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ABSTRACT

A long term fertilizer experiment was initiated at PJTSAU sub campus, Jagtial, Telangana state,
during rainy season of the year 2000-01 in rice-rice continuous cropping system. The experiment
was conducted in a fixed plan layout with 11 treatments (and 1 fallow) which included various
combinations of inorganic and organic fertilizers and was replicated 4 times under randomized block
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design. At the initiation of Experiment the soil properties were clay texture with pH 8.22, organic
carbon 7.9 g/kg, Available Nitrogen (N) 107.6 kg/ha, Available Phosphorus (P) 19.6 kg/ha and
Available Potassium (K) 364 kg/ha. The study was conducted over a period of 17 years comprising
of 34 cropping cycles, in rainy season where all treatments received optimum dose (100% NPK),
super optimum dose (150% NPK) and integrated treatments (100% NPK + FYM 5 t/ha) (FYM —
farm yard manure) gave onpar yields. However in the post rainy season, 150% NPK treatment gave
superior yield compared to all treatments except NPK+ FYM 5 t/ha. NPK + FYM 5 t/ha and 150%
NPK treatments recorded the most sustainable yield index (SYI) of 0.65 in rainy and post rainy
season respectively. Over all mean SYI, was highest for NPK + FYM 5 t/ha and 150% NPK i.e.,
0.63 and the least was observed in 100% N alone 0.50. There was an increase in organic carbon,
Available N, Available P and Available K in NPK + FYM 5 t/ha and 150% NPK treatments compared
with other treatments. Treatment receiving N alone i.e. imbalance nutrient supply retrogress the

crop yields and soil productivity in long run.

Keywords: Long term fertilizer experiment; rice; sustainability yield index; integrated treatment; yield

trends; time series analysis.
1. INTRODUCTION

Rice has been India’s major food crop along with
wheat, it is also the important cereal crop. In
India, from food security point of view sustainable
and increased production of rice is very vital.
Rice-rice cropping system is the predominant
cropping system in India in general and
Telangana state in particular. Rice crop occupies
an area of 43.94 million ha. with the production of
159.20 million tonnes and average productivity of
3623 kg/ha in India. It is about 1.42 million ha.
with the production of 4.44 million tonnes with an
average productivity of 3138 kg/ha in Telangana
state [1]. From the Past three decades, rice
production has kept pace with the increasing
population. According to recent statistics, rice
yield trends are slipping down [2]. The major
reason for the decline in rice production is
inadequate indigenous nutrient supply and low
organic carbon. Several scientists have tried to
find out the factors responsible for such decline
[3] from long-term fertility experiments.

Sustaining the production has become a major
concern in agriculture in many parts of India,
especially semi arid tropical climatic conditions of
India. The positive yield trend in the last two
decades is due to the increased use of inorganic
fertilizers. Long-term fertilizer usage results in
differences physio-chemical, chemical properties
of soil which in return, causes the changes in the
overall soil quality [4]. Inappropriate long-term

nutrient management practices lead to
diminishing of organic matter and soil
productivity. As a consequence it causes

permanent soil degradation. As such, agricultural
sustainability has become a major concern.
Issues of agricultural sustainability are related to
soil quality.

Adoption of nutrient management practices
involving the integration of organic and inorganic
fertilizers is the best viable alternative to make
the production system more sustainable and
profitable. Organic fetilizers are often considered
as a potential tool for reducing the use of
inorganic fertilizers and enriching the soil health.
Long term fertilizer experiments are invariably a
potential tool for knowing the crop yields, yield
trends. They are used to assess sustainability of
system, potential carrying capacity of soil and
predicting soil productivity [5]. Long term fertilizer
experiments were initiated in India during 1970’s
with the changing agricultural outlines in the
country by cultivating high vyielding varieties
which require higher doses of inorganic
fertilizers. Very little information is available on
long term impacts of inorganic fertilizers on crop
yields, yield trend, sustainability of crop yields
and soil in semi arid tropics of India. Therefore,
this study was taken to assess long term impacts
of inorganics and organics under different
nutrient management systems on yield,
sustainability and soil health of rice-rice cropping
sequence in an Inceptisol under semi arid
tropical climatic condition of India.

