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ABSTRACT

Irrigation of white mustard plants with saline water (3500 ppm) under north Sinai conditions resulted in
significant reduction in vegetative and flowering characters, consequently seed yield/plant. The reduction of
seed yield/plant reached to 57.0 : 52.8 %. The reduction of oil yield (g /plant) 64.60 : 58.8%. The reduction of
erucic acid followed descendingly by oleic acid. Saline water raised their values to be 40.98 & 20.49,
respectively comparing to fresh water which was 30.82 & 15.59%. On the contrary the alternate irrigation with
fresh (600 ppm) and saline water 1 : 1 showed less reduction in seed yield/plant as 25.9 : 17.3 % and in oil
yield/plant 15.5 : 18.8%. The alternate irrigation with fresh and saline water at 1:1 or 1:2 did not largely affected
oil constituents comparing to irrigation with fresh water. Total nitrogen, total carbohydrates and leaf pigments
were reduced significantly as all irrigation was done with saline water comparing to alternate irrigation with 1 :
1 fresh : saline water.
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Introduction

White or Yellow mustard Sinapis alba L. Fam. Brassicaceae native to the Mediterranean region and the
Crimea, but introduced into northwestern Europe, Russia, Japan, North and South America, Australia, New
Zealand, India, North Africa, and China. It has become naturalized in many areas and is a weed of cultivated
lands, especially flax-fields. The seeds are yellow-white, and the 1000 g weight of the seeds ranges between 3 to
6 g. A quick-growing long-day annual which prefers temperate climates with some humidity. Can withstand
high temperatures, but very hot days during flowering and ripening may reduce seed setting and lower quality of
seed. Requires high nutrient soils with high level of nitrogen, but may be grown on a wide range of soils from
light to heavy, growing best on relatively heavy sandy loamy soils. Not suited to very wet soils. Ranging from
Boreal Moist to Wet through Tropical Dry Forest Life Zones, white mustard occurs where annual precipitation
varies from 3.5 to 17.9 dm, annual temperature from 5.6 to 24.9°C, and pH of 4.5 to 8.2. (Bavec and Bavec,
2006). White Mustard contains an enzyme myrosin and a glucoside sinalbin which yields upon hydrolysis,
acrinyl isothiocynate, a pungent tasting but almost odorless oil. Sinalbin mustard oil is only slightly volatile with
steam, and causes blisters on the skin. Seeds contain 7.2% moisture, 27.6% protein, 29.7% crude fat, 20.8% N-
free extract, 10.3% fiber, and 4.5% ash. Asian analyses suggest that the seed contains per 100 g: 469 calories
5.0% moisture, 26.4% protein, 36.3% fat, 28.2% total carbohydrate, 5.2% fiber, 4.1% ash, 410 mg Ca, 613 mg
P, 20.9 mg Fe, 630 mg carotene equivalent, 0.40 mg thiamine, 0.31 mg riboflavin, 7.3 mg niacin. Erucic acid is
the main seed oil fatty acid in the genus Brassica (rape seed and mustards) as well as in many other genera of
the Brassicaceae. This fatty acid has been shown to be cardiotoxic in animals and therefore, also potentially in
human. Simultaneously, erucic acid is a very valuable feedstock for the oleochemical industry. Therefore,
efforts have been made to eliminate erucic acid from Brassica seed oils for human consumption as well as to
develop lines with a maximum erucic acid content for industrial applications. In the former objective, breeders
have been successful and zero-erucic lines have been developed for rapeseed (Brassica napus), turnip rape
(Brassica rapa), Indian mustad (Brassica juncea), Ethiopian mustard (Brassica carinata) and white mustard
(Sinapis alba) (Basra and Randhawa, 2002). The low erucic acid content has also been established in Brassica
carinata and in Sinapis alba at two breeding organizations: AAFC Saskatoon and the University of Idaho, USA
(Sparks, 2004). The white mustard fixed oil is obtained by expressing whole seeds and does not contribute to the
pungency or aroma of prepared mustard. It is used mainly as cooking oil, especially in Asia (Weiss, 2002).

