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INTRODUCTION

Long-term experiments reflect not only the crop response to
current fertilizer application of varying solubilities but also the
response to residual fertility from previous application. In
addition, such experiments also make it possible to determine
the long-term effects of soil fertility and nutrient balances
between amount applied and those removed by crops over a
long period which could not be obtained in a single crop
experiment (Bholanath Saha et al., 2013). Soil is an important
natural resource and its productivity is the combined effect of
management on most soil properties that determine crop
productivity and sustainability. A productive soil not only
produces good crop yield, but also maintains environmental
quality and consequently plant, animal and human health
(Sharma et al., 2005). Unfortunately, with the advancement of
agriculture, soils are being degraded at an alarming rate by
wind and water erosion, desertification, and salinization due
to misuse and improper farming practices.

Growing of crops one after another without giving due
consideration to nutrient requirement has resulted in decline
in soil fertility, especially of nitrogen (Ghosh et al., 2003). The
importance of long term fertilizer experiments with continuous
cropping on soil fertility and sustainance crop production is
widely recognized. A long term fertilizer experiment at
Bengaluru was started in 1986 with eleven treatments and
four replications in an Alfisol on finger millet-maize cropping
sequence. Long-term fertilizer experiments (LTFE’s) are

valuable assets for determining yield trends, changes in nutrient
dynamics and balances, assessing soil quality and system
sustainability under soil fertility management (Marcote et al.,
2001).

Effects of management practices on crop productivity and soil
quality are best evaluated through long-term fertilizer
experiments (Mandal et al., 2007). In South Africa, a 50-year
experimental trial has shown that the addition of mineral
nitrogen (N), phosphorus (P) and potassium (K) in various
combinations with manure can sustain maize yields better
than those achieved by adding manure alone (Nel et al., 1996).
Regmi et al. (2002) found yield declines in wheat and in the
first rice crop, although there was no yield drop in the second
rice crop. They speculated that the yield declines in the first
rice crop and in the wheat were due to inadequate potash (K)
input. Similar results were recorded over the last decades due
to poor crop performance under no K addition. As a result of
these facts the declining yield trends of crop are being recorded
and hence the present was undertaken to know the impact of
long term application of chemical fertilizers, organics and
amendments on yield variation and average nutrients uptake
by finger millet and maize over the 26 years.

MATERIALS AND METHODS

The experimental site is gio positioned at an altitude of 930
meters above MSL, latitude of 13º north, longitude of 77” 3’
east. The annual rainfall occurs from April to November.
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During the cropping period the weather conditions prevailed
were normal except for variations in rainfall pattern. There are
eleven fixed treatments established in permanently laid out
plots in randomized block design with four replications on
finger millet – maize cropping sequence (Panse and Sukhatme,
1967). The treatments consists of 50% NPK,100% NPK, 150%
NPK, 100% NPK + HW, 100% NPK + lime, 100% NP, 100%
N, 100% NPK + FYM, 100% NPK (S-free), 100% NPK + FYM
+ lime and Absolute control. Lime, as per lime requirement
test is applied only when found necessary, during the kharif
season. Well decomposed Farmyard manure (FYM) at the rate
of 15 t ha-1 on dry weight basis is incorporated into the soil 10-
15 days before sowing of the kharif crop to the specific
treatments. Half the dose of the nitrogen, full dose of P and K
applied as basal and remaining half of nitrogen dose is applied
after 25 to 30 days of sowing / transplanting of crops as top
dress. Diammonium phosphate (DAP) is used as a source of P
and N along with urea and muriate of potash (MOP) in 100%
NPK (-S). For all the treatments (except 100% NPK -S), urea,
single super phosphate are used as sources of NPK fertilizers.
Neither any chemical fertilizer nor any organic manure is used
in absolute Control (No NPK) treatment. The analysis of
variance was carried out using the randomized complete block
design (Gomez and Gomez, 1984).

Nutrients uptake was calculated by multiplying the nutrient
concentration with dry matter yield and expressed in terms of
kg ha-1. For statistical analysis of data, Microsoft Excel (Microsoft
Corporation, USA) and SPSS window version 10.0 (SPSS Inc.,

Chicago, USA) packages were employed. The level of
significance referred in the results is P < 0.05.

