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.\bstrac(, Seeds of ten onion (Allium cepa L) cultivars; Dorado, Contessa, Texas liranu :i02. UND Grand 
I'RR. (,in\ 6, Creol Red, Texas Early Grano, Yellow Spanish, Long Day Ring Master and FI-Ilassawy: wcre 
gl\l\\'n In two greenhouse experiments at the Agricultural Research and Experiment Station, King Saud 
\ 'ni\ers!l\ The experiments were conducted during 1997 and 1998 growing seasons to study the etrect of 
Irrigation water salinity on onion cultivars. In the second season (1998) Giza 6 cultivar was excluded due to its 
plll1r seed germination. The seeds were sown in 30 em plastic pots tilled with 10 kg nfsandy soil. The 
,,:edlings received equal amounts ofa balanced liquid fertilizer and tive levc!s of Irngation \Yater salinity with 
electrical conductivity (Ec) of 0.5 (Control). 2, 4, 6 and 8 mS cm,l The control was irrigated uSll1g tap water 
and the higher levels of salinity were achieved by adding mixtures ofNaCI and CaCi, with a lixed level of 
sociium absorption ratio (SAR) (5), The vegetative growth components and bulb yield werc measured in the 
((sted cultivars. Salinity retarded onion vegetative growth, At the highest salinity level bulh liesh weight was 
reduced by 72.8 and 81.5% while bulb diameter was reduced by 50.2 and 51% in the lirst and second 
experiments, respectively. Contessa, Texas Grano 502 and Dorado gave the highest bulh vield in both seasons. 
Nu Interactive effect between cultivars and salinity levels was observed on the grmvh and vleld 

lntroduction 

Salinit) is a major yield-limiting factor of crop growth and yield in one third of irrigated 
lands of the arid and semi-arid region [I], Salinity is often defined as the presence of an 
access concentration of soluble salt in the root media, sufficient to supress plant growth 
[21, Salts stress influences both osmotic pressure of the soil solution due to high 
concentration of salts and anion balance in the plant cell [3]. 

Lrdei and Kuiper [4] found that under saline condition, growth of salt sensitive and 
salt tolerant species were reduced according to the ecological features of these species, 
Shanon [:5] has found also a wide range of variability in salt tolerance between a number 
of agronomic species, Growth and yield of onion were affected when the 
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ilTigation water salinity exceeded 3 mS cm'l [6]. Other investigators reported that high 
levels or salinity reduced onion vegetative growth, yield and quality [7-81 

Plant growth reduction under high levels of salinity might he attrihuted to the 
I'eduction of the leaf area, which was considerd as the major cause of growth reduction 
a'; ,I result of rcducing the photosynthetic area [9]. PoIjaKotl[101 indicated that the 
osmotic effect resulting from soil salinity may cause disturbance in \vater balance orthe 
plililL including a reduction of turgor and an inhibition of growth as \Iell as a stomatal 
c lo5me ,lIld a reduction of photosynthesis, 

i'vl,lIlY t~lctors may affect plant tolerance to high salinity including species and 
growth stage along with other environmental factors, Onion is one of the most popular 
vegetables in many countries and has a very important nutritional \alue, Onion 
production in Saudi Arabia was increased from 42618 tons in 1994 to ::'391::'::' tons in 
19c)'; 111], Such a dramatic increase happened after decreasing the \\heat prodcution 
area, \\hich in some areas was replaced by vegetable crops such as potato and onion, 

:'vlost of the agricultural crops, grown in Saudi Arabia. require succcssi\t: irrigatiol1 
for high yield and quality, Increase of area under irrigation led to the deplctiull of high 
quality \Iater and increased irrigation water salinity. Riyadh region is the l11ilin union 
production area, The quality of the irrigation water in this region vIas classified as a 
llleduil11 saline to a very saline water [12]. The dominant cations in the irrigation water 
arc sodium (Na) and calcium (Ca) [13]. Recently, Falatah 1'1 (I! [141 analY7ed more th~l11 
-lO() samples of irrigation ground water. collected from eight intensive agricultural 
regions in Saudi Arabia, They found that Na is the dominant cation (6()0"o), f'ollowed by 
Ca (38';0): while, chloride (CI) is the dominant anion (60%). followed bv sulpher (S) 

