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

Layout:

Plot size:

Treatments:

Ny -N ~No

|

rn
16 plots

Wet fallow
18 plots

Dry fallow

Split plot

' pulse
100 kg N/ha

~
Unlabelied NoN Unlabelled NoN
urea urea

Dry fellow Wet fallow Tl Fallow = May - June,197
Tr. x Rep. = Total

412 x 3 = 36

I | of

Uniabelled NoN Unlabelled
urea urea

NoN

0.07 sqm.
18.75 sq...

N-15 plots:
Yield plots:

(a
(b

Control, No N (Nq)
Basal application of 100 ke N/ha (N,)

ita caNeem cake (residue of Azadiracht
seeds after extraction of oil) 250 kg/ha
+ basal application of 100 kg N/ha (No)

1st crop - wet season
July - October, 1976
Tr. x Rep. = Total plots
3 x je = 36

15

1st fallow: 60 days
October - December, 1976
Tr. x Rep. Total plots
6 x 6 36

IInd crop - Dry season
February - May, 1977
Tr. x Rep. = Total plot
12 x 3 = 36

!III Crop - Wet season
i July - October, 1977
itr. x Rep. = Totat
{12 x 3 = 36



Dry fallow =

Wet fallow =

Observations:=

after har
to dry na
tbe succe

After har
to dry by
water ove

vest of the crop thé soil will be allowed

turally and then rewetted for planting
eding crop.

vest of the crop the soil will nov be allowed

continuing irrigation (about 2 cm of flood
r the soil surface).

(a) Hydrological parameters

Irrigation water
Precipitation
Evapotranspiration
Percolation

(b) Nitrogen parameters

9.
10.

in irriet gation water
in rain
in leachate
in ground water
in harvested crop

ge
3.
4,
5.

N in volstilizaticn loss
Yotal soil W (Kjeldahl)7.
Mineral N

Non-exchangeable-l
Fractionation of organic N

Destructive soil samplings layer by layer will be done at the

end of the experiment.
be drewn using the Nylon bags.

Soil samples after each harvest or fallow will



Re The transformation of nt
with reference to N balance.

°_urea in rice - wheat cropping system
(The standard or the 'Zemun! experiment).

Experimental plan

Season Year a B G

. Rice Rice Rice.
wet 1977 Rice* Fahlew Rice* Fattew Rice* Fatblew

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™

bry 1980 D

15* Application of N” -urea

x &@Application of uwnlabelied urea

Group A = ni°_ urea of 5% atom excess

Group B and C = y??_ 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
= NcoN

N, = 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
% Loss of N through leaching
3. Loss of N through volatilization and denitrification
4. Fertilizer N in ground water
5. Fertilizer N in soil in Kjeldahl, mineral and organic

forms at different depths.
6. Meteorological observations
7. (I. added through rainfell or irrigation,



4. Long-term field experiment to follow the transformation of yh. labelled
rice straw and FYM.

Lay out : RBD

‘lreatments: 1. Control
he y?°_urea
3. n?_straw
4, Ni? _pyM

5. n1*_straw + unlabelled urea

6. N°FYM + unlabelled urea

7, Unlabelled straw + n?-urea

Rate of application:
N = 100 kg/ha
Straw = 2 t/ha
FYM = 2.2 t/ha

Analysis of materials:

1. Straw:
(a) N+°_iabelled = ‘Total N 0.88%, Urg.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. FYM = Total N 1.698%, Org. C. 20.47%, C/N ratio
12.05, N-15 atom 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 n?°-1abelled rice straw, For the 1st crop (Dry season 1977)

the straw and FYM were incorporated upto 5-8 em 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 end 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 and subsequent crops to
follow the transformation of labelled organic N in various fractions of the

soil N,

ome,



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

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

C. U. M. Rao anp 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, !5N-labelled urea/
ammonium sulphate in solution form to give a C/N
ratio of 12 : L 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 mnimize 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. Jt was checked that this
treatment did not cause any loss of urea-N.

Experimental procedure :

The field experiments were conducted ona sandy
loam soil of pH 5.5. The 8N 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,O; and K,O/ha
was given taking into account the superphosphate
added through the mud balls.

The indigenous slow-release sources were COMPA Teyed 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 5N atom excess was used for
all the treatments except that of SCU. In the wet
season, basal application of *N-labelled SCU (TVA
product; N, 39.1 per cent; 1N 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 urea, ammonium
sulphate, SCU, and neem extract coated urea, these
materials were incorporated upto 5cm 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 obtaina
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=
°5N atom excess of sample

% *®N atom excess of fertilizer x 100

After harvest, rough rice and straw samples were
separately analyzed for total N and !5N/!4N_ 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.

Taare 1: Yield of rough rice and recovery offertilizer 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

uN Diff. 1N Diff.
method method method method

Control 3.1 _— _— 3.1 _—
_

Urea 17 43.8 73.4 5.1 44.5 74.9

Ammonium sulphate (AS) 78 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 14 52.5 91.5 4.9 42.8 63.8

Straw+AS 73 55.9 95.2 5.4 48.0 79.0

Husk + 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 73.3 4.7 36.1 70.4

L.S.D. (0.05) 1.6 _ — NSS. _—
—
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ao Results
and Discussion

¢ The performance of indigenous materials in terms
of yield and recovery of applied N is shown in
Table 1. Inthe 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 5N found in leachate (Table 2)
showed that indigenous materials saved substantial
losses through leaching.

TABLE 2 : Per cent fertilizer ©Nfound 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 45N 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 15.9

Indigenous slow release sources The authors wish to thank the International
Straw turea 17.6 Atomic Energy Agency, Vienna who supported this
Straw--AS 43 investigation, in part, through research contract

Husk + urea 139 1438/RB. Thanks are also due to Dr. 8S. Y. Padma-
us . nabhan, former Director, for his keen interest and

Neem extract coated urea 6.9
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Synopsis of the thesis on "Transformation ant turnover of tn /V: fros On FN
rice soile® to be submitted by Krishwpra for the Jegreeof Doctor of Philosophy in Agrionlture (Soil 3cienes) of the
Orissa University of Agriculture and Technology, Smbaneswar,

W4b Eb

Among plant mtriente nitrogen plays an important role in determining

crop yields, It is well know that in soil the added fertiliser N

undergoes a multitude of complex and interlinked reactions mich as

mineralisation, immobilisation, fixation in clay=ginerals and re-

mineralisation, These reactions not only determine the current and

residual availability of fertiliser ‘, but aleo the quantur: that may

be lost fhan through various pathvays, A great deal of infornation on

these complex series of reactions affecting V economy is available for
well-drained arable soils tut the ill-drained, flooded soils cropped to

rice have genérally been neglected in this respect. Whatever scanty
information is available, it has mostly emerged from laboratory andi

greenhouse experiments often conducted unier conditions that do “ot

truly repre-ent the actual field environment, ‘ith this in view,

eight field experiments were conducted in “hhanadi delta alluviem and

black clay soil to study the transformation ani turnover of both

inorganie and organic " unier actual field conditions. N°. Labelled
materials wore used to obtain direct evidence of transformations ani

to disténguish between the added and the native soil %.

