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ABSTRACT

A long term investigation was initiated in 1987 at Instructional-cum-Research Farm of Assam

Agricultural University, Jorhat under All India Co-ordinated Research Project on Cropping System

with 12 treatments to study the effect of integrated nutrient supply system on soil fertility build up

and sustained crop productivity after 14 years and 15 years of Rice (W) – Rice (A) cropping sequence, 

respectively. Integrated treatments by and large showed built up of physico-chemical properties of

soil after 14 years of cropping sequence. Total N and P uptake recorded highest in treatment (T9)

receiving 25% N added through rice straw while K uptake in treatment receiving 25% N substituted

through FYM. Both grain and straw yield was recorded highest in T9. Results revealed that all the soil

parameters except soil reaction showed significant positive correlation with plant growth

parameters. NPK uptake by rice crop has showed significantly correlated with grain and straw yield.

Regression coefficient (R2) revealed that organic matter contributed about 49 and 50 per cent

variation in grain and straw yield, respectively.

Maintaining and improving soil fertility for sustainable

agriculture is becoming more crucial due to increasing

complexity of the nutritional problems. Decreasing soil

fertility has raised concerns about the sustainability if

agricultural production at current levels. Thus,

integrated nutrient supply involving conjunctive use of

fertilizers and organic sources of nutrients assumes

greater importance in India due to paucity of fertilizers

and need to sustain crop productivity, thereby,

maintaining soil health on long term basis, so sustain

the productivity of different crops and cropping system,

efficient nutrient management is vital. Integrated

Nutrient Management (INM) has greater scope in rice

based cropping system as compared to other cropping

system (1). Hence, a study was undertaken to study the 

long term effect of integrated nutrient management

treatments on soil fertility and crop productivity in

rice-rice sequence.

MATERIALS AND METHODS

The experiment was conducted in the year 1987 at

Instructional-cum-Research Farm of Assam

Agricultural University, Jorhat under AICRP on

Cropping System. The soil the experimental site is

acidic in nature with pH 5.0 and sandy loam in texture.

The physico-chemical characteristics of soils recorded

are presented in Table-1. The experiment had a

randomized block design with 12 treatments and 4

replications. The plot size is 10 × 10 sq.m. The

treatments used for both the seasons were : T1 –

Control, T2 – 50% recommended NPK to both Rice (W)

and Rice (A), T3 – 75% recommended NPK to Rice (W)

and 100% recommended NPK to Rice (A), T4 – 75%

recommended NPK to both Rice (W) and Rice (A), T5 –

100% recommended NPK to both Rice (W) and Rice

(A), T6 – 50% NPK + 50% N (FYM) to Rice (W) and

100% NPK to Rice (A), T7 – 75% NPK + 25% N (FYM)

to Rice (W) and 75% NPK to Rice (A), T8 – 50% NPK +

50% N (rice straw) to Rice (W) and 100% NPK to Rice

(A), T9 – 75% NPK + 25% N (rice straw) to Rice (W) 

and 75% NPK to Rice (A), T10 – 50% NPK + 50% N

(Azolla) to Rice (W) and 100% NPK to Rice (A), T11 –

75% NPK + 25% N (Azolla) to Rice (W) and 75% NPK

to Rice (A), T12 (Farmer’s practice) –  25% N/ha

recommended urea as top dressed in Rice (W) and 1

ton FYM/ha + 25% N as DAP in Rice (A). 100% of the

recommended level of N, P2O5 and K2O are 45, 30 and

40 kg/ha in the form of urea, single super phosphate

and muriate of potash, respectively. Organic sources

used consist of FYM, rice straw and Azolla and amount

of nutrient content required for a particular treatment

was worked out on the basis of their N content (0.9, 0.7

and 4.0% N for FYM, rice straw and Azolla, respectively 

on dry weight basis). FYM and rice straw were

incorporated in the soil 10 day prior to transplanting
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whereas Azolla was raised as a dual crop and

incorporated with the soil after formation of a thick layer

on water surface. Rice varieties used were Ranjit for

winter rice and Gopinath for autumn rice. The winter rice 

was transplanted on 2.8.2001 and harvested on

11.12.2001, while the autumn rice was transplanted on

4.4.2002 and harvested on 30.6.2002 and was irrigated

as and when required.

Surface soil samples were collected after

completion of 14 years i.e. after autumn rice, 2001 and

were analysed for physico-chemical properties of soil

i.e. pH, organic carbon, CEC, available N, P, K,

exchangeable Ca and Mg and available S using

standard methods.

