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Long term effect of NPK in rice-wheat cropping system
under irrigated conditions of Madhya Pradesh
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Abstract : Along term experiment was conducted on effect NPK in rice-wheat system under all Indiaco-ordinated research project onintegrated
farming system at college of Agricultureresearch farm, KuthuliaRewaduring 1977-78 to 2011-12, The study revea sthat application of 120kg
N/ha, 80kg P,0.-/ha and 40kg K,O/ha gave maximum grain yield, net profit and benefit cost ratio. The wheat equivalent yield was also
maximum. The response of nitrogen and phosphorusin rice crop was quadratic whilein wheat crop it waslinear. Theyield of rice crop showed
stagnation while wheat crop starts decline. The soil properties after completion of 35-years of rice —wheat crop cycle showed increase in organic
carbon, available N and phosphorus while potash status in soil showed reduction in available potash as compared to initial soil status.
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|NTRODUCTION

Rice (OryzasativaL.) wheat (TritiumaestivumL.) rotation
isthe dominant cropping systemin India. Approximately, 10.5
million hectare areas comes under this cropping system which
countributes 25per cent of total food grain in India. About
33per cent of India’s rice and 42per cent of wheat is grown in
this rotation. Nearly 65per cent of total fertilizer used in the
country is applied to rice and wheat crops alone (Yadav and
Kumar, 2009). Rice and wheat are the important crops of
Madhya Pradesh.

Both rice and wheat crops grown in a sequence require
high quantity of nutrientsto obtain real potential yield (Hegde
and Pandey, 1989). Application of inadequate and unbalanced
quantity of fertilizer to these crops not only results low crop
yield but also deteriorates the soil properties (Sharma et al.,
2003). Degreadation in soil health has emerged as a major
factor responsible for stagnation in agriculture production.
The maintenance of good soil health needs balance
fertilization which includes the application of NPK in proper

amount and form. Shukla et al. (2005) discuss the status of
plant nutrient use, nutrient removal, and nutrient balancesfor
this system with the aim to enhance productivity and devel op
balanced and efficient fertilizer management strategiesfor the
region.

Long-term studies reveals that crop productivity is
declining even after applying recommended dose of N.PK.
fertilizers (Yadav and Kumar, 2009). Therefore, along-term
experiment on effect of N.PK. in riceewheat system is in
progresssince 1977-78 under all Indiaco-ordinated Research
project-on integrated farming system. Ahmad et al. (2001)
reported that application of organic manures plus fertilizers
increased growth parameters of rice crop.

MATERIAL AND METHODS

The present field experiment was taken under all India
co-ordinated research project on farming system at Kuthalia
farm of JN.K.V.V., College of agriculture Rewa Madhya
Predesh. The present experiment was started inthe year 1977-
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78 and still continue. Treatment consisted of three levels of
nitrogeni.e. 40, 80 and 120 kg N/ha, threelevel s of phosphorus
i.e. 0,40 and 80kg P,0,/haand two levels of potashi.e. 0 and
80 kg K,O/ha in rice and wheat crop. Total 18 treatment
combinationswere arranged in Randomized Block Design with
four replications. The cropping system was rice followed
wheat. The same layout plan was used every year in the same
field. Thetest variety was|R-36 inriceand WH-147 in wheat.
The rice crop was transplanted in second to third weeks of
July while wheat crop was sown in lines in second to third
weeks of November during different year (1977 to 2012).

The soil of the experimental field was silty clay loamin
texture, neutral inreaction (pH 7.25), mediumin organic carbon
(0.54%), low in available nitrogen 280 kg/ha, medium in
available phosphorus (15 kg/ha) and high in available potash
(500kg K,O/ha).

The normal rainfall of the tract is 1140mm. All the
recommended package of practices were adopted in rice and
wheat as recommended for irrigated condition. The nitrogen
dose was given through urea, phosphorus through single
super phosphate and potash through mutriate of potash.

Calculation of fertilizer response:

For calculating the nitrogen and phosphorus response
the following regression equation were developed for rice
and wheat crops on the basis of 35 years of pooled data.

