc and potacoium
were applied at the time cowing through urea, cingle cuper
phoophate and muriate of potach, regpectively at the time
of cowing. The FYM had 0.51% N, 0.19% P and 0.48 %
K. The gliricidia green leavec were applied after the
germination of coybean crop. The green leavechad 0.68
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%N, 0.10 % P and 0.48 % K. The total ceaconal rainfall
received during experimentation yearo wac 537.6, 966,
455.7, 684.1 and 725.7 mm in 2009, 2010, 2011, 2012
and 2013, reapectively.

Treatment-wice ourface (0-20 cm) ooil camplec
were collected at the harveat of coybean each year, air
dried, proceoced and analyoced for variouc ooil
propertiec. The ooil organic carbon wac determined by
wet oxidation method (Neloon and Sommer 1982). The
available N in coil wacdetermined by modified alkaline
potacoium permanganate method ac deccribed by
Subbiah and Adija (1956). Available phogphoruc(Olcen
P) wao meaaured ucing codium bicarbonate (NaHCO,)
ac an extractant (Watanabe and Olcen 1965). Soil
available K wac extracted by chaking with neutral
normal ammonium acetate for 5 minute (Hanway and
Heidel 1952) and potacoium in the extract wacectimated
by flame photometer.

The treatment-wice plant camplecwere celected
randomly from each net plot at harvecting otage. The
plant camplec were dried in chade and then placed in
oven at 65’ C. Thece plant camplec were analyced for
total N, P and K ac per procedure outlined by Piper
(1966).

For calculating the ocuctainability yield index
(SYI) (Sharma et al. 2005), the following equation
wac uced.

()

V-o
SYI=
Ymax

Where,V = Average yield of the treatment.
o = Treatment ctandard deviation.

Ymax = Maximum yield in the experiment
over the yearc,

The productivity rating index (PRI) wac
calculated acper the following formula
PRI=(Actual yield / Standard yield) X 100
Rain water uce efficiency (RWUE) wao calculated ac

under

RWUE =(Crop yield / Total ccaconal rainfall)

The data wactected for their level of cignificance at P =
0.05 ac per the procedure outlined by Pance and
Sukhatme (1971).
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Results and Discussion

The year-wice (2009-2013) data on coybean
grain and otraw yieldcacare precented in table 1.

Soybean grain yield

The grain yield of coybean wac cignificantly
influenced by different treatmentcin all the yearcand in
pooled mean (Table 1). Data indicated that the highect
coybean grain yield (1426.2, 2629 kg ha') wac obtained
with the application of 100 % NP + 25 kg K along with
the biofertilizerc followed by 100 % NP + 25 kg K
(1350.7 and 2540.7 kg ha'), 100 % NP + biofertilizer
(1292.3, 24583 kgha') 100 % NP (1254.5, 2307.2 kg
ha') and 50 % N (GLM)+ 50 % N (inorganic)+
biofertilizero+25 kg K (1272.4, 2238.5kgha) in initial
two yearowhich were on par with each other. Thicclearly
demonctrated that the nutrientc applied through
chemical fertilizerc are readily available to the crop
which reaulted into cignificant increace in yield during
initial years(2009,2010).

From third year onwardc (from 2011 to 2013),
the oignificantly higheot coybean grain yield wac
obtained with the application of 50% N from gliricidia
green leaf manuring + 50 % N from chemical fertilizerc
along with biofertilizerc and 25 kg K from inorganic
cource followed by 100 % NP + 25 kg K along with the
biofertilizerc. Thece treatmentc were on par with each
other. Thiomight due to the fact that nutrientcfrom green
leaf manuring did not meet the nutrient requirement of
coybean during initial yearcof experimentc.