The experiments can eonveniently he divided in two parte,
(1) The transformation of T5.1ahelled rice straw and PYM in rice

rice rotation; and

(2) the transformation of N15.1abelled urea added alone or with ‘een

cake over 3 crop Séasons.

The experiments were in specially prepared micro-plots. The

turnover of 1 ahelied chopped rice atraw ani FYM added at the rates
of 2 ant 6 t/ha, respectively, was studied with and without application
of unlabelled urea, A treatment with Traherted urea to tive 8 ke
N/ha was also included for comparison, @ In black seil the PY was

restricted to 2 t/ha level but 1 >-1ealled uréa was adjed to supply
100 kg t/ha.



- 2a
In the alluvial soil the stray application added 12.5 kg Wha, of

whioh only 18 per eent was available to the first crep of rice. However,
when the straw application was followed by urea, the recovery increased
to 30.7per cent. The highest recovery of 56 per cent was recorded
with F.¥.™ The recovery in the secon! crop was greatly influenced by
the ‘priring action’ of the added urea-N, Thus the recovery of residual
organic-N frem all materials was higher in the presence of epplied NW,

After harvest of the first crop, 13.4 and 6.7 kg of labelled V from

urea and stray application, respectively, were found in the root sene.
The recovery of these ‘% residues in the miccecding uafertilise! crep
was enall, Pat with \ fertilisation about 2 end 14 per centof residual
N ef urea and straw, resyectively, vad available for plant uptake.

In bhack soil the straw aided 17,6kg of N/a. The first erop
absorbed only 5.45 per cent of the added strayN. But when the stray
aprlication was followed by urea at the rate of 100 kg N/na, the recovery
of atraw-" increased to 10.66 per cent. These recoveries vere mych
leas than those recorded in alluvial soil, About 28 per cent of applied
urea-"vas recovered inthe erop but in the presenee of 2 t/ha straw

applicatioit decreased to 23 per cent, fms about 5 per cent of the
fertiliser § appeared to have been immobilised under field confitions.

the turnover of rice stray avi FYM is impertent from the view peint
ef mitrient recyeling and possible immobilisation effects. these nateri-
als at normal rates of application add emall amounte of NW in ergenic fora
whose contribution to Y esonomy is usually difficult te estiuate. ‘The

use
of labelled materials in thesc mxperinents have this provided uxedek

voeal of their contritutionunder actugl field conditions
for the first tine.

"

The seeont part of the experinetes eonprised of the study of Ww
>.

urea transformations, ‘Mero-plote vere used for W application and 15
n® plete fertilise! with unlabelled urea vere used to estimate the yield,
The

fate of a pulse ef 100 kg M/he applied tereugh labelle! urea (20

per cent ¥
5
atom excess) with ani vithout Neen cake was foileved. A

controlwas alse inelud@ed, Devices to draw leachate ani volatilise!
ammonia samples were installed in the misro-plote. A specially devised



ay

method of using porous mlon bags to draw periodic soil samples without

distributing the micro-plots was employed. The first rice crep was grown

in the wet season of 1976, After its harvest, equal minber of plote from

each ¢ treatment vere subjecte! to 60 days of wet or dry fallow hefore
all the plots were reflooded to prepare the lani for the next crop. 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

@rawn both at the harvest of the first crop ani at the end of the same

plote were used, Half of the plote under each kind of fallow received
100 kg N/ha in 3 splits through unlabelled urea, while the other half
renained unfertilized. After harvest of the second crep, the same plots
were again subjected to 40 days ef either wet or dry fallév treatnent as

before, A third erop of rice was grown during the wet season of 1977,

Thus the initial 1 pilse was subjected to 3 crop grovths anf 2 periods
of wet or dry fallow treatments.

In the first crop, application of urea + Veem cake gave a grain
yield of 4.64 t/ha as compared to 4,18 with urea alone. The increase
*tn yield was statistically significant, The control rlots yielded only
1.81 t/ha, The recovery of fertilizer Vin the crop with and without
Yeem cake was 22 and 2) kg/ha, respectively, The loss of fertiliser ¥

through volatilisation during crop growth amounted to 6.34 and 5,33 kg/ha.
Sinilarly, the leaching losa was found to be 8,25 ar! 5.39 kg Wha. The

most spectacular effect of Nees cake was, however, evident in the conser-

vation of fertiliser Nin the root mne, With application of Neem cake

41 kg of fertiliser ‘/ha was found in the soil as compared to 29 kg in
the case of urea application alone. Ths in plots treated with Neen

oake‘77 per cent of the applied Twas accounted for ‘contrast to 59,5

per cent with urea alone,

During the first fallow period the loss of fertiliser " through

volatilisation amounted to 4.2 ant 3.5 kg/ha in wet-fallew ag] try
fallow plots, respectively, However, more fertiliser Y was conserved

in the soil in the wet rather than dry fallow.



The effect of water management during the fallow period was

evident in the grain yield of the second rice crop. the nean

yield under wet fallow was 5.05 t/ha which was significantly higher

than 4,9 obtained from dry fallow plots. The uptake of residual

fertiliser Twas also higher from wet fallow plots, However, the

residual value of the fertilizer N did net exceed 3 kg/ha. The

soil samples draw aft@r harvest of the 2nd crop also showed wet fallow

plots to contain more residual fertiliser N than dry fallow plote,

These differences probably reflect the extent of denitrification losses

which are favoured by alternate wet and dry conditions provided in
the dry ‘allow treatment.

As in the case of the 2nd crop, the 3rd crop vield aleo reflected

the beneficial effect of the wet fallow treatment. The effect of Neen

cake adiel at the time of tha first crop was also evident.

These experiments have provided estimates of the various processes

ef 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

han shown that the practice of wet fallow is beneficial from the view

point of both yield and N economy.
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EVALUATION OF RESEARCH PROJECT REPORT

[X] Progress report Research Contract No. : 1433/73/68
[| 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 stucy the effect of slow release
materials (urea + straw, ammonium sulphate + straw, urea + husk, ammonium sulphate
+ husk, sulphur coated urea, urea mud balls) on N-fertilizer uptake by the rice
Crope

bv) A field experiment was conducted during the dry and wet seasons of 1976 to
study the turnover of choppec 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/a, with and without
addition of 250 kefha of Neem cake) over a three-year perio? in flooded rice
microplots (0.07 m™ area).

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:

Experiment a) ~ Averaged over 30, 60, and 90 days of incubation,the fertilizer-N
in the soil (Kjeldahl fractkon) was only 27,5 with sulphur-coated urea, as compared
to 50-52;3 in straw mud balls, 45-47;5 in husk mad balls and 44% in urea mud balls
wihhout any carbonaceous material.

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

- 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
leaching.

N-6 (Apr 67)

Experiment b )

™mExperiment c



C. Conclusions drown:
2—

Experiment a) - The results of the incubation experiment seem to confirm the assumption
that the carbonaceous mud balls 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 conclud@ions.

~ The reported data indicate that the addition of Neem cake to
fertilizer urea may be an effective way to control loss of nitrate-N through
leaching. However, no final conclusions can be drawn until N-15/N-14 ratio data
is available.

