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ABSTRACT
A field experiment was conducted in alkali soils of A.D. Agricultural College and Research
Institute farm Tiruchirappalli, Tamil Nadu, in wet season (September to January) of 2006-07 and
2007-08 to study the effect of amendments viz., gypsum and distillery spentwash (DSW) and
nutrient omission plots on yield, nutrient use efficiency and fertilizer N, P and K requirement of
rice. In both years, reclamation of alkali soils with DSW recorded the highest grain yield of 6.58
Mg ha-1 followed by gypsum @ 50% GR (5.94 Mg ha-1). Among the nutrient omission plots,
application of recommended dose of NPK (RDN) recorded significantly higher rice grain yield of
6.98 Mg ha-1. In DSW reclaimed alkali soils, N limiting yield was 6.79 and 6.33 Mg ha -1 during
first and second year respectively which were 43 and 36 per cent higher than gypsum
reclamation. But the effect of amendment on P limiting yield during the second year and K
limiting yield on both years were not significant. The N, P and K requirement to produce one
tonne of rice grain varied between 17. 3 to 25.5, 3.9 to 4.9 and 21.7 to 56.5 kg Mg-1 of grain
respectively. For a yield target of 7.0 Mg ha-1, the mean fertilizer N requirement was higher
under no amendment followed by gypsum and DSW reclamation. The mean fertilizer P2O5
requirement was 30 per cent less than RDN while mean fertilizer K2O requirement was 60 per
cent higher than RDN.

Key words: Distillery spent wash for reclamation, fertilizer requirement of rice, Site Specific
Nutrient Management
INTRODUCTION
In Tamil Nadu, about 0.47 million ha of salt
affected soils are prevalent, of which 0.3
million ha are alkali soils. The excess Na in
alkali soils (ESP >15 or SAR >13) destroys
the soil structure, disperse the clay particles
and clog the soil pores leading to ill drained
condition. This unfavourable physical
environment, poor soil fertility and low

nutrient use efficiency affect the yield of
agricultural crops grown in alkali soils. The
alkali soils are generally kept fallow due to
resource poor nature of farmers who own these
lands and wherever irrigation facilities exist,
single rice crop is grown during monsoon
season with average yields of 2.5 to 3.0 Mg
ha-1.
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Technologies like tolerant cultivars, use of
chemical amendments like gypsum (CaSO4
2H2O) or distillery spent wash (DSW)
(industrial effluent from alcohol distillery unit,
acidic with pH of 3.8, EC of 31 dSm-1, BOD of
50,000 mg lit-1) are available for reclamation
of alkali soils.
In the onfarm trials conducted to
demonstrate the efficacy of these amendments
with recommended dose of nutrient (RDN), a
yield gap of 0.4 to 1.5 Mg ha-1 was noticed
between RDN and Farmer’s Fertilizer
practices (FFP). This yield gap was mainly
attributed to imbalanced use of fertilizers and
untimely application of N fertilizers. Hence to
bridge this yield gap by improving nutrient use
efficiencies,
Site
Specific
Nutrient
Management (SSNM) approach was used.
SSNM, as conceptualised, aimed at dynamic
field specific management of fertilizer N, P,
and K to optimise the supply of supplemental
nutrients with the plant’s demand for nutrients.
The plants need for fertilizer N, P or K was
determined from the gap between the crops
demand for sufficient nutrients to achieve a
yield target and the supply of the nutrient from
indigenous sources, including soil, crop
residues, manures and irrigation water2.
MATERIAL AND METHODS
An experiment is being conducted in alkali
soils of A.D. Agricultural College and
Research Institute farm, Tiruchirappalli, Tamil
Nadu, for the past two years during wet season
(September-January) of 2006-07 and 2007-08.