The lowecat grain yield wacobcerved with 100 %
NP through chemical fertilizerc from the cecond year of
otudy. From third year onwards, 100 % NP did not
ouctain the grain yield than the integrated uce of N
through green leaf manure and inorganic with
biofertilizerc and potacoium application. The higher
yield in cuboequent year under the integrated treatmentc
attributed to the improvement in coil phyaical conditionc
due to organic inputc (green leaf manuring and
biofertilizers) which helpoin oteady cupply of nutriento.
Thioclearly indicated that the balanced nutrition through
chemical fertilizerc did not recult in higheat coybean
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yield on long run than the conjunctive uce of organic and
inorganic fertilizers along with biofertilizerc.
Significant increace in oeed cotton yield due to
application of 100 kg N (Recommended doce of N)
through mineral fertilizerc during firost year of
experimentation wac aloo recorded in cotton by Blaice
(2011). Nitrogen through chemical fertilizer had a
poaitive and aignificant effect on maize yield in the firot
three ceaconc (Kihara et al. 2011). Choudhary et al.
(2018) alco reported that balanced uce of inorganic
fertilizer initially produced higher grain yield of wheat
compared to integrated nutrient management treatmentc
(fertilizer + FYM/ green gram/ green manuring), but
with the pacoage of time, integrated treatmentc chowed
higher yield over inorganic fertilizer treatment.

The of combined uce of organic manure,
inorganicc and biofertilizerc increaced nutrientc
availability through enhanced microbial activity,
convercion from unavailable formc and alco due to
improved phycical, chemical and biochemical
conditionc (Tomar et al. 2018) of coil. Increace in crop
yield with gliricidia loppingo compared to crop recidue
wacaloo reported by Sharma ez al. (2005).

The pooled recultc indicated cignificantly
higher grain yield with the application of 50% N through
organic + 50% N through inorganic + 25 kg K from
inorganic fertilizercalong with biofertilizerc which wac
ctatictically at par with 100% NP from fertilizerc + 25
kg K along with biofertilizercand 100 % RDF + 25 kg K
from chemical fertilizerc. The increace in the pooled
yield due to 50% N through green leaf manure + 50% N
from inorganic + 25 kg K (inorganic) along with
biofertilizerowac 1.6, 8.7 and 14.7% higher over 100%
NP + 25 kg K ha' (Inorganic courcec), 100% NP
(30:75:00 NPK kg ha') and 100% N through FYM +
biofertilizerc. Among all the treatmentg, the yield trend
of coybean grain wac ac follows: 100% NP + 25 kg K
through chemical fertilizercalong with biofertilizerc>
50% N through Gliricidia + 50% N + 25 kg K from
chemical fertilizerc along with biofertilizerc > 100 %
NP + 25 kg K through chemical fertilizerc > 50% N
through gliricidia + 50% N from chemical fertilizerc
along with biofertilizere> 100 % NP + biofertilizerc >
50% N through green leaf manure + 50% N through
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inorganicc > 100 % NP through chemical fertilizerc >
Control.

The application of 100% N from FYM did not
ouctain the coybean grain yield during all the yearc of
experimentation indicating that nutrientc from FYM are
olowly mineralized thereby it did not meet nutrient
requirement of coybean. Beaidec thig, coybean required
more phoophoruc than N and FYM containc very leso
amount of P, thicreculted in low yieldo of coybean when
nutrientowacapplied only through FYM on N bacic. Daco
et al. (2013) noted that the effect of Gliricidia with INM,
RDF, or biofertilizeroc wacbetter than that of integration
with FYM. Thiomight be due to the higher concentration
of nutrientc in Gliricidia biomacs and itc fact
decompoaition (cucculent nature) reculting in an early
releace of nutrientsinto the coil (Zaharah and Bah 1999).
Munduo et al. (2008) reported that Gliricidia leavec
decompoced twice acfact accattle manure, and N releace
iomore oynchronized with plant demand; 86% of itoN ic
releaced before 42™ day of itc incorporation into ooil
(Lehmann ez al. 1995).

Thic clearly ouggects that inctead of ucing
chemical fertilizercalone for 100 % RDF, integration of
organico (Gliricidia) and chemical fertilizercin a 50:50
proportion ic agronomically more effective which alco
cavec chemical fertilizerc to the extent of 50% and aloo
improveacthe effectivenessof the individual cource when
applied in acoociation. Similar enhancement in rice yield
with integrated application of nutrientc in a 50:50
proportion wac alco reported by Babar and Dongale
(2013). Data indicated that application of FYM and
gliricidia lopping to cubdtitute 50 % N along with
compenaation of RD from mineral fertilizerc wac found
beneficial in cuctaining the coybean grain yield.

