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ABSTRACT

A field experiment was conducted in a permanent layout for 7 consecutive years (rainy season 2007 to winter
season (2010) at Palampur for yield maximization of rice (Oryza sativa L.)-wheat (Triticum aestivum L.) cropping
system through site-specific nutrient management. Twelve combinations of primary, secondary and micronutrients
[T, N, PosKi50S,,BsZN,,, (figure as subscript indicate dose in kg/ha of N, P,O,, K,O, S, Borax and ZnSO,, respec-

100" 25' V12040 255" 20
tlvely) Tz’ N, 00P5oKi2084,BsZN Ta’ N P0K12084oBszn20; T4’ N100P25Ksos4oBsznzo; Ts’ N1oo P25K4os4oBszn20; Te’Nwons

100" 50" "120 740~ 5 20; 100
K,S20BZM0; T NP oK 1268108200 Tor NyooPosKi20S:0BoZN,gi Tor NyooP oK 0SB ZN N, 0oPosK 20S,B

100" 25° "120740°°5 100° 25° 120740 -0 20’ 1007 25" 120705 20’ T10’ 100" 25° "120 0 OznO’ T11’

RDF, (recommended dose of fertilizers, N, P, K, for rice and N, P, K. for wheat) and T,,, INM (integrated nutri-

ent management, N_P. K .+ 5t FYM/ha for rice and NP, K.+ 5t FYM/ha for wheat]-based upon the available

36 16 16 48" 24 12
nutrient status of the site were evaluated. N, P and K were applied to both the crops. S, B and Zn were applied to

rice only. State recommended application of nutrients (T,,) maintained its superiority for rice grain yield initially,

however, N, P,.K,,,S,B,Zn, (T,,) excelled over it at last. INM practice (T,,) was lowest yielder in the early years

but at last next only after N, P,.K., S B,Zn, and RDF. The complete deletion of K application from N, P, K. S

100" 25" "120 40

B.Zn,, under T, resulted in significantly the lowest rice yield. In increasing wheat yield, N, P, K., S, B.Zn, main-

tained its superiority throughout and therefore, had the highest sustainable yield index. This was followed by
N, 0P 2:K 205,B,ZN,, RDF and N, P, K. 'S, B.Zn both in terms of yield and sustainability. The system productivity

100" 25" "120 40 —5
(rice + wheat grain) ranged between 5.0 (N, P,.K,, ;S B;Zn,) to 12.7 t/ha (N, P.K,,,S,,B;Zn,,) under different

100" 25° "12070-0

treatments. The system productivity and sustainability index was higher under N, P, K., S, B.Zn,, RDF and

N, ,P.:K 2:S,B,ZNn, over other treatments. Among the soil properties, pH decreased significantly over the initial test
value of 5.3 in all the treatments except INM (T,,). A definite build up of organic carbon over its initial value of 0.7%
was observed inN, P K S, BZn, N P K S BZn, N P, K_SBzZn,RDFandINM treatment. There was

K . 100 25_ 80 ~40 " 5 20’ 100" 25 "40 40, 5. _29’ 100" 25 "120 0 . . .
depletion of available P in all the treatments over its initial test value of 50 kg/ha. There was significant build up of

available Kin N, P, K.,:S,:B.ZNy0, N, P K208 0BsZN,00 NyooPosKiso S10BsZNgs NyooPosKi20S,0 BiZN,, and INM treat-

100" 25" "120 T 40 207 100" 0 "120740 — 5 20’ 100" 25 120 T40° 5 100" 25" "12040
ment over the initial status of 86 kg/ha. Available K was significantly low where no K or low K was applied.
N, o P,sK,20S,B,ZN, gave the highest benefit: cost ratio of 3.07 and was comparable to RDF in influencing total net

returns. N, P, K., S,,B.Zn,, resulted in the highest total apparent nutrient recovery, apparent N recovery and N

physiological productivity. P physiological productivity was the highest under RDF and K physiological productivity

was the highest under N, P, K S, B.Zn, .

1000 25 '0740°5

Key words: Economics, Nutrient uptake, Rice-wheat cropping system, SSNM, Sustainability, Yield,

Rice-wheat occupies 10.5 million ha productive lands
in Indo-Gangetic plains and contributes about 25% of the
national food production (Ladha er al., 2000 and Prasad,
2005). In Himachal Pradesh, rice and wheat are grown on
76.7 and 381.2 thousand ha area with production of 118.3
and 381.2 thousand tonnes and productivity of 1.54 and
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Scientist, Choudhary Sarvan Kumar Himachal Pradesh Krishi
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1.06 t/ha, respectively. Balanced application and efficient
utilization of plant nutrients are essential for increasing the
productivity in sustainable way. Ever since the introduc-
tion of high yielding varieties, the production and produc-
tivity have increased substantially. However, the soils are
now not able to sustain the production at a reasonable
level even with application of very high doses of NPK.
The deficiency of secondary and micronutrients have
turned out to be yield limiting factors. Kanwar et al.
(2004) have documented that 62.5% surface soil in cauli-
flower growing area of Himachal Pradesh was low in



