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ABSTRACT. The present investigation was carried out during the four suc-
cessive growing seasons (1987/88 - 1990/91) to study the response of wheat
cultivar “Yecora Rojo” to five seeding rates; 120, 150, 180, 210 and 240 kg/
ha at the Agricultural Experimental Station, College of Agriculture and
Veterinary Medicine, King Saud University, Al-Qassim Branch. Experi-
ments conducted during the first two seasons were used to study grain and
biological yields and harvest index whereas those conducted in the third and
fourth seasons were used to study yield and its components as well as plant
height and heading date. A randomized complete block design with four re-
plications was used in all experiments in cach of the four seasons.

Results revealed that secding rate had significant effects on grain yield
and harvest index in three seasons and on biological yield in one season
only. Increasing seeding rate beyond 150 kg/ha decreased grain yield and
harvest index in 1987/88 and 1988/89 seasons. while, it non significantly in-
creased both traits in 1990/91 season. Biological yield was increased by in-
creasing seeding rate in 1989/90 secason, however, this increase was not sig-
nificant beyond 180 kg/ha.

Sceding rate had significant effects on number of spikes/m?® and kernel
weight in 1989/90 and on number of kernels/spike and number of days to
heading in 1990/91 scason. On the other hand, high seeding rate signific-
antly increased plant height in both seasons.

The results indicated that the response of wheat cultivar “Yecora Rojo”
to seeding rate varied with cnvironment. However, it could be concluded
that, the optimum secding rate for Al-Qassim region lies between 150 and
180 kg/ha.
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Introduction

Continued encouragement and subsidization offered by Saudi Arabian government
to wheat growers resulted in increasing wheat cultivated area from 30100 ha in 1969/
7010 601, 592 ha in 1987/88, with a total production of 2,651,921 tons at an average of
4.41 tons/ha (Saudi Arabia annual report 1988).

Optimum seeding rate is one of the most important limiting factors affecting wheat
production. It could indirectly affect yield components by affecting number of tillers
and consequently number of spikes per unit area. A close relationship is always oc-
curring among seeding rate and soil fertility, especially nitrogen, and irrigation
(Ghandorah 1986 and Pendelton and Dugan 1960). Most of wheat growers in Saudi
Arabia grow their crop under very high seeding rates and only few ones stick to the
recommended rates. In fact, seeding rates used in the Kingdom are not only different
from one location to another, but they also differ from one farm to the other in the
same location.

Several investigators in different countries studied the effect of seeding rates on
grain vyield and its components. Briggs (1974) and Briggs and Aytenfisu (1979)
showed that increasing seeding rate beyond 100 kg/ha did not significantly increase
grain yield. In Saudi Arabia, Ghandorah (1986) found that increasing seeding rate
from 127 to 207 kg/ha had no effect on grain or biological yield of “ Yecora Rojo” cul-
tivar. However, seeding rate and plant distribution in a given area had marked ef-
fects on wheat yield components (Agarwal et al. 1972 and Puckridge and Donald
1967). In the United States, Freeze and Bacon (1990) found that the response of
wheat cultivars grown in the mid-south to spacing and seeding rate varied with the
environment. The highest yield was obtained when 26 seeds/sq ft were used. Similar
results were found by Johnson ef al. (1988) and Joseph et al. (1985) in other soft red
winter wheat regions.

Three components of grain yield; spikes/m?, kernel/spike and kernel weight have
interdependent relationships and compensate for one another to stabilize yield as
cultural and climatic conditions change (Frederick and Marshall 1985 and Joseph ef
al. 1985). High seeding rates generally increase number of spikes per unit area; how-
ever, fewer and smaller kernels per spike can occur, while results in little change in
total grain yield (Darwinkel 1978 and Puckridge and Donald 1967).

The main objective of this research was to determine the optimum seeding rate tor
maximizing wheat production under the agricultural conditions prevailing in Al-
Qassim region.

