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Abstract: A field experiment to assess the effect of micronutrients and bio-fertilizers on growth and yield of chick pea and
soil fertility in vertisols was conducted at College of Agriculture, Vijayapura during rabi 2020-21. The experiment was laid
out in a randomized complete block design with nine treatments and three replications. Apart from the recommended dose
of fertilizers (10:25:00: N: P,O,:K O kg ha™'), the treatments included the application of iron sulphate @10 kgha (19% Fe
and 10.5%S), zinc sulphate @10 kg ha' (21% Zn and 10% S), borax @ 10 kg ha' (11.34% B) and sodium molybdate @
1.0 g kg! seeds in various combinations along with RDF. The effects of these treatments on growth, yield, dehydrogenase
activity and quality of chickpea were studied. The application of different micronutrients and biofertilizers in combinations
with RDF resulted in significant increase in growth and yield of chickpea over RDF alone. Among the different treatments,
the treatment which received RDF + Rhizobium + PSB (@ 1250 g ha'') + FeSO, @ 10 kg ha"' +ZnSO,@ 10 kg ha' +Borax
@ 10 kgha! + Sodium molybdate @ 1.0 gkg' seeds (T) resulted in maximum plant height (32.10 cm), number of branches
per plant (12.74), total dry matter accumulation at flowering (12.60), at pod filling (22.57) and at harvest (25.56 g plant"),
grain yield (1591.4), straw yield (1350 kg ha') and harvest index (0.54). The treatment also resulted in higher uptake of
major (N, P, K and S) and micronutrients (Zn, Fe, Cu and Mn) by chickpea. Significantly higher crude protein content in
seeds was observed and similarly higher available macronutrients and DTPA extractable Fe and Zn status in soil after
harvest of the crop noticed. Thus, the combined application of RDF (10:25:00: N: P,O_:K O kg ha') + Rhizobium + PSB (@
1250 gha) + FeSO4 @ 10 kg ha' +ZnSO,@ 10 kg ha! +Borax @ 10 kg ha™' + Sodium molybdate @ 1.0 gkg seeds, found

optimum for higher productivity of chickpea in vertisols.
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Introduction

Pulses constitute an important dietary ingredient of the
oriental food due to their high protein content. Pulses have
long standing history of being soil fertility restorer, thus play a
vital role in sustainable agriculture. Chickpea (Cicer arietinum L.)
is the most important ancient pulse crop being traditionally
grown during rabi in India and cultivated mainly in semi-arid
regions of the world. Chickpea belongs to the Leguminaceae
family; is the highest protein yielding grain legume next to
groundnut and soybean. The malic and oxalic acids present in
green leaves are very useful for recovering from intestinal
disorder. In India, pulses cover an area of 10.56 million hectares
with an annual production of 11.23 million tonnes, and
productivity of about 1063 kg ha! (Anon., 2018). Karnataka is
one of the major chickpea producing states in the country. In
Karnataka, it is grown in rabi season over an area of 946
thousand ha with an annual production of 715.00 thousand
tones, having an average productivity of 757 kg ha
(Anon., 2015).

Micronutrients are essential for the normal growth of plants.
Deficiencies of micronutrients drastically affect the growth,
metabolism and reproductive phase in plants, animal and human
beings. Molybdenum activates several enzymes like catalase,
peroxidase and polyphenol oxidase, which is required by
nitrogen fixing organisms like Azotobacter, Clostridium, Nostoc,
Anabaena. Being aconstituent of the hydrogenase enzyme,
helps in enzymatic transfer of electrons for reduction of nitrogen.
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Zinc plays a role in the detoxification of superoxide radicals,
membrane integrity as well as synthesis of protein and
phytoharmones like IAA. Considerable yield losses due to iron
deficiency may occur when susceptible genotypes are grown
on calcareous soils with high pH. Boron regulates transport of
sugars through membranes, cell division, cell development, and
metabolism. A continuous supply of boron is important for
adequate plant growth and optimum yields. Boron is trace
element that can be applied to soil as well as foliar.

