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ABSTRACT

A field experiment was conducted at ICAR-Indian Agricultural Research Institute, New Delhi during rainy sea-
son of 2013—-14 and 2014—-15 in sandy clay loam soil to verify and validate the contribution of 2 microbial inocula-
tions and zinc (Zn) fertilization on growth, yield and economics of rice (Oryza sativa L.). Rice variety ‘Pusa
Sugandh 5’ was grown under 3 methods of cultivation, viz. puddled transplanted rice (PTR), system of rice intensi-
fication (SRI) and aerobic rice system (ARS) and 4 nutrient management options, viz. recommended dose of nutri-
ents (RDN) (N,,,P,.,), 75% RDN, 75% RDN + Anabaena sp. (CR1) + Providencia sp. (PR3) and 75% RDN + Ana-
baena- Pseudomonas (An-Ps) biofilmed formulation with and without Zn (5 kg Zn/ha through ZnSO,.7 H,0). Thus
making total eight nutrient management options along with one absolute control (N P Zn ). Results of 2 year
study revealed that, microbial inoculation of An-Ps biofilmed formulation with 75% RDN increased number of
tillers/m2 by 16 and 13 with Zn and by 12 and 10 without Zn in first and second year, respectively. Increase in
shoot dry matter due to CR1 + PR3 consortia with 75% RDN was 40.6 and 36.3 g/m? with and without Zn in first
and 31.4 and 28.6 g/m2with and without Zn in second year, respectively. Contribution of microbial inoculation of
An-Ps biofilmed formulation to increasing grain yield was 0.29 and 0.30 t/ha with and without Zn and same for
CR1 + PR3 consortia was 0.28 and 0.30 t/ha with and without Zn, respectively. Aerobic method saved 6,000 and
9,640 ¥/ha as compared to PTR, while SRI saved 3,440 and 5,800 ¥/ha as compared to PTR in first and second
year, respectively. Contribution of microbial inoculation of An-Ps biofilmed formulation in increasing net returns
was 7,500 and 7,670 ¥/ha with and without Zn and same for CR1 + PR3 consortia was 7,350 and 7,660 ¥/ha with

and without Zn, respectively.

Key words : Aerobic rice system, Biological nitrogen fixation, Rice, System of rice intensification, Zinc fer-

tilization

Riceisdietary and protein currency of Indian and world
populations asit provide staple food of more than 50% of
the world's population and supplies 20 and 31% of total
calories required by world and the Indian population, re-
spectively (Zeigler and Barclay, 2008). Any variation in
input resources and output from rice paddies has impact
on large population. Even in eraof diversification of crop
and human diet, ricetill date play a pivotal placein human
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dietary intake. Asrice grain shaped the cultures, diets and
economies of billions of people in the world and in India,
its compl ete replacement was difficult to: i) avoid losses of
resources in rice production system like water and nutri-
ent, ii) avoid adverse impact of rice production system on
environment like greenhouse gas emission and degrading
inherent soil resources and iii) to improve nutrient fact
such as Zn in human diet. In such situation diversifying
rice cultivation methods from puddled transplanted rice
(PTR) to system of rice intensification (SRI) and aerobic
rice system (ARS) is one among other possible options.
Along with cultivation methods, diversification in nutrient
sources a so helps producer in several waysif the sources
are economically viable and ecologically sustainable. Use
of microbial inoculations containing biological nitrogen
fixation (BNF) systems and phosphorus solubilising bac-
teria (PSB) in combination with chemical fertilizer need to
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be objectively assessed in crop production. Along with
major nutrients, fertilization of rice crop with Zn has posi-
tive impact on rice yield (Shivay et al., 2015) and also
improves Zn content in rice grain which helpsin alleviat-
ing Zn deficiency, which rank fifth among the most im-
portant health risk factor in developing countries and elev-
enth globally (Palmgren er al., 2008). With this back-
ground, the present study was conducted to verify and
validate contribution of 3 resource diversification tech-
nigques on rice growth and yield, viz. contribution of less
water requiring ARS and SRI to rice yield in comparison
to PTR, contribution of BNF and PSB to rice yield and
contribution of Zn fertilization to rice yield.

