AGENCY FOR INTERNATIONAL DEVELOPMENT FOR AID USE ONLY

WASHING TON, D, C, 20823

BIBLIOGRAPHIC INPUT SHEET

A, PRIMARY
1. SUBJECT Agriculture

CLASSI-
FICATION B, SECONDARY
Soils and Fertilizer

2, TITLE AND SUBTITLE
Improved Fertilizers for Developing Countries

3. AUTHOR(S)

National Fertilizer Development Center, TVA

4, COCUMENT DATE 5. NUMBER OF PAGES 6. ARC NUMBER

1974 70 p. ARC QB ‘. K _—qu) c

7. REFERENCE ORGANIZATION NAME AND ADDRESS
Tennessee Valley Authority

National Fertiglizer Development Center
Mugcle Shoals, Alabama 35660

8. SUPPLEMENTARY NOTES (Sponsoring Organization, Publishers, Availabillty)

9. ABSTRACT

This report 1s a project report covering the period from December 1972 (when the
bulletin "Tailoring of Fertilizer for Rice" was issued) through June 1974, The
present project 1s our expansion of the previous project, which was restricted to the
use of fertilizer for rice, in that new and improved fertilizers are to be tested on
a number of tropical crops. In addition to actual agronomic evaluations of new
materials, increased emphasis 1s placed on developing and demonstrating methods of
introducing new fertilizers to farmers so that they will be properly used or they
become commercially available.

Additional data has been received from a number of countries pertaining to the

use of SCU for rice. 1In general, these data tend to substantiate those previously
reported in that SCU is a superior source of N for rice grainuunder conditions of
intermittent flooding, but that it is no better than conventional sources of N when
conditions of intermittent flooding or severe leaching do not exist. A discussion
of the commercial potential of SCU in tropical agriculture follows this section.

Insufficient data are available for tropical crops other than rice to warrant any
general conclusions at this time.

10, CONTRCL NUMBER 1, PRICE OF DOCUMENT
PN-AAD - /0 §
12, DESCRIPTORS 1%, PROJECT NUMBER

931-11-190-832

Rice, Sugarcance, Corn, Cassava, Cotton, Bananas, ATy ———
Cocoa, Tronpical Crops, SCU, Rock Phosmphate, Micronutrientp ﬁQQA~NB TVA-01-74

18, TYPE OF DOCUMENT

Reaenarch Report

ALD B90¢1 (ae74)



Progress Report of TVA-AID Project

TVA-02-74

"Improved Fertilizers for Developing Countries"

Agronomic Research

July 1, 1974

International Fertilizer Development Staff
Tennessce Valley Authority

Muscle Shoals, Alabama

¥l

3



" TABLE OF CONTENTS

SUMMATY o o« o s ¢ o o o ¢ o o o o o o o

Potential for Use of Sulfur-Coated Urea

Background and Objectives of Project.

Scope of Work . « « ¢ ¢« ¢ o« o ¢ o
Project Plans for Fiscal 1975 . . .
Engineering and Development ., .
Agronomic Testing and Evaluation
Economic Evaluations . . . . s
Workshop at Muscle Shoals, . . .
Literature Survey. . « « « ¢ o @

Agronomic Research, . . . « 4 o ¢ &

Research by Overseas Cooperators , .

Creenhouse Research by TVA at Muscle

Shoals, . .

‘”.nd 1’ » L} [ ] . v e [ . e s P [ 2 T e & o o 0 O

Performance of Sulfur-Coated Urea for Rice in Perv

Response of FPlooded Rice to Phosphate Rockes, , . .

V- TR - S X )

11
11
14
18
19
19
21
21
31
57
58
L}



et —————————— S, " —

SUMMaRY

This report is a project report covering the period from
December 1972 (when the bulletin "Tailoring of Fertilizers for Rice"
was issued) through June 1974, The present project is our expansion
of the previous project, which was restricted to the use of fertilizer
for rice, in that new and improved fertilizers are to be tested on a
number of tropical crops. In addition to actual agronomic evaluations
of new materials, increased emphasis will be placed on developing and
demonstrating methods of introducing new fertilizers to farmers so that
they will be properly used or they become commercially available.

Testing of sulfur-coated urea (SCU) will be expanded to
include a number of additional crops, such us sugar cane, corn, cassava
cotton, bananas, and cocoa. Additional experiements will be conducted
with rice to more precisely define the areas and conditions where the
use of SCU will be advantageous and to introduce its use to agricultural
vorkers and industry representatives.

Additional studies are planned with rock phosphate to evaluate
fte effectivencas for direct applications and to study means of increseing
ite phosphorovs avellability by relatively sinple methode for local use,
Bome additional vork wil]l be conducted with granulated miatures of various
pateriale vith rock phosphate,

Some prelininary work fe contenplated uillteing sulfur coating
of multlvonpanen! waterlals, It 1o felt that aone of these paferiale
may b waeful I8 melilple and Iaterereppiag systoms, &0 Ihal mwirlenis
Ay be sppllied al & sobvenleal Tise 16 bedone svallishie 1o Jeideadlsng



‘The need for fertilizers containing secondary and/or micro-
nutrients will be evaluated in several countries where deficiencies
”are Rnown or suspected, but where no commercial sources of these nutrients
are presently available.

Additional data has been received from a number of countries
pertaining to the use of SCU for rice. 1In general, these data tend to
substantiate those previously reported in that SCU is a superior source
of N for rice grain under conditions of intermittent flooding, but that
it 18 no better then conventional sources of N when conditions of inter-
mittent flooding or severe leaching do not exist., A discussion of the
commercial potential of SCU in tropical agriculture follows this section.

Insufficient data are available for tropical crops other than

tice to varrant any general conclusions at this time.



POTENTIAL FOR USE OF SULFUR-COATED UREA

The major portion of the agronomic research reported herein
deals with the evaluation of SCU (sulfur-coated urea) as a source of
nitrogen for rice, These results generally confirm those previously
reported by TVA ("Tailoring of Fertilizers for Rice,' TVA Bulletin Y-52,
December, 1972) in that SCU is a superior source of nitrogen for rice
grown under conditions where flooding is delayed or intermittent.

However, the results of some experiments from India and West
Africa where rice was grown under conditions where only leaching and not
both leaching and dentrification would be expected to occur suggest that
SCU may be a superior source of N for rice grown under these conditions
as well, In certain parts of the world, large areas of "floating" or
deeply submerged rice are grown; very little information relative to N
response is available, but in general yields are comparatively low.
Further research is planned to evaluate SCU for rice grown under these
conditions,

The exact area of rice grown in developing countries under
conditions vhere both lesching and denitrification can occur fs difficult
to ascertain, but Englestad, ot al. ("Tatloring of Fertilizers for Rice,"

TVA Bulletin Y=52) states that the staff of IRX has estimated that over

752 of the rice in southeast Asia 15 growvn under this type of vatler manage~

sent, Prelintnary oheervetions euggest thet at least 50T (and posaidiy
more) of the rice 1n Vest Africa 1o grow under delayed or internittest

fleadieg,

According 1t TAD veparts, 131,230,000 hectarea of rlee vere grow

i5 the eative world ta 1972, Aseuming 1hat 1/) of this vice was grown wader

sondlilons vhere SCY would be adventageavs ot locations viere ¥ fertilloer 1o
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applied at a rate of 60 kg. N/ha, then approximately 2,600,000 mt of
N could profitably be used as SCU., In 1972, 33,700,000 mt of N was f
used in the world, and these figures suggest that as much as 8% of the |
world consumption could potentially be expected to be applied as SCU
on rice.
On a smaller scale, approximately 114,000 ha of rice are grown
in Peru, nearly all of which i1s grown under conditions where SCU would
be the most desirable source of N. Average rice yields in Peru are about
4000 kg/ha, but research by Sanchez and coworkers (see attached report)
indicates that with ample N, yields of 9000 kg/ha can be attained. To
obtain these yields, 25,500 mt of N as SCU would be needed, compared to
42,000 mt of N as straight urea to obtain the same yield. Thus, SCU
would save 16,500 tons of N, or roughly 40X of the N needs.
Results from India indicated that when equal amounts of N were
applied, an average of about 1000 kg/ha more grain was produced on ex-
perimental plots, This average figure included mome areas where SCU wan
not superior to AS. In 1972, 36,500,000 ha of rice were grown in India,
with an average yleld of 1616 kg/ha. Proper use of SCU in place of
conventional forms probably would not increase ylelds an average of 1000
kg/ha under farm conditions as 1t would on the research plots, but an
average of 3500 kg would be reasonable, This would result in an Increase
of 18,250,000 mt of rice, an increase of J1I over the 1972 production of
59,000,000 w=t.
The above exanples are clted to demonstirate the Increase In
rice production posalble throwgh proper wee af BCU as & source of N for
Flee, Mive Teseareh dats are needed (o more precisely define the con=

ditions under whileh the weae af SCU 18 advantageaws for rice, and Lo anfe



precisely evaluate the economics of its use.

