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Abstract. A field experiment wa<; conducted at King FaisallJniYersity Re:'.earch and Experimental Sta­
tion. Al-Ha~~a during Il)H4 to 19H7 to study the effect of row spacing and :'.eeding raIl' on the ~eed yield of 
Hassawi alfalfa. The experiment included ~ix row spacings: 15, 3(), 45, 6(), 75 and 90 cm and four seeding 
rates: 5, J(I. 20 and 40 kg/ha. An early sced crop was taken in the slimmer of the first year (1985) and two 
seed crops (early and late) were obtained in the summer of each of the second and third years (J 9H6 and 
19H7). in the early ~eed crop of 14H5.the flO and 75 cm row spcaingsgavc the highest~eed yeilds. producing 
426 and -:1.36 kg/ha. respectively. For the overall means of early and late seed crop~ of 19R6 and [987, the 
30 and 75 cm ro\V spacings produced the highest seed )-'ields, giving 3M.S and 372.5 kg/ha. respectively. 
Lowe~t :'.eed yield~ were obtained from either 15 or 45 cm row spacings, being 295.5 and 31R.5 kg/ha, 
re~pectively. With respn·t to <;eeding rate, the ~eed yic[d<; ohtained in [9R5. IYHfl and IlJR7 we're not ~ig­
nificantly (Ifft'cted by the seeding rate trl'atments, although the 20 kg/ha ~eding fate gave the highest <;eed 
yield. In the [ate seed crop of 19H6, the 75 row spacing gave ~ignificanlly the highest 100()-<;eed weight. In 
the early seed crop of 1 y~:", the 9{) em <;pacing produced a significantly higher numher of seeds per pod than 
the IS em ~pacing and in the late seed crop, the YO cm gaVl" a significantly higher number of ~eed~ per pod 
thal~ the 30 Clll spacing. In the [ate <;eed crop of lY~7. the ~eeding rate of·+O kg/ha gave significantly higher 
J(I()()-seed weight than the other seeding rate treatment<;. The seeding rate of 5 kg/ha produced a signific­
ant[y higher number (If seeds per pml than -1-0 kg/ha seeding ratl'. 

Introduction 

AI-Hassa is one of the most important agricultural arcas in Saudi Arabia. In this reg­
ion, the local Hassawi alfalfa cultivar (Medicago saliva L.) is the major forage crop. 
Seed average yield/ha/year (around 100-150 kg) of Hassawi alfalfa is very low, com­
pared to about 550 kg/ha/year in California, U.S.A. [11. Zaleski [21 stated that the 
main factors beside climate, which affect seed yield in alfalfa were the variety, row 
width and pre-cutting in the spring. Fesko and Vazhov [3], in USSR, showed that 
alfalfa grown in wider rows gave higher seed yield than in narrow rows; the seed 
yields were 534 and 456 kg/ha, respectively. Also, Zhuravlev and Savelev [41 in 
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USSR, found that seed yield of alfalfa grown in rows 60 cm apart, and at 5 or 10 kg!ha 
seeding rate, was significantly higher than those obtained from 15 and 30 em rows. 
Similarly, Timergaziv [5], in Romania, obtained the highest seed yield of 520 kg!ha! 
year when alfalfa was grown in rows 60 cm apart, using a seeding rate of 7,5 kg!ha. 
The use of wide rows allowed light penetration in the canopy and increased seed set­
ting. no previous work has been published in Saudi Arabia concerning the factors 
affecting alfalfa seed production. 

The increase in the production of alfalfa seed yield should help to provide suffi· 
cient supply of local alfalfa seed, which would decrease the dependence on imported 
seed. 

The main objective of this study was to determine the optimum row spacing and 
seeding rate to increase Hassawi alfalfa seed yield under AI-Hassa climatic condi­
tions. 

Materials and Methods 

A field experiment was carried out at King Faisal University Research Station 
in Al-Hassa, Saudi Arahia. An experimental field was selected close (a few meters) 
to the University Apiary (which included fifty bee hives), thus ensuring sufficient 
insect pollination and good seed setting. 

The soil was a sandy loam with relatively low available phosphorus, organic mat­
ter and nitrogen. The electrical conductivity (EC) and pH of the soil were 2.4 
mmhos/cm and 7.8, respectively. The means of maximum and minimum daily tem­
perature and relative humidity, over a period of sixteen years, are given in Table I. 

The experiment was laid out in a split-plot design with six row spacings in the 
main plots and four seeding rates in the suh-pIots with four replications. Row spacing 
treatments were 15.30,45,60,75 and 90 cm. The seeding rate treatments were 5,10, 
20 and 40 kg!ha. The experiment was sown on 20 November 1984. 

