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Rice Responses to Nitrogen Under High Solar Radiation 

and Intermittent Flooding in Peru' 

P. A. Sanchez, G. E. Ramirez, and M. V. de Calderon2 

ABSTRACT 
The purpose of this study was to characterize the va. 

rietal responses of rice (Oryza sativa L.) to N fertiliza. 
tion in a tropical desert climate where extremely high N 
application rates are needed to attain maximum yields,
Eight rice cultivars of contrasting plant type and growth
duration were tested at applied N levels of 0 to 480 kg 
N/ha in a field experiment with an intermittently flood. 
ed water regime. Among the semi-dwarf cultivars, the 
earlier maturing 1R8' produced a maximum yield of 
11.7 ton/ha at 480 kg N/ha and the later maturing '1iR5' 
produced a maximum yield of 9.9 ton/ha at 400 kg N/ha.
Among the tall-statured cultivars of the traditional plant
type, the earlier maturing 'CEL 895' produced a maxi. 
mum yield of 10.6 ton/ha at 320 kg N/ha and the later 
maturing 'Minabir 2' attained its highest yield of 7.9 ton/
ha at 400 kg N/ha. Yield responses to N were primarily 
a function of effective tillering capacity and not of piA
cle size. Increases in dry matter- production from panicle 
initiation to harvest were highly correlated with grain 
lelds. A 0.85% N content in the above.ground parts at 
arvest wa- associated with maximum yields as well as a 

total N uptake of approximately 180 kg N/ha, suggesting
the existence of an internal N requirement for rice in this 
environment. The apparent recovery of added N aver. 
aged 30%, which is considerable lower titan in constant. 
ly flooded environments. 

The results indicate that: i) the shorter the growth
duration of a cultivar within a specific plant type, the 
higher the yields and N response; ii) the extremely high
N rates required are due to high levels of N uptake and 
low fertilizer recovery intermittent flooding. 

Additional key words: Plant type, Growth duration, 
N uptake, N fertilizer efficiency, Internal N requirement. 

IIELD responses to N are almost universal in rice 
.1 (Oryza saliva L.). The world-wide response in 

1966 averaged 12.7 kg of rough rice per kg N applied, 
and the optimum rates of application ranged from 
30 to 40 kg N/ha (7). Since then, a new semi-dwarf 
plant type has been developed which is characterized 
by short stature, strong culms, high tillering capacity, 
shorter upright leaves, and resistance to lodging. This 
semi-dwarf plant type contrasts sharply with the tra-
ditional plant type characterized by tall stature, weak 
culms, long droopy leaves, and susceptibility to lodg-
ing. Many ctiltivars of the new plant type have been 
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widely planted throughout the tropics with dramatic 
increases in yields, N response, and optimmn rates of 

plication. Rice yields have dotbletl in fertilized
aj) 
plots, and maximum N rates in tropical Asia arc now 
in the range of 80 to 160 kg N, lia (3, 5, 12, 16).

Rice responses to N vary widely with plant type, cli

mate, water manaeent, and soil iroperties. Among
the climatic components, solar radiation is considered 
the most critical factor affecting N response under 
constantly flooded tropical conditions (6). The vast 

majority of tropical rice fields, however, stffer from 
alternate flooding and drying conditions during part
of the growing season because of uneven rainfall or 
irrigation water distribution 

Tt
The northern coast of Pert is a high-yielding rice 

area where cultivars of the traditional plant type re
spond positively to its much as four times the conven
tional N rates (1, 2). Transplanted rice is grown tin
tIer intermittent flooding, very high solar radiation, 

and relatively low temperatures for its latitude and 
elevation. Unlike hot tropical areas, a wide range of 
growth duratiols is found in ctultivars that are sensi

yo(1 Fligh
est yields are tstally obtained with intermediate vari
eties (160 to 200 days from seeding to harvest).

The objective of this study was to characterize the 
nature of the varietal response to N of intermediate 
and late-inaturing cultivars of contrasting plant type 
(semi-dwarf vs traditional) in a tropical desert climate 
in terms of (a) growth characteristics and duration, 
(b) grain yields, and (c) the efficiency of fertilizer N 
titilization, in order to determine why such high N 
rates are required in this environment. 

PROCEDURE 
A field experiment was conducted during the 1969-70 growing 

season at the Tavara Farmt of the LambayeqUei Experiment Sta
tin(6042' S, 24 mnelevation). An alluvial clay loam, representative of rice growing ar..as (p-I 8.3, 1.7% O.M., 1.0 mmho/ 

cm electrical conductivity) and adequate in all nutrients except 
N (1, 2, 22), was used. 