Bio-fertilizers are carrier based preparations containing
beneficial microorganisms in a viable state intended for seed or
soil application to improve soil fertility and plant growth by
increasing the number and biological activity of beneficial
microorganisms in the rhizosphere. They improve soil fertility
levels by fixing atmospheric nitrogen, solubilizing insoluble
soil phosphates and releasing plant growth substances in the
soil (Venkatashwarlu, 2008). Some important inoculants are
rhizobium, azotobacter, arbuscular mycorrhiza (AM), blue green
algae, azolla, phosphate solubilizing bacterial (PSB) inoculants
etc. Rhizobium inoculants are widely used as biofertilizer to
enhance chickpea growth and yield as they fix atmospheric
nitrogen symbiotically.

Material and methods

A field experiment to assess the effect of micronutrients
and bio-fertilizers on growth and yield of chickpea and soil
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fertility in vertisols under dry land canditions was carried out
at College of Agriculture, Vijayapura during rabi 2020-21.
Vijayapura is situated in the Northern Dry Zone (Zone-3) of
Karnataka. Geographically, it is located in the northern part of
the state at 16°49°N latitude and 75° 43 E longitude and at an
altitude of 593.8 m above the mean sea level. The soil is black;
clayey in texture with 7.2, 18.3, 15.3 and 59.2 per cent of coarse
sand, fine sand, silt and clay, respectively. The soil pH is
estimated by Potentiometric method (Sparks, 1996) and it is
alkaline in reaction (pH 8.33) and electrical conductivity of soil
is estimated by Conductometric method (Sparks, 1996) and is
low in soluble salts (0.38 dS m™). The soil low in organic carbon
(3.90 gkg') and available N (209.0) and medium in available P
(14.00), while it was high in available K (340) and sulphur
(14.0 kg ha'). The free calcium carbonate content was
13.4 per cent. The DTPA extractable micronutrient content viz.,
zinc, iron, copper and manganese was 0.2, 1.6, 0.6 and 6.1 mg kg™,
respectively .The content of Zn and Fe in soil was below the
critical limits.

The experiment was laid out in randomized complete block
design (RCBD) design with nine treatments and three
replications. The RDF @10: 25: 0 kg N:P,O,: K, O ha' was applied
to all the treatments. Iron, zinc and Borax were applied to soil as
per treatments through ferrous sulphate (FeSO,.7H,0)
containing 19 percent Fe and 10.5 percent S, zinc sulphate
(ZnS0,.7 H,0) containing 21 per cent Zn and 10 percent S and,
boron applied through borax Na,[B,0,(OH),].8H,0 (11.34%B).
Iron sulphate and zinc sulphate were chelated with
vermicompost at 1:1 ratio for 15 days before sowing. Rhizobium,
phosphate solubilizing bacteria (PSB) and sodium molybdate
were seed treated. Treatments included were, T : RDF
(10: 25: 0 kg N:P,O: K,O ha'), T,:T +Rhizobium + PSB (@
1250 gha' each), T,: T, + FeSO, @ 10 kgha,T,: T, + ZnSO, @
10kgha',T.: T,+Borax @10kgha' T, : T, + Sodium Molybdate
@ 1.0 gkg' seeds,T,: T, + FeSO, @ 10 kg ha' + ZnSO, @
10 kgha + Borax @ 10 kgha' ,T,: T, + FeSO, @ 10 kgha'' +
ZnSO, @ 10kgha' + Borax @ 10 kg ha™' + Sodium molybdate
@ 1.0 gkg' seeds and T,: FeSO, @ 10 kg ha' + ZnSO, @
10 kgha' +Borax @ 10 kg ha'! +Sodium molybdate @ 1.0 gkg
seeds.

Recommended dose of nitrogen (10 kg N ha') and
phosphorus (25 kg P O, ha') was applied through urea and
DAP. The entire quantity of fertilizer was applied as basal dose.
The soil samples after the harvest of the crop were analyzed
for various chemical properties as mentioned by Page
et al. (1982).The data collected from the experiment during the
crop growth period was subjected to statistical analysis.

