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ABSTRACT 

Yields of rough rice increased from 3,830 to 7,950 kg/ha when N rates 
were increased from 0 to 224 kg/ha in one application . Rice yields increased 
from 3,830 to 8,210 kg/ha when N rates were increased from 0 to 112 kg/ 
ha, used in two applications. Yields were not increased further by heavier 
applications of N. The N rates from the single applications did not affect 
yields of a subsequently planted rice crop that received no N fertilizer. The 
split applications, however, did increase yields of the following crop. In 
another experiment, applications of more than 112 kg of N/ha sharply 
increased damage by blast, when the fungus was not controlled by spraying, 
and limited yield response to N applications. 

INTRODUCTION 

Although about 200,000 tons are consumed yearly on the island, rice is 
not planted commercially in Puerto Rico. Recent studies by Vicente
Chandler et al. (15) have shown that high economic yields of rice can be 
obtained in Puerto Rico with all of the three types: short, medium and 
long grain. 

The response of rice to N fertilization has been studied under various 
conditions throughout the world (1,3,4,5,6,7,9,10,11,12,13,14,16,17,18) with 
widely varying results. Rosers et al. (10) in Colombia found no response 
to N fertilization by the Bluebonnet 50 variety, while the IR 8 variety 
responded to 100 kg of N/ha. Sanchez et al. (12) in Peru found that the 
IR-8 variety responded significantly to applications of up to 480 kg of N I 
ha. In Puerto Rico, Ramirez et al. (8) found that three rice varieties 
grown with intermittent flooding on a Vertisol at Lajas responded 
strongly to the application of 224 kg of N/ha. 

The present study determined the effect on rice yields of five N levels 
applied either at planting time or in two applications, and on the incidence 
of blast disease (Piricularia oryzae, Cav.). 

MATERIALS AND METHODS 

Two experiments were carried out at the Gurabo Substation in east 
central Puerto Rico. The soil is a Coloso clay, an Aerie Tropic Fluva-
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quents, with a pH of 6.8 and a cation exchange capacitl of 33 meq/100 
g of soil, and about 240 kg of exchangeable K/ha and a N content of 
0.12%. Annual rainfall is about 1,600 mm with the wettest period from 
August to December. 

During the pervious 6 years the experimental area had been planted 
continuously to rice (14 crops). Each crop received N at a rate of 120 kg 
of N/ha. All grain and straw had been removed from the plots. To crop 
out any residual N, just before the start of the experiments reported in 
this paper, the area was planted to two consecutive crops of rice that 
received noN. 

The plots were 4 X 4 m. They were surrounded by dikes 1 m wide and 
45 em high to prevent movement of fertilizer from one plot to another. 
Before planting, 140 kg of K/ha and 40 kg of P /ha were incorporated into 
the upper 5 em of soil. Rice of the medium grain Brazos variety was 
planted in all plots at the rate of 100 kg/ha in rows 20 em apart. 

Weeds were controlled by applying 20 L/ha of Propanil5 just before 
permanent flooding. Insects were controlled by spraying periodically with 
Diazinon or Malathion. Rice blast (Piricularia oryzae Cav.) was con
trolled by spraying periodically with Benomyl. All plots were kept flooded 
after the rice plants were about 15 em tall until3 weeks before harvesting, 
when irrigation was discontinued and the soil allowed to dry out. The 
rice straw was removed from all plots at harvest time. 

Nitrogen levels tested were 0, 56, 112, 168, 224 and 336 kg/ha applied 
as (NH4)z804 either all at planting or half at planting and the remainder 
45 days later at panicle initiation. All treatments were replicated four 
times in a randomized block design. 

The first experiment was planted in March 1976 and harvested in July. 
All plots were then planted again to determine the residual effect of the 
N treatments. All plots received 75 kg of K and 40 of P /ha, but no N was 
applied. 

A second experiment was planted in the same plots in October 1977 
and harvested in February 1978. In this case in order for the researchers 
to study the effect of N levels on damage by rice blast, this disease was 
not controlled by spraying. 