Soybean straw yield

The pooled data (20092013) indicated the
higheat ctraw yield (2696.4kg ha') with the application
of 100% NP + 25kg K ha" + biofertilizers(T,) and it wac
on par with application of 50% N through Gliricidia
+50% N through inorganicot biofertilizers+ 25kg K ha"
(T,)and 100% NP+25kg K ha' (T).
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Productivity Rating Index (PRI)

The data (Table 1) revealed that the highect PRI
(72.70) wacrecorded with the application of 100% NP +
25kg K ha' + biofertilizers (T,) followed by 70.39 in
treatment T, having application of 50% N through
Gliricidia +50% N through inorganicct biofertilizerc+
25kg K ha'. The loweat PRI wac recorded in control
followed by application of 100 % N from FYM with
biofertilizerc.

Sustainable Yield Index (SYI)

Maintenance of ooil fertility for higher
productivity icthe goal of cuctainable agriculture. The
Suctainable Yield Index (SYI) for each treatment wac
worked out uaing the regpective mean yields of the
treatment, otandard deviation determined in each
treatment and maximum yield obcerved in any
treatment during the otudy.

The data on cuctainable yield index of coybean
indicated that the higheot SYI (0.47) wac with the
application of 50% N through Gliricidia +50% N
through inorganico+ biofertilizers+25kg K ha™ (T,) and
100% NP+ 25kg K ha" + biofertilizers(T,) followed by
0.46 in 50% N through glyricidia + 50% N through
inorganicc + biofertilizerc (Table 1). The higher SYI in
thece treatmentc may be due to continuouc cupply of
recerved nutriento by addition of green lopping along
with chemical fertilizerc. Therefore, combined
application of nitrogen in a 50:50 proportion through
Gliciridia loppingo and chemical fertilizerc increaced
the cuctainability yield index (SYI) of coybean grain
compared with control or alone application of 100 % N
from FYM. In earlier ctudieg, the application of FYM
@ 10 t ha' along with 50 % RDF from chemical
fertilizerc aloo increaced the SYI of aeed cotton on
Vertioolo of cemi-arid tropico (Gabhane et al. 2014).
Similar poaitive effectc of cubdtitution of N through
FYM/ GLM/ GM on SYT under cemi -arid conditioncof
central India aloo reported by (Sonune et al. 2012, Mali
et al. 2015). Xie et al. (2016) reported increace in SYI
with replacing N through green manure in paddy coil.
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Although the SYI valuec chowed comparable
figurec at 100% doce of only chemical fertilizers, thic
ouggeotc nececoity of regular addition of organicc in
order to ocuctain crop productivity of cotton-baced
cropping oyctem in thic tract without declining the ooil
quality further (Katyal et al. 1999; Manna et al. 2005
and Malietal. 2015).

Nutrient uptake by soybean

The data on the effect of the INM treatmentcon
total N, P and K uptake by coybean are precented in
table 2. The data indicated that the higher N, P and K
uptake by coybean (96.04,21.19 and 33.50 kgha') wac
with the application of 50% N through glyricidia +50%
N through inorganico+ biofertilizers+ 25 kg K ha" and
wacon par with application of 100% NP +25kg K ha” +
biofertilizera. The increace in N uptake on application of
inorganic in combination with organicc ic due to
increace in yield, effective root oyctem and increaced
concentration of nutrients in coil colution ac well ac
better ooil phycical environment coupled with
aufficiency of water and nutrientc helped in better
uptake of water and nutriento(Mali et al. 2015).

Rainwater use efficiency

The data on rain water uce efficiency (RWUE)
indicated that during the firct two years(2009 and 2010),
the higher RWUE wacrecorded in treatment T, (100%
NP +25kg K ha +biofertilizerc),while from third year
onwardo the higher RWUE wac recorded in treatment
having 50% N through Gliricidia +50% N through
inorganico+ biofertilizers+ 25 kg K ha"), indicating the
important role of INM in increacing the RWUE
(Table 3).

