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ABSTRACT

A field study was conducted during two consecutive years 2006-08, to evaluate the response of site-specific
nutrient management (SSNM) on productivity and economics of rice (Oryza sativa L.)-wheat {Triticum aestivum
(L.) emend Fiori and Paol} cropping system. The total productivity of the cropping system in terms of rice yield
equivalent (14.8 t/ha/annum) was the highest with the application of SSNM treatment i.e. N, . P. K . S, B.Mn,Zn,
in rice and N . P K, in wheat, which was 66.4% higher over farmer’s practice and 28.2% over state recom-
mended practice. All the yield attributing characters as well as yield of both rice and wheat showed beneficial ef-
fects of site-specific nutrient management. Highest net returns of $67,033/ha/annum obtained with SSNM treat-
ment, which was ¥31,681 and ¥16,905/ha/ annum higher over that of farmer’s practice and state recommended

doses, respectively. Thus, nutrients in rice—wheat cropping system may be applied on site-specific soil test basis

including micronutrients along with major nutrients for higher productivity and profitability.
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Rice-wheat cropping system is the most important irri-
gated agro-ecosystem of India. Presently, about 10.5 mil-
lion hectares land is occupied by this system, and a major
share lies in the Indo-Gangetic plain region (IGPR)
(Prasad, 2005). About 33% of India’s rice and 42% of
wheat is grown in this system. Nearly 65% of total fertil-
izer used in the country is applied to rice and wheat crops
alone (Yadav and Kumar, 2009). Heavy dressing of N and
continued neglect of emerging deficiencies of other nutri-
ents have led to stagnation of annual productivity levels.
Such unbalanced fertilizer use not only aggravates the
deficiency of phosphorus (P), potassium (K), sulphur (S)
and a number of micro-nutrients, but also proves uneco-
nomic (Sharma et al. 2003).

Continuous use of high analysis fertilizers (containing
N, P, K only) hasresulted in deficiency of S, Zn and Fein
soils and these show signs of fatigue as judged by the de-
clinein the yields of rice and wheat (Yadav et al., 1998).
The current stagnation/decline in productivity of rice—
wheat system can be overcome or improved through site—
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specific nutrient management (SSNM) coupled with im-
proved crop husbandry practices because multi-nutrient,
especially micro-nutrients, deficiencies are constraining
optimum response of applied NPK. The site-specific nutri-
ent management practices based on soil test basis would
be most effective in improving crop productivity along
with maintaining good soil health. Therefore, the presently
experiment was under taken to study the effect of site-spe-
cific nutrient management including macro and micro-
nutrients on growth, yield and economics of rice and
wheat crops grown in sequence under eastern Uttar
Pradesh condition.

MATERIALS AND METHODS

A field experiment was conducted during two consecu-
tive years (2006-2008) to study the response of site-spe-
cific nutrient management (SSNM) on productivity of
rice-wheat cropping system. The soil of the experimental
site was silty loam in texture having pH 7.4, low nitrogen
(148 kg N/ha), medium phosphorus (20 kg P/ha) and pot-
ash (195 kg K/ha). There were following twelve treat-
ments: N, P, K,,.S,,B.Mn,Zn, inrice (RT,) followed
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rice (RT, ) followed by N, P, K, inwheat (WT,),

N_,,PsKeZN,s inrice (RT,)) followed by N P, K, in
wheat (WT_,), which is the state recommendation and
Ny, P, inrice (RT,,) followed by N, P, in wheat (WT_,),
which is the general farmers' practice. These treatments
were arranged in randomized block design with four rep-
lications having a plot area of 30 m? in fixed layout for
both the crops and years. Hybrid rice ‘PHB 71’ wastrans-
planted in first week of July and wheat variety ‘ PBW 343’
was sown on second week of November during both the
years. Half of the nitrogen dose and full quantity of other
nutrients as per Table 1 was applied to rice as basal during
puddling. Top dressing of the remaining nitrogen was
done in two equal applications one each at maximum
tillering (25 DAT) and at panicle initiation stage (50
DAT). The carry over effect of site-specific nutrient man-
agement treatments (Table 1) applied to rice was studied
on succeeding wheat, which received only N, P and K, as
per treatment combinations mentioned in Table 2. In
wheat, full dose of Pand K and half dose of nitrogen were
applied as basal and the remaining nitrogen was applied in
two equal splits as top dressing at 25 and 50 days after
sowing. Both the crops were raised using recommended
cultural practices during both the years.