Results and discussion
Effect on growth parameters of chickpea

The treatment which received RDF + Rhizobium + PSB +
FeSO, @ 10 kgha'+ZnSO, @ 10 kgha'+ Borax @ 10 kg ha
+ Sodium molybdate @ 1.0g kg seeds (T,) recorded
significantly higher plant height (32.10 cm), number of branches
per plant (12.74) and root nodules per plant(17.55) and was
superior over all the treatments except treatment receiving RDF
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+ Rhizobium +PSB + FeSO, @ 10kgha'+ZnSO, @ 10 kgha' +
Borax @ 10 kg ha'' (T.). The lower plant height (16.30 cm),
number of branches per plant (10.58) and root nodules per plant
(12.28) was recorded in the treatment which received RDF alone
(T,) and data are presented in Table 1. The increase in the
growth parameters might be due to continuous supply of
chelated micronutrients along with bio-fertilizers. This provides
a way for balanced nutrition throughout the growth period of
crop. The rhizobium helps in fixation of atmospheric nitrogen
in nodules containing aspergine and gluts a thiamin, which
results in an increase in the production of protein, carbohydrate
and starch for higher dry matter accumulation and more
branches per plant. Zinc and iron play vital role in
photosynthesis, assimilation and translocation of
photosynthates from source (leaves) to sink (panicle). The seed
treatment with sodium molybdate also helps for the nitrogen
fixation; it increases number of nodules per plant which results
in greater increase in number of branches per plant, which
ultimately increase the yield of crop (Valenciano et al., 2010).
Boron is essential for root and shoots growth, flower fertility
and Mo being nutrient for nodule forming bacteria, therefore,
increased nodulation resulting in increased number of branches
per plant, number of nodules per plant and dry nodule weight
at 45 DAS (Movalia et al. 2020).The results obtained were in
accordance with the study of Kumar ez al. (2020).

