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Abstract. Seeds of ten onion (Allium cepa L.) cultivars; Dorado, Contessa. Texas Grano 502, UND Grand
PRR. (iza 6. Creol Red, Texas Early Grano, Yellow Spanish, Long Day Ring Master and EI-Hassawy: were
grown in two greenhouse experiments at the Agricultural Research and Experiment Station. King Saud
University. The experiments were conducted during 1997 and 1998 growing seasons to study the effect of
irrjigation water salinity on onion cultivars. In the second season (1998) Giza 6 cultivar was excluded due to its
poor sced germination. The seeds were sown in 30 cm plastic pots filled with 10 kg ot sandy soil. The
seedlings received equal amounts of a balanced liquid fertilizer and tive levels of irrigation water salinity with
clectrical conductivity (Ec) of 0.5 (Control). 2. 4, 6 and 8 mS em’’. The control was irrigated using tap water
and the higher levels of salinity were achieved by adding mixtures of NaCl and CaCl, with a fixed level of
sodium absorption ratio (SAR) (3). The vegetative growth components and bulb yield were measured in the
tested cultivars. Salinity retarded onion vegetative growth. At the highest salinity level bulb fresh weight was
reduced by 72.8 and 81.5% while bulb diameter was reduced by 50.2 and 51% in the first and second
experiments. respectively. Contessa, Texas Grano 502 and Dorado gave the highest bulb yield in both seasons.
No interactive effect between cultivars and salinity levels was observed on the growh and vield.

Introduction

Salinity is a major yield-limiting factor of crop growth and yield in one third of irrigated
lands of the arid and semi-arid region [1]. Salinity is often defined as the presence of an
access concentration of soluble salt in the root media, sufficient to supress plant growth
[2]. Salts stress influences both osmotic pressure of the soil solution due to high
concentration of salts and anion balance in the plant cell [3].

Erdei 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 [3] 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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nrigation water salinity exceeded 3 mS em’ [6]. Other investigators reported that high
levels of salinity reduced onion vegetative growth, yield and quality [7-8].

Plant growth reduction under high levels of salinity might be attributed to the
reduction of the leaf area, which was considerd as the major cause of growth reduction
s a result of reducing the photosynthetic area [9]. Poljakoft [10] indicated that the
osmotic effect, resulting from soil salinity may cause disturbance in water balance of'the
plant. including a reduction of turgor and an inhibition of growth as well as a stomatal
closure and a reduction of photosynthesis.

Many factors may affect plant tolerance to high salinity including species and
growth stage along with other environmental factors. Onion is onc of the most popular
vegetables in many countries and has a very important nutritional value. Onion
production in Saudi Arabia was increased from 42618 tons in 1994 to 239122 tons in
1995 [11]. Such a dramatic increase happened after decreasing the wheat prodcution
area. which in some areas was replaced by vegetable crops such as potato and onion.

Most of the agricultural crops, grown in Saudi Arabia. require successive irrigation
for high vield and quality. Increase of area under irrigation led to the depletion of high
quality water and increased irrigation water salinity. Rivadh region is the main onion
production area. The quality of the irrigation water in this region was classitied as a
meduim saline to a very saline water [12]. The dominant cations in the irrigation water
are sodium (Na) and calcium (Ca) [13]. Recently, Falatah ¢f of | [4] analyzed more than
400 samples of irrigation ground water, collected from eight intensive agricultural
regions in Saudi Arabia. They found that Na is the dominant cation (60%%). followed by
Ca (38%). while, chloride (Cl) is the dominant anion (60%). followed by sulpher (S)
(3()0’0).

The purpose of this study was to examine the effects of irrigation water salinity on
the growth and yield of ten onion cultivars.

Materials and Methods

Two greenhouse experiments were conducted at the Agricultural Research and
Experiment Station, College of Agriculture, King Saud University during the 1996/1997
and  1997/1998 growing seasons. Seeds of ten onion cultivars in the first season and nine
cultivars in the second season were directely sown in a 30 ¢cm plastic pots. filled with 10
kg sandy soil. The soil texture was 90% sand. 4% silt and 6% clay and it was sterlized
with “Rizolex™ fungicide. The pots were placed into a greenhouse and the mean air
temperature 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 El-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 ecm™), 2, 4, 6, and 8 mS cm’’. The higher levels of salinity were
achieved by adding the required amounts of NaCl and CaCl, 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" 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
cqual 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" of February, 1" of April and 14" 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
using 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 cm’' [6]. Results
presented in Table (la,b.c) showed the effects of salinity treatments on the onion
vegetative growth at different stages. The measurements of plant height. leat number and
shoot fresh and dry weight were taken after 104, 149 and 192 days trom planting.
Generally. the onion vegetative growth features decreased significantly with increasing
irrication 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 started getting dry, which affected the results of some vegetative
growth features.
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Table 1. Effects of salinity on vegetative growth of onion, in the first and second scasons of 1997 and

