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INTRODUCTION

Rice-rice system an important rice based cropping system of
eastern India. Continuous mono cropping of rice with high
yielding improved varieties with application of NPK only has
resulted in stagnated or declined productivity (Ladha et al.,
2003) which has been ascribed to declined soil fertility with
reduced nutrient supplying capacity. Long term fertiliser
experiments conducted throughout world have revealed that
continuous application of NPK alone has caused many
damages to physical and biological health of soil with reduced
supply of N and depletion of total K and deficiency of nutrients
like sulphur and micronutrients like zinc and boron due to
their continuous removal from soil (Divya et al., 2012; Subba
Rao and Srivastava, 1998, Singh et al., 2012 and Balu Ram et
al., 2014). For sustainability of such a production system, there
is thus a need for inclusion of some secondary and
micronutrients like S, Zn and B and increasing dose of NPK.
Experiments with these treatments are new and long term
studies on these new treatments are valuable for sustaining of
rice-rice system.
The experiment is based on hypothesis that additional NPK
and S, Zn and B supplementation to NPK will increase crop
yield with improvement of soil health.

As effect of a specific treatment on soil and crop yield varies

with the climate and soil type of one area, site specific long
term study with the new set of treatments is invaluable for
generating useful information for future use. Among the soil
orders Inceptisol forms a dominant rice-rice growing soil of
subtropical eastern India. Therefore, a long term fertiliser
experiment conducted on a typic Ustochrepts under a rice-
rice system was used to study the long term effect of higher
doses of NPK and supplementation of S, Zn and B on changes
in two important soil properties, pH and SOC that govern
many soil processes related to soil fertility besides crop yield
and response.

MATERIALS AND METHODS

The study was undertaken in an ongoing ICAR funded All
India Coordinated Research Project on Long Term Fertiliser
Experiment initiated in 2005 in the Central Farm of Orissa
University of Agriculture Technology, Bhubaneswar (latitude
20o16’ to 20o17’ N longitude 85o48’ to 85o49’ E) with a rice-
rice cropping system under sub-tropical climatic situation that
comes under Agro-Eco region, 12.2. The experimental site is
a well drained medium land with an acidic (pH=5.8), sandy
loam soil classified as typic Ustochrepts. The soil had low
CEC (3.5 c mole P+ kg-1) and low organic carbon (4.3 g
kg-1).The available N, P and K were 187, 19.4 and 43kg ha-1
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respectively. The CaCl2 extractable S was 22.2kg ha-1 and Zn,
1.8 ppm and hot water soluble B, 0.46 ppm. The experiment
was originally laid out in RBD with 12 treatments replicated 4
times. Out of these12treatments seven treatments viz, T1:
100%NPK, T2: 150%NPK, T3: 100%NPK + Zn, T4: 100%NPK
+ FYM, T5: 100%NPK + Zn + B, T6: 100%NPK + Zn + S, T7:
Control were selected for the study. The 100% recommended
dose of NPK equaled 80:40:60kgs of N, P2O5 and K2O per ha.
FYM was applied @5t ha-1 in each season through
incorporation before final land preparation. Sulphur was
applied @30kg S ha-1 through gypsum, Zinc as seedling root
dipping in 0.4% ZnO solution for 30 minutes and boron was
applied through 2 foliar sprays of borax at 15days interval at
flowering. Nitrogen was applied in form of urea and partly
through DAP in three splits i.e., 25 % as basal, 50 % at 18
days after transplanting and 25 % at panicle initiation stage.
Entire dose of phosphorus was applied in form of DAP as
basal and potash was applied through MOP, 50 % as basal
and 50 % at panicle initiation stage. Paddy seedlings of 25day
old were transplanted at a spacing of 20 cm x 10 cm with 2-3
seedlings per hill. Necessary intercultural, water management
and plant protection measures were under taken in general
until the crop was matured for harvesting.

Ten days after harvesting of each rabi crop, composite surface
(0-15cm) soil samples were collected from five spots of each
plot for determination of pH and soil organic carbon. Soil
samples were analyzed for soil reaction (pH) in 1:2.5 using
soil water ratio using glass electrode pH meter (Jackson, 1967),
soil organic carbon was determined using Walkley and Black’s
rapid titration procedure (Walkley and Black, 1934).

Data collected were subjected to analysis of variance.
Difference among treatment means were delineated using the
least significant difference test at the alpha level of 0.05.

