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RESPONSE OF UPLAND RICE TO NITROGEN AND SUPPLEMENTAL
IRRIGATION APPLIED AS A CONTINUOUS WATER VARIABLE! #/
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Resumen

Se estudic fa respuesta de arroz secano ol riego suplemental v a la fertilizacion
nitrogenada durante las estaciones Huviosas de 1974 v 1976 en ¢l noroeste de £ Sal-
vador  La fuvia fiee abundaite v bien distvibuida para la produceidn de arroz en el
primer affo del estudio. Se cosecharon mds de 6 300 kefha del grano de parcelas trata-
das con 90 ¢ 120 kg/ha de N Sin embargo, se registro un acaine de 23% en los lotes
donde el nivel de N aplicada fue 120 kgfha. La distribucion de luvia fue irregular du-
rante la estacion de 1976 Los rendimientos tendran a monentarse con cantidades cre-
cientes de N v agua aplicada, pero se observé una interaccion significativa en Ia res-
pueste del arroz a las dos variables. La produccion de arroz fie de aproximadamente
6 000 kglha donde se aplicaron las cantidades mdximas de N v riego suplemental en
el segundeo aito del estudio

Ll agua se aplicod como una variable continua de riego, por el uso de wn solo
aspersor ubicado en el centro de cada repeticion De una drea relativamente pequeiia,
se recogio gran cantidad de datos. [.os recursos necesarios pava Hevar a cabo el estudio
fieeron mnimos. Los resultados del ensayo de arvoz de 1976 demostraron bien el valor
de riego suplemental en una estacion luviosa caracterizado por precipitacion irregular
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Introduction

rior to 1971, much of the rice produced in El
Salvador was exported Greater profits were
obtained for grain sold abroad rather than
locally Eegislation to prevent the exportation of rice
was enacted in an attempt to increase the supply of
rice. within the country. However, the number of
hectares of land utilized for rice culture sharply
declined as a result of the new law ['roduction
decreased by more than 40% between 1971 and 1974,
A subsequent priority of the Ministry of Agriculture
was {0 encourage nmore extensive Jand use for cultiva-
tion of rice as well as increased unit productivity
through improved asgricultural technology (2, 3)
Irrigation has been cited as a means of achieving both
of these goals.
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Temperatures of Ei Salvador are conductive to
crop growth throughout the yeur The climate is
characterized by alternating periods of abundant
rainfall and extreme drought that last for ap-
proximately six months. Upland rice is extensively

cultivated during the rainy season in some aress of

the country. Production gains that can be made
through installation of irrigation systems lo permit
fand use in the dry season are well appreciated The
additionual benefit of irvigation to supplement rainfall
in the rainy season has received little attention i El
Salvador, although yields for rice and other crops
are often reduced due to droughts which sometimes
occur during this period.

Crop management is altered appreciably with the
inclusion of irrigation inte production systems. A
profound interaction exists between soil moisture
and fertility which is refllected in crop yields, Unless
these factors are siudied simultaneously. optimum
levels of either factor cannot be defined. Management
of nitrogen fertilizer regquires special  attention
hecause, under upland conditions, inorganic scil N
converts rapidly to the nitrate form and can be
leached from the root zone with irrigation

Trrigation studies require large areas und intensive
labotr in order to maintain precise water control.
Treatments must be separated by wide borders to
avoid movement of soil moisture from wet to dry
plots The amount of data generated {or the develap-
ment of ¢rop response curves to appiied water is
usually less than that of field tests ol equal area and
management inteasity designed to measure  the
influence of most other [arm practices. Agricultural
researchers of El Salvador, as in other countries, are
often resiricted in their use of improved technology
by limited resources, including land, labor and time

Fox (6) described the response of sweet corn to
nitrogen fertilizer using 1 continueus function experi-
mental design. Nitrogen was increased from 0 to a
maximum of 240 kg/ha in 5.5 kg/ha increments from
plant to plant along the row Corn harvested from
each plant was treated as an individual observation
with rows analyzed as replications. According to Fox,
response curves obtained through a design of this
nature can be plotted with confidence due to the
large number of samples involved Border effects can
be ignored for certain crops if the unit increase of the
variable studied is small in relation to the overnal]
range. Fox emphasized that the area and labor
required to conduct the experiment was greatly
reduced from that normaily utilized to obtain the
same information using  standaxd  field  plot
techniques.

