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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 as sugar cane, corn, cassava 

cotton.,bananas, and cocoa. Additional experiements vill 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 

workers and Industry representatives. 

Additional studies are planned vith rock phosphate to evaluate 

its o(fectiveasee for direct applications and to study mans of increasing 

its phosphorous availability by relatively .tople muthoda for local "@. 
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The need for fertilizers containing secondary and/or micro­

nutrients will be evaluated in several countries where deficiencies
 

are known 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. In 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 is no better than 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
 

rice to warrant any general conclusions at this time.
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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 i available, but in general yields are comparatively low.
 

Further research is planned to 4valuate SCU for rice grown under those 

conditions. 

The exact are& of rice grown in developing countries under
 

conditions where both leaching and donitrification can occur is diffitcult 

to ascertan, but tgl.eetad, 1, L,. ("Tailoring of Pertiltiters for ice,'" 

TVA ulletin Y-52) states that the staft of IOi has ea|aited that uvor 
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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
 

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 is 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 at of N as SCU would be needed, compared to
 

42,000 at of N as straight ure to obtain the same yield. Thus, SCU 

would save 16,500 tons of N, or roughly 40% 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

porLsentail plots. This average figure included some areas where SCU was 

not superior to AS. In 1972, 36,500,000 ha of rice were grown in India, 

with an average yield of 1616 kg/ha. Proper use of SCU in place of 

conventional form probably would not Increase yields an average of 1000 

kg'he under fam conditions as it would on the research plots, but an 

average of 500 k8 would be raoom ble. This would rotult to an Increaa. 

of a.50,000 m of rice, an Incras of 311 over the 197 production of 

$90o00,0000 mt. 
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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 areal, the potential for its use will undoubtedly increase.
 

Consequently, as adequate supplies become available, programs need to be 

initiated in selected areas to introduce the use of SCU to agricultural 

extension workers to the fertilizer industry end to farmers, and to 

encourage its coinercial production. Since the cost per unit of N will 

always be higher in SCU than in regular urea, the use of SCU will be 

econmically practical only under specific conditions, and these restric­

tions as to its use make it perative that effective education and 

inforuation progra- be conducted prior to the comerctel Introduction 

Of SU On 4 Wid eeie. 
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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 AID 

in this project, the capability viii exist to work toward improving fer­

tilitors for developing countrive through the necessary and logical so­

quenco of production to ramer aceptonce to sess the potential for 

co mrcial production. 

Pertilliers now being used in 4eveloping countriee, relAtive 

OeCO*tcs, And shortcoMiNge of the @ Mterials viii be Ovai6Isd. Kt­
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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 transportation from the
 

point 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 disciplines, but it is necessary to retain the flexibility to
 

move forward in specific directions as Improvements in products occur.
 

This is necessary to insure that improved products identified in this 

project can ultimately be made available to farmers zegrdless of their
 

economic and social status, and that sufficient data aro available so
 

that induetry can make soomd decisions regarding the foasibility for 'om­

marcial production. 

Major objectives of this project are eommartted as tollovws 

(1) Developing Iertilaers to wt the nutrient neD of oocitic 

4.I l Vh*ICh are not set iconmically withtfopical Crops and 
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(2) 'Proving the value of these improved materials to insure that,' 

they will increase farmers' income over a large enough area
 

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 emis­

sions 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.
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SCOPE OF WORK
 

This project integrates agronomic, economic, and engineering
 

expertise into a single team in order to develop improved fertilizers
 

for a wide range of crops and soils 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. Alt hough it if already known that 

more effective and/or lens expensive formn of nitrogen and phosphorus 

are needed, a literature survey will nerve an Lan additional guide to 

important and pres"ing fertilizer problems. 
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Much of the work with fertilizers 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
 

research. All field experiments are designed to provide at least an es­

timate of costs and returns for each fertilizer tested.
 



:PROJECT PLANS FORFISCAL 1975
 

In this section, the work for fiscal 1975 will be discussed.
 

It should be remembered that the success of this project depends 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
 

plans for specific countries or groups of countries must be developed
 

by consultation w.th local cooperators.
 