Leaf samples consisting of the third blade from the tip were taken in 
all plots 75 days after planting, when the rice started to bloom. Samples 
were analyzed for N, P, K, Ca, Mg and Mn with standard analytical 
procedures. 

'By sum of cations. 
" Trade names in this publication are used only to provide specific information. Mention 

of a trade name does not constitute a warranty of equipment or materials by the Agricultural 
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The rice was harvested when the grain contained 20-22% moisture and 
was dried to 12% moisture. 

RESULTS AND DISCUSSIONS 

Figure 1 shows that there was a close correlation between N rates and 
rice yields when N was applied in one application at planting. Yields 
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FIG. I.-Response of flooded rice to nitrogen rates applied in single and split applications. 
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TABLE I.-Effect of nitrogen rates applied in single or spli, applications on yield and foliar composition of rice > 
C'l 

All nitrogen applied at planting Half of the ni trogen applied at planting 
and half 45 days after ~ 

("') 

Nitrogen Yield Foliar composition Yield Foliar composition rate of of 
rough N p K Ca Mg Mn rough N p K Ca Mg rice rice 

c 
r< ..., 
c 

Mn ::0 
t%J 

Kg/ha Kg/ ha Per Cent P/m Kg/ha Per Cent P/ m 0 
"'l 

0 3,830 1.56 .22 1.34 .36 .27 314 3,830 1.56 .22 1.34 .36 .27 :314 c 
56 5,080 1.54 .21 1.45 .34 .26 406 7,485 1.66 .21 1.61 .33 .26 

112 6,280 1.33 .17 1.37 .33 .27 357 8,210 1.66 .22 1.79 .30 .25 
526 z 
458 :a 

t%J 
168 7,200 1.38 .19 1.52 .31 .25 471 8,380 1.85 .20 1.60 .33 .23 522 ::0 

UJ 
224 7,950 1.50 .19 1.58 .31 .24 375 8,700 1.91 .21 1.81 .31 .24 564 ~ 
3:36 - 8,360 2.09 .20 1.74 .28 .27 822 -< 

0 
1 On a 12.5% moisture basis. "'l 
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increased sharply with N rates up to the maximum rate tested: 224 kg/ 
ha. Yields of rough rice increased from 3,830 kg/ha, when no N was 
applied, to 7,950 kg/ha with the application of 224 kg of N/ha. 

When N applications were split, rice yields increased with N rates only 
up to 112 kg/ha. The split application was much more profitable, since 
only 112 kg of N/ha was required to attain the yield level obtained with 
224 kg N/ha in one application at planting. These data are in agreement 
with the findings of other researchers (3,5,10,11). 

Table 1 shows that N content of the rice leaves at panicle emergence 
was not modified by N rates applied in one application at planting. On 
the other hand, N content of the rice leaves was higher at all N rates 
applied in split applications and increased consistently with N levels. 
Walliham et al. (16) in Los Banos, Philippines, report that the optimum 
N content of rice leaves varies from 1.8% to 2.5% for different cultivars of 
long grain rice. 

TABLE 2.-Effect of N rates applied to the previous crop in single or split applications 
on the following rice crop 

Nitrogen 
level applied 
to previous 

crop 

(Kg/ ha) 

0 
56 

112 
168 
224 
336 

Yield of rough rice (kg/ha) 

Nitrogen applied at 
planting 

3,920 
3,780 
3,600 
3,970 
3,950 

N.S. 

Half of N applied at 
planting and remainder 

45 days later 

3,920 
4,900 
4,100 
4,470 
4,470 
4,700 
N.S. 

The Mn content of the leaves was higher when N was applied in split 
applications, but did not correlate with N levels. The other leaf constit
uents were not affected by N levels. 

Table 2 shows that N rates applied in one or two applications to the 
previous rice crop did not significantly affect yields of the following crop 
which received no N. When N was applied in split applications higher 
yields were obtained in the following crop, which received noN. 