128 RANA ET AL.

available B. Deficiency of Zn has aso been recognized as
a widespread nutritional problem throughout the world
(Reddy, 2004; Rashid and Ryan, 2004). The current and
generdized fertilizer recommendations, which were devel-
oped decades ago were no longer valid and there is a need
for site specific nutrient management which accommo-
dates field-specific needs of crop for supplemental nutri-
ent requirements. Site-specific nutrient management
(SSNM) isawidely used term, generally with reference to
addressing nutrient deficiencies which exist within fields
and making adjustments in nutrient application to match
these location or soil differences. In the soil test based
SSNM approach (Johnston er al., 2009), the fertilizer rates
are established based on the concept of crop removal ad-
justing the soil residual nutrients. In this approach, both
the macro and secondary nutrients are applied at rates that
are required to meet the crop yield removal and micronu-
trients were applied at blanket recommendations when the
soil testing shows to be marginal or deficient. This allows
complete yield expression of crop in the absence of any
nutrient deficiency and once the yield potential of a site
was determined, the next step isto refine nutrient applica-
tion rates with further field trials. Chatterjee and Sanyal
(2007) outlined an approach for site-specific K recommen-
dations based on the soil test results, wherein the K rates
were calculated by computing a factor with respect to
available and non-exchangeable pools of K to maintain the
balance between K mining and a productivity target. Ma-
jority of plant nutrient elements have positive interaction.
Therefore, to increase the overall nutrient-use efficiency,
alleviation of deficiency of various nutrient elementsis
more critical than application of high doses of NPK only.
In view of these facts, afield experiment was conducted to
explore the yield potential of the rice-wheat system.

MATERIALS AND METHODS

A field experiment was conducted in a permanent lay-
out for 7 consecutive years (rainy season 2003—-winter
2010) at the research farm (Padiarkhar) of the Farming
System Research Centre, Palampur situated at (32°6' N
latitude and 76°3' E longitude) to find out sustainable site
specific nutrient management system in rice-wheat crop-
ping system under mid hills conditions of Himachal
Pradesh. The site (Palampur) lies in sub-temperate humid
zone of Himachal Pradesh (NARP zone Il), which is char-
acterized by mild summer and severe winter as well as
occasional snowfall during winter. The region receives an
average rainfall of 2600 mm/annum, major portion of
which (80%) is received during June-September (south-
west monsoon). Winter rains are received during Decem-
ber—February (north-east monsoon). Taxonomically the
soils of the region are classified as ‘ Typic Hapludalf’
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(Verma 1979). The soil of the experimental field was silty
clay loam in texture, with organic matter content of 0.7%
and pH 5.3. Available N, P, K, Ca, Mg and S contents
were 207 (low), 50 (high), 86 (low), 1170, 104 and 156
kg/ha, respectively. The Zn, Cu, Fe, Mn and B contents
were 1.997, 5.293, 193.74, 11.934 and 0.999 ppm, respec-
tively. Twelve nutrient management treatments [T,
N, 00PosK 1503,0BsZN,,, figure as subscript indicate dose in
kg/haof N, P,O,, K,O, S, Borax and ZnSO, respectively;
T, N oPeoK 156S40BsZNo0r Taw N PK 50S,0BsZN, T,

5

100" 50" "120740° 5 20’ 100" 0" "120 740 20" "4
N100P25K8084OBszn20; TS’ N100P25K4OS4OBszn20’ T6’
NlOOPZSKO S4OBszn20; T7’ N100P25K12OS4OBsznO; TS’
N100P25K12OS4OBozn20; T9’ N100P25K12OSOBSZn20; TlO’

N, oo PosK 150S,B,ZN,: T,,, RDF, Recommended dose of fer-

tilizers (N, P, K,, forriceand N, P, K, for wheat), T ,,
40% of recommended NPK + 5t FYM/ha (on dry weight
basis) to each crop] were evaluated in randomized block
design with 4 replications. 25-30 days old seedlings of
rice ‘Hybrid PHB 71" from 2003 to 2006 and ‘ Arize 6129’
from 2007 to 2009) were transplanted from last week of
Juneto first fortnight of July and wheat (variety ‘ Surabhi’
in 2003-04, ‘HPW 42" in 2007-08 and ‘HPW 155’ inrest
of the seasons) crop was sown on second week of Novem-
ber to first week of December. The nutrients were applied
as per the treatment (Table 1). N, Pand K were applied to
both the crops (through urea, di-ammonium phosphate,
single superphosphate, muriate of potash as per the treat-
ment). S, B and Zn (from T , T,) were applied only to rice.
S and B were applied through elemental sulphur and bo-
rax, respectively. Zn was applied through ZnSO-, for the
first three years and through ZnO (equivalent quantity of
Zn asin ZnSO,) during rest of the years. Inrice, N was
applied in two splits (first half at last puddling and second
at panicle initiation stage). In wheat, it was in three equal
splits (one-third each at sowing, crown root initiation and
tillering). Therest of the nutrients (P, K, S, B and Zn) were
applied at sowing. Each season during 2007-08 and
2008-09, FYM at 5 t/hawas also applied to all the treat-
ments. The rest of the package of practices was followed
as per the recommendations for individual crops (HPKYV,
1998a& b).