Y = a+ bx+cx2 (Quadratic in rice)

Y =a+ bx (linear in wheat)

where,

Y=vyield, a, b, and c are constant to be calculated

X =Interval of fertilizer dosei.e40kg=1.

X-Maxima:
The maximum level of nitrogen and phosphorus dosein
ricewere cal culated by following :

X - maxima = —2x x
2c

where,
X = Itistheinterval oneunitisequal to 40kg.

Responseof Nand P
The responce of nitrogen and phosphorus in rice crop
calculated by following :

X — CX

b
Response kg grain/kg of nutrient =

(in quadratic equation)
where, X is the interval between two doses, b and ¢ are
the constant.

RESULTS AND DISCUSSION

The findings of the present study as well as relevant
discussion have been presented under following heads :

Effect onrice:

The grain yield of rice in response to continuous
application of N.PK. inrice- wheat system has been givenin
Table 1. After perusal of resultsit is clear that grain yield of
rice was affected significantly under the response of NPK.
Thegrain yield rice was maximum 50.61g/ha at 120 kg N/ha

Table1: Averagegrain vield (g/ha) of rice under theeffect of continuousapplication NPK in rice-wheat cropping system

Grain yield (g/ha)

Treatments Average of 0 years — s 200910 2010-11 201112 Mean
Nitrogen levels N (kg/ha)

N-40 28,64 38.9 41,91 4700 34.66 38.20(0.00)
N-80 34.32 43,01 49.61 56.00 37.04 44.17(115.70%)
N-120 4055 51.00 56.75 6356 4114 50.61(132.46%)
SEMz - 0.60 0.73 071 091

C.D. (P=0.05) - 1.69 206 200 257

Phosphorus levd s P,O5(kg/ha)

PO 2918 30.08 45.28 5080 33.99 39.66(0.00%)
P40 34.74 4555 49.97 5556 39.06 4497(113.35%)
P-80 39.59 49.17 53.00 6022 39.73 48,34(121.6%)
SEMz - 0.60 0.73 071 091

C.D. (P=0.05) - 1.69 206 200 257

Potaslevels KO (kg/ha)

K-0 3331 43.41 47.64 54.10 36,52 42.99
K-40 35.69 45.77 51.19 5695 3867 45.66(106.27%)
SEMz - 0.51 0.62 050 071

C.D. (P=0.05) — 1.44 175 141 202

Figuresin parentheses are per cent increase over lower dose
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which was 32.46per cent yield higher than lower doses of
nitrogen. Thegrainyield of ricewas maximum 48.34 g/haat 80
kg P,O, which was 21.6 per cent higher than no phosphorus
application. The response of potash was maximum at 40 kg
K,O/ha which was 6.27 per cent higher than no potash
application (Anonymous, 2012). The yield of rice was
stagnated after completion of 35 years of continuous
cropping. The similar findings were also reported by Yadav
and Kumar (2009).

Effect onwheat :

The grain yield data of wheat WH-147 isgivenin Table
2 which reveal that grain yield of wheat crop was affected
significantly under the effect of NPK. On the basis of 34 years
of pooled datagiveninTable 2, itisclear that grainyield was
maximum. 35.27 g/haat 120 kgN/hawhich was 59.4 per cent
higher thanlower dose of N. The maximum grainyield of wheat
was obtained at highest tested dose of phosphorusi.e. 80 kg
P,O/hawhich gave 36.4 per cent higher grain yield over no
phosphorus application. Similarly response of potash was

also maximum at 40 kg K, O/hawhich gave 10.2 per cent higher
grain yield over no potash application (Gupta et al., 2006).
The yield of wheat crop showed decline trends due to
development of soil sickness (Yadav and Kumar, 2009 and
Guptaet al., 2006).