Gross monetary returns (GMR)

During 2009 and 2010, higher GMR wac
recorded in 100% RDF +25kg K ha” + biofertilizers(T,)
followed by the application of 50% N through Gliricidia
+50% N through inorganico +biofertilizerc +25 kg K
ha' (T,) while in 2011,2012 and 2013, the higher grocs
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Table 2. Effect of INM on nitrogen uptake by coybean (kg ha")

Treatments Total uptake
N P K
T, Control 5279  10.15  18.39
T, 100% NP (30:75:00 NPK kg ha) 7235  13.50  24.56
T;  100% NP + biofertilizerc 7729 1593 2691
T4  100% N through FYM + biofertilizerc 62.72  12.64 2243
Ts  100% NP + 25kg K ha™ 8421 17.29 2945
Te 100% NP+ 25kg K ha™ + biofertilizero 87.84 19.48 30.92
T;  50% N through green leaf manure + 50% N through inorganico 68.67 1527 25.74

Ts  50% N through green leaf manure + 50% N through inorganico+

biofertilizero 8495 18.52 29.97

Ty 50% N through green leaf manure +50% N through inorganicot
biofertilizero+ 25kg K ha™

SE (m) + 3.55 0.64 1.37
CD at 5% 10.64 191  4.12

96.04 21.19 33.50

Table 3. Effect of INM on rain water uce efficiency (kg ha'mm™)

Treatments 2009 2010 2011 2012 2013
T, Control 204 196 3.00 252 1.29
T, 100% NP (30:75:00 NPK kg ha") 233 239 318 295 146
T; 100% NP + biofertilizerc 240 254 313 3.01 149
T, 100% N through FYM + biofertilizerc 214 228 312 273 142
Ts 100% NP + 25kg K ha™ 251 263 320 3.10 1.64
Ts 100% NP+ 25kg K ha™ + biofertilizero 265 272 360 317 1.68
T; 50% N through green leaf manure + 50% N through

) ) 222 230 354 3.09 144
inorganicc

Ts 50% N through green leaf manure + 50% N through
inorganicc + biofertilizero

Ty 50% N through green leaf manure +50% N through
inorganicot biofertilizers+ 25kg K ha™

230 230 3.67 3.05 1.63

237 232 3,69 344 1.73
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monetary returncwere recorded with the application of
50% N through Gliricidia + 50% N through
inorganicotbiofertilizerot+25kg K ha' (T,) followed by
100% NP + 25kg K ha '+ biofertilizers (T,) (Table 4).
However the pooled reaults indicated olightly higher
GMR in treatment T,.

Net monetary returns (NMR)

The data on NMR 4 indicated that during firct
three yearc (2009 to 2011) of experimentation, the
higher net monetary returnc were obcerved with 100%
RDF+25kg K ha+biofertilizers (Table 4) while in lact
two yearc(2012, 2013), the higher NMR were obtained
with the application of 50% N through Gliciridia +50%
N through inorganicotbiofertilizerot25kg K ha' .
During the initial yearccignificantly higher grain yield
wacobtained with the application 100 % RDF +25 kg K
along with biofertilizerc which reflected in net returnc
of coybean. However, from third year onwardg, the
oignificantly higheat NMR wac obtained with the
application of 50% N through GLM + 50 % N from
chemical fertilizero+ 25 kg K along with biofertilizerc.

The pooled data indicated olightly higher NMR
in treatment T,. During fiveyear ctudy, the increace in
net returnc due to cubdtitution of 50 % N from GLM
rangedfrom 544 to 10535 Roha' and on an average
increace wac4171 Roha' over 100 % NPK (T2). The
increace in net returnc due to application of N in 50:50
proportion through green lopping and inorganic + 25 kg
K (inorganic) along with biofertilizercranged from 880
to 5813 Roha' over 100 % NP + 25 kg K along with
biofertilizerc.