RESULTS AND DISCUSSION

Grain yield and response to nutrients
Data on grain yield up to 9 years (2006-2014) on the basis of
3 years pooled average (Table 1 and 2) revealed that in both
kharif( cv, Swarna) and rabi(cv, Lalat) seasons there is yield
increase over the years but it was less conspicuous in rabi
season. In kharif there is more increase in last three years.

Response to 50% extra NPK
With application of fertilizer @ 100% recommended dose of
NPK there is significant yield increase even from 1st year in

both the seasons. This result clearly shows the importance of
NPK fertilizers in such a soil which is low in organic matter
and nitrogen, medium in phosphorus and low in potassium.
Increasing the dose from 100% to 150% resulted in significant
yield increase in both the seasons in all the 3 periods of
reporting. The response to additional 50%NPK is more
conspicuous in kharif. Increase in yield due to extra 50% NPK
indicates that 100%NPK was inadequate to provide enough
N or P or K.

Response to conjunctive use of FYM with NPK
At 100% NPK level, conjunctive application of FYM @5t ha-1

however produced maximum yield which surpassed the yield
increase caused due to additional 50% NPK. This happened
because through FYM there is addition of 30kg N, 15kg P2O5
and 35kg K2O. It also adds all other nutrients including
micronutrients and improves both organic matter status and
biological activity of soil. In contrast through 150% NPK there
is addition of 40kg N, 20kg P2O5 and 30kg K2O per ha but no
other nutrients and organic matter. In a study conducted on
typic Ustochrepts on a clayey soil of Andhra Pradesh (Srilatha
et al., 2014) however, reported more yield with 150%NPK
than 100%NPK +FYM.

Response to Zn
Results on response to application of Zinc showed no response
in the first three years after which it started showing positive
response which increased with years of cropping indicating
reduced supply of Zn from soil particularly in rabi season
when temperature remains low during the early growing
period. Yield increase in rice from 5-19% in alluvial soils of
Odisha has been recorded with Zn application @2.5kg ha-1

(Sahu et al., 1990). Zinc applied as 0.4%ZnO root dipping
produced significantly more yield only in rabi in spite of the
fact that Zinc in soil (1.8ppm) is more than the critical
level(0.6ppm).In rabi soil Zinc availability is less due to poor
diffusion and transport to root rhizosphere (Singh and Abrol,
1986b).

Response to boron
Conjunctive use of Zn with B however did not improve the
yield even after 9 years of application. No response to boron
might be due to the negative interaction effect of B with Zn.
Boron takes part in the mechanisms of the nutrient absorption
and transport of other nutrient elements (Tariq and Mott, 2007;
Tanada, 1983). Depending on boron content in plants, the
relative concentration of other elements and their balance in
plants varies which affect dry mater production (Tariq and

Table 1: Grain Yield (kg ha-1) and Sustainable Yield Index (SYI) during kharif from 2006 to 2014 (Average of 3 years)

Treatments 2006-08 2009-11 2012-14 SYI (2006-14)

100%NPK 2341 2382 2666 0.43
150%NPK 2556 2694 3296 0.47
100%NPK+Zn 2307 2562 2932 0.43
100%NPK+FYM 3037 3351 3667 0.55
100%NPK+B+Zn 2375 2446 2749 0.44
100%NPK+S+Zn 2336 2629 2865 0.44
Control 1183 1214 1296 0.20
Average Yield 2305 2468 2782
S E(m+) 73.21 72.47 98.93
CD (0.05%) 225.58 223.29 304.82
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Mott, 2007). In a study Tyksinski, (1993) reported reduced
yield in Zn + B treatment due to antagonism between zinc
and boron. Mishra and Singh (1996) reported that high B
supplies caused low uptake of Zn.

Response to sulphur
Conjunctive use of Zn with S also did not improve the yield
even after 9 years of application when available S (49.59kg
ha-1) was much higher than the critical level (20kg ha-1).
Reduction in grain yield at higher levels of S has been reported
by Shah and De Datta (1991) and in the present study higher
S level in soil is due to its continuous application. Both
synergism and antagonism between Zn and S in the uptake
and transport processes has also been reported by
Pavansarivam and Axley, 1982). In contrast, Balu Ram et al.
(2014) reported improvement of yield in hybrid rice under
Varanasi situation with conjunctive use of S, Zn and B along
with recommended dose of NPK.

Effect on sustainability
Results on sustainability in both the seasons showed that
combined application of 100%NPK and FYM which produced
maximum yield also was most sustainable among the
treatments (Table 1 and 2).