RESULTS AND DISCUSSION

Yield attributes and yield of rice

Theyield attributing characters viz. plant height, num-
ber of panicles/m, panicle length, grains/panicle and
1,000-grains weight increased with higher doses of NPK
along with use of S, B, Mn and Zn (as per treatments) as
compared to farmer’s practice (Ny,P,)). The SSNM treat-
ment (N, P, K.,.S,,B.Mn,Zn,) gave the highest yield
and values of yield attributes of rice. Reduction or omis-
sion of phosphorus dose from the SSNM treatment re-
sulted in reduction in yield attributes of rice (Table 1).
Similarly, Zn, Mn, B and Salso influenced yield attributes
of rice positively during both the years and if omitted, a
notabl e reduction was observed inyield. The performance
of site-specific nutrient management treatment was better
over recommended practice for rice. It indicates that we
need to revise the recommendation domain of rice owing
to ever declining soil health, especially for some of the
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macro and micro nutrients.

Increasing levels of nutrients probably exerted a posi-
tive effect on the development of source and sink strength
of the plants, which ultimately resulted in the higher yield
attributing traits. This might be due to either direct or cu-
mulative effect of supplied macro and micro nutrients on
metabolic processes of rice. Availability of nutrients, espe-
cialy the micro nutrients at optimum level has direct im-
pact on accelerated cell division and enlargement, root
growth and plant vigour. Boron and zinc are known to in-
fluence translocation of metabolites and improving sink
strength in plants. Zinc is a constituent of several enzymes
namely carbonic anhydrase, tryptophan synthetase, alco-
hol dehydrogenase etc. which are responsible for better
photosynthesis and auxin metabolism directly affecting
source strength leading to better tillering, growth, yield
attributing characters like panicle number, grain number
and weight, which ultimately increased crop yield. Inclu-
sion of B and sulphur further improved crop growth and
yield (Table 1). Similar finding was also reported by
Singh et al. (2008), Khurana et al. (2008) and Singh and
Bansal (2010).

Grain and straw yields of rice increased significantly
when NPK was added more than recommended dose
along with other components of SSNM (S, B, Mn and Zn).
The maximum grain yield of 7.7t/ha wasobtained with
SSNM treatment (RT,i.e.N . P K S, B.Mn,Zn,),
which was significantly higher to other treatments except
omission of boron and manganese from SSNM and reduc-
tion of potassium dose from 120 kg/hato 80 and 40 kg
potassium/ha. Grain yield advantage with treatment RT,
i.e. N PeoK50S,,BsMn,Zn, . was 60% higher over
farmer’s practice and 30.6% over state recommended
practice.

Reduction of phosphorus from SSNM treatment to 30
and 0 kg/ha resulted decrease in grain yield by 9 and
21.3%, respectively. Unlike phosphorus, omission of po-
tassium from the SSNM treatment also decreased grain
yield by 16%. Omission of zinc and sulphur resulted in a
decrease of grain yield by 9.4 and 10%, respectively
(Tablel). Grain yield was found to be positively correlated
with yield attributing traits (Fig 1.) namely panicles/m?,
(R?=0.660), panicle length (R?=0.993), fertile grains/
panicle (R?= 0.829) and 1,000-grain weight (R?=0.995).

Increasein grain yield with NPK along with application
of S, B, Mn and Zn might be attributed to significantly
larger and higher paniclessm? having higher and heavier
grains, which have positive correlation with grain yield.
Similar results were also reported by Shinde et al. (2005),
Misraand Abidi (2006), Zhang et al. (2006), Gill (2006),
Mubarak and Bhattacharya (2006), and Rui Yu et al.
(2007).
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Table 1. Yield and yield attributes of rice as influenced by site-specific nutrient management treatments (Pooled data over two years)