These plans will be discussed under the following three general
 

phases of the project:
 

I. Engineering and development.
 

2. Agronomic testing and evaluation.
 

3. Economic evaluations.
 

Engineering and Development
 

Phosphate Rock
 

Methods have been proposed for relatively simple treatment of
 

phosphate rock (PR) to increase the availability of the phosphate to make
 

it more suitable for direct application to the soil. These treatments
 

may be economically feasible in certain areas, especially in view of the
 

current 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 dur­

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 tzius availabil­

ity of the phosphorus. From this laboratory screening process, sevural
 

sources will be selected from which small amounts (50 to 100 pounds)
 

will be prepared for greenhouse and field experiments ou various soils
 

(as described under agronomic section).
 

From these 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 its agronomic evaluation and then educational programs with gov­

ernment 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 (22-0-11-30S
 

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 release 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 requirements of the crop. The need 

for this type of controlled-release product has been mentioned many 

times by agronomists and may be especially applicable in multiple and
 

intercropping systems.
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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 obtained with basal applications
 

of N as uza. 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 (k& 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 SU tended to be higher than when all urea was applied at planting,
 

but lower than when split applications of urea were applied. Again, yields
 

increased more than 1/3 more with SCU than with basal applications of
were 


ur" . 

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 yields were obtained with SCU than with urea when ap­

plied as a basal application. Yield increases due to basal N applications
 

were 502 greater with SCU than with urea. However, split applications of
 

resulted in yields equal to those obtained with basal applications of
urea 

'CU. 

The yields of direct-seeded upland rice grown at three locations
 

to India are given in table 7, and the relative yields in table 8. Yields
 

were low 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 -

Urea 
-

125 
-

Basal 
3.55 
6.50 

55 
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.) Q) Kg N
 

3.8 0 - 2.04 85 -
Rabi Urea 120 Basal 2.41 100 3.08 

Urea 	 120 60 + 0 + 30 + 30 2.67 ill 5.25
 
SCU 120 Basal 2.55 106 4.25
 



Table 5
 

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

(Snmzarized From Reported Data) 

Rate Grain Yields (Mt/Ha)
 
Source of N Method of N GrainI
 
of N kg/h Application Faizabod Karjat Mandva Pattabi laya Averaje X
 

- 2.91 2.66 2.11 1.9. 3.40 2.60 -


Urea 100 Basal 3.86 4.07 3.61 2.85 4.82 3." 12.4
 
Urea 100 50 + 25 + 25 3.99 4.30 4.3.4 3.34 6.&2 4.A8 18.6
 

SCU 100 Basal 	 3.68 4.68 4.39 3.60 5.72 4.1 18.1 

Table 6
 

Effect 	of I Source end Tlae of ApplIcattoo c R.Istave Tle24 of a rt- rat1 T* Lsd
 
lice Vasrety Crin o Irrigated L41t­:*1 at S Locitite.* mindi 1972
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Table 18
 

Yild of aemati-370 Rice at Punjab Agricultural Research 

Institute in Pakistan in 1969-70 Grown Under
 

Couditions of Intermittent Flooding
 

Pate of application 

=IL 

o 0 

67 67 

100 100 

67 67 


100 100 

67 67 

200 100 


Average for Sources:
 

Nt/ha 


AS 2.60 
gres 2.79 

3.20 


Source 

f5 


-

AS 

AS 

Ura 

Urea 

SCU 

SCU 


Yield 


Relative 


93 

100 

115 


(M)O 


Yield 

Increase 
Yield Due to N 

(Ktlha) (mt/ha) 

-2.12 

2.45 0.33
 
2.74 0.62
 
2.60 0.48
 
2.97 0.85
 
3.15 1.03
 
3.25 1.12
 

Yield Increase
 

Relative 


72
0.48 

0.67 100
 
1.08 161
 

(2)
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"Short-statured, high yielding rice varieties grown exten­

sively in northern Peru require extremely high rates of conventional
 

N sources to achieve maximum yields. The recovery of applied N is
 

extremely low due to the use of intermittent flooding. This water
 

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 growth which resulted in yield 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 compared to
 

urea or AS when all N is applied at or before planting. The data also
 

indicate that a yield 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 com­

pared to urea as a source of N for rice.
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In 1973, experiments were conducted in Pakistan using both 

Basmati-370 and IRRI-6 varieties of rice grown under conditions of
 

When all N was applied at puddling,
intermittent flooding (table 19). 


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 is too slow for optimwn 

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 superiority for SCU
 

when rice is continuously flooded.
 