1998
Salinity level Plant height Leaf number Shoot fresh Shoot dry
(mS cm™) (cm) (1/p) weight (g/p) weight (g/p)
a. First sample: First season (1997)
Control 42.39a S13a 983 a 493 ab
2 3740 b 4.63b 7110 S03a
4 31.15¢ 423¢ 5.600b 427b
6 28.22d 4.00c¢ 332D 413 b
8 28.99 cd 393¢ 4.76b 418 Db
Second season (1998)
Control 4512 a 630a 28.59a 093 a
2 40.13 b 570b 2475 ab 7.36a
4 37.70 be 5.60 be 21.13 be 7.05a
6 35.40 cd 5.30 be 18.22 ¢ 6.66 a
8 33.09d 520¢ 1711 ¢ 6.07 a
b. Second sample;
First season (1997)
Control 62.97 a 7.50a 40.62 a 11.75 ab
2 39.67 a 740a 3805 a 1244
4 52.06 b 6.67b 2326Db 1073 b
O 3540 ¢ 543 ¢ 10.06 ¢ 08.87 ¢
8 3653 ¢ 530¢ 11.20 ¢ 0935 ¢
Second season (1998)
Control 57.19a 8.11a 5897 a 17.54b
2 48.77abc 7.48 ab 68.99 a 20.75 ab
4 45.88 be 7.19 ab 45.04a 2265 ab
6 40.94 ¢ 6.74 b 33.39a 21.26ab
N 54.87 ab 7.74 ab 30.83 a 230634
¢. Third sample:
First season (1997)
Control 54.04 a 593 a 3589 a 09.70 a
2 48.75 ab 623a 26.39 ab 07.98 ab
4 42.39 be 5.73 ab 19.23 be 07.64 ab
6 3506 ¢ 473 b 11.54¢ 06.51b
8 3426 ¢ 4.63b 1124 ¢ 07.49 ab
Second season (1998)
Control 4333 a 6.89 a 35.14a 09.62 a
2 49.34 a 733 a 4553 a 1017 a
4 S145a 7.89 a 36.60 a 10.72 a
6 40.92 a 7.04 a 32.13a 09.10 a
49.57 a 7.44 a 36.00 a 10.05 a

% Means within the same column and having similar letters are not significantly different. using the least
significant difference test (LSD) at 0.05 level.

In the first sample, plant height, leaf number, and shoot fresh 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 used
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
uniformally 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 [ 16-18].

Vegetative growth reduction could be attributed to the osmotic and a nutritional effect
of salinity, which interfered with the cell membrane permabilty [19] 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 ef al [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 em’, 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 vyield
components such as bulb weight and diameter with increasing salinity [4. 23]. 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
1998

Salinity level (mS em™)  Bulb fresh weight (g/p)  Bulb diameter (cm) Bulb dry matter (%)

First season (1997)

Control 12.81 a 259 1538
2 11.75a 2320 1211 b
4 07.68 b 1.83b 0070 be
6 04.95 be 1.37¢ 06.71 ¢d
8 03.49 ¢ 1.29¢ 06.15d
Second season (1998)
Control 39.30 a 363a 3447 a
2 23230 2.92 be 24100
4 17.24 be 230 be 1968 b
O 14.26 be 1.91 ¢ 19.50 b
8 07.27 ¢ 1.77 ¢ 16.15 b

* Means within the same column and having similar letters are notsignificantly different. using the least
significant difference test (LSD) at 0.05 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.

Table 3. Vegetative growth of different onion cultivars in the first and second seasons
Plant height Leaf number Shoot fresh Shoot dry
(cm) (1/P) weight (g/p) weight (g/p)

Cultivar

a. lirst sample:
First season (1997)

Dorado 31.60 cde 447 bed 499 ¢ 424 be
Contessa 3848 a 4.93 ab 842 a 490 a
Texas Grano 502 37.48 a 4.73 abe 8.74 a 497 a
UND Grand 35.37 abe 420 cd 6.48 ab 4,66 ab
Giza 6 2083 1 3.60¢ 396¢ 396 ¢
Creole Red 31.23 de 4.47 bed 5.72 be 33 be
Texas Early Grano 32.78 bed 393 de 5.95 be 422 be
Yellow Spanish 27.89 ef 3.93 de 407 ¢ 403 ¢
l.ong Master 35.94 ab 5.07a 844 a 4.66 ab
Fl-Hassawy 3871 a 4.53 abce 8§32 a 492 a
Second season (1998)
Dorado 39.46 ab 5.87 abe 2234 be 6.92b
Contessa 41.71 a 6.00 ab 23.25 be 6.86b
exas Grano 502 43.08 a 6.00 ab 23.95 abe 7.23 ab
UND Grand 38.78 ab 5.53 bed 21.81 be 0.37b
Creole Red 31.82¢ 5.13 de 1581d 630D
Texas Farly Grano 3311 cde 5.20 de 17.89 ¢d 60.360b
Yellow Spanish 30.99 de 4.67 de 18.26 ¢d 6.63b
L.ong Day Master 44,73 a 633 a 2097 a 8.50 ab
Ll-Hassawy 40.91 ab 6.00 ab 24.88 ab [1.37 a

b. Sceond sample:

First season (1997)