Growing coybean crop with alone NPK or
FYM wao not economically beneficial over 50 % N
from green lopping + 50 % N from inorganic + 25 kg K
(inorganic) along with biofertilizerg, when coct of FYM
wao conaidered. FYM wac the moct commonly uced
organic manure in the pact. However, due to it acute
chortage in recent dayc itc uce hac become very ccare
and rare which icby and large recponaible for decline in
ooil quality. Gliricidia can cerve ac the moct potential
alternative to FYM. The practice of Gliricidia green leaf
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manuring icoimple ac it can be grown on the field bundo
aucceoofully cince iticquick growing gpecieac. It producec
aignificant amount of green biomacowhich can be eaaily
uced for partially cubctituting coctly chemical fertilizera.
Ito application on farmeroc field minimizec the expencec
on chemical fertilizerc becidec improvement in ooil
quality. Net returnc and benefit:coct ratio recorded from
Gliricida biomaaootreated plotowac far higher than thoce
of FYM-treated plotc becauce of relatively higher
procurement coct of the latter. Mong'omba and
Akinnifeal (2020) reported that the uce of Gliciridia
biomacoreduced a high inorganic fertilizer requirement
aca combination of either a half or full doce of inorganic
fertilizer with Gliciridia biomaco increaced maize grain
yield with almoct the came amount. In cuch aituation,
farmerccan reduce the quantity of inorganic fertilizer by
half in coybean upto 50 % N through Gliciridia and
hence farmercare better off ucing gliricidia biomacowith
reduced rate of recommended inorganic fertilizer acthic
cvecthe coatcof inorganic fertilizer.

B:Cratio

The data on B:C ratio (Table 4) indicated that
during firot three yearc (2009 to 2011) of
experimentation, the higher B:C ratio were obtained with
100% NP + 25kg K ha' + biofertilizerc (T,) while in lact
two yearc (2012, 2013) the higher B:C ratio were
obtained with the application of 50% N through
glyricidia +50% N through inorganicc +biofertilizerc +
25kgK ha' (T,). The pooled recultsindicated comparable
B:C ratioc in T, and T, treatmenta The pooled data in
reopect of NMR and B:C ratio (Table 4) aloo indicated the
comparable NMR and B:C ratio in treatments T, and T,.

Organic carbon

The reoults precented in table 5 chowed that,
there wac a build-up of organic carbon in coil in all
treatmento except control over the initial otatuc (5.2 g
kg'). The higher coil organic carbon 6.40g kg' wac
obcerved with the application of 50% N through
Gliciridia +50% N through inorganicot biofertilizerc +
25kg K ha' (T,) and wacon par with application of 100%
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NP +25kg K ha '+biofertilizers (T,) and 50% N
Gliciridia + 50% N through inorganicc +biofertilizerc
(T,) while lowect organic carbon content (5.11g kg')
wac obcerved in control. The treatment having
Gliciridia and fertilizerc with biofertilizer had 0.49 and
1.07 organic carbon (8.3 and 20.1 % higher) compared
to application 100 % NP (30:75:00 kg NPK ha ") and 100
% NP with 30 kg K ha'. The increace in ooil organic
carbon with integrated uce of Gliciridia and chemical
fertilizerc with biofertilizer wac due to direct
incorporation of organic matter, better root growth and
addition of more plant reciduec. Thece recultc cuggeat
that ooil carbon levelo can be improved cubctantially
even under cemi-arid regionc by regular addition of
organic manurecalong with mineral fertilizerc.

The continuouc increace in coil organic carbon
in treatmentcreceiving different organicomay be due to
their otimulating effect on growth and activity of
microorganiomo. Thic effect wac further enhanced by
addition of fertilizerc that improved the root and choot
growth. Higher production of root biomaco might have
increaced the organic carbon content (Bajpai et al.

2000).