Yields were harvested from net plot (rice 15 m? and
wheat 11 m?). Different soil chemica parameters, viz. pH
(Jackson 1967), organic carbon (Piper 1966) and available
N (Subbiah and Asija 1956), P (Olsen et al. 1954) and K
(AOAC 1970) were estimated following standard proce-
dures. To find out treatment differences, pooled analysis of
grain and straw yield data from 2003-04 to 2009-10 was
done and results were compared using critical difference
at 5% level of significance (P=0.05). To minimizethe year
to year variation, 3 years moving averages were worked
out. Sustainable yield index (SYI) was determined using
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standard procedure as below:

SYl=—
Y

max

Where, Y isthe average yield of atreatment over years,
SD its standard deviation and Y __ is the observed maxi-
mum yield in the experiment.

Economics of the treatments was computed based on
prevalent market prices. The system profitability was ob-
tained by dividing the net return (¥/ha) in atreatment by
365. Apparent nutrient productivity was calculated by di-
viding the total productivity (rice + wheat grain) with the
total quantity of nutrients (NPK SBZn in the present study)
applied (Yadav, 2003). Similarly apparent N productivity
was obtained by dividing the total productivity (rice +
wheat grain) with the total quantity of N applied. Physi-
ological productivity was determined by dividing the total
productivity (rice + wheat grain) with the total quantity of
nutrients absorbed. Productivity cost (zinvested/kg grain
produced) was obtained by dividing the cost of cultivation
of atreatment by the total productivity (rice + wheat grain)
under that treatment.

RESULTS AND DISCUSSION

Yield and sustainability

The higher grain yields of rice were harvested during
the middle years than initial and latter years (Fig.1). This
was owing to application of FYM in the middle years and
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use of superior hybrid rice variety in the latter years.
Acrossthe years, rice grain yield ranged between 3.7 (T,

N, ooPosK ;S,B:ZN, to rice and NlooP_25Ko to wheat) and 9.5
t/ha (T, NyooP,eK ,0S,B,ZN,, to rice and N, P,.K . to

wheat) under different treatments (data not shown). State
recommended application of nutrients (RDF, T

Ny, P, K, forrice& N, P. K. for wheat crop) maintained
its superiority initially, however, T (N, P,.K,,,to both
rice and wheat) excelled over it at last. INM practice (T,
N,P.K,+5tFYM/haforriceand NP, K, + 5t FYM/
hafor wheat crop) wasthe lowest yielder in the early years
but at last next only after T,, (N, P,.K,,,to both rice and

wheat) and T, (RDF). This may probably owing to con-

11’
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Fig. 1. Effect of SSNM on yield trend of rice from 2003-2010 un-
der rice-wheat system

Table 1. Effect of site specific nutrient management on grain and straw yield (t/ha) of rice and wheat, system productivity (t/ha) and sustainability

index under rice-wheat system (pooled data over 7 years)

Treatments Yield (t/ha) Sustainability index
2003 Pooled System Rice  wheat Rice +
Rice Wheat Rice Wheat productivity wheat
Grain Straw Grain Straw  Grain  Straw Grain  Straw 2003  Pooled
T NygoPoK 56S,BsZNn,, 49 803 357 499 6.03 861 356 626 854 959 0.78 0.63 0.77
T, NygoPooK 16S,0BsZny, 510 773 351 526 652 944 436 665 860 1087 085 071 0.85
To NyooPK 0S,BsZn,, 526 756 280 449 632 944 360 541 806 992 0.82 0.62 0.80
T, NyooPoKeS,BZn,, 536 763 387 592 654 956 367 59 923 1021 0.86 0.62 0.81
Ty NyooPoK,oS,BsZn,, 561 750 28 398 651 880 374 584 846 1025 085 063 0.81
Te NyooPoKS,,B.Zn,, 539 760 328 515 587 822 339 461 867 925 075 056 0.74
T, NyooPoK 50S,BsZN, 570 746 348 528 654 949 391 673 918 1045 0.86 0.65 0.82
Tg NyooPocK 156S,0BoZNy, 534 799 342 478 615 919 370 623 875 98 0.78 0.61 0.79
Ty NyooPoK 0SBZN,, 498 7.01 401 567 663 99 362 6.00 899 1025 0.87 0.60 0.80
T0r NyooPosK156S,BoZN, 498 735 28 397 673 937 408 661 784 1081 0.86 0.64 0.81
T,, RDF 518 698 376 556 684 931 400 604 894 1084 090 065 0.85
T, INM 431 718 264 373 661 972 358 650 696 1019 085 0.58 0.78
SEmz+ 021 033 023 047 008 017 005 008 035 012 - - -
CD (P=0.05) 062 NS 066 134 023 049 015 021 100 034 - - -
N, Pand K were applied to both cropsand S, B and Zn were applied only to rice; RDF, recommended dose of fertilizers; N, P, K, forrice

and N_ P K

120" 60" "30
wheat crop.

