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Titlas  Theée fate of applied organic and inorganic N in fleoded riece soil

in relation to nitrate pollution under tropical conditions

(Part of a co-ordinated programme on agricultural N residues with

particular reference to their conservation as fertilizers and.

behaviour as potential pollutants)

Research contract No:- 1438/R3/GS

Locationi~ All-India Coordinated Rice Improvement Préject, Hyderabad,
Principal Investigator:- Dr, J.E, Shinde, Senior Soil Scientist
Background:- The Project was awarded in October 1973 and located at
Central Rice Research Institute, Although the project
envisaged studies on the logs of fertilizer N through
leaching and consequent nitrate pollution, i} was recognized : e
by IAEA that the developing countries would be mainly interssted

in most efficient utilization and conservation of fertilizer

N (working paper No,5, Ist FAO/IAEA/GSF researgh coordination
meeting, Vienna, March 1975). |

In 1975, the above project became a part of an enlarged and
long-ranged programme on N residues which would continue upto

1980 (vide Annex-IT, status of programme as at 1-3-1975,

working paper No.5, Ist FAQ/TARA/GSF research coordination

meeting, Vienna, March 1975).
The project was transferred to All1-India Coordinated Rice
Improvement Project, Hyderabad s in December 1975,

Work done:  In accordance with the aim of the projeet and the above

background the following projects were accomplished:

1
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Development and testing of teBhniques for assessment of leaching and
volatilization losses of fertiligzer N under field conditions ( A paper

on this aspect was presented at the International Symposium on Muclear
techniques held at Muclear Research Laboratories, New D-lhi in February'77).
Use of non-edible oil cakes and their extracts for efficient use of
fertilizer N by flooded rice crop,

Development of indigenous slow-release N sources for flooded rice from
agricultural wastes and their evaluation under field conditions (A paper
on this aspect is enclosed),

The trénsformation and turnover of Nl5— labelled rice straw and farm yard
manure under field conditions of flooded rice culture (details enclosed
in the form of a Ph.D, synopsis of Mr, A} Krishnappa).

The transformation of an initial N15— pulse added with and without

neem cake, over three crop seasons and two inter-crop wel or dry fallows,
The losses of fertilizer N through leaching, Clay-fixation, irreversible
immobilization and volatilization were contimuously monbtored, (details

enclosed in the form of Ph;D. synopsis of M+, AM, Krishnappa).

Work in progress: A long-term field experiment, extending upto

1980, on "The transformatioh of NlS— urea in rice-wheat cropping system

with reference to N balance" is at present continuing.

Additional information: The data obtained under the TAEA project had been

compiled into two Ph,D, theseés and submitted to the Orissa University

of Agriculture and Technology, Bhubaneswar, Orissa., One more Ph.D,

}77y77y(kdﬁ~
< 2\=-2-778

(J. B, Shinde)
Principal Investigator.

. thesis is under preparation,



1. #Long-term field experiments to follow the fate of an initial
N-15 pulse in flooded rice soils.

Layout:
Plot size:

Treatments:

Split plot
( ag
(b

1. Control, No N (Nu) :
2. Basal application of 100 kg N/ha (lb‘)

3, Neem cake (residue of Azgd;racrhtg d%ca
seeds after extraction of oil) 250 kg/ha

+ basal application of 100 kg N/ha (N)

0.07 sq.m.

N-15 plots:
18.75 sq.m.

Yield plots:

18
No - - N N™" pulse
O 1 2 100 kg N/ha
|
!
S
18 plots 18 plots
Dry fallow Wet fallow
{
= = 1.oF !
Unlabelled No N Unlabelled No N
urea urea
Dry fallow Wet fallow
|
' '
!
b ' S I
Unlabelled No N Unlabelled No N
urea urea

1st crop - wet season
July - October, 1976
Tr. x Rep. = Total plots
5 % 38 36

nn

1st fallow: 60 days
October - December, 1976
Tr. x Rep. Total plots

IInd crop - Dry season
February - May, 1977
Tr. x Rep. = Total plot
18 x D = 36 j

II Fallow = May - June,197
Tr. x Rep. = Total
e S MR

{ IIT Crop - Wet season
| July - October, 1977
i Tr. x Rep. = Total
L3 -x -8 = 3%
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crop the soil will be allowed
then rewetted for planting

the soil will noi be allowed
jrrigation (about 2 cm of flood

Dry fallow = After harvest of the

to dry naturally and

the succeeding crop.
wet fallow = After harvest nf the crop

to dry by continuing

water over the soil surface) .
Observations:-

(a) Hydrological paransters

-

Irrigation water

de
2. Precipitation
3. Evapotranspiration
4. Percolation
(b) hitrogen parameters
1. N io irrigetion water
2. N in rain
3., N in leachate
4, N in ground water
5. N in harvested crop
6. N in volatilizaticn loss
7. Total soil N (X jeldahl)
8. Mineral N
9. Non-exchangeable-N
10, Fractionation of organic N

Destructive soil sampling layer by layer
end of the experiment. Soil sasmples after each
be drewn using the Nylon bags.

will be done at the
harvest or fallow will
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The transformgtion of le-urea in rice - wheat cropping system
with reference to N balance. (The standard or the 'Zemun' experiment).

_Experimental plan

Season Year A : B G

et 1977  Rice*  Eoitew Biceh  Beiter - HSME P
Dry 1977  Wheat Wheat#* Wheat® Wheat*  Wheat™ Wheat*
et 1976 D Rice Rice® Rice™ Rice® Rice™
Dry 1978 D Wheat™ Wheat®  Wheat™ Wheat™
Wet 1979 D Rice®™ = . Rice® Rice™
Dry 1979 D Wheat™ Wheat®
Wet 1980 D Rice™
Dry 1980 D

15

¥ Application of N~ -ures

x application of unlabelied urea

Group 4 = 815 ures of 5% atom excess
Group B and C = le- urea of 10% atom excess
D = Destructive soil sampling

Rice will be grown under flooded condition (5 cm depth) and wheat
at approximately field capacity moisture.

Group A will have 8 replications and B and C 4 each.

The treatments would be
NO = NoN
N1 = 80 kg N/ha in 3 splits for rice and 2 splits for wheat.
Plot size
15 : =

(a) N"- microplot = 0.25 sq.m.

(b) Yield plot = 13.75 sq.m.
Observations:-

1. Recovery of fertilizer N in the crop

2. Loss of N through leaching
3. Loss of N through volatilization and denitrification

4., Fertilizer N in ground water
5. PFertilizer N in soil in Kjeldahl, mineral and organic

forms at different depths.

6. Meteoroclogical observations
7. 1. added through rainfall or irrigation,



4, Long-term field experiment to follow the transformation of le— labelled
rice straw and FIM.

Lay out : RED

Treatments: 1. Control
e N15—urea
Die le-straw
4. NY-FmM
5. NY-straw + unlabelled urea
6. NI°_-FIM + wnlabelled urea
7. Unlabelled straw + le-urea

Rate of application:

N = 100 kg/ha
Straw = 2 t/ha
FIM = 2.2 t/ha

Analysis of materials:

1. Straw:
(a) N1°_labelled = lTotal N 0.88%, Org.C. 36.03%, C/N ratio
40.94, N-15 atom excess 22.42%.
(b) Unlabelled = Total N 0.75%, Org. C. 33.90, C/N ratio
45,20.
2. FIM =  Total N 1.698%, Org. C. 20.47%, C/N ratio
12.05, N-15 gtom excess, 0.357%
3. Urea =  N-15 atom excess 10.4%

Matured rice straw chopped into -3 cm pieces was used. FYM was
prepared from le—labelled rice straw, For the 1st crop (Dry season 1977)
the straw and FYM were incorporated upto 5-8 cm depth and allowed to incubate
for 15 days under 5 cm flooded condition before application of urea or
transplanting. Urea was applied all basal and incorporated upto 5-8 cm depth.
All treatments were replicated 6 times.

For the 2nd crop (Wet season 1977) 3 replicates of each treatment, except
the control, received unlabelled urea @ 100 kg N/ha in 3 splits. Similar
pattern will also be followed for subsequent crops.

Soil samples will be drawn at the end of the 2nd znd subsequent crops to
follow the trensformation of labelled organic N in various fractions of the

soil N,



Reprinted from J. Nuclear agric. biol., Vol. 6, No. 4, December 1977, pp. 139- 141 : s

Evaluation of Indigenous Sources of Slow-Release N for
Flooded Rice Using "N

C. U. M. Rao AND J. E. SHINDE*

Central Rice Research Institute, Cuttack

ABSTRACT

Among slow-release N sources, sulphur coated urea produced by TVA, has been most widely tested in flooded rice
culture. An attempt was made to prepare slow-release N sources from urea or ammonium sulphate, rice straw and husk.
A mixture of carbonaceous materials and inorganic °N to give a C/N ratio of 12 ; 1 was kneaded with sufficient water and

soil, shaped into a ball form and air-dried.

The balls were placed at 8 cm depth in between rows of flooded rice at the time of transplanting. The performance
of the indigenous sources was compared with basal application of urea, ammonium sulphate, sulphur coated urea and neem

extract treated urea.

The results of two field experiments showed that the indigenous materials, particularly the one

prepared from urea and rice husk, performed better than sulphur coated urea and basal applications of both urea and

ammonium sulphate.

Fertilizers which release their N content slowly or
at a rate commensurate with the requirement of the
crop have been known to be more effective than
ordinary materials. Although nearly 30 or more
different slow-release N materials have been develop-
ed, only sulphur-coated urea (SCU) has so far been
widely evaluated under conditions of flooded rice

culture. At present, SCU is imported entirely for
research purposes. Development of slow-release
materials which do not need factory processing and
can be prepared by the farmers themselves using
locally available ingredients may appear to be a more
realistic approach than importing the technology to
produce SCU. This paper describes the development

*Present address : All India Co-ordinated Rice Improvement Project, Rajendranagar, Hyderabad-500 030, A.P., India.
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of slow-release materials from straw waste, rice husk
and urea/ammonium sulphate and their evaluation
under field conditions.