Preliminary data indicated that SCU may be a superior source
of N for other tropical crops, particularly long-season crops such as
sugar cane and pineapply grown in areas of high rainfall.

The results of the wheat experiment followed by sorghum in
Pakistan in which the residual effects of SCU were evaluated suggest
that in intercropping and multiple cropping systems, fertilizer nitro-
gen may be applied in a slow-release form (SCU) at a convenient time in
the cropping system so that the nutrient elements will be released for
utilization by succeeding crops.

Information already obtained indicate that SCU is a superior
source of N for crops grown on large enough areas to economically justify
its commercial production. As more data are obtained with more crops
and from new arecas, the potential for its use will undoubtedly increase.
Consequently, as adequate supplies become available, programs need to be
initiated in selected arcam to introduce the use of SCU to agricultural
extension workers to the fertilizer industry and to farmers, and to
encourage its commercial production., Since the cost per unit of N will
alvays be higher in SCU than in regular urea, the use of SCU will be
economically practical only under specific conditions, and these restric-
tions a8 Lo Lte use make 1t imperative that effective education and
information prograss be conducted prior to the commarclal introduction

pf BCU on a vide scale,



BACKGROUND AND OBJECTIVES OF PROJECT

The present project is designed to capitalize on the momentum
and knowledge gained in the previous project, "Tailoring of Fertilizers
for Rice." This project demonstrated that a superior nitrogen fertil-
izer can be developed for tropical areas, and that some relatively low
cost phosphate sources can be effectively utilized. The present project
seeks to broaden the base for development of improved fertilizers through
a wider range of agronomic, economic, and engineering evaluations. Pre-
viously, the emphasis was placed on SCU as a nitrogen source and the dir-
ect application of a limited number of selected phosphate rocks as phos=-
phorus sources for rice fertilization. In this project, a wider range of
fertilizer materials will be tested on a variety of upland crops such as
maize, wheat, sorghum and sugar cane, cassava, and others of national im-
portance in various countries.

Through its domestic fertilizer research and development pro-
gram, TVA produces experimental fertilizer materials that may have po=
tential for tropical soil conditions and crops, With support from ALD
in this project, the capability will exist to work toward improving fer-
tilizers for developing countries through the necessary and logical se-
quence of production to farmer acceptance to assess the potential for
commercial production,

Fertilisers nov being used In developing countries, relative
sconomics, and shortcomings of these materials will be evaluated, FEa-
perimenta] products from the laboratories, pillot plants and demonatra-
tion scale plants will be subnitted to screening tests in greenhiouses

for comparison vith conventional nateriala; vherever possible, this




screening will be done using soils of the area where the fertilizer
will be used. Materials showing potential in greenhouse tests will

be further evaluated in actual field programs in selected countries.

If successful at this stage, economic and engineering data will be
compiled to assess the potential for commercial production. In or-

der to evaluate the product and process, the total system will be
studied, including storage, handling and tramsportation from the

pﬁint of production to the farm. Information developed throughout

this work will be available to industry, foreign and domestic, so

that it can develop a production, marketing and use base for uti-
lizing the product. This level of technology is rapidly being achieved
for SCU which received major emphasis in the previous study; additional
agronomic, economic and engineering data, both with rice and with other
crops, will be obtained to complement the previous findings.

This project must be broad and combine a variety of profes-
sional discipiines, but it is necessary to retain the flexibility to
move forvard in specific directions as fmprovements in products occur.
This im necessary to insure that improved products identifled in thin
project can ultimately be made avallable to farmern regardless of their
economic and social status, and that sufficlent data are avallable so
that industry can make sound decisions regarding the foaniblility for com~
wercial production,

Major objectives of thie project are susmarized as follovs!
(1) Developing fertilizers to meel the mutrient needs of specific

tropleal crops and solls vhich are not met economically with
conventions] fertilisers, or that can meet these needs more eco-

nomically by incressing the effictency of fertiliser utilieation,
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(Z)Proving the value of these improved materials to iﬁs’t&fe ,‘;:tliat_:;ff

| .‘Gthey will‘inérease farmers' income over a large enohgﬂ“éréé S
(to attract and justify commercial production.

(3) Developing the production technology for new fertilizers as
a basis for encouraging and advising potential commercial pro-
" duction. The integrated process designs will seek product
quality and economy while striving to minimize harmful emig-
slons to air, water, and land.

(4) Working through cooperating organizations and with leaders in
research, extension, and industry to develop and demonstrate
methods for introducing new fertilizers to farmers so that they

will be properly used when they become commercially available.



“SCOPE .OF. WORK

This project integrates agronoﬁic; economic, and éngiheering
expertise into a single team in order to develop improved fertilizers
for a wide range of crops and séils in developing countries. Consider-
able emphasis is given during the first eighteen months to collecting
the data needed to complete the evaluation of sulfur-coated urea and
ground rock phosphate for lowland rice. Both materials, then, are
scheduled for demonstrations during the latter part of the project in
order to educate extension workers and farmers and to attract the fer-
tilizer industry into commercial production. Considerable emphasis is
given to the economic evaluation of a total production-marketing-use
system for each material in contrast to alternative nutrient sources.

The probability of commercial production of SCU and ground
rock phosphate can be enhanced by expanding their use to additional
crops and soils. Thus, the project is expanded in scope as compared
to the previous project on tailoring of fertilizers for rice in order
to test these materials on additional crops.

The expanded work includes a major effort in screening and
testing new compounds and forms of fertilizers for various food crops
produced under tropical conditions. Alvhough it is already known that
more effective and/or less cxpensive forms of nltrogen and phosphorus
are needed, a literature nurvey will serve an an additional guide to

important and pressing fertilizer problems.
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Muchxof ﬁhévﬁotk wifh fertiliéérs for both lowland rice and
upland crops will consist of field tests in Southeast Asia, Africa, and
Latin America. Greenhouse and engineering studies will back up the field
researcﬁ. All field experiments arec designed to provide at least an es-

timate of costs and returns for each fertilizer tested.
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»PROJECT PLANS :FOR:! FISCAL 1975

In this sectibn, the work for fiscal 1975 will be discuésed.
it should be remembered that the success of this project depen&s in a
large part upon maintaining sufficient flexibility so that work in in-
dividual countries can be adapted to supplement and complement programs
already under way. While guidelines and plans of work must be developed
so that the objectives of the project are clearly defined, detailed
plahs'for specific countries or groups of countries must be developed
by coﬁéultation with local cooperators.

| These plans will be discussed under the following three general

phases d{ the project: |

1.  Engineering and development.

2. ' Agronomic testing and evaluation.

3. Economic evaluations.

Engineering and Development

Phosphate Rock

Metbods have been proposed for relatively simple treatment of
phosphate rock (PR) to increase the availability of the phosphate to make
it more suitablé for direct application to the soil. lThese treatments
may be economically feasible in certain areas, especially in view of the
éurrent world fertilizer situation. Considerable work has been done at
TVA studying means of altering PR, and plans are being developed to ini-

tiate further developmental work and field testing of these materials dugf

ing fiscal 1975.
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Emphasis will be placed upon obtaining samples of phosphate
rock from deposits in developing countries and testing and improving
procedures for increasing their citrate solubility and thus availabil-
ity of the phosphorus. From this laboratory screening process, several
sources will be selected from which small amounts (50 to 100 pounds)
will be prepared for greenhouse and ficld cxperiments on various soils
(as described under agronomic section).

From thesc results, one or two locations (or countries) will
be selected for development of a pilot program to utilize local sources
of phosphate rock. This program will involve production of the altered
PR and 1its agronomic evaluation and then educational programs with gov-

ermment and commercial representatives to introduce its use to the farmers,

Sulfur-Coated Fertilizers

Some preliminary work has been done in which urea-potash mix-
tures were coated with sulfur. The 7-day release rates for the N and
K20 were 17 and 36%, respectively, from the coated product (22-0-11-308
grade). This was the first effort in coating a compound fertilizer
with the new coating system.