The lack of residual N suggests considerable loss of applied N. Amer 
(2) has shown that N recovered from applied (NH4)2S04 decreased with 
increased levels and that losses were lower with deep placement than 
with a surface application. Heavy losses of N applied at the oxidized 
surface (1 em on flooded rice) is caused by biological oxidation to N03 
which is readily lost by leaching or biological reduction of N03 to gaseous 
N. 
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TABLE 3.-Effect of nitrogen rates on rice yields and damage by the blast disease 
(Piricularia oryzae Cav.) 

All nitrogen applied at 

Nitrogen 
rates 

Kg/ha 

0 
56 

112 
168 
224 
336 

Yields of 
rough rice 1 

Kg/ha 

1,970 b2 

3,260 a 
3,580 a 
3,685 a 
3,610 a 

1 On a 12.5% moisture basis. 

planting 

Foliage affected 
by blast 

% 

2 
5 
5 

12 
15 

Half of nitrogen applied at 
planting and half 45 days later 

Yields of Foliage affected 
rough rice' by blast 

Kg/ha % 

1,970 b 2 
3,685 a 10 
4,143 a 20 
3,558 a 40 
3,328 ab 70 
2,862 ab 85 

2 Values followed by the same letters do not differ significantly. (Duncan's multiple range 
test) . 
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FIG. 2.-Relationship between nitrogen rates and percentage of rice foliage affected by 
blast (Piricularia oryzae Cav.) 



NITROGEN FERTILIZATION OF FLOODED RICE 41 

The experiment planted in October 1977 was seriously affected by rice 
blast, to which the Brazos variety is susceptible, since no control measures 
were used. Table 3 shows that rice responded only to the application of 
56 kg of N/ha whether applied in one or two applications. There was a 
steady increase in blast damage with increased N rates. Damage was 
greatest when N was applied in split applications. The steady supply of 
N when applied in split application apparently favored development of 
the fungus. 

Figure 2 shows that there was a significant correlation between N levels 
and damage by blast. Sanchez et al. (11) in Peru obtained similar results 
with the IR 8 and Minabir varieties. It is evident that high N rates 
increase susceptibility to blast and can thus reduce yields or prevent 
response to higher N rates. 

RESUMEN 

El efecto de cinco niveles de nitr6geno sabre Ia producci6n de arroz 
se determin6 cuando estos se aplicaron en dos formas: 1) todo incor
porado al suelo al sembrarse el arroz; 2) una mitad al sembrar y Ia otra 
a los 45 dfas cuando se inicia Ia formaci6n de Ia espiga. 

Cuando el nitr6geno se aplic6 de una sola vez, el arroz aument6 en 
producci6n segun se aument6 el nivel de nitr6geno hasta Ia maxima 
cantidad estudiada: 224 kg/ha. La producci6n aument6 de 3,830 kg/ 
hade arroz en cascara cuando nose aplic6 nitr6geno hasta 7,950 kg/ 
ha cuando se aplicaron 224 kg/ha de nitr6geno. Sin embargo, cuando 
el nitr6geno se aplic6 en dos dosis, se logr6 una producci6n similar con 
solo 112 kg de nitr6geno/ha. Es evidente que resulta mas rentable 
aplicar N en dos porciones. 

Los niveles de nitr6geno aplicados a Ia siembra inicial no tuvieron 
efecto residual sabre una segunda cosecha que no recibi6 nitr6geno. 
Sin embargo, el dividir el nitr6geno en dos porciones produJO mayores 
rendimientos en Ia cosecha siguiente que cuando se aplic6 de una sola 
vez a Ia cosecha anterior. 

En otro experimento en el cual no se control6 el hongo Piricularia 
oryzae hubo una relaci6n directa entre el dana causado par el hongo 
y los niveles de nitr6geno. A medida que aumentaron las dosis de 
nitr6geno, aument6 el daiio causado par Ia Piricularia evitando que el 
arroz respondiera a niveles que sobrepasaron los 56 kg/ha. 
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