White mustard is grown for its seed, used as a condiment and for soils they yield; as a salad plant; and as a
green fodder crop or as green manure. Seeds yield 20-35% of a golden-yellow mild tasting oil which is used as
lubricant and illuminant. White mustard oil is also a by-product of the condiment industry in countries where the
seed is partially deolated before milling. Oil also used in Sweden in the manufacture of mayonnaise. Seedling
used as a salad plant, eaten raw in salads and sandwiches. Leaves are used as potherbs. In the US mustard is
second in demand only to pepper among spices. Commercial mustard usually combines white mustard for
pungency with black mustard for aroma, and the yellow color is due to the addition of turmeric. Vinegar is
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added to prevent the speedy decomposition experienced with mustard freshly prepared from the dry powder.
Whole seeds are used for pickles and may be boiled with such vegetables as cabbage and sauerkraut. Plant
grown as a cover crop because of its rapid growth. Oil cake used for fattening sheep. The seed or its oil is taken
both internally or externally, for cancers, growths of the abdomen, spleen, stomach, throat, uterus or wrist
indurations. Medicinally, seeds are considered diaphoretic, diuretic, emetic, expectorant, irritant, and stimulant,
and are used in poultices for acute local pain, pneumonia, bronchitis, and other diseases of the respiratory
organs. The volatile oil is a powerful irritant, rubefacient, and vesicant, used for rheumatic pains and colic. The
seedlings "of incomparable effect to quicken and revive the spirits, strengthening the memory expelling
heaviness...besides being an approved antiscorbutic. As a counterirritant, the seeds ground and mixed with
vinegar are recommended for rheumatism, yet used internally for digestive disorders. Mustard seed tea has been
prescribed as a gargle for sore throat, and it is said to relieve bronchitis and rheumatism. The plant is thought to
have emollient and sedative, even narcotic properties Tainter and Grenis, 2001, Black et al. 2006 and Libster,
2001.

Materials and Methods

This experiment was carried out during two successive seasons 2010/2011 and2011/2012 at Faculty of
Environmental Agricultural Sciences, EL-Arish

Experimental Research Station, North Sinai Governorate to study the efficiency of using saline water and
fresh water irrigation.

2-1 - Irrigation treatments:

All treatments were irrigated with equal volume of saline water or unsaline water. The available irrigation
water was from two wells that had salinity level 3500 ppm or fresh water 600ppm as alternate methods as
following treatments :

1. Irrigation with fresh water from the first well almost 600ppm (Control).

1:1 One Irrigation fresh water 600ppm and one irrigation saline water 3500ppm.

1:2 One Irrigation with fresh water 600ppm and two irrigation saline water 3500ppm.
2. All irrigation with saline water 3500ppm.

the chemical compositions of irrigation water is shown in Table (2).

2-2- Procedure:

On 15™ October seeds of white mustard were sown directly in reclamized sandy soil plains during both
seasons, at the rate of 2 kg / fed. white mustard. The distance between rows was 75cm and 50 cm between hills.
After germination the plants were thinned at two plants per hill (22400 plants/ fed.). Drip irrigation was used
with drippers (4 liter / hour /plant) in the whole period of both seasons for only one hour every two days.

The fertilization treatments included the following:

- 300 kg / fed. from ammonium sulphate (20.5 % N)as a source of nitrogen.
- 200 kg /fed. calcium super phosphate (16 % P,Os) as a source of Phosphorus.
- 50 kg /fed. potassium sulfate (48 % K,0) as a source of Potassium.

Fertilization with calcium super phosphate and poultry manure at 10 m*fed. was added before planting
planting in each season in only one dose. As for nitrogen and potassium fertilizers they were divided into in six
equal doses in the both seasons .The first was added 21 days from appearance of the real leaves then every two
weeks.

From November to first March, the plants were monthly sprayed with suitable concentration of an aqueous
solution of (stimufol fertilizer- Zeneca company) which its chemical composition is shown in Table (1),
using2gm /I+ 0.5 ml/l Bio-film as a wetting agent.

Table 1: The chemical composition of stimufol fertilizer.

No. Composition Percentage (%)
1 Total N 25
2 P 16
3 K 12
4 Mg 0.20
5 B 0.044
6 Fe 0.17
7 Zn 0.03
8 Mn 0.085
9 Cu 0.085
10 Co 0.01
11 Mo 0.001
12 Amino acids 0.200
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Table 2: Chemical analysis of saline water and fresh water irrigation water.