Eight cultivars ,. selections were studied at N levels ranging 
from 0 to 480 l,g N/ha at 80-kg intervals. 'IR8,' 'IR305-3-15,' 
and 'IR578-8' are semi-dwarf cultivars with intermediate growthduration. 'IR' belongs to the same plant type but has longer 
growth duration. 'Minabir 2,' 'Apura,' and 'Siam Garden' are
tall, late maturing, locally grown cultivars of the traditional 
plant type. 'CEL895-7.1-7' is also the traditional planTt type
but is earlier-maturing than the latter three. Due to the very 
similar behavior among the three semi-dwarf, intermnediate
maturing cultivars and among the three traditional lkie-matur
ing cultivars, only the results of one representative of each 
group are presented. 
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Fig. I. Growth stage duration and climatc data. (Slanted lines 

represent the range in N treatments.) 

A split plot design was used with N levels as main plots andLSo
varieties as subplots with tlree replications. Ordinary seedbeds 
were sown on Octobcr 20. 1969. The seedlings were transplanted 

45 days afterwards in hills spaccd at 25 x 25 cm with four 
seedlings pcr hill. Thc main plot dimensions were 12 x 20 m 
and the subplots 1 x 5 mn. Nitrogcn as urea was broadcast on 

transplantinga thin water layer, halt the rate at 21 (lays after N recoverytices for the arca that result in axitut fertilizer
and half at panicle initiation, according to recomnmended prac-

fhood-irrigated whenever wateravailable. TheThe plots interval bwteen applications(20. 21). averagewere water waswas 
7.6 days. Most f these tintervals represented a full flooding and 
drying cycle except after the panicle initiation stage when the. 
valley water table hadl risen sufficiently to reduce water losses. 
Weeds were satisfiactorily controlled and no incidence of pestsand diseases was observed. 

Plant height, tillering, dry matter production. N content,
at 

and 
accwmtlation of the asdove.grotnd parts weremeasured
an4 61 days after transpating, at panicle initiation, at 50% 

flowering, an at harvest. Grain yienls were determined in a 
a.ndcenttalsu athei t.i of hrdv.r effects and adcusted to 14% 

oistire. C ain characteristics and panicles/m were deter-
mined in four randotly chosen hilts. Spikelets per panicle,r 
percent sterility, and 100 grain weights were letermined from 

all paTicles on one hill chosen at random. Dry matter was 

Plant N was analyzed by the semim icro Kjeldahl meth.to 70 C. constant incalculated after attatining weight a draft oven at 60od. Solar radiation and temperaure (lata were obtained at the 
university observatory located abott I kitn from the plots. 

RESULTS AND DISCUSSION 

Climate 
The weather patteril during the cropping season in 

relation to the growth stages of the four cultivars is 
given in Fig.t i.Monthly temperature, solar radition, 
anm irrigation water stipgply v.hales were normal for 
tle valley (2I). Tecinerattires were low at the seedling 
stage, increaset ant reatche mnaximum valtes near 
panicle initiation andi flowering stages, andd ecreased 

afterwards. Soahr radiation varied little from seeding 
to flowering, I)tt ecline during the ripening period. 
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Fig. 2. Effects of N rates on plant height at harvest. 

aTeaeaevlefrtegoigsao,48gcl 

approximately 19% higher thtan that recmnported2-dayforis the dry season in tie Philippines and 46% 
hiher tha A 

Growth StagesThe length of the vegetative phase averaged 115
 
for 7


(or 160 24 7 for400 a
for Minair 2. N rates significantly increased the 
length of the vegetative phase, hut the increases were 
small (Fig. ). The n mbler of la heig seeding to 
0 flowe 

157 for ,an for lo winagir2. rates haId no 
significat inftence on lates of flowering. Total 

a o tlgrowth dItiration (differences were highly signiificant(iag thivars anti N rates. Varietal means are in-
Fig. I. Ctthivars of the traditional plant 

type, regardlless of growth duration, reqluired anl aver
age ol 59 (lays from flowering to maturity and the 
semidwarf ctitivars retlttiredl 4,t dlays. The reasotns
for these differences are not understood. 

Growth Characteristics 
Highl y sinificant differences in tiller ani dry mat

tr production among cuthivars occurred at 30 days 
after planting, but no t was observedconsistent iren 
relative to l)la t type. At about the inaximm tiller
ing stage (61 datys after t ftsplanting) the effect of 

both N rate and cuti,;ars on tiller and dry matter pro
(ltction was signiicant and rnaine d so until harvest. 
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Fig. S. Grain yield response to N applications of cultivars with 
contrasting plant type and growth duration. 