2. MATERIALS AND METHODS
2.1 Experimental Site

The present study is a part of an ongoing long
term fertilizer experiment. One of the
experiments was conducted at PJTSAU sub
campus, Jagtial (Block No I, field numbers 7, 7a,
8, and 8a) with rice-rice cropping sequence
initiated during the year 2000-01. Experimental
site is located at 18°45’ N to 19°0’ N latitude and
78°45' E to 79°0' E longitude. Jagtial is in the
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Deccan Plateau and Eastern Ghats agro
ecological zone of the country (Agro ecological
Zone no. 7 of India). The soil of experimental site
belongs to order - Inceptisol, having clay texture
and comes under sub group Ustochrept. The
initial properties of soil are represented in Table
1.

2.2 Experimental Details

There were 11 treatments (and 1 fallow)
replicated four times in Randomized Block
Design. The treatments consists of different
combinations and doses of inorganic and organic
fertilizers (FYM) and one fallow. The 100%
optimum dose of NPK fixed based on soil test
values at the initiation of experiment is 120-60—
40 kg NPK/ha. The treatments were viz., T1-
50% NPK, T2-100% NPK, T3-150% NPK, T4-—
T1+hand weeding, T5-T1+ZnSO, @ 25 kg/ha,
T6-100% NP, T7-100% N alone, T8-T1+FYM @
5 t/ha, T9-T1 (-S), T10 FYM @ 15 t/ha, T11-
Control (nutrients are not given to crop) and T12
— Fallow (crop was not grown, but pebbling and
irrigation were given). Different treatment
combinations applied are presented in Table 2.
The sources of N, P and K used were urea,
single super phosphate (SSP) and muriate of
potash (MOP). In sulphur free treatment (T9),

diammonium phosphate (DAP) was used instead
of SSP as a source of P. The plots and
treatments were fixed at initiation and same were
being followed continuously. The rice varieties
viz., Polasa prabha (medium duration) up to
2003-04, Jagtiala sannalu (short duration) from
2004-05 to 2007-08 and Karimnagar Samba
(medium duration) from 2008-09 onwards. All the
treatments except T4 were sprayed with pre
emergence herbicide butachlor EC a.i. 50% at 2
L/ha on 3" day of transplanting for controlling
weeds. Plot size was 12 m X 9 m (108 m?), the
spacing within the hill and within the row was
1515 cm.

2.3 Crop Management Practices

The plots were puddle separately (without
mixing) within the plot bunds. Transplanting of
rice was done in the months of August and
January in rainy and post rainy seasons
respectively after puddling every year. Dose of
inorganic fertilizers through urea, SSP, MOP and
DAP were applied as per the treatments. FYM
was applied before puddling. The 1/3 N and
1/2 of K, full dose of P and Zn were applied as
basal and the 1/3° N was top dressed during
active tillering stage. Remaining 1/3® N, 1/2 K
was top dressed at panicle initiation stage.

Table 1. Initial soil properties of experimental site (before rainy season 2000-01)

S.No Property

1 Soil type (local name) Black clay

2 Subgroup Ustochrept

3 Sand (%) 34.88

4 Silt (%) 21.50

5 Clay (%) 43.62

6 Soil texture Clay

7 Soil colour (dry) 10YR 5/3 brown

Soil colour (moist) 10 YR 4/2 dark grayish brown

8 Bulk Density (g/cm®) 1.47

9 Infiltration rate (cm/ha) 0.6

10 PH (1:2) 8.22

11 EC (1:2) (dS/m) 0.47

12 Organic carbon (g/kg) 7.9
Available nutrients* (kg/ha)

13 N 107.6

14 P 19.6

15 K 364
Available nutrients (mg/kg)

16 S 14.0

17 Fe 14.48

18 Mn 8.72

19 Cu 2.58

20 Zn 2.64

* Available nutrient is any nutrient in the soil solution that can be readily absorbed by the plant roots
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Table 2. Different treatment combinations applied in the long-term fertilizer experiment

Tr. No Treatments (% of recommended NPK) N - P - K (kg/ha)
Rice (rainy season) Rice (post rainy season)
T1 50% NPK 50% NPK 60-30-20
T2 NPK NPK 120-60-40
T3 150% NPK 150% NPK 180-90-60
T4 NPK+ HW NPK+ HW 120-60-40
T5 NPK + Zn NPK + Zn 120-60-40
T6 100% NP 100% NP 120-60-0
T7 100% N 100% N 120-0-0
T8 NPK+FYM* NPK 120-60-40
T9 NPK-S NPK-S 120-60-40
T10 FYM** FYM** 0-0-0
T11 Control Control 0-0-0
T12 Fallow Fallow 0-0-0