TDS pH Soluble cations (ppm . ) Soluble anions (ppm .)

ppm Ca™ Mg** Na* K* CO;~ HCO;y SO~ CL
600 7.3 53.02 29.92 75.00 5.00 30.27 90.55 95.00 95.50
3500 8.1 215.68 140.64 790.00 8.00 20.25 148.23 750.0 1400.0

The mechanical and chemical analysis of the experimental soil area are presented in Table (3).

Table 3: Mechanical and chemical analysis of the experimental soil area.

Physical Very Coarse Medium Fine Very fine Silt and clay Type of soil
analysis coarse sand% sand% sand% sand% %
sand%

0.31 1.91 40.05 53.52 2.44 1.75 Sandy soil
Chemical pH E.C. O.M. Cations meqg/L Anions meg/L
analysis mmhos/ %

cm
8.31 1.01 0.51 Ca”™ Mg*™ Na* K* COs~ HCO3 CI S04~
4.08 0.82 4.50 0.25 - 1.91 3.00 4.74

The plants of white mustard were harvested when the siliquae turned golden green and the seeds were firm
enough.
The plants were harvested at 27" March in both seasons and the following data were recorded :-

A- Growth parameters:

Plant height (cm).
Number of branches/plant.
Fresh weight/plant (g).
Dry weight/plant (g).

hPoppPE

B- Yield parameters:

1. Number of pods/plant.
2. Number of seeds/pods
3. 1000 seeds weight (g).
4. Seeds weight/plant ().
5. Seeds yield/feddan (kg).

2.3- Determination of fixed oil percentage:

Soxhlet method was used for estimation of fixed oil as stated by the A.0.A.C. (1970).
2.4. Determination of fixed oil yield per plant (g):

This was calculated as follows:

Fixed oil percentage x seeds dry weight/plant (g / plant)
100

2-5- Fatty acids determination:

The methyl esters of fatty acids were determined according to Stahl (1967). The residues represented the
methylated fatty acids which analyzed by G.L.C. method. Identification of fatty acids was carried out using Gas
Liquid Chromatography, 6890 Gas Chromatography Method. The analysis was carried out under the following
conditions:-

Oven:-
Initial temperature: 70°C.
Initial time: 1 min.

Ramps:-
Rate Final temperature Final time
40 °C/min. 120°C 1 min.
4°C/min. 220°C 20 min.
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Injection temperature:-
250°C.

Detector temperature:-
280°C.

Flame ionization detector:-
«F.1.D.»

Flow rates:-
N, (carrier gas) 30 ml/min.
H, 30 ml/min.
Air 300 ml/min.

2-6- Chemical analysis:

1-Photosynthetic pigments were extracted and determined by pure acetone according to Fadeel (1962).

2- Elements Determination

Nitrogen content was determined by modified micro kjeldahl method as described by A. O. A. C. (1970).

3- Total carbohydrates percentages in the herb were determined according to Herbert et and Philips . (1971).

2-7- Statistical analysis:
The complete randomized block design was used in the experiments (4 treatments) with 4 replicates. Every
replicate contained 10 hills. The statistical analysis was carried out according to Costat Statistical Software

(1986). L.S.D. test was used to compare the means of treatments.

Table 4: Meteorological data of EL-Arish of North Sinai during 2010/2011 and2011/2012 seasons.

Month First season Second season
Temp. C° Relative Rain mm Temp. C° Relative Rain mm
max. min. Humidity max. min. Humidity
% %

QOctober 28.1 155 70 5.50 24.2 13.5 70 20.50
November 24.6 12.7 72 15.50 23.2 13.8 71 36.6
December 215 10.2 81 19.50 18.2 7.5 73 138.4

January 20.2 9.3 72 32.7 17.1 8.4 75 123.6
February 20.4 8.3 66 23.9 17.7 6.0 70 117.4

March 20.6 9.3 75 28.8 20.7 8.5 70 88.2

* Meteorological Laboratory at EL-Arish.
Results and Discussion

3-I- Results:

3-1-1-Vegetative characters:

Data in Table (5) show that, the reduction of growth parameters was significant and the highest as saline
water was used only (2). For instance, it reached 39.00&38.00 g for herb dry weight during the two seasons,
respectively. As the fresh water was used in irrigation with alternate of saline water with a rate 1:1, the reduction
in herb dry weight was in the minimum values, as it recorded 9.4 & 17.5 % for herb dry weight during the two
successive seasons, respectively.