(30 0 0), 

fhe purpose of this study was to examine the effects of irrigation \\<Her salinit\ 011 

the growth and yield often onion cuitivars, 

Materials and Methods 

TIl () greenhouse experiments were conducted at the Agricultural Research and 
t::xperilllent Station, College of Agriculture, King Saud University during the 1996/1997 
and 1997.1 1998 growing seasons, Seeds often onion cultivars in the first season and nine 
cultivars in the second season were directely sown in a 30 cm plastic pots. tilled \vith 10 
kg sandy soil. The soil texture was 90% sand. 4% silt and 6% clay and it \\as sterlized 
with "R izolex" fungicide, The pots were placed into a greenhouse ami the mean air 
tl'l11perature was approximatly 23° during the day and 18° C during the night. 
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Ten onion cultivars, that were available in the local market, were used: Dorado, 
Contessa, Texas Grano 502, UND Grand, Giza 6, Creole Red., Texas Early Grano, 
Yellow Spanich, Long Master and local cultivar EI-Hassawy were used in the first 
season. Giza 6 cultivar was excluded in the second season due to its poor germination. 
The plants were received five levels of irrigation water salinity as follow: Control (tap 
water, Ec= 0.5 mS cm'l), 2, 4, 6, and 8 mS cm'l. The higher levels of salinity were 
achieved by adding the required amounts of NaCI and CaCI] to the tap water with a 
constant level of sodium absorption ratio (SAR). The experiments were laid out in a split 
plot system in a randomized complete blocks design with five replicates. Salinity levels 
represented the main plots and the cultivars were assigned to the sub-plots. 

The seeds were sown on the 3'd of November in both seasons. The seedlings 
were thinned out to 10 seedlings per pot. The seedlings were irrigated using tap water 
and salinity treatments were imposed at the first true leaf stage. The plants received 
equal amounts of a balanced foliar fertilizer twice a week and irrigated, whenever it was 
necessary. with equal amounts of tap or saline water, adjusted at the beginning of the 
experiment. 

The vegetative growth was assised three times during the experiment. Two 
plants were harvested from each pot on the 15 th of February, I sl of April and 141h of 
March. The vegetative growth was determined as: plant height leaf number, shoot fresh 
and dry weight. The final harvest was carried out at the suitable harvesting time of each 
cultivar. The yield components including bulb fresh and dry weight percentage, and bulb 
diameter were determined. 

Data were analyzed using SAS program and treatment means were compared 
llsing LSD (5% level) according to Gomez and Gomez (15, pp 188-207). 

Results and Discussion 

Different growth stages of onion, starting from seed emergence upto flowering, 
can be affeceted when the irrigation water salinity exceeded 3 mS em'l [6]. Results 
presented in Table (1 a,b,c) showed the effects of salinity treatments on the onion 
vegetative growth at different stages. The measurements of plant height. leaf number and 
shoot fresh and dry weight were taken after 104, 149 and 192 days ti'ol11 planting. 
Generally, the onion vegetative growth features decreased significantly with increasing 
irrigation water salinity. This was very clear in both the first and second samples that 
were taken after 104 and 149 days from planting. In the third sample (after 192 days), a 
part of the plant shoot statted getting dry, which affected the results of some vegetative 
growth features. 
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Table I. Effects of salinity on vegetative growth of onion, in the !irst and second Sl'asons of 1997 and 
1998 

Salinitv level 
(illS ~nf') 

a. First si1ll1pie: 
(\lntrni 

C ontrui 
2 
.+ 
(, 

X 
Uccoml sample: 

·1 
(, 

('untrui 
2 

(J 

X 

c Thild sample: 

('u!ltrol 

2 

Plant height 
(cm) 

42.39 a 
37AO b 
31 15 c 
28.22 d 

28.99 cd 

45.12 a 
40.13 b 
37.70 be 

35.40 cd 
3309 d 

62.97 a 
59.67 a 

52.06 b 
35AO e 
36.53 c 

57.19 a 
4S.77abe 

45.88 be 
40.94 e 
54.87 ab 

5404 a 
48 75 ab 
42.39 be 
35.06 c 
34.26 e 

43.33 a 
49.34 a 
51 AS a 
40.92 a 
49.57 a 

Leaf number 
(lIp) 

First season (1997) 

