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ABSTRACT. Field studies were conducted at two locations in the eastern
and northern regions of Saudi Arabia during 1991, 1992 and 1993 to deter-
mine the effects of nitrogen fertilization and seeding rates on yield compo-
nents and grain yield of bread wheat, cv. Yecora rojo. Nitrogen from 40 to
240 kg/ha and seeding rates from 120 to 210 kg/ha were applied. Increasing
N up to 200 kg, resulted in gradual, significant and consistent increase in
number of spikes/m”, number of grains/spike, 1000-grain weight and, ulti-
mately grain yield. A linear response of wheat to levels of fertilizer nitrogen
was observed at Hail and a curvilinear response at Al-Hassa. However,
yield components and grain yield decreased with increased seeding rates.

Introduction

Saudi crop production is limited to the cool season. Cereals are sown near the onset
of autumn rains and fill their grains during spring when evapotranspiration increases.
The two main constraints to cereal production in Saudi Arabia are water and nitro-
gen. Farmers in this semi-arid region therefore frequently use summer fallow sys-
tems in an attempt to simultaneously alleviate both constraints. However, this often
increases soil degradation. Annual cropping with the use of adequate fertilization
should minimize soil degradation (Campbell et al., 1993), but available water re-
mains yield limiting. Recent studies suggest that rapid early growth and high biomass
production prior to anthesis frequently may increase cereal grain yields particularly
on deep sandy soils (Turner and Nicolas, 1987; Shepherd er al., 1987). Grain yields
can be increased by the use of higher levels of fertilizer (Turner ez al., 1987; Shepherd
et al., 1987 and Venn et al., 1987). However, the magnitude of yield increase would
depend on source and level of nitrogen fertilizer as well as time of application (Ghan-
dorah, 1986).
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Rapid early growth has been shown to increase crop yield (Cooper et al., 1987).
However, there is a risk that high biomass production may increase water use, in arid
regions, prior to anthesis and lead to reduction in grain yield because of water deficits
in the grain-filling period. Plant density provides an alternative method of influenc-
ing early biomass production. Edwards (1992) indicated that wheat yields can be in-
creased by increasing plant density. However, field studies suggest that response to
seeding density varies with site and season (Anderson, 1986).

Semi-dwarf wheat cultivars are known to respond well to the application of nit-
rogenous fertilizers. Researchers from different agroecological regions of Saudi
Arabia reported different findings for response of wheat to cultural practices. Vary-
ing seeding rates had no appreciable effect on grain yields of wheat (Briggs, 1975).
The N-response of wheat cultivars varied from 100 to 240 kgN/ha, depending upon
soil fertility and agroclimatic conditions (Bartholomew and Williams, 1978;
Anonymous, 1983; Rawajfih et al., 1985, Osman and Mahmoud, 1981; and Makki et
al., 1987).

With this background in view, an investigation was carried out at two locations;
viz., Al-Hassa and Hail, having distinct soil and climatic situations to ascertain the
nitrogen and seed rate requirements of wheat.

Materials and Methods

Field studies were conducted during 1991, 1992 and 1993 at two locations; viz., Al-
Hassa in the eastern region and Hail in the northern region of Saudi Arabia. The soils
were shallow, sandy to sandy loam and low in nitrogen. Soils at Al-Hassa were light
and salt affected and winters were short. Whereas soils were more fertile and winters
were longer at Hail. The monthly mean maximum and minimum temperatures
ranged from 14.7 to 33.2 and — 2.7 to 19.5°C in Hail and from 14.9 to 38.1 and 6.0 to
24.0°C in Al-Hassa during the period of study. The rainfall received in Hail during
the growing seasons, from December to March, was 121.6, 181.6 and 200.3 mm in
1991, 1992 and 1993, respectively. In Al-Hassa, the amount of rainfall was negligi-
ble.

The treatments covered a range of six N levels (40 to 240 kg/ha) and four seeding
rates (120 to 210 kg/ha). The experiment was designed in split plots with nitrogen in
the main plots and seeding rates in the sub-plots, with four replications. The net plot
size was2 X 4 = 8 m’.

Wheat cultivar, Yecora rojo, was sown in rows, spaced 20 cm apart, on Nov. 15 at
Al-Hassa and Dec. 15 at Hail in all seasons. Nitrogen was applied in two equal splits
in the form of urea, one-half at sowing and the other half at the stage of tillering. A
basal application of 75 kg P,O,/ha as superphosphate and 50 kg K,O/ha as nitrate of
potash, was given to all plots at sowing. Weeds were effectively controlled and
adequate basin irrigation was given at an interval of about seven days.