Material and Methods

. The present investigation was conducted at the Agricultural Experimental Sta-
tion, College of Agriculture and Veterinary Medicine, King Saud University, Al-
Qassim, during the four seasons (1987/88 - 1990/91) to evaluate the performance of a
high yielding wheat cultivar “Yecora Rojo™ at five (120, 150, 180, 210 and 240 kg/ha)



Effect of Seeding Rates on Yield. .. 79

seeding rates. Experiments conducted in the first two growing seasons (1987/88 and
1988/89) were used as a pilot trials to study grain and biological vields; whereas those
conducted in seasons 1989/90 and 1990/91 were used to study yield and its compo-
nents together with some other agronomic traits.

The experiment was set up in a randomized complete block design with four repli-
cations. The experimental plot consisted of six rows; 3 m long and 20 cm apart. The
experiment was sown in December 9 and November 30 for the first two growing sea-
sons, while it was planted in December 1 and December 18 in the last two growing
seasons, respectively. The soil type of Al-Qassim area is classified as sandy ( Rabie et
al. 1991). During land preparation, 180 kg P,O./hawere applied each year. Also, 240
kg N/ha were splitted into four equal doses and applied during the critical wheat
stages; seedling, tillering, booting and heading. Irrigation was applied by a pivot sys-
tem during each of the four growing seasons.

Data taken in each of the four seasons included: grain yield, biological yield and
harvest index. In addition data on number of spikes/m*, number of kernels/spike,
1000-kernel weight, plant height and days to heading were collected in the third and
fourth seasons.

Biological yield (tons/ha), the weight of above ground dry matter was determined
from weight of the four central rows of each plot. Grain yield (tons/ha) was obtained
from the weight of the clean seeds harvested from the four central rows of each plot.
Harvest index was calculated by dividing the grain vield by the biological yield.
Number of spikes/m” was determined from a random sample of 1 m® taken from each
plot; whereas number of kernels/spike was recorded from a sample of 10 main spikes
collected from 10 randomly selected plants in each plot. Kernel weight was obtained
from the weight of a random sample of 1000 kernels taken from each plot. Plant
height, expressed as the distance from the ground level to the top of spikes, excluding
awns, was determined by the measurement of 5 randomly selected plants from each
plot. Days to heading was obtained by counting number of days from planting to the
date on which about 50% of the heads were completely out of their flag leaf sheaths.

Statistical analysis of variance and comparisons of means for all obtained data
were carried out according to Steel and Torrie (1980). The combined analysis of var-
iance for grain and biological yields for the four seasons, and for yield component
traits for the last two seasons were also computed.

Results and Discussion

Combined analysis of variance over the four seasons showed that season had a sig-
nificant effects on grain and biological yields as well as on harvest index (Table 1).
The significant seeding rate X season interactions on grain yield and harvest index
(Table 1) indicated that the effect of seeding rate on these two traits was not the same
in different seasons. Thercfore, it was deemed appropriate to discuss the results of
the four seasons (1987/88 - 1990/91) separately. -

The analyzed data indicated that seeding rate had significant effects on grain yield
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TaBLE 1. Combined analysis of variance for grain and biological yields and harvest index as affected by
five seeding rates over the four growing seasons of 1987/88, 1988/89, 1989/90) and 1990/91.

Mean - squares
S.0.V. df
Grainyield Biological yicld T Harvest index
(t/ha) (t/ha) o
Seasons 3 19.64™" 66.56"" 0.658""
Reps 3 0.71 0.28 0.015
Reps X seasons 9 0.68 2.18 0.016
Treatments 4 0.64 0.66 0.0217
Treat. X seasons 12 0.70™" 1.22 0.021*"
Error 48 0.27 1.51 0.008
Total 79 - - -

*.*" Significant at 0.05 and 0.01 levels of probability, respectively.

and harvest index in all seasons except 1989/90 (Table 2). However, seeding rate
showed significant effects on biological yield in 1989/90 season only. It is evident
from the results that increasing seeding rate beyond 150 kg/ha significantly decreased
grain yield and harvest index in seasons 1987/88 and 1988/89; but not in seasons 1989/
90 and 1990/91 (Table 2). Although, increasing seeding rate increased the biological
yield in seasons 1989/90, this increase was not significant beyond the 180 kg/ha seed-
ing rate level (Table 2).