RESULTS AND DISCUSSION

The data on yield pattern of finger millet indicated that
application of 150 % NPK (T3) resulted in higher yield (46.73
q/ha) over the years (Table 1) followed by addition of 100 %
NPK+FYM+lime (44.46 q/ha) and were superior over rest of
the treatments whereas, yield of maize was significantly higher
with application of 100 % NPK+FYM+lime (30.34 q/ha),
followed by 100 % NPK+FYM (30.15 q/ha) and 150 % NPK
(28.85 q/ha). Application of FYM and lime resulted in better
yield and productivity over the years. The response for
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 to the crops (Majhi
and Rout, 2016).

Application of 100% N or 100% NP (imbalance nutrition)
resulted in better crop yields during the initial years compared
to control, but the treatments did not sustained the productivity
over the years (Table 2). Application of lime did not resulted in
significant yield increase however, this has showed better
response to maize crop. The productivity of crops sustained
better under balanced and super optimal dose of fertilizers
(150 % NPK). Yield decline in long-term experiments could
occur because of adversity of many factors such as decline of
soil organic matter and associated nutrients, imbalanced

Table 1: Long term application of fertilizers on yield of finger millet under finger millet –maize cropping sequence in an alfisol (average of 5
years)
Treatments 1988-92 1993-97 1998-2002 2003-07 2008-12 Mean
50% NPK 26.83 31.20 29.03 19.23 22.53 25.77
100% NPK 34.39 48.86 47.04 38.31 31.35 39.99
150% NPK 41.68 55.97 53.46 44.49 38.04 46.73
100% NPK+HW 36.16 48.10 46.65 36.76 32.41 40.02
NPK+lime 34.66 44.50 45.38 36.51 30.92 38.39
100% NP 17.47 7.98 6.75 4.77 9.33 9.26
100% N 12.44 5.85 6.59 4.06 5.41 6.87
NPK+FYM 41.45 51.94 52.30 41.73 34.88 44.46
NPK (S-free) 35.52 44.50 49.36 39.03 32.72 40.23
NPK+FYM+lime 38.42 44.06 47.10 40.29 36.00 41.18
Control 6.89 5.59 5.84 4.73 4.90 5.59
S.Em ± 1.83
CD @ 5 % 5.24

Table 2: Long term application of fertilizers on yield of maize under finger millet –maize cropping sequence in an alfisol

Treatments 1987-91 1992-96 1997-2001 2002-2006 2007-2011 Mean
50% NPK 18.48 12.42 9.53 12.17 29.56 16.43
100% NPK 25.46 20.84 18.72 22.81 41.21 25.81
150% NPK 24.59 24.17 22.45 25.21 47.84 28.85
100% NPK+HW 25.15 19.23 18.69 22.83 43.62 25.90
NPK+lime 24.97 19.92 21.58 25.35 41.88 26.74
100% NP 14.92 2.95 3.02 3.35 12.22 7.29
100% N 10.78 1.36 1.27 1.11 7.12 4.33
NPK+FYM 28.20 24.14 23.53 27.12 47.73 30.15
NPK (S-free) 23.15 17.53 14.16 16.97 38.62 22.08
NPK+FYM+lime 25.19 22.82 24.74 29.48 49.47 30.34
Control 5.97 1.25 1.86 1.80 7.81 3.74
S.Em ± 4.25
CD @ 5 % 12.20
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fertilizer use, cultivar, climate, insect pest, soil types and crop
management practices (Dawe et al., 2000, 2003).

Continuous applications of balanced NPK fertilizer minimized
the yield decline. It was observed that decline in yields is more
pronounced with concomitant decrease in SOC content and
so at high-yielding sites during initial years. This indicated that
total organic carbon stock was not necessarily related to yield
decline. The results are in conformity with the findings of
Bronson et al. (1998). It is indicated that under intensive
cropping, the K deficiency will gradually increase unless
adequate quantity of K is added from external sources such as
fertilizers and manures. Likewise, the results of experiments
on finger millet-rabi maize cropping system at Bangalore
clearly indicate that certain treatments with N alone or NP
depressed the yields to the same level as the unmanured plot
whereas, with NPK or NPK + FYM treatments, the yields were
stable at higher level. The crop yield in initial years was quite
higher on addition of 100 % N and 100 % NP later the yields
were decreased due to imbalanced fertilization and the soil
supplying capacity was decreased due to chemicals alone.
Yield decline in N and NP alone might be attributed to depletion

Table 3: Average nutrients uptake by finger millet under finger millet –maize cropping sequence in an alfisol (Mean of 26 years)