The observations were recorded on number of spikes/m”, number of grains/spike,
1000-grain weight, and grain yield. Grain yield was determined from an area of two
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square meters of the middle rows of each plot. Yield components were determined
from 25 randomly sampled spikes taken from each sub-plot. An electronic seed
counter was used to obtain random 1000-grain samples, which were then weighed.

Results and Discussion

The analysis of variance (SAS program, 1986) for grain yield, number of spikes/
m®, number of grains/spike and 1000-grain weight combined over the three years is
presented in Table 1. It was indicated that locations, nitrogen levels and seeding
rates had highly significant effects on the traits under study. However, locations had
only a significant effect on the 1000-grain weight.

TABLE 1. Analysis of variance for grain yield, spikes/m’,
grains/sptke and 1000-grain weight at both Al-
Hassa and Hail.

Grainyield (t/ha)

Nitrogen (N) **
Seeding rate (S) **
Location (L) **
NxS§ *
NxL *
S >< L * %
NXSXL *
Spikes/m2
Nitrogen (N) **
Seeding rate (S) **
Location (L) o
NxS§ *
N XL *
SxL *x
Nx§SxL *
Grains/spike
Nitrogen (N) **
Seedingrate (S) **
Location (L) *x
NxS§ *
N XL *
S X L * 3k
NxSxL *
1000-grain weight (g)
Nitrogen (N) o
Seeding rate (S) o
Location (L) *
N xS *
N X L * kK
S >< L * kK
NxSxL *

* . **Significant at the 0.05 and 0.01 probability levels, respectively.
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The data presented in Table 2 represent the mean effect of nitrogen on yield com-
ponents and grain yield for the two locations in the three growing seasons. Seeding
rate and nitrogen affected grain yield by modifying spikes/mz, grains/spike and grain
weight. These results are in accordance with the results of Ghandorah (1985) and
Shehab El Din and Eissa (1992).

TaBLE 2. Effects of nitrogen levels on yield components and grain yield of wheat at
the two locations (three seasons).

. No. of No. of 100.0' -
Nitrogen . . grain Grain yield
(kg/ha) spikes/ grains/ weight (t/ha)

m2 spike
(g)
Al-Hassa
40 438 41 39.8 7.1
80 427 42 41.0 7.4
120 467 40 40.2 7.5
160 472 43 42.4 8.2
200 529 45 453 10.8
240) 486 44 44.9 9.6
LSD .
(0.05) 35 0.6 2.7 0.8
Hail
40 401 41 40.5 7.0
80 445 42 433 8.2
120 443 43 44.8 8.9
160 482 43 44.9 9.1
200 590 44 46.4 11.9
240 556 43 45.1 10.8
LSD
(0.05) 36 0.4 0.1 1.2

Increasing the level of N at both locations resulted in gradual and significant in-
creases in the number of spikes/m”, number of grains/spike and 1000-grain weight up
to 200 kg/ha (Table 2). In wheat, grain weight is a function of complex source-sink
phenomena because it is influenced by environmental conditions and nutrient availa-
bility as well as a tendency for the yield components to compensate for each other
(Slavik, 1966). For example, if poor growth conditions during plant development
suppress a yield component such as tillering but these conditions improve during
seed set, then the plant may have a low number of spikes which will be compensated
by producing a great number of grains. Similarly, grain weight will be dependent
both on conditions that exist during grain-filling as well as conditions that existed
during earlier development. Consequently, interpretation of the interactions is -
rarely straightforward. At both locations, there was a significant and gradual in-
crease in grain yield with each increment in the level of N up to 200 kgN/ha, after
which the yield declined. The difference in grain yield, between the 200 and 240 kgN/
ha levels, was significant at Al-Hassa, but not at Hail. The latter was attributed to a
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gradual improvement in the nitrogen supplying power of the soil due to improved
management. Campbell er al. (1993) reported an excellent relationship (R* = 0.91, P
= 0.001) between grain yield and nitrogen level. The relative association increased
with years of cropping.

Grain yield response curves for plots receiving different nitrogen levels show a de-
finite nonlinear component in Al-Hassa while the response in Hail was linear (Fig.
1). The linear relationship between yield and levels of N in Al-Hassa was highly sig-
nificant. The results confirmed the finding that grain yield of wheat increased sharply
in both locations up to the 200 kgN/ha and, then, declined slightly in Al-Hassa data.
It is logical to assume that, if more higher levels of N were used, the decline would
have extended and that was expressed by the curvilinear relationship. The levelling
of the yield response curve at higher N addition rates was in part due to lodging,
which occurred in a few of the plots receiving 200 kgN/ha. It is, also, evident in Fig.
1 that Hail exhibited a higher response to the successive increases in fertilizer N than
Al-Hassa.
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FiG. 1. The response of wheat to fertilizer N at two locations (3 seasons).