1. ADDITIONAL COMMENTS:

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

Wl, FURTHER INFORMATION REQUIRED FROM CONTRACTOR:

Experiment c
)
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"1. (a) (4) Contract No. 1436/R5/G8

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

(444) Institute where research is being carried outs

All-India Coordinated Kice Improvement Project,
Rajendraneagar, Hyderabad 500 030, 4.P., India.

(iv) Chief Investigator and Ccllaborators:

Dr, Job. Shinde

Mr, AM. Krishnappa

Mr, K, Krishnayya

(v) Time period covered:

15th Mareh to 14th September 1977.

(b) Descriptioof regearoh work carried out:
Pert 1: The longeterm field experiment to follow the fate

of an initial N-15 pulse in flooded rice soil already described in

part 5 of the earlier progress report (for the period i5th July 1976 to 14th

Mareh 1977) wes continued. The 2nd crop was harvested in May 1977. The

meteorological data for the crop season is given in Table i, Immediately

after harvest the 5rd set of nylon bags were pulled out and then the plots
were subjected 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 5rd crop was transplanted

in July 1977 which will be harvested in October, the losses through

leaching and volatilisation as well as NH and NO ,=li in ground water

were continuously monitored, —



The soil samples in nylon bags were subjected to kjeldahl

digestion both in the wet condition as well as air-dry. The air-dry

samples were ground to pass 60-mesh sereen and salicylic acid modification

was used to include NO ,-N that might have formed during air drying.

KCl-extractahle NH +NO.-N was determined in air-dry, 2 mm soil samples,

The acid-soluble organic N and its fractions were determined in air-dry,
Summ 60 mesh saaples following the procedure of Bremner, 1965 (organic
forms of WH, In Methods of Soil Analysis, part 2 ed. C.d. Black, Agronomy

Ho. 9, 1258-1255),

Part2: <A field experiment to follow transformation of 5 1 abelied rice

straw and FIM was initiated in February 1977, Micro-plots of 0.07 a” area

were used, The treataents were:- (1) control, (2) n*>_urea, (3) n> straw,
(4) wiym, (5) v2straw + unlabelled urea, (6) #297 + uilatelled
urea and (7) unlabelled strav + woLurea. Urea was applied at the rate

of 100 kg N/ha, straw 2 t/ha end FIM 2,2 t/ha. The anelysis of materials

is given in Table 2, Matured rice straw chopped into 2-5 om pisces was

used, Ihe FYM was prepared from 3 15 _) abelled rice straw. For the ist

dry season crop the straw and FYM were incorporated upto 5-8 aa, depth

and allowed to decaspose for 15 days under 5 aa of flooda water before

application of urea and transplanting. Urea wes applied basal and

incorporated upto 5-8 an depth, All treatments were replicated 6 times.

The crop was harvested in May 1977. The dry veights of rough rice, straw

and roots + stubbles were recorded and these plant parts were separately

analyzed for total N. A mall quantity of root + stubbles was used for

total N analysis and the rest was returned to the respective plots. A

kd

2nd crop was transplanted in July 1977.



Part5: The standard or the ‘Zemun' experiment, the details of which were

finalized during the 3rd research coordination meeting held at Vienna in

May 1977, was initiated in July 1977. The field experiment was designed

to follow the fate of ti/°urea in rice-wheat cropping system over a period

of 3 years. The experimental plan is as follows:-

Season Year A B c

Wet 1977 Rice* Rice Rice* Rice Rice* Rice

Dry 1977 Whe at 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 Riee*

Dry 1980 D

"
application of W“*.urea,

*
application of unlabelled urea

Group 4 = tures of 10% aton excess; Group B and C = n> Lures of

20% atom excess; D = Destructive soil sempling.

Rice will be grown under flooded condition (5 om depth) and wheat

at approximately field capacity moisture. The ist rice crop has been

transplanted in July 1977,

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

The treatmentsare BN. = Now; W0 = 60 kg N/ha in 3 splits fori rice and 2 splits for wheat.

Plot sizes
15(a) N°"-microplot = 0,24 sqm.

(b) Yield plot = 8.00 sq.m



Observationss—-

1. Reoovery of fertilizer MN in the erop

2, Loss of N through leaching

5, Lose of N through volatilization and denitrification

4 Fertilizer N in ground water

5, Fertiliser N in soil in kjeldahl, mineral and organic forms

at different depths.

6, Meteorological observations

7. N added through rainfall or irrigation,

(c) Regults obtained

Part j:- The yield of rough rice and straw is shown in Table 5.

Significantly higher yields were obtained under wet fallow than the dry.

Comparison of mean yields between treatments 5 and 5 and 2 and 4 showed

the residual effect of the neem cake 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 uptake 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°-data are received, The distribution

of soil + fertilizer N in the soil after harvest of the mnd crop and at the

end of the 2nd fallow period is shown in Tables 5 and 6 respectively,
After harvest of the 2nd crop about 872 pym of total N (kjeidahl 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 655 ppm found

under dry fallow plots which have undergone one cycle of drying and re-wetting.

Similar differences also appeared in plots which underwent a second oyole

of drying and rewetting, bui these were not statistically significant(Table 6).
The fractionation of orgenic N showed amino-acid HN to be higher under dry



than wet fallow (Tables 5 end 6). With respeet to other fractions, no

consistent trend was evident,

Since air- or oven-drying is likely to lead to i losees, many

investi gatimms-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 end grind it to 60 or 100-mesh size for kjeldahl digestion. The

use of porous nylon bags, 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 sise was determined.

All conditions of kjeldahl digestion were kept similar except that in the

case of air-dry samples the salicyblic acid modification was adopted to

include NU ,=N that might have formed during the drying process. The data

from the Erd and 4th nylon bags corrected to oven dry basis (105°C) are

shown in Tables 7 and 8 respectively. It was evident that the kjeldahl-N
in wet satples was underusiinatedp on average, by about 257 pm. Since

NO,-ii is not expected to be present in eppreciable gaount in fresh wet

semples drew from the xsréd reduced sone, the low recovery in kjeldahl
fraction appeared to be related to the particle sise of the sample, The

effect of particle size on the recovery of fertilizer WN will be mow on

receipt of N° analysis.

Bxcept in one case no nitrate-N was detected in ground water samples

drawn during the ind imter-crop season (Table 9). Similarly during the

end inter-crop fallow period also WO, was not detected in any sample

(Table not given). ammonium + nitrate-i in leachate was detected in

treatments which received unlabelled urea during the “nd erop season but

it did not exceed 3,5 prm (Table 10 and 1x). Very poor internal drainage

of the heavy clay soil (about 2 mm/day) is probably responsible for the

Low values.



The gemonia volatilisation losses are shown in Tables 11 and 15,

During the 2nd erop growth period the volatilization losses fron plots which

have undergone one cycle of drying and rewetting (DF) appeared to be slightly
Conti niin by weit comdatien (Tab UY. The Suen of

higher than these found under/mineralization thet occurs after dried soils

are rewetted probably also caused more losses. However, this phenomenon vas

not noticed, during the 2nd inter-crop fallow (Table 18). Lack of moisture

in the soil under dry fellow (DF) appeared to slow down the accuaulation of

qgmonia and consequent loss through volatilizetion.