5.13 a 
4.63 b 
4.23 e 
4.00 c 
3.93 e 

Second season (1998) 

6.30 a 
5.70 b 
S .60 be 
5.30 be 

5.20 c 

First season (1997) 

7.50 a 
740 a 
6.67 b 
543 c 
5.30 c 

Second season ( 1(98) 
8.11 a 
748 ab 
7.19 ab 

6.74 b 
7.74 ab 

First season (1997) 

5.93 a 
6.23 a 
5.73 ab 
4.73 b 

4.63 b 
Second season ( 19(8) 

6.89 a 
7.33 a 
7.89 a 
704 a 
7.44 a 

Shoot fresh 
wcight (g/p) 

985 a 
7.11 h 
5.(1) h 

::. 32 b 
4.76 b 

285') a 

2475 ab 
21 15 bc 

18.22 c 
17.11 e 

40.62 a 
.'lX.05 a 
23.2(1 b 

1006 e 
lUll c 

58.97 a 
68.99 a 
45.04 a 
33.Y) a 

26 'i9 ab 
1923 be 
1154 e 
1124 c 

.15.14 a 

"+5.53 (j 

36 (JU a 
12.13 it 

3600 a 

Shoot dry 
wcight (g/p) 

4-')3,1b 

) OJ a 
427 h 
4 13 b 
4.18 b 

() l)3 a 

736 a 
7.115 a 
()J)() a 

h 117 a 

II ~5 ab 
1244 a 
10.73 h 

UX 87 C 

Ut ) ~5 C 

17 :'4 b 

2(J.:5 all 
22 h:i ail 
:2 I .26 ab 

Ill) 70 a 
117 ')S ab 
117 h4 ab 
1111.51 b 

()7 4l) ab 

()l! 62 a 
II) 17 a 
III72a 
Ill) 10 a 

I flO,) a 

rvleans within the same column and having similar letters are not signiflcantlv different. llS1l1g the least 
slgnilicant ditference kst (LSD) at 00') level. 

In the first sample, plant height, leaf number, and shoot f,'esh and dry weight were 
significnatly decreased as a result of high salinity in both growing seasons. except the 
shoot dry weight in the second season, where the differences did not reach the Llsed 
significant level. The same general trend was observed in the second sample. while the 
results were inconsistant in the third sample especially in the second growing season. 
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The interaction effect between onion cultivars and salinity levels in respect to vegetative 
growth appeared insignificant, indicating that salinity reduced vegetative growth 
unifonnally in all cultivars. The decline in the onion vegetative growth because of salinity 
is consistant with the results reported in similar experiments by various authors r 16-18]. 

Vegetative growth reduction could be attributed to the osmotic and a nutritional effect 
of salinity, which interfered with the cell membrane permabilty r 19J and reduced the 
translocation of, assimilates [20]. Salinity also decreases the diffusion pressure gradient 
between the medium and the plant, which affected the water availibility in the plant [21]. 
Munns et af [22] reported that some salts such as sodium and chloride, might interfere with 
the metabolism in the leaves or with plant uptake and transport of essential nutrient ions. 

Bulb yield and quality were significantly reduced with increasing irrigation water 
salinity in both growing seasons (Table 2). The results showed significant reductions in 
the bulb fresh weight. The percentages of reduction, compared to control, were 8.3. 40.0, 
61.4 and 72.8, in the first season, and 40.8, 56.1. 63.7 and 81.5, in the second season, 
when the salinity levels were increased to 2, 4, 6, and 8 mS cm-!, respectively. Similar 
trends were observed for the bulb diameter and the bulb dry matter percentage. Bulb 
diameter decreased by 50.2% and 51.0%, compared to the control when the salinity level 
was increased to 8 mS cm-!, in the first and second seasons respectively. The reductions 
of bulb dry weight percentage were 60.0 and 53.1 % in the first and second seasons 
respectively. Several other investigators reported reductions in the onion yield 
components such as bulb weight and diameter with increasing salinity [4. 231. Such 
reductions could be attributed to the reductions happened for plant vegetative growth and 
photosynthetic area. 