a)
b)
c)

d)
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The soil is sandy clay loam in texture with pH
of 8.6, EC of 0.27 dSm-1 and ESP of 16.
Taxonomically the soils are classified as fine,
mixed, calcareous, isohypothermic, vertic
ustropepts. The experiment was laid out in
split plot design with three replications. The
main plot treatments were different
amendments viz., no amendment, gypsum @
50% GR and distillery spentwash (DSW) @
0.5 M litres ha-1 and subplot treatments were
different nutrient omission plots viz., no
fertilizer (-F), no nitrogen (PK), no phosphorus
(NK), no potassium (NP), NPK and N alone.
The experiment was continued during second
year in the same layout. The amendment
requirement of alkali soils viz., gypsum
through Schoonover6
and DSW were
calculated and applied at gypsum @ 50% GR
and DSW @ 0.5 M litres ha-1 one week and
one month before transplanting respectively
and leached with good quality canal water
before transplanting rice. The amendments
were applied for the first crop only. As per the
treatment schedule fertilizers were applied as
follows: N in four splits (basal, 21, 42 and 63
DAT), full dose of P as basal and K in two
splits (basal and 42 DAT). The ZnSO4 @ 40
kg ha-1 was applied after last puddling. The
rice cultivars BPT 5204 and TRY 1 were the
test crop in 2006-07 and 2007-08 respectively.
At harvest, grain and straw yields were
recorded in 5 m2 area and grain yield is
expressed at 14% moisture content. The grain
and straw samples were analysed for N, P and
K content3,5, and their uptake was computed.

The other nutrient use efficiencies were calculated as follows;
Total Factor Productivity (TFP)
= (Grain yield (kg)/ Total nutrients applied (NPK) (kg))
Partial Factors Productivity (PFP)
= kg grain per kg of nutrient applied
For N applied plot (PFPN) = Grain yield in N applied plot/ Fertilizer N applied
Agronomic Efficiency (AE)
= kg grain yield increase per kg of nutrient applied
For N applied plot (AEN) = (Grain yield in N applied plot – Grain yield in N0
plot) / fertilizer N applied
Recovery Efficiency (RE)
= kg nutrient taken per kg of nutrient applied
For N applied plot (REN)
= (Uptake of N in N applied plot - Uptake of N in N0 plot) /
Fertiliser N applied

Fertilizer N, P and K requirement were
computed for a yield target of 7.0 Mg ha-1. As
per the SSNM approach, the N requirement of
Copyright © Jan.-Feb., 2019; IJPAB

rice was computed as per Buresh et al.1, and
fertilizer P and K requirement were computed
as per Witt et al.7.
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Fertilizer N requirement =
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(Attainable yield  N limted yield)
x 1000
AE N

Where, AEN - Agronomic efficiency for nitrogen.

RESULTS AND DISCUSSION
Grain yield
The effect of different amendments and
nutrient omission technique on rice grain yield
during 2006-07 and 2007-08 is given in Table
1. In pooled analysis of two years data, there is
no significant difference in rice grain yield in
between the years. Among the different
amendments, distillery spentwash (DSW)
recorded the highest mean grain yield of 6.58
Mg ha-1 followed by gypsum @ 50% GR (5.94
Mg ha-1) which was on par with no
amendment. Hence in moderate alkali soils,
growing alkali tolerant rice cultivars viz., TRY
1 or Andhra ponni (BPT 5204) recorded
comparable yield with gypsum reclamation @
50% GR. But distillery spent wash due to the
addition of organic matter and potassium
recorded the highest grain yield. With regard
to the nutrient omission plots, in pooled
analysis, application of recommended dose
NPK (150:50:50 kg ha-1) (RDN) recorded rice
grain yield of 6.98 Mg ha-1, which was
significantly higher than the other nutrient
omission treatment. The NP applied plot (-K)
recorded next best higher yield, which was
statistically on par with NK, and N alone
applied plot. Based upon the two years data,
the average response for N, P and K was 1.73,
0.46 and 0.33 Mg ha-1 respectively between
RDN and respective omission plots. The N
alone applied treatment recorded comparable
yield with RDN during first year and
significantly lower yield in second year.
Nutrient efficiency
The effect of different amendments on
efficiency factors
viz., Total
factor
productivity (TFP), Partial factor productivity
(PFP) is given in fig 1. The TFP varied
between 27.1 to 28.6 and 27.4 to 29.1 kg grain
per kg of nutrient applied in I and II year
respectively. During I year, DSW reclamation
recorded higher TFP while gypsum @ 50%
GR recorded higher TFP during II year.
Similarly PFPN varied between 45.1 to 47.6
Copyright © Jan.-Feb., 2019; IJPAB