Throughout the period of the experiment. flood irrigation was applied using a 3· 
5 day interval during the period from May to October and 6·9 day interval during the 
period from November to March. The electrical conductivity of the water was I. 9~ 

mmhos/cm. 

The last cut before the seed crop was at the end of March in each of 1985,1986 

and 19R7. In the summer of 1985, one early seed crop was obtained. Two successive 
seed crops (early and late) were taken during July and September in 1986 and 19~7. 
Two related traits; namely IOOO·seed weight and number of seeds per pod, were also 

determined. 
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Table 1. Mean monthly temperature and relative humidity during the period 1969-1985. 

Month Temperature (0C) Relative humidity (%) 

Maximum Minimum Maximum Minimum 

Janu<lfY 20.5 X.2 R1.2 39.7 

Fehruary 22.S R.l 79.9 33.9 

March 27,5 13.3 74. ! 2R.9 

April 33.2 17.5 67.7 25.9 

May 38,1 21.5 54.0 21.2 

June 42,0 24.2 42.1 lX.l 

July 42.X 2.'1.5 46.2 1l}.6 

AU,I!mt 42.5 24.6 51.7 20.1 

Scplernher 4().4 21. 9 67.5 21.4 

OclOber 34.R 17.7 72.9 23.4 

November 2R.1 13.4 46.4 33.3 

December 22,5 R.R NO.6 40,6 

A combined statistical analysis over all seed crops obtained in 1985, 1986 and 
1987 and overall ycars was performed [6]. The data included seed yield, IIiOO-seed 
weight and number of seeds per pod. 

Results and Discussion 

Effect of row spacing on seed yield and related traits 

In 1985 and 1986, the 75 cm row spacing gave the highest significant seed yield 
in the early crop (Table 2). Their respcctive mean values arc 436 and 19R kg/1M. In 
1987, the highest secd yields were obtained from 60 em (332 kg/hal and 75 em (237 
kg/ha) row spacings, hut the differences in seed yield among them and the other row 
spacings (15, 30, 45 and 90 em) were not sigmficant Crable 2). The mean valucs for 
thc three years indicated that the highest significant seed yields wcre produced by thc 
611 and 75 cm spacings, being 269.5 and 2R2.75 kg/ha, respectively. 

Moreover, for the late seed crop, in 1987, the 60 and 75 cm row spacings pro­
duced the highest seed yields (Tahle 2). However, the mean values of 1986 and 1987 
for the late seed crop showed that the 30 cm and 75 cm row spacings gave the highest 
significant secd yields. Their respective mean values were 167.13 and 154.75 kg/ha. 

With respect to the total (early and late) seed yield obtained in 19R6 and 19R7 
and for the overall means of 1986 and 1987, Table 3 reveals that there were significant 



Table 2. Mean effect of row spacin~s (S) and seeding rates (R) on Hass~wi alfalfa seed yield obtained during the earl~' (July) and late (September) sum-
mers of 1985. 1986 and 1987 and their name~. 

Treatments Earl)' seed :yield (kg/ha) Late seed yield (kg/ha) 
1985 1986 1987 Mean 1986 1987 Mean 

Row spacings (S) 
(em) 

15 37Rah(l) y()c 213 24LUc 194h R4c 1:\8.75b 

30 375b l.Slab 21..1- 251.67bc 235a Y'Jbc jfl7.11a 

4:' 354h 146b 223 240.67c 170\1c 98bc [33.75b 

00 426ah 151h 232 269.50ao 146e lJOa L3X.()b 

75 436a IY8d 237 2.';2.75,\ 1?;5h 125ab 154.75al1 

90 359ab 155h 223 256.67bc 175hc K7c U!.OOb 

Seeding rate (R) 
(kg/ha) 

5 W8 170h 22S 265.33 160a 89b 128.33b 

!O 389 17Sah 214 260.:n Itl3a 95h 136.5()h 

2() 3')3 210a 233 278.66 134b lliab lhO.33a 

40 372 IBOab 226 272.66 157a 121<1 150.-1-2ab 

Interaction NS(2) NS NS NS NS NS NS 
(SXD) 

(1) Means at each factor within each column followed by the ~anll' letter arc nol ~ignificantly different according to LSD test at 0.05 le\'el. 

en NS = Not significant 
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Table 3. Mean effect of row spacings (S) and seeding rates (R) on Hassawi alfalfa total seed yields obtained 
in ]985, 1986 and 1987. 