Pert z:- The yield of rough rice, straw and roots + stubble is show

in Table 14, It was evident that application of straw and FYM produced grain

ylelé similar to that obteined in the control. Addition of urea over w1*_j spelled

straw did not yield more than urea alone. However in the case of wilabelled

straw (Tr. 7) the grain yield was significmtly lower than urea alone. The

higher C/l ratio of the unlabelled as compared to the labelled straw

(45,20 vs 40.94, Table 2) appeared to be responsible for immobilisation of

urea-, The total N uptake fram labelled and unlabslled sources (Table 15)

followed the pattern similar to the grain yield. Actual mineralization of

y15_1 apelied strav and FIM would be calculated when N/°udate are received.

In view of the emphasis in developing countries to recycle the nutrients

through application of straw or FIM, this type of information would be of

great fractical importanes,

Part 3:- ‘The experimental crop will be harvested in October 1977 and

therefore no results are yet available.

(da) Conclusions drawm:-

In the absenve of ye data which is awaited, the conclusions ere drawn

on the basis of the available information.

i. The yield and total N uptake data of the ind crop in the long-term

field experiment to follow the fate of an initial pulse of yb showed
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that wherever possible it may be quite advantageous to keep a mall
film of water over tne soil surface in between cropping seasons.

This avoids denitrification losses that occur under alternate drying

and wetting. iIhis practice may also lead to more conservation of I
in the soil.
The residual effect of the Neem cake (residue of Agadirachta indies

seed after extraction of oil) applied during the previous seas@m was

evident in ithe grain yield end total N uptake.

Kjeldahl digestion of vet soil samples from paddy fields advocated

to reduce the errors caused by N loss during air- or oven-drying, may

however lead to considerable underestimation of the total soil N,

The volatilization loss of i appeared to be slightly higher fram plots

which have undergone a cycle of drying and re-wetting than those which

have been kept continuously moist.

hiitrate-N in ground water was found below detectabie level in muksk

most cases, probably because of poor internal drainage.

(e) Citation of periodicals etec.:- Nil

(f) any explanation for any significant
departure |

fron the level
of activity foreseen by the contrects-

Not apphicahle.



TABLE2.
MATEROLOGICAL OBSERVATIONS, AICRIP, Hyderabed

Dry Season 1977 (Fetruary-May)

kverage air temperature, °C

Meri seam 35.4

Miri mam 20,8

Average relative hunidity (%) 47.6

Average sunshine, hours per day 9.2

Total rainfall (mm) 37.0

Average vind velocity, (Kn/hr.) 6.4

Average open-pan evaporation (mm.) per day - 8,0

& dhe



ABL2
ienlyeleof unteriale (0 BD B)

Winesdin OS re Se eee

foetal @ (%) 0.88 0.75 1,698 -
Metal ¢ (S) 36.03 33.90 20.470 -
C/l ratéie LO.% 45.20 22,050 -
5. atom excess () 22.420 - 0.357 10.4



Zable3
Wield of 2nd crop, dry season 1977 (from yield plots)

(t/na)

~—____Treatment
Rong) rice 04% mod.atara)—

Stray (0 D B)I crop II crop wF DF M (Tr.) WF DF M (Tr.)

1, m 3.71 207k 3.22 1.6 1.52 01.60

2, M15 3.99 2.88 3043 2.61 1.79 2.20

3. M15 wl, 6,16 5.59 5.87 473 3049 411

he NO +5 W 457 3.16 3.86 2.90 2.11 2.50

5, MCN-15 B14 6.83 6.11 6.47 5.43 Ae13 4e78

°.
m(P) 5.05 09 3.47 2.61

L.8.D, (0.05) M (F) 0.20 0.24

M (tr.) 0.33 0.19

tre an? Ns 0.26

C.v.% mt ) Ae 23



Tersk oN wWrbee
My adh Tale i]

-orep; dry season 1977 (calculated
HOY‘SS=plots ana yinyiela fron macro-plots) Kg K/h ( ODBB)ted using N concentration from

——__resatnent.I Geep II Crep wg ae DF M (Tr. WF DF tr.

1, BO 50 26.31 18,60 22,45 8.92 8.60 8.76 35.23 27.20 31.21
2. B15 0 25.89 20.07 22.96 14.47 9.28 11.87 40.85 29,35 34.85
3s N-L5 Wel, 43.00 36,03 39,51 23.98 18.04 21,01 66.98 54.07 60,52
he WC + E15 NAO 33.43 23.53 28.48 15.74 12,06 13.40 49.17 34.59 41.88
5. M+ N15 N-14 4413 OG 42,27 27% 20.84 72.07 61,26 66566

u (F) 55-2773 18,22 13.56 52.76 41,29
L.8.D, (0.05) MN

fy)
3.25 1.% 4.90 .x ° 3.61 0.97 086 hos

PY in Tr, = 2,02 NSfr. in F nS 1.37 5S

c.v.% M (F) 6.7 7.1 6.6M (Tr.) 10.0 5.0 7.2

We/sF = Inter-crep wet and dry fallow; W-15/N-14
= Application of labelled and unlabelled N @ 100 kg N/ha.



Table &

Digtribation of sei] + fertiliser N in various fractions - soil sample dram
through the Srd nylon bag after the 2nd crop harvest, pya-N (DB)

I 11 I 1x I 11 I II I II
Treatment Crep Crop Crep Crop Crep Crop Crop Crop Crop Crop

5 x H-15 si N-15 N14 NOtH-15 NCtE-15 N-14 M(F)0 0 0 0
1 2 3 4 5

(a) Totel kjeldahl-W (including 0,1) ~ Air dry 60-mesh smples

wF 828,50 948.53 892.50 880.85 911. 16 871.86
DF 618,66 810.85 875,16 863.66 898.53 852.98

M(Tr.) 822,58 828.86 683.83 872.24 904.74

LeSeD.(0.05) M(F) = 1.44, M(Tr.) = 15.64, FinTr, = N.S., Tr. in F= 4.8.
C.¥. SM(F) = 1.0, M(Tr.) = 18

(bd) Kel-extractahle AH, -HO0,-ti
wF 5.77 6.35 10.38 9.25 10.97 8.54
DF 5.20 7,80 8.66 8.65 9.45 7.88

M(Tr.) 5,48 6.92 9.52 6.93 10,20

L.S.D.(0.05) M(F) = N.S., M(Tr.) = 2.13, Fin Tr. = 5.10, Tr. in F = H.S.
C.Y. 4 M(F) = 11.2, M(Tr.) = 18.9

(e) Organie-i
wF 822.78 8% .98 862.11 871,60 900. 19 863,52
DF 811.4 805, 35 866,50 855,08 888. 845,04

M(Tr.) 817.09 821,65 874,30 865,51 894, 54

(a Fraetions of HC) soluble organic 5

1 MH,-M, pym

WF 91.66 120.00 100.00 100.00 108.35 104,00
DF 96.66 125.00 118 66 108, 38 125.00 114, 33
M(Tr.) 94. 18 122,50 108.53 104, 16 118.66

' contd... .2/-



Table 5 - contd .from previous page.