MATERIALS AND METHODS

A field experiment was conducted during rainy season
for 2 consecutive years (2013-14 and 2014-15) on the Re-
search Farm of ICAR-Indian Agricultural Research Insti-
tute, New Delhi located at 28°38' N, 77°10' E, 228.6 m
above the mean sea-level. The climate of Delhi is of sub-
tropical and semi-arid type with hot and dry summer and
cold winter and falls under the agro-climatic zone ‘ Trans-
Gangetic plains'. The mean annual normal rainfall is 650
mm, with July and August as the wettest months and an-
nual mean pan evaporation of about 850 mm. Weather
condition prevailing during both rice growing seasons
were different. Total rainfall received in first and second
year during rice growing season was 1,349.8 mm and
451.4 mm, which was higher by 699.8 mm in first year
and lower by 198.6 mm in second year than mean annual
normal rainfall (650 mm). Evaporation losses during first
and second rice growing season were 806 mm and 1075.1
mm respectively. This indicates that weather condition
was not much favourable for growth and development of
rice in second year of experiment. The soil of experimental
field was sandy clay loam in texture having pH 7.6, or-
ganic carbon 0.54% and available N, P, K and DTPA-ex-
tractable Zn of 257 kg/ha, 17 kg/ha, 327 kg/ha and 0.85
mg/kg, respectively.

The experiment involving rice variety ‘ Pusa Sugandh 5
was executed in split-plot design comprised of 3 main-
plots as a methods of rice cultivation, viz. Puddled trans-
planted rice (PTR), System of rice intensification (SRI)
and Aerobic rice system (ARS) with 9 nutrient manage-
ment options as sub-plot treatments. Sub-plot treatments
consisted of four treatments, viz. recommended dose of
nutrients (RDN) (N_,.P,. .), 75% RDN, 75% RDN + Ana-
baena sp. (CR1) + Providencia sp. (PR3) and 75% RDN
+ Anabaena-Pseudomonas (An-Ps) biofilmed formulation
with and without Zn, thus making total 8 treatments along
with 1 absolute control (N P,Zn ). Potassium (K) was ap-
plied uniformly at the rate of 49.8 kg K/ha as basal dose.
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In case of Zn soil application of 5 kg Zn/hathrough Zn
sulphate heptahydrate was applied in both rice crops. Sow-
ing of ricein main field for ARS and sowing rice in nurs-
ery for transplanting in both PTR and SRI was done on
same date. For ARS, direct sowing of seed (seed rate 60
kg/ha) was done with spacing of 20 cm between 2 rows
using seed-drill. In SRI, 1 healthy seedling of 14-days old
were transplanted/hill at a spacing of 20 cm x 20 cm,
whereas in PTR, 2 healthy seeding of 25-days old, were
transplanted/hill at a spacing of 20 cm x 15 cm. For appli-
cation of microbial inoculants, a thick paste of respective
culture was made and applied to rice seedling in PTR and
SRI method of rice cultivation by dipping rootsin paste of
respective culture for half an hour before transplanting. In
direct seeded rice pre-soaked seeds were treated with thick
paste of culture made in carboxyl methyl cellulose. Nitro-
gen was split applied in al treatments irrespective of dose
at sowing, 30 days after sowing (DAS) and 60 DASin
ARS and 5 days after transplanting (DAT), 25 DAT and 55
DAT in both PTR and SRI. In case of P, K and Zn all dose
as per treatment details was applied at the time of sowing/
transplanting. For weed management hand weeding was
done twice (20 and 40 DAT) in PTR and SRI and thrice
(15, 30 and 45 DAS) in ARS and use of herbicide was
avoided on the ground of adverse impact on inoculated
microbial population. Irrigation was given to maintain soil
water level at field capacity in ARS and in SRI irrigation
was applied to maintain saturated field condition. In PTR,
5 cm depth of water was applied in each irrigation after
complete disappearance of water.