Materials and Methods
Preparation of slow-release sources :

(1) Mud balls—Carbonaceous material in the
form of ground rice straw or husk, 3N-labelled urea/
ammonium sulphate in solution form to give a C/N
ratio of 12 : 1 ignoring about 0.4 per cent N in the
former, and sufficient soil were intimately mixed.
The mixture was kneaded using additional soil or
water as required and then shaped into a ball form
of approximately 4 cm diameter. The soil was used
to provide a cohesive matrix. A small quantity of
single superphosphate to provide P,O; equivalent to
50 per cent of fertilizer N was also included in the
mixture to minimize volatilization losses during the
process of sun-drying. The dried balls were strong
enough to withstand rough handling.

(2) Urea coated with neem extract—the ethanol
extract of the neem oil from the fruit of Azadirachta
indica (sp. gr. 0.99) was used at the rate of 0.23 ml
per g of urea. The neem extract dissolved in ethanol
was added to urea and well mixed. The mixture
was allowed to dry at 50°C with constant agitation
until the urea granules were uniformly coated with a
black resineous material. It was checked that this
treatment did not cause any loss of urea-N.

Experimental procedure :

The field experiments were conducted on a sandy
loam soil of pH 5.5. The N materials were used in
micro-plots, while bigger plots were employed for
yield data using equivalent but unlabelled sources.
Basal application of 40 kg each of P,0; and K,O/ha
was given taking into account the superphosphate
added through the mud balls.

The indigenous slow-release sources were CoOmpargy,
ed with basal application of urea and ammonium
sulphate at 80 kg N/ha level in the dry and 40 kg
N/ha level in the wet season. Urea and ammonium
sulphate of 10 per cent 15N atom excess was used for
all the treatments except that of SCU. In the wet
season, basal application of !3N-labelled SCU (TVA
product; N, 39.1 per cent; *N atom excess, 9.9 per
cent; dissolution rate, 28 per cent in 7 days; total
coating, 16 per cent; conditioner, 2 per cent; wax,
3 per cent; sulphur, 11 per cent) was also included.

For basal application of wurea, ammonium
sulphate, SCU, and neem extract coated urea, these
materials were incorporated upto 5 cm depth of the
puddled soil just before transplanting. The mud
balls were pushed down to 8 cm depth in between
rows a day after transplanting so as to obtain a
distribution of one ball at the centre of four hills
planted at 10x 10 cm spacing.

Rice seedlings (var. Supriya) were transplanted
and the crop was raised under 8 cm flood water in
both seasons. During the dry season, leachate
samples were drawn weekly throughout the crop
growth using the technique described by Shinde and
Vamadevan!. The cumulative loss of NH,+NO,—N
through leaching as per cent of added N was calculat-
ed from the isotopic dilution formula :

Percent contribution of fertilizer N=
% 15N atom excess of sample
% 18N atom excess of fertilizer

x 100

After harvest, rough rice and straw samples were
separately analyzed for total N and !*N/“N isotopic
ratio following standard procedures. Per cent
recovery of fertilizer N was calculated by both “°N-
method’ and the commonly used ‘difference method’.
However, the results obtained from the more reliable
15N method’ have only been discussed.

TaBLE 1 : Yield of rough rice and recovery of fertilizer N in rice crop (rough rice--straw) as affected by N levels and sources

80 kg N/ha, Dry season 1975

40 kg N/ha, Wet season 1975

Treatment Rough rice % Recovery Rough rice % Recovery
yield, t/ha yield, t/ha
8N Diff. LN Diff.
method method method method

Control 3.1 — — 33l — —
Urea 1.7 43.8 73.4 5.1 44.5 74.9
Ammonium sulphate (AS) 7.8 39.9 64.3 5.6 50.6 113.2
Sulphur coated urea — — — 4.7 45.5 51.8
Indigenous slow-release sources

Straw+ urea 74 32.3 91.5 4.9 42.8 63.8
Straw+AS 7% 55.9 95.2 5.4 48.0 79.0
Husk 4 urea 9.2 61.4 97.0 6.1 58.4 106.8
Husk+AS 9.0 62.2 97.0 5.0 54.6 79.4
Neem extract coated urea 8.2 43.4 133 4.7 36.1 70.4
L.S.D. (0.05) 1.6 — — N.S. — —
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‘gesults and Discussion

¢ The performance of indigenous materials in terms
of yield and recovery of applied N is shown in
Table 1. In the dry season, the recovery of ammo-
nium sulphate- and urea-N was about 40-44 per cent,
but when the same fertilizers were used in combina-
tion with carbonaceous materials and placed at 8 cm
depth in the form of mud balls, much higher
recoveries were recorded. This was particularly true
when rice husk was used. The yield of rough rice
also increased by 1.2 to 1.5 t/ha over basal applica-
tion of ammonium sulphate and urea, but the increase
just failed to achieve significance at 5 per cent level.

At the N rate of 40 kg/ha in the wet season, only
those mud balls which contained rice husk gave
recovery higher than ordinary fertilizers. The
recovery of N from SCU was only slightly better
than urea. Neem extract coated urea, on the other
hand, did not prove useful in any season.

Per cent fertilizer 1N found in leachate (Table 2)
showed that indigenous materials saved substantial
losses through leaching.

TABLE 2 : Per cent fertilizer 1°N found in leachate over 11
weeks, Dry season 1975

The mud ball technique, which facilitates deep
placement of fertilizer N, appears to have originally
been developed in Japan®. The Japanese mud balls
contained ammonium sulphate, super phosphate and
peat mixed in the ratio of 5 :3 : 8 by weight and
were mechanically shaped into egg size balls. The
mud balls of IRRI? consist of soil shaped into 3 cm
diameter balls in which the fertilizer is placed in the
center. It is not certain that the benefits of this
technique accrue from the deep placement, point
application from which the fertilizer N has to diffuse
out, or both. In the mud balls reported in this paper,
carbonaceous material, rice straw or husk, was also
included to obtain a C/N ratio of 12 : 1. It was
hoped to achieve some immobilization of fertilizer N
and consequent low rate of remineralization resulting
in an overall slow-release effect. In earlier experi-
ments with unlabelled fertilizers (unpublished work)
the rate of release of N from these mud balls, as
evident by plant uptake, was found to be more or
less similar to that of SCU or shellac coated urea.
The mud balls without carbonaceous material releas-
ed N at a faster rate but left behind much less
residual N in the soil. This indicated that some
immobilization of fertilizer N might have occurred.
Laboratory experiments with 5N are currently under
progress to study the transformation of fertilizer N
in the mud balls with and without carbonaceous

Treatment NH,+NO,—N  materials.

Urea 43.1 Acknowledgement
Ammonium sulphate 159
Indigenous slow release sources The authors wish to thank the International
Straw--urea 17.6 Atomic Energy Agency, Vienna who supported this
Straw-+AS 4.3 investigation, in part, through research contract
E“S'ﬁi‘){? lg? 1438/RB. Thanks are also due to Dr. S. Y. Padma-

us i nabhan, former Director, for his keen interest and
Neem extract coated urea 6.9 encouragement.
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Symopsis of the thesis on "Transformation and turmover of -N-4m [V /v S
rice soils® to be submitted by A.¥, Krishnappa for the degree
of Doctor of Philosophy in Agrieulture (Soil Seience) of the
Orissa University of Agriculture and Technology, Bmbaneswar,

Lo 2o

Among plant mitrients nitrogen plays an important role in determining
erop yledds, It is well known that in soil the added fertiliger ¥
undergoes a multitude of complex and interlinked reactions such as
mineralisation, immobilisation, fixation in clay-minerals and re-
mineralization, These reactions not only determine the current and
residual availability of fertiliger ¥, but alse the quantum that may
be lost Mmm through varicus pathways, A great deal of information on
these complex series of reactions affecting N economy is available for
well-drained arable soils tut the ill-drained, flooded soils eropped to
rice have generally been neglected in this respect. Whatever scanty
information is available, it has nostly emerged from laboratory and
greenhouse experiments of'ten conducted under conditions that do mot
truly represent the actual field enviromment, With this in view,
eight field experiments were conducted in ‘hhanadi delta alluviam and
black clay seil to study the transformation and turnover of hoth
inorganic and organic W under actual field conditions. N'>- labslled
materials were used to obtain direct evidence of transformations and
to distnguish between the added and the native soil W,

The experiments can eonveniently be divided in two parts,

(1) T™he transformation of W3-1ahelled rice straw and FYM in rices
rice rotation; and

(2) the transformation of W5.1abelled urea added alone or with Neem
cake over 3 crop Seasons.

The experiments were in specially prepared micro-plots, The
m.tl"’-mnlu chopped rice straw and FYM added at the rates

e M e 6 \A-. respectively, vas studied vith and vithout applidation
o ——— Qf u;‘*:‘ﬁ T.g ESE - -
/ha was also included for ecomparison, ilnblnkunib?!*tm
restricted to 2 t/ha lewl but W' -laidlled urea was adied to supply

100 kg Wha.




e § -

In the alluvial soil the strav application added 12.5 kg Wha, of
vhiohonlylsp-rmtmudlnhhtoﬂnﬁrltmpotdu. However,
when the straw aprlication was followed by urea, the recovery increased
to 30,7 per cent. The highest recovery of 56 per cent was recorded
wvith F. Y, ¥, The recovery in the second erop was greatly influeaced by
the 'priving action' of the added urea-N, Thus the recovery of residual
muﬂﬁmmuwmomnuwinmmormd N,
After harvest of the first erop, 13.4 and 6,7 kg of labelled ¥ from
urea and straw application, respectively, were found in the reot sone.
The recovery of these N residues in the succeeding unfertiliged erop
was gmall, Rt with ¥ fertilization about 28 and 14 per cent of residual
¥ of urea ad straw, respectively, was available for plant uptake.

