International 1 Journal lof
Plant & Soil Science

. o International Journal of Plant & Soil Science

s Volume 35, Issue 12, Page 59-68, 2023; Article no.lJPSS.99729
P— ISSN: 2320-7035

Changes in Soil Nitrogen Availability as
Influenced by Direct Seeded Rice and
Transplanted Rice Ecosystem,
Nutritional Approaches and
Slow-release Nitrogen Sources

Ashna Susan Joseph **, M. V. Ravi #, K. Narayana Rao ™,

S. N. Bhat &, Y. M. Ramesh " and H. Sharanagouda

® Department of Soil Science and Agricultural Chemistry, University of Agricultural Sciences,
Raichur, Karnataka, India.

b Department of Agronomy, University of Agricultural Sciences, Raichur, Karnataka, India.

¢ Department of Processing and Food Engineering, University of Agricultural Sciences,
Raichur, Karnataka, India.

Authors’ contributions

This work was carried out in collaboration among all authors. All authors read and approved the final
manuscript.

Article Information
DOI: 10.9734/1JPSS/2023/v35i122967

Open Peer Review History:

This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers,
peer review comments, different versions of the manuscript, comments of the editors, etc are available here:
https://www.sdiarticle5.com/review-history/99729

Received: 25/02/2023
Accepted: 29/04/2023
Published: 10/05/2023

Original Research Article

** Ph.D Scholar;

# Professor;

T Professor and Head;

* Assistant Professor and Principal Scientist;

" Assistant Professor;

*Corresponding author: E-mail: ashnasj18@gmail.com;

Int. J. Plant Soil Sci., vol. 35, no. 12, pp. 59-68, 2023



Joseph et al.; Int. J. Plant Soil Sci., vol. 35, no. 12, pp. 59-68, 2023; Article no. IJPSS.99729

ABSTRACT

An experiment was conducted on nutrient management approaches using RDF, SSNM, STCR and
nutrient expert under different rice ecosystem using slow release nitrogen sources viz., neem
coated urea and urea supergranules. The initial and final soil N content was analyzed at active
tillering, panicle initiation, milking stages and at harvest of direct seeded and transplanted rice. The
three-way interaction (M x N x S) proved that a significantly higher value of available N content in
soil was noticed in SSNM (6 t ha'l) treated plot with neem coated urea in transplanted rice (M;N3S,)
at active tillering stage (245.96 kg ha'l) and at harvest (213.46 kg ha'l), respectively, while
application of NCU through SSNM approach (7 t ha'l) in direct seeded rice (M;N,S,) obtained
maximum available N content at panicle initiation stage (229.18 kg ha'l) and application of NCU
through STCR approach for the yield target of 7 t ha™ in direct seeded rice (M;N,S,) at milking

stage (218.15 kg ha™).

Keywords: Direct seeded rice; transplanted rice; SSNM; neem coated urea.

1. INTRODUCTION

Nitrogen is a major nutrient for plant growth and
is supplied to plants from different sources, but
the main problem of low N availability is due to
the losses of N in flooded and aerobic rice. “The
alternate moist-dry soil conditions may stimulate
the nitrification-denitrification process, resulting in
a loss of N through N, and N,O. A method for
reducing N fertilizer loss is the application of
nitrification inhibitors to slow the conversion of
NH,*-N in soil and to prolong the N availability for
crop uptake” [1,2].

“The use of slow release N-fertilizers such as
neem coated urea and urea supergranules in rice
has been reported to be a better option than
ordinary urea in almost all types of soils” [3]. “The
physical intromission of urea granules in an
appropriate coating material is one such
technique that produces controlled-release
coated urea. The development of controlled-
release coated urea is a green technology that
reduces nitrogen loss caused by volatilization
and leaching alters the kinetics of N release,
which, in turn, provides nutrients to plants at a
pace that is more compatible with their metabolic
needs. Nitrification inhibiting properties of neem
and its role in increasing NUE in rice” was first
reported by Bains et al. [4]. Devakumar and
Goswami [5] reported that “oil derived from neem
seeds contain melicians of which epinimbin,
deacetyl, salanin and azadirachtin showed dose
dependent inhibition of nitrification”. According to
Singh and Singh [6] “oil forms a fine coating and
protects the N due to denitrification losses and
thereby ensuring regulated and continuous
availability of N over a long period of time, as
required by crops. The chemistry of N in direct
seeded rice (DSR) and transplanted rice (TPR)
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soil is a subject of unusual scientific interest and
great practical utility. The behaviour of N in
flooded lowland soils differs remarkably from that
in upland soils”.