Dorado 48.93 be 7.20 a 28.73 ab 1023 a
Contessa 4825 ¢ 7.47 abc 24.82 abce 977 a
Texas Grano 502 53.45ab 6.33 bed 2517 abe 1083 a

UND Grand 55,03 a 6.33 cd 2434 abe 109 a
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Cultivar Plant height Leaf number Shoot fresh Sl_loot dry
(cm) (1/P) weight (g/p) weight (g/p)

Giza 6 4517 ¢ 5.67d 18.67 ¢ 1091 a
Creole Red 44.67 ¢ 6.60 ab 19.62 ¢ 10.74 a
Texas Early Grano 48.81 be 5.80 cd 24.97 abe 10.60 a
Yellow Spanish 4592 ¢ 6.60 ab 20.47 be 10.91 a
l.ong Master 47.62 ¢ 6.87 ab 23.97 ab 1045 a
IE1-FHassawy 5541 a 6.73 ab 32,62 a I1.86 a

Second season (1998)
Dorado 49.37 abe 7.33 ab +1.00 b 2132 ab
Contessa 47.01 be 7.40 ab 460.68 ab 19.54 ab
Texas Grano 502 45.70 ¢ 6.73 b 8423 a 19.99 ab
UND Grand 54.22 ab 7.53 ab 60.57 ab 19.82 ab
Creole Red 49.71 abc 7.33 ab 45.83 ab 23.60a
Texas Early Grano 49.01 abe 813a SLATab 22,90 ab
Yellow Spanish 50.67 abe 7.47 ab 44.37 sb 220640
[.ong Master 4442 ¢ 6.87b 415600 [8.52h
I1-TTassawy 5567 a 8§27 a 4717 ab 2377 ab
¢ Third sample:

First season (1997)
Dorado 38.97 be 547d 16,93 d 778 ab
Contessa 4+4.00 b 533b 22,96 abe 7.78 ab
Texas Grano 502 44.68 b 520D 24.93 ab 817 ab
UND Grand 42,45 be 5.07b 23.23 abe 7.600'b
Ciiza 6 42.63 be 5270 17.50 ¢d 7.88 ¢d
Creole Red 41.04 be 5800 20.75 abed 7.09 b
Fexas Larly Grano 42.27 be 5200 19.39 bed 746 b
Yellow Spanish 37.56¢ 3200 16,18 d 782 ab
Fong Master 4433 b 3730 2097 abed 7720
I l-Hassawy SH17a 627 a 26140 8700

Second season (1998)
Dorado 32224 7.67 a 30.87 ab 1038 abe
Contessa 3178 a 7.73 a +46a 1042 abe
I'exas Grano 302 48.74 ab 6.93 ab 3437 ab 0.64 abe
UND Grand +4.10 be 6.88 ab 3210 ab 0.06 be
Creole Red 3818 ¢ 6.00b 28.84 b 8.90 ¢
exas Barly Grano 46.66 ab 8§.07a 12134 10,03 a
Yellow Spanish 47.65 ab 753 a 38.06 ab 10,72 ab
I.ong Master 43.65 be 7.13 ab 30.94 ab 040 abe
P l-Hassawy 49.30 ab 793 a 39.41 ab 908 abe

“ Means within the same column and having similar letters arc not significantly different. using the least

stentlicant difference test (LSD) at 0.05 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 of the 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 thatgthe 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 cultivars, in the first and second growing seasons ot 1997 and

1998
Cultivar Bulb fresh weight Bulb diameter (cm) Bulb dry matter (%)
(g/p) __ Rank Rank Rank
First season (1997)
Dorado 10.12 be 3 227 ab 2 1221 ab 3
Contessa 14.19 a 1 2.63a 1 14 14 a |
Texas Grano 502 10.80 b 2 223 Db 3 12.23 ab 2
UND Grand 07.49 cd 5 2.03 be 4 8.65 bed 7
Giza 6 07.16 cd 8 1.97 be 3 9.60 bed 6
Creole Red 8.10 be 4 1.84 cd 6 8.59 bed N
Texas Early Grano 427d 10 1.32¢ 9 6.83 cd 9
Yellow Spanish 4.83d 9 1.32¢ 9 6.27d 10
Long Master 7.22 ¢d 7 1.49 de 8 1108 ab 4
El-Hassawy 7.48 cd 6 1.68 de 7 10.48 abe 5
Second season (1998)

Dorado 22.12 abed 4 2.57 bed 4 24704 6
Contessa 23.84abc 3 3.26 ab 2 22,70 a 3
Texas Grano 502 29.67 a 1 3.75a | 2518 a 2
UND Grand 25.83 ab 2 2.88 be 3 2483 a 3
Creole Red 19.65bed 6 2.54 bed N 2483 a 1
T'exas Larly Grano 1539 cde 8 2.10d 8 21.05a 8
Yellow Spanish 09.67 ¢ 9 1.00 ¢ 9 13.30 b 9
l.ong Master 1593 cde 7 232cd 6 22.10a 7
L:1-FHassawy 2030 bed 5 2.15cd 7 20.26 a 1

# Means within the same column and having similar letters are not significantly different. using the least
significant difference test (LSD) at 0.05 level.
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