These results are in agreement with those found by Briggs (1974), Briggs and
Aytenfisu {1979), but not in agreement with those obtained by Chia {1983) and
Ghandorah (1986) who reported insignificant increase in grain yield as a result of in-
creasing seeding rate.

TABLE 2. Means of grain and biological yields and harvest index as affected by five seeding rates for the
four growing seasons 1987/88, 1988/89, 1989/90 and 1990/91.

Seeding Grainyield (t/ha) Biological yield (t/ha) Harvestindex
(l:;;isa) 1987/ 1988/ 1989/ 1990/ | 1987/ 1988/ 1989/ 1990/ 1987/ | 1988/ 1989/ 1990/

88 89 50 91 88 89 90 91 88 89 90 91

120 228a  262b 379 2.62b) 553 767 7.28b 4.8 04lab | 0.34b 052  0.54b
150 2.53a  325a 413 359a) 607 812 7.92b 455 043a | 04la 054 0.80a
180 144b  297ab 426  3.65a| 4.9 8.85  826a 472 030ab | 0.34b 054 0.77a
210 1.58b  255b 439 382af 534 8.01 8.55a 472 03lab | 032b 051 08la
240 1.43b  240b 440  383a) 507 813 9.49a 504 0.28b | 0.30b 044  0.77a

LSD 0.71 0.55 NS 0.59 NS NS .35 NS  0.14 0.07 NS 0.08

CV. 1422 1096 1722 1110 | 2534 13.06  10.54 1134 025 0.14 1923 1.33

Means within a column followed by the same letter are not significantly different according to L.SD at 0.05 level of prob-
ability.
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The combined analysis of variance over the last two seasons showed that season
had significant effects on all of the yield components studied (Table 3). Except for
number of spikes/m?” and 1000-kernel weight, effects of seeding rate on the evaluated
traits were also significant (Table 3). Seeding rate X season interactions were sig-
nificant for plant height, number of days to heading and harvest index, indicating
that the performance of these traits in contrast to that of number of spikes/m?,
number of kernels/spike and 1000-kernel weight at a certain seed rate was not the
same in each of the two seasons.

TaBLE 3. Combined analysis of variance for yield component traits as affected by five seeding rates over
the two growing seasons of 1989-90 and 1990-91.

Meansquares
S.0.V. df
No. of No. of 1000 - kernetl Plant Daysto | Harvest

spikes/m? | kernels/spike weight height heading index
Seasons 1 |28090.00%" [ 252.50"* 3591.78%" 1 105.63"" | 1123.60** | 0.515*
Reps 3 | 2830.47 8.84 10.68 47.03 030 [0.029
Rep X seasons 3| 71127 2.47 33.04 2.36 1.27 0.020
Treatments 4] 8884.10 38.84" 7.49 62.06"" 0.69* |0.0277*
Treat X seasons 4 | 3077.88 9.40 3.24 28.94** 1.04"* | 0.029**
Error 24 | 3951.89 10.24 6.13 6.82 0.18 0.006
Total 39 - k - - - - -

o Significant at 0.05 and 0.01 levels of probability, respectively.

This differential performance could be attributed to the unsteady weather condi-
tions in different seasons and/or to the heterogenity of the soil in Al-Qassim region
(Ghandorah 1986 and Rabie et al. 1991).

It is evident from Table 4 that increasing seeding rate beyond 120 kg/ha tended to
increase number of spikes/m?, but decreased number of kernels/spike in each of the
last two seasons. However, highest number of spikes/m?” was observed when 180 kg/
ha seeding rate was used in 1989/90 season, whereas lowest number of kernels/spike
was observed at the rate of 240 kg/ha in the 1990/91 season (Table 4). It seems that
competition between number of plants/m” supressed the size of reproductive tillers
(number of kernels/spike) in the dense population, while atlower densities relatively
larger spikes developed (Quinseberry and Reitz 1967). Although, kernel weight
showed no specific trend, heaviest kernel weight was observed when 240 kg/ha was
used in each of the two seasons (Table 4). These results are generally in agreement
with those reported by Darwinkel (1978) and Puckridge and Donald (1967). How-
ever, Darwinkel et al. (1977) concluded that high seeding rates are advantageous
only when conditions such as delayed planting and low temperatures inhibit tillering.