Treatment Plant height  Panicles/ Panicle Graing  1,000-grains  Grainyield  Straw yield
(cm) m? length (cm) panicle weight(g) (t/ha) (t/ha)
RT, N P.K,S,BMn,zZn, 132 568 315 231 24.2 7.7 11.7
RT,  N,P,K,SBMn,.Zn, 123 411 29.1 189 23.2 7.1(9.1) 10.1 (15.2)
RT, N, P.K 5.S,.BMn, Zn,. 116 369 26.9 167 22.1 6.3(21.2) 9.1 (27.8)
RT, N, 5oPeoK 50S,BsMN, 21N, 129 524 311 223 241 7.6(0.9) 11.3 (2.9)
RT,  N,P.K,S,BMn,zn, 129 529 30.4 215 23.8 7.4(3.5) 11.1 (5.5)
RT,  N,P.KSBMn,2Zn, 117 402 27.6 175 22.3 6.6(15.8) 9.8 (18.5)
RT, N.5oPeoK 12054BsMN, Zn 120 422 29.1 192 229 7.0(9.9) 10.1 (15.8)
RT,  N,P.K,SBMnzZn, 126 453 29.9 206 23.6 7.4(4.1) 10.4 (11.7)
RT, N P.K,S,BMn, Zn 127 437 29.9 203 235 7.4(4.5) 10.2 (14.4)
RT, N P.K,SBMn,Zn, 125 434 28.8 198 23.1 7.0.9.9) 9.6 (21.4)
RT, NIZOPBOK Zn,. (RP) 113 389 24.9 183 21.3 5.8(234) 8.1 (44.4)
RT, NP, (FP 110 345 21.9 146 19.6 48(59.9) 7.7 (5L8)
SEm+ 2.4 7.6 0.6 4.54 0.4 0.18 0.25
CD (P=0.05) 7.1 22.2 18 13.16 14 0.54 0.72

Note: Figures in parentheses are percent decrease in grain and straw yields relative to SSNM treatment RT,
RP-Recommended practice of state, FP-Farmer’s practice
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Fig. 1. Relationship between yield attributes and grain yield of rice
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Fig. 1. Relationship between yield attributes and grain yield of whesat

Table 2. Effect of site-specific nutrient management (SSNM) treatment on yield and yield attributes of succeeding wheat crop. (Pooled data
over two years)

Treatment applied in Plant Spikes/ Spike Graing/ 1,000-grains Grain Straw
wheat after rice height m? length spike weight yield yield
(cm) (cm) (9 (tha) (tha)
WT, N P.K 105 409 9.99 46.6 414 4.85 6.68
WT, N P.Koo 103 367 8.88 34.6 389 4.36 (11.3) 6.37 (4.8
WT, N PK. 95 318 8.03 28.6 36.4 3.10 (56.2) 4.25(57.2)
WT, N P.Kg 102 391 9.32 29.4 40.1 4.68 (3.7) 6.40 (4.3
WT, N P.Kg, 100 379 9.19 37.7 39.4 449 (8.1) 6.00(11.4)
WT, N P.K, 98 336 8.45 30.8 37.6 3.65 (32.9) 4.91(36.1)
WT, N P.Ko 99 378 9.16 37.8 39.4 448 (8.3) 6.22 (7.3)
WT, N PKi, 100 387 9.24 38.6 39.8 4.67 (3.9) 6.34 (5.4)
WT, N PK 99 397 9.49 417 40.4 475 (2.0) 6.28 (6.3)
WT, NPoKo 99 372 8.98 35.5 39.2 445 (9.1) 5.86(14.0)
WT,  N,P.K, (RP) 9% 349 8.65 334 38.1 3.86 (25.6) 5.43(23.0)
WT,, NyP, (FP) 91 290 7.75 26.6 355 2.79 (73.9) 4.21(58.7)
SEm+ 19 7.3 0.20 0.89 0.6 0.14 0.16
CD (P=0.05) 5.7 21.4 0.59 2.58 2.0 0.42 0.46

Figures in parentheses are percent decrease in grain and straw yields refative to SSNM treatment WT,
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Table 3. Grainyield of rice, wheat, rice yield equivalent and economics of rice-wheat cropping system as influenced by site-specific nutrient

management (Pooled data over two years)

Treatment Riceyield Total cost Grossincome Net returns  Benefit:
Applied inrice Applied in wheat equivalent  of cultivation (x 103/nhal (x 103/hal  cost ratio
after rice (t/halannum) (x 10°/hal annum) annum)
annum)