for wheat crop); INM, integrated nutrient management (N

90" 40" "40

P K _+5tFYM/haforriceand N P, K. +5tFYM/hafor

36 16 "16 48" 24" 12
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tinue addition of FYM, which might have improved the
physicochemical properties of soil that resulted in in-
creased productivity (Chaudhary and Thakur, 2007). Fur-
ther, the organic matter supplies macro and micronutrients
and several complexing agents, which maintain balanced
supply of nutrients to crop. These results are also in con-
formity with the earlier findings (Gupta et al. 2006;
Sharma et al., 2005 and Urkurkar er al., 2010). Applica
tion of N, P,.K ., SB.Zn,toriceand N, P,K

1000 25 120705 100" 25 120

wheat; T, N, P,.K SBZn toriceand N, _P..K

100" 25" "120740 100" 25 120

wheat; andT N, P._K SBZn torlceandN PK

100" 50" "120 7405 100" 50° "120
towheat T, were the other superlor treatments ininfluenc-

ing rice yieId in the latter years. Recommended dose of
fertilizersT,,, N, P, K, forrice& N, P K, for wheat

11’ 90" 40" “40 120° 60" "30
crop) was at par with T, N100P25K120 to both rice and
wheat; and Ty, N, P,.K S ,BZn, torice and N, P, K
to wheat, resulted in significantly higher pooled grain
yield of rice over other treatments. Application of

N, 0oPosK 1505,B<ZN, torlceandN P._K towheatT

100" 25 "12070°5 100" 25" "120

being at par to N P K,.+5tFYM/hafor rice and

N48P24K12 +5t FYI\S)IG/hlastfdﬁ wheat crop) was significantly
superior to other treatmentsin influencing rice straw yield.
Potassium is indispensable in rice plant nutrition
(Satyanarayana et al. 2011). The complete deletion of po-
tassium application from N, P, K S B.Zn, (i.e. T,

N, oPosK ,S,,BsZNn,, to rice N, P,.K to wheat) resulted in
significantly Ioweet rice yield. Puddling and subsequent
land submergence has amgjor rolein increasing the avail-
ability of nutrients especialy P (Reddy, 2004). It is perti-
nent to highlight that even in the absence of P application
inN_ P, o K ,0S,,B:Zn, torice(T,) and N, P.K . to wheat
(T, rice y|eId was comparable as under T,
(N, 00PsoK 150S,,BsZNn, to rice and N, P, K. to wheat),
where P was applled at 50 kg P,0./ha along with other
nutrients. This also showed that under conditions of pud-
dling and subsequent land submergence, P application in
soils high in P content can be curtailed. Recommended
dose of fertilizers (T,,) had the highest sustainable yield
index (rice) and was followed by T, N, P,.K ., SB.Zn,

1000 25° "120 05
toriceand N, P. K. towheat; T., N. P K toboth

100" 25" "120 10’ 100" 25" "120
rice and wheat; T, N, P,.K S, B.Zn to rice and
N, o PosK 10 1O wheet) T, N PeoK 150S,,Bs Zn ,foriceand
N, 5oPsoK 1 10 Wheat andT N100P0K12084OBszn to riceand
N, ,,P.K . t0 Wheat, in that order.
Wheat yield was progressively higher over the years
(Fig. 2). Itranged from 1.2 (T, - N, P,.K S, B.Zn, torice

100" 25" 040

N100P25K to wheat) to 5.1 t/ha (T - NlOOPSOKlzosmBSZn to
riceand N, P, K., to wheat) under different treatments.
T, (N, PoK 50S,BsZn, to riceand N, P, K . to V\rhe_at)
where higher P was appl ied, maintained its superiority
throughout and therefore, had the highest sustainable yield
index (wheat). The importance of P nutrition in wheat in
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the rice~wheat system has been documented (Ladha er al.
2000 and Prasad 2005). This was followed by T,
(N, P,K ,, to both rice and wheat), T,, (RDF- N, P, K,
for rice and N P, K,, for wheat crop) and T,
(N, PosK 56S,B:Zn, toriceand N, P, K towheat) both
100 25 120to bOth

100" 25" "120 100" 25" "120
interms of yleld and sustainability. T, (N

rice and wheat) was superiorto T, (N100P25K12084OB Zn,to
riceand N, P,.K , to wheat) in terms of wheat yield. T

(N, PK S, ,B.Zn, torice N, P, K to wheat), where no
K was applled had the lowest wheat grain and straw yield.
The role of K in plant nutrition is indispensable and has
been amply demonstrated (Sharma er al. 2003;

Satyanarayana et al. 2011 and Reddy 2004).

