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ABSTRACT

A field experiment was conducted during Kharif,
2011-2012 and 2012-2013 at GKVK, Bengaluru,
Karnataka to study the effect of integrated
package of agrotechniques on growth and yield
of aerobic rice. The predominant weed flora
observed in the experimental field were, Eleu-
sine indica, Digitaria marginata L., Dactylocte-
nium aegyptium L., Alternanthera sessilis, Mol-
lugo distica L., Celosia argentia and Borreria
hispida. Treatments receiving integrated weed
management practices recorded significantly
lower weed population and weed dry weight as
compared to pre-emergence application of py-
razosulfuron ethyl alone. Application of RDF +
FYM + Biofertilizers + FeSO, +IWM practices (Tsg)
recorded significantly higher growth, yield pa-
rameters and yield as compared to RDF + FYM +
IWM practices and was being on par with RDF +
FYM + Biofertilizers + IWM practices.
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1. INTRODUCTION

Water shortage is becoming severe in many rice-
growing areas in the world. The introduction of aerobic
rice means growing of high yielding rice in non-puddled
and non-flooded aerobic soil with the support of external
inputs like supplementary irrigation, manures and ferti-
lizers, through which 30 - 50 per cent of water can be
saved [1]. However, weeds are the greatest constraint in
aerobic rice system, resulting in 30 - 98 per cent yield
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losses [2]. Since the crop is sown in nonpuddled, un-
flooded soil in aerobic rice, the weeds and rice germinate
simultaneously. The absence of standing water makes
aerobic rice more weed infested resulting in competition
for resources with crop plants. In this contrast, usage of
herbicides is proven to be more effective but intensive
herbicide use can cause environmental contamination
and the development of herbicide resistance by weeds [3].
Hence use of herbicide along with hand weeding and
intercultivation is proven to be better in controlling
weeds.

Shifting from submerged rice to aerobic system of rice
cultivation has led to changes in soil physical, chemical
and biological properties resulting in iron deficiency [4].
Further limited use of organics and absence of proper
recycling of crop residues also added to deficiencies un-
der this system of rice cultivation. The biofertilizers, be-
ing alternative low-cost plant nutrient resources have
gained prime importance in recent decades and they play
a vital role in maintaining long term soil fertility susten-
ance. The site specific nutrient management (SSNM) is a
repacking of management concepts. The SSNM avoids
indiscriminate use of nutrients by preventing excessive
and/or inadequate nutrient inputs and helps to maintain
soil health over a long period of time. The productivity
of aerobic rice is equal to or less than that of submerged
rice but the water requirement of aerobic rice is about
50 - 70 per cent of submerged rice [5]. The research in-
formation on integration of all available technologies in
aerobic rice production is lacking. Keeping these points
in view, an experiment entitled growth, yield and eco-
nomics of aerobic rice as influenced by integrated pack-
age of agrotechniques was conducted.

2. MATERIALS AND METHODS
A field experiment was conducted from 2011-2012 to
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2012-2013 at Zonal Agricultural research station, GKVK,
Bengaluru, Karnataka which is located in the Eastern
Dry Zone of Karnataka at 12°58' North latitude, 77°35'
East longitude with an altitude of 930 m above the mean
sea level. The soil of the experimental site was red sandy
loamy in texture and pH was neutral. The soil was me-
dium in available nitrogen, phosphorus and potassium.
The organic carbon content was low in range (Table 1).
The normal as well as actual weather conditions such as
rainfall, temperature (maximum and minimum), relative
humidity, daily bright sunshine hours and open pan eva-
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poration prevailed during the crop growth period of 2011
& 2012 are presented in Figures 1(a) and (b).

MAS-26 a popular Semi dwarf, medium duration and
deep rooted aerobic rice variety developed by using
Marker Assisted Selection at University of Agricultural
Sciences, Bengaluru was sown in July with a spacing of
30 cm x 30 cm. All the plots were irrigated with a depth
of 5 cm immediately after sowing and subsequent irriga-
tions were given with a depth of 4 cm at 5 days interval
during vegetative growth stage followed by 3 days inter-
val during reproductive growth stage of the crop Farm
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Table 1. Physical and chemical properties of the soil in the experimental field during kharif, 2011 and 2012.