Nitrogen Studies--Maize
 

A series of three experiments were conducted by IITA in
 

armo-

Nigeria in 1972-73 comparing AS, urea, SCU, and 

CAN (calcium 


nium nitrate) as sources of N for maize (table 21). A significant 

yield response was obtained for N at each location, but no conaistent 

differences were noted amaong 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 those with ureaJ 

although at one locction where sorghum was grown followilng wheat with 



Table 19
 

Yields of Basmati-370 and IRRI-6 Rice at Punjab Agricultural
 
Experiment Station in Pakistan in 1973 Under
 

Conditions of Intermittent Flooding
 

Rate 
 Yield
 
Source of N Time of 
 Yield (Mt/ha) Increase 
of N: B-370 IRRI-6 Application Basmati-370 IRRI-6 Average (Mt/ha) 

0 0 -. 21 3.53 2.87 -


SCU 90 150 At Puddling 3.25 5.45 4.35 1.48
 

Urea 90 150 At Puddling 3.09 5.00 4.05 1.18
 

AS 90 150 At Puddling 3.24 5.29 4.27 1.40
 

SCU 90 150 Puddling; 3.72 5.72 4.72 1.85
 
Panicle Initiation
 

Urea 90 150 Puddling; 3.35 5.02 4.19 1.32
 
Panicle Initiation
 

AS 90 150 Puddling 3.53 5.29 4.41 1.54
 
Panicle Initiation
 

SCU 90 150 After Transplanting 3.12 5.62 4.37 1.50
 
Panicle Initiation
 

Urea 90 150 After Transplanting 3.40 6.24 4.82 1.95
 
Panicle Initiation
 

AS 90 150 After Transplanting 3.49 5.83 4.66 1.79
 
Panicle Initiation
 

All plots received 45 lbs. P205/acre as single superphosphate
 

Relative Yield Increase (%)
 

Source of N At Puddling Puddling, Panicle Transplant, h Panicle
 

Urea 100 100 
 100
 
AS 119 117 92
 
SCU 125 140 77
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Effect of N Sourc6 and Water Management on Response of Rice 

toe Zn-. M. Giordano, J. J. Mortvedt, O.P. Engelstad, and Greenhouse 

Staff. Several rotes of CO(14H2)2 and (H )2So4 vith or without ZnO 

wore applied to flooded and nonflooded Crowley oil (limed to pH 7.5) 

to determine response of Bluebelle rice to Zn. Yields with both N 

sources veotrgreator on flooded then on nonflooded soil. In the ab­

ence of applied Zn, total dry matter production vith CO(NH2)2 was 

slightly lower than with (NH,)2S04 on flooded soil and considerably 

lover on nonflooded soil. Concentration of Zn wan higher in straw and 

grain of plants #roun on flooded than on nonflooded soil. Although 

concentration of P was unaffected by N source or Zn rate, there was 

som indication that cranslocation of P from straw to grain may be 

depressed in nouflooded rice. Concentration of N was lower in straw 

grown on flooded than on nonflooded soil due to apparent dilution. 

thereas both X sources resulted in similar N concentrations in straw 

at all rates of N application, the N concentration in grain increased 

with 0 rAse. 

feSpongi gf(SM to Chjorospodiostte and Related P Sources--

S.i. Allen and Greonhoue Staff. A greenhouse pot experiment was 

couct44d with corn Brown on Hountview silt loam to compare the of­

fectlivees of chlorospodiosito (Chlor-l) with concentrated super­

phosphate (CP), Thomas slag, and North Carolina phosphate rock (NC-PR). 

Oil-prillad urea-phophato rock (UPI), FeA1JMP 20 7, and monomthyl 

phosphate were included in the experiment. Based on yield of forage and 

uptake of P by tvo crops, each of 6-weeks' duration, the following con­

stui" were dravat 

I. 	Chlor-1 was slightly loss effective than CSI, Thomas slaS, or NC-PR, 

from which Chlor-l wae 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 toor slightly more effective-,.
 

than CSP.
 