In BMlack sodl the straw added 17.6 kg of N/ha, The first erop
absorbed only 5.45 per cent of the added straw N, Ryt when the straw
nppuuuoamfcuwdbyumnmnuoflookglm, the recovery
of straw-N increased to 10.68 per cent. Thes-e recoveries were mgch
less than those recorded in alluvial soil, About 28 per cent of applied
urea-V vas recovered in the crop hut in the presence of 2 t/ha straw
application it decreased to 23 per cent, Thus &bout 5 per cent of the
fertiliger 7 appeared to have been immobilimed under field conditions.

nnmorusmmnnumsm-mmpnm
of mutrient recycling and possible immobilization effocts, These materi-
als at normal rates of application add small amounts of ¥ in organic form
whose contribution to ¥ economy is usually difficult to estimate. The
use of labslled materials in theso mxperiments have thus provided unedhed
vocal evidence of their contritution under actugl field conditions
for the first time,

 The second part of the exparinents conprised of the study of ¥1-
urea transformations, Mero-plots wers used for N application and 15
n? plots fertilised with unlabslled urea vere used to estimate the yield
T™e Pate of a pulse of 100 kg N/ha applied through labelled urea (20
per cent M0 aton excess) with and vithout Neem cake was followed. A
control was also included, Devices to draw leoachate and volatilimed
ammonia samples vere installed in the micro-plots, A specially devised



method of using porous mglon bags to draw periodic soil samples without
distributing the micro-plots was employed, The first rice crop was grown
in the wet season of 1976, After its harvest, equal mumber of plots from
each p treatment were subjected to 60 days of wet or dry fallow hefore
all the plots were reflooded to prepare the land for the next erop. In
wet fallow plots about 2 om of flood water was maintained, while in the
dry fallow the plots were allowed to dry completely, Soil samples were
drawn both at the harvest of the first crop and at the end of the same
plots were used, Half of the plots under each kind of fallow received
100 kg W/ha in 3 splits through unlsbelled urea, while the other half
renained mf&ti.liud. Aftér harvest of the second crop, the same plots
were again subjected to 40 days of either wet or dry falldv treatment as
befora, A third erop of rice was grown during the wet season of 1977,
Thus the initial ¥ plse was subjected to 3 erop grovths and 2 periods
of wet or dry fallow treatments,
In the first erop, application of urea + Yeem cake gave a grain
yield of 4,64 t/ha as compared to 4,18 with urea alone. The increase
“4n yleld was statistically significant, The control rlots yielded only
1.81 t/ha, The recovery of fertiliger ¥ in the crop with and without
Veem cake was 22 and 20 kg/ha, respectively, The loss of fertiligzer ¥
through volatilisation during crop growth amounted to 6,34 and 5,33 kg/ha.
Similarly, the leaching 1oss was found to be 8,25 and 5,30 kg Wha, The
most spectacular effect of Neem cake was, however, evident in the conser-
vation of fertilizer N in the root mne, With application of Neem cake
41 kg of fartilizer W/ha was found in the soil as compared to 29 kg in
the case of urea application alone, Thus in plots treated with Neem
cake 77 per cent of the applied ¥ was accounted for. Gomtrast to 59,5
per cent with urea alone,

During the first fallow period the loss of fertilizer W through
volatiligation amounted £ 4.2 and 3.5 kg/ha in wet failew.anl drv
fallow plots, respectively, However, more fertilizer W was conserved
in the soil in the wet rather than dry fallow,



W

The effect of water management during the fullow period was
avident in the grain yield of the second rice crop., Thus the mean
yield under wet fallow was 5,05 t/ha which was significantly higher
than 4,79 obtained from dry fallow plots. The uptake of residual
fertilizer ¥ was also higher from wet fallow plots, However, the
residual value of the fertilizer N did not exceed 3 kg/ha, The
soil samples drawn aft@ir harvest of the 2nd crop also showed wet fallow
plots to contain more residual fertilizer V¥ than dry fallow plote,
These differences probably reflect the extent of denitrification losses
wvhich are favoured by alternate wet and dry conditions provided in
the dry Tallow treatment,

As in the case of the 2nd crop, the 3rd erop yield also reflected
the beneficial effect of the wet fallow treatment. The effect of Neem
cake added at the time of the first erop was also evident,

These experiments have provided estimates of the variocus processes
of N logs as they occur under actual field conditions. The beneficial
influence of Neem cake, a cheap and easily available materigl, is also
brought out. The effect of water management during inter-erop fallow
has shown that the practice of wet fallow is beneficial from the view
point of both yield and N economy,
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\ INTERNATIONAL ATOMIC ENERGY AGENCY TELEPHONE 2%:2;;
$ AGENCE INTERNATIONALE DE L'ENERGIE ATOMIQUE YELER: TR
Vv MEXAYHAPOOHOE ATEHTCTBO NO ATOMHOMW DHEPIrU#M
L ORGANISMO INTERNACIONAL DE ENERGIA ATOMICA CABLE  INATOM VIENNA

KARNTNER RING 11, PO. BOX 590, A-1011 VIENNA, AUSTRIA

IN REPLY PLEASE REFERTO
PRIERE DE RAPPELER LA REFERENCE

RC/1438-IND 1977-05-11

Dear pr,Shinde,

Your report has now been carefully read and approved by the
staff of our appropriate scientific division. Our cheque in pay-
ment of the next instalment due under the contract will therefore
be sent at the time of payment indicated in the contract, unless
that time is now past, in which case the cheque will be sent

immediately.

A copy of the evaluation form pertaining to your report is

enclosed for your information.

Yours sincerely,

Adel Talaat, Acting Chief
GreBaO ' Nead iy -Chief ~

Contracts Administration Section
Division of Budget and Finance

Enclosure

Dr. J.E.Shinde

Al1-Tndia Coordinated Rice Improvement
Project

Rajendrangagar

Hyderabad 500 030
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[X] Progress report Research Contract No.:  1438/Rr3/GS
(] Final report Period covered by report : 15/7/76 - 14/3/77

I. TECHNICAL EVALUATION OF:

A. Experimental method:

a) A laboratory experiment was conducted to study the effect of slow release
materials (urea + straw, ammonium sulphate + stiraw, urea + husk, ammonium su]'.phate
+ husk, sulphur coated urea, urea mud balls) on N-fertilizer uptake by the rice
CI'ODe

b) A field experiment was conducted during the dry and wet seasons of 1976 teo
study the turnover of chopped rice straw and FYM in flooded rice soil,

c) A long-term field experiment was initiated during the wet season of 1976]
to follow the fate of an initial nitrogen-pulse (100 kg N/ha, with and without
addition of 250 kgéha of Neem cake) over a three-year period in flooded rice
microplots (0.07 m~ area)e.

In all three experiments, N-15 labelled fertilizer was used. Soil, soil
solution and crop samples were analyzed for total N, N fractions, and N-15/N-14
ratio,

B. Results:

eriment a) - Averaged over 30, 60, and 90 days of incubation,the fertilizer-N
in the soil (Kjeldahl fractkon) was only 27% with sulphur-coated urea, as compared
to 50~52% in stiraw mud balls, 45-47% in husk mmd balls and 447 in urea mud balls
wihhout any carbonaceous material,

Experiment b) - Application of urea over FYM significantly increased the yield of
rough rice and straw in the first crop as compared to urea alone. Highest percent
fertilizer nitrogen recovery was recorded in the caseoof FYM nitrogen, both in the
first and second crop.

Experiment c) - The application of Neem cake + urea increased the rough rice and
straw yield significantly as compared to application of urea alone. Ther fertilizer
N in the crop, however, did not vary significantly between the two treatments.

The addition of Neem cake seems to reduce significantly the loss of nitrate through
lea.ching. 3 $02 o 2
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@ C. Conclusions drawn:

P

Experiment a) - The results of the incubation experiment seem to confirm the assumption
that the carbonaceous mud bdlls could immobilize part of the fertilizer-N.

Experiment b) - Although the reported data gives some useful preliminary indications,
more experimental data are needed to draw concludions,

Experiment c) = The reported data indicate that the addition of Neem cake to
Tertilizer urea may be an effective way to contrel loss of nitrate-N through

leaching. However, no final conclusions can be drawn until N—15/N-l4 ratio data
is available,

Il. ADDITIONAL COMMENTS:

Very good progress has been achieved. The scope of the work may be, however,
overambitious.

IIl. FURTHER INFORMATION REQUIRED FROM CONTRACTOR:



- : To At archuved

*1., (a) (i) Contract Neo, 1438/R3/GS

(11) Title of the Project:
The fate of applied organic and inorganic N im flooded
rice soil in relstion to nitrate pollution under tropical
conditions (Part of a coordinated progrsmme on agricultural
N residues with particular reference to their conservation
as fertiligzers and behaviour as potential pollutants.

(iii) Institute where research is being carried out:

All-India Coordinated Rice Improvement Project,
Rajendranagar, Hyderabad 500 030, A.P., India.