The SSNM, STCR and nutrient expert
approaches along with different sources of
nitrogen viz., urea super granules and neem
coated urea provide principle and tools for
supplying crop nutrients as and when needed to
achieve higher vyield. These approaches not
specifically aim to reduce or increase fertilizer
use. Instead, they aim to apply nutrients at
optimal rates and time to achieve higher yield
and efficiency of nutrient use by the crop, leading
to more net returns per unit of fertilizer invested.
The appropriate timing and rate of fertilizer
application help to increase higher yield and
fertilizer use efficiency under TPR and DSR. In
the view of above, the present investigation is
carried out to enhance the soil N availability with
varying nutrient management approaches and
reduce the loss of N by using slow-release N
sources.

2. MATERIALS AND METHODS

2.1 Selection of Field’s Soil Samples for
Pot Culture Experiment

To investigate the effect of nutrient management
using different techniques and N sources in
transplanted and direct seeded rice, a field
experiment was carried out during the Kkharif
seasons of 2018-19 and 2019-20 at Agriculture
Research Station, Dhadesugur, Raichur. The rice
variety Gangavathi sona (GGV 05 01) released
from the University of Agricultural Sciences,
Raichur, Karnataka was used a test crop. The
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experiment was laid out using Split-Split Plot
Design.

Main plot: Ecosystem (M)

M;: Direct Seeded Rice (DSR),
M, : Transplanted rice (TPR)

Sub plot: Nutritional approaches (N)

No :RDF

N; : Fertilizer based on STCR for yield target
of 6tha™

N, : Fertilizer based on STCR for yield target
of 7tha™

Ns; : Fertilizer based on SSNM for yield target
of 6tha”

N4 : Fertilizer based on SSNM for yield target
of 7tha™

Ns : Fertilizer based on NE for yield target of
6tha™

Ne : Fertilizer based on NE for yield target of
7 tha™

Sub-sub plot : Nitrogen sources (S)

S; : Urea super granules, S, : Neem coated urea

“The absolute control for DSR and TPR was
maintained  outside the treatment plot.
Application of FYM @ 7 t ha™ and ZnSO, @ 25
kg ha™ + foliar spray of FeSO, @ 0.5 per cent
are common to all treatments except absolute
control in rice. The fertilizers are applied to rice
based on the RDF, STCR, SSNM and NE
approach for different vyield targets. The
recommended dose of fertilizer for DSR and TPR
in the North Eastern Dry Zone (Zone-2) is 100:
50: 50 and 150: 75: 75 kg N: P,Os: K,O ha™,
respectively” (Package of practice, UAS,
Raichur, 2016). As per RDF, 50 per cent N and
full dose of P and K were applied as basal and
remaining 50 per cent N in two equal splits were
applied at 30 DAT or 60 DAS (Tillering stage)
and 60 DAT or 90 DAS (Panicle initiation stage)
for TPR and DSR.

The calculated fertilizer dose for direct seeded
rice and transplanted rice for the yield target of
6.0 t ha™ based on STCR approach was (168.02:
12.50: 75.88:: N, P,Os, K,0 kg ha™) and 7 t ha™
Wa§ (202.52: 12.50: 95.88:: N, P,0s5, K,O kg
ha™).