Effect on yield parameters of chickpea

The treatment receiving RDF + Rhizobium +PSB + FeSO, @
10 kg ha" +ZnSO,@ 10 kg ha'' +Borax @ 10 kg ha! + Sodium
molybdate @ 1.0 gkg" seeds (T,) recorded significantly higher
test weight of 100 seeds (25.36 g) and was superior over all the
treatments except treatment receiving RDF + Rhizobium + PSB+
FeSO,@ 10 kg ha' +ZnSO,@ 10 kg ha' +Borax @ 10 kg ha™
(T.). The lower test weight of 100 seeds (19.22 g) was recorded
in the treatment which received RDF alone (T,) and data are
presented in Table 1.The better growth and development of the
crop observed in the present study could be due to more supply
of micronutrients in the deficient soil, which increased the
supply of nutrients and assimilates to seed, which ultimately
gained more weight and increase in 100 seed weight. Kuldeep
(2016) reported that application of iron and zinc each @ 6 kg ha'!
resulted in maximum seed index in chickpea. Similar findings
were also reported by Biradar (2015) in chickpea. Significantly
higher grain and haulm yield (1591and 1350 kg ha™', respectively)
was noticed in the treatment which received RDF + Rhizobium +
PSB+ FeSO, @ 10 kg ha' +ZnSO,@ 10 kg ha' +Borax @
10 kgha' + Sodium molybdate @ 1.0 gkg' seeds (T,) and was
superior over all the treatments except treatment which received
RDF + Rhizobium +PSB+ FeSO, @ 10 kg ha' +ZnSO,@ 10 kg ha
+Borax @ 10 kg ha'(T.). The lower grain yield and haulm yield
(1088 kg ha! and 1058 kg ha'', respectively) was recorded in
the treatment which received RDF alone (T, ) and are presented
in Table 1. The increase in seed yield with rhizobium and PSB
treatments may be due to more nitrogen availability through
increased nitrogen fixation, higher number of pods per plant,
seeds per pod and yield attributes via higher photosynthetic
rate and their translocation to sink, which contribute for higher
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Llo « Creo-o  ® ~ ~ seed yield in chickpea. These results were in close conformity
oo sgooxen & & =g with the findings of Das et al. (2012) and revealed that the treatment
with 0.5 kg Na,MoO, ha' +Rhizobium gave the highest plant dry
§ - weight 0f 4.22,9.12 and 11.35 g plant” at 45, 75 and 120 DAS,
BE8ltvwovmina o o respectively also highest grain yield of 2977 kg ha' and straw
ln n S F o> A —~ Q o o . 1 . . . . .
s gRdgaoge © 0 Q9 yield (7111 kg ha'") wasrecorded due to inoculation with Rhizobium
Gl I « « e + 10 kg Borax ha'! in chickpea and Kumari et al. (2019) in chickpea
- revealed that highest grain yield and stover yield where
.T;i . Rhizobium was applied along with micronutrients i.e. RDF +
E :g e e o w ] Rhizo. +Zn (20 kgha') + B (0.5 kgha!') + Mo (1 kg ha'').
= O — — 0
o~ %D § E = 2 = E a 5 % & ‘E Significantly higher net returns (47616 Rs. ha'!) was noticed
in the treatment which received RDF + Rhizobium +PSB+ FeSO,
E . @ 10kgha'+ZnSO,@ 10 kg ha' +Borax @ 10 kg ha" + Sodium
;‘ E:“ oo o oo _ - 5 molybdate @ 1.0 g kg seeds.(TX) anq was superior over all the
(%’ B § S % § § E g % § > g treatments except treatment which received RDF + Rhizobium +
- T ke bl The e ne e (T R,
o g ha' (T,). The lower net returns s. ha') was
; ) recorded in the treatment which received RDF alone (T,) and
=4 -§ are presented in Table 1. Similarly, significantly higher BC ratio
, E @ A-qoaw= g S e (2.98) noticed in the treatment which received RDF + Rhizobium
é. S § asgsssg 9 al 25 + PSB+ FeSO, @ 10 kg ha' +ZnSO,@ 10 kg ha' +Borax @
2 10kgha' ) +Sodium molybdate @ 1.0 gkg™ seeds (T,) followed
Sls 1 by the treatment which received RDF + Rhizobium + PSB +
g q;) 8 FeSO, @ 10 kg ha' +ZnSO,@ 10 kg ha' +Borax @ 10 kg ha’!
Elg ; (2.81) (T,). The lower B:C ratio (2.30) was recorded in the RDF
% E ZxLeeq|ege 9 9 “- alone (T ).The higher the yield, the higher the gross return and
8|2 gl o © i net return, hence B:C will be higher.
o
§ - Effect on dehydrogenase activity of soil at different growth
3| g stages of chickpea
Ol =
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S8 = - - .
8|2 Slew oo mowm st = ~ FeSO, @ 10 kgha'+ZnSO,@ 10 kg ha'+ Borax @ 10 kg ha' +
= _4 4 .
e SlecX2STIZ G z &= Sodium molybdate @ 1.0 g kg'seeds (T,) resulted in
LIZ Ol — — —m — — — — — S — . . . 8 .
~ significantly higher total dehydrogenase activity of soil at
§ — flowering and harvesting (86.61 ug of TPF g' h' and 75.86 ug
gn g of TPF g' h'!, respectively)and was superior over all the
Ele Elocoocoococooco o = treatments except treatment receiving RDF + Rhizobium + PSB
SlE@m e =93F3S = 2 ° . : A
@ Bleggadxss = S 9 +FeSO, @ 10 kgha'+ZnSO,@ 10 kg ha'' +Borax @ 10 kg ha®
= (T.). The lower total dehydrogenase activity of soil (68.22 ug of
;@ TPF g'h'and 63.18 ug of TPF g''h!, respectively) was recorded
K= in the treatment which received RDF alone (T,) and are
ot : - ® represented in Fig.1. The addition of trace metals like zinc to
= S ] + ® e . . . . ..
s 3z - TE = oo soil might influence microbial proliferation and enzyme activity,
E . 8 = = g ED S possibly leading to an increase in the rates of biochemical
B N o é) é) s o % process in the soil environment. Dehydrogenase activity in the
§ o, E:c - o o g ® E chickpea rhizosphere increased significantly at vegetative stage
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= 9.9 - o ® L[\"] ? g £ The greatest relative increase was due to combination of
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= T 2 =% }; S s ;cg ™ obtained were in accordance with the findings of Apoorva
= =@ = =0 g oS 2 Z ED 2 et al. (2018) reported that the highest dehydrogenase activity
§ a Jé @% i% ®e® > ®2 8o o B o with RDF + soil application of bio zinc@30 kg ha™, in rice crop.
3 5 5O X200 509 g =
c:: o |2 £ E E £% 3 @ - @ﬂ? 2 < Macro nutrient uptake by chickpea (N, P, K and S)
Sle S M = o
= g A = +. T, (fN LJT:N £ LJT:N 2 éf) z £ éf) 4 3 The treatment which received RDF + Rhizobium + PSB+
k-2 A L= FeSO,@ 10 kg ha”'+ZnSO,@ 10 kg ha'' +Borax @ 10 kg ha'' +
ElE FEHE=EE= & = “ O Sodium molybdate @ 1.0 gkg' seeds (T,) recorded significantly
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8
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T.-T