——T1 —@=T2 —&=T3 ==T4 —=T5 6

7 T8 79 ——T10 T11 T12

Wheat grain yield (t/ha)
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o
@

2003-4t02005-6 2004-5t0 2006-7 2005-6to 2007-8 2006-7 to 2008-9 2007-8 to 2009-10

Number of years

Fig. 2. Effect of SSNM on yield trend of wheat from 2003-04 to
2009-10 under rice-wheat system

Because of higher rice and wheat yield, the system pro-

ductivity was significantly higher under T,
(NlooPSOKlzosmBSZn torice and N, P K, to wheat), T,

(NgoP, oK 40 for rice & N, P, K,, for wheat crop) and T

(N,,,P,sK,,, to both rice and wheat) over other tremments
(Table 1, Fig. 3). These treatments also had higher
sustainability index over other treatments. This may be

——T1 —@=T2 —&=T3 ===T4 —=T5 6

] T8 79 ——T10 T11 T12

System productivity (rice + wheat, t/ha)

2003-4t0 2005-6 2004-5to 2006-7 2005-6to 2007-8 2006-7 to 2008-9 2007-8 to 2009-10

Number of year

Fig. 3. Effect of SSNM on trend of system productivity (rice +
wheat) from 2003-04 to 200910 under rice-wheat system
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Table 2. Effect of SSNM on nutrient uptake (kg/ha) in rice and wheat under rice-wheat system (pooled data)

Treatment Rice Wheat Total

Grain Straw Total Grain Straw Total Grain Straw Total
Nitrogen
T, N P.KS,BZn,, 36.8 58.7 95.5 785 17.3 95.8 115.3 76.0 191.3
T, N P K 56S,BZn,, 49.0 63.0 112.0 100.6 21.8 1225 149.6 84.8 234.4
Ta NyooPK 0S,BsZn,, 429 57.4 100.3 91.9 14.7 106.6 134.8 72.1 206.9
T, NyooPoKe S, BZn,, 46.1 71.9 118.0 89.2 20.6 109.8 135.3 92.6 2279
Ty NyooPoK,oS,BsZn,, 49.0 56.1 105.1 93.4 15.3 108.7 142.4 715 2139
To N, PK S, B.Zn,, 45.0 57.3 102.4 73.9 134 87.3 118.9 70.7 189.7
T N, PoK 156S,,BZN, 451 72.8 117.9 79.8 16.6 96.4 124.9 89.4 214.2
T N PoK 50S,BZN,, 42.8 65.3 108.1 80.1 15.0 95.1 122.9 80.3 203.3
Ty NyooPoK 0SBZN,, 47.2 78.0 125.2 75.1 17.0 92.1 122.3 95.0 217.3
T0r NyooPosK156S,BoZN, 49.8 62.1 112.0 95.8 17.3 113.2 145.7 79.5 225.1
T,, RDF 47.7 69.0 116.7 90.9 14.9 105.8 138.6 83.9 2225
T, INM 479 63.0 110.8 73.8 15.7 89.5 121.7 78.7 200.4
SEmz+ 12 23 25 1.6 09 2.0 21 23 3.6
CD (P=0.05) 33 6.4 7.1 45 2.7 5.6 6.0 7.9 10.2
Phosphurus
T, N P.KS,BZn,, 14.1 7.0 21.1 10.2 25 12.6 24.3 9.5 33.8
T, N P K 56S,BZn,, 16.1 8.7 24.7 134 32 16.6 29.5 11.8 41.3
T N oPK 150S,BsZN,, 14.4 8.3 22.6 10.5 21 12.6 24.9 10.3 35.3
T, NyooPoKeS,BZn,, 16.1 8.6 24.7 10.0 2.7 12.7 26.1 11.3 374
Ty NyooPoK,oS,BsZn,, 16.5 7.2 23.7 10.8 2.8 135 27.2 10.0 37.2
Te NyoPoKS,,B.Zn,, 15.0 6.8 21.7 9.2 29 12.1 24.2 9.6 33.8
T, NyooPoK 50S,,BsZN, 16.7 8.2 24.9 10.6 31 13.7 27.2 11.3 38.6
T N PoK 50S,BZN,, 15.0 7.6 22.7 9.6 3.0 12.6 24.6 10.6 35.3
To N, ooPoK 50S BsZN,, 16.8 7.9 24.7 10.2 25 12.8 27.0 10.5 375
T NyoPoK 0SB ZN, 16.5 7.7 24.2 10.9 38 14.7 274 115 38.9
T,, RDF 15.0 8.0 23.0 10.9 3.0 14.0 259 11.0 36.9
T, INM 16.4 8.2 24.6 9.9 4.6 145 26.3 12.8 39.2
SEmz+ 0.3 0.2 0.4 0.3 0.2 0.3 05 0.3 0.6
CD (P=0.05) 0.8 0.6 12 0.9 0.4 1.0 13 0.8 1.6
Potassium