Table 5: Effect of alternate irrigation method on vegetative characters per plant of Brassica alba Under north Sinai Conditions.

Treatments Plant Number of branches/plant Herb fresh weight (g/ Herb dry weight
height (cm.) plant) (g/ plant)
First Second First Second First Second First Second
season season season season season season season season
1 Control 88.25 105.00 21.00 25.25 200.00 238.40 88.35 114.83
1:1 81.50 101.50 18.25 22.00 180.00 121.50 80.00 94.68
1:2 61.75 85.00 15.50 20.00 100.00 108.30 46.68 49.38
2 46.50 58.25 10.00 14.00 80.00 90.00 39.00 38.00
L.S.D. at 5% 3.80 2.98 0.37 0.39 29.57 27.33 4.97 4.33

3-1-2-Flowering and yield characters:

Data in Table (6) show the number of siliquae, seeds yield/plant and weight of 1000 seeds as affected by
irrigation treatments. All those criteria showed gradual significant reduction beginning from1:1 & 1: 2 fresh :
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saline water irrigation and up to all saline irrigation with 3500 ppm. For instance the reduction in the case of all
saline irrigation for siliquae number/plant reached to 65.9 & 61.3% and seed yield /plant 57.0 & 57.8%, and
weight of 1000 seeds 40.0 & 45.2 % during both seasons, respectively. On the other side the reduction of seed
yield/(g/plant) as a result of irrigation with fresh and saline water 1:1 reached to (25.9&17.3%)for both seasons.
As such it was acceptable to use this treatment with the aid of saving fresh water and enhance plant productivity
in these conditions as the reductions in seed yield/fed. will be 11.2&14.4 % for both seasons.

Table 6: Effect of alternate irrigation method on number siliquae, seed yield and weight of 1000 seeds /gm of Brassica alba under north
Sinai Conditions.

Treatments Number of siliquae/plant | Weight of 1000 seeds(g) seeds yield/ plant (g) seeds yield / fed.(kg)
First Second First Second First Second First season Second
season season season season season season season
1 Control 108.00 113.75 5.58 6.01 25.47 28.68 570.53 642.43
1:1 80.00 94.50 4.26 4.56 22.61 24.54 506.46 549.70
1:2 50.00 60.25 3.65 3.71 16.41 18.67 367.58 418.21
2 36.75 44.00 3.23 3.29 10.95 13.51 245.28 302.62

L.S.D. at 5% 10.69 3.82 0.40 0.31 5.84 4.39

3-1-3-0il percentage and oil yield/plant:

Data in Table (7) show that fixed oil recorded the highest significant reduction when irrigation was
conducted with saline water only (2). The reduction in oil percentage, oil yield/plant and oil yield/fed. reached
17.7&12.5 - 64.6&58.8 - 64.6&58.8%, respectively. As such the reduction in oil yield was considerable, on the
other side alternating, irrigation with fresh and saline water at a rate 1:1 caused less reduction in oil percentage,
oil yield/plant and oil yield/fed. It reached 15.5 & 18.8% for oil yield/fed. The later reduction in oil yield could
be considered acceptable; hence this treatment could be preferred in the production of this plant.

Table 7: Effect of alternate irrigation method on oil Fixed percentage and oil yield ml /plant and per fed. of Brassica alba Under north Sinai

conditions.
Treatments Fixed Oil percentage Fixed Qil yield (ml /plant) Fixed Oil yield /fed (L.)
ml
First season Second season First season Second season First season Second season
1 Control 21.22 21.45 5.40 6.15 120.96 137.76
1:1 20.14 20.35 4.56 4.99 102.14 111.78
1:2 19.38 19.50 3.18 3.64 71.23 81.54
2 17.45 18.76 1.91 2.53 42.78 56.67
L.S.D. at 5% 0.22 0.21 1.18 1.20

Identification of fixed oil constituents of white mustard seeds by G.L.C. method:

Data in Table (8) show that, the major constituent which obtained for the all applied treatments was erucic
acid followed descendingly by oleic acid. Saline water raised their values to be 40.98& 20.49, respectively
comparing to fresh water which was 30.82&15.59%. The alternate irrigation with fresh and saline water at 1:1
or 1:2 did not largely affected oil constituents comparing to irrigation with fresh water.