T, N PooK 120S,0BMN, ZN,, N, PoK o 14.8 50.3 117.3 67.0 1.33
T, N PooK 12S,0B M, Zn,, N Pk 0 135 49.3 106.6 57.2 16
T, N 1P K 120S,0BMN, Zn,, N1 oPK 0 10.9 484 85.7 37.2 0.77
T, N 1P K 5S,0BMN, Zn,, N1oPooKoo 145 49.7 1145 64.8 1.30
T, N, PoK 1S, BMN, ZN,, N, PoK.o 14.0 49.1 110.6 61.5 1.25
T, N Py K S,oBMn, Zn,, N, PK, 12.0 485 93.7 45.2 0.93
T, N PoK 120S,0BMN, ZN, N, PoK o 13.6 47.3 106.4 59.1 1.25
T, N, Py K 12S,0BMn,Zn, N Pk 14.2 46.4 112.2 65.8 1.47
T, N 1P K 1,0S 0B M, 20, N1ooPoK 10 14.4 48.7 112.6 64.0 1.32
Ty NP K 0SB M, Zn,, N, PeoK 120 136 48.3 106.4 58.2 1.20
T, NP, K2, (RP) N_,.P.Ks, (RP) 11.6 413 91.4 50.1 1.22
T, N,P,, (FP) Ny,P,, (FP) 8.9 35.8 711 35.3 0.99
Yield attributes and yield of wheat Economics

The residual effect of micronutrients applied through
SSNM treatments in rice was observed in succeeding
wheat. Plant height, spikes’'m?, spike length, grains/spike
and 1000-grains weight were significantly higher in
SSNM treatment (WT,) over farmer’s and state recom-
mended doses (Table 2). Yield attributing characters of
wheat reduced with decrease in phosphorus doses from 60
kg P/hato 30 and 0 kg P/ha and potassium from 120 to 40
and 0 kg K/ha. The carry over effect of SSNM treatments
applied to rice crop on grain and straw yields of succeed-
ing wheat was quite apparent in al the SSNM treatments.
The maximum grain (4.85 t/ha) and straw (6.68 t/ha)
yields were recorded with SSNM treatment which showed
an advantage of 2.06 t/ha (74%) in grain yield and 2.47 t/
ha (58.8%) in straw yield as compared to farmer’s practice
(Ng, and P, applied both in rice and wheat).

Omission of phosphorus and potassium in wheat dras-
tically reduced grain yield by 56.3 and 32.9%, respec-
tively. Grain yield of wheat was positively and signifi-
cantly correlated with yield attributes (Fig. 2), namely
spikes/m?(0.977), spike length (0.924), grains/spike
(0.605) and 1,000-grain weight (0.959). The results are
corroborated with the findings of Kulandaivel et al.
(2003), who have aso reported that application of 40 kg
zinc sulphate per hectare to preceding rice crop signifi-
cantly improved ear bearing shoot and grain and straw
yields of succeeding wheat crop. Gill (2006) also advo-
cated the use of balanced site specific nutrient manage-
ment in combination with micronutrients, which may
break the cereal yield barrier with an advantage of 34t/
ha/annum more yields of rice and wheat.

The variationsin the cost of cultivation under different
treatments were recorded due to variable cost of macro
and micro-nutrients. Grain and straw yields were the ma-
jor factors which caused differences in gross and net re-
turns. Maximum net returns of F67,033/ha/annum was
obtained with complete SSNM treatment (RT, + WT i.e.
N, PooK 120S,0BsMn, Zn, inrice followed by N, P, K . in
wheat) in rice-wheat system, which was 31,681 and
F16,905/ha/annum higher over those of farmer’s practice
and state recommended fertilizer doses. Yadav and Kumar
(2009) also reported similar results from rice-wheat sys-
tem using site-specific nutrient management.

Thus, it may be concluded that site-specific nutrient
management approach may break the yield barrier of rice
and wheat by enhancing yield through judicious exploita-
tion of available nutrients by plants. Nutrients applied to
rice crop have definite carry over beneficial effects on
enhancing yield of succeeding wheat crop. This indicates
for a cautious and balanced use of nutrients (macro and
micro) for enhancing systems productivity and profitabil-
ity without endangering soil and human health.
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