T NygoPoK 56S,BsZNn,, 14.3 52.1 66.5 11.3 56.9 68.2 25.6 109.1 134.7
T, NygoPooK 16S,0BsZny, 14.7 62.2 77.0 145 61.2 75.6 29.2 1234 152.6
T N oPK 150S,BsZN,, 14.3 66.4 80.7 11.4 435 54.9 25.7 109.9 135.6
T, Ny oPosK oS, BsZN,, 14.4 65.4 79.7 11.6 50.9 62.5 26.0 116.2 142.2
T N, oPoK ,0S,BsZN,, 13.6 63.8 775 11.6 44.8 56.3 252 108.6 133.8
Te NyooPoKS,,B.Zn,, 12.3 54.0 66.2 10.2 343 445 225 88.3 110.8
T, NyooPoK 50S,,BsZN, 15.0 65.9 80.9 12.6 54.0 66.6 27.6 119.9 1475
Tg NyooPocK 156S,0BoZNy, 134 61.5 74.9 11.5 49.8 61.2 24.9 111.2 136.2
To N, oPoK 50S BsZN,, 15.2 74.3 89.5 12.0 47.0 59.0 27.1 1214 148.5
T.0 NyoPoK 0SB 2N, 14.1 66.6 80.7 12.8 53.9 66.7 26.9 120.5 147.4
T, RDF 17.1 61.0 78.2 13.0 48.0 61.0 30.1 109.0 139.2
T, INM 14.3 65.6 79.9 12.2 55.6 67.9 26.5 121.3 147.8
SEmz+ 0.4 17 18 0.2 0.7 0.8 05 21 0.2
CD (P=0.05) 1.0 4.8 5.0 0.6 2.0 23 14 5.8 6.3
RDF, Recommended dose of fertlllzers (Ng,P,K,, forrice & N P. K. for wheat crop); INM, integrated nutrient management (N, P, K, +

5t FYM/hafor riceand N + 5t FYM/hafor wheat crop).

48 24 12
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attributed to balancing the nutrient pool. The balanced
application of NPK and application of deficient S, B and
Zn might have been tended to fetch the sustainable pro-
ductivity. The lowest total productivity was under T,

N, oPo:KS,BZn, torice N, P, K to wheat, which was
lacking potassium supplementation through fertilizers.
Thetotal productivity (rice + wheat grain) ranged between
5.0 (T, N,,,P,.K,,,to both rice and wheat)) to 12.7 t/ha
(T, N, P K 56S,BZn, torice and N, P, K . to wheat)
under different treatments. The total biological productiv-
ity under different treatments varied from 12.7 (T,
N, PosK,S,BZn, toriceN, P,.K to wheat) t0340t/ha/

100" 25 100" 25

annum(T N PK S,,B.Zn, torlceandN P_K

100" 50" "120 740~ 5 100" 50 120
wheat).

Nutrient uptake
Generally nutrient uptake is a function of crop yield
(grain + straw) and nutrient content. Therefore, it is ex-
pected that it should follow the trend of yield influenced
by content. The total yearly uptake of N (r=0.880**, sig-
nificant at 1% level of significance), P (r=0.837**) and K
(r=0.779**) was significantly and positively associated
with total rice + wheat grain yield. Tota yearly uptake of
N (r=0.582*, significant at 5% level of significance), P (r=
0.390) and K (r= 0.654*) was also positively associated
with total yearly biomass production. T,
(N 0oPsoK 156S,0B:ZN,, to rice and N 100PSOK 150 10 Wheat)
where higher Pwas applled resulted in the highest total P
uptake (Table 2). However, it was statistically at par with
T, (N, P,K,, to both rice and wheat) in influencing N
and K uptake and T, (N,P,.K ,.S,B.Zn, to rice and

1000 25" "120
N, ooPpsK o to wheat) and T, (NP K_+5tFYM/hafor

12! 36 16 "16

riceand NP, K , + 5t FYM/hafor wheat crop) ininflu-
encing K uptake. Of the total N uptake by rice and wheat,
37.7-46.6 and 81.2-86.2%, respectively, was accumul ated
by grain. The corresponding P uptake by grain was 63.7—
69.6 and 68.3-83.3%, while K uptake was 17.0-21.9 and

16.6-22.9% respectively.

Soil fertility status

The data on physicochemical properties of soil after the
completion of experimentation are given in Table 3. The
soil pH varied from 473 inthe T, (NlOOPOKlzosmBSZn to
riceand N, P K, ,,to wheat) 10 5.20 inthe T ,, (NP, K
+5tFYM/hafor riceand NP, K  +5tFYM/hafor
wheat crop). pH decreased significantly over theinitial test
value of 5.3 in al the treatments except in the INM treat-
ment (T_,). Inthe INM practice (T,) where integrated use
of chemical and organic manures was done pH remained
more or less similar to the initial test value. This may be
due to moderating effect of direct (FYM) or indirect

