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ABSTRACT

A pot experiment with spinach beet (Beta vulgaris var. cycla)
was conducted in the green house of Micronutrients Project, Plant
Nutrition Department, National Research Centre, Egvpt. The
objective of the study was to investigate the positive effects of
nacronutrients foliar application an spinach beet grown under NaCl-
salinity stress conditions. Plants wer irrigated with three qualities of
water (fresh water, 50mM NaCl and 100mM NaCl). Foliar spray of
nutrients (10% N, 4% P,0Os, 7% L0 and 0.02% Mg(G) and foliar
spray of water (control) were applied three times with 10 day intervals
from the beginning of NaCl-salinity treatments. The results showed
that NaCl-salinity treatments had a ncgative effect on spinach beet dry
weights of both shoots and roots. Foliar application of nutrients could
ameliorate the negative effects of NaCl-salinity in this connection.
Root growth appears to be less affected by NaCl-salinity than shoot as
shown by the marked increase in root/shoot ratio at the highest NaCl-
salinity  treatment (100mM). Macronutrient foliar  application
freatments showed a marked effect in increasing this ratio. Increasing
NaCl-salinity reduced the content of shaot N, P, K, Ca and Na. Foliar
application of macronutrients had a marked positive  effect in
increasing the uptake of these nutrients. The negative residual effecis
on soil properties in relation to NaCl-salmity were reduced. A Spetitic
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protein fraction of 90 KDa was detected in the leaf extract of 100Mm
NaCl-salinity plus macronutrient foliar application. Generally. it could
be concluded that spraving with macronutrient solution could
counteract the negative effect of NaCl-salinity on growth and nutrient
contents of spinach beet.

Key words: foliar spray, macronurients. naci-salinity, spinach beet.
1. INTRODUCTION

World resources of fresh water are exhausted through the
increasing demand to sarisfy the different needs of the increasing
world population. Salts in soil and /or irrigation water are becoming
very serious problems facing the production of food in many
countries, especially, in arid and semi-arid regions of the
Mediterranean basin. Brackish or even saline water is used for
agriculture purposes (Hamdy ez al.. 2002). The use of irrigation water
with high soluble salts content greatly decreases growth, nutrients
uptake. crop yield and crop quality {Salem, 1992, Eimorsy ef al., 1993
and Hepaksoy ef al., 1999) and has a negative effect on soil fertility as
well, as a result of salt accumulation in the soil. There are differcnces
in tolerance to salinity among plant species and even among cultivars
within the same species. Hill and Koenig (1999) reported that crops
are classified into four major groups concerning their respouse to
water of different salinities: /e, tolerant, moderately tolerant,
moderately sensitive and sensitive. Spinach beet Is an annual crop
grown for its leaves that are used in the same way as spinach tisa
potential salt-removal crop, found in several countrics; e.g. Spain and
Turkey. This crop was found to be adapted up t© 100-150 mM NaCl.
Sodium concentration measured in its shoots reached 5.63% and it
could remove 346 kg NaCl/ ha. Within a growth period of 76 days,
the total growth period for this crop is 120 days (Salt Control Project
2002). Attempts have becen made to improve the salt tolerance of
crops. One of them is using nutrient foliar feeding to counteract Na
and CTeffects to plants (Bi-Fouly and Salama. 1999, Schmidhalter ef
al.. 1999 and El-Fouly ef al,2002). Therefore, this work was designed
to investigate the positive effects of macronutrients foliar application
on spinach grown under NaCl-salinity stress conditions.
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2. MATERIALS AND METHODS

A pot experiment was conducted in the greenhouse of the
Micronutrients Project, National Research Centre. Black plastic pots
of 13 cm internal diameter and 12 cm depth were used. Pots were
filled with 2 kg sandy soil. Each pot received 0.28g calcium
superphosphate (15.5% P,0s), 6.7g ammonium sulphate (20.6% N)
and 0.2g potassium sulphate (48% K,O} at sowing. Six seeds were
sown in each pot on the 10" of December 2002. Twenty days after
sowing, the plants were thinned to 3 plants in each pot. Fresh water
was used in irrigation from sowing date till thinning (20days of age).
Thereafter, pots were irrigated with three qualities of water: fresh
water, water containing 50 mM NaCl and 100mM NaCl. Six pots
were used for each (reatment, half of them were sprayed with a
ﬂompgund confammé, 10% N, 4% P,0s, 7% K,0 and 0.02% MgO at a
rate of 5 ml/l, and the others were apmyed with fresh tap water. Foliar
spray was repeated 3 times, at 10 day intervals from the beginning of
NaCl-salinity stress.