Uptake of N, P and K by rice crop after 15 years of

cropping sequence was estimated as per standard

procedures (2). Grain and straw yield were expressed

in terms of quintal per hectare. Inter dependency

among growth parameters as well as their relationships 

with soil properties was worked out.

RESULTS AND DISCUSSION

Soil fertility : Results on the changes in

physico-chemical properties due to long term effect of

integrated nutrient management in Rice (W) – Rice (A)

sequence are presented in Table 2. Integrated treated

plots recorded higher pH value as a result of continuous 

incorporation and decomposition of organic materials

which release basic cations and thus increase the pH.

This is in conformity with the findings of (3). Long term

integration of organic sources and their subsequent

decomposition brought about a significant increase in

organic carbon content of the soil. Increase in CEC of

the soil could be ascribed to the improvement in organic 

carbon content of the soil. The major soil nutrients

showed higher value in the integrated treatments over

the chemical treatments alone. Available N of the soil

showed an increasing trend from 1987 to 2001 in all the

treatments except control. This increase could be

justified by the increase in organic matter content of the

soil. All the treatments under consideration showed

higher available P over its initial value. The control plot

having no fertilizer P for the last 14 years showed higher 

available P (5.20 kg/ha) as compared to initial (3.0

kg/ha). This could be attributed to the fact that control

plot receives around 1 to 1.5 tonnes of shoot biomass

and considerable amount of root biomass per crop and

during decomposition of the biomass by

micro-organisms, unavailable form of native P might

have become available to plants. Data on available K

content of soil was found to increase with increasing

doses of chemical fertilizers. However, integrated

treatments showed significant increase in available K

over the chemical treated plots. Similar to primary

nutrients, integrated treatments brought about a

significant increase in secondary nutrients of soil over

chemical treatments after 14 years cropping sequence. 

Exchangeable Ca declined in all the treatments than

that of initial value except the treatment receiving 50%

N added through organic sources, but exchangeable

Mg decreased in all the treatments. Removal of these

cations by crops as a result of continuous cropping

might be the reason for low recovery of these cations at 

the end of cropping sequence.

Nutrient uptake : Organic substitution influenced the

uptake of major nutrients in greater quantities than

those applied through chemical fertilizers alone (Table

3). Total N and P uptake was recorded highest in T9 as

125.6 kg/ha and 31.0 kg/ha, respectively. Total K

uptake was observed highest in T7 as 98/.7 kg/ha

which was significantly at par with T9 as 98.1 kg/ha.

The major nutrients was found to be highest in all the

treatments as compared with the control plot which

could be ascribed to higher dry matter production as

well as nutrient concentration in the treatments where

combined use of organic and inorganic fertilizers were

applied.
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Table-1: Initial soil characteristics recorded in 1987.

Characteristics Value                                                                              
Soil depth  
(0-15 cm)

pH 5.00

Organic carbon (%) 0.60

Cation exchange capacity [cmol(p+)/kg] 5.60

Available nitrogen (kg/ha) 277.76

Available phosphorus (kg/ha) 3.00

Available potassium (kg/ha) 71.80

Exchangeable Ca [cmol (p+)/kg] 1.32

Exchangeable Mg [cmol (p+)/kg] 0.80

Exchangeable S (kg/ha) 22.40



Yield : Grain and straw yield as affected by different

treatments are presented in Table 4. It cam be seen

from the table that the treatment T9 was best for both

grain and straw yield. Integrated treatments showed

higher grain and straw yield over the chemical

treatments which might be due to better nutrient

availability along with higher assimilation of nutrients.

A similar finding was earlier re[ported by (4). It can be

noticed from results obtained that the yield attributes

which were found to be statistically significant, were

better in the treatments receiving both organic and

inorganic sources.