As per SSNM, calculated fertilizer dose
recommended for direct seeded rice for 6.0 t ha™
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is: 133.13: 29.05: 70.34: N, P,Os, K,O kg ha™
and for 7.0 t ha™ is 155.32: 33.89: 82.07: N,
P,Os, K,0 kg ha™. The calculated fertilizer dose
for transplanted rice for 6.0 t ha' is: 169.87:
25.57: 108.32: N, P,0s, K,0 kg ha™ and for 7.0 t
ha‘i is 198.19: 29.83: 126.37: N, P,0s, K,0 kg
ha™.

As per NE software fertilizer recommendation for
the experimental site was as follows:

» For the yield target of 6 t ha™ the N: P: K
dose for DSR were 118: 28: 38 kg ha™.
For the vield target of 7 t ha™ the N: P: K
dose for DSR were 125: 35: 41 kg ha™.
For the vield target of 6 t ha™ the N: P: K
dose for TPR were 141: 34: 55 kg ha™.
For the vield target of 7 t ha™ the N: P: K
dose for TPR were 150: 38: 61 kg ha™.

>
>
>

The initial available N was low (134.40 kg ha™) in
soil. The soil analytical data obtained in the study
were subjected to statistical scrutiny, by following
the procedures outlined by Gomez and Gomez
[7], to derive a valid conclusion. The level of
significance used in ‘F’ and ‘t' tests was p =
0.05. Critical difference values were calculated,
wherever ‘F° test was found significant.
Results have been interpreted and discussed
based on the pooled data of two years (2018 and
2019).

3. RESULTS AND DISCUSSION
3.1 Available Nitrogen

The available nitrogen content in the soil had
been monitored at important physiological stages
and is presented in Table 1. It was seen that the
available N content decreased with the
advancement of crop growth.

A perusal of the data indicated that soils of DSR
contained higher amount of available N.
Significantly higher available N content in the soil
(208.98, 197.49 and 190.51 kg ha™ at PI, MS
and at harvest, respectively) was noticed in DSR
soils (M;) except at active tillering stage, while
minimum (197.76, 185.37 and 176.17 kg ha™ at
active tillering, Pl and MS, respectively) was in
TPR (M,). At active tillering stage, maximum
available N content was observed in TPR soils
(209.56 kg ha™) and lowest in DSR plot (194.85
kg ha™).
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Table 1. Effect of ecosystem, nutritional approaches and nitrogen sources on available nitrogen (kg ha™) at various stages of rice during kharif
season of 2018-19 and 2019-20 (pooled data)