The widely differing release rates for the nutrients from
the coated compound product raise some interesting prospects for '"tail-
oring" the nutrient rclease rate of sulfur-coated products. It might
be possible to cogranulate materials of varying water solubility and
sulfur-coat them to produce products with release rates that would ap-
proximate the timing of nutrient requircments of the crop. The need
for thir type of controlled-relecase product has been mentioned many
times by agronomists and may be especially applicable in multiple and

intercropping systems.
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Mifsoges Studice--Rice
g,-?\m:z'}h jebulis foon fades glves 1m Nekles § and ) ase
fos the 1971 sessma, bl weie aei Jaicivad 1& (lae @ Tailude I8 (he
18t Fepedt aa he gIslecd "Talleviag of Terttilsese Tavr Riae,” T
Fleld data (takle 1) show 1%af Righes plelds peie abilalnad vhea N was
#Pplied &8 SKU (hai ohas applied &6 wica, Svel el wissd appllast lows
vefe eplit, lscredsing 15e Fale of N applied a8 MO gesultad 10 @8
felatively gicaled yield laidease Thas whas The same Fales of 8 wege
eppliad &8 uies, A1 saik dei@ &7 #pplied B, he wplishe of U pat gieaised
whias U wad apRilied Ihas WVhek wies was applicd (1akiles 2) Ne W bed
2ifTeichiet vede anlad Defouan (e fve dowiies af SOU, although bath
Fields and wpiabe af N appesied 10 be slighily Righey wiih S00=2
(dlesaintled dafe batpaan 0.1 and 23.6) has wilth B0R=C (disswiniiaw

Fete betwean 9.1 and 14,.6), Precles data danieining vaier cantsnl wege

st evallabis,
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Yakle 1
fffent of N Source and Rate

On Yield of Yvwo Varieties of Paddy Kice
forea, 1971

zw. .—_w&n_._ - et~y
Fouive Rate Method of

Uiea i‘ Baeal 6,78 5.80 6,20 &,30
Uies ., Daeal 7.13 6,00 1,87 .27
iTes i‘ Splin i.oe &, 80 1.18 1.16
Tiea SE Spli 7. 2% &, % 7,48 7.4k
SOU=C ¥, Basal 7,34 6,46 7.35 7.3%
St=C ig bessl 7,45 7.41 7,88 7.08
si-2 !' hassl 1,48 7.1y LY | 1.41
SCU-2 !, Bessl 1.4 1.47 8.0 8.0

a, = 100 %g/he for Var, 1, 190 bg/ha for Vas, 2,

i: » 130 bg/ha for Var, 1, 200 bg/ha for Var, 7.
Var, |, mev shadi-slfammed vailety,

-
Var, 2, local lesg-efammed warlefy,

sHieseiviton Bate between 5,00 and 1467 ta 7 doye
ssHisscivtion Bate between 20,10 ond 23 .60 1a 7 daye

R




Table 2

Effect of N Source and Rate
On Uptake of N by Two Varieties of Faddy Rice
Korea, 1971

Uptake of N (kg/ha)

Clay loas Soil _Sandy loas Soil
Source Bate HMethod of
of B = of 8 Application Var, 1  Var, 2 Var, 1  Var, 2

Ures nl fasal 87 18 14 6
Uses N, Basal v 19 Y4 L]
Ures u; Split 111 93 100 90
Urea L fplit 117 107 119 97
S0U-C t: Basal 115 9t 112 95
e il u: besal 150 B} 164 124
U=k r; Basal 130 118 122 i21
S0 =K f Easal 156 144 150 141

B = J00 ba/ha for Var, 1, 150 di/ha for Yar. /.
K. = 150 kg/ha for Var, 1, 200 bg/ha for Var, 4.
Vaf, 1, nev shafi-stammed vavlely,

Var, 7., lectal loag-estemied varviely,
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India--The results of four experiments conducted with flooded,
transplanted rice in India by the All-India Coordinated Rice Project,
Hyderabad, are given in table 3. The response to N was excellent, the
yield without N being only 41% of those obtalned with basal applications
of N as urea, With basal applications of SCU, the yields were 20% higher
than with basal applications of urea, and, in the three experiments in
which urea applications were split, yields with SCU were 18% higher than
yields with split applications of urea. When comparing the average N-
response (kg grain/Kg N), yields were increased 1/3 more by SCU than by
basal applications of urea.

The data from one experiment with light irrigated rice in India
are given in table 4; yields were relatively low, and differences between
N sources or method of application were not significant. However, yields
with SCU tended to be higher than when all urea was applied at planting,
but lower than when split applications of urea were applied. Again, ylelds
vere increased more than 1/3 more with SCU than with basul applications of
urea,

In tables 5 and 6, the yields of a short-duration, transplanted
rice grown in irrigated light-textured soils at five locations in India
indicate that higher ytelds were obtained with S5CU than with urea when ap-
plied as a basal application, Yield increases due to basal N applications
vere S0% greater with SCU than with urea, However, split applications of
urea resulted In ylelds equal to those obtained with basal applications of
acy,

The ylelds of direct-seeded upland rice grown at three locations
in India are given in table 7, and the relative ylelds in table 8. Yields

vere lov due to drought, but good responses were nevertheless obtained for
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Table 3

Effect of N Source and Time of Application on Yield of Paddy (Flooded)
Rice in India, 1972. (Summary of Reported Data from 4 Experiments)

Experimental
Number Source Rate Method Yield Relative N-Response
and of of N of Yield Kg Grain/
Season Nitrogen kg/ha. Application mt/ha. % Kg N
- - - 1.96 34 -
Urea 120 Basal 5.73 - 100 31.4
1.1 Urea 120 80 + 40 6.11 107 34.5
Rabi SCU 120 Basal 7.13 124 43.0
1.2 - 0 - 2,02 30 -
Urea 125 Basal 6.82 100 38.4
Rabi Urea 125 35+ 20 + 35+ 35 6.33 95 34.4
Scu 125 Basal 7.81 . 115 46.3
1.3 - 0 - 1.68 44 -
Urea 100 Basal 3.85 100 21.7
Kharif Urea 100 30 + 20 + 25 + 25 4.00 104 23.2
SCU 100 Basal 4,62 - 120 29.3
1.4 - - - 3.55 55 -
Urea 125 Basal 6.50 100 23.6

Rabi scu 125 Basal 7.81 120 34.1
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Table 4

Effect of N Source and Time of Application on Yield of Light
Irrigated Rice in India, 1972. (Summary of Reported Data From
One Experiment at Pattambi)

Experimental
Number Source Rate Method Yield Relative N-Response
and of of N of Yield Kg Grain/
Season Nitrogen (kg/ha.) Application (mt/ha.) (%) Keg N
3.8 0 - 2,04 85 -
Rabi Urea 120 Basal 2.41 100 3.08
Urea 120 60 + 0 + 30 + 30 2.67 111 5.25

SCU 120 Basal 2.55 106 4,25




Table S

Effect of N Source and Time of Application on Yields of Short-Duration Transplanted Rice Variety
Grown on Irrigated Light-Textured Soils at 5 Locations in India, 1972

(Summarized From Reported Data)

Aversge
Rate Grain Yields (Mt/Ha) E-Response
Source of N Method of KXg Crain/
of N kg/ha  Application Faizabod Karjat Mandva Pattambi Raya Average Kg %
- - - 2.91 2.66 2.11 1.94 3.40 2.60 -
Urea 100 Basal 3.8%6 4.07 3.61 2.85 4£.82 3.84 12.%
Urea 100 50+ 25+ 25 3.9% £.30 &.34 3.} 6.42 &.48 18.8
SCu 100 Basal .68 4.68 £.29 3.60 5.2 4. &) 18.1
Tadle 6
Effect of X Source and Time of Application co Relstive Tields of a Short-Durstior Transplasnted
Rice Variety Growm on Irvigsted Light-Textured Solle at $ Locations, Indis, 1972
(Date Calcuinted From Tadle %)
Rste _NaletiTe Yield (2
Source of X Method of
of X kgt Agpliczatios Fatzadhol Kariel mand ve Totiend ] Rayre Averaie
- - - 7% %% b2 L] 79 &7
Urea 100 3anal 100 e ] HEd o] 100 1oo 109
Tres o0 W os I3 e ) 103 i 170 17 133 116
L+ o o0 ¥anal 2 13y 172 i 11% - ) )