Simple correlation coefficient : To assess the relative

contribution of the various soil parameters to different

plant growth parameters of Rice (W)-Rice (A) sequence, 

simple correlation co-efficient was computed and data
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Table-2: Effect of integrated nutrient management on physico-chemical properties of soil after completion of the sequence
       (14 cycle)

Treatment pH Organic
carbon

(%)

CEC
[cmol(p+)/

kg]

Available
N (kg/ha)

Available
P (kg/ha)

Available
K (kg/ha)

Exchangea
ble Ca

[cmol(p+)/
kg]

Exchangea
ble Mg

[cmol(p+)
kg]

Available
S (kg/ha)

T1 5.35 0.66 5.10 227.22 5.20 50.20 1.10 0.61 15.75

T2 5.40 0.67 5.20 256.32 6.80 60.30 1.15 0.64 19.31

T3 5.38 0.68 5.38 278.93 8.30 68.40 1.14 0.63 21.35

T4 5.39 0.68 5.33 280.25 10.60 78.20 1.15 0.63 23.44

T5 5.37 0.68 5.35 284.87 14.40 89.40 1.12 0.62 24.43

T6 5.36 0.75 5.85 308.52 12.80 82.30 1.38 0.71 40.10

T7 5.37 0.83 5.80 298.57 12.60 81.70 1.28 0.68 29.05

T8 5.39 0.79 5.83 283.37 11.90 82.90 1.34 0.67 29.96

T9 5.38 0.84 5.90 287.24 11.70 83.80 1.22 0.65 28.34

T10 5.37 0.76 5.50 328.17 12.20 87.40 1.36 0.69 34.98

T11 5.36 0.76 5.70 317.72 11.80 87.20 1.25 0.66 25.30

T12 5.39 0.72 5.10 239.23 7.20 60.30 1.11 0.61 16.93

Initial value 5.00 0.60 5.60 277.76 3.00 71.80 1.32 0.80 22.40

CD0.05 NS 0.04 0.15 4.45 1.63 1.44 0.02 0.01 2.42

NS : Non-significant 

Details of the treatments are given in the text.

Table-3: Effect of integrated nutrient management on total
        uptake of N, P and K in Rice (W) – Rice (A)
        sequence (15 cycle)

Treatment N uptake
(kg/ha-1)

P uptake
(kg/ha-1)

K uptake
(kg/ha-1)

T1 29.9 10.2 37.0

T2 47.1 14.8 55.7

T3 62.6 17.6 67.0

T4 76.6 20.7 75.4

T5 112.4 29.8 96.1

T6 102.4 25.7 87.4

T7 119.3 28.5 98.7

T8 110.3 26.9 92.6

T9 125.6 31.0 98.1

T10 89.2 21.0 73.1

T11 87.2 21.5 77.0

T12 41.1 13.6 42.6

CD0.05 8.8 2.4 7.4

Details of the treatments are given in the text

Table-4: Effect of integrated nutrient management on the grain
       and straw yield of Rice (W) – Rice (A) sequence (15
       cycle)

Treatment Grain yield
(q./ha-1)

Straw yield
(q./ha-1)

T1 37.90 50.50

T2 47.40 63.82

T3 50.65 68.91

T4 53.50 72.55

T5 68.00 91.21

T6 59.55 80.46

T7 67.25 90.74

T8 62.15 84.03

T9 73.55 99.52

T10 52.55 71.08

T11 56.70 76.42

T12 42.90 58.03

CD0.05 5.29 7.27

Details of the treatments are given in the text



are presented in Table 5. Results revealed that all the

soil parameters except soil reaction showed significant

positive correlation with NPK uptake, grain and straw

yield. Available Ca and Mg contents showed significant

correlation with N uptake only. Uptake of NPK by rice

crop was significantly correlated with grain and straw

yield of rice and the r-values are presented in Table 6.

Data revealed that uptake of NPK significantly

increased both grain and straw yield of rice for the

system as a whole.

Stepwise multiple regression analysis : The best fit

stepwise regression equation was worked out for grain

yield (Table 7), the variation was best explained by the

combination of all the five parameters i.e. organic

carbon, available N, P, K and S, yet the organic carbon

(R2 = 0.49**) alone was able to explain as much

variation as all the other parameters. When available N

was combined then the variation in grain yield (R2 =

0.55**) increased by 6 per cent; but, when available P

was incorporated there was a steep increase in the

regression co-efficient with grain yield (R2 = 0.85**). It is

well established that incorporation of organic matter,

available N and P can explain 85 per cent variation to

the grain yield. The variation in grain yield (R2 = 0.86**)

did not show much difference when available K was

combined in the regression equation, but the

regression co-efficient with the grain yield remained

constant when available S was considered in the

equation.