AT Pl MS H Active tillering (AT) Panicle initiation (PI) Milking stage (MS) Harvest (H)
Ecosystem (M)
M, 194.85° 208.98% 197.49° 190.51°
M, 209.56*° 197.76" 185.37° 176.17°
S.Em+ 2.171 1.803 1.703 1.620
C.D(0.05 13.211 10.970 10.364 9.857 Ecosystem x Nutritional approaches (M x N)
Nutritional approaches (N) Mx N M; M, N mean M, M, Nmean M, M, N mean M; M, N mean
No 192.07" 186.25" 175.96° 174.09 No 179.28" 204.86"7 192.077 187.17" 185.33" 186.25" 182.64° 169.28" 175.96° 185.57°° 162.62° 174.09
N, 202.51*° 202.45" 189.90° 182.27 N; 200.88"¢ 204.14"° 202.51*° 209.04*° 195.87°" 202.45°° 191.81"™° 187.99° 189.90° 188.31*° 176.23 182.27
N2 206.51* 208.78% 196.22*° 185.98 N2 207.07*" 205.94*% 206.51°° 217.79%° 199.77°" 208.78% 206.41° 186.04° 196.22°° 194.28° 177.68™ 185.98
N3 211.21* 212.74* 201.76% 195.17 Na 201.16"° 221.27* 211.21° 215.49™ 209.99%° 212.74% 202.27® 201.26* 201.76% 195.63* 194.70° 195.17
Na 206.68%° 212.90° 197.08"° 186.64 N N, 198.04°° 215.32% 206.68% 218.48% 207.31*° 212.90° 207.57° 186.59° 197.08"° 195.59° 177.68% 186.64
Ns 195.36* 197.26° 185.51" 176.67 Ns 185.67 205.06%" 195.36° 206.18"° 188.35™ 197.26° 190.08™ 180.94® 185.51" 181.69"¢ 171.65% 176.67
Ne 201.12" 203.21° 193.59 182.57 Ne 191.88*" 210.36%° 201.12°° 208.74*° 197.67*% 203.21° 201.68%™ 185.50° 193.59°° 192.50° 172.64™ 182.57
S.Em+ 2.984 1.779 2.401 2.295 M mean 194.85° 209.56 208.98* 197.76° 197.49° 185.37" 190.51* 176.17°
C.D (0.05) 8.709 5.194 7.009 NS S.Em+ C.D (0.05) S.Em+ C.D (0.05) S.Em+ C.D (0.05) S.Em+ C.D (0.05)
Nitrogen sources (S) 1.398 4.049 1.527 4.424 1.267 3.669 1.320 3.824
S 185.57° 193.05° 183.34° 176.71° NxS Nutritional approaches x Nitrogen sources (N x S)
S, 218.84° 213.69% 199.53* 189.97° N S S, Nmean S; S, Nmean S; S, Nmean S; S, N mean
S.Em+ 1.294 1.414 1.173 1.222 No 171.33 212.81 192.07° 167.74" 204.75°° 186.25" 160.83% 191.09° 175.96° 165.74' 182.45°° 174.09
C.D (0.05) 3.749 4.096 3.397 3.540 N, 188.52 216.50 202.51*° 196.98°¢ 207.93" 202.45°° 187.22% 192.59° 189.90°° 179.60% 184.94"° 182.27
N, 189.90 223.11 206.51% 199.20"" 218.36™ 208.78% 187.41°° 205.04® 196.22*° 180.73" 191.23 185.98
N3 191.85 230.58 211.21* 203.24°" 22225° 212.74* 191.78° 211.74® 201.76% 181.84°° 208.49*° 195.17
Ny 19157 221.80 206.68%° 200.47*" 225.32% 212.90* 190.24° 203.92® 197.08"° 180.87% 192.41° 186.64
Ns 179.28 211.45 195.36°° 188.799 205.74°° 197.26° 180.03° 191.00° 185.51" 173.48" 179.86™ 176.67
Ns 186.58 215.65 201.12°° 194.97°% 211.44* 203.21° 185.87°° 201.30™ 193.59°° 174.70° 190.43" 182.57
Smean 185.57° 218.84° 193.05° 213.69° 183.34° 199.53% 176.71° 189.97°
S.Em+ C.D (0.05) S.Em+ C.D (0.05) S.Em+ C.D (0.05) S.Em+ C.D (0.05)
1.398 NS 1.527 4.424 1.267 3.669 1.320 3.824
S MxS Ecosystem x Nitrogen sources (M x S)
M, M, Smean M; M, Smean M; M, Smean M; M, S mean
S: 176.31° 194.84° 185.57° 199.49 186.62 193.05° 191.14° 175.53° 183.34° 186.19° 167.23° 176.71°
S, 213.40° 224.29° 218.84° 218.48 208.89 213.69*° 203.84®° 195.21* 199.53" 194.83* 185.12° 189.97°
M mean 194.85° 209.56% 208.98* 197.76° 197.49° 185.37" 190.51* 176.17°
S.Em+ C.D (0.05) S.Em+ C.D (0.05) S.Em+ C.D (0.05) S.Em+ C.D (0.05)
0.399 1.157 0.436 NS 0.362 1.048 0.377 1.093
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Table 1. Continued...