Table 8: Effect of alternate irrigation method on fixed oil constituents percentage of Brassica alba Under North Sinai Conditions.

Treatments 1 Control 1:1 1:2 2
Fatty acids
Palmitic acid 4.65 4,06 3.93 3.76
Stearic acid 1.84 1.45 1.18 1.08
Oleic acid 15.59 16.93 18.12 20.49
Linoleic acid 8.21 8.25 10.73 12.06
Linolenic acid 9.11 9.69 10.74 10.28
Omega-3 acid 9.87 9.38 8.93 8.30
Erucic acid 30.82 32.27 36.78 40.98

3-1-5-Total nitrogen and total carbohydrates percentages in the seed:

Data in Table (9) show that irrigation with saline water decreased total nitrogen , total carbohydrates and
total chlorophyll concentrations, while less reduction was obtained with alternate irrigation with fresh and saline
water at 1:1 or 1:2.
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Table 9: Effect of alternate irrigation method on total Chlorophyll, nitrogen and total carbohydrates percentages in the leaves of Brassica

alba under north Sinai Conditions.

3878

Treatment Total Nitrogen %in seeds.) Total carbohydrates% Total Chlorophyll (mg/ g)
First season Second season First season Second season First season Second season
1 Control 3.42 4.88 21.05 22.11 141 1.43
1:1 2.55 2.78 20.17 20.83 1.21 1.31
1:2 2.12 2.17 18.44 17.57 0.788 0.87
2 1.84 1.77 15.17 16.19 0.531 0.62

3-2- Discussion:

The obtained data declared that. alternate irrigation with saline and fresh water at a rate 1:1 decreased the
harmful effect of irrigation with saline water only as the reduction of herb dry weight ranged between 9.4 -
17.5% comparing to irrigation with fresh water. Also seed yield /fed. decreased by 11.2-41.4% with the same
treatment while the reductions in seed yield/fed. reached 57.0-52.8% when saline water alone was used in
irrigation. Also the reductions in oil yield/fed. high due to use saline water alone in irrigation and was less when
alternate irrigation by 1:1 saline and fresh water was used since it reached 15.5-18.8%. Similar effects were
reported by Nayat et al. (2001) on Indian mustard. and Abd El-Wahab (2006) on Foeniculum vulgare Mill
Subsp. The herein reduction in vegetative growth, flowering, fruit and oil yield due to salinity effect are in
harmony with previous investigations (Nayak et al ., 2001) on Indian mustard, Gunasekera et al. (2003). on
mustard and canola Mehta et al. (2006) on Brassica juncea. ,Sinaki et al. (2007) on canola (Brassica napus L.)
and Gunasekera et al. (2009) on canola cv. The decrement in plant height may be due to that salinity decreased
cell division of plant, in addition to the inhibiting effect an differentiation in addition to vegetative growth. Also,
such decrease in oil percentage may be related to the reduction in total carbohydrates percentages which
accompanied with raising salinity levels under conditions of this study. In this respect sugars was considered the
stone balding of oil.

The reduction in photosynthetic pigments due to salinity effect was previously reported by (Jacopson and
Orti, 1956) which attributed to the disturbance of ions absorption involved in chloroplast formation and protein
synthesis and / or plastide breakdown (Puritch and Barker, 1967).The herein work, also declared reduction in
total nitrogen as salinity increased. These results are in line with El-Kateeb and Salim (1994) on
Chrysanthemum frutescence and El-Hindi and EI-Ghamry (2005) on cherrgold plants. Moreover the total
carbohydrates in the herb of fennel in the herein work was found to be adversely affected due to salinity effect.
This can be attribute to the nutritional imbalance (Liu and Zhu, 1988) the specific toxic effects of salinity (Nou
et al., 1995), hyperosmotic stress (Greenway and Munns, 1980) and reduced photosynthesis (Pasternak, 1987),
Abd El-Wahab (2006) on Foeniculum vulgare and Piri (2008) on Indian mustard.
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