The effects of seeding rates were statistically significant on means of yield compo-
nents and grain yield at both locations over the three seasons (Table 3). The general
trend was a gradual decrease in yield components and grain yield as a result of in-
creased seeding rates. This trend was consistent at Al-Hassa, but at Hail, the yield
components and grain yield were increased by an increase in seeding rate from 120 to
150 kg/ha and, then, declined with further increases beyond these rates. These re-
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sults were in conformity with the findings of Kobata et al. (1992) and Palta et al.
(1994) who showed that increasing the seeding rate caused a reduction in the number
of grains per spike and reduced the average grain weight. Soetono and Puckridge
(1982) in a study on the influence of density and plant arrangement on the perfor-
mance of wheat, reported longer spikes and heavier grains as a result of low seeding
rates. Previous work has shown that later-formed tillers transfer assimilates to the
mainstem and first tiller in wheat (Kobata et al., 1992 and Palta et al., 1994), and this
may be the cause of smaller grain weights in later-formed tillers.

TaBLE 3. Effects of seeding rates on yield components and grain yield of wheat at
the two locations (three seasons).

Seed No. of No. of 100.0- L
. . grain Grain yield
rates spikes/ grains/ .
(kg /ha) m? spike weight (ton/ha)
(&)
Al-Hassa
120 480 41 456 8.8
150 460 40 43.3 8.0
180 422 35 425 6.4
210 399 36 38.6 5.8
LSD
(0.05) 31 3 1.7 0.4
Hail
120 535 42 44.0 9.2
150 616 44 45.1 12.2
180 498 40 422 8.4
210 481 39 41.0 7.7
LSD
(0.05) 14 4 13 0.3

The combined analysis of variance for the data at both locations (Table 1) showed
that, for grain yield, the interactions NXS, NXL and NXSXL were significant at the
5% significance level. This indicates that the response of wheat to N-fertilization was
neither the same at varying seeding rates nor in the two locations. In other words, a
change in the seeding rate and/or location was likely to result in a different response
to N. There was, also, a highly significant SXL interaction for grain yield. This im-
plies that the response to the seeding rate treatments was not the same in the two lo-

“cations. Realizing that the trend of increase in the different traits with increased level
of N was the same in both locations, the explanation offered is that the interaction
was a result of the difference in the magnitude of treatment effects. As far as seeding
rate is concerited, it is noteworthy to state that, at Hail the greatest response was as-
sociated with the 150 kg/ha seeding rate, while at Al-Hassa, 120 kg/ha resulted in the
highest values of all traits. It is evident that Hail, which is characterized by better soil
and suitable climatic factors (i.e. longer growing season and cooler filling period etc.)
provided conditions which were more conducive to better responses from increased
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N and seeding rates (Table 4). This is, also, reflected in the high grain yields obtained
from Hail as compared with Al-Hassa.

TaBLE 4. Effects of nitrogen fertilization and seeding rates on grain yield
(tons/ha) of wheat at the two locations in the three seasons.

Nitrogen Seedingrates (kg/ha)
(kgN/ha) 120 150 180 210
Al-Hassa
40 6.4 6.3 4.6 4.2
80 6.7 6.5 52 4.7
120 8.2 7.7 6.2 5.5
160 9.2 8.2 6.6 5.9
200 11.0 10.9 8.8 8.2
240 10.4 8.4 7.0 6.3
LSD (0.05) 1.3 12 1.2 0.9
Hail
40 8.4 10.3 6.8 5.7
80 8.6 11.6 7.5 6.8
120 9.0 22.7 7.9 7.7
160 9.2 12.7 8.4 8.0
200 10.6 13.8 10.1 9.8
240 9.5 13.2 9.7 8.6
LSD (0.05) 12 1.1 1.5 1.3
Conclusions

The study, conducted on sandy soils, indicates that there is a low potential for
wheat receiving low levels of nitrogen even with high seeding rates, at the two loca-
tions under study and other similar ones. Under Al-Hassa conditions, high seeding
rates and nitrogen levels are required to obtain maximum grain yields of wheat. The
present study on sandy soils with low inherent fertility showed that under increased
plant density, nitrogen level is a useful way to improve wheat growth and yield and is
consistent with the conclusion of Fukai et al. (1990) working with barley.
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