Nitrogen and phosphor usrequirement of riceand wheat :

In view of the hand of response of nitrogen and
phosphorus single degree freedom analysis was done which
was found quadratic for rice and linear for wheat which are
givenin Table 3. It is clear on the basis of equation that N-
maxima for rice was 114.5kg/ha which gave the response @
44.09 kg grain/kg of nitrogen. The P-maximawas 67.9 kg/ha
for rice which gave the response @ 71.5 kg grain/kg of P,O..
The nitrogen and phosporus response in wheat crop was
linear which gavethe response @ 16.1 kg grain/kg of nitrogen
and 10.1 kg grain/kg of P,O,. Tiwari et al. (1992) reported that
response to potassium application in rice increased with
increasing rate of nitrogen application.

Table 2 : Average grain yield of wheat WH-147 (g/ha) under the influence

of long-term application NPK in rice-wheat system

Grain yield (g/ha)

Treatments Average of 30 years 200809 200010 201011 201112 Mean
Nitrogen levels N (kg/ha)

N-40 14.94 16.46 22.03 28.07 29.12 2.12
N-80 21.84 22.72 28.63 32.63 33.26 27.81(125.72%)
N-120 30.39 34.61 35.77 40.27 35.32 35.27(159.4%)
SEM+ 0.50 0.78 0.67 0.68

C.D. (P=0.05) 1.42 221 1.91 1.92

Phosphorus levd s P,Os (kg/ha)

P-0 16.16 19.02 26.20 30.02 29.10 24.1

P-40 21.12 25.02 28.12 34.10 32.50 28.17(116.8%)
P-80 29.81 29.74 32.11 36.85 35.93 32.88(136.4%)
SEM+ 0.50 0.78 0.67 0.68

C.D. (P=0.05) 142 221 1.91 1.92

Potash levelsK ;0 (kg/ha)

K-0 20.83 23.02 27.62 32.09 31.52 27.01
K-40 23.96 26.17 30.00 35.2 33.50 29.77(110.2%)
SEM+ 0.42 0.49 0.53 0.57

C.D. (P=0.05) 121 1.40 1.50 1.61

Figuresin parentheses are per cent increase over lower dose

Table 3 : Regression equation and response of nitrogen and phosphorusin

rice and wheat crops

Crop Types of regresson Regression equation X-maxima (kg/ha) Response kg grain/kg of nutrient
Rice

Nitrogen response Quadratic Y=20.66+20.61x-3.5x 114.5 44.09

Phasphorus response Quadratic Y=39.63+10.52x-3.1x° 67.90 7150

Wheat

Nitrogen response Linear Y=16.24+0.16x - 16.10

Phasphorus response Linear Y=25.05+0.10x -—- 10.10
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Wheat equivalent yield and economics:

The wheat equivalent yield was maximum 80.77 g/ha at
120 kg N/hawhich gave maximum net profit Rs. 66014/hawith
benifit cost ratio 2.7. The equivalent wheat yield was 42.9per
cent higher than 40 kg N/hawhile net profit was 76.5per cent
higher at 120 kg N/ha (Table 4).

The response of phosphorus in terms of wheat
equivalent yield was maximum 76.4 g/ha at 80 kg P,O, /ha
which was 27.7per cent higher than no phosphorus
application. The net profit of Rs. 60730/hawith B:Cratio 2.6
were maximum at 80 kg P,O /hawnhich was43.6per cent higher
than no phosphorus application. The wheat equivalent yield
at 40 kg K ,O/hawas 70.9 g/ha which was 7.9per cent higher
than no KO application while the net profit was 11.3per cent
higher than control (Table4). The chemical fertilizer sustained
theyield through increased nutrients availability and nutrient
use efficiency inrice-wheat systemif applied in balanceform

was al so reported by Yadav and Kumar (2009).

Effect on chemical propertiesof soil :

Data pertaining to chemical properties of soil after
completion of 35 rice -wheat crop cycle have been given in
Table5. Itisclear from the data that soil pH and electrictical
conductivity of soil was unaffected as compared to initial
status in response to NPK. The organic carbon status was
increased by 7.9 per cent to 15.9 per cent under the response
of nitrogen, 3.2 per cent to 17.5 per cent under the response of
phosphorus and 14.3 per cent in response to potash. The
available nitrogen statusincreased by 8.1 per cent at 120kg N/
ha, 8.5per cent at 80 kg P,0 /haand 6.6 per cent at 40 kg K,O/
ha. Similarly phosphorus status was also found to increase
by 5-14.4 per cent at 120kg N/ha, 19.2 per cent at application
of 80 kg P,O/ha and 11.2 per cent at 40kg K,O/ha. The
available potassium status was decreased by 10.6 to 13.4 per