Plant tillers were counted from randomly selected one
meter square area from each plot at harvest. For measure-
ment of above ground shoot dry matter air dried plant
samples were further dried in a hot air oven at 60°+2°C
temperature till constant weight was obtained and ex-
pressed in g/m?. Rice panicle characteristics and yield at-
tributes were measured from a sample of 10 panicles
drawn at random from each plot at harvesting. The net
plots were harvested and sun-dried in the field and then
weighed to record the total biomassyield. Rice grainyield
was measured after cleaning and drying. Weighing of the
grain was done at 14% moisture content, while straw yield
was calculated by subtracting grain yield from the total
biomass yield. Zinc (Zn) concentration in rice were deter-
mined as per the procedure described by Prasad er al.
(2006) using Atomic Absorption Spectrophotometer
(AAS) and uptake was computed by multiplying Zn con-
centration with grain and straw yields. Gross and net re-
turns were cal culated based on grain and straw yields and
their prevailing market prices and benefit: cost ratio was
calculated by dividing net returns by cost of cultivation.
All the data obtained from the experiment were statisti-
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cally analysed using the F-test as per the standard statisti-
cal procedure (Gomez and Gomez, 1984) and least signifi-
cant difference (LSD) values (P = 0.05) were used to de-
termine the significance of difference between treatment
means.

RESULTS AND DISCUSSION

Biometric parameters

Effectivetillers/m? in SRI (346/n7 and 321/m?) was Sta-
tistically superior to PTR in both years even though plant
population in SRI was lower than PTR (Table 1). Tillersin
PTR were significantly higher than ARS and ARS stand
statistically inferior to both PTR and SRI in both years.
Significantly lower number of effective tillers/m? was re-
ported (Hugar er al., 2009) in aerobic method than SRI.
Tillers were higher in first year with the highest variation
between first and second year in control (59 tillerssm?),
while variation in rest of treatments were 18-22 tillers/m?.
This indicates that adverse impacts of high temperature
during establishment and low rainfall on growth of rice
were more on control and adequate fertilization of rice
able to reduce this impact. Among nutrient management
options, the highest tillerssm? were recorded in RDN + Zn
which were remained on a par with 75% RDN+ An-Ps
biofilmed formulation + Zn and 75% RDN + CR1+ PR3
+ Zn. These 3 treatments recorded significantly higher
tillers'/m? than same treatments without Zn application,
which indicates that Zn fertilization had positive effect on
tillers'm2. The contribution of Zn fertilization was the
highest with 75% RDN + CR1 + PR3 + Zn (9.7 and 8.2
tillers/m? in first and second year, respectively) and the
lowest in RDN + Zn (8.6 and 6.9 tillers/m? in first and
second year respectively). Increase in tillers'm? due to Zn
fertilization was a so observed by Shivay er al. (2015).

Shoot dry matter accumulation also followed similar
trend as that of the tillerssm? in all 3 cultivation methods
and nutrient management options. SRI had significantly
higher dry matter than both PTR and ARS. Dry matter in
PTR was statistically superior to ARS. Significantly higher
dry matter in both mechanical and manual transplanting
than direct dry seeded rice was reported in study con-
ducted by Singh et al. (2005). Among years, first year re-
corded higher dry matter than second year. Variation be-
tween years was the highest in control (120 g/m?) and in
rest treatments it was 108 to 112 g/m?. Contribution of
microbial inoculation of An-Ps biofilmed formulation to
dry-matter production was 41.2 and 32.0 g/m? with and
without Zn in first and 36.6 and 30.1 g/m?with and with-
out Zn in second year and same for CR1 + PR3 consortia
was 40.6 and 36.3 g/m?with and without Zn in first and
31.4 and 28.6 g/m?with and without Zn in second year.
Lower contribution during second year in both inocula-
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tions indicates that, performance of applied inoculations
lower in adverse weather condition prevailing in second
year of experiment. Performance of both microbial inocu-
lations was better with Zn fertilization during both years as
mentioned-above. A significant enhancement in plant bio-
mass was also recorded (Prasanna et al., 2012) in treat-
ments involving combined inoculation with bacterial and
cyanobacterial strainsin pot experiments.