(iv) Chief Investigator and Ccllsborators:
Dr, J.E. Shinde
Mr, AM. Krishnappa
Mr, K. Krishnayya
(v) Time period covered:
15th March to 14th September 1977.
(p) D k :
Part 13 The long-term field experiment to follow the fate
of an initial N-15 pulse in flooded rice soil already described in
pert 5 of the earlier progress report (for the period 15th July 1976 to 14th
March 1977) wes continued. The 2nd erop was harvested in May 1977. The
meteorological data for the crop season is given in Table 1, Immediately
after harvest the 3rd set of nylon bags were pulled out and then the plots
were sgubjected to wet and dry inter-crop fallow for 40 days in the manner
described earlier, The 4th set of nylon bags was pulled out a week after
the plots were re-flooded for the next crop, The 3rd erop was transplanted
in July 1977 which will be harvested in October. The losses through
leaching end volatilisation as well as Hl‘- and lOs-l in ground water

were continuously monitored,




The soil samples in nylon bags were subjected to kjeldahl
digestion both in the wet condition gs well as air-dry. The air-dry
samples were ground to pess 60-mesh sereen and salicylic acid modification
was used to include BOS-H that might have formed during air drying.
KCl-extractable IH4+HOS-I was determined in air-dry, 2 mm soil samples,
The acid-soluble organic N and its fractions were determined in air-dry,
&xmx 60 mesh semples following the procedure of Bremmer, 1965 (organmic
forms of N, In Methods of Soil Analysis, part Z ed. C.A. Black, Agronomy
No. 9, 1238-1255),
Bart 21 A field experiment to follow transformation of N1’-labelled rice
strawv and FIM was initiated in February 1977, Micro-plots of 0,07 12 area
vere used, The treatments werei- (1) comtrol, (2) N %-ures, (5) N'5_strav,
(4) ¥%%rm, (5) ¥'P-strav + unlabelled urea, (6) N1°-FIM + unlebelled
urea and (7) unlabelled straw + lu-uroa. Urea was applied at the rate
of 100 kg N/ha, straw 2 t/ha and FIM 2,2 t/ha. The anelysis of materials
is given in Table 2, Matured rice straw chopped into 2-3 em pisces was
used. The FIM was prepared frem N °-1abelled rice straw. For the 1st
dry season crop the straw and FIM were incorporated upto 5-8 em, depth
and allowed to decompose for 15 days under 5§ u of floodx water before
epplication of urea and transplanting, Urea was applied basal and
incorporated upto 5-8 em depth, 41l treatments were replicated € times.
The crop was harvested in Mey 1977. The dry veights of rough rice, straw
and roots + stubbles were recorded snd these plant parts were separately
analyzed for total N, A small quantity of root + stubbles was used for
total N analysis and the rest wes returned to the respective plots. A
2nd crop was transplanted in July 1977.



Part 3: The standard or the 'Zemun' experiment, the details of which were
finglized during the 35rd research coordination meeting held at Vienna in
May 1977, was initiated in July 1977. The field experiment was designed
to follow the fate of N.-ures in rice-wheat cropping system over a peried

of 3 years, The experimentel plan is as follows:-

Season Year A B c

Wet 1977 Rice* Rice Rice® Rice Rice® Rice
Dry 1977 Wheat Wheat* Wheat™  Wheat*® Wheat™ Wheat*
Wet 1978 D Rice Rice®™  Rice™ Rice™ Rice™
Dry 1978 D Wheat®  Wheat™ Wheat™ Wheat™
Wet 1979 D Rice™ Rice™ Rice™
Dry 1979 D Wheat™ Wheat™
Wet 1980 D Rice™
Dry 1980 D

* Applicaticn of N'P-urea, * ipplication of unlabslled urea
Growp A = N'°-urea of 10% atom excess; Group B and C = N P_urea of
20% etom excess; D = Destructive soil sampling.

Rice will be grown under flooded condition (5 em depth) and wheat
at approximately field capacity moisture. The ist rice crop has been
transplanted in July 1977,

Group A will have 8 replications and B and C 4 each.

The treatments ere Ny = No N; N, = 80 kg N/ha in 3 splits for
rice and % splits for wheat.

Plot size:
(a) Kls-icroplot = 0,24 sq.m.

(b) Yield plot = 8,00 sq.m,



' Observations:-
1. Recovery of fertilizer N in the erop
2, Loss of N through leaching
3, Loss of N through volstilization and denitrification
4, Fertilizer N in ground water
5, Fertiliger N in seil in kjeldahl, mineral and organic forms
st different depths.
6. Meteorological observations

7. N added through reinfall or irrigation,

(e) Regults obtained

Part Ji- The yield of rough rice and straw is shown in Table 3.
Significantly higher yields were obtained under wet fallow than the dry,
Comparison of mean yields between treatments 5 and 5§ and % and 4 showed
the residual effect of the neem cske applied in the previous season,
Significantly higher yield of both rough rice and straw was obtained with
the neem cake irrespective of whether the 2nd crop was fertilized with
urea or not, Similar trend was also seen in the total upteke of N (Table 4).
The exact contribution of fertilizer N added as a 100 kg N/ha pulse in the
previous season will be known when N °-date sre received, The distribution
of soil + fertilizer N in the soil after harvest of the 2nd crop and at the
end of the 2nd fallow period is shown in Tables 5 and € respectively,

After harvest of the 2nd erop about 872 ppm of total N (kjeldahl fraction)
was present in the root zone of plots that were not subjected to drying and
re-wetting cycle (Table 5), This was significantly higher than 855 ppm found
under dry fallow plots which have undergone one cycle of drying and re-wetting.
Similar differences slso appeared in plots which underwent a second cycle

of drying and rewetting, bui these were not statistically significant(Table 6).

.‘I The fractionation of organic N showed amino-acid N to be higher under dry



then wet fallow (Tables 5 and 6). With respeet to other fractions, no

congistent trend was evident.

Since alr- or oven-drying is likely to lead to N losses, meny
investigatimam-ors prefer to analyze the soil semples drawn from flooded
rice soile in wet condition itself., 1t is however different to sub-sample
a wet soil and grind it to 60 or 100-mesh size for kjeldahl digestion, The
use of porous nylon begs, described in earlier progress report, may eliminate
the need for sub-sampling. The comparative efficiency of kjeldahl digestion
using unground wet and air-dry semples ground to 60-mesh size was determined.
41l conditions of kjeldehl digestion were kept similar except that in the
case of air-dry samples the salicyklic acid modification was adopted to
include NOS-N that might have formed during the drying process. The data
from the 5rd snd 4th nylon bags corrected to oven dry besis (105°C) are
shown in Tables 7 and 8 respectively. It was evident that the kjeldahl-N
ia wet samples vas underesiimatedp on average, by about 257 ppm, Since
Nos-ll is not expected to be present in spprecisble gmount in fresh wet
sanples drawn from the »sxid reduced zone, the low recovery in kjeldahl
fraction sppeared to be related to the particle size of the sample, The
effect of particle size on the recovery of fertilizer N will be known on
receipt of N'° snalysis,

Except in one case no nitrate-N was detected in ground water ssmples
drawn during the 2nd imder-crop season (Table 9), Similarly during the
nd inter-crop fallow period also los-il wvas not detected in any sample
(Table not given), Ammonium + nitrate-N in leachate was detected in
treatments which received unlabelled urea during the 2nd erop season but
it did not exceed 3,5 ppm (Table 10 and 12), Very poor internal drainage
of the heavy clay soil (about 2 mm/day) is probably responsible for the

low values,



The smmonia volatilization losses are shown in Tables 11 and 13,
During the 2nd erop growth period the volatilizastion losses from plots which
have undergone one cycle of drying and rewetting (DF) appeared to be slightly

Conbimiwm by wels camdation CTadtc W) . The Huwin <
higher then thgse found under/mineralization thet ocecurs after dried soils
are rewetted probably also caused more losses. However, this phencmenon was
not noticed, during the 2nd inter-crop fallow (Table 13). Lack of moisture
in the soil under dry fallow (DF) appesred to slow down the sccumulation of
ammonia and consequent loss through volatilizetion,

P Zi- The yield of rough rice, straw and roots + stubble is shown
in Table 14, It wes evident that application of straw and FIM produced grain
gield similar to that obtained in the control, Addition of urea over lﬁ-llbll.d‘
stravw did not yield more than urea alone. However in the case of unlabelled
straw (Ir. 7) the grain yield was signifiemntly lower than urea alone, The
higher C/N ratio of the unlabelled ae compsred to the labelled straw
(45,20 vs 40.94, Table Z) appesred to be responsible for immobilization of
urea-N. The total N upteke from lsbelled and unlabelled scurces (Table 15)
followed the pattern similar to the grain yield. Actusl mineralization of
§15_) sbelled straw snd FIM would be esleulated when N'°-dste are received.

In view of the emphasis in developing countries to recycle the nutrients
through spplication of straw or FIM, this type of informaetion would be of
great fractical importance,

Part 3i- The experimental crop will be harvested in October 1977 end
therefore no results are yet aveilable,

(d) Conclusions drawns-

In the sbsence of N'° data which is aweited, the comclusions ere drawn
on the basis of the aveilable information.

1. The yield and total N upteke data of the &nd crop in the long-temm

fleld experinent to follow the fate of an initial pulse of N'° showed



7

that wherever possible it may be quite advantageous to keep a small
film of water over the soil surface in between cropping seasomns.
Inis avoids denitrification losses that occur under alternate drying
and wetting., 7This practice may also lead to more conservation of N
in the soil,

The residual effect of the Neem cake (residue of Azadirachta indieca
seed after extraction of o0il) applied during the previous season was
evident in the grain yield and total N uptake,

Kjeldahl digestion of wet soil semples from paddy fields advocated
%o reduce the errors caused by N loss during air- or oven-drying, may

however lead to considerable underestimation of the total soil N,

The volstilization loss of N sppeared to be slightly higher from plots
which have undergone a cycle of drying snd re-wetting than those which

have been kept continuously moist.
Nitrate-N in ground water was found below detectable level in mmksk

most cases, probably becesuse of poor internal drainage.

(e) Citation of periodicals ete.:~ Nil

(f) 4ny explsnation for any significant d-p.rturo fram the level
of activity foreseen by the comtrzcti-

Not appidcable.