Ahmed et al. (2014) reported that integrated treatments
involving combined application of inorganic fertilizers and
FYM had pronounced influence in improving the crop yield
and soil fertility status as compared to control and inorganic
alone. It was followed by 150% NPK treatment in both the
seasons. This might be due to more supply of the three primary
nutrients and accumulation of more organic matter through
more roots and stubbles and improvement in soil physical
health. Thakur et al. (2011) also reported that integrated use
of optimal dose of fertilizer and organic manure treatments is

superior to super optimal dose. Sustainability with
recommended dose of fertilizer and conjunctive use of
secondary and micronutrients was found to be poor. The
results clearly suggest that application of inorganic fertilizers
at the conventional recommended dose with Zn +B or Zn+ S
is not enough to sustain crop yield. Therefore there is some
other constraint which is limiting the crop yield. This may be
inadequacy or toxicity effect of a particular nutrient or the
effect arising from the interaction between some nutrients.
Among the three nutrients Zn level in soil is much above the
critical value and close to toxicity value (6ppm). Like hidden
hunger the crop might be suffering from hidden toxicity.

Changes in soil properties
Soil pH
The initial soil pH was 5.80. Continuous cropping without
organic manure made the soil more acidic with a pH drop of
0.38-0.57units within 9 years (table 3). The decrease in pH
may partially result from the oxidation of Fe (II) in the
rhizosphere (Yang et. al.,1997). Continuous application of
FYM along with mineral NPK however, maintained the pH at a
slightly higher level (5.97). This might be due to the liming
effect of FYM that had a pH of 8.0-8.2 that could neutralize
some of the native acidity or the acidity developed due to
continuous application of acidic nitrogenous fertilizer like urea
and phosphatic fertilizer like DAP or base leaching beyond
the sample collection depth in coarse textured surface soil.
During post kharif period the second crop is usually grown in
late winter season which requires frequent irrigation resulting
in more downward movement of bases. Higher pH of
immediate subsoil substantiates this result. Working on
different manures, Rout et al. (2012) have also reported that
FYM can be used as a liming material for acid soils. The rise in

Table 2: Grain Yield (kg ha-1) and Sustainable Yield Index (SYI) during rabi 2006-07 to 2014-15 (pooled for every 3 years)

Treatments  2006-07 to 2008-09  2009-10 to 2011-12  2012-13 to 2014-15 SYI (2006-07 to 2014-15)

100%NPK 2901 2856 2988 0.76
150%NPK 3082 3015 3240 0.80
100%NPK+Zn 2794 2864 3232 0.71
100%NPK+FYM 3351 3525 3700 0.89
100%NPK+B+Zn 2958 2975 3008 0.77
100%NPK+S+Zn 2851 2782 3046 0.73
Control 1254 1373 1031 0.26
Average Yield 2742 2769 2892
S E(m+) 55.24 64.95 74.92
CD (0.05%) 170.23 200.12 230.85

Table  3: Changes in pH and soil organic carbon (SOC) content of surface soil (0-15cm) measured after harvest of rabi rice at three years interval