-‘z-
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These results Indicate that under the molsture Feglaes

prevalling s the rice-groving aress of Slerra Leome where these
espet lnenis vere located, SCU 1s superior 1o A% as a sowrce of ¥,

Chaaa-=1a v esperiments vith wpland rice-~ene rainfed
and one Irrigated~~in Chans (table 135), yields with SCU vere lower
ihan *hose with amoniun sulfate (AS), Appareatly, the suicessive
anacroblec and seroble conditions wader which 3CU 1s a superior N
Sbufee 414 MOt Scowr 18 thede enperineats, [a anotier cspefimest
in Chena (table 18), growm under conditions of poar water contrel,
highes ylelds vere oblained with SOU than with elther wiea or AS,
and yields obtained wilth wrea tended (o be lower than these abtalned
with AS,

Nigesia~~The resulis of twe esperinents located at (e
latersational Iastitute of Tropieal Agriculture (1174) is Wigeria
are givea 1s table 17, Mo significant differences vers moled be-
tween ylelds obtainad vith SOU and those with AS I either capefinent,
although ylelds tended o be Righer vien AS was applied 18 the Fivst
season and vhes SCU was applied in the second secasen, Ia both esperi-
feals, wiea appeared 1o be Inferior 1@ bath SOU and AS, WMater contyel
IR thess experinenis was good,

Pevu==d swmmary of several years' work with 500 ia Peru has
been published In & paper entiticd “Perforsance of Sulfur-Costed Ures
Under Isternittestly Flooded Rice Culture ia Perw™ by P, A, Sanches,
A, Cavidia 0,, €, ¥, Ralawres, B, Vergars, and F, Miaguilie (Seil
Sclence Sovlety of Anevica Procesdings, 137:789%-792, 1973). A esgy
af the paper 18 attached 3o thls veport, and on abstract of chely
reaulia follows,



Table 15

Effect of ¥ Source and Methed of Application oa Yield of Upland Rice
{Arebule) and Irrigated Rice (Bisnduri) in Chass

Bate

Source ef N Methed of
S(N  Sa/he  Applicatioe Alsbyby Bindyy
- u - !lt‘ lli'
AS 2.6 Basal .47 .M
AS 12,6 3.3 + 36.,) .75 P
sCU 12.6 Basal 1.87 3.02
LD 0.05 0.42 0,51
0,01 0,546 0,6

Tabhie 16
fffect of ¥ Sownce and Rice on Vield of Rice
Crowe 15 Chana Under Conditions of Poor Mater Comtwal, 1973

Yield of Bice (nt/ha)

Bofcs

SN 5 20 A3 Aversge
Urea 2,68 3,3 1.% 2.%
A% 1. 3.1 4.9 3,68
&Cv 3.47 &, 3 5.02 £,29
Average L% LW 47T




Table 17

Effect of N Source and Rate on Yield of Flooded Rice in Nigeria (117A)
All Yertiliser 15 Broadcast and Incorporated Into Soil One
Week Before Planting, Plots Irrigated for
Tvo Veeks After Planting and Then Flooded, 1973

Yield of Rice (at/ha)

Rate
of N First Season Second Season
(hg/ta) (1/8 - 3/10) /23 - 9/25)
0 2:9) .08
37.5 5,41 &.19
75.0 &.77 §,54
150.0 $.11 £,%)
75.0 .29 3.8}
15.0 4,81 $.51
,.ia,o &1 1.65%
- __.’_} ] g ————— 4 1 : ) - ____,“__‘_?._:_ ——
0.05 1,18 1.72



Table 18

Yield of Basmati-370 Rice at Punjab Agricultural Research
Institute in Pakistan in 1969-70 Grown Under
Conditions of Intermittent Flooding

Rate of application Yield
ha) Increase
Source Yield Due to N
N 229_5 of N (mt/ha) (mt/ha)
o ° - 2012 -
67 67 AS 2.45 0.33
100 100 AS 2,74 0.62
67 67 Urea 2,60 0.48
100 100 Urea 2.97 0.85
67 67 sCuU 3.15 1.03
100 100 SCU 3,25 1.12
Average for Scurces!
Yield Yield Increase
Mt /ha Relative (%) Mt/ha Relative (Z)
AS 2.60 93 0.48 72
Ures 2.79 100 0.67 100
scu 3.20 115 1,08 161
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"Short-statured, high yielding rice varieties grown exten-
'sively in northern Peru require extremely high rates of'cénVéntiona1 
N sources to achieve maximum yields. The recovery df apﬁiié&iﬁ iéx |
extremely low due to the use of intermittent floodiné. Thié watér'
management system results in heavy N losses even with properly timed
split applications. In search of simpler and more effective methods
of N management, eight field experiments were conducted in the region
to evaluate sulfur-coated urea (SCU), an experimental, slow-release N
source supplied by the Tennessee Valley Authority. Rice yields were
increased an average of 59% more by pretransplant-incorporated SCU than
by urea or ammonium sulfate applied in the same manner. SCU produced
excessive vegetative growtﬁ which resulted in yileld reductions at high’
N rates."

"Regardless of an assumed 48%-higher unit N cost in SCU, the
overall benefits of pretransplant-incorporated applications of SCU
were favorable since there was a decrease of 40% in the optimum rate
of N and the need for precise timing of application was eliminated.”

Pakistan--In Pakistan, basal applications of AS, urea, and
SCU to rice grown under conditions of intermittent flooding in 1969-70
(table 18) indicate that SCU is a superior source of N as,cémpared to
urea or AS when all N is applied at or before planting. The data also
indicate that a yleld response was obtained for P applications; but a
comparison of N sources at each level of P indicates that no interaction
between N and P was present, so that differences between N sources were
relatively the same at each level of P. Yields were increased about 60%
more when SCU was applied than when urea was applied. Yield increases
with AS were only about 72% of the increase obtained with urea; these re-
sults do not agree with the generally-reported superiority of AS as‘coﬁj& g

pared to urea as a source of N for rice.
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In 1973, experiments veré conduéted in Pakistan using both
Basmgti—370 and IRRI-6 varieties éf rice grown under conditions of
intermittent flooding (table 19). When all N was applied at puddling,
or 1/2 at puddling and 1/2 at panicle initiation, both AS and SCU were
superior to urea, with SCU tending to be the most_efficient source,
However, when N was applied 1/2 at transplanting and 1/2 at panicle
initiation, SCU was the poorest source of N. This would indicate that
the release of N from SCU applied at these times 18 too slow for optimum
plant growth. |

In another experiment in Pakistan in 1973, no differences
in the effectiveness of urea, AS, or SCU were noted in the yields of
continuously-flooded rice (table 20). Again, these results are con-
sistent with earlier results which indicate no superior .ty for SCU

when rice is continuously flooded.

Nitrogen Studies--Maize

A series of three experiments were conducted by IITA in
Nigeria in 1972-73 comparing AS, urea, SCU, and CAN (calcium ammo-’
nium nitrate) as sources of N for maize (table 21). A significant
yield response was obtained for N at each locatiom, but no consistent
differences were noted among sources. These results are consistent
with results at other locations which have not shown that SCU is a

superior source of N for maize grown over a period of 3 to 4 months.