NPK — 100% NPK; S added through SSP - 45 kg S/ha in 100% NPK treatments
HW — Hand weeding; * FYM 5 t/ha (in rainy season only); ** FYM 15 t/ha (rainy and post rainy season)

Except T4 all other treatments weeds were
controlled by herbicide. Standard agronomic
practices were followed for cultivating the crop.

2.4 Observations Recorded

After the harvest of post rainy season soil
samples were collected every year from 0-20 cm
and analyzed for various physico-chemical and
chemical properties. Composite soil sampling
procedure was followed and collected samples
were mixed well together and a representative
portion soil sample was air dried, powdered and
passed through a 2 mm sieve for determination
of soil properties. Soil pH was determined in 1: 2
soil water suspension and measured with pH
meter [6]. The electrical conductivity was
measured in 1: 2 soil water suspension using
conductivity meter [7]. Organic carbon was
determined by Walkley & Black’s method [8].
Available soil N was determined by the alkaline-
KMnO, method [9]. Available P was determined
by sodium bicarbonate (NaHCO;) extraction and
subsequent colorimetric analysis [10].
Exchangeable K [11] was determined using an
ammonium acetate extraction followed by
emission spectrometry. Available sulphur was
determined after extracting with CaCl, and was
followed by spectrophotometry [12]. Cation
exchange capacity (CEC) determined by
procedure given by Chapman, 1965 [13].

2.5 Sustainability Yield Index (SYI)

Treatment average 17 years grain yield was
taken for both rainy and post rainy season. SYI
was a quantitative measure to assess
sustainability of an agricultural practice. SYI of

individual treatment was computed using the
below equation [14].

SYI = (A-Y) / Ymax

Where, A = Mean yield of a particular treatment
Y =Standard deviation of a particular treatment

Y max =Maximum yield obtained of a particular
treatment over the years

2.6 Statistical Analysis

Experimental data were subjected to analysis of
variance (ANOVA), which was most suited to
present experimental design [15]. To compare
the treatment means, least significant difference
(LSD 0.05) test was used. The yield trends were
analyzed separately by ordinary least squares
linear regression of yields against a time (years)
trend variable over the period. The form of the
linear regression was:

Y=a+ b,

Where: Y — grain yield (t/ha); a — constant; X —
year; b — slope of the yield trend.

3. RESULTS AND DISCUSSION

3.1 Effects of Long Term use of Inorganic
and Organic Fertilizers on Crop Yield

The data regarding variations in the pooled yield
of 17 years of experimentation of grain due to
different inorganic and organic ferilizer input
treatments are presented in Table 3. The pooled
yield data reveals that, the treatments which
received the inputs recorded significant increase
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in grain yield compared to control in both
seasons. Pooled yield data clearly showed that
150 % NPK treatment proved its superiority over
other treatments and recorded highest grain yield
in rainy and post rainy season (5.90 and 5.77
t/ha respectively). It was statistically onpar with
NPK+FYM, NPK, NPK+HW, NPK+Zn, NP and
NPK-S in rainy season. It was statistically onpar
with NPK+FYM in post rainy season. The higher
yield due to higher dose of inorganic alone and in
combination with FYM might have increased due
to sustained nutrient supply and also due to
better utilization of applied nutrients through
improved microbial activity that involved nutrient
transformation and fixation due to organic
manuring [16,17]. It indicates that there was no
need to increase the fertilizer level above the
recommended level in the rainy season to get
optimum vyield and there was a need to increase
the fertilizer level above the recommended level
in post rainy season to get optimum yields.

N alone treatment recorded low pooled grain
yield in rainy and post rainy season (4.37 and
3.22 t/ha respectively) in comparsion with other
treatments where nutrients were applied.
Nitrogenous fertilizer application alone
deteriorated the soil quality and resulted in
drastic reduction of yield in compared with
recommended dose of nutrients. This might be
due to improper root growth and development
that may be attributed to the absence of required
quantity of P to the plants. Similar findings were
also outlined by Mandal, et al. [18]; Santhy, et al.
[19]; and Arulmozhiselvan, et al. [20].