Bauder er al (1) used a continuous variable design
invelving both irrigation and nitrogen to develop
production functions for dry weight yield of corn
A soil moisture gradient was established through
repulation of trickle lines for adjacent rows Nitrogen
fertilizer in sequential and progressively increased
amounts was applied at right angles to the water
variable  Results were compared to data obtained
according to a sphit plot design which considered
distinet levels ol nitrogen and irrigation. Analyses
of both experiments fed to the same conclusions.
The srea necessary to conduct the split plot tesis
was four or five times greater than the plot space
used for the continuous variable design.

Trickie systems are expensive and require
considerabie labor to operate Hankser af (7) utilized
a single line of closely spaced sprinklers to create a
contindous water variable Progressively less water
was measured with increased distance at right angles
from either side of the line Dy matter and grain
yieid for corn were related to evapotranspiration as
influenced by irrigation from the sprinkler system
The authors concluded that the line source sprinkler
method as described appeared to be a reliable and
convenient method for developing crop yield
functions Wind distortion of the sprinkler discharge
pattern was noted as a principal limitation of the
system

Problems associated with continuous variable
designs including statistical analysis and deviation
from conventional field plot methods have been
discussed by several researchess (1, 6, 7, 8) Hanks
et al (8) state that statistical analyses for the effect
of continuum irrigation levels on yield are not
available due to the lack of randomization, but that
valid error terms are possible for the interaction
of irrigation with other variables if these treat-
ments are randomized within the test. Since irriga-
tion effects are usually large, assignment of a
probability level for this factor may not be critical.
They propose a design similar to the split-block
arrangement for the linesource sprinkler method
The method is not recommended in tests where
irrigation differences are expacted to be smali.

The purpose of this study was to determine rainy
season vield estimates for upland rice according to
nitrogen fertilizer levels and supplemental irrigation
applied as a continuous water variable The
convenience with which information of this nature
could be obtained utilizing sprinklers in a manner
simifar to that reported by Hanks et @/ (7) was of
principal concern
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Materials and methods

The study was conducted on the Agricultural
Demonstration Farm of the Atiocoyo lrripation
Bistrict in northwestern El Salvador. Lievation of
the test site is 270 m above sea level Average annual
temperature and relative humidity of the region are
25°C and 63% . respectively . Rainfall is measured at
about I 5 m annually with 90% or more occurring
from May through October (4). Soil of the test area
to a depth of 40 to 50 cm is classified as a Chalate-
nango silt loum and is underlain by a 10 to 15 cm
layer of couarse sand A heavy clay lies below the
sandy laver Analyses carried out by laboratories of
the Instituto de Ciencia y Tecnologin Agricolas
(ICTA). Guatemala, for samples collected from the
0-40 c¢cm portion of the horizon, showed the soil to
contain adequaie amounts of both phosphorous and
potassium for the production of rice A pH 0f 7.0 was
recorded

Field tests were established during the 1974 and
1976 rainy seasons. X-10 variety rice was planted at
a rate of 130 kg/ha on Tune 4 and June 17 of 1974
and 1976, respectively. The rice was seeded in
circular rows of progressively greater circumlerence,
The first row was one m from the center of the area
with subsequent rows occurring at 30 em intervals
to a radius of 155 m There were three replications.