Yield attributing characters

Panicle length, filled spikelets, weight/panicle, filled
spikelets/panicle and spikelet fertility percentage (%) in
SRI and PTR was significantly higher than ARS in the
both years (Table 1). Higher numbers of panicles/hill and
grainsg/panicle in SRl method was reported in Wahlang et
al. (2015); while significantly lower spikelets/panicle in
ARS compared to PTR was also mentioned Mallareddy
and Padmaja (2013). Unfilled grains were significantly
lower in both PTR and SRI than ARS. Among nutrient
management options, RDN + Zn recorded the highest
value for panicle length, filled grains weight/panicle, filled
spikelets/panicle and fertility percentage, which remained
on a par with 2 treatments, viz. 75% RDN + An-Ps
biofilmed formulation + Zn and 75% RDN + CR1 + PR3
+ Zn. These three treatments stand statistically superior to
all other treatmentsin yield attributes as discussed above.
Unfilled spikelets were significantly lower in above-men-
tioned 3 treatments than rest of nutrient management op-
tions.

Contribution of SRI and PTR to increase filled spike-
lets weight/panicle was 0.30 g and 0.25 g/paniclein first
year and 0.26 g and 0.22 g/paniclein second year as com-
pared to ARS, respectively. The contribution of Zn fertili-
zation to filled spikel ets weight/panicle was the highest in
RDN + Zn (0.36 g and 0.22 g/panicle in first and second
year respectively) and the lowest in 75% RDN + Zn (0.14
g and 0.13 g/panicleinfirst and second year, respectively).
Contribution of microbia inoculation of An-Ps biofilmed
formulation to increasing filled spikelets weight/panicle
was 0.40 and 0.36 g/panicle with and without Zn in first
year and 0.31 and 0.50 g/panicle with and without Zn in
second year and same for CR1 + PR3 consortia was 0.35
and 0.33 g/panicle with and without Zn in first year and
0.28 and 0.27 g/panicle with and without Zn in second
year. Increase in panicle weight due to application of dif-
ferent combination of PR3 and PR7 (both Providencia
sp.), CR1, CR2 and CR3 (Anabaena sp.) was also re-
corded by Prasanna et al. (2012). Contribution of SRI
method to increase the filled spikelets was 1.4 and 1.5
spikelets/panicle than PTR in first and second year respec-
tively and 9.9 and 10 spikelets/panicle than ARS in first
and second year respectively.



2014
76.8
77.2
74.0
0.16
0.63
65.7
77.8
79.8
72.8
75.1
77.2

Fertility

percentage (%)

2013
77.4
77.9
74.9
0.19
0.75
67.9
78.2
80.8
734
754
774

2014
339
36.8
0.20
0.80
424
337
311
37.7
36.2
34.7

Unfilled
34.0

2013
36.1
35.7
38.6
0.22
0.86
44.3
35.6
32.8
39.9
38.0
36.4

Filled
2014
115.0
116.5
106.5
0.59
231
81.7
118.4
1231
101.2
109.1
117.9

weight/panicle (g) spikelets/panicle spikelets/panicle

2013
125.6
127.0
117.1
0.73

2.87

94.2

128.3
138.6
110.1
116.8
124.8

2014
248
252
2.26
0.022
0.087
1.62
2.50
2.72
218
231
245

Filled spikelets

2013
271
2.76
2.46
0.030
0.118
194
2.64
3.00
241
2.55
2.69

2014
25.7
259
239
0.08
0.30
17.8
26.2
27.8
231
249
25.7

(cm)

2013

274
27.7
25.7
0.17
0.68
19.8
279
29.7
251
26.3
274

2014
593.6
598.2
581.3
1.18
4.62
4729
606.5
626.4
575.6
585.1
604.3

2013
705.9
711.2
1.35
5.29
592.9
718.2
738.0
683.1
693.8
7145

Shoot dry-matter ~ Panicle length
691.3

accumulation at
100 DAS (g/m?