All cultivars responded to N in terins of plant height,
but the magnitude of the response was affected both 
by plant type and growth duration. The height re-
sponse of the cultivars of the traditional plant type 
appears to be linearly associated with N rate (Fig. 2),
reaching maximum heights at harvest of 123 and 144 
cm. The semi-dwarf cultivars showed a nonlinear 
response in height, reaching maximit heights of 89 
and 104 cm. In both sets of plant types, the later-
maturing cultivars were significantly taller, which 
has been considered by Kawano and Velazquez (10) as 
a form of degeneration of plant type. 

No lodging was observed in IR8 and IR5. GEL 
895 lodged shortly before harvest; Minabir 2 lodged 
at about 2 weeks before harvest. Lodging danmage 
was probably miniimal because the grains were already
formed and the soil surface was already drained. 

The plant heights reported here are considerably 
lower than those for the same cultivars in high tem-
perature-low solar radiation environments (15) where 
Minabir and CEL 895 attain heights of over 200 cm, 
lodge before flowering, and have very poor yields. 

Grain Yields 
In each cultivar from 95 to 98% of the variability

in grain yield was attributable to N rate (Fig. 3). 
Yields at 0 and 80 kg/Ia were not significantly lif-
ferent among cultivars. The semidwarf, earlier na-
turing 1R8 increased sharply up to 320 kg N/ha and 
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had a maximum yield of 11.7 ton/ha at 480 kg N/ha. 
The traditional, earlier maturing CEL 895 showed an 
almost identical response up to 320 kg N/ha and had 
a maximum yield of only 0.9 ton/ha less. The semi
dwarf, later maturing IR5 produced a sliarp increase 
up to 320 kg N/'ha with a maximum yield of I.,I tons/
ha less than IR8. Differences in maximum yields be
tween 1R5 and CEL were not statistically significant.'rhe traditional, late maturing Minabir 2 produced a 
sharp response u ) to 160 kg N/ha and a maximum 
yield of 3.7 tons/ha less than 11(8. 

Within a specific plant type, the earlier-maturing 
cultivar produced a higher yield response to N than its 
later-maturing counteipart (Fig. 3). The excellent 
response of CI-I. 89:5 suggests that intermediate ma
turity is an important factor affecting N response in 

high solar radiation environment. 
results also suggest a significant interaction 

between plant type and growth duration as factors 
affecting N response in high yielding (tiltivars. Similar
results have been subsequently obtained with additional cultivars of the same growth duration rangein the area. This relationship, however, has not been 

reported in the available literatire, where plant type 
is considered the prilcipal varietal factor affecting
N response in the tropics. The relationshi ) between 
long growth duration and poor N response in tall 
plant types has been previously established (8, 9).
At LambayeqIie, a multiple correlation sill I con(luct
ed with 127 cultivars or promising selections grown ata high N level indicated that growth duration is the 
most imlportant %-airetal factor affecting yield (10). 
The optinium growth duratioi appears to be within 
10 days of I, 8s. It is not strprising then, that both 
plant type and growth (firation affect N responses.

Because of dii flermeccs ini growt h duration, the culti
vars were subjected to a (Iif'rent temperature and 
solar radiation regime dltiring the ieproductive phase
(Fig. I), and thus, the interpretation of these results 
should be limited to this i)ariicila environment. 
These climatic (lifferelices, howev-er, may have been 
favorable to the later maturing culhivars because low 
night temperatures probablh deccased res)iration 
losses (26) while tit(: decicasc ini solar radiation front 
April to May was not large eliouglh to seriously affect 
pliotosyntliesis. FurtIerisiore, a positive correlation 
between grain yields and the Icngthi of ihe flowering 
to maturity period has becn observed in japan (28).

At 1970 Peruvian prices, 2.09 kg of rougli rice are 
needed to pay for I kg of N as tirea. The o)tininin 
N rates are ,183 kg N 'ha for 11(8, 371 for 115, 365 for 
CEL 895, and 290 for Minabir 2. 

Relationship Between Grain Yields 
and Other Parameters 

Grain:.utrawi' ratios. in ternts of prodtcti%'ity per (lay,
IR8 reached the highest valte of 5!9 kg of grain/ha/ 
day, followed by CEL with 50, IR5 with ,19, and 
Minabir 2 with 35. l)ue to the longer growth dtration 
at Lambayeque. these valtes are inferior to those re
ported in hot tropical areas (,4). 