Lach replication was divided into six equal parts
which increased in width from the center of the circle
to the outermost row according to a 60°C angle for
nitrogen treatments. Plots for nitrogen were separated
by one m borders. Nitrogen in the form of am-
monium sulfate was broadcast uniformly over the
plot. Treatments consisted of 30, 60, 90, 120 and
150 kg/ha of N divided in three equal amounts and
applied at approximately 25, 50 and 75 days follow-
ing emesgence. Control piots (no nitrogen) were also
included. The pattern of nitrogen randomization was
fixed for the three replications, but rotated 120°C
from one to the next in an attempt to offset wind
effects on the water distribution pattern Plot size
was 91 3 m? for N treatments

Supplementa]l  irrigation  was  applied as 4
continuous  water wvarisble by positioning a
sprinkler in the center of cach replication Rainbird
model No 30 sprinklers with 3/16 inch range by
1/8 inch (20°C) spreader nozzles were utilized for
the tests. Sprinkler application depths were measured
during each irrigation with cups spaced #t 90 cm
intervals from the center 1o the outer edge of the
replication in the borders between nitrogen plots
Water distribution profiles were developed. Values of
the profiles on both sides of the nitrogen plots were
averaged and irrigation depths assigned to each row.

Water application wuas greatest approximately
five m from the center of each replication Soil
moisture wds maintained at or near field capacity
in these areas of the plots until a week before
harvest Tensiometers installed to depths of 15, 30
and 45 cm in the zone where maximum water was
applied in each replication were utilized as guides to
initiate irrigation following periods of limited rainfail
Depending on the availability of irrigation water,
subsequent applications during these pericds were
arbitrarily scheduled at two-day intervals until
significant ratnfall occurred.

Harvests were initiated 133 days after planting
for both the 1974 and 1976 tests. Starting four m
from the center of the replication, 36 rows were
individually harvested along the water gradient
within each nitrogen plot Yields were converted
to g/m of rough rice at 14% sced moisture for
statistical analysis and treated as split-block experi-
ments. Nitrogen levels were considered as whole
plots with distance from the water source (to reflect
irrigation eifect} as non-randomized strip treatments
across the N plots. Plant height and % lodging data
were oblained inmediately prior to harvest. Response
to nitrogen as reflected by these observations was
anafyzed as a randomized complete block design
which ignored the water gradient for the 1974 data
Plant height and % lodging measurements for the
1976 test were limited to areas of the plots that
received maximum irrigation

Potential evapotranspiration (ETP) was calculated
from climatic data collected at the experimental site
according to the Hargreaves and Christiansen equa-
tion (9). Crop coefficient values (kc) used for estima-
tion of actual evapotranspiration (ETA) of rice were
taken from those listed for wet season, humid South
America by Doorenbos and Pruitt (5)

Results and discussion

The field arrangement used for the development of
a continvous water variable with individual or widely
separated sprinklers and circular plots is illustrated in
Fig 1. The relationship between accumulated irriga-
tion depth and distance from the sprinkler measured
during the 1974 and 1976 rice tests are presented in
Fig 2

Total rainfall was 25 to 50 cm in excess of the
caleulated ETA for rice both years of the study
(Table 1) Natural precipitation was uniformiy
distributed throughout the 1974 test Iirigation was
terminated early several times due to the initiation
of rainfall. The maximum accumulated depth of
applied water was 7.7 cm In contrast, the 1976 rainy
season was characterized by erratic rainfall distribu-
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Fig. 1. View of rice plots with sprinkler in the center or a
replication for development of the irrigation
variable. The six plot divisions represent different
nitrogen levels.

tion. The rice was irrigated on 14 occasions. The
average total depth of sprinkler irrigation in the area
of the plots of maximum application was 32.5 cm.
Rainfall and maximum depth of supplemental irriga-
tion for the 1976 season are presented on a daily
basis in Table 2.