Treatments 

Row spacings (S) 
(em) 

15 

)0 

"5 

flO 

75 

(}O 

Seeding rate~ (R) 
(kg/ha) 

10 

20 

40 

lnt~ractioll 

(SXR) 

Early (only) 
(1985) 

37R,lh(1) 

:'15h 

354b 

426ah 

436a 

35(}ab 

3YH 

31-\9 

JY3 

372 

NS' 

Seed yield (kg/ha) 

Early & late 
(1986) 

2R4c 

416a 

316bc 

2()7c 

3R3a 

:BOh 

))() 

)"1 

344 

J37 

NS 

Eady & late 
(1987) 

307b 

~Uab 

321ah 

362a 

362a 

310h 

317 

JOY 

344 

347 

NS 

Overall means 
of early and 

late] 986 and 1987 

29S.5b 

364.5a 

3IR.Sb 

329.5b 

372.5a 

32(Ulb 

323.5 

32S.06 

344.0 

342.0 

-11) 

(I) Mean~ of each factor followed by the same letter within each column are not ~ignificantly different 
according to LSD test at {l.()5 level. 

(2) N.S. "" Not :.ignificant 
(3) ,. = Significant at 0.05 level 

differences due to row spacing treatments. It was shown in this Table that, in 1986 the 
30 and 75 em row spacings produced the highest significant seed yields (being 416 and 
3R3 kg/ha, respectively) and also for the overall mcans of early and late 1986 and 
1987. However, in 1987, the 60 and 75 em row spacings gave the highest seed yields 
(their respective values were 362 and 362 kg/hal. The above results agreed with those 
ohtained by Zaleski [2] and Timergaziv [51. 

Timcrgaziv [5] indicatcd that the use of wider rows allowed light penetration in 
the plant canopy of alfalfa and increased soil and air temperature, all of which 
favored nectar secretion and encouraged insect pollination that might incrcase seed 
production. 
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The mean values of agronomic traits, related to seed production, are presented 
in Table 4 which reveals that row spacing did not show any significant effect on the 
1000-seed weight in the early seed crop of 1985, 1986 and 1987. However, significant 
variations in the 1 UOO-seed weight were found among row spacings in the late seed 
crop. In 1986, the highest significant 1000-seed weight (3.57 gm) was that of 75 em 
row spacing. Howevcr, much value was produced by the 30 cm row spacing in 1987. 

Table 4 further indicates that row spacing had a significant effect on the numher 
of seeds/pod in the early seed crop of 1985. The 90 cm spacing produced a signific­
antly higher number of seeds per pod (4.23) than the 15 cm (3.71) spacing but, there 
were no significant differences among 15, 30, 45, 60 and 75 em row spacings. How­
ever, in the early crop of 1986 and 1987 and their overall mean, the number of seeds 
per pod was not significantly affected by the varying row spacing. 

For the late seed crop of 1986, row spacings had no significant effect on the 
number of seeds per pod, but in 1987, significant variations were recorded due to 
spacing treatments (Table 4). The 90 cm gave a significantly higher number of seeds 
per pod (3.96) than the 30 cm spacing (3.45). However, there were no significant dif­
ferences among the other spacing treatments (Table 4). 

Concerning the overall mean of the late (September) crop of 19R6 and 19R7. row 
spacings did not show any significant effect on the number of seeds per pod. 

Effect of seeding rate on seed yield and related traits 

Table 2 shows that increasing seeding rates from 5 to 40 kg/ha did not result in 
any significant difference for the seed yield in the early crops of 19H5 and 19R7. How­
ever. in 19R6, seeding rate of 20 kg/ha produced the highest seed yield (210 kg/hal, 
while the 5 kg/ha seeding rate resulted in the lowest significant seed yield (170 kg/hal· 
Also. for the overall means of 19R5, 1986 and 19R7. there were no significant differ­
ences among the seeding rate treatments. But, the 20 kg/ha gave the highest nonsig­
nificant seed yield, being 27R.7 kg/ha. 

For the late seed yield of 1987 and the overall mean of 19R6 and 1987. the seed­
ing rates of 20 and 40 kg/ha gave the highest significant seed yields (Table 2), com­
pared to the other rates. 

Furthermore, Table 3 shows that seed yield per year was not significantly influ­
enced by seeding rates. although the sceding rate of 20 kg/ha gave marginally the 
highest non-significant seed yield in 1986 (344 kg/hal and also for the overall mean 
of the early and late crops of 1986 and 1987 (344 kg/hal· 



Table 4. Mean effect of row spacings (S) and seeding rates (R) on some agronomic traits related to seed production obtained during the early and late 
seed crops of 1985. 1986 and 1987 and the overall mean. 