Treatments pH SOC (g kg-1)
2006 2009 2012 2014 2006 2009 2012 2014

100%NPK 5.61 5.22 5.40 5.42 3.68 4.4 4.58 4.65
150%NPK 5.67 5.12 5.37 5.37 3.63 4.6 5.05 5.03
100%NPK+Zn 5.71 5.04 5.34 5.36 4.73 5.0 4.68 4.88
100%NPK+FYM 5.87 5.85 5.97 5.97 5.33 5.8 6.08 6.25
100%NPK+B+Zn 5.76 5.24 5.58 4.34 3.80 4.6 4.85 4.93
100%NPK+S+Zn 5.36 5.00 5.24 5.23 4.50 4.8 4.80 5.18
Control 5.40 5.30 5.41 5.38 2.85 3.2 3.33 3.05
CD (0.05%) 0.31 0.27 0.14 1.04 0.81 0.67 0.65 0.75
Initial Value 5.80 4.30
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pH under FYM treatment might also be due to the deactivation
of Fe3+ and Al3+ with concomitant release of basic cations
(Ca2+, Mg2+ and K+) during its decomposition (Prasad et al.
1983). On the other hand, other treatments where only fertilizer
NPK or no fertilizer were added the soil turned more acidic
over the years of continuous cropping. There was a drop in
pH by 0.38 to 0.57 units. But there is no consistency with
respect to the effect of other treatments on soil reaction. In a
study Lal and Mathur (1988) have also reported lowering of
pH with continuous application of fertilizers for eight years.
With application of S or B there was further decrease in pH.
Lowering of pH with application of Zn and S has also been
reported by Main (1990). Balu Ram et al. (2014) however,
reported the pH status of soil did not vary significantly with the
application of S (Singh et al. (2012), Zn and B. Continuous
cropping without organic manure made the soil more acidic
with a pH drop of 0.38-0.57units within 9 years. Addition of
FYM however, resisted this drop and maintained a more
favorable soil pH (5.97) with higher content of organic carbon
(34.4% more) and available nutrients.
Soil organic carbon (SOC)
The soil organic carbon content in the beginning was
low(4.30g kg-1) which further decreased at the end of first year
of cropping in control (table 3), 100%NPK, 150% NPK and
100%NPK + Zn + B , but increased in 100%NPK+FYM,
100%NPK+ Zn and 100%NPK + Zn + S treatments. In
subsequent years it increased in all the fertilizer applied
treatments except the control indicating positive effect of
fertilizer application in increasing the SOC (Nambiar and
Ghosh, 1984). Highest organic carbon accumulation was in
FYM treated plot (6.25g kg-1) followed by 100% NPK + Zn +
S (5.18g kg-1) and 150% NPK (5.03g kg-1) Nayak et al. (2015).
Addition of FYM increased the organic carbon content by
34.4%. Results of Long Term Fertilizer Experiments conducted
at Ludhiana, Hyderabad, Bhubaneswar, Palampur and
Coimbatore also showed increase in organic matter contents
due to intensive cropping (Nambiar and Ghosh, 1984). In a
more recent study, Md. Mehedi Hasan et al. (2009) reported
that the status of organic matter increased over initial value
due to fertilization and cropping for the last 29 years and the
increase of organic matter was higher in FYM plot. The reason
of increase in organic matter status in soil than initial might be
due to the increase in crop biomass production with
fertilization. There was also increase in SOC content with
application of Zn which might be due to the same reason and
build up of organic carbon in the soil (Prasad et al., 2010).
Combined application of micronutrients like B with Zn
however, did not have any significant effect on SOC which
might be due to addition of lesser biomass (Balu Ram et al.,
2014, Singh et al., 2012).But application of S along with Zn
had positive effect on SOC (Singh et al., 2012). Thus this
suggests that application of recommended dose of NPK
fertilizers over years increases the SOC content and with
inclusion of FYM @ 10t ha-1 per year or Sulphur @30 kg ha-1

or increase in NPK level by 50% over optimal dose, there is
further increase in SOC.

ACKNOWLEDGEMENT

The authors are highly indebted to ICAR for using the AICRP

on Long Term Fertiliser Experiment conducted at OUAT,
Bhubaneswar, Odisha for this work.

REFERENCES

Ahmed, S., Basumatary, A., Das, K. N., Medhi, B. K. and Srivastava,
A. K. 2014. Effect on integrated nutrient management on yield, nutrient
uptake and soil fertility in autumn rice in an Inceptisol of Assam,
Annals Plant and Soil Res. 16(3): 192-197.

Balu Ram, Singh, S. K., Latare, A. M. and Kumar, O. 2014. Effect of
Sulphur, Zinc and Boron Application on Growth and Yield of Hybrid
Rice. J. Ind. Soc. Soil Sci. 62(2): 184-188.

Divya, J. and Belagali, L. 2012. Effect of chemical fertilizers on physico-
chemical Characteristics of agricultural soil samples of Nanjangud
taluk, Mysore district, Karnataka, India. The Ecoscan. 6(3&4): 181-
187.

Jackson, M. L. 1967. Soil Chemical Analysis. Prentice Hall, Inc
Englewood.

Ladha, J. K., Dawe, D., Pathak, H., Padre, A. T., Yadav, R. L., Singh,
B., Singh, Y., Singh, Y., Singh, P., Kundu, A. L., Sakal, R., Regmi, A.
P., Gami, S. K., Bhandari, A. L., Amin, R., Yadav, C. R., Bhattarai, E.
M., Das, S., Aggarwal, H. P., Gupta, R. K. and Hobbs, P. R. 2003.
How extensive are yield declines in long-term rice-wheat experiments
in Asia? Field Crops Res. 81: 159-180.

Lal, S. and Mathur, B. S. 1988. Effect of long term manuring, fertilisation
and liming on crop yield and some physico-chemical properties of
acid soil. J. Indian Soc. Soil Sci. 36: 113-119.

Main, M. J. A. 1990. Air, water and nutrient interaction in paddy
soils. PhD thesis, Dept. Soil Science, BAU, Mymensingh.