Particulars Values
1. Physical properties
Coarse sand (%) 55.7
Fine sand (%) 235
Clay (%) 135
Silt (%) 07.3
Soil type Red sandy loam

11. Chemical properties
Particulars
pH
EC (dS'‘m™)

Organic Carbon (%)
Available Nitrogen (kg-ha™)
Available Phosphorus (kg-ha™)
Available Potassium (kg-ha™)
DTPA Fe (ppm)

DTPA Zn (ppm)

Kharif, 2011 Kharif, 2012
Values Values
6.58 6.57
0.28 0.25
0.46 0.45
292.3 297.1
20.0 21.2
119.9 137.8
10.7 9.82
0.45 0.46

yard manure was applied at the rate of 10 t-ha * to each
plot three weeks prior to sowing. A common dose of fer-
tilizer was applied at the rate of 50 kg of N, 50 kg of P,
50 kg of K and 20 kg of ZnSO, ha™* as basal dose at the
time of sowing in the form of urea, single super phos-
phate, muriate of potash and zinc sulphate, respectively.
The remaining 50 kg nitrogen was applied in two equal
splits each at 30 and 60 days after sowing in the form of
urea to the treatments. Iron as FeSO, at 12.5 kg-ha ™,
Azospirillum and PSB (Bacillus megaterium) at 4 kg
each ha™* mixed with 80 kg of farm yard manure were
applied as per the treatments. In site specific nutrient
management for targeted yield of 6.5 t-ha* 130:32:162
kg N, P and K-ha* and for targeted yield of 7.5 t-ha*
150:37:187 kg N, P and K ha* was applied. Irrigation
was stopped a week prior to harvest of the crop. Experi-
ment included ten treatments consisted of T,: RDF
(100:50:50:20 kg NPK and ZnSO, ha™®) + FYM at 10 t
ha + Pyrazosulfuron ethyl at 25 g-a.i-ha *; T,: RDF +
FYM + FeSO, at 12.5 kg-ha '+ Pyrazosulfuron ethyl at
25 g-a.i-ha*; T3: RDF + FYM + Biofertilizers + Pyrazo-
sulfuron ethyl at 25 g-a.i-ha *; T4: RDF + FYM + Biofer-
tilizers + FeSO, + Pyrazosulfuron ethyl at 25 g-a.i-ha *;
Ts: RDF + FYM + Integrated weed management prac-
tices (Pre-emergence application of pyrazosulfuron ethyl
at 25 g-a.i-ha ' +One hand weeding at 20 days after sow-
ing + First intercultivation at 25 days after sowing and
subsequent intercultivations at 15 days interval upto pa-
nicle initiation); Ts: RDF + FYM + FeSO,4 + Integrated
weed management practices; T;: RDF + FYM + Biofer-

Copyright © 2014 SciRes.

tilizers + Integrated weed management practices; Tg:
RDF + FYM + Biofertilizers + FeSO, + Integrated weed
management practices; Tgo: Site specific nutrient man-
agement (SSNM) for targeted yield of 6.5 t-ha '+ Inte-
grated weed management practices (IWMP); Ty, Site
specific nutrient management (SSNM) for targeted yield
of 7.5 tha® + Integrated weed management practices
(IWMP) were laid out in Randomized Complete Block
Design (RCBD) with three replications. Pre-emergence
application of herbicides was done at three day after
sowing. Since the data on weed count and weed dry
weight showed high variation the data was subjected to
square root transformation using the formula Vx + 0.5
and the statistical analysis was done. The following
growth parameters viz. Plant height in centimeter (cm),
Number of tillers per hill, Leaf area index, Dry matter
production in grams (g), yield parameters viz. Productive
tillers per hill, Panicle length (cm), Weight of panicle (g),
Number of filled grains, 1000 grain weight, Grain yield
hill*, Straw yield hill™* and grain yield and straw yield
per hectare were recorded. The response of aerobic rice
to integrated package of agrotechniques was similar in
both the years of study. Therefore, only pooled data of
two years is discussed.

3. RESULTS AND DISCUSSION
3.1. Effect on Weeds

The predominant weed flora observed in the experi-
mental field during kharif, 2011 and 2012 in association
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with the aerobic rice were narrow leaved weeds such as
Eleusine indica, Digitaria marginata L., Dactyloctenium
aegyptium L., Rhynchelytrum repens and broad leaved
weeds like Alternanthera sessilis, Euphorbia geniculata
L., Mollugo distica L., Celosia argentia, Emilia sonchi-
folia, Phyllanthus niruri, Borreria hispida and Spilanthes
acmella [6,7].

Treatments receiving integrated weed management
practices recorded significantly lower weed population
(21.67 - 31.50 m?) and weed dry weight (5.29 - 8.89
g'm %) as compared to pre-emergence application of py-
razosulfuron ethyl alone (61.0 - 66.33 m 2 and 24.83 -
28.43 g-m 2, respectively) (Table 2).