MxNxS Ecosystem x Nutritional approaches x Nitrogen sources (M x N x S)
Active tillering (AT) Panicle initiation (PI) Milking stage (MS) Harvest (H)
M; M, NxS M, M, NxS M, M, NxS M; M, NxS
No S, 156.39°¢9  186.28' 171.33 162.43" 173.05™ 167.74 169.48"™ 152.19 160.83 183.29°"  148.18F 165.74
S, 202.18%"  223.45% 212.81  211.91°9  197.60™ 204.75  195.81° 186.37%9 191.09  187.84"" 177.06™ 182.45
N, S: 184.20°9  192.83% 188.52  203.71" 190.24%* 196.98  194.43% 180.00" 187.22  186.03°¢  173.17™ 179.60
S, 217.56°°  215.45°¢ 216,50  214.37"%  201.50% 207.93  189.19"9  195.99™ 19259  190.59°°  179.29°" 184.94
N, S: 184.35"" 195.46% 189.90  208.02°"  190.39* 199.20  194.67% 180.15" 187.41  187.44" 174.02% 180.73
S, 229.80*°  216.43°%¢ 22311  227.56° 209.16"" 218.36  218.15° 191.93%9 205.04  201.11°%  181.35°" 191.23
N3 S: 187.11* 196.58™ 191.85  214.16™°  192.32" 203.24  195.81° 187.75%¢ 191.78  187.74"" 175.95" 181.84
S, 215.20% 245.96° 230.58  216.83*°  227.66° 22225  208.72*°  214.76% 211.74  203.52% 213.46% 208.49
Na S: 183.35"" 199.79%" 191.57  207.78°"  193.16" 200.47  198.56"  181.92°" 190.24  187.57" 174.17% 180.87
S, 212.74% 230.86°¢ 221.80  229.18% 221.47% 225.32  216.59° 191.25%¢ 203.92  203.62*°  181.19°" 192.41
Ns S: 167.01°¢  191.56' 179.28  199.76% 177.82¢ 188.79  192.48" 167.58' 180.03  185.36°"  161.60’ 173.48
S, 204.33°¢  218.56°¢ 21145  212.60°"  198.88™ 205.74  187.69"%  194.31% 191.00  178.02°"  181.71°" 179.86
Ne S 171.78°¢  201.38" 186.58  200.55" 189.39% 19497  192.60"" 179.15% 185.87  185.91°"  163.50" 174.70
S, 211.98"¢  219.33%¢ 21565  216.93*°  205.95°" 211.44  210.75% 191.86%¢ 201.30  199.09"¢  181.78°" 190.43
M mean 194.85° 209.56% 208.98% 197.76° 197.49% 185.37° 190.51* 176.17°
Control 154.01 154.39 153.93 153.55 139.98 143.69 133.01 130.37
S.Em+ C.D (0.05) S.Em+ C.D (0.05) S.Em+ C.D (0.05) S.Em+ C.D (0.05)
MxNxS 2.796 8.098 3.054 8.848 2.533 7.338 2.640 7.648
Control Vs Rest M, 5.425 15.715 3.437 9.957 5.624 16.293 3.804 11.018
M, 4.993 14.464 5.265 15.251 2.944 8.529 5.017 14.534
Note :
NS : Non significant
Main plot : Ecosystem (M) M; . Direct seeded rice M, : Transplanted rice
Sub plot : Nutritional approaches (N) No : RDF N: : STCRof6tha™ N, : STCRof7tha® Ns : SSNMof6tha™
N, : SSNMof7tha® Ns : NEof6tha® Ns : NEof7tha®
Sub-sub plot . Nitrogen sources (S) S; . Urea super granules S, . Neem coated urea
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The soil remains unaltered due to nutritional
approach (N) at harvest among the different
nutritional approaches (N). Available N content in
the soil of 211.21 and 201.76 kg ha™ was
recorded with the fertilizer application based on
SSNM for vield target of 6 t ha™ (N3) at active
tillering stage and milking stage, while at
Pl stage (21290 kg ha”), it was
comparable and significantly  higher in
nutritional approach based on SSNM for the yield
target of 7 t ha* (N4). Application of fertilizer
based on STCR for the yield target of 7 t ha™
(No) had shown similar trend. The minimum
available N content was recorded in
the RDF (No) applied plots (192.07, 186.25 and
175.96 kg ha™ at PI, MS and at harvest,
respectively).