One of the best measurements of plant type efficien
cy is the grain:straw ratio at harvest, because it is a 
measure of tise antotint of pihotosynithesis utilized in 
grain production, High valtes for earlier-maturing
cultivars (Fig. I) suggest that the traditional plant 
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Fig. 5. Relationships between fertilizer efficiency and grain: 
straw ratios. 

type of CEL 895 was more efficient than the semi-
dwarf IR5. Grain:straw ratios were negatively car-
related with growth duration (r = -0.76**) indicat-
ing that the earlier-maturing cultivars were more effi-
cient than the late ones. Grain:straw ratios generally 
decrease with increasing N rates (26). Both 1R8 and 
CEL 895 were able to maintain highly satisfactory 
grain:straw ratios at high N rates (Fig. 4). Grain: 
straw ratios were positively correlated with the effi-
ciency of fertilizer applied expressed in kg rice per 
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Fig. 6. Dry matter production patterns as affected by N rate. 

Table 1. Linear correlation coefficients between grain yields 
and other growth parameters. 

Dependent variable IR 15 CEL 895 Mlinabtr All 

Total dry matter O.99" O.96-- 0.99-" 0.74" 0.83-
Dry matter increase. 

flowering to harvest 0. 91" 0. 74" 0. 87" -0.05 0.75W 
Dry matter Increas. " 

panicle Initiation to harvest 0. 99* 0. 90" 0. 99* 0.77' 0. 91"* 
Naccumulated at harvest 0. 98 * 0. 96" 0. 90.. 0.70 0. 83" 
N accumulated at flowering 0. 98, * 0. 94 '* 0. 84*" 0.71 0. 59"" 
N accumulation increase, 

61 dayn to harvest 0. 98" 0. 92.. 0. 87" -0.46 0. 74"
%N at harvest 0.53 0. 84-" 0.61 0.48 0. 58" 
%N at flowering 0.75:: 0.54 0.57 0.77 0.61': 
Paniclea/ml 0. 99'" 0. 95' 0. 95" 0. 80' 0. 94" 

"Significant at the 1%level.
Significant at the 5%level. 

kg of applied N (Fig. 5). The earlier-maturing culti
vars clustered at the upper end and the later maturing 
varieties at 	the lower end (Fig. 5). 

These three measurements of yield efficiency em
phasize the importance of growth duration on N re
sponse. In hot tropical climates where growth dura
ton varies little in cultivars not sensitive to photo
period, these relationships are not likely to apply. 

Dry matter production. The dry matter production 
pattern of the four cultivars at four N levels appears 
in Fig. 6. Unlike previous reports (5, 26), total dry 
matter production was highly correlated with grain 
yields (Table 1). The increase in dry matter from 
flowering to harvest was also highly correlated with 
yields in all cultivars except Minabir 2. The increase 
in dry matter production from approximately the 
panicle initiation stage to harvest was highly corre
lated with grain yields in all cultivars. This agrees 
with previous findings from the Philippines (5, 6) in 
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Fig. 7. Relative contributions of yield components on N re-
sponse. 

spite of the substantially longer duration of these pe-
nods at Lambayeque. 

Yields components. The relative contribution of the 
three yield components to grain yields is illustrated in 
Fig. 7. Grain yields were highly correlated with the 
number of panicles per m 2 (Table 1). The number 
of filled grains per panicle contributed to yield in-
creases primarily at low N levels and to yield decreasest Nlees 
in Minabir 2 at high N levels. The 100-grain weight 
had little influence on grain yields, suggesting that 
N response is primarily a function of effective tillering 
capacity and that panicle size has a limited role in 
this environment. 

crassprmaiyo ndt yel eceae 

Nitrogen Relations 
pattern withAccumulation. The N accumulation 

time apears in Fig. 8. Maximum accumulation was 
attained at flowering. Very little change between flow-
ering and harvest occurred at N rates that gave linear 
grain yield responses. Large declines in N accumula-
tion after flowering were observed at high N rates in 
IR5, CEL 895, and Minabir 2. The reasons for these 
declines are not known. Losses of up to 30% of the 
maximum N accumulation have been previously re-
ported (27) and attributed to N leaching from lower 
leaves by dew or rain under conditions of mutual shad-
ing. Although rainfall is negligible at Lambayeque, 
clew is very common in the morning. 

Total N accumulated at harvest, N accumulated at 
flowering, and increases in N accumulated from pan. 
ile initiation to harvest were highly correlated with 
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grain yields in all cuttivars except Minabir 2 (Table 
1). 