2 Hexoseemine~i

WF 78.00 38.33 66.66 56.355 41,67 56.00
DF 9578.54 50.00 50.00 35.55 33.383 48 .00
M(Tr.) 76.67 44.16 58.55 45.85 37.580

5S dmino acid-J
WF 58,34 78.00 83.34 88,53 83.53 76.67
DF 56.535 66.66 91,67 118.67 100.00 86,66

4 VUnidentified-N

WF 364,14 564.24 ‘S3e,14 $22.24 414.75 360,90
DF 342. 58 386.00 $20.71 347.67 297.14 334.77
M(Tr.) 355.25 365.12 329.92 334.95 355.98

& Total HCl-seluhle WN

WF 569,14 507.87 509.14 563.90 648,06 507.56
DF 575,69 607 ,66 879,04 606 ,00 555, 47 584,77
M(Tr.) 562,41 602,61 564,09 5864.95 601.76

6 HCl-insoluhle W

WF 238, 5 242,41 292.97 807 .'70 252, 15 2865.76
DF 235.77 195.67 287,46 242 .08 335.45 260.27
M(Tr.) 243.66 219,04 290.21 278.38 292.78

Le) Clay, Pre Nine N
wt Bue loieue lotus Shev6

de jo SHAE Wleco CANE Brie

M(Tr) 70.88 91,66

Wn tt.)



Table 6

Distribution of seil + fertiliser N in various fractions, soil samples
drawm throughthe 4th nylon bag at the end of ind inter-crepwet and dry fallews

ppa-N (ODB)

i II I II I II I II I II
Treatment Crop Crop Crep Crop Crop Crep Crop Crop Crep Crop (PF)

iy Ky N~15 My Ho-15 H-14 NC+E-15 Ky NCtH-15 N-14
1 2 5 4 5

(a) Total kjeldahl-" (ineludes WO, -K) Air-dry €0-mesh sanples
WF 683.41 801,25 777.70 765.90 814.21 768.4
BF 771.80 736.45 765.90 748.25 760.00 736.47
M(Tr.) 727.60 768.65 771,80 757,06 787.10
L.5.D. (0.08) M(F) = 4.S., M(Tr.) = 14.42, F in Tr. 26,95, Tr, in F = 20,3
C.V. $ =M(F) = 2.1, M(Tr.) = 1.5

(b) KCl-extractable WE +H,
WF 9.55 15,41 15.75 17.96 12.88 15,85
DF 7.35 6.41 8.75 9.01 10,80 8.58
M(Tr.) 8.34 9.91 11,25 15.93 11.66
L.S.D. (6.05) M(F) = £2.89, M(Tr.) = 1.9, FinTfr. = $3.81, Tr. in F = 2,24
C.V. S =M(F) = 16,4, M(Tr.) = 11.5

(e) Organie-N, ppm

uF 674,08 787 84 761.95 747 94 801, $8 784.64
DF 764,45 78.04 787.15 738.52 740.50 747.89
M(Tr.) 719,26 758.94 7% .55 743.15 778.44

(4) Fractions of KCl-soluble organie 5
1

HH =
a 141.66 156 . 33 141.66 150,00 158 . 85 150.00

125,00 116 .66 116 .66 183,85 125.00 123,38M(Tr.) 138.88 187.48 129.18 141.66 141,66

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

2 Mexese mine-H
WF 60,00 41.87 86,34 53,55 41.67 $1,00
DF 75.00 91,67 53.54 56.55 78.00 66.67

M(Tr.) 67.50 66.67 45.84 85.85 58.38
S smino-acid BN

WF 148, 34 128.00 166 .66 136,33 150,00 145.66
DF 141.66 150.00 218. 183, 34 155.355 165.00

M(Tr.) 145,00 137.50 191.66 160.88 141,66
4 Un-identified

wF 118,66 275,00 2535, 34 225,00 286,66 . 223,38
DF 191,67 258 .33 250.00 241.66 300.00 248.35

M(Tr.) 154, 16 Se .c6 241.67 235.85 285.35

5 Tetal MWi-soluble

w 466 ,66 600.00 600.00 566.66 616.66 570.00
DF 5335.55 616.66 616.86 618.66 653,35 603.52

M(Tr.) 500.00 608 . 38
' 608.33 $1.66 625.00

6 HCl-insoluble K

WF 207 .42 187 .84 161.95 181.28 184.72 184.64
DF 231,12 115, 36 140.4 121.86 136.17 144, 56

M(Tr.) 219 .£7 150,61 151,22 151.47 150.44

(ce) Clay- Puck NAR N

We Shine SHG 87-33 BAA

De 67°33 BAIS 67-33 67:33

Mm {Ty )



Table 7

Total kjeldahl NW in wet and air-dry samples, 3rd nylon beg
pra-w (UDB)

Treatuent Wet sumples (59% K,0)I II —
Crop Crop WF DF M(Tr.)

1 Ny lig 544 555 548

2 W~15 No 873 549 561

8 8-15 8-14 50 841 565

4 NCrN-15
Wo 588 579 588

& NGH-15 Nei4 591 586 588

M(F) 577 562

L.5.D.(0,05) M(F) = N.S.

M(Tr.)= 21

C.V. % M(F) = 5.8

M(Tr.)= 3.0

dir-dry, 60-mesh semples*

WF

828

846

892

881

911

872

DF M(Tr.)

817 622

811 828

875 985

864 872

808 904

855

40

14

1,0

1.8

#* Includes HOH



Table 6&

Total kjeldahl-W in wet end air-dry samples, 4th nylon bag
ppm-N (ODB)

Treatment Wet samples (44% H,0) Air-dry samples} 60-mesh

Grop orop wW DF K(tr.) WF BF M(Tr.)
1 Ho No 540 529 554 685 T72 727

2 W~15 Ko 545 535 538 801 7% 769

3 N-15 N14 553 580 546 778 766 7712

4 NOtH-15 io 546 542 544 766 748 7187

5 NCrH~15 W-14 546 542 544 814 780 787

M(F) 546 597 768 756

L.S.D.(0.05) M(F) = 4 N.S. L.S.D. 10.087

M(Tr.)= 11 hs in Tre, = Bg

C.V. s M(F) = 0.5 2.1 Tr. in F = 20

M(Tr.)= 1,2 1.5

* Ineludes WO =H



af
em

hl
U
m
CU

,
a

ff
2

FP

Table 9

Soil + Fertiliser MN in the ground water during 2nd crop season

Crop Crop

My My
0, 546 0,000 0.000 0.000

N-15 My 0.000 0.000 0.000 0.000

N-15 N-14 0.901 0.762 0.000 0.18

NOHN-15
oH,

0.000 0,000 0.000 0.000

MCrN-15 N-14 0.846 80.546 0.000 0.000

Table 10

WH ppm

2
HH +H .-¥ in leachate during the ¢nd crop season

Treatment WF DF
I II pra-il
Crep Crop

Ky Hy 0,000 0.348

N15 B14 5,257 2.425

NC+N-15 Ky 0.000 0.000

Noid

NOVN-15 H-14 1.752 1,247



Table 11

Loss of soil + fertiliser MN through volatilisation during the ind
crop season, Kg K/ha

Treatuent wF DF M(Tr.)
I II
Crep Crop

1 My Hg 1, 2787 1.8415 1.2600

8 Neif N14 3.9484 5, 2058 4.8771

4 NO+i-15 Hy 1.6149 2.5189 2.0681

& WNOrn-15 N-14 5. 3876 2.7850 35.0868

M(F) 2.4022 2.7837

Table 12

ma,
+ HO

,=H
in leachate during the Sad inter-erep fallov

Treataent ws pr
I mq ppa-w
Crep Crop ;

1 Nig Hy 0.000 0.000

2 Noi5 My
0.178 0,000

8 H-15 (N-14 0.175 0,519

4 WC+H-15 No 0.000 0.000

5 MGtN-15 -14 0, 520 0.000

1.