and 45.7 to 48.5 kg grain per kg of N applied
in I and II year respectively. Also partial factor
productivity for P and K varied between 135.6
to 142.8 and 137.2 to 145.4 kg grain per kg of
P and K applied during I and II year
respectively. In first year DSW application and
in second year gypsum application recorded
higher TFP and PFP.
The agronomic efficiency (AEN) and
recovery efficiency (RE) of N, P and K in both
years of experimentation is given in table 2. In
both years, AEN varied between 17.9 and 13.7;
17.1 and 17.5; 3.4 and 5.1 kg grain increase
per kg of N applied under no amendment,
gypsum and DSW reclaimed alkali soils
respectively. Based upon AEN values, it is
referred that DSW added lot of organic matter,
hence the response to applied N is less as
indicated by low AEN values. As summarized
by Buresh et al.1, AEN of about 20 to 25 and
18 to 20 kg grain increase per kg of N applied
was recorded in dry and wet seasons
respectively
under
good
management
conditions. But the low AEN values under
reclaimed alkali soils indicated the occurrence
of either biotic or abiotic stress which is to be
overcome to increase yield further for the
same level of nutrient management.
In both years, Agronomic efficiency
for P (AEP) and K (AEK) varied between 2.8 to
17.8 and 2.2 to 11.0 kg increase in grain yield
per kg of nutrient applied respectively. In both
years DSW application recorded the lower
AEP than gypsum and no amendment. In first
year, the AEK values were higher under no
amendment while gypsum application
recorded higher AEK in second year.
In first year, rice (BPT 5204) recorded
recovery efficiency of 0.32 to 0.51; 0.20 to
0.22 and 0.34 to 0.46 for N, P and K
respectively. In second year rice (TRY 1)
recorded recovery efficiency of 0.14 to 0.45;
0.09 to 0.34 and 0.06 to 0.30 of N, P and K
respectively. In DSW reclaimed soils, the
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recovery efficiency of P and K were lower
than gypsum reclaimed alkali soils.
Nutrient Uptake
The N, P and K uptake by rice under RDN in
differently amended alkali soils varied
between 118 to 181, 27 to 35, 143 to 301 kg
ha-1 respectively (Table 3). During first year of
reclamation of alkali soils, DSW recorded
significantly higher N uptake than gypsum or
no amendments while N uptake during II year
and P and K uptake during both the years were
not significant.
Nutrient requirement
The N, P and K requirement to produce one
tonne of rice grain varied between 17.3 to
25.5, 3.9 to 4.9 and 21.7 to 56.5 kg per tonne
of grain respectively (Table 3). In first year,
the DSW reclaimed alkali soils recorded
higher NPK requirement which might be due
to luxury consumption. Comparing the K
requirement of both the crops, the K
requirement of second crop (rice- TRY 1) was
less may be due to varietal influence and one
time application of DSW during first year
only. Compared to normal soils where NPK
requirement are 14.7, 2.6 and 14.5 kg t-1 of
grain8, the nutrient requirement of rice are
higher under reclaimed alkali soils.
Nutrient limiting yield
The N - limiting yield under no amendment
was 4.09 and 4.81 Mg ha-1during first and
second year respectively which increased
significantly during first year but on par with
gypsum reclamation during second year (Table
4). But DSW reclamation recorded N-limiting
yield of 6.79 and 6.33 Mg ha-1 during first and
second year respectively, which is 43 and 36
per cent higher than gypsum reclamation.
Hence DSW apart from reclamation of alkali
soils, increased the rice yield due to addition
of organic matter and potassium.
The DSW reclamation recorded
significantly higher P limiting yield of 6.7 Mg
ha-1 followed by no amendment (6.58 Mg ha-1)
and reclamation with gypsum (6.1 Mg ha-1). In
second year, the P- limiting yield ranged
between 6.27 to 6.76 Mg ha-1 and in both
years, K limiting yield varied between 6.45 to
6.73 Mg ha-1 which were not statistically
Copyright © Jan.-Feb., 2019; IJPAB
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significant among the different amendments
used.
Response to nutrient applied
The response for N, P and K in differently
amended alkali soil is given in fig 2. In both
years, the response for N varied between 2.05
to 2.69 and 2.25 to 2.62 Mg ha-1 under no
amendment and gypsum reclamation while the
response was 0.05 to 0.77 Mg ha-1 only under
DSW reclamation. During first year,
reclamation with gypsum recorded higher
response for P (0.89 Mg ha-1) while no
amendment recorded higher response for P
(0.59 Mg ha) in second year.
But the response to K varied between
0.11 to 0.32 and 0.38 to 0.55 Mg ha-1 in first
and second year respectively. In first year, no
amendment recorded the highest response to K
(0.32 Mg ha-1) while gypsum reclamation
recorded the highest response to K (0.55 Mg
ha-1) during second year.
Fertilizer N, P2O5 and K2O requirement
The fertilizer N, P2O5 and K2O requirement of
rice computed based on SSNM approach is
given in table 4. The N requirement of rice for
a yield target of 7.0 t ha-1 was 163 and 160 kg
ha-1 during first and second year respectively
under no amendment. As the soils are
moderately alkali, the N requirement was close
to recommended dose of 150 kg N ha-1. But
the fertilizer N requirement of gypsum
reclaimed alkali soil was 150 and 135 kg N ha1
during first and second year respectively. But
under DSW reclamation, the N requirement
could not be computed for first year as the
response for added N in terms of AEN is
negligible. But during second year the N
requirement for DSW reclaimed alkali soils
was 131 kg N ha-1.
For a yield target of 7.0 Mg ha-1, the P
requirement of rice varied between 30 to 35 kg
P2O5 ha-1. This P requirement was less than the
recommended dose of 50 kg P2O5 ha-1 for rice.
Hence it can be concluded that the P
requirement of alkali soils as per SSNM
approach is not dependant on amendment
used.
For a yield target of 7.0 Mg ha-1 the
fertilizer K requirement varied between 75 to
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90 kg K2O ha-1 in both years. In general,
reclamation with gypsum or DSW, reduced the
fertilizer K requirement of rice. But this
fertilizer K requirement is 50 per cent higher