Internal N requirement. Total dry matter produc
tion was highly correlated with N accumulation at
 
harvest (Fig. 9). Maximum grain yields in each culti.
 
var were associated with an N content at harvest ran&
ing from 0.81 to 0.90% and averaging 0.85%. Maxi
miun grain yields were associated with an extremely
 
narrow range of total N accumulated at harvest, 176
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to 	 184 kg N/ha in all varieties except Minabir which 
require 1 kg2 N/ha (Fai. 10).x he cln es oh
require 162s kg N tha(Fig. 10). T e closeness of 
these figures suggests tile existence of an internal N 
requirement (25) for rice at Laiibayeque of 0.85% 
N andi ain optimum N accumtulation of about 180 kg 
N/ha for maximum yields in cultivars highly respon-
sire to N. Stanford's concept of internal N require-
unent as a means of better estimating N needs of crops 
has not been previously applied to rice data. Under 
Lambayeque conditions tile values for rice are lower 
than those ireported for corn Za mays L.), forage
sorhumthos orte boricoorn (L.) MaysL.), sprag
sorghtm (Sogiti n bicolor (L.) oench.), spring 
wheat (2riti m stivum L.) and several tropictl 
grasses (25). 

On tile average, IR8, IR5, and CEI, 895 required 
13.8 kg of N per ton of grain yield, and the less effi-
cient Minabir required 17.7. The overall requirement 
for prodtLcing (nIie ton of dry matter averaged 7.57 kg 
N with little variation among ctltivars or N rates. All 
tilese figures refer to N accumulation at harvest. 

R/'ovey of fr'rlilizer N. The total N accumulated 
by the inilertilized plots averaged .1.1 kg N/ha and 

ran to The linear of rela-f[ron 51. nature ther•g 
tionship between total dry matter and N accumulation 

permits ;in estimation of iertilizer recovery based Ol 
tiptake dilterences at harvest (25). Such calculations 

intlicale ain average recovery of 3011.,, with a range from 
15.6 to .15.5 (Table 2). Recovery values were fairly 
constant at rates Irom 80 to 320 kg/ha and declined 
at higher rates. 

Fertilier N losses of about 70% are higher than 
field estinaites from constantly flooded situations, 
which range front 10 to 500, wilth adapted cultivars 
and adequate Culttural priactices (19). This could be 
attributed to the effect of alternate oxitlation.reduc-
tion conditions, which is known to cause large N 
losses (17, 18). The inechanisns of N losses, although 
!lot investigated in this study, were pro)ably denitri-
fication and leaching of nitrates fornled while the soil 
was oxidized. Although urea was broadlcast oi a soil 
with I)H 8.3, previouIs reports indicate that this source 
is 	about as efficient antnoniuni sulfate uder con 
litions of alternate flooding and drying (20). 

Table 2. Percent. apparent recovery of fertilizer N as affected 
by cultivar and N rate. 

N appiled fit" Ilts CEL 695 blnabir 2 Mean, kg/ha 

so 40,.1 27.5 29.7 26.1 30.9 
160 27.7 30.9 40.1 31. 32.6 
240 34.4 32.1 31.1 23.1 30.2 
320 29.0 * 37.0 45.5 29.2 35.1 
400 22.5 33.3 23.3 27.6 26.7 
480 27.9 151.6 15.1 20.4 26.7 

Mean 30.3 29.4 14.I 27.7 30.4 

Overall water shortages and inefficiency of distri
bution systems preclude the possibility of constant 

in this -ice area. The high N rates needed 
to attain maximum rice yields are caused by the low 
fertilizer N recovery. Because costs of production are 
high (21) and the possibility of better water manage
ment low, the best avenue to reduce fertilization costs 

is probably in the area of increasing the efficiency of 
N utilization through improved N sources, placement, 
and timing. 

CONCLUSIONS 

The varietal response to N under high solar radia
tion, low night temperatures, and intermittent flood
ing differs from that in hot tropical condlitions (4,
5, 6) in both yield and rate axis, and from similar
climatic conditions in temperate latitudes (11, 13) 
pritmarily in the rate axis. The importance of growth 
duration as a factor affecting N response is perhaps 
the most notable characteristic of this environment. 
The high yiels obtained are partly (fue to the bene
f i i e ds obr, 
ficial effects of high solar radiation (6, 14) and low 
night temperatures (26), which are associated with 
shorter plant height, high grain:straw ratios, and
higher paliicle prodtuction. 

The high N rates required to obtain optimum yields 
are partly dtite to the high N requirement of the rice 
plat, 180 kg N/ha, and large losses of applied N un
tier intermittent flooding. 
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