Table 15

Loss of soil + fertiliser HN through volatilisation during the 2nd

inter-erop fallow. Kg N/ha

Treatment WF BF M(Tr.)
I iI
Crop Crop

i No Ug 1.624 1,517 1, 870

2 N-15 Ko 2.694 1. 554 2.084

& NGrN-15 W-14 2,375 1.558 1.966

H-14 2,575

NC+H-15 1,640 1.047 i.

M(F) &.581 1,570



Table 14

Yield of rough rice, straw and roots + stubble
ist Crop. Dry season, 1977. g/plot(0.07 n*),

Treataent ( Lk etctere) (os) roe
1 Control 19.58 12,27 4.81

2 weeares 54.81 34.87 19.88

8 0stray 19.96 13.01 (6.80
a wrx 19.54 11,60 5.64

& wo _strey + Ord. ures 54.14 $4.46 17.11

6 wey + ord, ures 52.60 35.90 16.28

Ord, strav + 0
¥Lures 49.76 35.91 18.69

L.SeD- (0,05) 8.00 2,98 2.08

C.¥. % 6.6 10.1 14,8



Table 15

Total N uptake by the Ist Crep. Dry season 1977

Kg N/ha (08)

Treatnent Rough
Straw

Rough
rice

Roots Totel

____stray
1 Control 17,18 10.49 «£7.87 2.84 29,91

2 wares 48.24 28.94 7.18 8.81 85.99

sw o_stray 18.69 11,84 380.58 $41 33.94

a wry 18.435 9.81 2B BA 3.04 31,28

SW stravtOrduren 47.21 27,00 74.21 7.78 81.97

6 x_yrt+ord.urea 46.77 80.66 7.48 7650 84.98

7 Ord. strawt*uren 45.98 26.84 70.82 7.63 78,48

L.8.D. (0.05) 2,84 2.72 4.52 0.95 4.81

C.¥. § 7.0 11,1 7,0 12.6 6.7
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Progress Report for the period 15 July 1976 to 14 March, 1977

1, (a) (i) Contract Yo. 1438/23/45

(41) Title of the Project:-
The fate of applied organic and inorsanic 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),(iii) Institute where research is being carried out:-
Central Rice Research Institute, Cuttack, India

And

All-India Coordinated Rice Improvement Project,
Rajendranagar, Yyderabad-30, A.P., India.

(iv) Chief Investigator and collaborators:-

Dr. J.B, Shinde

Mr. C.U.M. Rao

Mr, A.M. Krishnappa

(vw) Time period covered:

15 July to 14 Mareh, 1977

(b) Deseription of research work carried out

Part 1:- A laboratory experiment was conducted to study the

transformation of slow-release materials labelled with nis, The procedure

was deseribed in detail in part 3 of the earlier Prozress Report for the

period 15 January to 14 July, 1976, The data are now updated by including
15the 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, 0.6244; C/N ratio, 54.50; N'> atom excess, 3.075%) and FYM (total N,

0.945%; C/N ratio, 33.493 N'° atom excess, 0.421%) in flooded ries soil.

The treatments ani experimental procedures have been described in part 4 of
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the earlier progress report, After harvest of the dry season crop, another

rice crop was grown during succeeding wet Season, For the 2nd crop 3 randomly

selected replicates of each treatment, except the control, were fertilized at

transplanting with umlabelled urea @ 80 kg N/ha (+N), while 2 replicates were

kept unfertilized (-), The data are now updated by inclujing 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 micro-plots (0.07 sq.m. area) were

installed in the field without any disturbance to the soil profile for appli-
cation of N'-urea, For yield data 13,75 sq.m, plote were prepared, Perforated

tubes for collection of leachate and ground water samples and static traps for

volatilized ammonia were installed in the micro-plots, The treatments included

(1) control, No N (No); (2) basal application of 100 kg N/ha (N,); and (3) Neem

cake (residue of Azadirachta indica seeds after extraction of of1) 250 kg/ha +

basal application of 100 kg N/ha (Nj), In the micro-plots urea of 20% W'>

atom exeess was used,

For taking representative soil samples from the root zone (0-20 om

depth) without disturbing the micro-plots, porous nylon bags (8 x 7 em) have

been used, These bags were filled with 59 g air-dry soil treated with n 7-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 cylindrical shape,

After transplanting of the crop, 5 such nylon bags were pushed into the flooded

Soil of each wmicro-plot and placed in vertical position so that the upper end

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

“the area of the micro-plot. Since these bags are porous ani the soil was not

tightly packed to avoid any alteration in the natural bulk density, it is
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expected that the enclesed soil will undergo transformations of similar

nature and magnitude as that in the bulk of the micro-plot. Plant roots

can also absorb N! from the cylindrical 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 crop growth

at weekly intervals, The crop was harvested in October 1976 and analyzed

for total ani nN! LN, One nylon bag from each replicate was pulled out,

the soil was air dried and analyzed for Kjeldahl-N, KCl-cxtractable N,

nonexchangeable NHyon and fractions of organic N.

After the lst crop was harvested in October 1976, in both micro-

and yield-plots, half the mumber of replicates of each treatment were

subjected to wet and the other half to dry inter-crop 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 om of flood water was maintained, while in

the dry fallow the plots were allowed to dry completely, Leachate, ground

water and volatilized ammonia samples were collected ¢uring the period of

inter-crop fallow at 15 days interval. At the end of the inter-crop fallow,
the plots were again irrigated to 5 to & om depth, Six days after re-

flooding, one wore nylon bag from each replicate micro-plot was pulled out,

and the wet Soil was analysed for different N fractions, Moisture was

determined simultaneously in duplicate 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 unier each kind of fallow received 100 kg N/ha in 3

splits through unlabelled urea, while the other half were not fertilized,



After harvest of the 2nd erop in May 1977, the same plots will again be

subjected to wet and dry inter-crop fallows as before. A 3rd crop will

then be transplanted with and without unlabelled urea application in July,

1977, Depending upon the level of detection of N'5 in crop, soil, and

other samples, the experiment may be extended further, At the end of

the experiment the micro-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
Ny, = Ny - WN N pulseO12 100 kg N/ha

‘
i

!