Nitrogen--Wheat

The yields of wheat in Pakistan in 1969-70 (tables 22 and
23) show that yields with SCU tended to be lower than thogse with urea,'

although at one locetion where sorghum was grown folldwing wheat with



Table 19

Yields of Basmati-370 and IRRI-6 Rice at Punjab Agricultural

. Rate
Source of N
_of N B-370 IRRI-6
- o o
scu 90 150
Urea 90 150 .
As 90 150
SCU 90 150
Urea 90 150
AS 90 150
SCU 90 150
Urea 90 250
AS 90 150

Experiment Station in Pakistan in 1973 Under
Conditions of Intermittent Flooding

Yield
Time of Yield (Mt/ha) Increase
Application Basmati-370 IRRI-6 Average (Mt/ha)
- : 2.21 3.53 2.87 -
At Puddling 3.25 5.45 4.35 1.48
At Puddling 3.09 5.00 " 4.05 1.18
At Puddling 3.24 5.29 4.27 1.40
% Puddling; 3.72 5.72 4.72 1.85
¥ Panicle Initiation
% Puddling; 3.35 5.02 4.19 1.32
Y Panicle Initiation
% Puddling 3.53 5.29 4.41 1.54
% Panicle Initiation
% After Transplanting 3.12 5.62 4.37 1.50
% Panicle Initiation
% After Transplanting 3.40 6.24 4.82 1.95
% Panicle Initiation
% After Transplanting 3.49 5.83 4.66 1.79

% Panicle Initiation

All plots received 45 1bs. Pﬂoslacre as single superphosphate

Source of N

Urea
AS
SCU

Relative Yield Increase ()

At Puddling % Puddling, % Panicle 4 Transplant, ) Panicle
100 100 100
119 117 92
125 140 77

-'[f’-
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Yield of Coatisueusly Flosded Rise s Affectad by Rate and

Table 20

Soure . of Nitvegen 18 1973 st the Covermment Rice
Research Tastitute, Kala Shah Kabe, Pakistes

Yield of Rice Ofi/ha) at Biffesens Levels of

Nitvoges Fertilises Geglia)

5 w Pess
Sourse of B _ 0 = B 212 208 {iess © Bate)
Urea 3.0 5.8 " 5.4 5.6k
AS .6 5.0 5.60 5,12 5,33
scu 3,086 5.0 5.8 $.07 5,49
Urea + § 3.4 5.5 5.8 4, % 5,57
Mean 3.% . 5,83 5.08
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w0 ferihes stisoges spplicetions (vable 23), Righes yielde wese shinined

iR fhe plots where 500 Rad been sppiled for wheat, This svgeests some
iateseailag posetbilities For mditple sl Lafescingplong S3elome-=ia Suwh
Fysiens perteps slow selesse Tertillsess com be spplied of & comvenient Tise

I8 The coopplag sreted eid he awirlente Felessed For wpiake by sweeedlag chops.

fome gresitouee ol TLeld sladies svaluailng plespiete Faike &b
sowree of P for sice hewe bees condue .od, The veeuite ebtatan’ seleving
mummxmdmmumwfmmum
Tonse studies of THL end ia she Fleld i0 Thailend sve swmeiised below. 4
oy of & papes endiieled “Reapares by Flasded Rice to Plosplete Recke Ferytag
I8 Ciivete Solabilisy,” by 0. 7, Segeletad, &, Sugeuiinde, snd §, €. Dedetve,
Publdsied 18 Soll Sed, See. An, Pyee, 3:00e=109, 1904 is alee astached ie
e smpaid

Stadies were conducted o the gresstiovse and 85 e fleld o evaluste
severel plonphete socke for flosded sise, & close selationeiip wee found 1o
XS Detwman sloe pleld vesposes to spplied P and clisete selabilisy & &
series of plompiuie tockes reprssading the theersiiasl sege 15 Shie peremetss .
Cresstonse (TH) sl fleld dete (Thallesd) showed gulse similesr seesiis ia
AREe et

& pracedeie 18 presenied Wik saebles one 10 weke he chedse of F
doviie o8 the baats of boih agsosomds effectivences and prices of P 1a wiale
suped phesphaie (188) seiene phospheis Fouk .

Resbiunl date sie preseniad PRI slow (he e geReiel peltiess
of sffectivencss anong souices Fhaongh the sscond cFop ae Towd for the Fises
CFop. The sestdwel effectivenees of T8P seaniand bhighes thas thes of the
Phonphate Focke; howerss, (he seletionetip beswees faitlal citiate selabiiiey
of e plosphaie rocks and seletive sffectivenees 15 the second siop wee
FeiheE pees
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BRciE Yield (Wi/ke)
Sowse of § SEalee) 1 Sorghumt
= o 1,14 12,9
e 2,96 13.8
tiwe 12 3,9 i8,3
o (T X 19,3
-2 " 151 7.9
$iene- 3 12 1.9 2.3
sew-3 1ed 2,58 2.1
-4 e 178 19.3
o= 12 2.9 19,9
-4 e R 2.2
SErLS Yo Ayt A it st
Breiage Tod sowiies:
] et S g
= 1,34 2.9
\ so Lo i

} LS LR 2.5
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Gresshowse and Tleld dets show clearly that there aie sl

siantlal differences snong phosphate rocks In terme of agronomis
ol fosiivenans, Terides, iaese diffsrences 232 3= predisiad ¥y mease
of citvare selebility or by the ACS (Abselute Citvate Selwbility)
indes, It appears that the latter is weve appropriate whevre Ihe ton-
teni of spatite veries aneng Phosplate vocks, The mest seluble phes-
Fhate socks spprosched but did sot sctwally egwal TSP ia lisdtiag
(masimum) yield is these csperinents, regardless of sote spplied, One
seeds 19 conslder the definite posaibility of some yield loss In choos-
ing & phosphate vack over T8P; swih yield losses masi e welghed agelnel
the lower price of plosphate sack, The esplenation for swh losses may
taveive coscentration of selsbie P ia the seil, IFf ¥ concentvation is
lisiting o laadeguate becawse of & lower dissaiution Fete of phasphaie
vock, the growth vete and sitimete yield will be dinialshed acimidingly.
The B0 (Relative Agrononic Effectivences) values hased ow
yield lncvesses veflect the agrononic of fectivences of these variows
sowices velative 19 the TSP standavd; tovever, these should be supple-
senied by o coonomic analysis before sational cholies can be made,
The following caloniations will provide an estisate of the

Relative Boomonie Dffectivences (RED):

m'%!%ilﬂ

i BAE excesds 100 ia this caleslation, the phasphate Foik would be
”mnm:
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There are indications that if the P in the more soluble
phosphate rocks (North Carelisma, movch Flovida, ceatral Flovida) is
leas than half as capensive as that ia TSP, these rocks would be
feasible alternatives to TSP on soils similar to these used in
Thailand,

This analysis does mot take isto account the possibilicy
of lover yields from wee of plosphate rock, It could be argued that
&t less thes masimus ylelds, TSP would produce a certaia yleld at
lower rates of P than would phosphate vock, This would especially be
tvwe for low vates of application, For esanple, at Klong Luang, 5500
kg of vige pev hectare could have been produced with either 11 kg of
F as TSP or 44 g of P a6 some of the sove veactive phosphate vocks,
it shawld be pointed out, however, that this is the yield level that
would shiw the widest difference] swch I8 the advantage of hindsight,

Farmers geserally prefer gresular fertilisers for machine
oF hand application, This (s & disadvantage for the phosphate rocks,
which are normally applied in fisely divided fomm,

Ferther studies vere conducted at TVA weing gramulated als-
fures of wiea and phosphate rock, These grecnhonse esperinenis were
conducied to determine the effectivences of grasulated mistures of
wied and phosphate voek (PK) and grasulated, partially seldulated M
a8 sourtes of P for flosded vice, Yhe wrea-PR products were rather
Podr sburees of ¥, varying betveen 11 and 531 as effective as gremular
triple superphosphate (TEP), Some incvease In effectivencss in these
whea=FR producis was obtalned from post-floed stirving to simulate the
peddiing of vice paddies before seadling transplanting,
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The partially acidulated, granulated FR products were in-
termediate In effectivenssy between urea~FR and TSP, However, in
B0 case vere they more than 58X as effective as TSP, No significant
granule slee effects were found for these products, Finely divided

PR (=100 mesh) vas generally more effective than the granular PR products,

ranging fres 30% to B6X as effective as TEP,

However, 1t fo felt that some further fleld experiments with
these materiales and other types of granulated mixtures are varranted
before concluding that they have no agronomic potential, In additiom,
a8 stated under the section on “Engineering and Development,” further
esperiments with rev rock phosphate and with rock phosphate treated
to enhance citrats seludility are to be conducted,

Ihosphorve--Nsise
Another series of three experinents was conducted by 117A

in Nigeria comparing TSP, AOP, APF, and PR at ome location (table 24),
No definite conclusions car be drave from these results since only
one year 18 invelved| however, they do suggest that further work with
Fi 18 varvanted on these solls,

!
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Table 24

Effect of F Source and Rate on Yield of I1ITA Maitzo Composite AxB at
IITA (Egheda and Apomu soil series) and at IThkenne (Alaghes soil series)

1973
Kate of P Apomy 8§  Egbeda Alagha
FrSource kg/ha Series Series Series
——esecesereeeeseeees (kg /ha ) momr covee e ene
Control 0 2954 2419 1343
Triple superphosphate 20 w29 3378 3y
Triple superphosphate &0 L4009 LT 4105
Triple superphosphate 60 an &8 4225
Ammon | um= 0f Lthophosphate 20 4201 4124 4080
Anmonius-of thophosphate 40 4270 4706 20
Ammon lum-polyphosphate 20 403 L2446 3796
Anmnon l um-pol yphosphate 40 431 A99% 0%
N, Carolina rock-phosphate U - 1594 -
N, Carelina rock-phosphate &0 - L216 =
Moroceo rock-phosphate 20 - 3634 =
Moroceo rock-phosphate 4«0 - LIt M =

LED (0.03) 92 %0 225
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% re IVA at Muscle Shoals
s to TV D oc
' ed F as Affected by
P Source, Soil pM, and Preflood Incubstion—-F. E. Khasawnch, 0. F.