Table4 : Longterm effect of NPK on wheat equivalent yield (g/ha), GM R, NMR and benefit cost ratioin continuous cropping of rice-wheat

Treatments Wheat a:(];,l\égj)m yield Cost ?ng;E;\)/dlm Gr(cl)::/rﬁg;rn Net return (Rs./ha) B:Cratio
Nitrogen levels (kg/ha)

N-40 56.52 36510 73904 37394 2.02
N-80 67.61(119.6%) 37630 88952 51322(137.2%) 2.36
N-120 80.77(142.9%) 38750 104764 66014(176.5%) 27
Phosphorus levd s P,Os (kg/ha)

P-0 59.8 35870 78140 42270 22
P-40 68.7(114.8%) 37470 89750 52280(123.6%) 24
P-80 76.4(127.7%) 39070 99800 60730(143.6%) 26
Potash levelsK >0 (kg/ha)

K-0 65.7 36470 85840 49370 24
K-40 70.9(107.9%) 37670 92630 54960(111.3%) 25

Figuresin parentheses are per cent increase over control.
RiceRs 1080/q Wheat Rs. 1200/q

Wheat and paddy straw Rs. 100/q

Table5: Changein soil properties over initia status (1977-78) under the influence of continuous application of NPK in rice-wheat cropping

system (after 35 years)

Treatments Soil pH E.C. (dgm) O.C. (g/kg) Available nutrients (kg/ha) N P K
Nitrogen levels (kg/ha)

N-40 7.51 0.51 6.8(107.9) 271(105.0) 11.9(95.2) 436(87.2)
N-80 7.58 0.49 7.0(1111) 273(105.8) 13.2(105.6) 447(89.4)
N-120 7.49 0.50 7.3(115.9) 279(108.1) 14.3(114 4) 433(86.6)
Phosphorus levd s P;Os(kg/ha)

P-0 7.61 0.49 6.5(103.2) 268(103.9) 11.2(89.6) 405
P-40 7.54 0.50 7.1(112.7) 278(107.8) 13.6(108.8) 451(902)
P-80 7.55 0.52 7.4(117.5) 280(108.5) 14.9(119.2) 466(93.2)
Potash levelsK ,O (kg/ha)

K-0 7.45 0.53 6.6(104.8) 272(105.4) 12.8(1024) 412(82.8)
K-40 7.50 0.50 7.2(114.3) 275(106.6) 13.9(111.2) 472(944)
Initial (1977-78) 7.52 0.54 6.3 258 12.50 500.00

Figuresin parentheses are per cent over initial status

Internat. J. agric. Sci. | June, 2014 Vol. 10 | Issue 2 | 541-545 ||! Hind Agricultural Research and Training Institute




LONG TERM EFFECT OF NPK IN RICE-WHEAT CROPPING SYSTEM

cent under the response of nitrogen, 6.8 to 9.8 per cent under
the response of phosphorus and 5.59 per cent to 12.2 per cent
under the response of potash application ascompared toinitial
status (1977-78). Theincreasein organic carbon, nitrogen and
phosphorus status in the soil in fertilized plots is probably
dueto improved root growth, leading to accumulation of more
organic residues in rice-wheat cropping system (Yadav and
Kumar, 2009). The available potassium status after 35 years of
field experiment was found to decreased under the effect and
NPK. It may be due to more depletion of potash by rice and
wheat crop. Yadav and Kumar (2009) also reported the similar
findings from Faizabad in rice-wheat cropping system.

However, astagnating or declining trend in productivity
and profitability of rice-wheat system has been reported in
the region due to several soil and water related constraints
(Bhandari et al., 2002; Hobbsand Morris, 1996; Yadav, 1998
and Yadav et al., 1998).

Similarly resultswere obtained by Yadav et al. (2013).
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