than recommended dose of K (50 kg K2O
ha-1). The high K2O requirement in DSW
reclaimed soils need further study as the DSW
itself added lot of K to soils.

Table 1. Effect of different amendments and nutrient omission technique on rice grain yield (Mg ha -1)
Amendment/
Nutrient

No amendment

Gypsum

DSW

Mean

I

II

Pooled

I

II

Pooled

I

II

Pooled

I

II

Pooled

No fertilizer

4.14

4.68

4.41

3.99

3.96

3.98

6.76

5.18

5.97

4.96

4.61

4.78

PK

4.09

4.81

4.45

4.75

4.65

4.70

6.79

6.33

6.56

5.21

5.26

5.24

NK

6.58

6.27

6.43

6.10

6.76

6.43

6.70

6.69

6.70

6.46

6.57

6.52

NP

6.46

6.45

6.46

6.80

6.72

6.76

6.73

6.72

6.73

6.66

6.63

6.65

NPK

6.78

6.86

6.82

6.99

7.27

7.13

6.84

7.10

6.97

6.87

7.08

6.98

N alone

6.80

6.52

6.66

7.04

6.28

6.66

6.19

6.86

6.53

6.67

6.55

6.62

Mean

5.80

5.93

5.87

5.95

5.94

5.94

6.67

6.48

6.58

I

II

Pooled

M

T

MxT

M

T

MxT

M

T

MxT

SE.d

0.118

0.105

0.203

0.131

0.186

0.322

0.075

0.141

0.245

CD (P=0.05)