Among the N sources, highest soil available N
content (218.84, 213.69, 199.53 and 189.97 kg
ha™ at active tillering, Pl, MS and at harvest,
respectively) recorded with the application of
NCU (S,), followed by USG treated plots (312
with 185.57, 193.05, 183.34 and 176.71 kg ha
at active tillering, PlI, MS and at harvest,
respectively. However, marginal difference was
noticed in the soil available N content with the
application of NCU and USG at different stages
of crop growth.

The interaction of ecosystem with nutritional
approaches (M x N) was significantly differ at all
stages of crop growth. The maximum available N
in soil was recorded with the fertilizer application
based on SSNM for the yield target of 6 t ha™ in
TPR soils (M2N3) at active tillering stage (221.27
kg ha'l), through SSNM for the vyield target of 7 t
ha™ in DSR (M;N,) at Pl stage (218.48 kg ha™)
and milking stage (207.57 kg ha‘l), while at
harvest, fertilizer application based on SSNM for
the yield target of 6 t ha™ in DSR (M1N5) obtained
higher available N (195.63 kg ha™) in soil,
respectively. Though, minimum available N
(179.28 kg ha™) was noticed in DSR plot which
received nutrients based on RDF approach
(M;Np) at active tillering stage, while at the PI
stage (185.33 kg ha™), milking stage (169.28 kg
ha™) and at harvest (162.62 kg ha‘l), it was in
TPR plot which received nutrients based on RDF
(MzNo).

The interaction of nutritional approaches with
sources of urea (N x S) had revealed significant
variations except at active tillering stage. The
soils which contained NCU applied based on
SSNM approach for the yield target of 7 t ha™
(N4Sy) resulted in significantly higher available N

64

of 225.32 kg ha™ at PI stage and 203.92 kg ha™
at milking stage, respectively, whereas at harvest
(208.49 kg ha™), application of NCU through
SSNM approach for the yield target of 6 t ha™
(N3S,) recorded higher available N content. The
plot applied with USG through RDF (NyS;) had
resulted in minimum available N content in soll
(167.74, 160.83 and 165.74 kg ha™ at PI, MS and
at harvest, respectively).

The available N content remains unaltered due to
the interaction of ecosystem with N sources (M x
S) at PI stage. The results had further revealed
that application of N as NCU in TPR (M,S,)
registered significantly higher value of available
N (224.29 kg ha'l) at active tillering stage and in
DSR (M;S,) at milking stage (203.84 kg ha™*) and
at harvest (194.83 kg ha'l). However, in the
DSR, USG treated plots (M;S;) had resulted in
minimum available N (176.31 kg ha™) at active
tillering stage and in TPR (M,S;) at milking stage
(175.53 kg ha™) and at harvest (167.23 kg ha™),
respectively.

The three way interaction (M x N x S) had proved
that significantly higher value of available N
content in soil was noticed in SSNM (6 t ha‘l)
treated plot with NCU in TPR (M,N3S,) at active
tillering stage $245'96 kg ha'l) and at harvest
(213.46 kg ha™), respectively, while application
of NCU through SSNM approach (7 t ha™) in
DSR (M;N4S,) obtained maximum available N
content at Pl stage (229.18 kg ha™) and
application of NCU through STCR approach for
the yield target of 7 t ha™ in DSR (M:N,S,) at
milking stage (218.15 kg ha™). Furthermore, the
minimum soil available N content was observed
in DSR plot applied with USG based on RDF
(M1NyS,) at active tillering stage (156.39 kg ha'l)
and PI stage (162.43 kg ha'l), whereas in TPR
(M,NyS,) at milking stage (152.19 kg ha'l) and at
harvest (148.18 kg ha™), respectively. However,
marginal difference was noticed between DSR
and TPR soils.