Treatments Nitrogen Phosphorus Potassium Calcium Magnesium Sulphur
50% NPK 55.21 13.79 49.90 47.01 23.29 12.21
100% NPK 91.71 23.48 85.91 80.24 39.73 22.97
150% NPK 119.53 31.55 116.40 100.84 51.29 32.25
100% NPK+HW 88.06 23.54 84.93 76.33 39.20 22.44
NPK+lime 89.68 23.81 82.38 84.45 37.67 23.92
100% NP 24.85 6.98 16.62 20.73 9.72 6.28
100% N 20.35 4.36 16.25 17.18 8.00 4.43
NPK+FYM 115.16 31.57 111.16 99.47 46.31 29.26
NPK (S-free) 92.56 25.62 86.96 78.69 38.94 16.75
NPK+FYM+lime 102.11 28.66 95.64 89.18 40.35 23.77
Control 13.04 3.27 12.23 11.11 5.72 2.80

Table 4: Average nutrients uptake by maize under finger millet – maize cropping sequence in an alfisol (Mean of 26 years)

Treatments Nitrogen Phosphorus Potassium Calcium Magnesium Sulphur
50% NPK 45.16 7.14 45.94 19.18 12.55 6.22
100% NPK 74.40 11.03 78.02 30.21 18.60 9.63
150% NPK 87.45 14.32 92.21 38.87 23.53 11.86
100% NPK+HW 69.77 10.92 76.85 30.22 18.61 9.37
NPK+lime 79.23 12.11 83.12 35.16 19.56 10.76
100% NP 24.81 4.17 21.25 10.95 7.38 3.77
100% N 14.24 2.07 13.94 6.30 4.15 2.24
NPK+FYM 92.55 16.01 95.64 39.83 25.39 12.91
NPK (S-free) 63.12 9.68 68.09 26.59 16.66 7.55
NPK+FYM+lime 97.16 16.37 98.11 40.10 25.04 12.61
Control 9.64 1.62 10.18 4.42 3.33 1.57

Table 5: Correlation coefficients between crop yield and nutrients
uptake

Finger millet yield Maize yield
Nitrogen 0.990** 0.991**
Phosphorus 0.985** 0.991**
Potassium 0.988** 0.991**
Calcium 0.990** 1.000**
Magnesium 0.993** 0.991**
Sulphur 0.954** 0.982**

**. Correlation is significant at the 0.01 level (2-tailed).

of K reserves in the later years of crop production. The
consistently higher removals of K than its additions by both
the crops have led to mining of K in the later years of crop
production (Sharma et al., 2014).

The uptake of nutrients by finger millet was high with
application of 150 % NPK followed by 100 % NPK+FYM and
100 % NPK+FYM+lime. The average uptake of nutrients by
both the crops were low in absolute control, 100 % N and
100 % NP. Uptake of nutrients by maize was higher with
application of 100 % NPK+FYM+lime, 100 % NPK+FYM
and 150 % NPK, this showed the beneficial effect of balanced
applications of organics and inorganics (Table 4). The higher
nutrient uptake with organic manure might be attributed to
solubilization of native nutrients, chelation of complex
intermediate organic molecules produced during
decomposition of added organic manures, their mobilization
and accumulation of different nutrients in different plant parts.
(Sharma et al., 2013).The increased uptake may be also due
to continuous availability of N, P and K throughout the crop
growth period as nutrients from inorganic fertilizers were
available to crop in early stages and the nutrients released
from the added sources at later stages of crop inadequate
supply of either one or more of major nutrients to the crop
due to an imbalance in the supply of nutrient elements and
consequent reduction in yield and uptake. These results are
in conformity with the findings of Nambiar (1994). The uptake
of sulphur indicated the relatively higher sulphur uptake under
SSP and FYM treatments than either DAP applied plot or only
chemical fertilizer applied plots. This indicates the contribution
of sulphur from SSP and FYM to the available pool in soil.
Similarly, the Monocalcium phosphate form (SSP) increased
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Ca and Mg content in all treatments except T9 and in turn
facilitating its uptake by crop (Spencer and Frency, 1960).

The relation between plant nutrients and yield of finger millet
and maize was worked and the relation was positive with all
the nutrients and yield of both crops (Table 5).  This indicated
that the yield of crops is directly correlated with the supply of
these elements as they are positively correlated. Nutrients
supply through fertilizers, organics or amendments are more
essential for sustained crop and soil productivity to meet the
crop demand and soil supply.
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