Plant height was significantly affected by seeding rate and it generally increased
with the increase on seeding rate in both seasons (Table 4). The tallest plants were
measured when 240 kg seeds/ha were used in both seasons. This is expected, as plants
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TABLE 4. Means of no. of spikes/m?, no. of kernels/spike, 1000 kerne! weight, plant height and days to
heading as affected by five seeding rates for the two growing seasons 1989/90 and 1990/91.

S:Zi‘:g No. of spikes/m’ No. of kernels/spike | 1000kernel weight Plant height days to heading
(kg/ha) 1989/90  1990/91 | 1989/90  1990/91 | 1989/90  1990/91 | 1989/90  1990/91 | 1989/90 1990/91
120 361b 345 41.55 36.80a 50.13b 3324 56.3ab  54.5¢ 84 2b
150 383ab 347 38.58 3547 50.61b 3116 57.5ab  583b 84 T3a
180 469a 355 37.60 34452 52.53b  33.93 55.0b 59.3b 84 72b
210 446 ab 415 37.90 34.05a S1.76b 3197 56.3ab  64.3a &4 T3a
240 444 ab n 37.25 28.95b | 55992 3397 60.0a 65.0a 84 T3a
LSD. 100.56 NS NS 2.87 2.66 NS 4.26 3.74 NS 0.57
CV. 15.56 16.36 10.57 5.50 3.36 9.32 4.87 4.04 0.56 0.52

Means within a column followed by the same letter are not significantly different, according to LSD at 0.05 level of
probability.

under high population densities (high seeding rates) tended to be more competitive
for light intensity and therefore, they would grow taller; whereas plants under low
population densities (low seeding rates) tended to be shorter (Quinseberry and Reitz
1967).

The present results indicated that the cultivated crop “Yecora Rojo” headed at 84
days in 1989/90, while it headed eleven days earlier in 1990/91 (Table 4). This could
be attributed to the late sowing or high temperature during the 1990/91 season. Simi-
lar results were reported by Kassem and Eissa (1989), who observed that “Yecora
Rojo™ headed at 73 and 79 days in 1986 and 1987 seasons, respectively, in Al-Qassim
region.

In conclusion, our data indicated that the response of “Yecora Rojo” cultivar to
various seeding rates in Al-Qassim region varied with environment. The best seeding
rate to be recommended for Al-Qassim region lies between 150 and 180 kg/ha. In-
creasing seeding rates beyond this rate would have no economic benefit.

References

Agarwal, S.K., Mollani, M.K. and Tripathi, H.P. (1972) Effect of sowing dates, level of nitrogen and rate
of seeding on dwarf wheat (Triticum aestivum L.). Indian J. Agric. Sci., 42: 47-52.

Briggs, K.G. (1974) Effect of seeding ratc and row spacing on agronomic characteristics of Glenlea, Pitic
62, and Neepawa wheats, Can. J. Planr Sci., 55: 363-367.

Briggs, K.G. and Aytenfisu, A. (1979) The effects of seeding rate, sceding date and location on grain yield.
maturity protein percentage and protein yield of some spring wheats in Central Alberta, Can. J.
Plant Sci., 59: 1139-1145.

Chia, A.J. (1983) Secding rate, and sowing datc effects on spring seeded small grain cultivars. Agron. J..
75: 795-799.

Darwinkel, A., Ten Hag, D.A. and Kuizenga, J. (1977) Effect of sowing date and seed rate on crop de-
velopment and grain production of winter wheat, Neth. J. Agric. Sci., 25: 83-94.

Darwinkel, A. (1978) Patterns of tillering and grain production of winter wheat at wide range of plant de-
nsities, Neth. J. Agric. Sci., 26: 383-398.



Fffect of Seeding Rates on Yield.. 83

Fredrick, J.R. and Marshall, H.G. (1985) Grain vield and yield components of soft red winter wheat as af-
tected by management practices, Agron. J., 77: 495-499.

Freeze, D.M. and Bacon, R.K. (1990) Row-spacing and sceding rate cffects on wheat yields in the mid-
south, J. Prod. Agric., 3: 345-343.