Engelstad, Jane Copeland, and Creenhouse Staff. Response of flooded

vice to F from a North Carolina phosphate rock (PR) was equal to F
response from concentrated superphosphate (CSF) when preflood soil M

vas 4.5 it vas inferior vhen preflood soil pil vas 6.5, The difference

in rice response to PR could not be attributed to a lovering of scil pH

in the rhizocylinder of rice roots, mor to initial resction between the
acid soll and PR prior to the onset of anseroblc conditions, An alter-
nate hypothesis is suggested to account for dependence of PR effective-
ness on preflood seil pHi that PR dissolution is a fusction of the ability

of the soil to provide & sisk for Ca' and KPO,=/H N0, ioss.

An esperiment was conducted with flooded rice to determine the effect

of stirring the flooded soil oa the agronanic performance of granular
phosphate rocks (PR), Twe pilot plast products were tested! wrea-FR
(18=18-0) and partially scidulated PR wade from North Cavelins FR, Hack
was conpared with fine and yranular (using pressure) forss of the latter
as well as vith grasular C8P,

Stirving the voil resulied in apparent increases is yield for
all treatments, includimg the check, However, only the stirving effects
for urea=PR, PR (=649), and PR (=100) were statistically sigaificeat,
Overall, the sources decreased in effectivences as follows: C8F * Fine
PR > partially seidulated PR (gramular) > wrea-PR (gremular) > gramular
.,
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Effect of N Source and Water Management on Response of Rice

to Zn--P, M. Giordano, J. J, Mortvedt, O. P, Engelstad, and Greenhouse
Staff, Several rates of CO(NHZ)2 and (NH4)2504 with or without ZnO
vere applied to flooded and nonflooded Crowiey sil (limed to pH 7.5)
to determine response of Bluebelle rice to Zn, Yields with both N

sources wery greater on flooded than on nonflooded soil, In the ab-

sence of applied Zn, total dry matter production with CO(NH2)2 was
slightly lower than with (HH‘)ZSOQ on flooded soil and considerably
lower on nonflooded soil, Concentration of Zn was higher In straw and
grain of plants grounm on flooded than on nonflooded soil. Although
concentration of P was unaffected by N source or Zn rate, there was
some indication that cranslocation of P from straw to grain may be
depressed in nonflooded rice, Concentration of N was lower in straw
grown on flooded than on nonflooded soil due to apparent dilution.
Vhereas both N sources resulted in similar N concentrations in straw :
at all rates of N application, the N concentration in grain increased
with N rate,

Besponse of Corn to Chlorospodiosite and Related P Sources=--

§. £, Allen and Greenhouse Staff, A greenhouse pot experiment wus

conductyd with corn grown on Mountviev silt loam to compare the ef-
fectivoness of chlorospodiosite (Chlor-1) with concentrated super-
phosphate (CEPF), Thomas slag, and North Carolina phosphate rock (NC=PR) .
Oil=prilled urea--phosphate rock (UFR), YeAlNH P,0,, and monomethyl
phosphate were included in the experiment. Based on yleld of forage and
uptake of P by two crops, each of 6G-weeks' duration, the following con-
clusions were drawvni

i, Chlor=] was slightly less effective than CSP, Thomas slag, or NC-PR,

from which Chlor=] was prepared,
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2. Granular UPR was a poor source of P; its effectiveness was greatly:
| increased by reducing the particle size to -35 mesh.

3. FeAlNH4P207 was unavailable to the crop.

4, Monomethyl phosphate was equivalent to-or slightly morq:eff§¢ti&éﬂl

than CSP.

Research Indirectly Related to TVA-AID Project

Response of Several Rice Varieties to Zn in Moisf or Flooded

Soil--P. M. Giordano, J. J. Mortvedt, and Greenhouse. Several varieties
of rice from Mexico and the Dominican Republic currently undef investi-
gation in Puerto Rico for adaptation to upland culture were compared with.
some established United States varieties with regard to Zn response on
moist and flooded Crowley sil (pH 7.5). Chontalpa (Mexico), Bluebelle
(Texas), and Starbonnet (Arkansas) were most responsive to applied Zn;l
Juma (Dominican Republic) intermediate, and Sinaloa (Mexico) and Calrose
(California) were the least: responsive. The Sinaloa varieties (Mexico)
appeared to be best adapted to non~flooded conditions whereas Chontalpa
and Calrose were poorest. Concentrations of Zn generally were higher in
plants grown on flooded than moist soil.

Pattern of Growth and Zinc Accumulation by Rice--P. M. Giordano,

J. J. Mortvedt and Greenhouse Staff. Rice plants were harvested at weekly
intervals from shortly after emergence through maturity. The objective
was to determine the rate of growth and Zn uptake by a Zn responsive var-
iety (Bluebelle) and a less Zn-responsive variety (Calrose) in the presence
or absence of Zn applied to Crowley sil (pd 7.5). Dry matter production

of Calrose was linear with time of growth and of 2 similar magnitude until
heading, with or without applied Zn. Bluebelle followed a similar pattern
where Zn was applied. However, in the absence of applied Zn foliage yield

was reduced markedly.



2:Uptake of Zn was similar for both varieties when Zn was..
ﬁlapolied. Dry matter production and Zn uptake by the two varieties.

also were comparable when Zn was applied.. However,_yield of Calrose
was much higher than that of Bluebelle in the absence of applied Zn‘
while Zn uptake was only slightly higher. This suggests that the lesf '
" ser responsiveness of Calrose to Zn may be due to more efficient utili~
l’zation of Zn. There nas no indication of a greater demand’for Zn dur-
ing reproduction in either variety as was suggested in earlier:green-
house experiments,

Response of Upland Rice to P and Zn--P. M. Giordano, J. J.

Mortvedt and Greenhouse Staff. Several rates of P and Zn.uere applied
to Crowley sil (limed to pH 7.5) in factorial combination to determine
whether differences in rice growth under flooded and nonflooded soil
conditions are related to plant nuairition. Although straw ylelds were
slightly higher in noaflooded ricejreceiving adequate P and Zn, grain
yields were higher in the flooded crop; increased rates of F and/or Zn
did not result in equal yields. Except in the highest Zn rate (75 mg)
concentrations of Zn in both straw and grain were higher with flooding.
Concentration of P increased with rate of applied P and was higher in
the grain or flooded than upland rice at a comparable P rate. In con-

trast, concentrations of N were lower with flooding due in nart to dil-

. ution from increased growth.

Rice Response to N and P in Flooded and Unflooded Cultures--

G. L. Terman, S. E. Allen, and Greenhouse-Analytical S+taff. Rates of
N from 250 to 2000 mt/pot and P from O to 1000 mt/pot were applied for
Nato rice grown on Mountview sil and Sango sicl (6.25 kg of soil per

pot). Market yield response to N and P was obtained. Yields of straw,
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total yields, N uptake, and N recovery were higher on unflooded than
oﬁ!flobded soil cultures, Grain yields, however, were slightly higher
with flooding. These results indicate that with adequate applied
nutrients, especialiy of N, rice yields without flooding can approach
or even equal those under flooding.

Uptake of N, P, Ca, Mg, and Zn increased with yileld response
to N and P, while K uptake decreased on the Mountview soil. Concentrations
of N and P increased with applied N and P, respectively, while concentrations
of other nutrients were diluted in most situations with yield response to N
or P,

Results from this experiment show that amouats of N applied in
previous pot experiments for rice have been much too low, especlally {f the
crop was grown to maturity,.