TABLE 2
MATEROLOGICAL OBSERVATIONS, AICRIP, Hyderabad

Dry Season 1977 (February-‘ay)

Average air temperature, °C

Maoed mum 35.4

M rum 20,8
Average relative lumidity (%) 47.6
Average sunshine, hours per day 9.2
Total rainfall (mm) 37.0
Average wind velocity, (Km/hr.) 6.4
Average open-pan evaporation (mm,) per day 8.0

an s



IABIE 2
Analysis of materials (0 D B)

WIS Tabelied Ordinary oo ot W5 Urea
Total ¥ (%) 0.88 0.75 1,69 -
Total ¢ (%) 36,03 33.90 20,470 -
C/¥ ratio 40.94 45,20 12,050 -
. atom excess (%) 22,420 - 0.357 10.4




Iable 3

Yield of 2nd crop, dry season 1977 (from yield plots)
(t/ha)

RO, . R hm.xm_(m.mm;%_ Stray (0D B)
I erop IT erop WP DF M (Tr,) WF DF M (Tr.)
1, N NO 3.71 2,74 3.22 1.68 1.52 01,60
2, N-15 NO 3.9 2,88 3443 2,61 1.79 2,20
3. B-15 N-14 6.16 5459 5.87 4,73 3.49 4,11
4, NC + N15 NO 4,57 3.16 3.86 2,90 2,11 2,50
5, NC#N-15 N-14 6.83 6.11 6.47 5.43 4,13 4.78
o () 5.05 409 3.47 2.61
L.s.D, (0,05) M (F) 0.20 0.24

M (Tr.) 0.33 0.19

Fin Tr, S 0.32

Tr, in F WS 0.26
c,v.% M (F) 2.8 5.1

M (Tr,) 5.8 5.1




Tot=A N W 117 BT enehs

-erop; dry season 1977 (caleulated using N

Tk |

concentration from

L Seplots md yidd from macro-plots) Kg N/ha ( OD B)
— Treatment
T Crop II Crop WF % T&"ﬁr M (Tr,) WF DF T,
1. B-0 -0 26,31 18,60 22,45 8.92 8.60 8.76 35.23 27,20 3.21
2, N15 N-O 25,89 20,07 22,98 14.47 9,28 11,87 486 29,35 34,85
3. N-15 N-14 43,00 36,03 39,51 23,98 18,04 21,01 66,98 54,07 60,52
be NC 4 N-15 N-) 33.43 23.53 28,48 15,74 11,06 13,40 49.17 34,59 41.88
5. NC « N-15 N-14 4413 4042 42,27 27.9% 20,84 24,39 72,07 61,26 66,66
M (F) 34,55 27.73 18,21 13,56 52,76 41,29
L.8.p, (0,05) M (F) 3.25 1.76 490
M (Tr,) 3.81 0.97 R6 ©
F in Tr, NS 2,02 NS
T, in F NS 1.%7 NS
c.v.% M (F) 6.7 7.1 6.6
M (Tr,) 10,0 5,0 7.2

WF/DF = Inter-crop wet and dry fallow; l-]&/l-u-lppnuﬁ.onofhbdlodundwodltmkg%n.



Table §

Distribution of soil + fertilizer N in various fractions - soil sample drawm
through the 5rd nylon bag after the 2nd crop harvest, ppm-N (ODB)

I 11 i II I 1I 1 II 1 11
Treatment Crop  Crop Crop Crop Crop  Crop Crop Crop  Crop Crop
N N N=~15 N N-15 ©N-14 NCHN-15 N NC+N-15 N-14 M(F)
0 0 0 0
1 2 3 4 5
(a) Total kjeldahl-N (including IO‘-I) - Air dry 60-mesh samples
WF 828,50 846,53 892,50 880,83 911.16 871.86
DF 816,66 810,83 875.16 865,66 898,33 852,95
M(Tr.) 822,58 828,58 883,85 872.24 904,74
L'S‘BO(OOO‘) u(’) = mo“’ “(tr‘) = 15.“, r h Tl’. = '.S.’ Tr. in r = H.SQ
C.V. $ M(F) = 1,0, M(Tr.) = 1.3
(b) Kel-extractable NH N0 -
WF 5.77 6.35 10.% 9.25 10.97 8,54
DF 5.20 7.50 8.66 8.63 9.43 7.88
M(Tr.) 5,48 6.92 9.52 8,93 10,20
LDSODO(0.0‘) !‘,) = N.S., “(h.) = 2.11, F in Tr, = 5,10, Tr. in F = N.S,
C.V. ’ I(P) = 11.:. H(Tr.) = 16,9
(e) Organie-N
WF 822,73 859,98 882,11 871.60 900.19 863,32
DF 811.46 803,338 666,50 855,08 888. 845,04
M(Ir.) 817,09 821,65 874,30 863,51 894,54
(@) Fractions of HC1l soluble organic N
1 NH N, ppm
WF 91.6€ 120,00 100,00 100.00 108,33 104,00
DF 96.66 125.00 116,66 108,33 125,00 114,33
I(Tr.) 94,18 122,50 108,33 104,16 116.66

X contd,,.2/-



Table 5§ - contd from previous page.

2 Hexoseamine-N

WF 75,00 58,88 66,66 58,33 41,687 56,00
DF 9878.34 50,00 50,00 35,33 535,55 49,00
M(Tr.) 76.67 44,18 58,83 45,88 57.50

3 Amino acid-N
WF 58,54 75,00 85,54 85,33 85.33 76.67

4 Unidentified-N
WF 564.14 364.24 ‘559,14 522,24 414,73 560,90
DF 542,58 566,00 520,71 547,67 207.14 534,77
M(Tr.) 363,25 565,12 529.92 584,95 355,958

§ Total HCl-soluble N
WF 589,14 597.57 589,14 563,90 648,00 597,56
DF 575,69 607,66 §79,04 606,00 555,47 584,77
M(Tr,) 582,41 602,61 584,09 584,95 601,76

6 HCl-insoluble N
WF 255,59 242,41 202,97 507.70 252,13 285,76
DF 235,77 195,67 287,46 249,03 535,43 260,27
M(Tr.) 245,68 219,04 200,21 278,36 202,78

(&7 C\wv WxeA WNHB— N : s

WR 84.16 ol oo lot:00 e RS
e R, %)1'\€ \Blreo B & B8li16

M (‘T\‘)



Table 6

Distribution of seil + fertilizer N in various fractiomns, soil samples
drawn through the 4th nylon bag at the end of 2nd inter-crop wet and dry fallows

ppm-N (ODB)
1 11 1 II I 1I 1 11 I II
Treatment Crop Crop Crop Crop Crop Crop Crop Crop Crop Crop M(F)
N N N-15 N N-15 N-14 NC+N-15 N NC+N-15 N-14
0 0 0 0
i 2 5 4 5
(a) Total kjeldahl-N (includes lo‘-l) Air-dry 60-mesh samples
WF 683,41 801,25 777.70 765.90 814.21 768,49
BF 771,80 756,45 765.90 748,23 760.00 756.47
M(Tr.) 727.60 768,85 771.80 787,08 787.10
L.5.D, (0,05) M(F) = N,S8., M(Tr.) = 14,42, F in Tr, 28,95, Tr, in F = 20,%
C.V. % =M(F) = 2,1, M(Tr,) = L5
(b) KCl-extractable NH +NO N
“ '.u 15.‘1 1‘.75 17.’. 12.‘5 u.’s
DF 7.56 6.41 8.75 9.91 10,50 8.58
M(Tr,) 8.34 2.91 11,28 15,93 11.66
L.S.D. (0.05) M(F) = 2.89, M(Tr.) = 1.59, F in Tr, = 5,51, Tr, in F = 2,24
C.V. % = M(F) = 16,4, M(Tr,) = 11.5
(¢) Organie-N, ppm
WF 674,08 787.84 761,95 747.94 801,38 754,64
DF 764,45 750.04 757,16 758,52 749,50 747.89
l((l’r.) 7”0” 7“." 7“.“ 7‘5.15 775.“
(d) Fractions of HCl-soluble organic N
1 NHN
g 141,66 158,353 141.66 150,00 158,33 150,00
mom mo“ 11..“ 1“.‘5 mow 125’”
M(Tr.) 133,33 157,42 129,16 141.68 141,66

contd,..2/-
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Table 6 contd, from previous page

2 Hexose smine-N

WF 60,00 41,87 58,34 55,538 41.87 51,00
DF 75.00 91,67 55.34 58,33 76.00 66,67
M(Tr,) 67.50 66,67 45,84 55,85 58,85

5 Amino-acid N
WF 148,34 125,00 166,66 138,33 150,00 145,66
DF 141,66 150.00 218, 185,34 138,33 165.00
M(Tr,) 145,00 157,50 191.66 160.83 141,66

4 Un-identified N
WF 116,66 275,00 255,54 225,00 266,66 . 223,58
DF 191,67 258,353 250,00 241,66 300,00 248,33
M(Tr.) 154,16 266.66 241.67 255,53 283,35

5 Total NCl-solulle
WF 466,66 600.00 600,00 566,66 616.66 570,00
DF 533,53 616,66 616,66 616,66 653,33 603,32
M(Tr,) 500,00 608,33 - 808,33 591,66 625,00

6 HCl-ingoluble K
WF 207.42 187 .84 161,95 181.28 184,72 184.64
DF 251,12 115,38 140.49 121,66 116.17 144,56
M(Tr.) 219.27 150,61 151.22 151,47 150,44

(e) clry— PxeA NAR-N
W = BLhi € - S LRV Y 8116 6€7:33 BhHi €

. | 4 6733 6€7:33

DA 6 71:3% gh- 1€ Rh- 1€

118 CTy.)



Table 7
Total kjeldahl N in wet and air-dry samples, 3rd nylon bag
pra-N (ODE)
Treatment Wet ssmples (39% 820) Air-dry, 60-mesh samples*
II Ty
Crop Crop WF DF M(Tr,) WF DF M(Tr.)
- NO .0 544 555 549 828 817 822
2 N-15 Ny 578 549 561 846 811 828
3 N-15 N-14 590 541 565 892 875 883
4 NCtN-15 UO 588 579 583 881 864 872
§ NCHN-15 N-14 591 586 588 911 898 904
M(F) 577 562 872 853
L.S5.D.(0,05) M(F) = 10
M(Tr,)= 14
C.V. % M(F) = 1,0
M(Ir,)= 1.5
* Includes HO_-N