Recommended dose of NPK through inorganics
(100% NPK) recorded a pooled grain yield of
5.53 and 5.0 t/ha in rainy and post rainy season
respectively. Where only FYM @ 15 t/ha was

applied, the pooled grain yield of 4.40 and 3.58
t/ha was recorded in rainy and post rainy season
(Table 3) which was onpar with 50% NPK
treatment pooled grain yield (4.67 and 4.00 t/ha
in rainy and post rainy season). Thus, it can be
conclude that FYM @ 15 t/ha can substitute 50%
of the nutrients. Similar findings were noticed by
Katkar, et al. [21] in a 20 year old fertilizer
experiment.

After N, P the most impact nutrient that effect
crop growth and vyield. To assess the P
response, 100% NP and N alone treatments
were compared. Because of addition of P to N,
grain yield was maintained at 5.44 and 4.88 t/ha
in rainy and post rainy season, which are onpar
with  NPK treatments (Table 3). When we
compare the treatments 100% NP and 100%
NPK it was observed that there was no
significant increase in yield upon addition of K
(Table 3). Which indicated that there was no
response to applied potassium over 17 years of
continues cropping (34 cropping cycles) in
Inceptisols of South India.

3.2 Yield Trends (Time Series Analysis)

The 17 year yield trend of rice-rice vary
significantly with different nutrient management
practices and with season of crop. Positive yield
trend was observed in all treatments in rainy
season but in post rainy season negative yield
trend was noticed in 100% N and control
treatment. Graded dose of inorganic i.e., 50%
NPK, 100% NPK and 150% NPK progressed the
yield slope in rainy season (0.082, 0.103 and
0.132 respectively) but not in the post rainy
season (0.044, 0.35 and 0.085 respectively)
(Table 4).
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Table 3. Effects of continuous inorganic and organic fertilizers on grain yield of rice (t/ha)
(pooled yield in rainy and post rainy season from 2000-01 to 2016-17)

Treatment Rainy season Post rainy season
T1 -50% NPK 4.67+0.19° 4.0010.15°
T2 -100% NPK 5.53+0.23° 5.00+0.16"
T3 - 150% NPK 5.90+0.35° 5.77+0.21°
T4 -100% NPK + HW 5.59+0.58° 5.02+0.25"
T5 - 100% NPK + Zn 5.59+0.57° 5.10£0.25"
T6 - 100% NP 5.44+0.38° 4.88+0.19°
T7 -100% N 4.37+0.21° 3.22+0.35¢
T8 - 100% NPK + FYM 5.82+0.31° 5.41+0.52%°
T9 -100% NPK -S 5.52+0.35° 4.92+0.34°
T10-FYM 4.40+0.11° 3.58+0.16
T11- Control 3.14+0.36° 2.4740.26°

*values in the same column followed by different letters are significantly different at P<0.001 according to
Duncan’s Multiple Range Test (DMRT) for separation of means, + indicates the standard deviation values
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Graph 2. Post rainy season NP vs N from 2000-17

In rainy season the magnitude of yield slope was
more positive in super optimum treatment and in
post rainy season, the yield slope was more
positive in integrated treatment. The positive
yield slope was due to more addition of biomass
to soil under super optimum dose of fertilizers
and positive plant growth environment created by
application of FYM as reported by Das, et al.
[22]. There was no response to phosphorus
application upto 4 years (8 cropping cycles).
From 5" year onwards (9" cropping cycle) there
was response to phosphorus when compared
with the yields of 100% N treatment in rainy
season but in post rainy season, the trend
started at 8" cropping cycle (Graph 1 and 2).
Similar conclusion was given by Bhandari, et al.
[23]. Addition of P to soil, influenced the plant
growth positively by increasing the crop yields.
The increased P availability in soil increased
exchangeable cation [24]. Inclusion of sulphur

(T10) and zinc (T5) did not increase the grain
yield to over sulphur free treatment (T2). In
control treatment where no organic and inorganic
inputs were supplemented, crop yields followed
the retrogression over the period of 17 years.