Among all treatment combinations  with
nutritional approaches for different yield targets
applied with slow release N sources, the
available N content in soil were found superior
than control plots of DSR (154.01, 153.93,
139.48 and 133.01 kg ha™ respectively) and TPR
(154.39, 153.55, 143.69 and 130.37 kg ha™,
respectively) during different stages of crop
growth.

“Soil N availability and N transformations are
greatly affected by soil saturation. Water
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management in DSR differed from TPR,
particularly within 2 weeks after sowing (or
transplanting), thus the changes in soil saturation
associated with the anaerobic or aerobic system
may result in altered plant N uptake patterns and
soil N transformation, along with influence on
migration and transformation of N fertilizer in soil”

[8].

“Anaerobic conditions in wet soils result in the
accumulation of ammonium, and instability of
nitrate in soil. Mineralization of N can occur in
either aerobic or anaerobic conditions. But this
process is slower under anaerobic conditions
due to less efficient and incomplete
decomposition which lowers the availability of N
during the initial stages of crop growth” [9].
“Because of the lack of oxygen, the oxidation of
organic matter and the release of NH,"  from
organic N in submerged paddy soils and
sediments depend on the availability of other
electron acceptors such as ferric iron and
sulphate” [10].

“When soil is subjected to aerobic-anaerobic
cycles, nitrate concentrations tend to increase
during aerobic periods but then rapidly decrease
when fields are flooded, with soil nitrate
presumably lost due to denitrification and
decrease the N availability in soil” [11,12]. “In
upland DSR cultivation, the soil is subjected to
alternate flooding and drainage; nitrates formed
during conditions of oxidation are lost, whereas
on submergence because of denitrification. Thus
the response of DSR to N was less than that of
TPR because of higher losses of applied N from
DSR fields” [13]. The higher available N than
initial values in transplanting method of rice field
was due to the restricted water movement to
lower depth of profile which helped in
minimizing the leaching losses and an indirect
increase in the availability of nutrients by
puddling is due to a reduction in cation leaching.
Similar results were reported by Saharawat et al.
[14].

“Flooding and drying treatments seem to retard
nitrification of soil N but conserve that of fertilizer
NH," applied which increase the availability of N
in DSR fields (M,). It is also known that wetting
and drying of soils stimulate decomposition of
organic matter due to what is called the 'Birch
effect’ and this results in flush of inorganic N after
each cycle of drying and wetting” [15]. The
repeated wetting and drying of the soil breaks
down water soluble aggregates and exposes
new sections of substrate and soil to microbial
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attack. Drying partially sterilizes the soil,
releasing N compounds from the dead biomass.
Drying also converts organic N compounds to
more soluble forms that are readily utilized by the
remaining soil microbes. The net release of
inorganic N to the solution phase was highest in
anaerobic (TPR) and least in aerobic systems
(DSR) which reduces available N content under
DSR.

Reddy and Patrick [16] reported that “more
frequency of alternate wetting and drying (2 days
interval) of soil causes higher N loss (24.3 %) as
compared to less frequency of alternated wetting
and drying (64 days interval, 12.9 % loss) due to
nitrification-denitrification which is the main
feature of DSR”. There was comparatively lesser
leaching of NOs-N under continuous flooding,
when compared to intermittent flooding, which
facilitates the oxidation of NH," into NOjg, thus
reduces the availability of N under DSR applied
with USG based on RDF (M;NgS;) at active
tillering and panicle initiation stage indicated in
this study. Alternate wetting and drying can lead
to high N losses due to alternate nitrification
(under dry conditions). Many studies indicated
that DSR requires very little or no supply of N
fertilizer during first 3 to 4 weeks. Much of the N
fertilizer applied as basal dose is not utilized by
the crop and lost from the root zone. This is
reason because the DSR indicated low available
N content at active tillering stage. “Therefore, to
obtain high efficiency of N fertilizer, the major
part of total N needs to be applied at the stage of
3 to 4 weeks after germination and rest at PI
stage” [17]. Mahajan and Chauhan [18]
mentioned that “N requirement of DSR at
different growth stages can be met by increasing
the number of splits and doses of N”.

