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ABSTRACT 

The efficiency of various S-coated urea and KCl compounds applied to 
stargrass growing on an Ultisol under hum id tropica l condit ions was 
determ ined. Applying N as urea in six app lications yearly or in one 
appl ica tion of S-coated urea compounds TV 1415 and 1255 resulted in 
higher r ecovery of fert il izer N compared to urea in one app lication . 
Applying K as KC l in six applicat ions yearly resul ted in higher recovery 
of fert ili zer K in the forage than when applied in one applica t ion. T he 
various S -coated KC l compounds did not result in higher recovery of 
fertil izer K t han d id KC l in one appli cation. 

INTRODUCTION 

T ropical grasses growing on Ultisols under hu m id t rop ical conditions 
in P uerto Rico responded strongly to N fert ili zation up to 448 kg/ ha ( 400 
lb/acre) yearly as shown by Vicente-Chand ler eta!. (3, 4, 5, 6, 7, 8) and 
Ca ro-Costas et a !. (1, 2). An ave rage of 52 .4 % of t he N applied as 
am monium sulphate at rates of 224 to 448 kg/ha (200 to 400 lb/ac re) 
yearly in s ix equa l appl ica t ions was recovered by the grasses. Vicente
Chandler et a!. (9) found t hat am moni um sulphate, sod ium ni trate, 
ammoniu m n itrate, urea , and ammonium hydrox ide produ ced sim ila r 
forage yields , but the la t te r two were less efficient providers of N as 
shown by a lower recovery of fert il izer N in the forage . 

Tropica l grasses growing on Ult isols u nder humid tropica l cond itions 
in P uerto Rico a lso responded st rongly to ferti lization wit h K . Vicente
Chandler et al. (10) fo und that yie lds increased sharply with K rates from 
224 to 448 kg/ha (200 to 400 lb/acre ) yearly. An average of 74.5% of the K 
applied at the rate of 448 kg/ha (400 lb/acre ) yea rly was recovered in the 

1 Ma nuscri pt su bm it ted to Ed itoria l Board June ll, 1975 . 
2 T his research covers work condu cted cooperatively by the Agricu ltural Research 

Servi ce, US DA. and the Agricultura l Experim en t S tatio n, Mayaguez Campus, University 
of Puerto Rico. Rio P iedras, P .R. Appreciation is expressed to Dr. David Mays of TV A for 
providi ng the fert ilizer materia ls and advice on their use . 

3 So il Scientist, Chemist, Agri cultura l Research Service, USDA, a nd Assoc iate Agrono
mist in cooperation hetween t he Agr icultura l Research Service. US DA, and the Agri cul
tural Ex peri ment Stat ion, R io Piedras, P .R., respect ively. 
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forage. Vicente-Chand ler et a!. (9) found t hat pangolagrass responded to 
K applications at nine different sites representing seven soil types in 
Puerto Rico. 

T his paper presents the results of two adjacent, concurrently run 
experiments to determine the efficiency of various S-coated urea and 
KCl compounds compared to the uncoated materials when applied to 
stargrass growing on an Ult isol under humid t rop ica l conditions in 
Puerto Rico. 

MATERIALS AND METHODS 

T he experiments were conducted at Orocovis at an elevation of about 
600 m (2,000 ft) with a mean annual temperature of about 24° C (75 ° F ) 
and seasonal variations of less than 4 o C (l 0°F). Monthly rainfa ll for the 

TABLE 1.-Monthly rainfall during the 2-year experimentation with S -coated urea and K C/ 
at Orocouis 

Month First year Second year 

Cm In Cm In 

J anua ry 20.8 8.2 10.7 4 .2 
Februa ry 4.6 18 4.1 1.6 
March 8 .9 35 3Ul 12.2 
April 8. 1 '3 .2 26.4 10.4 
May 53.3 21.0 9.9 3.9 
June 17.8 7.0 2.3 9 
July 23.4 9 .2 1.5 .6 
August 16.5 6.5 14.0 5.5 
Septe mber 27.9 11.0 7.4 2.9 
October 46.7 18.4 22.6 8.9 
November 32.5 12.8 19.3 7.6 
December 33 .0 13.0 12.2 4.8 

T otal 293.5 115.6 161.4 63.5 

d ura tion of the experimen ts is shown in table 1. Annual rainfa ll was 293.5 
and 161.4 em (115.6 and 63 .5 in) during t he fi rst and second years, 
respect ively . 