A response to nitrogen was recorded both years of
the study. Increases in plant height were measured
where greater amounts of nitrogen had been applied
both rainy seasons (Table 3). Percent lodging
followed a trend similar to that of plant height for
the 1974 test. No lodging occurred in control plots
as compared to 36% where 150 kg/ha was used.
Lodging was not observed during the 1976 test. Rice
yields were higher in 1974 than in 1976. An
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Fig. 2. Accumulated depth of supplemental irrigation
applied as a continuous water variable for the 1974
and 1976 rainy seasons.

equivalent of more than 6 500 kg/ha of grain was
harvested from plots where 90 or 120 kg/ha of
nitrogen had been applied in 1974. Maximum yields
were about 4 400 kg/ha for the 1976 test as main
plot averages.

Supplemental irrigation decreased sequentially
with increased distance from the center of each
replication. A relationship between rice yield and
accumulated irrigation depth was not found the
first year of the study. However, statistical dif-

Table 1. Irrigation, rainfall and estimated water requirement for X—10 rice of the 1974 and 1976 rainy seasons.

Ave. depth applied/ Total depth applied! Accumulated rainfall
Rainy season No. of irrigations irrigation' (mm) (cm) (cm)
1974 9 7.1 115.8
1976 14 325 100.6

Irrigation plus rainfall

Per day basis (mm)

1974 9.0
1976 9.6

Estimated requirement

Daily (mm) Season (cm)
4.6 63.5
5.4 75.0

1 Represents maximum depth of the continuous water variable.
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Table 2. Average maximum depth of supplemental irrigation and rainfall in millimeters measured during the 1976 rice test, Parentheses

indicate applied water.

Monih

Bay June July Aug. Sept. Oct.

] 01 - 51 - {22.0)

2 86 25t - 99 150

3 07 590 (22 8) 43 190

4 4.0 - - i34 -

5 383 392 2813 8.2 -

6 186 88 1.4 - 99

7 51 1.0 6.0 - 238

8 398 0.8 94 112 185

9 542 80 - - -
10 380 74 (23.8) - 14
11 132 - 4.3 - -
12 18 2 - 45 03 —
13 81.4 .2 (27 .6} {24.2) -
14 - - 65 - (23 1)
15 18 233 2873 204 -
i6 4.5 - - (22 8)*=
17 21.2#% - 292 {25 2)** -
i8 02 - . - (29 7)yk*
9 263 - 9.7 - -
20 - - (219} 03
21 07 {221 333 - 51
22 02 - 36.4 (25 3) -
23 411 (33.2) 104 .4 165 -
24 1758 - - 82 -
25 329 - - 406 -
26 - 16 8 46 155 i6.8
27 25 12.6 - 02 =&
28 9.4 = 05 09 108
29 36.0 36.0 02 039 -
30 103 0.7 19.6 04 -
31 - - [.2 - -

¥ Piots were sceded on June 17; harvest was initiated on Getober 27

** Depths listed for September 17, October 16 and October 18 include 1.0, 0.3 and G 4 mm of rainfall, respectively

ferences in the amount of grain harvested according
to distance from the water source as well as a
distance/nitrogen  interaction were determined
through analysis of the 1976 data (Table 4). Yield
data plotied as a function of accumulated irrigation
depths for the season and nitrogen levels are illustrat-
ed in Fig 3 The regression model developed to
describe the yieid response is a follows:

Y=—-613+4941-+102N-0111" 00049 N?
+ 0.0198 Nlwhere Y = yield in g/m; | = accumulated

irrigation depth in cm; N = applied nitrogen in kg/ha;
R*=077

The response curves peneratly demonstrate
uniform production increases with corresponding in-
creases in depth of applied water for all nitrogen
levels. For example, yields (g/m x 33 33 = kg/ha) of
the 150 kg/ha N treatment increased from ap-
proximately 1 500 kg/ha for rice with the minimal
amount of supplemental imrigation to about
6 000 kg/ha at irrigation depths mere than 30 om.
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Table 3. Plant height, % lodging and yield of X-10 rice sccording to nitrogen treatments for the 1974 and 1976 rainy seasons' .