3.3 Effects of Continuous use of
Inorganic and Organic Fertilizers on
Sustainability Yield Index

The SYI was computed with formula provided in
materials and methods. The SYI is a useful tool
to assess overall yield sustainability of system.

Long-term conjoint use of organic and inorganic
fertilizers gave the utmost SYI i.e. 0.65 in rainy
season. Similar finding was noted by Sathish, et
al. [25]. In post rainy season, application of super
optimum dose of inorganic fertilizers sustained
greater SYI (0.65). This indicates the greatest
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Table 4. Yield trends during 2000-01 to 2016-17 as affected by different nutrient management practices

Treatment Rainy season Post rainy season
a b R* Initial yield (t/ha) a b R* Initial yield (t/ha)

T1 -50% NPK 3.928 0.082 0.165 2.28 3.592 0.044 0.064 2.04
T2 -100% NPK 4.604 0.103 0.198 242 4.681 0.035 0.028 2.45
T3 -150% NPK 4.707 0.132 0.275 2.63 5.005 0.085 0.112 2.64
T4 -100% NPK + HW 4.477 0.123 0.253 2.39 4.387 0.069 0.109 2.81
T5 -100% NPK + Zn 4.523 0.118 0.25 2.59 4.538 0.062 0.081 2.58
T6 - 100% NP 4.373 0.117 0.237 1.86 4.39 0.054 0.071 2.40
T7 -100% N 4.169 0.022 0.015 2.32 3.927 -0.078 0.135 2.21
T8- 100% NPK + FYM 4.823 0.111 0.22 3.24 4.593 0.09 0.141 252
T9 -100% NPK -S 4.553 0.107 0.221 297 4.303 0.068 0.098 2.41
T10-FYM 3.242 0.129 0.423 2.08 3.065 0.057 0.143 2.25
T11- Control 2.819 0.035 0.064 1.62 2.779 -0.034 0.061 1.72
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sustainability of crop vyield after 17 years of
cropping (Table 5). In the initial four years, SYI
for 100% N alone was onpar with other 100%
NPK treatments, as the years progressed, the
SYI lowered down. The lowest SYI (0.58) was
recorded under the 50% NPK, 100% N and
control treatments during rainy season. In post
rainy season, lowest SYI| (0.42) was recorded
under the 100% N form 2000-2017 (Table 5).
Ram, et al. [26] also reported that treatments
which did not get ample supply of nutrients
through inorganics resulted in lower SYI when
compared with those treatments that received
adequate supply of inorganics. 100% NP (T6)
produced greater SYI (0.59 and 0.63) as
compared with 100% N (T7) (0.58 and 0.42). To
sustain crop production, optimum dose of P must
be applied. Coming to the SYI of mean of both
the seasons from 2000-17, highest SYI was
observed in super optimum dose and integrated
treatment (0.63) (Table 5), these results justify
the work done by by Srinivasarao, et al. [27] and
Yadav, et al. [28]. Integrated use of organics and
inorganics proved positively for long-term
productivity and sustainability, super optimum
dose of inorganic fertilizers helps in the more
biomass production, when the stubbles are
incorporated into the soil. They were then
converted into organics which increases the soll
health. Lowest SYI was observed in 100% N
(0.50). Whatever the nutrient management, the
SYI value of rainy season was found to be
substantially better than post rainy season. This
concludes that rainy season yields were more
sustainable than post rainy season. Greater
value of SYI in rainy season may be due to good
response for organic and inorganic fertilizers
applied.

3.4 Effect of Long Term use of Inorganic
and Organic Fertilizers on Soil
Physio-chemical Properties

The long term supply of inorganic and organic
fertilizers led to no notable change in the soil
reaction (Table 6). Similar findings were given by
Reddy, et al. [29] and Katkar, et al. [21] in 20
year old fertilizer experiment. This might be
peculiar characteristics of clay soils that
possessed inherent high buffering capacity and
which not affected the soil reaction of soil due to
fertilizer addition. The CEC ranged from 36.40 to
44.34 c mol (p+)kg in control and organic
fertilizer treatments, respectively (Table 6). Since
long term fertilizer application and cultivation
there has been increase in the CEC. Highest
CEC was in the organic fertilizer treatment
followed by integrated treatment. Tuyen, et al.
[30] report also confirmed that treatment which
received organic fertilizers continuously had
higher CEC than the treatment which did not
receive the organic fertilizers. This may be due
the increase in organic carbon content in soil that
receives the organic fertilizers in a permanent
fertilizer experiment. There was decrease in
trend in EC after 17 years of continuous cropping
compared with the initial EC (0.47). Decrease in
EC (-0.04) was less when compared with other
treatments EC (0.47) was observed in the
treatments receiving continuously super optimum
dose of inorganic fertilizers (Table 6). This might
be due to addition of salts through application of
increased doses of inorganic fertilizers.