Treatments were arranged as spilt plots in a randomized
complete block design (RCBD) where macronutrient foliar
applications occupied the main blocks and NaCl-salinity treatments
were allocated at random in the sub-blocks (Snedecor and Cochran,
1967). The total volume of irrigation water from thinning till harvest
was 1050 ml/pot. Plants of each pot were gently removed from the
soil on the 5 ™ of March 2003. They were divided into roots and
shoots, dried and weighed. Soil and shoots of cach pot were prepared
for analysis (Chapman and Pratt, 1978).

2.1, Chemical analysis
2.1.1. Plant

One gram taken from the ground shoots/pot was dry ashed in a
muffle furnace at 500 C° for 6 hours, then extracted by 2N HCI
(ADAS,1981). Total P was determined using Perkin-Elmer Lambda 2
spectrophotometer through molybdate-vanadate method
{ADAS,1981). Total K, Na and Ca were determined using Dr. Lang-
M8D flamephotometer. Total nitrogen was determined in the dried
plant shoots based on Micro-Kjeldahl method ( Ma and Zauzage.
1942} using Buechi-320 steam distillation unit. Macronutrients uptake
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were caleulated according to the equation:

mg/pot = nutrient concentration (%) X shoots dry weight X 10

2.1.2. Soil

Soil reaction (pH) and electrical conductivity (E.C.) were
determined in 1:2.5 soil /water suspension (Jackson, 1973). Sodium
was determined after extraction using ammonium acetate at pH7
(Jackson. 1973). Chioride was determined by silver nitrate titration

method (Chapman and Pratt. 1978) .

7.1.3. Protein extraction
Plant leaves were excised and homogenized using a mortar and

pestle (leaves/buffer ratio 1:4 wiv) extraction buffer at pH 7.2
containing 250 mM sucrose, 02 mM DTT. 2% polyviayl poly-
pyrolidine (w/V). The homogenate was filtered and centrifuged at
15000 r.p.m. for 30 min. The resulting supernatant was used for
protein electrophoresis (Rathe, 1997).

3.1.4. Protein electrophoresis

Protein extract of leal was identified by sodium dodecyl
sulphate (SDS) polyacrylamide gel electrophoresis : i.e.SDS-PAGL,
according to Laemmli (1970) using (w/v} 12% polyacrylamide and
0.1% SDS. Each sample (30-pg protein) was loaded onto the slots.
The gel was stained with coomassie blue R 250, and destained with an
aqueous acetic acid and methanol solution. Molecular weight marker
ranging from 20 to 180 KDa was used to estimate the molecular
weight of the purified protein.

2.1.5. Data recorded
»  Dry weights of both shoots and roots/pot.
s  Macronutrients uptake of shoot/pot.
e Residual effect of NaCl-salinity on soil.
¢ Protein electrophoresis.
Data obtained were subjected to the statistical analysis using a
Costat 2.00 computer program, copyright Cohort Software (1986).
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3.RESULTS AND DISCUSSION

3.1. Effect of macronutrients foliar spray and NaCi-saline water
irrigation on plant growth and macronutrients uptake

3.1.1. Effect of NaCl-salinity
3.1.1.1. Plant dry weight

Increasing NaCl of irrigation water significantly reduced the
dry biomass accumulation of spinach beet plants. Shoot dry weight
decreased by about 22 and 54%, while root dry weight decreased by
21 and 42% due to watering plants with 50mM and 100mM NaCl,
respectively, as compared with control treatment (Table 1).

3.1.1.2, Root/shoot ratic

Watering the plants with saline water increased the root/shoot
ratic of spinach beet plants. However, only a significant increase in
the ratio was found under the highest salinity level: i e., 100mM NaCl
(Tablel). This is due to the fact that shoot dry weight was more
affected than root dry weight.

3.1.1.3. Macronutrients uptake

Increasing salinity in irrigation water resulted in marked
decrcases of nitrogen, phosphorus, potassium, calcium as well as
sedium uptake by spinach beet plants (Table 2}). The decrease in
sodium uptake might be due to the decrease in dry weight rather than
1o the decrease in it’s concentration.

3.1.2. Effect of macronutrients foliar application
3.1.2.1. Plant dry weight

Spraying plants with macronutricnis had a marked positive
effect on the dry weight of spinach beet plants. Foliar nutrient spray
resulted in 24 and 34% increase in the dry weight of both shoot and
root, respectively (Table 1).