Rainy season Nitrogen freatments (kg/ha}
Control 30 60 90 120 150
Piant height

{em) 1974 71¢? 83 b 93 a 92 n 95 u 97 a
1976 69d 78 ¢ 85 b 94 97 a 99 a
% Lodging 1974 D 3 b 13 be 15 be 23 ab 36 o

1976 0 ] 0 90 a 0
Yicld (kg/ha) 1974 4673 1 6301 o 6408 u 65854 6893 1 6108 &
1976 13280 21220 3278 4207 a 4406 a 4353 2

1 Means of the 1976 test for plant heighit and % lodging represent data obtained al maximum irrigation depths of the water gradient

2 Means foliowed by different letters are significantly different at the § % level ol probubility according Lo Duncan's multiple range test

Table 4. Analyses of variance for yield of X~10 rice according to nitrogen treatments and distance from the sprirakier as ¢ refleetion
of supplemental irrigation depth for the 1974 and 1976 rainy seasons.

Souce of variation Degrees of freedom Mean square

1974 1976
Reptications 2 - -
Nitrogen (N) 5 38576 19* 163 958 75*
Errora 10 538911 1245909
Distance (D} 33 227587 15 713 25%*
Error b 79 1 70370 692 48
NxD 175 138209 670.20%
Errorc 350 1 704 01 135901
Total 647 - -

*  Significance at the 5% level of probability, or less

+ Non-randomized treatment

Grain harvested from plots which received 150 kg/ha !

of nitrogen was less than that obtained with 90 to ! Sommm— L
120 kg/ha of N where supplemental irrigation rates

were low. This trend was reversed, however, for that F

portion of the irrigation gradient of maximum watx /S S 4TS s A 0
depth The response curves suggest that irrigation

totals greater than 32.5 cm would not have resulted

in higher yields for the 0 to 90 kg/ha nitrogen range 5000 7 ?SQ‘('@\
and only slight increases in the 120 to 150 kg/ha N © / 20“@\‘%
range. S 000 7 15'\@\\
. . = g0 1 RN

Robins et al (1Q) have reviewed the work of 2 200 / d QQ\Q‘
several investigators concerning the sensitivity of 0 v
rice to drought stress. While abundant soil moisture 0 W % @ 2 oY
is necessary throughout the growing season to assure Nitregen, kg/ha

maximum pro.ductlo.l.l, ylei.d r?dl}gtlom’ a.re relatw?ly Fig 3. Rice vield as influenced by nitrogen treatments and
more severe if moisture is limited during scec}lmg accumulated depth of supplemental irrigation for the
establishment, tillering or a period extending from 1976 rainy season.
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about 20 days prior to heading until five days alter-
wards.  Depressed yields may also result from
maisture stress as rice approaches maturity.

Rainfali was abundant prior to and following
seeding accomplished on June 17 for the 1976 test
(Table 2} Tillering was in progress {rom ap-
proximately July 5 until August 5 frrigation was
applied on three occasions during this period The
development stage of critical moisture need associat-
ed with heading extended from late August through
carly October Water was applied on four dates for
an accumulated depth of 95.6 mm in September. The
rice was irrigated five times between heading and the
initiation of harvest

Yield increases corresponding to greater amounts
of supplemental irrigation for the 1976 rice test were
hased on seasonal depths of applied water (Fig. 3)
However, water distribution profiles for each irriga-
tion date were highly similar in form to that
representing the seasonal tolal Increases in rice yield
resulting from increasing amounts of applied water
as demonstrated in Fig. 3 could have been related
equally well to any of the individual irrigations.

Moisture stress of sufficient magnitude to limit
yields may have developed on occasion in areas of
maximum irrigation between water applications and/
or rainfall under the criterion utilized for inigation
scheduling. Yield reductions would be more pro-
nounced at ali points along the water variubie if

stress of this nature was present during perieds of

critical moisture need by rice as described above
Hanks er af (7) have pointed out that all irrigation
must be added at the same frequency to any given
plot when using sprinklers to apply the continuous
water variable, a disadvantage of the system.