The treatmentc of chemical fertilizerc alco had
higher organic carbon in comparicon to unfertilized
control, becauce it helped in higher contribution of
biomaco to ooil in the form of greater root biomaco
through crop reciduec. The cubcequent decompoaition of
thece materialc might have reculted into enhanced
organic carbon content of ocoil.  Thic clearly
demondtrated that uce of Gliciridia loppingcalong with
reduced fertilizer dooe wac equally effective in

enhancing SOC in Verticolounder rainfed conditiona.
Organic carbon balance

The data on the organic carbon balance (Table 5)
indicated higher gain of organic carbon with the
application of 50% N through Gliciridia +50% N
through inorganicot biofertilizers + 25kg K ha' (T,)
followed by treatment T, and Tj.

Soil water and temperature are the limiting
factorc of the dryland agriculture and have direct
influence on the ooil organic carbon. Natural

V. V. Gabhane et al.

incorporation of the crop reciduec in to the coil after
harveat of the crop ic common phenomenon, but year
after year, continuouc addition of the crop reciduec or
green manuring or even FYM haca very little effect on
ooil organic carbon in dryland condition. The ooil
moicture availability in dryland area ooilo ic only for a
period of 150 dayc, which hamper the in-situ
decompoaition process of crop recidued/green manureo,
on the other hand rice in cummer temperature may lead to
oxidation of the organic carbon. Hence, under the
dryland conditionc judiciouc integration of nutrientc ic
very much eccential.

Available nitrogen

The recidual ooil fertility wac cignificantly
increaced due to different treatmento receiving 50 % N
through FYM, GLM or their combinationc along with
chemical fertilizerc (Table 5). Application of 50 % N
from GLM + 50 % N from inorganic +25 kg K along with
biofertilizers (T9), 100 % NP + 25 kg K along with
biofertilizers (T6) and 50 % N from GLM + 50 N from
fertilizeroalong with biofertilizercincreaced 8.9, 6.8 and
1.9 % available N than 100 % NP from chemical
fertilizero (T2). Thicincreace wac due to direct addition
of N from Gliciridia and nitrogen fixation by nodulec of
green manuring crop into the ooil ac compared to the
other treatmentc. Beoide thic, ooilc under gliricidia
lopping along with NPK fertilizer treated plotoproduced
more plant biomaos and therefore, pocoibly had more
extenoive root oyctem that might have contributed to
increaced N availability in coil (Choudhary et al. 2018).
Similar enhancement in available N due to green
manuring with reduction in fertilizer doce in Verticolgof
cemi-arid region wac alco reported by Sonune et al.
(2012) and Pawaret al. (2013).

The available N otatucalthough chowed increace
under INM, it hao not been increaced much due to the
prevailing climatic condition accelerating oxidation of
organic matter acwell acthe nature of nitrogen formain
il and ito looes through volatilization and leaching.
Thic neceovitatec regular addition of organicc for
maintenance of ooil fertility in the coiloof cemi-arid eco—
regionc. (Malietal. 2015).
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Available phosphorus

The highect available P (17.34 kg ha') wac
recorded in treatment receiving 50% N through
Gliciridia +50% N through inorganicct biofertilizerc +
25 kg K ha' followed by 100% NP + 25 kg K ha' +
biofertilizers(T,) (16.99 kg ha") and 50% N Gliciridia +
50% N through inorganico+biofertilizers(T, ) (16.37 kg
ha") which were found at par with each other. The
increace in Olcen P due to treatment receiving 50 % N
from Gliciridia+ 50 % N from fertilizerc+ 25 kg K along
with biofertilizerc (T9), 100% NP + 25 kg K ha' +
biofertilizerc (T,) and 50% N Gliciridia + 50% N
through inorganico+biofertilizers(T,) wacto the tune of
33.1,30.4 and 25.6 % over 100 % NP (T2). The lowect
available P (11.20 kg ha') wac recorded in control
treatment. The application of Gliciridia loppingo with
fertilizer P reculted in appreciable enhancement in Olcen
P owing to additional cupply of P through organic
manurec and partly due to reduction of applied P in coil
(Singh et al. 2007). Moreover, organic matter
decompoaition producec organic acids, which help in
oolubilization of ooil fixed P (Mohorana et al. 2012).
Similarly, ocignificantly highect available phoophoruc
content (38.0 kg ha ') in the coilowacobcerved with the
application of Gliciridia loppingsand nitrogen @ 90 kg
ha 'under minimum tillage (Sharma ez al. 2020).