!
'

18 plots 18 plots
Dry fallow Wet fallow

{

{ {4 t

Unlabelled urea/ No
N Unlabelled urea/No

N

Dry fallow Wet fallow
'

’
'

4

4 4
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| to4 t

Unlabelled urea /No
WN Unlabelled urea

|
No N

‘ist crop - wet season
July - October, 1976
‘Tr, x Rep, = Total plots
3) x 12 = 36

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

x 6 = 36 PP
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IInd crop - Dry season
February - May 1977
Tr. x Rep. = Total plots
12. x 3 =_ 36

II Fallow,= May - June 1977 |

fr. x Rep, = Total '
12 x 3 = 36 a

ag
nO

III Crop - Wet season
July - October, 1977
Tr. x Rep. Total
12. x 3 = 36



(ec) Results obtained

Part 1:- The distribution of N’> in different fractions is shown

in Table 1, Averaged over 30, 60 and 90 days of incubation, the fertilizer N

in Kjeldahl fraction was only about 27 per cent with sulphur-coated urea

as compared to 50 to 52 per in straw mad balis, 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 mii balls

with carbonaceous materials could immobilize a part of the fertilizer N,

The consequent low rate of mineralization appeared to confer on the ma balls

the overall characteristics of a typical slow-release material,

Part 2:- Application of urea over FYM significantly increased

the yield of rough rice and straw in the ist 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 crop was very small,

N uptake from labelled organic sources in the above-ground

portion of the lst crop 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 increased the uptake of straw-N but not of FYM - N,

The contribution of organic-N to the uptake in the 2nd crop

was in all cases higher with N fertilization than otherwise (Table 4).

This may be attributed to the 'priming action! of the added N,



- 6 -

The initial straw application added about 12.5 kg of N/ha, of

which only 1% per cent was available to the lst crop, 7.% and 2.5 per

cent to the succeeding crop depending upon whether latter was fertilized

with Nor not (Table 5), The lst crop recovered 30,7 per cent of straw-N

when it was supplemented with urea, The effect of urea supplement in the

lst season was also evident in the 2nd orop. The highest recovery was

recorded in the case of FYM - N in both crops. Although the recoveries

of N added through different materials are not strictly comparable because

of varying N rate, they do indicate the extent of their mineralization in

flooded soil, After harvest of the lst 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 ami 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 ami straw yield significantly

over that obtained by urea application alone (Table 9). The fertilizer N

uptake in the crop, however, increased by only about 2 kg per heetare (Table

10), It was further evident that Neem cake could effectively control

No.-N in the ground water (Table 11), the loss of NHJt NO, -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 ths yl data are received,

The N residue in the soil after harvest of the 1st crop and

its fractionation are show in Table 14. Neem cake application appeared

to increase the total organic N probably through greater synthesis of

amino acid - N.

The effect of inter-crop fallows maintained for 60 days

after harvest of the 1st erop showed that the N03-N in ground water

was higher under the wet than the dry fallow (Table 15), However,

NH
,+NO,

-N in leachate followed an apposite 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 crop, The beneficial effect of Neem cake applied earlier in the

season was also evident,

The effect of wot 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 ware subjected to 60 days of drying

and 6 days rewetting cycle. The soil samples were analyzed in the

wet condition imediately after collection 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



-

extent of denitrification losses, The wetting and drying cycles are

known to favour denitrification,

(ad) 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 contri-
buted small amounts of N to the rice crop. However addition of

fertilizer N, particularly over the straw application, may enhance

the N contribution of the latter to crop growth, Similarly, N

fertilization of the succeeding rice crop 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
nto pulse showed that application of Neem cake tended to improve the

recovery of fertiliser N in the eron and reduce NO,-N in the ground
avid

water, The loss of N through leaching ami volatilization was / controlled

leading to its enhanced conservation in the soil.

The inter-crop follow treatment showed that NO,-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 etas- Nil

(f) Any explanation for any significant departure from the level of

activity forseen by the contract:- Not applicable,



TABIE- 1
Transformation of n!> in slow-release materials incubated in flooded soil

(30°C, 5 em flood water), N rate = 100 ppm,

Distribution of ytd in different fractions, ppm. Mean of duplicate values.

Mud balls prepared from
Days of Sulphur-

N fractions incubs- straw Straw Husk Husk coatedtion + + + + Urea urea

urea AS. urea AS

Kjeldahl N 30 58.45 55.95 53.16 47.28 47.20 31.51
(ineluding 60 51.81 51,31 48.79 47.78 48.50 26.94
NO3-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 13.03 11.35 7.23

NH ,+NO3-N
60 10,33 7,41 10.14 11.24 11,41 6,09
90 10,36 7,00 9.61 9.11 7.70 432
Ay 10.78 7,89 10.95 11,12 10.15 5.88

Mineralizable 30 1,37 1.74 - 0,88 0.77 -
NH1tNO3-N

60 0.68 0.82 - - - -
90 - 1,10 - - 0.03 0.15
Aw 0.68 1,22 - 0,29 0.27 0.05

Total 30 46.78 46.69 40.06 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 13,37

HCl- 30 «40.04 39.57 33.95 31.81 30.12 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

HCL- 30 6.74 7.12 6,11 2.44 5.73 2.89
nonhydrolyzable 60 9.58 TAN 7.30 6,06 6.93 1,52
organic N 90 7.15 5.98 2,56 3,80 5.41 2,18

AV 7.82 6.83 5.49 4e10 6.02 2.20

Av A.72 42.07 12 33 33.91 21 17

Av 33 35 24 63 29.70 27. 18

———

AS = Ammonium sulphate

Sulfur coated urea (TVA product), N = 39.1%, N’> atom exeess = 9.%,
Dissolution rate = 28% in 7 days, total coating = 16%, conditioner = 2%,
wax = 3%, sulfur = 11%,



Table - 2

Yield of rough rice and straw

2 SES TESS

ist erop __.2nd sro .
(Dry season 1975) (Wet season 1976)

+N -N

Treatment Rough Straw Rough Straw Rough Straw
hoe

"loops
. iv v.,

g/plot

Control
: 65.0 44.5 ~ - 21 & 13

N’?_urea 18.1 60.3 3.7 30.5 32.5 21.6

nN’ >_straw 67.9 45 4D 14.8 40 oO 20, 5 11 29

n)>_FYM 68.5 45.7 83.8 45.0 35.7 21.8

yn
> etraw +

unlabelled urea 82.7 62.7 715.2 38.0 37,8 19.4

yn!
>
_FYM +

unlabelled urea 91.5 67.8 67.4 37.0 23,5 16.9

L.S.D. (0.05) 6,3 5.4

nen pepe



TABLE~ 3
N uptake in the lst crop, Kg N/ha.