0.328

0.213

0.465

0.363

0.380

0.697

0.174

0.283

0.491

Table 2. Agronomic efficiency and recovery efficiency of rice in differently amended alkali soils

Amendment

No amendment
Gypsum @ 50% GR
DSW @ 0.5 M lit ha

-

Agronomic efficiency
(kg grain yield increase per kg of nutrient
applied)
AEN
AEP
AEK
I
II
I
II
I
II
17.9
13.7
3.8
11.7
6.4
8.2

Recovery efficiency
(kg nutrient uptake per kg of nutrient
applied)
REN
REP
REK
I
II
I
II
I
II
0.32
0.23
0.20
0.09
0.46
0.30

17.1

17.5

17.8

10.2

3.9

11.0

0.40

0.45

0.22

0.34

0.34

0.23

3.4

5.1

2.8

8.4

2.2

7.7

0.51

0.14

0.20

0.24

0.44

0.06

1

I- 2006-07; II- 2007-08
Table 3. Nutrient uptake under RDN and nutrient requirement by rice in differently amended alkali soils

No amendment
Gypsum @ 50% GR

Nutrient uptake (kg ha-1)
N
P
K
I
II
I
II
I
II
118
119
27
28
226
149
134
139
27
34
220
143

Nutrient requirement (kg t-1)
N
P
K
I
II
I
II
I
II
17.6
17.3
4.0
4.1
33.7
21.8
19.4
19.1
3.9
4.6
31.9
18.8

DSW @ 0.5 M lit ha-1

181

25.5

Amendment

131

35

33

301

171

SE.d

9.5

10

4.5

3.4

35.5

16.8

CD (P=0.05)

22.4

NS

NS

NS

NS

NS

18.4

4.9

4.7

56.5

21.7

I- 2006-07; II- 2007-08
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Table 4. Nutrient limiting yield and fertilizer N, P 2O5 and K2O requirement of rice
*
Nutrient limiting yield (Mg ha-1)
Fertilizer requirement (kg ha-1)
Amendment
N
P
K
N
P2O5
K2O
I
II
I
II
I
II
I
II
I
II
I
II
No amendment
4.09 4.81 6.58 6.27 6.45 6.45 163
160 30 35 90 90
Gypsum @ 50% GR
4.75 4.15 6.10 6.76 6.80 6.72 150
135 35 30 75 75
-1
DSW @ 0.5 M lit ha
6.79 6.33 6.70 6.69 6.73 6.72
NC
131 35 30 75 75
SE.d
0.20 0.32 0.20 0.32 0.20 0.32
CD (P=0.05)
0.47 0.70 0.47
NS
0.47
NS
*yield target 7.0 t ha-1; I- 2006-07; II- 2007-08; NC- Not computed due to low AEN

Fig. 1: Effect of different amendments on total factor productivity
and partial factor productivity of rice

Fig. 2: Response to N, P and K in differently amended alkali soils

CONCLUSIONS
In moderate alkali soils, alkali tolerant rice
cultvars themselves sustained higher rice
yields of 5.87 Mg ha-1. In the case of chemical
Copyright © Jan.-Feb., 2019; IJPAB

amendments, distillery spentwash performed
better than gypsum interms of higher grain
yield and high nutrient limiting yield. But the
DSW can be used as an amendment for alkali
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soils by following the recommended
technologies4, only. The fertilizer N
requirement of rice computed by using SSNM
approach is dependant on the amendment
used. In the first year after DSW application,
fertilizer N requirement of rice could not be
computed by using SSNM approach due to the
low response to added N but worked well in
the second year. The fertilizer P2O5 and K2O
requirement of rice computed using SSNM
approach were not dependant on the
amendment used.
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