Table 8

Total kjeldahl-N in wet and sir-dry ssmples, 4th nylon bag

ppu-N (ODB)
Treatuent Wet samples (447 H20) Air-dry samplesf 60-mesh
:C[Erop :é::‘op WF DF l((;r.) WF BF M(Tr.)
1 HO No 540 529 554 683 772 =7
2 N-15 lo 543 533 538 801 756 769
5 N-15 N-14 553 539 546 778 766 772
4 NCHH-15 lo 548 542 £44 766 748 787
5 NCtN-15 N-14 548 542 544 814 760 787
M(F) 546 557 768 756
L.5.D.(0.05) M(F) = 4 N.S. L.S.D. 10,087
M(Tr.)= 11 14 Finfr.=2
c.V. % M(F) = 0.5 2.1 Ir, in F = 20
M(Ir.)= 1,2 1.5

# Includes llOa-l
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FOREE S T R

So0il + Fertilizer N in the ground water during 2nd erop season

Treatment
I II
Crop Crop
Y o
N-15 lo
N-15 N-14
NC+N-15 lo

NC+N-15 N-14

Table 9

NE N, pm Wol, pu

WF DF WF DF
0,546 0,000 0.000 0,000
0.000 0.000 0.000 0.000
0.901 0,762 0.000 0.1%
0,000 0,000 0,000 0.000
0.346 0.348 0.000  0.000

Table 10

y
IR‘*IO,-I in leachate during the ¢nd crop season

Treatment
& 11
Crop Crop

% %
N-15 lo
N-15 N-14
NC+N-15 lo
NC¥N-15 N-14

WF
ppm-N

0,000
0.000
8.257
0.000
1,752

DF

0.346
0.000
2.425
0.000
1,247



Table 11

Loss of soil + fertilizer N through volatilization during the 2nd
erop season. Kg N/ha

Treatment WF DF M(Tr.)
I II
Crop Crop
2 N-15 Ny 1,7815 2.1698 1.9756
5 N-15 N-14 5.9484 5.2088 4.5771
4 NC+N-15 N, 1.6149 2.5169 2.,0681
5 NC+N-15 N-14 5.5876 2,7850 8.,0863
M(F) 2.4022 2.78%7
Table 12
lll‘ + IO‘-I in leachate during the 2nd inter-crop fallow
Treatment W DF
b § 11 PF“'
Crop Crop ;
1 lo .0 0.000 0.000
2 N-15 lo 0.17% 0.000
3 N-15 N-14 0,173 0,619
4 NCHN-15 lo 0.000 0.000
5 N@+N-15 N-14 0.520 0.000



Table 13

Loss of soil + fertiliger N through volatilization during the 2nd
inter-crop fallow., Kg N/ha

Treatment WF BF M(Tr.)
I II
Crop Crop
1 lo lo 1.624 1,517 1,570
2 N-15 lo 2,694 1.354 2.024
§ NC+N-15 N-14 2,578 1.589 1,966

M(F) 2,581 1,570



Table 14

Yield of rough rice, straw and roots + stubble
ist Crop., Dry seasen, 1977. g/plot(0,07 .g).

Treatment ( 1:;‘::1:";‘) ?g;;’ lumttg)hbbh
1 Gontrel 19,58 12,27 4.81
2 N ures 54.51 54.57  19.58
5 8% straw 19,96 15,00 [®.%
4 5w 19.54 11,60 5.64
5 N gtrew + Ord, urea 54,14 5,46 17.11
6 %7 + ord. urea 52,60 35,90 16,26
Ord, strav + ¥'°-urea 9,76 55,91 16,69
L.S.D. (0,08) 8.00 2,98 2.08
C.V. % 8.6 10.1 14,5




Table 15
Total N uptake by the Ist Crop. Dry season 1977

Kg i/ha (0DB)

R l::u:: Straw lul: rice Ro:ts Total

v stray _ Stubble

1 Control 17,18 0.4  2.67 2.24 2,91
2 5'%.urea 48.24 28,94 T7.18 8,81 85,99
5 ¥ strav 18,69 11,84 50,58 5.41 35,94
« ¥¥rm 18,45  9.81 28,24 5,04  51.28
5 §'°strawiOrd,ures 47.21 27,00 74,21 778 8197
6 N rniord,urea 46,77 50,66  T7.45 7.50 84,95
7 Ord, strawti'-urea 45,98 26,84 70,82 7.65  78.45
L.S.D. (0.08) 2,84 2,72 4.52 0.05  4.81

c.v. § 7.0 11,1 7.0 12,8 6.7
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¢ Progress Report for the period 15 July 1976 to 14 March, 1977
1. (a) (i) Conmtraect Wo. 1438/R3/4S

(ii) Title of the Project:-

The fate of applied organic and inorcanic N in flooded

rice soil in relation to nitrate pollution under tropical

conditions (part of a coordinated programme on agricultural

N residues with particular reference to their conservation

as fertilizers and behaviour as potential pollutants),
(1i1) Institute where research is being earried out:-

Central Rice Researeh Institute, Cuttack, India
And

s Al1-India Coordinated Rice Improvement Project,
Rajendranagar, Hyderabad-30, A.P,, India,

(iv) Chief Investigator and collaborators:-
Dr, J.E, Shinde
Mr, C.UM, Rao
Mr, A.M. Krishnappa

(v) Time period covered:
15 July to 14 Mareh, 1977

(b) Deseription of research work earried out

Part 1:- A laboratory experiment was conduected to study the
transformation of slow-release materials labelled with N'5, The procedure
was deseribed in detail  in part 3 of the earlier Prosress Report for the
period 15 January to 14 July, 1976, The data are now updated by including

15

the results from N ° analysis,

Part 2:- A field experiment was conducted at Cuttack during the
dry and wet seasons of 1976 to study the turnover of chopped rice straw
(total N, 0,624%; C/N ratio, 54.50; N'5 atom excess, 3,075%) and FIM (total N,
0.945%; C/N ratio, 33.49; N'° atom exeess, 0.421%) in flooded rice soil.

The treatments and experimental proeedures have been described in part 4 of



-l
the earlier progress report, After harvest of the dry season erop, another

rice ecrop was grown during succeeding wet season, For the 2nd crop 3 randomly
selected replicates of each treatment, except the eontrol, were fertilized at
transplanting with unlabelled urea @ 80 kg N/ha (+N¥), while 2 replicates were
kept unfertilized (-N), The data are now updated by ineluding the results of

the 2nd erop and the W analysis,
Part 3:- Long-term field experiments to follow the fate of an

initial N'° pulse in flooded rice soil were initiated at Hyderabad during the
wet season (July-October) of 1976, Metal miero-plots (0,07 sq.m, area) were
installed in the field without any disturbance to the soil profile for appli-
cation of N1 5-m~ea. For yield data 13,75 sq.m, plots were prepared, Perforated
tubes for collection of leachate and ground water samples and static traps for
volatilized ammonia were installed in the miero-plots, The treatments included
(1) eontrol, No N (Ny); (2) basal a;;p]ication of 100 kg N/ha (N;); and (3) Neem
cake (residue of Azadirachta indica seeds after extraction of oil) 250 kg/ha +
basal application of 100 kg N/ha (N,), In the micro-plots urea of 20% N>

atom excess was used,

. For taking representative soil samples from the root zone (0-20 em
depth) without disturbing the miero-plots, porous nylon bags (8 x 7 em) have
been used, These bags were filled with 50 g air-dry soil treated with N1 5-urea
and Neem cake to the same level as that in the root-zone soil, The open end
was folded and elosed with metal staples so as to obtain a cylindrieal shape,
After transplanting of the crop, 5 suech nylon bags were pushed into the flooded
s0il of each micro-plot and placed in vertiecal position so that ths upper end

was just below the soil level, The nylon bags were uniformly distributed within

" the area of the miero-plot, Sinece these bags are porous and the soil was not

tightly packed to avoid any alteration in the natural bulk density, it is
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expected that the enclosed soil will undergo transformations of similar
nature and magnitude as that in the bulk of the miero-plot, Plant roots
can also absorb N'’-N from the cylindrieal nylon bags.

For the 1st rice crop transplanted in July, 1976 the treatments were
replicated 12 times in a randomized block design., Leachate, ground water

and volatilized ammonia samples were collected throughout the erop growth
at weekly intervals, The crop was harvested in October 1976 and analyzed
for total and N! 5-N. One nylon bag from each replicate was pulled out,
the soil was air dried and analyzed for Kjeldahl-N, KCl-extractable N,

nonexchangeable NH A-N and fractions of erganie N.

After the 1st crop was harvested in October 1976, in both miero-
and yield-plots, half the number of replicates of each treatment were
subjected to wet and the other half to dry inter-erop fallow for a period of
60 days before all the plots were reflooded to prepare the land for the next
crop. In wet fallow plots about 2 em of flood water was maintained, while in
the dry fallow the plots were allowed to dry eompletely, Leachate, ground
water and volatilized ammonia samples were collected during the period of
inter-crop fallow at 15 days interval, At the end of the inter-erop fallow,
the plots were again irrigated to 5 to 8 em depth, Six days after re-
flooding, one more nylon bag from each replicate miero-plot was pulled out,
and the wet soil was analyzed for different N fractions, Moisture was
determined simultaneously in duplieate samples and the data were|'. calculated

-

on oven dry basis,

The 2nd crop was transplanted in the same plots in February, 1977,
Half of the plots under each kind of fallow received 100 kg N/ha in 3
splits through unlabelled urea, while the other half were not fertilized,
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After harvest of the 2nd erop in May 1977, the same plots will again be
subjected to wet and dry inter-erop fallows as before, A 3rd erop will
then be transplanted with and without unlabelled urea appliecation in July,
1977. Depending upon the lsvel of detection of N'7 in erop, soil, and
other samples, the experiment may be extended further, At the emd of
the experiment the miero-plots will be destructively sampled, layer by

layer, to stuly the movement of N'> in the soil profile,

The entire experimental plan is schematically shown as follows:-

15 st erop - wet season {
Ny - Ny - Np N ° pulse iTuly - October, 1976 !
100 kg N/ha

! ITr. x Rep., = Total plots |
! L5 e B B 5 i

i

!
1 1 =
12 plots 18 plots L T e

Wet f£all October - cember

W Tuaian o g i Tr, x Rep, = Total plots |
! x 6 & A% '

i

L

IInd crop - Dry season

i
g February - May 1977

{
Unlabelled urea/ No N Unlabelled urea/No N

- - .