3.2. Effect on Crop Growth

Application of RDF+ FYM + Biofertilizers + FeSO, +
IWM practices recorded significantly higher plant height,
number of tillers per hill, leaf area index at 90 days after
sowing (DAS) and higher dry matter production as com-
pared to RDF+ FYM + IWM practices and SSNM +
IWM practices and was on par RDF + FYM + Bioferti-
lizers + IWM practices (Table 3). This might be due to
better weed control, application of biofertilizers along
with zinc and iron enhanced the N fixation, phytohor-
mone production, increased Zn absorption in plants and

also enhanced the phosphate and iron solubilization by
the production of organic acids resulted in better growth
parameters [8,9].

3.3. Effect on Yield and Yield Parameters

The yield parameters viz., productive tillers per hill,
panicle length, weight of panicle, number of filled grains,
1000 grain weight and grain yield per hill were signifi-
cantly higher with RDF+ FYM + Biofertilizers + FeSO,
+ IWM practices as compared to RDF+ FYM + IWM
practices and SSNM + IWM practices and was on par
with RDF + FYM + Biofertilizers + Integrated weed
management practices (Tables 4 and 5). This was mainly
due to better growth parameters [10,11].

No yield was harvested in the treatments (T to T,) re-
ceiving pre-emergence application of pyrazosulfuron
ethyl at 25 g-a.i.-ha ' without IWM practices since the
aerobic rice completely failed due to significantly higher
weed density and weed dry weight indicating that pre-
emergence application of pyrazosulfuron ethyl alone was
not able to control weeds particularly Eleusine indica
under aerobic conditions because it has developed resis-
tance against this Aceto lactate synthesis inhibitor [12].

Application of RDF+ FYM + Biofertilizers + FeSO, +
Integrated weed management practices being on par with

Table 2. Weed count and weed dry weight in aerobic rice as influenced by integrated package of agrotechniques (Pooled data of 2

years).

Weed count m?

Weed dry weight (g-m?)

Treatments
Narrow leaved Broad leaved Total Narrow leaved Broad leaved Total
T,: RDF + FYM + Pyrazosulfuron
ethyl at 25 g-a.i-ha™ 6.12 (37.33) 5.41(29.00) 8.17(66.33) 5.00 (24.49) 2.10(3.94) 5.37(28.43)
T,: RDF + FYM + FeSO, +
Pyrazosulfuron ethyl at 25 g-a.i-ha 6.15 (37.50) 5.40 (28.67) 8.16(66.17) 4.88(23.29) 2.00(3.52) 5.22(26.81)
Ts: RDF+ FYM + Biofertilizers +
Pyrazosulfuron ethyl at 25 g-a.i-ha ™ 6.01 (35.83) 5.43(29.10) 8.08(64.83) 4.96 (24.13) 1.99 (3.47) 5.30 (27.60)
T,: RDF + FYM + Biofertilizers + FeSO, +
Pyrazosulfuron ethyl at 25 g-a.i-ha * 5.79 (33.33) 5.30 (27.67) 7.83(61.00) 4.67 (21.45) 1.97 (3.39) 5.02(24.83)
Ts: RDF+ FYM + IWMP 3.36 (11.00) 4.43(19.83) 5.53(30.83) 2.55(6.16) 1.68 (2.47)  3.02(8.63)
Te: RDF + FYM + FeSO, + IWMP 3.14 (9.50) 4.35(19.17) 5.33(28.67) 2.40(5.84) 1.63(2.23) 2.91(8.07)
T: RDF + FYM + Biofertilizers + IWMP 3.02 (8.67) 422 (17.67) 5.15(26.33) 2.24 (4.87) 1.55(1.97) 2.68(6.84)
Tg: RDF + FYM +Biofertilizers + FeSO, + IWMP 2.61 (6.33) 3.95(15.33) 4.69(21.67)  1.92(3.46) 151 (1.82) 2.39(5.29)
To: Site specific nutrient management (SSNM)
for targeted yield of 6.5 tha * + IWMP 3.38 (11.17) 4.47(20.00) 5.60(31.17) 2.53(6.14) 1.77 (2.72)  3.05(8.86)
Tio: Site specific nutrient management (SSNM)

for targeted yield of 7.5 tha * + IWMP 3.37 (11.00) 4.53(20.50) 5.60(31.50) 2.50 (5.80) 1.86 (3.09)  3.06 (8.89)

S.Em. % 0.16 0.13 0.16 0.14 0.05 0.10

C.D. (P=0.05) 0.44 0.39 0.47 0.43 0.14 0.31

Note: Original values are in parentheses.
Copyright © 2014 SciRes. OPEN ACCESS
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Table 3. Effect of integrated package of agrotechniques on growth parameters of aerobic rice (Pooled data of 2 years).