Organic carbon content (Table 6) varied from 7.4
g/kg in N alone to 10.3 g/kg in integrated
treatment after 17 years of cropping.

Table 5. Effects of continuous fertilization and organics on sustainability yield index of rice
from 2000-01 to 2016-17

Treatment 2000-04 2000-17 2000-04 2000-17 Post 2000-17
Rainy Rainy Post rainy rainy season Mean of both
season season season seasons

T1 -50% NPK 0.43 0.58 0.42 0.61 0.59

T2 -100% NPK 0.44 0.60 0.46 0.64 0.62

T3 -150% NPK 0.43 0.61 0.43 0.65 0.63

T4 -100% NPK + HW 0.41 0.59 0.45 0.62 0.61

T5 -100% NPK + Zn 0.43 0.61 0.42 0.63 0.62

T6 - 100% NP 0.41 0.59 0.43 0.63 0.61

T7 -100% N 0.44 0.58 0.47 0.42 0.50

T8 -100% NPK + FYM 0.46 0.65 0.41 0.61 0.63

T9 -100% NPK -S 0.43 0.61 0.40 0.61 0.61

T10-FYM 0.42 0.60 0.38 0.62 0.61

T11- Control 0.40 0.58 0.44 0.49 0.54
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Table 6. Effect of long term fertilizer and manure application on soil physico-chemical properties after 17 years of continuous cropping

Treatments pH EC(dS/m) OC (g/kg) CEC (c mol p"lkg soil)
2017 Change 2017 Change over initial 2017 Change 2017 Change over initial

T1 - 50% NPK 8.24 +0.02 0.39+0.01® -0.08 7.8+0.5° -0.1 37.00+1.2° +1.78

T2 -100% NPK 8.33 +0.11 0.40£0.02*  -0.07 8.0£t0.6™  +0.2 37.61+4.1° +2.39

T3 - 150% NPK 8.25 +0.03 0.43+0.02°  -0.04 8.6+0.5° +0.7 38.48+2.8° +3.26

T4 -100% NPK + HW  8.33 +0.11 0.38+0.05®  -0.09 7.9+0.6° 0.0 36.47+2.9° +1.25

T5 -100% NPK + Zn 8.29 +0.06 0.40+0.04*>  -0.07 7.9+0.1° 0.0 38.06+0.9° +2.84

T6 - 100% NP 8.31 +0.09 0.37+0.01*  -0.10 7.9+0.9° 0.0 37.28+1.5° +2.06

T7 -100% N 8.26 +0.04 0.37+0.06®  -0.10 7.4+0.8° 0.5 37.30+4.5° +2.08

T8 -100% NPK + FYM 8.27 +0.05 0.36+0.08°  -0.11 10.320.5° +2.4 42.30+4.2° +7.08

T9 -100% NPK —S 8.32 +0.10 0.39£0.05%®  -0.08 8.1£0.9° +0.2 37.38+1.9° +2.16
T10-FYM 8.35 +0.13 0.36£0.04>  -0.11 9.9+0.1° +2.0 44 34+4.8° +9.12

T11- Control 8.36 +0.14 0.34+0.05°  -0.13 7.6+0.2° -0.3 36.40+2.8° +1.18
T12—Fallow 8.22 0.00 0.35+0.03°  -0.12 7.5+0.5° -0.4 38.16+1.4° +2.94