Table 2. Effects of salinity on yield and quality of onion bulb, in the first and second seasons of 1997 and 
1')98 

Salinity level (illS cnfl) Bulb fresh weight (g/p) Bulb diameter (em) Bulb dn matter ('1.,) 
----------------------~~------------------~ 

lillllrul 

-1 

first season (19971 

Il.XI a 2.") a 

11.75 a 

07.68 b 

0495 bc 

Cl3A9 c 

Sccond seaSLln ( 199]U 

30.30 a 

23.25 b 

17.2-1 be 

1·+26 bc 

0727 c 

2.32 a 

1S3 b 

I.] 7 c 

1.29 c 

J,b] a 

2.')2 be 

:2 3U hc 

I () I c 

I 77 c 

1::'.11 h 

II') iO he 

(1(,7 I cd 

(1(, I ~ d 

.<1..[7 a 

2-1 1(, h 

Il) ()S h 

Ii) <.() h 

I (, I, h 

" [\ leans Within the same column and having similar letters are not signitlcant" clifkrcllL lISl11g the least 
SI~llilicalll ditTerellce test (LSD) at 11.05 level. 
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Vegetative growth features of the different onion cultivars are presented in Table 
(3a,b,c). In the first sample, the cultivar EI-Hassawy, Texas Grano 502, Long Master and 
Contessa had significantly higher vegetative growth in both seasons than those of the 
other six cultivars, In the second sampling date, El-Hassawy had significantly the highest 
plant height in both seasons, Leaf number was highest for Dorado in the first season and 
for El-Hassawy, in the second season. Shoot fresh weight reflected the highest value for 
El-Hassawy, in the first season, and for Texas Grano 502, in the second season, but the 
difference was not significant compared to El-Hassawy. Shoot dry weight was slightly 
higher for El-Hassawy, but the difference did not reach the used significant level. In the 
second season, the shoot dry weight was significantly the lowest for Long Master and 
insignificant differences were observed among the other cultivars. 

Ta ble 3. Vegetative gl"Owth of different onion cultivars in the Ii.·st and second seasons 

Cultin.· Plant height Leaf number Shoot fresh Shoot dry 
(cm) (lIP) weight (g/p) weight (g/p) 

a. First sample: 

First season (1997) 

Dorado 31.60 cde 4.47 bed 4.99 c 4.24 be 

Contessa 38.48 a 4.93 ab 8.42 a 4<)0 a 

Texas Grano 502 37.48 a 4.73 abc 8.74 a 4.')7 a 

UNO Grand 35.37 abc 4.20 cd 6.48 ab 4.66 ab 

(,iza 6 26.83 f 3.60 e 3.96 e 3.96 c 

Creole Red 31.23 de 4.4 7 bed 5.72 be 4.33 be 

Texas Early Urano 32.78 bed 3.93 de 5.95 be 4.12 be 

Yellow Spanish 27.89 ef 3.93 de 4.07 c 4.rn e 

Long: Master 35.94 ab 5.07 a R.44 a 4.66 ab 

EI-Ilassawy 38.71 a 4.53 abc 8.52 a 4.92 a 

Second season ( 1(98) 

Dorado 39.46 ab 5.87 abc 12.34 be 6.92 b 

C(lnlessa 4l.71 a 6.00 ab 23.25 be 6.86 b 

TL".;as Grano 502 43.08 a 6.00 ab 23.95 abc 7.23 ab 

lJi'iD (,rand 38.78ab 5.53 bed 21.81 be 6.)7 b 

Creole Red 31.82 e 5.13 de 1)81 d (dOb 

Tc:\as Early Grano 33.11 cdc 5.20 de 17.89 ed 636b 

Yellow Spanish 30.')') de 4.67 de 18.26 cd (,63 b 

I,Ollg: Day Master 44.73 a 6.33 a 29.97 a X.50 ab 

lJ-llassawy 40.91 ab 6.00 ab 24.88 ab 11.37 a 

h. Second sal11Qle: 

First season ( 1997) 

Dorado 48.93 be 7.20 a 2X.73 ab 10.23 a 

l'onlessn 48.25 c 7.47 abc 24.82 abc l).77 a 

Te:\as lirano 502 53.45 ab 6.33 bed 25.17 abc 10.X3 a 

liND Grand 5503 a 633 cd 24.34 abc ·II.Ol) a 
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Table J. Contd. 