Ghandorah, M.O. (1986) Responsce of wheat cultivars to seeding rates and mixed fertilizer levels using
municipal waste water, J. Coll. Agric., King Saud Univ., 8(2): 337-366.

Johnson, J.W., Hargrove, W.L. and Moss, R.B. (1988) Optimizing row spacing and sceding rate for soft
red winter wheat, Agron. J., 80: 164-166.

Joseph, K.D.S.M., Alley, M.M., Brann, D.E. and Gravelle, W.D. (1985) Row spacing and secding rate ef-
fects on yield and yield components of soft red winter wheat, Agron. J., 77: 211-214.

Kassem, A.A. and Eissa, A.M. (1989) Evaluation of local and introduced spring wheat cultivars under the
environmental conditions of Al-Qassim region, Saudi Arabia, AssiutJ. Agric. Sci., 20(2): 253-266.

Pendleton, J.W. and Dugan, G.H. (1960) The effect of seeding rate and nitrogen application on winter
wheat caltivars with different characters, Agron. J., 52: 310-312.

Puckridge, D.W. and Donald, C.M. (1967) Competition among wheat plants sawn at a wide range of den-
ities, Aust. J. Agric. Res., 18: 193-211.

Quinseherry, K.S. and Reitz, L.P. (1967) Wheat and Wheat Improvement, American Society of Agronomy,
[n¢. Publisher. Madison, Wisconsin, p. 443.

Rabie, R.K., Ghoneim, M.F., Sabrah, R.E. and Abdel-Magid, H.M. (1991) Wheat production in a sandy soil
as influenced by nitrogen management, Egypr. J. Appl. Sci., 6(2): 208-219.

Saudi Arabia Annual Report (1988) Minisiry of Finance and National Economy, Statistical Year Book
(‘Twenty Fourth Issue), Rivadh.

Steel, R.G.D. and Torrie, T.H. (1980) Principles and Procedures of Statistics, 2nd ed. McGraw-Hill, New
York, 633 p.



84 A.M. Eissa & T.M. Shehab El-Din

250 ‘Jsji» c—d\ Lo L} ub)g‘) JM‘ J—F é)uﬂ‘ QYJ—A.A J._:T

Q)ﬁ.i\ 1._.‘)’3\ ZS\LA\ 3 v—_—-ﬂ-ﬂ\

(VR8N /8 ] VAAN/AY (pr) fye dngf 3l ol L (g ] .yl
£ 2ne U imalr (gt Cladly Aol ISG ey ) Syl et B
o St (e Ve a1 S0 ciall Dot Ll ¢ i
J Al ol Crodiiad L aKa/ )8 oS YE 5 Y0 VAL (Yes (A Y
O e doladt Jay gyt d gl ¢ gl paat 2y s el
sy 6UySay J graoedl il ) Gontiniod ol My S o) 3 Bulal) il
ol 3 Utpalt S lealt ool pdzol Ay sl LSy S

NEEPY PSP\ e LU

Goladl Jog ot dpas o yinn D6 5l oVl OF bl gl
GV o) dpmandl die Je Ugonn 06 U S0 Ll o 3 ¢ pln DK
o JS i JL S oS Ve OF SatEl Joma By sl | dads asly .
Wl o 30 pYAAR/AA 5 pVAAASAY gommpe (§ sladt o gl O st
e 305 OTLS L p V&R /A g 3 il Ol § Lgtme i 8345 d) !
ol eda oS5 pVAR /AN ge 3 amlyndl J el B35 ) ool (gl
S/ S VA oAl g D gaa e SIS

Vol et 30 i o Gomn G20 g5l Jaad O Laf sl o
Gy W) g 226 gae Jo LISy ¢ pVAR /AR pe (3 gl 0505
L) U sl oV ame 3l ol 5 5T 2l ey ARLRVARIPOSION V]
S50 geedll o izl OF o J bl odn L Cpaml) IS 3 A1 i)
COUE VI FIOVIK S PR K I VORI ) DR W E- O AU
VA =100 Gy b aly ol @hie § il oW duall 0L oleaudl
S ] oS