Initial value 8.22 0.47 7.9 35.22

*values in the same column followed by different letters are significantly different at P<0.001 according to Duncan’s Multiple Range Test (DMRT) for separation of means,
indicates the standard deviation values
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There was a precise increase or no change of
organic carbon content of soil compared to initial
content in all the treatments receiving 100% NPK
and FYM. Highest buildup was observed in
integrated treatment (2.4 g/kg), FYM (2.0 g/kg),
150% NPK (0.7 g/kg) treatments over initial.
Similar findings were also given by Bharambe &
Tomar [31] and Sharma, et al. [32]. They
attributed that, positive influx of organic carbon
content over the initial content was high in
treatments where FYM was applied. This was
partially due to addition of carbon and partially
due to integration of organic and inorganic
fertilizers, resulting in good crop growth, which in
turn results in more plant residue addition. Walia,
et al. [33] also finds that addition of stubbles to
the soil after harvest of the crop helped in
building the soil organic carbon. Treatments
receiving super optimum dose of inorganic
fertilizers and integration treatments, will produce
more biomass, so more amount of stubbles are
produced thereby resulting in increase in soil
organic carbon after incorporation.

3.5 Effect of Long Term Use of Inorganic
and Organic Fertilizers on Soil
Chemical Properties

After 17 years, the available N content (Table 7)
varies from 171 kg/ha in control to 219 kg/ha in
T8 where combination of inorganic and organic
fertilizers were applied. It was closely followed by
the T10 (organic treatment) treatment at 214
kg/ha. Which was further, followed by other
treatments which were receiving nitrogen.

Avaliable N status increased in all treatments in
comparison to the initial available N content (108
kg/ha). These results were in confirmatory with
Sharma, et al. [34]. The maximum increase was
recorded in treatments receiving recommended
inorganics and organics as an additional dose
followed by treatment receiving only organics
then by treatment receiving super optimum dose
of fertilizers. Sheeba & Chellamuthu [35]; Mairan,
et al. [36] also reported similar findings. This
might be due to N mineralization from FYM and
direct inclusion of N through inorganics.

After 17 years, the available P varies from 16.5
kg/hain N alone treatment to 43.0 kg/ha in 150%
NPK and it is very closely followed by NPK +
FYM (42.9 kg/ha) then followed by 100% NPK
treatment (Table 7). There were significant
increase in available P content in comparsion to
initial P content in treatments which receives P
fertilizers and FYM. N alone treatment showed
decline in available P content compared to initial
status. Maximum increase in P accumulation
compared with initial P 19.6 kg/ha was observed
in super optimum dose (23.4 kg/ha) closely
followed by integrated treatment (23.3 kg/ha).
Similar findings were given by Amruth, et al. [37].
This might be due to solubilisation and
mobilization by ligand exchange reaction of
negative charged organic acids with phosphate
ions on aluminium and iron phosphate minerals
which finally releases the phosphate ions into
solution. In N alone and control treatments there
was a decrease in P content compared with
initial value by 3.1 and 2 kg/ha respectively.

Table 7. Effect of long term fertilizer and manure application on available nitrogen and
phosphorus (kg/ha) after 17 years of continuous cropping

Treatments

Available N (kg/ha)

Available P (kg/ha)

2017 Change over initial 2017 Change over initial

T1 - 50% NPK 186125  +78 29.4+1.2°  +9.8
T2 - 100% NPK 2044287 +96 30.9+1.5° +11.3
T3 - 150% NPK 211+27%° +103 43.0+1.8° +23.4
T4 -100% NPK + HW  203+29%°*  +95 30.9+1.5° +11.3
T5 -100% NPK + Zn  207+£31%°¢  +99 29.5+2.0° +9.9
T6 - 100% NP 196+24%°% 488 25.9+2.5° +6.3
T7 -100% N 205+12%°% +97 16.5+1.1° -3.1
T8 -100% NPK + FYM 219+19° +111 42.9+0.9%*  +23.3
T9 -100% NPK —S 209+14%° +101 29.9+0.8° +10.3
T10-FYM 214+15% +106 38.7+1.9° +19.1
T11- Control 171+25% +63 17.6£1.2°  -2.0
T12 —Fallow 181+09% +73 25.4+1.5° +5.8
Initial value 108 19.6

*values in the same column followed by different letters are significantly different at P<0.001 according to
Duncan’s Multiple Range Test (DMRT) for separation of means, + indicates the standard deviation values
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Table 8. Effect of long term fertilizer and manure application on available potassium and
sulphur (kg/ha) after 17 years of continuous cropping