( :lIltivar 

Ciiza 6 

('1,:erle Red 

r e,as Farll (;ranD 

Yelll1\\ :'panish 

I.ung Master 

11-lla,,~\\\ \' 

I )(lIadu 

CUllkssa 

Tcxas (;ral1o 502 

Ii'\D Cirand 

Creole Red 

r ",as 1:<1r1\ Grano 

Yell(1\\ Spanish 

j_\)I1~ j\"L.I\kr 

11-lla"a\\ \ 

, ! lllliI_' ,II 1112I '" 

CUlllLssa 

le,as (irano SOl 

1';\1) Grand 

(1lza 6 

C re( ric Red 

! c\as Larl:, Ciranu 

Ycllu\\ \pani,h 

! ()Il~ !\ la"tCI 

! 1-II~h.'~I\\ \ 

Plant height 
(cm) 

45.17 c 

44.67 c 

48.81 be 

45.lJ2c 

-1762 c 

:i5AI a 

49.37 abc 

4701 be 

45.70 c 

54.22 ab 

49.71 abc 

49.01 abe 

5067 abc 

4442 c 

55.67 a 

38.97 be 

-+-+ 00 b 

44.68 b 

42.45 bc 

42.63 be 

41 04 be 

42.27 be 

4433 b 

'I 17 a 

~ 1 78 a 

4S.74 ab 

I '.;1) (irallli -+4.10 he 

lre(lic Red ~8.1 g e 

I e,a, Iclrh C;ra1w 46.66 ah 

Yell()\\ 'rP(U1ISh 4765 ab 

Leaf number 
(lIP) 

567 d 

6.60 ab 

5.S0 cd 

6.60 ab 

6.87 ab 

67] ab 

Secolld season ( 1.2'lli) 

7.33 ab 

7AO ab 

6.73 b 

7.53 ab 

733 ab 

8 13 a 

7.4 7 ab 

6.87 b 

8.27 a 

h rs t sc asolLiJ.':!'!l.) 

q7d 

5.33 b 

5.l0 b 

5.rJ7 b 

5.27 b 

5.80 b 

5.20 b 

520 b 

:=; 73 h 

(1.27 a 

:icSllllll Se~8111 I I '!L)X! 

7.67 a 

7.n a 

6.93 ab 

6.88 ab 

6.00 b 

X.07 a 

7j3 a 

I Pili! ",lihlCI 4.16:; be 7.13 ab 

Shoot fresh 
wright (g/p) 

18.67 c 

19.62 e 

24(J7 abc 

20A7 be 

~3.()7 ah 

~2 62 a 

4 I.lIO b 

4h.C,X ab 

84.23 a 

1rO.57 ab 

4'i.83 ab 

, I.' I all 

44J~ sb 

41 ,:i6 b 

.J7 17 ab 

16.'!:, d 

]2% abc 

24.').1 ab 

23 23 abc 

17.50 cd 

20.;) abed 

I '),l l ) hed 

16.18 d 

21i t )7 abed 

211.14 a 

_'!r.S7 ah 

444611 

_1..1 ,I, (Ih 

_'2.1 () ab 

2884 b 

42 I' ~I 

3 XlI6 ab 

.1691 ab 

.1').4 I lib 

Shoot dry 
\\ eight (g/p) 

II) l) I a 

10.74 a 

I () (,II a 

IOl)1 (I 

III 4~ (I 

IU:(ra 

1')~4 'Ih 

I () l)L) ail 

I l) X:? ail 

2' h(l ~l 

22()() lib 

22 !r4 (I 

I S.~2 b 

7 hh h 

7 Xx cd 

7 ()l) h 

746 h 

~ - _: h 

,'-; -I 1:1 

i I) -f2 "he 

l) hi ahc 

l) 11(, he 

S lJlle 

I II l)i " 

I Ii -2 ah 

ll.f(I ahe 

29 

I I-II a',-,s..ca..c\\:.c\~_,,--__ '_--c_-..cI(,-,)c::3c::()-,loclb~ ____ 7'.: . .:..,!::.3~a~ __ 
\lcall~ \\ Ithin the saIHe CD\lIlnn and having similar letters (lrc llDt :-;lgt1t!lcantl~ dtlfcrL'lli U~ll1~ Lhl' leas! 