2.5 = 36

Tr. x Rep. = Total plots

- - -

IT Fallow,= May - June 1977
Tr., x Rep, = Total

A

Dry fallow Wet fallow

1
1
i
12 x 3 = 136 =

]
1

1-

'
1
‘
{
Ll
]
“

III Crop - Wet season
July - Oectober, 1977
Tr. x Rep. = T¢tal
% 3 = 36

1

1
! | B 1
Unlabelled urea/No N Unlabelled urea / No N

. .,

[




(e) Results obtained

Part 1:- The distribution of N5 in different fractions is shown
in Table 1., Averaged over 30, 60 and 90 days of incubation, the fertiligzer N
in Kjeldahl fraction was only about 27 per cent with sulphur-coated urea
as compared to 50 to 52 per in straw mud balls, 45 to 47 per » cent in
husk mud balls, and 44 per cent in urea mud balls without any carbonaceous
material, The fertilizer N incorporated into organic fraction also showed
that straw was able to immobilize more of added N as compared to other
materials, The results confirmed the basic assumption that the mud balls
with carbonaceous materials could immobilize a part of the fertiligzer N,
The consequent low rate of mineralization appeared to confer on the mud balls

the overall characteristies of a typical slow-release material,

Part 2:- Application of urea over FYM significantly increased
the yield of rough rice and straw in the 1st crop as compared to urea
alone (Table 2), Straw application followed by urea gave higher yields
than straw alone, In the 2nd erop fertilized with urea, previous FYM
application gave the highest yield, However, the residual effect of
FYM application on the yield of the 2nd unfertilized erop was very small,

N uptake from labelled organic sources in the above-ground
portion of the 1st erop is shown in Table 3., About 11.8 kg of N/ha was
available from the FYM as compared to only 2,2 kg from straw, Application
of urea inereased the uptake of straw-N but not of FIM - N,

The contribution of organic-N to the uptake in the 2nd erop
was in all cases higher with N fertilization than otherwise (Table 4),

This may be attributed to the 'priming aection' of the added N,
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The initial straw application added about 12.5 kg of N/ha, of
which only 18 per cent was available to the 1st erop, 7.3 and 2.5 per
cent to the succeeding erop depending upon whether latter was fertilized
with N or not (Table 5), The 1st erop recovered 30,7 per cent of straw-N
when it was supplemented with urea, The effeect of urea supplement in the
18t season was also evident in the 2nd erop. The highest recovery was
recorded in the case of FYM - N in both erops., Although the recoveries
of N added through different materials are not strietly comparable because
of varying N rate, they do indicate the extent of their mineralization in
£looded soil, After harvest of the 1st crop, 13.4 and 6,7 kg of N residue
per hectare was left behind in the soil arising from labelled urea and straw,
respectively, (Table 6). The fraction of these residues useful to the
succeeding crop depended upon whether it received N fertilization, Thus
with the application of 80 kg N/ha through unlabelled urea, about 28 and 14
per cent of these N residues were in plant - available form, In the
absence of N application, only about 10,9 and 4.7 per cent of the residue

could be called as useful,

Part 3:- The soil characteristics and the average meteoro-
logical data are given in Tables 7 and 8, respectively, The application
of Neem cake + urea increased the rough rice and straw yield significantly
over that obtained by urea application alone (Table 9), The fertilizer N
uptake in the erop, however, increased by only about 2 kg per heectare (Table
10), It was further evident that Neem cake could effectively control
NO.-N in the ground water (Table 11), the loss of NH 4+N03_N through leaching

3
(Table 12), and ammonia volatilization (Table 13), The exact saving in the
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fertilizer N would, however, be known only after the y'? data are received.

The N residue in the soil after harvest of the 1st erop and
its fraetionation are shown in Table 14, Neem cake application appeared
to increase the total organie N probably through greater synthesis of

amino acid - N,

The effeet of inter-erop fallows maintained for 60 days
after harvest of the 1st erop showed that the NO3-N in ground water
was higher under the wet than the dry fallow (Table 15), However,
NH4+W03-N in leachate followed an epposite trend (Table 16), probably
because of lesser dilution under the dry fallow, Ammonia volatilization
was greater in the wet than the dry fallow (Table 17), Continued
ammonium production under submergence provided by the wet fallow is
likely to lead to greater losses, particularly in the absence of any
growing erop, The beneficial effect of Neem cake applied earlier in the
season was also evident,

The effect of wet and dry fallows on N residue is shown in
(Table 13), Under all treatments the wet fallow conserved more soil +
fertilizer N than the dry fallow, The soil samples in nylon bags were
drawn 6 days after the plots were reflooded for land preparation,
Thus unlike in the wet fallow in which continuous submergence was
maintained, the dry fallow plots were subjected to 60 days of drying
and 6 days rewetting eycle., The sSoil samples were analyzed in the
wet condition immediately after eollection to avoid the effect of
drying and storage, The differences in the Kjeldahl - and mineral - N
in the wet and dry fallows may, therefore, be assumed to reflect the
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extent of denitrification losses, The wetting and drying cycles are

known to favour denitrification,

(d) Conclusions drawn:-

1., The results of the incubation experiment confirmed
the basic assumption that the carbonaceous mud balls could immobilize
a part of the fertilizer N. The immobilization and consequent low rate
of mineralization may explain the behaviour of the mud balls as slow-

release N sources,

2, At normal rates of application, straw and FYM eontri-
buted small amounts of N to the rice erop. However addition of
fertilizer N, particularly over the straw application, may enhance
the N contribution of the latter to erop growth, Similarly, N
fertilization of the susceeding rice erop helped to recover more

of the straw-or FYM - N applied earlier in the season,

3. The long-term field experiments on the fate of initial
N'5 pulse showed that application of Neem cake tended to improve the
recovery of fertilizer N in the erop and reduce NOB-N in the ground
aM o

water, The loss of N through leaching and volatilization was | controlled

leading to its enhanced conservation in the soil,

The inter-crop follow treatment showed that N03..N in ground
water and ammonia volatilization tended to be higher in the wet than
in the dry fallow, The wet fallow yet conserved more N residue as
compared to the dry fallow; the difference between them may be assumed



to reflect the denitrification loss,

(e) Citation of periodicals etc:i- Nil

(f) Any explanation for any significant departure from the level of
activity forseen by the contraet:- Not applicable.



TABIE - 1
Transformation of N1 5-N in slow-release materials incubated in flooded soil
(30°C, 5 em f£lood water), N rate = 100 ppm,
Distribution of N'? in different fractions, ppm, Mean of duplicate values.

Mud balls prepared from

Days of Sulphur-
N fractions incuba- gtray  Straw Husk Husk coated
tion + + + & Uraa urea
urea AS urea AS
Kjeldahl N 30 58.45 55.95 53.16 47.28 47,20 31,51
(including 60 51.81 51,31 48.79 47,78 48.50 26,94
NO5-N) 90 47.28 42,64 39,28 39,74 36,50 22,69
Av 52,51  49.96 47,07 44,93 44,06 27,05
Mineral 30 11,67 9.26 13,10 13,00 11,35 7.23
NH4+N03-N 60 10,33 T3 10,34 1.2 1.4 6,00
90 10,36 7.00 9,61 9,11 7,70 432
Av 10,78 708 1095 11,12 10,15 5,88
Mimr&liz&ble 30 1 .37 1 .74 -~ 0088 OQW o
NH, +NO5-N 60 0,68 0.22 - - - -
90 w 1.10 - - 0.03 0.15
Av 0.68 1.28 > 0.29 0.27 0.05
Total 30 .78 6,69 0,06 34,25 35.85 24,28
organic N 60 41,48 43.90 38,65 36,54 37,09 20,85

90 36.92 35.64, 29.67 30.63 28.80 18,37
Av .72 42,07 36.42 33.80 33,91 21.17

HC1- 30 40.04 39,57 33.95 31.81 J0.12 21,39
hydrolyzable 60 31,90 36.49 30.85 30.48 30,16 19.33
organic N 90 29.77 29.66 27,11 26,83 23,39 16,19

Av 33,90 35.24 30.63 29,70 27.39 18,97
HCL- 3 &3 TR 6 2.4 5,00 2439
nonhydro]yzable 60 9.58 741 7.30 6006 6.93 1,52
organic N 90 1.1 5498 2056 3.80 5.41 2,18

Av 7.82 6.83 5.49 4410 6,02 2.20

e e e e e e e TR TR
AS = Ammonium sulphate

Sulfur coated urea (TVA product), N = 39,1%, N5 atom exeess = 9,9%,
Dissolution rate = 28% in 7 days, total coating = 16%, eonditioner = 2%,
wax = 3%, sulfur = 11%,



Table - 2

Yield of rough rice and straw

W

1st erop 2nd _erop _
(Dry season 1975) (Wet season 1976)
+ N o

Treatment Rough Straw Roug Straw Rough Straw

_rice_ rice rice

1L I 29 L : r o\
g/plot

contrOI - 65 .O 41&05 - - 21 08 13 09
N'? _urea 8.1 603 T L 08 385
N'2_straw 67.9 45.0  Thes 0.0 205 1.9
N O_FIM 8.6 - ABd. 1S o ANA- SS5Y - BN

lI1 5 -straw +

unlabelled urea

N'O_FYM +
unlabelled urea

L.S.D. (0,05)

82,7 62,7 T5.2 38,0 37.3 19.4

6.3 54

H




TABIE - 3
N uptake in the 1lst erop, Kg N/ha,

Rough rice Straw Rough rice # straw
From From From From From From
labelled unlabelled Total labelled unlabelled Total 2labelled unlabelled Total

Treatment source source /s source source/s souree source /s
Control - 59,00 5,00 - 29,30 29,30 - 83,30 88.30
N1 5-\11‘3& 13 .52 77.93 91 04—5 8085 48030 57.15 22 .37 1%.23 148060
87 _straw 1,53 7.7 79,30 0.72  38.%3 39,55 2,25 116,60 118,25
N’ _FimM 7.83 69,13 76,96 3.96 37,25 41.21 11,9 106,32 118,17
N5 straw +
unlabelled urea 2.65 94.38 97.03 1,18 55.79 56,97 3,83 150,17 154.00
N'S_FYM +
unlabelled urea 5.75 104.27 110,02 3,20 57.20 60.40 8,95 161.47 170.42
L.S.D. (0.05) 3.08 - 8,10 1,51 - .57 Akd - 11,14

L e ]



TABIE - 4
N uptake in the 2nd erop with (+ N) and without (- N) fertilization by unlabelled urea, Kg N/ha.