“Available N in the soil increased up to panicle
initiation stage and then started declining as the
growth advanced. This might be due to increase
in the uptake of N by the rice crop. Application of
N in three equal splits recorded higher amount of
available N at all the stages of crop growth. This
is because of fractional application and
associated reduced leaching, volatilization and
denitrification. The application of fertilizer N
immediately before permanent flooding reduces
NH; loss during production of dry-seeded rice on
non-puddled soils and increases availability of N”
[19].

General recommendations for NPK fertilizers
(No) in puddled rice are similar to those in DSR,
except that soil test based N application is
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applicable in DSR to compensate for the higher
losses and lower availability of N from soil
mineralization at the early stage as well as the
longer duration of the crop in the main field of
DSR. There was overall decreased in available N
status of soil than initial but it was marginally
increased in treatments which received NPK as
per soil test. During kharif season, the soil
available N recorded higher in SSNM method for
the yield target of 6 and 7 t ha (N34) than the
STCR approach for the yield target of 6 and 7 t
ha™ (N1.2), NE approach for the yield target of 6
and 7 t ha (Ns.), RDF (No) and absolute control.
This could be due to high dose of N applied to
soil and lower amount was taken up by paddy.
The findings are in line with Singh et al. [20],
Paradkar et al. [21] and Raghavendra [22].
Application of potassic fertilizers based on soil
test had significant effect on N availability
in soil. This suggests that appropriate K
supply not only increases NOj; absorption in
roots, but also promotes the transport from roots
to shoots.

Neem coated urea (S,) could be attributed to the
slow nitrification of applied urea and reduction in
N losses caused by hydrolysis and denitrification
resulting in gradual release of available N and
also its greater availability to the crop. The
results observed in this investigation are in
consonance with the findings of Mani and
Palaniappan [23]. Neem coated urea maintained
high available N in soil at all the stages. Neem
coated urea deactivate the ammonia mono
oxygenize enzyme responsible for the oxidation
of NH,"-N to nitrite form. Neem coated urea help
to retain soil N in the ammoniacal form for a
longer time and therefore provide more
availability of N for its uptake by rice plants.
Moreover, due to the remarkable degree of
nitrification inhibition by the alkaloid nimbidin
present in the NCU reduced the N losses
associated with the rice soil ecology and
resulted in the absorption of N by rice for a
longer period [24]. Neem cake has an adequate
quantity of NPK in organic form for plant growth.
Being a totally botanical product it contains
essential macro and micro nutrients as N (2-5%),
P (0.5-1.0%), K (1-2%), Ca (0.5-3.0%), Mg (0.3-
1.0%), S (0.2-3.0%), Zn (15-60 ppm), Cu (4-20
ppm), Fe (500-1200 ppm), Mn (20-60 ppm). It is
rich in both sulphur compounds and bitter
limonoids.

Initially NCU released N slowly up to a week
thereafter rapid release was noticed, whereas in
case of USG most of N was release within 20
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days after application. In case of urea in soil,
solubilise within 7 to 10 days after its application.
These finding are in close conformity with those
of Gandeza et al. [25] and Zvomuya et al. [26].
“Dissolution of nutrient in coating depends on
coating thickness, size of urea particles and
permeability of water into the coating” [27].
Similarly, USG have been reported to be more
efficient than prilled urea for TPR. Neem coated
urea contains melicians (generally known as
neem bitters) of which epinimbin, diacetyl and
azadirachtin are the main fractions, which are
responsible for nitrification inhibition action,
thereby increases the N availability.

4. CONCLUSION

The adoption of irrigation methods under direct
seeded rice and transplanted rice recorded
maximum available N in soil with the application
of neem coated urea based on SSNM approach
for the yield target of 6 and 7 t ha™. This may be
due to that neem coated urea could be attributed
to the slow nitrification of applied urea and
reduction in N losses caused by hydrolysis and
denitrification resulting in gradual release of
available N and also its greater availability to the
crop.
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