Treatments Available K (kg/ha) Available S (mg/kg)
2017 Change over initial 2017 Change over initial
T1 -50% NPK 315+22%° -49 23.4+02° +94
T2 -100% NPK 3224287 42 25.8+0.3° +11.8
T3 - 150% NPK 353+32° 9 29.0+0.5° +15.0
T4 -100% NPK + HW  309+28"*¢ -55 27.3+0.3*° +13.3
T5 - 100% NPK + Zn 306+31°¢ -58 26.2+0.2°°°  +12.2
T6 - 100% NP 271+26° -93 25.4+0.3° +114
T7 -100% N 263+22° -101 20.3+0.1° +6.3
T8 -100% NPK + FYM 325+41%° -39 31.120.5°  +17.1
T9 -100% NPK -S 298+28¢ -66 19.240.4°  +52
T10-FYM 314426°° -50 27.2+¢0.3*  +13.2
T11- Control 281+30% -83 24.1+0.2°%  +10.1
T12 —Fallow 294425 -70 25.5+0.1° +11.5
Initial value 364.0 14.0

*values in the same column followed by different letters are significantly different at P<0.001 according to
Duncan’s Multiple Range Test (DMRT) for separation of means, + indicates the standard deviation values

Data (Table 8) shows that there was a
diminishing trend in available K status in all
treatments. The decrease was utmost in N alone
followed NP treatment. Sharma, et al. [38] also
confirmed that maximum mining of native K
occurs when no K fertilizers were supplied to soll
for crop nutrition. The decrease was minimum in
150% NPK followed by integrated treatment.
Integrated treatment (325 kg/ha) was found to be
significantly superior to other treatments except
150% NPK (353 kg/ha) which recorded the
highest available K content in soil. Manuja, et al.
[39]; Mairan, et al. [36] reported similar results
and they attributed that, organics aids resulted in
reducing the leaching loss of K and it is also a
direct source of K. Its favorable effect is evident
in enhancing the solubility of insoluble K
compounds during the decomposition process.
There was a depletion in available K status,
compared with initial status in all treatments.
Verma, et al. [40] also reported similar findings in
the long term fertilizer experiment.

The content of sulphur increased in all
treatments in comparision to initial status (Table
8). The increase was maximum in treatment
where SSP applied as P fertilizer. Increase in
magnitude was highest in treatment receiving
FYM in addition to recommended dose of
fertilizers i.e., NPK followed by treatment
receiving super optimum dose of fertilizer.

4. CONCLUSION

The long term fertilizer studies are essential to
understand positive and negative impacts of

1"

inorganic and organic fertilizers on yield trends
and soil quality. Long term integrate use of
organic and inorganic fertilizers and super
optimum dose of inorganic fertilizers gave higher
yield sustainability in post rainy and rainy
seasons respectively. Rainy season yields were
onpar with treatments receiving the optimum
dose, super optimum dose and integrated
treatments. But post rainy season yields were
highest in super optimum dose fertilizer
treatment and integrated treatment. As the years
progressed the response to integrated treatment
increased compared with other treatments. From
the data regarding the yield, it can be concluded
that optimum dose of inorganic fertilizers are
required to get higher yield in rainy season. In
post rainy season, super optimum dose of
inorganic fertilizers or integration of inorganic and
organic fertilizers are required to get higher
yields. Orgainc fertilizer have a potential to
supply little quantities of nutrients to crops, there
by increasing the soil productivity which in turn
helps in maintaining the sustainability of crop
yields. Integration of inorganic and organic
fertilizers and super optimum dose of inorganic
fertilizers (produces high biomass, leaf fall and
stubbles act as source of organics) is therefore
best viable option for sustaining soil quality and
crop yields in rice-rice cropping sequence of
semi arid tropics of India. Even the FYM
improved the soil health, but the yields were low
compared to optimum dose of fertilizers (they are
onpar with 50% NPK, so it can be concluded that
FYM 15 t/ha supplies the nutrients equal to 50%
NPK). Findings of the present study also infer
that inclusion of FYM alone or combination of
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FYM and inorganic fertilizers and super optimum
dose of inorganic fertilizers elevated the soll
organic carbon, CEC Available N, Available P
and Available S. These results are of greater
importance to semi arid tropical climatic areas
like India where there is no scope to increase

land

under cultivation due the increasing

population. But the food grain production has to
be increased to meet the rising population of the
country.
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