Treatments 1000-seed weight (gm) Number of seeds/pod 

Early (.July) Late (September) Early (.July) Late (September) 
'" 

1985 1986 1987 Overall 1986 1987 Overall 1985 1986 1987 Overall 1986 1987 Overall 
ii' 
"-

mean mean mean mean S, 

'" Rov·/ spacing (S) ~ 
'" (em) "0 

" n 
15 3.184\1\ 4.10 4.S3 4.04 3.37ed 3.63e 3.50e 3.710 4.2 2.52 348 3.6 3.78ab 3.71 5· 

"" 
30 3.22R 4. ]() 4.88 4.07 3.47h 3.96a 3.71a 3.75ah 4.3 2.73 3.46 3.2 3.4.5h 347 " 0 

0-

45 3.02S ..f.l0 UK 3W 3.37d 3.76hc 3.S6hc 3.9Rab 4,4 2.·+1 3.59 3.2 3.66ab 3.6R en 
" n 

60 3.256 4.10 4.78 4.04 3.32d 3.7% 3.55hc 3.83ah 4.9 2.23 3.65 3.1 3.59ab 3.48 
n 
0-
5· 

75 3.227 4.08 4.75 402 3.57a 3.76c 3.68ah 4.1lJab 4.2 2.19 3.52 3.2 3.60ao 3.51 '" 
'" 90 3.20X 4.20 .. U'lh .. 1-.(12 3.41hc 3.71 bc 3.56hc 4.23a 4.S 2.1--1- 3.72 3.3 3.96a 3.62 " " 5 

Seeding rates (R) ~ 
(kg/o" ) 8" 

5 3.21'Ja 4.1 4.S6 4.()(] 3.4 3.h3c 3.51h 3.9.5 4.h 2.19 3.SS 3.3 3.89a 3.7 ~ 

'" 0 

10 3.177a 4.2 Un 4.0K 3.4 3.770 3.61ah 3.91 4.S 2.47 3.72 3.2 3.65ab 3.6 n 
0-

20 3.240a 4.1 4.85 4.0h 3.4 3.77h 3.59ab 4.07 4.2 2.38 3.55 3.2 3 .. 66ab 3.5 -< ". 
411 3.23Sa 4.1 4.73 -1-.(J4 3.-4 3.9(la 3.64a 3.Rha 4.4 2.20 3.4S 3.4 3.4% 3.5 

c: 

Intcraction 

(SXI<) NScl ~S NS NS :'\is NS NS NS NS NS NS NS NS ~s 

(1) Means tollowed hy the same ktter within each column for each factor arc not Significantly different according to LSD test at O.OS level. 

(2) NS = Nol ~ignificant 
N 
,~ 

'" 
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The data in Table 4 revealed that, both the lOOO-seed weight and number of 
seeds per pod were not significantly affected by the varying seeding rates for the early 
crop of 1985, 1986 and 1987 and the overall mean of the three years. The same effect 
was found for the late crop of 1986, for both traits. The reverse of that was found in 
the late crop of 1987, the seeding rate of 40 kg/ha gave significantly higher IOOO-seed 
weight (3.64 gm) than the other seeding rate treatments. Moreover, in the late crop 
of 1987, the seeding rate of 5 kg/ha, produced a significantly higher number of seeds 
per pod (3.89) than the 40 kg/ha seeding rate treatment (3.49). The overall mean of 
early and late seed crops were not significantly affected by seeding rates for both 
traits (Table 4). 

Effect of row spacing X seeding rate interaction 

The interaction (SXR) for the early and late seed yields in 1985. 1986 and 1987 
and their means was not significant (Table 2). This indicates that the response of seed 
yield to row spacing was the same, irrespective of the different seeding rate treat­
ments. Similarly, for the total seed yield obtained in 1985, 1986 and 1987, the interac­
tion betwC'cn row spacing and seeding rate was not significant (Table 3), except, for 
the overall mean of the total seed yields of 1 Y86 and 19157, where it was significant. 
The highest (407 kg/hal and the lowest (259.5 kg/hal overall mean values were those 
of 30 em row spacing and 20 kg/ha seeding rate on one hand and 15 em row spacing 
and 5 kg/ha seeding rate, respectively (Table 4). This suggests that the response of 
total seed yield per year to row spacing changes with the variation of the level of seed­
ing ratc. 

In addition, the results in Table 4 demonstrated that the (S X R) interaction was 
not significant either for the 1 nOO-seed weight or the number of seeds per pod in all 
cases. This indicates that the response of the two traits to row spacing did not change 
with the variation of the levels of seeding rate. 

Among the various row spacings and seed rates compared, the 7) em spacing 
and the 5 kg/ha seeding rate were found to be the best treatments for seed yield. This 
suggests that spacing Ic~s than 75 em is not recommended for seed production and the 
seeding rates of more than 5 kg/ha are considered wasteful. 
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