Research Indirectly Related to TVA-AID Project
 

Response of Several Rice Varieties to Zn in Moist or Flooded
 

Soil--P. M. Giordano, J. J. Mortvedt, and Greenhouse. Several varieties
 

of rice from Mexico and the Dominican Republic currently under 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,
 

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 (pHl 7.5). Dry matter production
 

of Calrose was linear with time of growth and of a 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.
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Uptake of Zn was similar for both varieties when.Zn was
 

applied. 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 les­

ser responsiveness of Calrose to Zn may be due to more efficient utili­

zation of Zn. There was 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 were 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 nutrition. Although straw yields were
 

slightly higher in nonflooded rice receiving 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 part 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 Staff. Rates of
 

N from 250 to 2000 nt/pot and P from 0 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
 

on flooded soil cultures. Grain yields, however, were slightly higher
 

with flooding. These results indicate that with adequate applied
 

nutrients, especially of N, rice yields without flooding can approach
 

or even equal those under flooding.
 

Uptake of N, P, Ca, Mg, and Zn increased with yield 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, especially if the
 

crop was grown to maturity.
 

Response of Corn to S and N i UUASand Urea-S--S. E. Allen 

and Greenhouse Staff. Three greenhouse pot experiments were conducted to 

measure response to S and N in ,;ulfur coated urea (SCU), urea amonium 

sulfate (UAS), and urea -S, as well as estimate N losses from surface ap­

plied N sources. 

In Experiment 260 less than 20% of the S mixed with the soil 

was recovered from SCU or urea-S granules by two crops of corn, as com­

pared to 45 or 80% from flowers of S or Na2SO 4. CLop response followed 

a similar pattern.
 

In Experiment 260-A, N sources were surface applied and al­

lowed to dry for two weeks before incorporation Into the soil and plant­

ing. Recovery of N by two crops of corn was 77-82% for AN an compared 

to 37-70% for urea, UAS, urea-S, and ICU. Thus, !n this experiment, loss 

of N from urea did not appear to be re~dcud by light S-coatlngn or by In­

corporating S or AS in the granules. 
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)aT1 S4..I104 	 ow 'Lusanll Tawng' isa tall Thai variety known for beingIwo non­i s s ) sensitive to photoperiod. A split-plot design was used in 

S 'e. e these euperimeots with 4 rates of P (I1, 22, 44, and 88t,, i . V! 'IV k of P/ha) applied a" main plot treatments and with the 
OF It sourMes of P as subplot treatments. There were two checkS plots in each rmplicate. The extra check plot was included
* * to permit the application of fresh TSP standard Jor the 

It*- ti 0,6 +,, i • . , 
fa succeeding crop; the p-4me of "bi was to permit accurate., .. ,.d. awrnwal of the mdual effectiveness of the phosphate

*.ftinSU..bI rock.' The P fertilioers were broadcast on the mud and
then Worporald In the soil during the last harrowing. At 

whM N both On ACS indx &M time of transplanting Immediately before the last harrow.
61t (4*j 5 4 01" P s 3Mm o Vallonal in con. n 100 kg/ha of N as ammonium sulfate and 33 kg/ha
WO Of Spews &m# lIW thaabe rocks, do ACS indes of K as polium chloride were applied. A total of 40 
wa in prepw O do ctih k otent. k/ha of N a ammoniunt sulfate was applied later in twoir P 
The hew oNed & wM W for "5% of gw topdrossingp with about 5.cm depth of water on the plots.
vV I aiOMveffeOctveee Three to six ?l.dayold selings pr hillwW# the ACS idex were planted
00OWW wia Oft fo an c irNk I p Co!en, 20 by 20 cm *part in straight rows. Hand weeding was used 

and insecticide were applied for Insect control. Grain yieldw was, masared by sampling 5 ml of each plot excluding 
border rows. The date of heading in each treatment and theUNiN d pbM W Weks rin tOW USA UMe In Tale yed componnts at hafvel were also recorded.


I, filM rsper"MS esOM kdwdua 1 "t *ab 
 The average yields of ough (unhulled) rice for both
"a 84 OW O 8uo 4 Thala TM was a locations are ploutel in PIS. 3 for the first crop (1969 wet 

*owou thRM seaso0), The Ve&s yield response was obtained at Klonge (s) W lDtO t Of 

dMa of1tw W d l R 
 Luang; however, a 4ute satisfactory yield response was 

~Mk ^d 'TVA. UJSD, ad Kd UnIveS . obtalned to applied P at Bangkhen as well.
XUe LaM e R qwrw Ims. The sod was do. Relative aponomlAe effectiveness values were calculated