Response of Corn to 5 and N in SCU; UAS, and Urca-S--5. E. Allen

and Greenhouse Staff. Three greenhouse pot expariments were conducted to
measure response tc S and N in sulfur coated urca {(SCU), urea ammonfun
sulfate (UAS), and urea-S, as well as estimate N leosses {rom surface ap=-
plied N sources.

In Experiment 260 less than 207 of the S mixed with the soil
was recovered from SCU or urea-S granules by two crops of coru, as com=
pared to 45 or 807 from flowers of S or NaZSOA' Ciop response followed
a similar pattern.

In Experiment 260-A, N sources were surface applied and al-
lowed to dry for two weeks before incorporation [nto the sofl and plante=
ing. Recovery of N by two crops of corn was 77-82% for AN as compared
to 37-70% for ureca, UAS, urca-S, and £CU. Thus, {n this experiment, lose

of N from urea did not appear to be reaucud by light S-coatings or by (n=

corporating S or AS in the granules.
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In Experiment 260-B which was similar to 260-A, except for
higher greenhouse temperatures, crop respoase, and vecovery of N were
not consistently related to source of N, In contvast, N welatilization
loss in uncropped cultures an measured by solveat extraction, approsched
S0% for urea as compared to 20X for urea phosphate,

Response of Rice to late-Applied N, as Affected by Eariy ¥
Deficiency=-C. L, Terman, §, E, Allen, and Crecnhouse Btaff, Nato rice
grown on Sango sicl (5 kg/pot) under flooding was fertilised with 0.5 g
of K/pot mixed with the soil as urea, Ca, 'lmg’r AN, and AS, Urea
vas also Included at rates of 0,25, 1.0, and 1.5 g of N/pot, These Lreat~
wents vere followed by topdressings of N as AN or wrea at &, 6, §, and 10

wveeks toraling wp to J.5 g/pet,
A soil application of 1.0 g/pot resulted in the maximun yleld

at 4 veeks, Yields and percent protein of mature grais increased vecti-
linearly with H applications, HEssentially all of the m,-u nined with
the soll was denitrified after flooding, Crain and strev ylelds were
highly correlated with tillering and with susbers of grain-bearing
stems,

The results indicate that 0.5 to 1.0 g of N/pot as urea or
Wi, - should be mixed with the soll to stisulate tilleriag, with ad-
ditional N topdressed later to imcrease grain ylelds and protein con~

tent,
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SANCHEZ EY AL SCOATED UREA UNDER FLOODED RICE IN FERU
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peices of rough rice, urea, and ammonium sulfate in Pery
aid the assumpdion that the unit cost of SCU is 45% higher
than commercial urea, as suggested by TVA personnel.
(More iecenl (December, 1972) TVA estimates based on
larger scale production sugpests that the unll cost of SCU
b 325 higher than commercial 1iea) Quadratic regies
slon equations accounted for 63 1o ¥3% of the varistion in

CONCLUSIONS

This study shows that basal spplications of sulfur-coued
urea are moce officient than basal or topdressed applics-
tions of wres or ammonium sulfate in interminently flooded
rice oulture in morthern Perw. The lack of differences be-

These results have Boen oblained with high yielding,
lodgingtesistant varketies, and cannot be directly extrapo-
lated 1o 1all, waditional rice varieties, or 10 conditiom of

comtant Mooding.
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Allen () showed i same reletionship with slash pise
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KAE values are plotted against both the ACS index and
e citrale-soiuble P content, Because of variation in con-
tent of apatite smong tas phosphate rocks, the ACS index
Wik moie appropriate than the citrate-soluble P content.
The linsar regression model sccounted for 95% of the
variation in relative effoctiveness wing the ACS index as
compared with 0% for the citratesoluble P content.

Field Experiments

Using the phosphate 1ocks from the USA listed in Table
1, Bl experiments were established ia 1969 on wet-season
18 ot two locstions near Banghok, Thailand. This was a
cooperativg effort (5) lnvolving the Rice Department of
e Minstry of Agriculture, the International Rice Re-
search Iostitute, TVA, USAID, and Kasetsart University,

Kiong Luang Rice Expeviment Sration. The soil was de-
veloped from brachioh water sediments. [3 possesses & heavy
eley tenture throughout the profile with & black upper hor.
FOn. This b an acid-sullate soll, belouging 1o the Ongharak
series. The pH of the plow layer of the experimental site
wias shout 40

Ranghhen Rice Experiment Saation. Tha Banghhen soil
wib derived from alluvial sediments, having & heavy clay
atuie thivvghout the profile. At the experimental site,
the pH of the plow Layer was sbout 5.8

‘Levang Tawng' is a tall Thai variety known for being non-
sensitive to photoperiod, A split-plot design was used in
these experiments with 4 rates of P (11, 22, 44, and 88
kg of P/ha) applied as main plot treatments and with the
sources of P as subplot treatments, There were two check
plots in cach replicate, The extra check plot was included
to permit the application of fresh TSP standard for the
suceeeding crop; the purposs of this was (0 permit aceurate
measurement of the residual effectiveness of the phosphate
rock.® The P fertilizers were broadcast on the mud and
then Incorporated in the soil during the last harrowing, At
time of transplanting, immediately before the last harrow-
ing, 100 kg/ha of N as ammonium sulfate and 33 kg/ha
of K as potassium chloride were applied. A total of 40
kg/ha of N as ammoniur, sulfate was applied later in two
topdressings with about 5-cm depth of water on the plots,

Three to six 21-day-old scedlings per hill were planicd
20 by 20 em apart in straight rows. Hand weeding was used
and insecticydes were applied for insect control. Grain yield
was measured by sampling 5§ m?® of each plot excluding
border rows. The date of heading in each treatment and the
yield compaonents at harvest were also recorded.,

The average yields of rough (unhulled) rice for both
locations are plotter’ in Fig. 3 for the first crop (1969 wet
season), The greatest yield response was obtained at Kiong
Luang; however, a fuite satisfactory yicld responsc was
obtained to applied P &t Bangkhen as well,

Relative agronomic effectiveness values were calculated
for these data and are presented in Table 3. The values
for the first crop are plotted against ACS index in Fig. 4
for both locations, The relationship was linear for the
Bangkhen location and curvilinear for Klong Luang. The
simple linear regression model acepunted for 88% of the
variation: in the RAE values for Bangkhen; a “square root”

Luang experiment was continued through eight
successlve croppings 1o evaluate the long-tlerm ruldmr effects

A e varny haown & KD 1" was wsed in both experi of 1hewe _ e rocks. The Dangkhen experiment was lermi-
% this 4 & Grees bet 1 Towng' and 'IR.8° nated :nln:dlun.|m crop. These residual yields will be pre-
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Fig. 3—Yield of rough rice at Klong Luang and Bangkhen Rice |

Experiment Stations, Thailand, as affected by rate and source
of P applied (crop 1).

regression model accounted for 97% of the variation in
RAE values at the Klong Luang location.

These experiments were continued during the dry season
of early 1970 to ascertain the residual effectiveness of the
various sources applied to the first crop. No new P was
applied except for the fresh TSP standard mentioned
above, ‘The experiment otherwise was conducted in a man-
ner similar to that followed in the first crop.

The response to both freshly applied and residual P was
marked at the Klong Luang location and marginal at
Bangkhen. In fact, at the latter location, the response was
o small that little can be said regarding residual effective-
ness, The yield data from crop 2 at the Klong Luang
experiment are plotted in Fig. 5.

Relative agronomic effectiveness values (Table 3) were
calculated for the Klong Luang data using both the residual

«and freshly applied TSP as standards. It is of interest to
note that the superiority of TSP over the phosphate rocks
persisted through the second crop, The maia difference in
the residual effects is that, with the exception of the Mis-
souri rock, the marked relationship between citrate-soluble
I content of the phosphate rocks and RAE had largely
disappeared, In this acidic soil (pH 4.6), P would by this
time be supplied by intermediate reaction products in addi-
tion to residues of the initial apatite,

The TSP applied to the first crop declii ~d slightly in
effectiveness relative to the freshly applied 1SP. This pre-

oo T m | T T
BANGKHEN
a0 B

40

{1068 +3.08x

20
rt= a8

oo v T T T

RELATIVE AGRONOMIC EFFECTIVENESS, %

Ba-e2ii-1182X, + 80.55x 2
Ris o7

oL J

L ] 1 1 1
[+] -] 0 13 20
ABSOLUTE CITRAYVE SGLUBILITY INDEX

Fig. 4—Relative agronomi s efectiveness (%) of P sources plo:-
ted.apinst citrate solubiiity index for both Thailand field ex-
periments (first crop only).

sumably resulted from crop uptake and reaction with the
soil to form less soluble products. Such effects may have
been more important at the lower rates, since the two TSP
curves converged at the highest rate of application.