"i!llilie"ilt dlfkrellce test (LSD) at ()J)~ level. 
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In the third sampling date, plant height and leaf number reflected significantly 
highest values for El-Hassawy cultivar. Almost a general trend was observed similar to 
that ofthe second season. Shoot fresh and dry weights were the highest for El-Hassawy, 
in the first season, and for Texas Early Grano and Contessa, in the second season. but the 
differences were not significant as compared to El-Hassawy. 

Yield components of the different cultivars are presented in Table 4. In the first 
season, Contessa had the significantly highest bulb fresh weight, diameter and dry matter 
percentage. The three yield components were significantly the lowest for Yellow 
Spanish and Texas Early Grano. Almost, the same general trend was observed in the 
second season. except tha~ the bulb fresh weight reflected the highest value for Texas 
Grano 502, but the difference was insignificant as compared to Contessa. Several authers 
reported pronounced reductions in onion growth and yield under saline conditions and 
these reductions depend on the ecological features of grown cultivars [4]. No significant 
interactions were observed between cultivars and salinity treatments. The response to 
salinity was different from one cultivar to another regardless of the salinity level. 

Table 4. Bulb yield and quality of onion cuItivars, in the first and second growing seasons of 1997 and 
1998 

CuItivar Bulb fresh weight Bulb diameter (em) Bulb dry matter (%) 

(g/~) Rank Rank Rank 

First season (l997} 

Dorado 10.12 be 3 2.27 ab 2 12.21 ab ., 
Contessa /4.19 a I 2.63 a 14.14 a 

Texas Grano 502 10.80 b 2 2.23 b 3 12.23 ab 2 

LIND (irand 07.49 cd 5 2.03 be 4 X.65 bed 7 

Giza 6 07.16ed 8 1.97 be 9.60 bed 6 

Creole Red 8.10 be 4 1.84 cd 6 X.59 bed R 

Texas Early Grano 4.27 d \0 1.32 e 9 6.R3 cd 9 

Yellow Spanish 4.83 d 9 1.32 e 9 6.27 d 10 

Long Master 7.22 cd 7 1.49 de X IIOg ab 4 

EI-Hassawy 7.48 cd 6 1.68 de 7 I U.48 abc 

Second season (l998} 

Dorado 22.12 abed 4 2.57 bed 4 24.7(1 a 6 

Contessa 23.84 abc 3 3.26 ab 2 n.70 a 

Texas Grano 502 29.67 a I 3.75 a 25.18 a 2 

UNO Grand 25.83 ab 2 2.88 be 3 24.S3 a .' 
Creole Red 19.65 bed 6 2.54 bed 5 24.S3 a 4 

Texas Early Grano 15.39 cde 8 2.10 d 8 210S a g 

Yellow Spanish 09.67 e 9 1.00 e 9 IJ.30 b ') 

Long Master 15.93 cde 7 2.32 cd 6 22.10 a 7 

EI-Hass3wy 20.30 bed 5 2.15 cd 7 26.26 a 

Means within the same column and having similar letters are not signilicantly ditlercnt using the least 
sign iii cant ditlerence test (LSD) at 0.05 level. 



/I] 

[2] 

13J 
[41 

[5J 

[6] 

[7J 

[91 

1101 

1111 
[121 

[13] 