Md. Mehedi Hasan, Abedin Mian, M. J. and Hossain, M. A. 2009.
Effects of Long Term Application of Manures And Fertilizers On Soil
Properties, Yield and Nutrient Uptake by T-Aman Rice. Bangladesh
Res. Publ. J. 3(1): 774-786.

Mishra, J. and Singh, R. S. 1996. Effect of nitrogen and Zinc on the
growth and uptake of N and Zn by linseed. J. Ind. Soc. Soil Sci. 44(2):
338-340.

Nambiar, K. K. M. and Ghosh, A. B. 1984. Highlights of research on
Long Term Fertiliser Experiments in India. LTFE Res. Bull. 1, ICAR,
New Delhi.

Nayak, T., Patel, T. and Tiwari, A. 2015. Effect of organic and inorganic
fertilization on soil chemical environment of vertisol under rice. The
Ecoscan. 9(1&2): 239-242.

Pavansarivam, V. and Axley, J. H. 1982. Effect of sulphur and
potassium on zinc absorption by barely. Plant Soil. 64: 393-401.

Prasad, B., Singh, R. P., Roy, H. K. and Sinha, H. 1983. Effect of
fertilisers, lime and manure on some physical and chemical properties
of a red loam soil under multiple cropping. J. Ind. Soc. Soil Sci. 31:
601-603.

Prasad, R. K., Kumar, V., Prasad, B. and Singh, A. P. 2010. Long term
effect of crop residues and Zinc fertilizers on crop yield, Nutrient
uptake and fertility build up under rice- wheat cropping system in
caciorthents. J. Ind. Soc. Soil Sci. 58(2): 205-211.

Rout, K. K., Sahoo, S., Mukhi, S. K. and Mohanty, G. P. 2012.
Assessment of quality of different organic manures used by the farmers
of Khurda district in Orissa and their effect on microbial activity of an
acid soil. J. Ind. Soc. Soil Sci. 60(1): 30-37.

Sahu, S. K., Mitra, G. N. and Mishra, U. K. 1990. Relationship
between available micronutrient status of soils growing rice and
micronutrient content of rice. J. Ind. Soc. Soil Sci. 38: 82-88.

Shah, A. L. and De Datta, S. K. 1991. Sulfur and Zinc Interactions in
Lowland Rice. Philipp J. Crop Sci. 26(1): 15-18.

P. MAJHI AND K. K. ROUT



1817

EFFECT OF CONTINUOUS APPLICATION OF DIFFERENT INORGANIC MACRO AND MICRO NUTRIENTS AND FYM

Singh, A. K., Bhusan, M., Meena, M. K. and Upadhyaya, A. 2012.
Effect of Sulphur and Zinc on Rice Performance and Nutrient Dynamics
in Plants and Soil of Indo Gangetic Plains. J. Agric. Sci. 4(11): 162-
170.

Singh, M. V. and Abrol, I. P.1986b. Transformation and availability
of zinc in alkali soils. Fert. News. 31(7): 17-27.

Subba Rao, A. and Srivastava, S. 1998. Role of plant nutrients in
increasing crop productivity. Fert. News. 43: 65-75.

Tanada, T. 1983. Localization of boron in membranes. J. Plant Nutr.
6: 743-749.

Tariq, M. and Mott, C. J. B. 2007. Effect of boron on the behavior of
nutrients in soil-plant systems. Asian J. Plant Sci. 6(1): 195-202.

Thakur, R., Kauraw, D. L. and Singh, M. 2011. Effect of continuous
applications of nutrient inputs on spatial changes of soil
physicochemical properties of a medium black soils. J. Soils Crops.

19(1):14-20.

Tyksinski, W. 1993. Response of green house lettuce to differentiated
micronutrient fertilization. VI. Interaction between micronutrients.
Prace 2 Zekresu Nauk Roliczych. In: Micronutrient News and
Information. A quarterly publication. 16(1): 45,1996. Shorrocks, V.M.
(Ed.). Micronutrient Bureau M.B. House, Wigginton, Tring
Hertfordshire, HP23 6ED, England. 75: 155-160.

Walkley, A. and Black, I. A. 1934. An examination of Degtjareff
method for determining soil organic matter and a proposed
modification of the chromic acid titration method. Soil Sci. 37: 29-
37.

Yang, X. E., Romheld, V., Marschner, H., Baligar, V. C. and Martens,
D. C. 1997. Shoot Photosynthesis and Root Growth of Hybrid Rice
and Conventional Rice Cultivar as Affected by N and K Levels in the
Rhizosphere, Pedosphere. 7: 35-42.



1818