of soil at different growth stages of chickpea

-T, + Sodium molydbate @ 1.0g kg seeds
T,-T,+ FeSO,+ZnSO, + Borax (@10 kg ha' each)

+ FeSO,+ZnSO +Borax (@10 kg ha' each) + Sodium molybdate @ 1.0 g kg seeds
T,-FeSO,+ZnSO,+Borax (@10 kg ha' each) + Sodium molybdate @ 1.0g kg' seeds

Fig. 1: Influence of different micronutrients and bio-fertilizers on dehydrogenase activity

at harvest, attributed to the synergistic effect
between iron and nitrogen as well as zinc and
nitrogen. Since iron absorbed by plants is
involved in the biosynthesis of chlorophyll,
which intern stimulates greater N demand by
plants leading to enhanced N uptake (Balai
etal.,2017). Greater availability and uptake of
phosphorus due to additive effects of these
PSB bio-fertilizers in improving nutritional
environment enhanced the growth in terms of
branches and dry matter, photosynthetic area,
production of assimilates and their
translocation to reproductive structures,
thereby increasing the yield attributes and
ultimately, yield of the crop. An increase in
the uptake of potassium may be attributed to
the synergetic effect between iron and
potassium and also to the increase in dry
matter production due to the application of
iron, zinc and balanced nutrition with each

other. Similar findings were reported by Tiwari

&0 ‘ = Sulphur ‘

® Nitragen = Phaspherus Potazsinm

Uptake of major nutrients (kg ha)

T hvi — T4 h ] S el

- RDF (10:25:0 kg NPK ha) T.-T, + Borax @10 kg ha’!
- Rhizobium + PSB @ 1250 g ha' T-T
- T,+FeSO, @ 10 kg ha’!
- T,+ZnSO, @ 10 kg ha'

572
6 "2
7 72

o T e Tl T T

R

chickpea at harvest

+ Sodium molydbate @ 1.0 g kg seeds
T,-T, + FeSO,+ZnSO, + Borax (@10 kg ha' each)

- T,+FeSO,+ZnSO,+Borax (@10 kg ha' each) + Sodium molybdate @ 1.0 g kg"' seeds
- FeSO,+ZnSO +Borax (@10 kg ha' each) + Sodium molybdate @ 1.0 g kg seeds

Fig. 2: Influence of different micronutrients and bio-fertilizers on macro nutrient uptake by,

et al. (2018) in lentil they reported that the
highest uptake of N and P in lentil.

Micronutrient uptake by chickpea (Fe, Zn,
Mn and Cu)

Significantly higher iron (Fe) uptake by
chickpea seed and straw (110.22 and 71.77 gha’!,
respectively), zinc (Zn) uptake by chickpea
seed and straw (47.59 and 29.62 g ha’,
respectively), manganese (Mn) uptake by
J chickpea seed and straw (45.79 and 76.38 gha’!,
e respectively) and copper (Cu) uptake by
chickpea seed and straw (44.61 and 63.02 gha’!,
respectively) was recorded in the treatment
which received RDF + Rhizobium + PSB+
FeSO,@ 10kgha'+ZnSO,@ 10 kg ha' +Borax
@ 10 kg ha'+ Sodium molybdate @ 1.0 gkg!
seed (T,) and followed by the treatment which
received RDF + Rhizobium + PSB+ FeSO, @