2014
318.0
3214
310.3
0.72
284
222.3
328.8
335.7
316.4
321.7
326.6

Effective
tillers/m?

2013
342.9
346.0
334.6
0.69

2.69

282.1
349.5
358.1
334.7
340.2
346.3

CD (P=0.05)

SEm=+

System of rice intensification
Aerobic rice system

RDN + Zn (5 kg Zn/ha)

75% RDN (N, P,,..)

75% RDN + Zn
75% RDN + CR1 + PR3

Puddled transplanted rice
Control (N,P,Zn)
RDN (N_P,..)

Table 1. Influence of cultivation methods and nutrient management options on biometric parameters and yield attributes of rice

Nutrient management options

Methods of cultivation

Treatment
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The contribution of Zn fertilization to filled
spikelets/panicle was the highest in RDN + Zn
(10.3 and 4.7 filled spikeletg/paniclein first and
second year, respectively) and the lowest in 75%
RDN + Zn (6.7 and 7.9 filled spikelets/paniclein
first and second year, respectively). Thisindicates
that, optimum dose of N and P is needed to
achieve better response of Zn application. Contri-
bution of Zn fertilization to increasing spikelets/
panicle was also reported by Shivay er al. (2015).
Contribution of microbial inoculation of An-Ps

321 79.9 79.2
344 774 77.4
31.8 80.0 79.4
0.41 0.33 0.35
1.16 0.95 1.01

33.8
36.5
33.7
0.44
124

Q
IS
g 03 § 5 % biofilmed formulation to increasin_g fiIIed_ spike-
AR AR -4 let was 18.7 and 15.2 numbers of filled spikelets/
om0 < Ppaniclewith and without Znin first year and 13.4
810 19 § § % and 16.8 numbers of filled spikelets/panicle with
o = and without Znin second year and same for CR1
T8 g ©olg + PR3 consortia was 18.2 and 14 numbers of
NaasSo| N filled spikelets/panicle with and without Zn in
3 first year and 13.2 and 16 numbers of filled
ocanwIy | & spikeletspanicle with and without Zn in second
dadgo | 8 year. Contribution of both microbial inculcations
S was higher in first year than second year which
IERRB %’ indicates that inculcation did not perform well in
NE N eel 5 second year having low rainfall and higher
S evaporative demand due to intense high tempera-
NeeNg| R
ERR33 |z MWre
3
<~~o o | G Grain, straw and biological yields
Nelcw| 8 Grain, straw and biological yields were the
E’ highest in SRI method, which remained on a par
302838 | S with PTRand both these methods stand superior
RRR®S |8 toARS (Table 2). Statistically identical grain
© oo g yield in SRI and PTR was reported by Chapagain
I § E S etal (2011), whilein another study Hugar et al.,
Moo @ (2009) found that higher grain yield in SRI than
0O My~ fg ARS. Among nutrient management options, the
§ 'gg § €S| & highestyield was recorded in RDN + Zn, which
;i % were statistically identical with 2 treatments, viz.
r:l = 75% RDN + An-Ps biofilmed formulation + Zn
S s Y and 75% RDN + CR1 + PR3 + Zn. These 3 treat-
B R g mentswere found statistically superior than rest
22 S of thetreatmentsin both year. Contribution of mi-
88 £ crobial inoculation of An-Ps biofilmed formula-
N gg 90; tion to increasing grain yield was 0.29 and 0.30 t/
(é? = S hawith and without Znin first year and 0.33 and
-85 § 0.21 t/hawith and without Zn in second year and
g é 5;3 é same for CR1 + PR3 consortiawas 0.28 and 0.30
O<< g £ t/ha with and without Zn in first year and 0.33
zzz i.’ g and0.19 hawith and without Znin second year.
Doé Qoé Eé HE'i = Z Improvement in yield due to application of CR2,
E ,E’ 'E) O| 8 CR1 (both Anabaena sp.) and PR10