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

Control - 59.00 59.00 -
29 30 29.30 - 88.30 88.30

nl>.urea 13.52 77.93 91.45 8.85 48,30 57,15 22.37 126,23 148.60

y)?_straw 1,53 T7197 79.30 0.72 38,83 39.55 2.25 116,60 118,85

w!9_pym 7.83 69.13 16.96 3.96 37,25 41.21 11.79 106,38 118,17

n!5-straw +
unlabelled urea 2.65 94.38 97.03 1,18 55.79 56.97 3,8 150.17 154.00

n' 3 rym +
unlabelled urea 5.75 10427 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 - 6.57 behd - 11.94

—————IS~~~SSSSSaSa=S=SeEeaeSGuyoeeoooooooooeeeeeaESSSo—————E——

Treatment source source/s source Source/s source souree



TABIE - 4 \

N uptake in the 2nf crop with (+ N) and without (- N) fertilization by unlabelled urea, Kg N/ha. ~*

————————EE

Rough rice Straw Rough rice + straw
From From From From From From
labelied unlabelled Total labelled wumiabelled Total labelled unlabelled Total

+N
Control - a - - - ” - ~ -
Nl 5.urea 2.90 85.23 88.13 0,83 31.40 32,23 3.73 116,63 120,36
wl5_straw 0.76 80.44 81,20 0.21 35,10 35.31 0,97 115,54 116,51

NtS_FYM 5.47 86,66 92.13 ND 35.70 35.70 5.47 122,36 127,83
wio-straw +
unlabelled urea 1.05 82.21 83.26 0.30 33.54 33.84 1,35 115,75 117,10
NUS_FYM+
unlabelled urea ND 80.49 80.49 ND 35.70 35.70 ND 116,19 116,19

-N
Control - 21.76 21.76 - 13.20 13.20 «= 34.96 34.96

n'5-urea 0,98 35,27 36.25 0.49 20.03 20,52 1.47 55 30 56,77

w'3_straw 0,24 21.45 21.69 0,08 10.04 10.12 0.32 31,49 31,81

wt5_FYM 1,22 35.63 36,85 ND 15,93 15,93 1.22 51,56 52,78

nN’? _straw +
unlabelled urea 0.40 40.38 40.78 0013 16.93 17,06 0.53 57.31 57 8h

NU5_PYM+
unlabelled urea ND 27.29 27.29 ND 15.25 15.25 ND 42.54 42.54

eee
ND ® N' below detectable level

Treatment source source/s Source source/s source source /s



TABLE - 5

Per cent recovery of N added through w'>_tahelled materials in rice crops.

ae a et Bas oe ee ee eae oS ee eee Ss oe Se eee
Application Per cent recovery in
rate of
labelled N lst crop 2nd erop
Kg/na

areatment +N -N

w! 9_urea 80,00 27.95 1.84

Nstraw 12.48 18,03 7.77 2456

nl OLFYM | 21.00 56.14 26.05 5.31

n'o straw +
unlabelled urea 12.48 30.69 10,81 4.24

wl? _pyM +
unlabelled urea 21.00 42.52 ND ND

ND = yl? below detectable level

TABLS. 6

Per cent recovery of residual labelled soil N in 2nd rice erop

een en en ee eae
Total residual N!°_y
in soil + roots Uptake of residual N % Recovery of
(Kjeldahl fraction) by 2nd crop labelled soil N
after harvest of in 2nd crop
1st crop

Treatment (0-20 em depth) +N -N +N -N

g Nfv
n!>_urea 13.44 3.3 1.47 27.75 10.94

w'o_straw 6,76 0.97 0.32 14.35 LB



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

(0-20 om depth) Air-dry basis

1 Type Black soil
2 Texture Clay

3 Predominent Montmorri lloniteclay mineral

4 pH (1:31.25, water) 8.10

5 Total N % 0.09

6 Organic C 4 0.937

7 C/N ratio 19,89

8 C.E.C.
meg/100 g 49.20

9 Available P (Olsen), ppm 5.00

Table — 8%

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

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

° 1976
Air temperature, C

Max, 30.6 30.0

Min, 20.8 17.0

Sun shine, hrs, 182.1 260.4

Rainfall, um 103.0 18,1

Relative humidity, %

Morning 85.7 90.3

Evening 52.0
.

41,3



Teble - 9

Yield of rough rice and stra, ist crop,
Field experiment, Wet season 1976, Hyderabad.

N rate = 100 kg/ha
———— ce ee

SS ee = = ===

Treatment
(14% moisture) (oven dry)

t/ha ---—~

Control 1.81 1.75

Urea, basal 4,18 4,00

Neem cake + urea, basal 4.64 4.65

LeSeDe (0.05) 0.19 0.44
CMe an 6s is- >



Table - 10

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

N rate = 100 kg/ha WoC
ci Reg Mo

>
ee ee ee a ee

se ee ea SEO LS ae ee Ce ee hp PU at

Treatment Rough rice Straw Rough rice + straw

Fert. Soil Total Fert. Soil Total Fert. Soil Total

Control - 20.80 20.80 - 11.44 41.44 - 32.24 BK 2d

Urea, basal 20077 «= 34.04 54.81 18,15 19.35 32.50 33.92 53.39 $7.31

Neem caketurea, basal 22.26 40.48 62.74 14.00 22.07 36.07 6.26 62.55 98.81

L.S.D.(0.05) N.S. 5.51 N.S. 3e24 N.S. 7.98



Table - 11

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

rate = 100 kg/ha
oe

Treatment
Ne -¥ NOe-N NHaOn-N

ppl

Control 0.26 0.51 0.57

Urea, basal 1.52 0.64 2.16

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
eager een ee me = <== SS

Treatment NH NO,x
pPa

Control 0,09

Urea, basal 1,28

A

Neem cake + urea, basal 0.77



Table - 13

Loss of soil + fertilizer N through ammonia volatilization

during Ist crop growth, Wet season 1976, Hyderabad,

SS ee ee eae ee ee
Se e

Treatment Kg N/ha

Control
0.57

Urea, basal
1.40

Neem cake + urea, basal 1,18



- 14

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

KjeldahlMineral TotalHCl- of HCl-soluble organic N

Treatment N NHgrOz-N org. N soluble NHaN Hexose Amino Unidentified

(includ~ org. N amin-N acid -N -N

ing NOz-N)

ag

:

Control 7966 11.32 785.61 404.25 46,19 19,25 140,53 198.27

Urea, basal 925.15 14.90 910.25 569.80 63.52 71.22 86.94 548.10

Neem cake + 1013,51 14.09 999.42 542.20 55,50 54,64 162.34 289.71

urea, basal 65°28 ae al
LS oo-¢es) 6°8 v3



Table - 15

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

fallow, Hyderabad.

Wet fallow ba fallowTreatment i: 37 437 £ 3 Lh 3
ppm

Control 1,39 1,38 2.7! 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 5054 - 5.54

Table — 16

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

fallow, Hyderabad.

Treatment Wet fallow Dry fallow

NH4 +NO3-N, ppm

Control 1,73 3.46

Urea, basal 6.41 26.68

Neem cake + urea, basal 2077 6.41



Table — 17

Loss of soil + fertilizer N through ammonia volatilization

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

21 December, 1976) Hyderabad.

——————————————————————————————— ee
Treatment Wet fallow Dry fallow

Kg N/ha

Control 1,23 0.92

Urea, basal 2.27 1,45

Neem cake + urea, basal 1.71 1,17



w
e

Table — 18

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

god nylon bag. Mean of 6 replications
een

Kjeldahl - N KCl-extractable Chap Pome
Treatment ppm(ODB) NH

+NOZ-N
Ow

_ Bho,
Wet fallow Dry fallow ppm (@BB) “77

Wet. fallow Dry fallow we De

334-74 SBL HO
Control Hea 756<08- 18.48 11.55 S416 Bhroo

66237 E3636
Urea, basal +k 85 6x65~ 21.94, 13.86 94.26

.

"73: &? CTENS
Neem cake + 673

; 123-72 N78.
urea, basal 670500- 646,66- 26.56 17.52 7
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