These data from Klong Luang indicate that (i) residual
effects of all rocks except Migsouri were substantial; (ii)
the relationship between relative agronomic effectiveness
of the phosphate rocks and citrate solubility levels was
largely obscured; and (iii) the general superiority of TSP
over phosphate rock in terms of effectivei:css persisted
through the second crop.

DISCUSSION

Greenhouse and field data presented in this paper show
clearly that there are substantial differences among phos-

Table 3—Relative agronomic effective values for field experi-
ments in Thailand

Kloog Luang Bangkheo
Bource  » Crop 1* Crop 21 Crop 1°
North Carollna 18 59 76
Florida (north) 83 il 64
Florida (ceutral) 78 69 L]
daha 69 63 <0
Tevaessoe 5l 65 b ]
Missourd 0 0 ol
TSP (crop 1) 100 “ 100
TSP (crop 2) papes 100 fne

* Calculated afler averagiog the yleld of rough rice for the 11, 22, and 44 kg rates of P,
{ Caloulated ss above except Lhal the average yleld lacreases Lo 22, 44, and 88 kg rates
ol P wure used.
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Fig., 5—~The residual effectiveness ¢! various P sources for crop
<, as compared with freshly applied TSP. Klong Luang Rice
Expcriment Station, Thailand.

phate rocks in terms of agronomic effectiveness for flooded
rice. Further, these differences can be predicted by means
of citrate solubility or by the ACS index. It appears that
the latter is more appropriate where the content of apatite
varies among phosphate rocks. The most soluble phosphate
rocks approached but did not actually equal TSP in limit-
g (maximum) yield in these cxperiments, regardless of
rate applied. This agrees with the results of Ensminger,
Pearson, and Armiger (4). One needs to consider the defi-
nite poscibility of some yield loss in choosing a phosphate
rock over TSP; such yield losses must be weighed against
the lower price of phosphate rock. The explanation for
such losses may involve concentration of soluble P in the
soil. Khasawneh and Copeland (6) suggest that the growth
rate of crop plants is a function of P concentration that can
be maintained in the soil solution. If P concentration is
limiting or inadequate becavse of a lower dissolution rate
of pkosphate rock, the growth iate a2nd uitimate yield
will be diminished accordingly.

The RAE values based on yield increases reflect the
agronomic effectiveness of these various sources relative
to the TSP standard; however, these siould be supple-
inented by an economic analysis before rational choices can
be made.

The following calculations will provide an estimate of
the relative ecoromic effectiveness (REE).

Y P,
REE = -2 x “T58 100
TSP PR

or

Price o1 TSP/kg P
Price of PR/kgP

REE = RAE x

100
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Fig. 6—Relationship between relative effectiveness values
(RAE) and the price ratios between TSP and phosphate rock.

Such a figure can be used in making a choice between these
sources,

If REE exceeds 100 in this calculation, the phosphate rack
would be preferable to TSP.

The REE calculztions were used in preparing an indif-
ference curve (Fig. 6) wherein RAE values are plotted
against Prgp/Pp, ratios, The curve itself connects those
points at which REE equals 100. When exactly on the
curve, it makes no real economic difference what source
is chosen, After choosing a suitable price ratio, one can
then project upward from that ratio; knowing the RAY
value (or estimating it from such data as shown in Fig. 4,
using citrate-soluble P content), one can then choose the
source on the basis of buth agronomic and economic con-
siderations. For example, if the price ratio is 2.5 and the
RAE value of the phosphale rock is greater than 40, the
rock phosphate in question would be used. However, if the
RAE value was less than 40, TSP would be a better choice.
There arc indications that if the P in the more soluble
phosphate rccks (North Carolina, north Florida, central
F'orida) is less than half as expensive as that in TSP, these
rocks would be feasible alternatives to TSP on soils similar
to those used in Thailand.

This analysis does not take into account the possibility
of lower yields from use of phosphate rock. In addition,
only a portion of the various yicld response curves was
used in this analysis, i.c., up to 22 kg/ha. Beyond this
rate, yield response was much less pronounced. It could
be argued that at less than maximum yields, TSP would
produce a certain yicld at lower rates of P than would phos-
phate rock. This would especially be truc for low rates of
applica*»n, For example, at Klong Luang, 5,500 kg of
rice pce ihectare could have been produced with cither
t1 kg of P as TSP or 44 kg of P as some of the more reac-
tive phosphate rocks. It should be pointed out, however,
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that this is the yield level that would show the widest
difference; such is the advantage of hindsight.

Farmers generally prefer granular fertilizers for machine
or hand application. This is a disadvantage for the phos-
phate rocks, which are normally appticd in fincly divided
form. Recently experimental quaniities of granular urea-
phosphate rock mixtures have been made by TVA. Results
of trials with these fertilizers will be reported elsewhere,
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Artificial Weathering of Oxidized Biotite: IV. The Inhibitory Effect of Potussium
on Dissolution Ra:e!

R. J. GiLkes anND R. C. YOuUNG?

ABSTRACT

Rates of dissolution of oxidized biotites in 0.1M 0.01M HC]
are severely depressed in the presence of 1M KCl. The amovnts
of Al, Mg, Mn dissolved in the first ertraction are similar to
those found without KCI, however, subsequent extractions
remove these elements at 10-20% of the corresponding 1ICl
rates. This eflect may be due to a decreased rate of vermiculite
formation, thereby reducinyg the cflective basal nren exposed to
attack. A decrease in dissolution rate with increasing ferric
iron content was still apparent in the presence of 1M KCI.

Additional Index Words: X-ray diffraction, infrared absorp.
tion,

N EARLIER papers of this series, the 10le of biotite in soils
I as a source of both macro and micronutrient elements
has been discussed (Gilkes, Young, and Quirk. 1972,
1973a,b). Experiments in artificial weathering using o va-
" riety of extractants were undertaken to determize the influ-
ence of oxidation of octahedrally coordinated iron on the
release of structural cations to sciution. The results of this
work demonst.ated that biotite behaves anomalously with
respect to the other common ferromagnesian minerals
found in soils. Oxidation leads to the development of a high
degree of resistance to cation exchanpe and dissolution,
Several authors have concluded that decreased rates of K

! Contribution from the Dep. of Soil Science and Plant Nutri-
tion, Institute of Agriculture, Univ. of Western Australia, Ned-
lands, 6009, Western Australia. Received 29 Sept. 1973, Ap-
proved 8 Jan. 1974,

. "lScnior Lecturer in Soil Science and Research Officer, respec-
tively,

replacement in electrolyies shown by oxidized biotites are
a result of the inclination of structural hydroxyl adjacent
to newly created trivalent iron or vacant octahedral cation
sites (Robert and Pedro, 1959; Barshad and Kishk, 1968).
Gilkes et al. (1973b) suggested that decreased rates of dis-
solution of oxidized biotite in 0.001, 0.01, 0.1Af HCl may
also be due to the presence of inclined hydroxyl. In this
case a smaller surface area, external and exposed intcr-
layer, may be available for attack if K replacement by hy-
drogen ions occurs at a slower rate in oxidized biotites.
Gastuche (1963) has shown that significant dissolution of
the (QOIA1) biotite face may occur and it is casily demon.
strated that the proportion of exposed (O01Af) [ace in
weathering biotites depends on the percentage K replaced.
Rausell-Colom et al. (1965) have shown that hydrogen
ions act in an identical fashion to metal cations in K ex-
change from micas. In particular exchange of K hy hydro-
gen ions will be terminated or greatly reduced by high levels
of K in solution, Thus if dissolution of oxidized biotites by
acids is carried out at sufficiently high K levels to prevent
vermiculization, any differences in dissolution rate that may
occur cannot simply be ascribed to differences in rates of
K replacement. The following results were obtained from
such an experiment which, unlike the experiment described
in Parts I and II (Gilkes et al., 1973a,b) does not attemp!
to simuliate hatiral weathering conditions.

MATERIALS AND METHODS

Further subsamples of the less than {0 biotites used in K
exchange and acid dissolution studies (Gilkes et al, 1973a,b)
were used in these experiments. Preparation of sequentiully
oxidized biotites without intermediate vermiculite formation is