(Ochrobacterium sp.) with two-third nitrogen
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was also recorded in Prasanna et al. (2012). The

3 RNy FHRUQALNLSao
contribution of Zn fertilization to increasing grain c<|D 2285 2283 VVEBNT
. L N DN IS0 BIFBILRIRaN
yield was 0.14 and 0.22 t/haiin first and second T 0
. . . N 5 %
year, respectively with RDN, whllecqntr.|but|on [ g DRI S P g ; i E 'é N g 3 Y
with 75% RDN was 0.17 and 0.08 t/hain first and S1& §EE08 FIT8FILBER~YA
second year respectively. Contribution of Zn to
increase grain yield with 75% RDN + CR1+ PR3 c B §£§ . §§g§§§§§§ o
was 0.15 and 0.22 t/ha and with 75% RDN + An- E%RN 00 SwPwiobiowio
Ps biofilmed formulation was 0.16 and 020vha | 8281, | o T
in first and second year respectively. Increase in ERa)S R R S e IS SR
. . . N 2L LIQLILIQY )
grain yield due to Zn fertilization was also re- B
o2l SCHASS SCaddddddd-dgg <8-_
Economics g E c
Cost of cultivation: Contribution of ARS for @ 8|3 Y9888 KRY8LRYBIBIT %
saving of cultivation cost was 6,000 and 9,640 F/ S dd 4S5 AdddddddA935g5 %
hain first and second year as compared to PTR, < o
while contribution of SRI to saving of cultivation 2 B3 2eald RaldnangBe| W
cost was 3,440 and 5,800 ¥/ha as compared to =~ S
PTR (Table 2). Lower cost of cultivationindry 8 | y g o Cwogy WROYTOOMHAnOg £
direct seeding of rice than transplanted ricewas 5 | < (3 CIHZAT QFOUIdgewLeesg| s
also observed in astudy conducted by Singheral. ¢ IS
(2005). Contribution of microbial inoculationto & | o | OYOAS MmN~ OMO o~ D
) s . c || d o o COBLWH XS DS
saving of cultivation cost was 190 and 200 g/hain 2 | = f/% 88333 83988838389 %
first and second year, respectively. Though saving 3 7 39 - =
in cultivation cost was less, yield improvement & 82% ﬁﬁgdﬂ ;:{;ggg;gggg 8
due to microbial inoculation increased grossre- £ « 443 d9S3d4d4dd 2
: : 2 4
turns_and uItlm_ater reflected in nt_et rgturns. Ap = < S8 §§ 922309y gg IS
pI|cat|_on of Znincrease cost of cultivationby 830 F| 3 | NN = I NI I SINININS= = A
Z/hain al Zn applied treatment as rate, source > = T
and method of application was samein all treat- 5 Eag coa®8 m¢N©mm,\oogg 2
[l I T P MMmO OO NHOHONANLTOOMO A | Q
ments. 8 Y NNN~O O ONNONNNNNCO | WY
o
o g
Gross and net returns and benefit: cost rat_io: 5l o g 858 %_ %_ S8NRIEBSES § § g
Grossreturnsin PTR and SRI were the higher & | 2 &|® GMBSS BIYBOBITOFSS | &
than ARS by 4,160 and 4,170 z/hain firstyear & | £ S oo el E
and 4,540 and 4,540 g /hain second year respec- 6 |2 83888 I9IFIRYIYSS | &
tively, which was mainly due to higher yieldin & o ¥TY¥MOoo OFTOOITIIIOO %
both PTR and SRI methods (Table 2). Contribu- 3 N -
tion of Zn fertilization to increase in gross returns g S % g
with 75% RDN + CR1 + PR3 was 4,100 and 3 B R o)
6,090 z/haand with 75% RDN + An-Psbiofilmed £ 2 2 g
formulation was 4,240 and 5,540 g/hainfirstand £ - S8 £
second year respectively, which was higher than .% 5 2 N g g ;
extracost of Zn application (830 g/ha). Contribu- .= 88 S = = S
tion of microbial inoculation of An-Ps biofilmed 3 <5 @ § S O % =5 g
formulation to increasing gross returnswas 7,690 5 2 £ 3§ §~ N o« 5488 ©
X i oo Q S8ty _ S _ o0 e | E
and 7,860 z/hawith and without Zn in first year & £B8% B S i =N0O0<< T &
and 9,140 and 5,830 z/hawith and without Znin 2 SEZ8 § iZ%Ezzzzzz G| 8
. c > =~ = _-
second year and same for CR1 + PR3 consortia = | § iggg‘gv ESZ+888888¢ES| 2
was 7,540 and 7,850 2 /hawith and without Znin % | £ S835480 2235888338968
first and 9,140 and 5,280 z/hawith and without 5 | & A< SOZERRRRRR
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Zn in second year, respectively.