[14J 

11:'1 

[161 

117J 

1181 

1191 

1201 

Growth and Yield of Onion . 31 

References 

Epstein, E., Norlyn, J.D., Rush, D.W., Kingsbury, R.W., Kelley, D.B., Cunningham, G.A and Wrond, 
AF. "Saline Culture of Crops: A Genetic Approach". Science, Washington D.e., 210 (1980), 399-404. 
Mass, E.V. and Nieman, R.H. "Physiology of Plant Tolerance to Salinity". In: Crop tolerance to Sub­
optimal Land Condition . .lung, G.A (Ed.). Chapter 13. Amer. Soc. Agron. Spec. Publ., 32 (1978), 
277- 282. 
Munns, R. and Tennaat, A "Whole Plant Response to Salinity". Allst. 1.Plallt Physio, 13 (1986), 143-160. 
Erdie, L and Kuiper, P..I.C. 'The EtTect of Salinity on Growth, Cation Content, Na+ uptake and 
Translocation in Salt-sensitive and Salt Tolerant Plantago Species". Physiol Plant. 47 (1979),95-99. 
Shanon, M.e. "In Quest of Rapid Screening Techniques for Plant Salt Tolerance". HortScienc. 5 (1979), 
587-589. 
Gupta, I.e.and Yadav, .I.S.P. "Crop Tolerance to Saline Irrigation Water" . .J. Indial1 S'oci. Soil Scie., 3 
(1986),379-386. 
Malach, Y.D., Pasternak, D., Mendlinger, S., Borovic, I., Salam, N.E. and Malach, D. "Irrigation with 
Brackish Water under Desert Conditions". VIII. Further Studies on Onion (AlliulI1 cepa L.) Production 
with Brackish Water. Agricultural Water Management, 6 (1989), 201-215. 
AI-Islali. N.y. and AI-Bahrany, AM. "Growth and Organic Solutes Accumulation in Two Onion 
Cultivars (Allium cepa L.) Stressed with Sodium Chloride". Alex. Jour. Agric Res .. 39. NO.3 (1994), 
:'97-610. 
PapJ1. .I.e., Ball, M.e. and Terry, N."Acomperative Study of NaCI Salinity on Respiration, 
Photosynthesis and Leaf Extension Growth in Beta vulgaris L. (Sugar Beet)". Plont Cell and 
El71'lronment, 6 (1983) 675-677. 
1'0Uakotl~Mayber, A "Biochemical and Physiological Responses of Higher Plants to Salinity Stress". 
In: Bio. Saline Research. San Prieto. (Ed), pp 245-270. New York: Plenum Press, NY., 1982. 
Ministry of Agriculture and Water. Agricultural Statistical Year Book. Riyadh: Saudi Arabia, 1998. 
AI-Omran, AM. "Evaluation of Some Irrigation Water in Central Region of Saudi Arabia". 1. Call. 
.1gric. King Saud Univ., 9 (1987), 363-369. 
Garawi, M.S. and Alhendi, H.A. "Spectroscopic Study of Metallic Constituents in some Undergroud 
Water in AI-Kassem Area (Saudi Arabia)". Arab Gulf 1. Scient. Res., II (1993),47-56. 
Falatah, AM., AI-Omran, AM., Nadeem, M.S. and Mursi, M.M. "Chemical Composition of Irrigation 
Ground Water used in Some Agricultural Region of Saudi Arabia". Emirates .J. ,tor .,Jgric. Sci .. II 
( 1(99) 
Gomez, K.A and Gomez. AA Statistical procedure for Agricultural Research. 2nd cd., New York: 
John Wiley and Sons, 1983. 
Stin", K.R. Abdul-Fattah, AM., Abdel-Salam A and Abdel Gawad. M.M .. "Salinity Ellccts on the 
Growth of Some Onion Varieties". Bull-Dirasal-Inst: 22, No.1 (1972), /67-174. 
Wannamaker. M..I. and Pike, L.M. "Onion Response to Various Salinity Levels" J All/a. Soc. Horl. 
Sci. 112, No.1 (1987),49-52. 
iviangal. J.L., Singh, R.K. and Yadav, AC. "Selections for Increased Salinity in Onion Seed Crops and 
Efti:et on Other Characters". Vegetable SCience, 18, No.2 (1991). /40-145. 
Richard. L.A and Wadleigh. e.H .. "Soil. Water and Plant Growth". 73-251 New York: Aeadimic 
Press. Inc .. 1952. 
Plaut. Z. and Reinhold, L."The Etlect of Stress on cI4 Sucrose Transport in Bean Plants" . Ills. 1. Bioi. 
Sci., /8(1965).1143-11155. 

[211 Bernsteim. N. and Ayers, A.D. "Salt Tolerance of Five Varieties of Onion". !'roc . . I ilia. Soc {-lol'l. Sci.. 
62 (1965).367-370. 

122J Munns, R. and Tennaat. A "Whole Plant Response to Salinity". ,jllst. 1. Plant Phl·siol.. 13 (1986). 143-
16(1. 

1231 Sonncveld, e. "The Salt Tolerance of Greenhouse Crops" Nether. J ,lgric. Sci .. 36 (1988),63-73. 



A.R. AI-Harbi. ci o/. 

'- /. 1\ \ . .;::; 

--3~1 .lbi ~\ W . 

-_.'. 


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