T he soil was H u matas clay (Ult isol ) with 3.2% organic m atter and 13.4 
meq of exchange capacity per 100 g of soil. T he soil contained 204 kg/ha 
(182 lb/acre) of exchangeable K and 74 kg/ha (66 lb/ acre) of K 
extractable with hot ni tr ic acid in the upper 6 in of soil. 

A randomized block design was used in both experiments with all 
t reat ments replicated five times. The t reatments, shown in ta ble 2 and 3, 
compared urea and KCl applied in one and six applications yearly to 
various S-coated urea and KCI prod ucts provided by TVA applied once 
yearly . All these materials contained .25% coal tar as a microbicide. 
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Plots were :1.5 x 3.5 m surrounded by ditches to prevent fertilizer from 
washing from one plot to another. Stargrass (Cynodon nlemfuensis)• was 
grown in all plots and harvested by cutting every 60 days. Dry matter 
yields were determined and samples from each cutting analyzed for N 
and K. 

The soil in all plots was limed to pH 6 at the start of the experiment . 
All plots received 2:24 kg/ha (200 lb/acre) of P yearly in one application. 
In the experiment on N sources, N from the various compounds was 
applied at a rate of 336 kg/ha (300 lb/acre) yearly and K at a rate of 672 
kg/ha (600 lb/acre) yearly. In the experiment on K, K from the various 

TABLE 2. -Efficiency of various forms of urea applied to stargrass growing on an Ultisol in 
the humid mountain region of Puerto Rico 

Yield of dry fora~e Fertilizer~ recovered 
in forage 

Treutment 1 

First year S<•cond year 
F'irst Second Total year year 

Kg /ha Lb/acre Kg/ha Lb/acre <; •, ,, 
NoN applied 22.619 20,187 9,251 8,260 
Urea Ill one applica· 25,442 22,116 9.442 8.4:Jo 24 .9 1.2 26 .1 

tion yearly 
Urea In six applica· 29,949 26,740 11,4:15 10,210 39.1 1 t.:l 50 .4 

lions yearly 
S·coated Urea 1415 27.9.55 24,960 11,738 10,480 37.0 ll .7 48.7 

(2R.fi'; coating) 
once a yea r 

S·coated Urea 1005 28,414 25,:170 10,:)38 9,2:Jo 41.1 5.:l 46.4 
(20./ ', coating) 
once a year 

S·coated Urea 1255 28,157 25,140 10.808 9,650 49.2 10.0 59.2 
(2l. ·l'; coating) 
once a year 

LSD•• :l,4:27 3.060 1,176 1,050 17.9 6. :3 21.9 

1 :1:16 kg/ha (:100 lb/acre) of N were applied during the first year and none during the 
second year . 

compounds was applied at the rate of 49;3 kg/ha (440 lb/acre) yearly , and 
N at the rate of 672 kg/ha (600 lb/acre) yearly. 

Du:ing the second year. N and K fertilization was discont inued in the 
respective experiments with these nutrients, but the other fertilizer 
elements continued to be applied as during the first year. During the 
second year the grass continued to be harvested every 60 days and forage 
samples analyzed for N and K. 

• Possi bly a Puerto Rico bermudagrass culti,·ar. 
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RESULTS AND DISCUSSION 

The soil contained considerable quantities of available N and K as 
evidence by the lack of a strong response to applications of these 
nutrients during the first year (tables 2 and 3). Yields were much lower 
during the second year when rainfall was less abundant. 

First year yields were not increased by urea in one application but were 
increased by urea applied in six applications and by the various S-coated 
urea compounds in one application (table 2) . Applying urea in six 
applications increased yields over those obtained with one application . 
However, the S-coated urea compounds applied once yearly did not 

TABLE :J.-Efficiency of various forms of K CI applied to stargrass growing on an [ 1/tisol in 
the humid mountain region of Puerto Rico 