Available potassium

The highect available K (357.9 kg ha') wac
obcerved in treatment having 50% N through
glyricidia+50% N through inorganicot biofertilizerc +
25kg K ha' followed by 100% NP + 25 kg K ha' +
biofertilizers(T,) (352.6 kgha') and 100% NP+ 25kg K
ha' (T5) (347.39 kg ha') which were found at par with
each otherc. The increace in available K due to
treatment 50 % N from Gliciridia + 50 % N from
fertilizers + 25 kg K along with biofertilizerc (T9),
100% NP + 25 kg K ha" + biofertilizers (T,) and 100%
NP +25kg K ha" (T5) wacto the magnitude of 12.9, 11.3

and 9.6 % over 100 % NP (T2).
Available K wacaloo cignificantly higher in the
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Gliciridia-containing treatmentc ac compared with 100
% NPK (T2). Thiccould be attributed to a very high K
content of Gliricidia biomacosand itcreleace into the ooil.
The higher fertility otatuc (particularly N and P) treated
with Gliciridia cauced higher crop yieldo. The lowect
available nitrogen wacobcerved in aboolute control (T)).
Thecoe reaulto clearly cuggect that application of 100 %
RDF without K wac not effective for cuctaining the
recidual ooil fertility. The increace in availability of NPK
attributed to N mineralization becidec addition (Tolanur
and Badanur 2003), oolubilization of native P and
reduction of P fixation and direct addition of K to the
available pool of ooil with reduction in K fixation and
releace of K (Sharmaeral. 2001).

Nutrient balance

The data on the effect of INM treatmentc on
nutrient balance ( Table 5) indicated the higher gain of
nitrogen in treatment T, (50% N through Gliciridia
+50%N through inorganico+ biofertilizers+25kg K ha ')
over 100% NP K and 100 % RDF with K. Thic clearly
indicated that 50% chemical fertilizer can be cafely
aubatituted with 50% N through green leaf manure along

with recommended K and biofertilizerc.
In general, cignificant gain in available nitrogen

wac obcerved in treatmentc barring treatment T, and
control. The data aloo indicated the locoof phogphorucin
all the treatmentoc except the treatments T,, T, and T,
where biofertilizer and 25 kg K wacapplied . The higher
gain in phoophoruc wac recorded in treatment T,
followed by T, and T,. In order to minimize the
converolon of plant available phoophate to unavailable
form due to the calcareouc nature of black ooil 21%
calcium content in the SSP fertilizer, the addition of
green leaf manure in combination with fertilizerc ic
nececoary which not only contain phogphoruc but alco
increacecthe availability to cropoin dryland condition.
The data aloo indicated the lods of potacoium in
all the treatmentc where potacoium wac not applied.
However, gain of potacoium wac recorded in all INM
treatmento and other treatmentc where potaccium wac
applied. The higher gain of potacoium wacrecorded with
the application of 50% N through Gliciridia +50% N



102

through inorganicotbiofertilizers+t25kg K ha'(T,)
followed by application of 100% NP +25kg K ha
“+biofertilizerc (T,) and100% NP +25kg K ha (T,). In
general, the treatmento (T, Ty, T, Ty) which received 25
kg K/Gliciridia loppingosin combination with fertilizerc
had higher available potacoium over other treatmentc.
Thiomay be due to the fact that Gliciridia containcK,O

and addition of 2 t Gliciridia ha' aca cource of 15kg N
ha ' add about came quantity of K,O ha" to ooil.

Conclusion

For ouctaining ooil fertility, coybean
productivity and obtaining higher monetary returng,
application of 50% recommended N (15kg ha") through
glyricidia+50% N through inorganicc+ biofertilizerc+
75kg P,O, + 25kg K,O ha' ic recommended ac an
Integrated Plant Nutrient Supply Syctem under dryland
condition.
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