VOW" ("a ksA w edmwL t Poesesm h Vy for these data and am presented In Table 3. The values
dAY buo if dIe ouh ne Pee wtk a Mlak vow 1009. for th first crop are plotled against ACS index in Fig. 4
1* This Im M i6t,i l .4bNd, * IO a0 O mkarnk for both locatio r relationship was linear for the

11400 ThCpH 0( lb pW I'W 01 th UpeiaW so Sanodion location and curtiltnear for KIng Luang. The 
was u 	 i 4A sks& lMaor nrusio model &arounted for 81% of theAmO$MI Aw jAAsue Swim. T1 Snh" Wd variation In the AE valu for Bantkhen; a "square root"

Mems a Iw iv fern al"h$ sedm haow*g day
NW W t he plAL At tdo "M tM aso, W s as ctminued throufh eltaM 
t Ofpof -'le lse wo am P, *OeNI" VeOpls 1o ealluae tI lon4erm MIdual Offccls 

A on W* isset i "a. wse to hsh eapeel of these ooihss t ocks. The baagkhon experimnent was letmi.aI1D.'lV**
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ENOIMLSTAD ET AL.: RESPONSE BY FLOODED RICE TO PHOSPHATE ROCKS VARYING IN CITRATE SOLUBILITY 

I I I I j0 I I 

BANOKHEN BANGKHEN
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Fig. 3-Yield of rough rice at Klong Luang and Bangkhen Rice Fig. 4-Relative agronon effectiveness (%) of P sources ploz-
Experiment Stations, Thalmand, as affected by rate and Source ted against citrate solubity Index for both Thailand field ex. 

, of P applied (crop 1). periment (first crop only). 

regression model accounted for 97% of the variation in sumably resulted from crop uptake and reaction with the 
RAE values at the Klong Luang location, soil to form less soluble products. Such effects may have 

These experiments were continued during the dry season been more important at the lower rates, since the two TSP 
of early 1970 to ascertain the residual effectiveness of the curyes converged at the highest rate of application. 
various sources applied to the first crop. No new P was These data from KIong Luang indicate that (i) residual 
applied except for the fresh TSP standard mentioned effects of all rocks except Mlcwuri were substantial; (ii) 
above. 'rhe experiment otherwise was conducted in a man: the relationship between relative agronornic effectiveness 
ner similar to that followed in the first crop. of the phosphate rocks and citrate solubility levels was 

The response to both freshly applied ad residual P was largely obscured; and (iii) the general superiority of TSP 
marked at the Klong Luang location and marginal at over phosphate rock in terms of effectivei:ss persisted 
Bangkhen. In fact, at the latter location, the response was through the second crop. 
so small that little can be said regarding residual effective­
ness. The yield data from crop 2 at the Klong Luang DISCUSSION 
experiment are plotted in Fig. 5. Greenhouse and field data presented in this paper show 

Relative agronomic effectiveness values (Table 3) were clearly that there are substantial differences among phos­
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 phosphbte rocks Table 3-Relative agronomic effective values for field experi­ments in Thailand 
persisted through the second crop. The main difference in KlowlZmlnql~
the residual effects is that, with the exception of the MIs- s,*. . Crop 1. Crop 21 Crop 1-"­
souri rock, Ihe marked relationship between citratr-soluble Woi,,Carolina yl 59 76
 

phosphate rocks and RAE had largely ,,.rds norh) a 64
P conltct of th Florida (eqlral} is 6969 6
 

disapipeared. In this acidic soil (pHi 4.6), P would by this I,14o 69 63 40
 
ToonesS 31 65

limo be supplied by Intermediate reaction products In addl. Missou 0 o' 
lion to residues of the initial spatlte. Ts P o 2 o 0 

The TSP applied to the first crop declliv-d slightly In *c&Iaf.cmWataesr e, .id ofeuhuloefor . 2,2,MA rates of P,
tColeouattd as aba u, tlte .td18 kS rates'p dlverage yield t"M868 to 22, 44. 

effectiveness relative to the freshly applied ISP. This pre- of d. s.4.. 