(higher root growth) addition of organic matter as it de-
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creases the activity of exchangeable Al®* ionsin soil solu-
tion due to chelation effect of organic molecules (Sharma
and Subehia 2003). Due to acid nature of fertilizers, all
treatments had lower pH than INM practice inspite of ad-
dition of organic matter through root biomass. pH was
more acidic in T,, (N ,P,K,,,S,,B:Zn,, to rice and

100" 0" "120 ~40~ 5
N,,P.K,,, to wheat), T, (N, P K,..S BZn ,toriceand

1000 0" 120 1000 50" "120 40
N, ,PooK 1 10 Wheat) andT (N,Pos 120S“OBOZn torice
and N, P,.K . towheat) treatments

A definite build up of organic carbon over itsinitial
value of 0.7% was observed in T, (N, P,.K.S, B.Zn, to

100" 25° "80 740”5

riceand N, P,.K, towheat); T (N100P25K8084OBSZn "to
riccand N, P, K, towheat); Tlo, (N,,P,sK,,, to bothrice
and wheat); T, (RDF); and T ,, (INM). Improvement in

soil organic carbon status may be due to the stimulating
effect of organics on growth and activity of microorgan-
isms (Babhulkar er al. 2000) due to addition of organic
matter mainly through roots. However, in other treatments
OC did not vary significantly over itsinitial value.

After the 7 cropping cycles, there was improvement in
available N over itsinitial value of 207 kg/ha. From the
low available status, available N reached to medium status
irrespective of the treatment. However, it was not signifi-
cantly different due to treatments. Generally crop uptake
for P exceeds that of its application rate in most of the
treatments, thus there was depletion of available Pin all
the treatments over itsinitial test value of 50 kg/ha. The
highest depletion was in the treatment where no P was
appliedi.e. T,, (N, PK.S,B.Zn, toriceand N, P K

100" 0° "120 40 100" 0" "120

to wheat). T, (N,,,P,.K,S BZn torlceandN P,.K,to

100" 25° 040 100" 25

wheat) and T, (N, P,.K SBZn JoriceandN, P, K

1000 25° "12070°5 100" 25" "120
to wheat) treatments were stanstlcally at par with respect

to P status. There was significant build up of available K

inT,, (N ,,PsK,,,S,,BsZn, toriceand N, P,.K,, to
wheat); T, (N100P0K12084OBSZn to rice and NlooPoK120

wheat);T7, (N, oPosK 150S,,BsZNn, to rice and N, P,.K

100" 25 “120T40 100" 25 120
wheat); T, (N100P25K12084OBozn toriceand NlOOPZSK120
wheat) and T ,, (INM) treatments over the initial status of
86 kg/ha. Available K was significantly low where no K or
low K was appliedi.e. T, (N, P,.KS,B.Zn, torice and

100 25 0740
N, ,,P.K, to wheat); T, (N S, B Zn to rice and

100 25 40740

N. P.K towheat)andT (N, P..K S BZn ,torice

100" 25 “40 100" 25" "80740 "5

and N, P,.K, to wheat). In the remaining treatments
available K content was fairly unchanged over itsinitial

status.

Nutrient-use efficiency

INM practice (T,,) resulted in the highest apparent nu-
trient recovery followed by recommended dose of fertiliz-
ers (T ,) (Table 3). Apparent nitrogen recovery was also
the highest under INM practice followed by T,,
(N toriceand N, P K, towheat); T ,

100 50 120 BSZnZO 100" 50" "120
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(N, ,oP,K,,, to both rice and wheat) and T,

(N, oPosK 1,0S,,BZNn, to rice and N P,.K . to wheat).

100" 25 "120740°5 100" 25" 120

Physiological productivity for N was the highest for INM
practice (T,), followed by T , (N, P, K ,,S,.BsZn,,torice
and N._P_K _to wheat). P-physiological productivity

100" 50" "120

was the highest for RDF T, , followed by T,
(N, PosK 50S,B:Zn, toriceand N, P, K . to wheat); T,

100' 25' “120°40°5 100' 25' “120
P.K. . to

and T,, (N,,,P,:K,,S,B.Zn, toriceand N, P,.K

100" 25" "120

wheat). K-physiological productivity was also highest for
T (N, PKS,,B.Zn, torice N, P,.K to wheat) fol-

100" 25° "0T40 100° 25

lowed by T,,, (RDF); T, (N ,,P,.K.S,B.Zn, to rice

11’ 1000 25 "0740°5
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N, ,P.sK,to wheat) and T, (N, P,.K,,, to both rice and
wheat).
Economics