The stepwise regression to asses the relative

contribution of various soil parameters i.e. organic

carbon, available N, P, K and S towards straw yield

was also computed and the equation are presented in

Table 8. From the order of relative importance, it is

evident that the most important parameter contributing

to the total variation in straw yield was organic carbon

(R2 = 0.50**). It could be inferred from the table that the

variability was better explained by organic carbon

jointly with available N and P to the straw yield (85 per

cent). The inclusion of available K increased the R2

value only by 1 per cent (R2 = 0.86**), but when

available S was in the regression equation, the

regression co-efficient with the straw yield remained

constant.

The best-fit stepwise regression analysis relating

grain yield of rice to N, P and K uptake by crop under

Rice (W) – Rice (A) sequence was worked out and are

presented in Table 9. The regression equation

indicated that the variation in grain yield was best

explained by the combinations of N, P and K uptake.

When N uptake was included in the regression

equation, the variation in grain yield increased by 94

per cent. However, the predictability of multiple

regression equation was higher (R2 = 0.94**, 0.97** and 

0.98**) when N, P and K uptake was considered

together in the regression co-efficient of grain yield.

To assess the relative contribution of N, P and K

uptake towards straw yield was also worked out and

are presented in Table 10. N, P and K uptake jointly
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Table-5: Correlation coefficient (r) between soil parameters with N, P, K uptake and grain and straw yield.

N uptake P uptake K uptake Grain yield Straw yield

pH -0.09 -0.02 -0.02 -0.01 0.01

OC 0.76** 0.70* 0.71* 0.70* 0.71**

CEC 0.86** 0.81** 0.85** 0.80** 0.80**

N 0.71** 0.64* 0.67* 0.59* 0.60*

P 0.92** 0.91** 0.88** 0.85** 0.85**

K 0.89** 0.87** 0.86** 0.82** 0.82**

Ca 0.61* 0.50 0.53 0.42 0.43

Mg 0.60* 0.50 0.54 0.44 0.45

S 0.73** 0.66* 0.67* 0.58* 0.59*

*, **, Significant at 5 and 1% levels, respectively. 

Table-6: Correlation coefficient (r) of N, P, K and grain and
        straw yield separately.

Grain yield Straw yield

N uptake 0.97** 0.97**

P uptake 0.98** 0.98**

K uptake 0.99** 0.99**

**Significant at 1% level of probability.



contributed to predict the straw yield to an extent of 98

per cent. The most important variable contributing to

the total variation in the regression equation of straw

yield was by N uptake (R2 = 0.94**). 
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Table-7: The best fit stepwise regression equations relating grain yield of rice to organic carbon, available N, P, K and S in crop
        under Rice (W)–Rice (A) sequence.

No. of
variables

Intercept Available Organic
carbon

R2

S K P N

5 8.30 -0.15 0.33 2.62 -0.17 62.65 0.86**

4 12.47 - 0.47 2.08 -0.20 58.95 0.86**

3 14.54 - - 3.61 -0.15 61.17 0.85**

2 -38.26 - - - 0.10 88.66 0.55**

1 -28.73 - - - - 115.32 0.49**

**Coefficient of determination is significant at 1% level of probability.

Table-8: The best fit stepwise regression equations relating straw yield of rice to organic carbon, available N, P, K and S in crop
        under Rice (W)–Rice (A) sequence.

No. of
variables

Intercept Available Organic
carbon

R2

S K P N

5 6.56 -0.23 0.37 3.70 -0.21 89.80 0.86**

4 13.06 - 0.60 2.85 -0.26 84.04 0.86**

3 15.72 - - 4.81 -0.19 86.87 0.85**

2 -54.60 - - - 0.14 123.47 0.56**

1 -41.65 - - - - 159.72 0.50**

** Coefficient of determination is significant at 1% level of probability.

Table 9: The best fit stepwise regression equations relating grain yield of rice to N, P and K uptake by crop under Rice (W) – Rice
       (A) sequence

No. of variables Intercept Uptake R2

K P N

3 18.56 0.31 1.03 0.11 0.98**

2 20.81 - 1.82 -0.05 0.97**

1 29.42 - - 0.32 0.94**

** Coefficient of determination is significant at 1% level of probability.

Table-10: The best fit stepwise regression equations relating straw yield of rice to N, P and K uptake by crop under Rice (W) –
         Rice (A) sequence

No. of variables Intercept Uptake R2

K P N

3 24.65 0.47 1.24 -0.14 0.98**

2 27.96 - 2.42 -0.05 0.97**

1 39.38 - - 0.43 0.94**

** Coefficient of determination is significant at 1% level of probability.