In the interest of conserving space as well as other
resources, a modified version of the Line source
sprinkler method (7} was utilized f{or the rice work
presented here. Designs of this nature are charac-
terized by small sampling units Rows were harvested
individually within each nitrogen plot and treated as
sample observations, requiring considerable time.

Length of row harvested ranged from around
eight m at distances farthest from the sprinkler,
where grain production was extremely sparse in the
1976 test, to as little as one m for the row nearest
the sprinkler Shorter row lengths approaching the
sprinkler decreased the time necessary for harvest,
but probably increased variability in the sample.
However, plant vigor and grain production along
the rows were obviously more uniform as moisture
conditions improved with less distance to the water
source the second year of the study. Harvesting

greater row lengths as grain production became more
limited due to moisture stress contributed to the
consistency of the data in 1976

Irrigation wuas delayed on occasion to avoid or
reduce the influence of wind on water distribution
Nitrogen piots were rotated [rom one replication
to the next in an attempt to offset wind effects.
Wind distortion of the sprinkler pattern was minor
in this study. Error introduced by a prevailing wind
could probably be accounted for statistically in field
tests of this type involving equal numbers or whole
plot wreatments and replications. For example,
arrangement of whole plots to insure that each treat-
ment cceurred in all possible areas of the replications
should permit consideration of position effect.

A large amount of data was generated from a
relatively small area for the rice tests. A minimum of
power and irrigation equipment was required lo
conduct the study. Harvest of the plots was time-
consuming, but the large number of observastions
permitted  the development of clearly defined
response curves Response to both water and nitrogen
by the rice was highly visible in the field during the
latter part of the 1976 rainy season

Conclusions

X—10 rice is commercially produced in El Salva-
dor as an upland crop and by {lood irrigation.
According to information obtained through regional
trials primarily with flood irrigation, yields should
range from 6 500 to 7 800 kg/ha (11). Production
at maximum supplemental irrigation rates for this
study approximated the lower limit of this range,
but shouid provide a reasonable estimate of yields
that can be attained by farmers operating under
similar conditions of moisture and soils to those of
the Atiocoyo district

Further research should be conducted on nitrogen
utilization and water management to substantiste
the results of this report. Yields could probably be
increased significantly with a minimum of lodging
using around 90 kg/ha of nitrogen under favorable
moisture conditions by improving the timing of the
split application in relation fo plant development
The value of supplemental irrigation in a wet season
characterized by uneven rzinfall distribution was well
demonstrated by results of the 1976 test

The use of sprinklers to impose a continuous water
variable from a point source was found to be a
convenient research technigque for the study of water
and nitrogen effects on rice. Although application of
standard statistical analysis {o obtain an error term
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for the irrigation component is questionable, yield
response curves for the water/nitrogen variables the
second year of the study were considered reliable due
to the obvious differences between treatments visible
in the field and the large number of observations
used for development of the regression model.
Methods of this type appear to be highly practical for
establishing limits for more intensive research and for
extension demonstration purposes.

Summary

The response of upland rice to nitrogen fertilizer
and supplemental irrigation was studied during the
1974 and 1976 rainy seasons in northwestern Fl Sal-
vador. Rainfall was abundant and well distributed for
rice production the first year of the study. More than
6 500 kg/ha of grain was harvested from plots treated
with 90 or 120 kg/ha of N. However, lodging was
recorded at 23% for the 120 kg/ha N level Rainfall
distribution was erratic during the 1976 test. Yields
tended to increase with increased amounts of both N
and applied water, although a significant interaction
was found for response to these variables. Rice pro-
duction was measured at approximately 6 000 kg/ha
where maximurn amounts of N and supplemental
ierigation had been applied the second year of the
study.

Water was applied as a continuocus irrigation
variable from a single sprinkier in each replication. A
lazge amount of data was generated from a relatively
small area. Minimal resources were required to
conduct the study. The value of supplemental irriga-
tion in a wet season characterized by uneven rainfall
distribution was well demonstrated by results of the
1976 rice test.
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