higher nitrogen (N) uptake (55.40 and 16.55), phosphorus (P)
uptake (4.76 and 4.13) potassium (K) uptake (9.37 and 15.43)
and sulphur (S) uptake (7.07 and 4.77 kg ha’, respectively) by
chickpea seed and straw and was superior over all the treatments
except treatment receiving RDF + Rhizobium +PSB+ FeSO, @
10 kg ha'+ZnSO,@ 10 kg ha'' +Borax @ 10 kg ha™ (T.). The
lower nitrogen uptake by chickpea seed and straw (32.67 and
8.66 kg ha'!, respectively), phosphorus uptake in chickpea seed
and straw (2.38 and 2.16 kg ha!, respectively), potassium uptake
in chickpea seed and straw (5.32 and 9.67 kg ha!, respectively)
and sulphur uptake in chickpea seed and straw (3.81 and
2.17 kg ha'!, respectively) was recorded in the treatment which
received RDF alone (T) and are depicted in Fig. 2. Similar trend
of result was obtained with total uptake of nitrogen,
phosphorus, potassium and sulphur by the crop. An increase
in uptake of macronutrients might be due to increased N uptake
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10kgha'+ZnSO,@ 10kgha' +Borax @ 10kgha'!
(T.) and lower iron uptake in chickpea seed and straw (68.63
and 20 g ha’', respectively), zinc uptake by chickpea seed and
straw (23.63 and 18.18 gha’!, respectively), manganese uptake
by chickpea seed and straw (24.38 and 49.49 gha™', respectively)
and copper uptake in chickpea seed and straw (27.57 and
38.50 g ha', respectively) in (T,) and it was represented in
Fig. 3. Uptake of any nutrient is the function of its content and
dry matter production of the crop. The uptake of iron by
chickpea increased due to the increased availability of iron due
to chelation effect as it is applied after chelation with
vermicompost. As a result, fixation of iron reduced in soils and
its availability of iron to plants increased. Due to this the uptake
of iron increased. It was also due to the synergetic effect between
iron and zinc in plants and higher dry matter production .The
results obtained were in accordance with the findings of Singh
et al. (2004) who revealed that content and uptake of Fe, Mo,
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Table 2. Influence of different micronutrients and bio-fertilizers on soil available nutrients and DTPA extractable micronutrients (Fe and Zn)

in soil after the harvest of chickpea crop.

Treatments Available nutrients DTPA -micronutrients
(kgha') (mgkg")
N P K S Fe Zn
.- RDF (10: 25: 0 kg N: P,O,: K,Oha™) 210.5 15.8 348.0 15.48 2.06 0.30
,-  Rhizobium +PSB (@ 1250 gha™) 215.0 16.1 357.0 16.38 2.25 0.34
;- T,+FeSO,@ 10 kg ha' 219.9 16.7 363.0 17.75 2.85 0.39
.~ T,%+ZnSO,@ 10 kg ha' 218.1 16.2 359.0 17.35 2.35 0.41
;- T,+Borax @ 10 kg ha™ 213.0 16.0 355.0 16.35 2.12 0.32
s~ T,+Sodium molybdate @ 1.0 g kg seeds 226.1 17.7 369.0 17.89 2.55 0.38
.- T,+FeSO, @ 10 kg ha"'+ZnSO, @ 10 kg ha'' + 227.1 17.8 388.0 19.65 3.00 0.49
Borax @ 10 kg ha'!
T,- T,+FeSO,@ 10 kgha'+ZnSO,@ 10 kg ha'' +Borax 233.1 20.0 397.0 21.92 3.21 0.51
@ 10 kg ha' + Sodium molybdate @ 1.0 g kg seeds
T,- FeSO, @ 10 kg ha'+ ZnSO, @ 10 kg ha' + Borax 226.2 14.9 374.0 18.77 291 0.44
@ 10 kg ha' + Sodium molybdate @ 1.0 g kg seeds
S.Em+ 2.0 0.8 10.80 0.77 0.07 0.02
C.D. (P=0.05) 6.1 2.5 NS 2.33 0.21 0.06