Owing to higher yields, T, (N, P, K ,.S,,B:ZNn,, to rice

100" 50° "120-40°5 .
and N, P, K towheat) and T, (N, P,.K,,,to bothrice

100" 25" "120

and wheat) were comparable to T, (RDF, N, P, K, for

90" 40" "40
rice& NP, K,, for wheat crop) ininfluencing total gross

returns. However, T, (N, P, K,,,S,,BsZn,,to rice and
N, ,,Ps,K 10 10 Wheat) had higher cost of cultivation, there-

fore, only T, (N to both rice and wheat) was

10’ 1OOP25K 120

Table 3. Changein soil fertility status after the harvest of wheat (2010) from itsinitial soil status (2003) and nutrient use-efficiency of crops

as influenced by site specific nutrient management

Treatment pH ocC Available nutrient (kg/ha)  Apparent Apparent Physiological
(%) N P K nutrient N recovery productivity unit
recovery (kg grain/ N P K
(kg graintkg kg N

nutrient  applied)

applied)
T, N P.K,:S,BZn,, 4.83 0.77 386.0 33.6 108.9 27.0 479 50.1 283.7 71.2
T, N P K 50S,BZn,, 4.75 0.71 364.8 40.3 89.7 29.7 54.4 46.4 263.3 713
T N oPK 150S,BsZN,, 4.73 0.73 358.8 24.1 129.4 28.8 49.6 479 281.0 73.1
T, N oPosK 0 S,BsZN,, 4.85 0.80 367.9 33.1 74.2 31.7 51.1 44.8 273.0 71.8
T N, oPocK ,0S,BsZN,, 4.90 0.80 346.8 31.9 65.2 354 51.2 479 2755 76.6
To N, PK S, B.Zn,, 5.00 0.70 361.8 26.3 62.1 36.1 46.3 48.8 273.8 83.5
T N oPoK 156S,,BZN, 4.90 0.80 373.8 38.1 100.6 29.7 52.2 48.8 270.6 70.8
To N PK 50S,BZN,, 4.75 0.77 364.9 31.9 104.2 277 49.2 48.4 279.0 72.3
Te N, PcK S B.ZN 4.95 0.71 361.8 30.2 98.4 325 51.3 47.2 2733 69.0
T.0 NooPoK 0SB 2N, 4.80 0.84 361.8 314 89.6 34.8 54.0 48.0 277.8 73.3
T, RDF 4.90 0.81 337.7 39.2 80.3 42.7 51.6 48.7 293.8 77.9
T, INM 5.20 0.83 349.8 41.5 115.6 54.4 93.5 50.8 259.9 68.9

SEmz+ 0.05 0.03 10.6 21 25 0.4
CD (P=0.05) 0.14 0.08 NS 6.0 7.0 15 - - - -

Table 4. Economics of rice wheat cropping system as influenced by SSNM in rice-wheat system (pooled data over 7 years)

Treatment Cost of cultivation Net returns Benefit: cost Productivity cost System profitability
(x 10°F/halyear) (x 10°F/halyear) ratio (Flinvested/kg grain) (F/nhalday)
T, N P.KS,BZn,, 52.9 84.0 1.59 5.51 230.1
T, N P K 50S,BZn,, 54.0 99.9 1.85 4.97 273.7
T N oPK 150S,BsZN,, 515 87.7 1.70 5.19 240.2
T, N oPosK oS, BsZN,, 52.1 91.9 1.76 5.10 251.8
T N, PocK ,0S,BsZN,, 51.2 91.7 1.79 5.00 251.1
To N, PK S, B.Zn,, 50.4 77.1 1.53 5.44 2114
T N oPoK 156S,,BZN, 48.4 100.6 2.08 4.64 275.7
Tor N PoK 50S,BZN,, 51.1 89.6 1.76 5.18 2455
To N, ooPocK 50S BsZN,, 436 101.6 2.33 4.25 278.3
T Ny PoK 0SB ZN, 375 115.0 3.07 3.47 314.9
T, RDF 38.0 113.0 297 3.50 309.2
T, INM 41.0 105.0 2.56 4.02 286.5
SEmz+ - - - - 45
CD (P=0.05) - - - - 13.2
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comparableto T, (RDF, N, P, K, forrice& N, P, K.
for wheat crop) in influencing total net returns (Table 4).

T, (N,,P,:K,,, to both rice and wheat) resulted in the
hlgheﬂ benefit: cost ratio of 3.07 followed by T,,, (RDF),
(INM practice), T,, (N,,,P,.K,,,S,B.Zn, to rice and

to wheat) and T, (N, ,PK ,S,,BsZN, to rice

12’

N, P..K

100" 25 "120 100" 25 12040
and N, P,K  towheat). Productivity cost (?/kg gran

produced) was the Iowest and system profitability was
higher under T (N, P,.K ,, to both rice and wheat) fol-
lowed by Tll, (RDF); T,,, (INM practice); T,,
(N100P25K120808 Zn, toriceand N, P, K . towheat); and
T, (NlOOPZSKlZOS“OBSZn toriceand N, P,.K ., to wheat).
The present investigation conclusively inferred that site
specific nutrient management works well in boosting the
productivity of both rice and wheat in the rice-wheat crop-
ping system. The higher application of P was indispens-
able in wheat but under conditions of puddling and subse-
guent land submergence in the high status soil its applica-
tion can be curtailed for subsequent rice production. K
was found to be the most indispensable plant nutrient.
However, under the conditions when FY M is applied, ap-
plication of sulphur and micronutrients B and Zn can be
skipped.
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