Yield of dry forage Fertilizer N recovered 
in forage 

Treatment 1 

First year Second year First Second Total year year 

K1dha Lb/acre Kg/ha Lblacre ,. (• 
( 

,, 

No K applied 21 ,49:l 19,190 10,864 9,700 
KCI in one applica- 23,654 2l,J20 16,576 14.800 42.5 18.0 60.5 

tion yearly 
KCI In SIX applica- 26,656 23,800 19,566 17,470 52.7 46.6 99.3 

tions yearly 
S-coated KCI 1015 24.405 21,790 17,640 15,750 48.4 36.6 85.0 

(22.5'-; coa ting) 
once a year 

S -coated KCI 1215 25,928 23.150 20,429 18,240 5:l.O 38.9 91.9 
(:31.6', coating) 
once a yea r 

S-coated KCI 1000 24,68.5 22,040 16,867 15,060 44.3 26.6 70.9 
(31.4"f coating) 
once a year 

LSD•' 3,427 3,060 2,408 2,150 18.6 19.0 32.3 

'493 kg/ha ( 440 lb/acre) of K were applied during the first year and none during the 
second year. 

increase yields above those obtained with urea in one application. 
Similar yields were obtained with the various S-coated compounds and 
with urea applied six times yearly. 

Urea in one application during the first year did not increase second 
year yields. Higher yields were obtained during the second year when 
urea had been put on in six applications during t he previous year or as 
S-coated compounds 1415 and 1255 in one application during the 
previous year than with no N fertilization or urea in one application 
during the year. 
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Recovery of fertilizer N in the forage during the first year was similar 
for all treatments except for compound 1255 which resulted in a higher 
recovery than one application of uncoated urea. 

Urea in six applications and compounds 1415 and 1255 in one 
application during the first year resulted in higher recovery of fertilizer N 
during the second year. 

Total recovery of fertilizer N during the 2 years was higher when urea 
was applied in six applications during the first year or when compounds 
1415 and 1255 were applied in one application than when uncoated urea 
was applied once. There was no difference in recovery of fertilizer N 
between the various S-coated urea compounds in one application and 
urea in six applications. 

In the K experiment, first year yields were increased by KCl in six 
applications and by S-coated compound 1215 in one application, but not 
by KCt in one application yearly (table 3). There was no difference in 
yields obtained with KCl in one or six applications and the various 
S-coated compounds applied once a year. 

During the second year, much higher yields were obtained when K in 
the various forms had been applied during the previous year. Higher 
yields were produced with KCl in six applications and with compound 
1215 in one application than with one application of KCl. Compound 
1000 resulted in lower second year yields than did compound 1215 or KCt 
in six applications yearly. 

During the first year the various K compounds resulted in similar 
recoveries of fertilizer K in the forage . Recovery of fertilizer K during the 
second year was higher with KCl in six applicat ions or compound 1215 in 
one application during the previous year than with KCl in one applica
tion . KCl in six applications during the previous year and compounds 
1015 and 1215 in one application resu lted in similar recovery rates of 
fertilizer K during the second year. Compound 1000 in one application 
during the previous year resu lted in lower recovery of fert ilizer K during 
the second year than did KCl in six applications. 

Total recovery of fertilizer Kover both years exceeded 60% in all cases. 
KCI in six appl ications resulted in higher recovery of fertilizer K than 
with one application . T here was no difference in recovery of K with KCI 
in six applications and the various S-coated compounds applied once, 
nor did these compounds result in higher recoveries than did KCl in one 
application. 

RESUMEN 

Se determin6 Ia eficacia de varios compuestos de urea y de cloruro de 
potasio recubiertos con azufre cuando se aplicaron a Ia yerba Estrella 
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sembrada en un suelo Ultisol bajo condiciones tlpicas de los tr6picos 
humedos. La aplicaci6n de nitr6geno en forma de urea en seis aplica
ciones a! aii.o o una aplicacion anual de los compuestos de urea recubier
tos con azufre (T.V. 141.') y 1255) lograron una recuperaci6n mayor de 
nitrogeno del forraje en contraste con Ia urea en una sola aplicaci6n a! 
a no. 

La aplicaci6n de potasio en forma de cloruro de potasio en seis 
aplicac iones a! aii.o arroj6 un porcentaje mayor de potasio recuperable en 
el forraje, que cuando se aplic6 todo de una sola vez . Los varios 
compuestos recubiertos con azufre en una aplicaci6n no arrojaron 
porcentajes de recuperaci6n de potasio en el forraje mas elevados que el 
obtenido con cloruro de potasio en una aplicaci6n. 
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