20951 ‘ B Fren o Zinc

= Capper |

Uptake of cationic micronutrients (g ha™)

T ,-RDF (10:25:0 kg NPK ha') T,-T,+ Borax@10 kg ha™!
T,-Rhizobium + PSB @ 1250 gha™! T,
T,-T,+FeSO, @ 10 kg ha .
T,- T,+ZnSO, @ 10 kg ha’

8

2

chickpea at harvest

-T, + Sodium molydbate @ 1.0g kg seeds
T,-T,+ FeSO,+ZnSO, + Borax (@10 kg ha' each)

- T,+FeSO,+ZnSO,+Borax (@10 kg ha' each) + Sodium molybdate @ 1.0 g kg"' seeds
T,-FeSO,+ZnSO,+Borax (@10 kg ha' each) + Sodium molybdate@ 1.0g kg' seeds

phosphorus and sulphur of soil (210.55, 15.8
and 15.48kgha’', respectively) were recorded
in RDF alone (T).

The treatment which received RDF +
Rhizobium + PSB + FeSO, @ 10 kg ha'' +
ZnSO,@, 10 kg ha' +Borax @ 10 kg ha' +
Sodium molybdate @ 1.0 g kg seeds (T,)
resulted in numerically higher soil available
potassium (397.0kgha!). Followed by RDF +
Rhizobium + PSB+ FeSO, @ 10 kg ha’
+ZnSO,@ 10 kg ha' +Borax @ 10 kg ha''(T).
The lower potassium of'soil (348.0 kg ha!) was
recorded in the treatment which received RDF
alone (T,) and data are presented in Table 2.

The RDF + Rhizobium + PSB+ FeSO, @
10 kg ha'! +ZnSO,@ 10 kg ha" +Borax @
10 kg ha' + Sodium molybdate @ 1.0 g kg

Fig. 3. Influence of different micronutrients and bio fertilizers on micro nutrient uptake by| seeds (T,) resulted in significantly higher

DTPA extractable Fe (3.21) and Zn (0.51 mg

Zn, N and P irrespective of Rhizobium increased significantly
with the addition of micronutrients individually or in combination
over the control in chickpea. Jobner and Rathod ef al. (2020)
revealed that higher zinc, boron, copper, Manganese and Iron in
seed and haulm recorded with POP + foliar spray of Zn as
ZnSO, @ 0.5 % + B as Solubor @ 0.2 % and the lowest was
found in control with chickpea.

Available nutrient status of soil at harvest

The treatment which received RDF + Rhizobium + PSB+
FeSO,@ 10 kgha'+ZnSO,@ 10 kg ha' +Borax @ 10 kg ha" +
Sodium molybdate @ 1.0 gkg™" seeds (T,) recorded significantly
higher available nitrogen, phosphorus and sulphur of soil
(233.13,20.0 and 21.92 kg ha'!, respectively)and was superior
over all the treatments except treatment receiving RDF +
Rhizobium + PSB + FeSO, @ 10 kg ha' +ZnSO,@ 10 kg ha' +
Borax @ 10 kg ha' (T.). The lower available nitrogen,
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kg!) in soil and was superior over all the
treatments except treatment receiving RDF + Rhizobium + PSB
+FeSO,@ 10kgha'+ZnSO,@ 10 kg ha' +Borax @ 10 kg ha™!
(T.). The lower DTPA extractable Fe and Zn of soil (2.06 and
0.30 mg kg respectively) was recorded in the treatment RDF
alone (T,) and data are presented in Table 2. This may be due to
the application of higher doses of chelated iron and zinc to the
soils deficient in iron and zinc (Kuldeep 2016 ) The results
obtained were in accordance with the findings of Tagore
etal. (2013) reported in chickpea.

Conclusion

The study revealed that application of RDF(10:25:00:
N:P,O.:K Okgha)+ Rhizobium +PSB (@ 1250 gha')+ FeSO,
@ 10kgha'+ZnSO,@ 10 kg ha'+Borax @ 10 kg ha'+ Sodium
Molybdate @ 1.0 g kg! seed, recorded significantly higher
growth, yield, quality and nutrient uptake by chickpea crop
in vertisols.
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