. .. . A 
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Fig. 5-The residual effectiveness o."various P sources for crop 
, s compared with freshly applied TSP, Klong Luang Rice 

Experiment 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 phosp,'iate rocks. The most soluble phosphate 
rocks approached but did not actually equal TSP in limit-
iuig (maximum) yield in these experiments, regardless of 
rate applied. This agrees with the results of Ensminger, 
Pearson, and Armiger (4). One needs to consider the defi-
nite posribility of same yield loss in zhoosing a phosphate 

rock over TSP; such yield losses must be weighed against 
the lower price of phosphate rock. The explanation for 
such iosses 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 becaw'e of a lower dissolution rate 
of phosphate rock, the growth iate ard uiiimate yield 
will be diminished accordingly, 

The RAE values bascd on yield increases reflect the 
agronomi. effectiveness of these various sources relacve 

to the TSP standard; however, these .nould be supple-

mented by an economic analysis before rational choice can 

be made. 
The following calculations will provide an estimate of 

the rclativ ecooomic effectiveness(REE). 

Y t Ps 
aXpatREE -- 100 

vahtercks t sphate 
or e b i-. eor 

Price of TSP/kg fo 

be Price of PR/kg P' 
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Wso­

0 

60-

LUSEPHOSPHATE ROCK 

00 1,0 2
0 

PTP PR 

Fig. 6-Relationship between relaZive 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 rock 
would be preferable to TSP. 

The REE calcukt.*aaa wre used in preparing an indif­
ference curve (Fig. 6) wherein RAE values are plotted 

against PTsP/PpR ratios. The cu~rve 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 RAI. 

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 both agronomic and economic con­
siderations. For example, if the price ratio is 2.5 and the 
RAE value of the phosphaite 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 are indications that if the P in: the more soluble 
phosphate ro~cks (North Carolina, north Florida, central 
Forida) is less than half as expensivz as that in TSP, these 
rocks would be feasible altereaives to TSP on soils similar 

to thoseused 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 yield response curves was 
used in this anlysis, i.e., 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 yield at lower rates of P than would phos­

pow ofrock. This would especially be true for rates 
" applioa example, at Klong Luang, 5,500 kg of 

rice pcr iectare could have been produced with either 
Ii kg of P as TSP or 44 kg of P as son of the more reac­

tire phosphate rocks. It should be pointed ot, 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 arplied in finely divided 
form. Recently experimental quantities 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 Potassium 
on Dissolution llate' 

R. J.GILKES AND R. C. YOUNG2 

ABSTRACT 

Rates of dissolution of oxidized biotites in O.IM 0.01M ICI 
are severely depressed in the presence of IM KCI. The amovnts 
of Al, Mg, Mn dissolved in the first eytraction are similir to 
those found without KCI, however, subsequent extractions 
remove these elements at 10-20% of the corresponding lICI 
rates. This effect may be due to a decreased rate of vermiculite 
formation, thereby reducing the effective basal area exposed to 
attack. A decrease in dissolution rate with increasing ferric 
iron content was still apparent in the presence of IM KCI. 

Additional Index Words: X-ray diffraction, infrared aborp-

N EARLIER papers of this series, the tole of biotite in soils 

as a source of both macro and micronutrient elements 

has been discussed ((Gilkes, Young, and Quirk. 1972, 
1973a,b). Experiments in artificial weathering uiing as va-

riety of extractants were undertaken to determi:ie the inlu-

ence of oxidation of octahedrally coordinated iron on the 
• release of structural cations to solution. The results of this 

work demonstated 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 exchange and dissolution. 
Several authors have coiwludcd that decreased rates of K 
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lands, 6009, Western Australia. Received 29 Sept. 1973. Ap-
proved 8 Jan. 1974. 
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replacement in electrolytes 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.t)l, 0.Af CI may 
also be due to the presence of inclined hydroxyl. In this 
case a smaller surface area, external and exposed inter­
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 (IIM) biotile face may occur and it is easily demon­
strated that the proportion of exposed (001M) face in 
weathering biotites depends on the percentage K replaced. 

Rausell-Colom ct al. (1965) have shown that hydrogen 
ions act in an identical fashion to metal cations in K ex­

change from micas. In particular exchange c-f K by hydro­

gen ions will be terminated or greatly reduced by high levels 
of K in solution. Thus if dissolution of oxidized biotite 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 attempt 
to simulate natuiral ,-. ,conditions. 

MATERIAILS AN) M HIiODS 
Further subsamples of the less than 0,. hiotites used in K 

excherandbaid disoo tu es (G iles e.9n K 
exchange and acid dissolution studies (Gilkes et al.,1973a,b)
 
were used in these experiments. Preparation of sequentially
oxidized biotites without intermediate vermiculite formation is 