®.

\

Rough rice Straw Rough rice + straw

From From From From From From

labelled wunlabelled Total labelled unlabelled Total labelled unlabelled Total
Treatment source source/s Source source /s source source/s

+ N
Control & Y & & 7 . = s o
N1 5-urea 2.90 85,23 88,13 0,23 31.40 32,23 3.73 116,63 120,36
N5 straw 0.76 80,44 81,20 0.21 35,10 35,31 0,97 15,54 116,51
N15-FYM 5,47 86,66 92,13 N D 35,70 35,70 5.47 122,36 127,23
N15-straw+
unlabelled urea 1.85 82,21 83,26 0,30 33.54 33.84 1,35 115,75 117,10
N15.FEM +
unlabelled urea ND 80.49 80,49 ND 35,70 35,70 ND 116,19 116,19
R

Control i 21,76 2176 13.20 13.20 » 24.96 34.95
N15_urea 0,98 35,27 36,25 0.49 20,03 20,52 1,47 55,30 56,77
N5 _straw 0.24 21.45 21.69 0,08 10.04 10,12 0.32 31,49 31,81
N15_FYM 1.22 35,63 36,85 N D 15,93 15,93 1,22 51,56 52,73
Nﬂ-straw#'
unlabelled urea 0,40 40,383 40,78 0,13 16.93 17,06 0.53 57,31 5784
N'5_FYM +
unlabelled urea ND 27.29 27.29 ND 15.25 15.25 KD 42,54 42,54

ND = N'2 below detectable level



TABIE - §

Per cent recovery of N added through N1 5--lahelled materials in rice erops.
WITTITITITET=RITII S S EE === S s S s ]
Application Per cent recovery in
rate of
labelled N 1st erop 2nd erop
Kg/ha
Jreatment + N - XN
N'5_urea 80,00 27,95 4,56 1.84
N'o_straw _ 12,48 12,03 77T 2.5
NS FM | 21,00 56.14 26,05 5431
N1 5-straw +
unlabelled urea 12,48 30,69 10.81 Le24
N'2_FYM +
unlabelled urea 21,00 42,62 ND ND

ND = N15 below detectable level

TABIE - 6
Per cent recovery of residual labelled soil N in 2nd riee erop

]
Total residual N'5.y
in soil + roots Uptake of residual N % Recovery of
(Kjeldahl fraction) by 2nd erop labelled soil N
after harvest of in 2nd erop
1st erop
reatment 20 em depth) + N - N + N -N
- Kg N/ha
N'o-wrea  13.44 3.73 1.47 27.75  10.9%

N straw 6,76 0497 0.32 14.35 4T3




Table - 7
Soil characteristies, A.I.C.R.I,P,, Hyderabad

(0-20 em depth) Air-dry basis

e t— e o e e ——
——— e

1 Type Black soil

2 Texture Clay

3 Predominent Montmorrillonite
clay mineral

4L pH (1:1,25, water) 8.10

5 Total N % 0.09

6 Organic C % 0,937

7 C/N ratio 10,29

8 C.E.C, ne?/mo g 494,20

9 Available P (Olsen), ppm 5,00

B~ ... — — — ——— —— —— — — —— "~

Table - 8

Average mateorological data, A.I.C.R.I,P,, Hyderabad

e — —
Wet season, 1976 Inter-crop fallow (1)
(July - October) 22 October to 21 Dec,,

o 1976

Air temperature, C

Max, 30.6 30,0

Min, 20.8 17.0
Sun shine, hrs, 182.1 260.4
Rainfall, mm 103.0 18.1
Relative humidity, %

Morning 85.7 90.3

Evening 52.0 : 1,3

e e S s T e



Table = 9
Yield of rough rice and straw. 1st crop,
Field experiment, Wet season 1976, Hyderabad.

N rate = 100 kg/ha

e e e e e e
Py

i (i arate)’ (aves 467
-~ t/hg —————
Control 1,81 1.75
Urea, basal 4,18 4,00
Neem cgke + urea, basal 4,64 4,65
0.19 O.44

LeSeDa (0.05)
cEa 65 153




Table = 10

N uptake kg/ha , 1st crop, Field experiment, wet season 1976, Hyderabad

N rate = 100 kg/ha N Lone B Mrea by AT T L e
AR Rough rice Straw Rough rice + straw
Fert. Soil Total Fert. Soil Total Fert, Soil Total
Control - 20,80 20.80 - 11,44 11.44 - 32.24 32,24
Urea, basal 20,77 34,04 54,81 18,18 19.35 32.50 33,02 53.39 $7.31
Neem caketurea, basal 22.26 40.48 62,74 14,00 22,07 36,07 86.26 62,55 98,81

L.S.D.(0.05) NeSe 5.51 NeSe J4%4 NeSe 7498




Table - 11

Soil + Fertilizer N in ground water during 1st cerop growth,
Wet season 1976, Hyderabad,

N rate = 100 kg/ha

= — — e e R ST R e
As As As
Treatment ; ;
NH 4-N NO S'N NH 4+NO3-N
e e I
Control 0.26 0,31 0.57
Urea, basal 1.5 0.64 .16
Neem cake + urea, basal 1,05 0.40 1.45
Table - 12

Soil + Fertilizer N in leachate during 1st crop growth, wet season 1976,
Hyderabad

N rate = 100 kg/ha

— = T e e T e e e e e s
p——— == —_

As

Treatment NH +NO.-N
I Ggmag
ppm

Control 0,09

Urea, basal 1.28

Neem cske + urea, basal 0,77




Table - 13

Loss of soil + fertilizer N through ammonia volatilization

during lst orop growth, Wet season 1976, Hyderabad,

o —— =y

_____.-—-.———-.—————-.—-

Treatment Kg N/ha
COﬁtrO 1 o} . 67
Urea, basal 1.50
Neem eake + urea, basal 1.18

EM




Table - 14

Residual soil + fertilizer N in soil (0-20 em depth) after harvest of 1st crop. 1st Nylon bag

—————  —— 'm,m —_— —

Kjeldahl Mineral  Total  HCl- Fractions of HCl-soluble organic N __ °
Treatment N NH4+N05—N org. N  soluble NH4-N Hexose Amino Unidentified

(includ- org. N emin-N acid - N - N

ing NOZ-N)

g5 i e

Control 796, 11.82 785,61 404,25 46,19 19,56 140,53 198 .27 lc
Urea, basal 925.15 14,90 910,25 569,80 63.52 71.%2 86,94 348,10
Neem cske + 1013.51 14.09 999,42 542,20 55,50 34,64  162.34 289,71
urea, basal g 28 o+ 31

Ls dior0s) »
&N Y, %8 7'3




Table - 15

Soil + fertilizer N in the ground water, Cumulative data, 1lst inter-erop

fallow, Hyderabad.

e NN o
Treatment " 3~ e gk g » o Wi

ppm

Control 1.39 1.38 2.T7 1.38 - 1,38

Urea, basal 5.89 3.12 9.01 7.62 2,77 10.39
Neem cake +

urea, basal 6,58 0.35 6.93 5¢54 - 5¢54

Table - 16

Soil + fertilizer N in leachate, Cumulative data, 1st inter-erop

fallow, Hyderabad.

==

Treatment Wet fallow Dry fallow

NH 4 +N03-N, ppm
Control 1.73 3.46
Urea, basal 6.41 26,68
Neem cake + urea, basal 2,77 6.41

Il
|
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Table - 17

Loss of 8oil + fertilizer N through ammonia volatilization

during 60 days of the 1lst inter-crop fallow (22 October to

21 December, 1976) Hyderabad,

WW

Treatment Wet fallow Dry fallow
Kg N/ha

Control 1.23 0,92

Urea, basal 2.27 1.45

Neem cake + urea, basal 1.7 1,17

P e
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Table - 18

Residue of soil + fertilizer N after 1st inter crop fallow,

2nd nylon bag. Mean of 6 replications

-

s e oiiw ion: . —

=== === =
Kjeldahl - N KCl-extractable by g bl
Treatment pom( ODB) NH,+NO N M- 8 i
e 2 Mhowm
Wet fallow Dry fallow ppm (€BB) » 7
Wet fallow Dry fallow w D®
S34-79 5Bl ko
Control VHe5 T 756508~ 18,48 11.55 Bh41& Bhwoo
c€237 £36:3&
Urea, basal 856-=5 886565 1,94 13,86 10015 Ah.28
_ 7867 £76 18
Neem cake + £ 78 : ‘ W78
2372 :
s Wit 87606~ G46566- 26,56 17.52 “¥237
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