Net returns were significantly higher in SRI as com-
pared to ARS due to higher yield in SRI, while net returns
in ARS were significantly higher than PTR due to lower
cost of cultivation in ARS during first year. In second year
of study, ARS recorded significantly higher net returns
than SRI and both ARS and SRI stand superior to PTR
due to lower cost of cultivation in both ARS and SRI.
Higher net returnsin SRI over PTR were also reported in
Jat et al. (2015). Among nutrient management options,
contribution of Zn fertilization to increase in net returns
with 75% RDN + CR1 + PR3 consortia was 3,270 and
5,260 g/haand with 75% RDN + An-Ps biofilmed formu-
lation was 3,410 and 4,710 /hain first and second year
respectively. The benefit: cost ratio in both years was sig-
nificantly higher in ARS as compared to both SRI and
PTR. Among nutrient management options, both Zn fer-
tilization and microbial inoculation contributed signifi-
cantly to increase in benefit: cost ratio. Contribution of
microbial inoculation of An-Ps biofilmed formulation to
increasing benefit: cost ratio was 0.16 and 0.17 with and
without Zn in first year and 0.17 and 0.10 with and with-
out Zn in second year and same for CR1 + PR3 consortia
was 0.16 and 0.17 with and without Zn in first and 0.17
and 0.09 with and without Zn in second year.

Zinc uptake

Total Zn uptake of rice was significantly higher in SRI
and PTR than ARS in both years. Total Zn uptake in SRI
was 47.9 and 49.6 g/ha higher than ARS, whilein PTR it
was 44.9 and 45.6 g/ha higher than ARS in first and sec-
ond year, respectively. The highest uptake of Zn was re-
corded in RDN + Zn which remained on a par with 75%
RDN + An-Ps biofilmed formulation + Zn and 75% RDN
+ CR1 + PR3 + Zn. These 3 treatments recorded signifi-
cantly higher uptake than same treatment without Zn ap-
plication. Increase in Zn uptake due to Zn fertilization was
also recorded by Shivay et al. (2015). Contribution of Zn
fertilization to improving uptake was the highest in 75%
RDN + An-Ps biofilmed formulation + Zn (38.5 and 43.2
g/hain first and second year respectively) and it was the
lowest in 75% RDN (25.4 and 22.7 g/hain first and sec-
ond year respectively). Thisindicates the importance of Zn
fertilization and importance of optimum fertilization of
nitrogen and phosphorus in improving Zn uptake.

From the data presented above and discussion it can be
concluded that, Zn fertilization and microbial incul cation
contributed significantly to growth and yield of rice. The
study verified that contribution of Zn fertilization and mi-
crobial inoculation to rice growth and yield was aso re-
flected in gross and net returns of rice in both years. In-
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volvement of An-Ps biofilmed formulation or CR1 + PR3
consortia with 75% RDN found a valid nutrient manage-
ment option for rice. SRI method gave similar yield and
higher net returns and hence can be adopted in place of
PTR. Aerobic method even though gave lower yield, net
returns was higher than PTR in both years and can be a
valid option in low resource condition.
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