. . . . Dry matter
Treatments Plant height (cm)  Number of tillers per hill  Leaf area index production (g-hill™)

Ts:RDF + FYM + IWM practices 49.9 29.0 1.950 65.19

Te:RDF + FYM + FeSO, + IWM practices 51.7 29.6 2.009 68.07

T7:RDF + FYM + Biofertilizers + IWM practices 55.4 334 2211 75.55

Ts:RDF + FYM + Biofertilizers + FeSO, + practices 59.0 35.9 2.512 80.75
T,:Site specific nutrient management (SSNM)

for targeted yield of 6.5 t-ha ™ + IWMP 507 301 1.892 67.99
T1o:Site specific nutrient management (SSNM)

for targeted yield of 7.5 tha™ + IWMP 495 290 1815 64.53

S.Em. * 1.56 1.0 0.096 1.86

C.D. (P=0.05) 4.62 29 0.310 5.53

Note: Aerobic rice in treatments receiving pre-emergence application of pyrazosulfuron ethyl alone (without IWMP) (T, to T4) experienced severe weed com-
petition resulting in complete death of all rice plants Statistical analysis therefore was done for only six treatments (Ts to T1) by leaving first four treatments (T,
to T4)

Table 4. Effect of integrated package of agrotechniques on yield parameters of aerobic rice (Pooled data of 2 years).

Productive tillers  Panicle length ~ Weight of Number of 1000 grain

Treatments per hill (cm) panicle (g) filled grains  weight (g)
Ts:RDF + FYM + IWM practices 23.8 20.9 2.65 89.2 22.85
Ts:RDF + FYM + FeSO, + IWM practices 244 211 2.75 90.1 23.20
T7:RDF + FYM + Biofertilizers + IWM practices 27.9 21.8 2.89 101.6 24.82
Ts:RDF + FYM + Biofertilizers + FeSO, + practices 30.7 23.0 2.98 108.4 25.61
Ty:Site specific nutrient management (SSNM) for targeted
yield of 65 tha * + IWMP 24.8 21.2 2.76 90.9 23.07
T1o:Site specific nutrient management (SSNM) for targeted
yield of 7.5 tha™* + IWMP 242 210 2.4 888 2301
S.Em. % 1.00 0.42 0.05 2.7 0.35
C.D. (P=0.05) 2.96 1.25 0.15 8.1 1.05

Note: Aerobic rice in treatments receiving pre-emergence application of pyrazosulfuron ethyl alone (without IWMP) (T, to T,) experienced severe weed com-
petition resulting in complete death of all rice plants Statistical analysis therefore was done for only six treatments (Ts to T1) by leaving first four treatments (T,
to Ta).

Table 5. Effect of integrated package of agrotechniques on grain and straw yield of aerobic rice (Pooled data of 2 years).

Treatments Grain yield hill*  Straw yield hill* Grain yield (kg-ha™) Straw yield (kg-ha™)
Ts:RDF + FYM + IWM practices 33.05 35.16 3053 4261
Ts:RDF + FYM + FeSO, + IWM practices 33.92 36.77 3213 4417
T7:RDF + FYM + Biofertilizers + IWM practices 37.98 40.97 3479 4685
Ts:RDF + FYM + Biofertilizers + FeSO, + practices 41.57 43.20 3880 5047

Ty:Site specific nutrient management (SSNM) for targeted

yield of 6.5 t-ha™ + IWMP 3259 36.94 3263 4414
T1o:Site specific nutrient management (SSNM) for targeted
yield of 7.5 that + IWMP 3057 34.97 3086 4246
S.Em. 1.12 1.04 142 127
C.D.(P=0.05) 3.67 3.08 423 389

Note: Aerobic rice in treatments receiving pre emergence application of pyrazosulfuron ethyl alone (without IWMP) (T, to T4) experienced severe weed com-
petition resulting in complete death of all rice plants Statistical analysis therefore was done for only six treatments (Ts to T1o) by leaving first four treatments (T,
to T4)

Copyright © 2014 SciRes. OPEN ACCESS
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RDF + FYM + Biofertilizers + IWM practices recorded
significantly 27.1% and 18.9% to 25.7% higher grain
yield as compared to RDF+ FYM + Integrated weed
management practices and SSNM + Integrated weed
management practices. Similar trend was also been ob-
served with straw yield (Table 5) [7,13].

4. CONCLUSION

Application of RDF+ FYM + Biofertilizers + FeSO, +
IWM practices resulted in effective weed control, and
better growth and yield parameters in turn produced
higher grain yield and straw yield of aerobic rice.
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