3.1.2.2. Root/shoot ratio
Macronutrients foliar spray resulted in a significant increment
in root/shoot ratio of about 5% (Table 1).
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3.1.2.3. Macronutrients uptake
Spraying spinach beet plants with macronutrients solution
resulted in raising the uptake of N, P, K, Ca as well as Na (Table 2).

3.1.3. The interaction between NaCi-salinity and macronutrients
foliar application
3.1.3.1. Plant dry weight
No marked effect for the interaction between NaCl-treatments
and macronutrients foliar application was noticed. Macronutrients
foliar spray in combination with fresh water showed the highest dry
weight values for both shoots and roots. Or the other hand, the fowest
values were obtained due (o combination between the highest saline
treatment (100mM NaCl) and water foljar spray { Table 1}.

3.1.3.2. Root/shoot ratis
The interaction between NaCl-salinity and niacronutrients foliar
feeding showed a non-significant effect (Table 1).

3.1.3.3. Macronutrients uptake

The interaction effect between spraying spinach beet plants
with  macronutrienis solution under irrigation with NaCl-salinized
water showed marked effect only on calcium uptake. The highest
uptake recorded was due to imrigation with fresh water in combination
with spraying plants with macronutrients. However, the lowest uptake
was due to the highest NaCl fevel with tapwater foliar application.

On the other hand, no marked interaction effect on nitrogen,
phosphorus and potassium uptake by spinach beet plants was recorded
{Table 2).

From the obtained resuits of this study, it could be conciuded that
watering spinach beet plants with saline water had a marked negative
effect on growth. This negative effect may be due to the high
concentrations of soluble salts in soi! solution of the root zone. These
concentrations of soluble salis through their high osmotic pressures
affect negatively plant growth by restricting the water upiake by the
rocts (Shiman and Ghandorzh, 1983; or through upsetiing the jonic
balance in plant tissues, where the accumuiation of some essential
cations required for normal growth e.g. Ca, K and Mg in plant were
greatly reduced under saline conditions. Besides, plants grown under
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salinity stress revealed absorption and accumulation of higher
amounts of other cations; e.g. Na and CL Such imbalance among
essential and/ or other non-essential ions greatly disturbed the
metabolic and physiological activities of the plants {Salem, 1992). It
is also well known that increasing sodium chloride in the root zone
decreases the photosynthesis process through reducing stomatal
aperture which interferes with CO, diffusion (Awada ef al, 1965 and
Ashraf er al, 1998). Salinity can affect plant growth in an indirect
way, where increasing ions such as Na and Cl in root medium
besides their toxic effect, are responsible for raising soil pH less
resulting in availability of some nuirients; e.g. P, Fe, Zn and Mn for
plant uptake. In spite of the negative effect of salmity on plant growth,
root growth appears to be less affected than shoot growth. This
conclusion is explained by increasing root/shoot ratio of salmity
stressed plants. Cuartero and Fernandez-Munoz (1999) and Tozlu ef
al. (2002) confirmed such results. Salinity had a marked negative
effect on plant nutrierits uptake. The negative effect may be due to the
shortage of water uptake where salts attract water (i.e. competing with
plants for it) so, reducing plant’s ability to extract water from soil. IL s
also found that increasing Na reduces K~ and Ca’ uptake (Song and
Fujiyama, 1996 and Gratian and Grieve, 1999) and increasing Cl
reduces NO5 uptake (Al-Rawahy et al,, 1992).

It is also important to note that foliar spray of nutrients could
increase root/shoot ratio and ameliorate the negative effect of salimity
on the dry weight accumulation through prometing nutrients uptake
by plant roots (Abdalla and Mobarak.1992 and El-Fouly ez al., 1997).

It is quite evident that foliar feeding showed a positive effect in
increasing the ability of plant to take up nutrients. Qesterhuis (1998}
and Soepardi (1998} reported that foliar feeding of a nutrient might
promote root absorption of the same nutrient or other nutrients
through increasing root growth.

3.2. Residual effects of saline water irrigation and macrontt-
rients foliar spray on some soil properties related to salinity
3.2.1. Chloride
Results in Table (3) show that using NaCl-saline water in
irrigation resulted in a marked increase in soil chloride concentration.
Using saline water contaming 50mM and 100 mM NaCl resulted in
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110 and 153%; respectively, increase in soil chloride concentration as
compared with using fresh water in irrigation. On the other hand,
macronutrients foliar spray showed no marked effect on soil chloride
concentration. As for the interaction between nutrient foliar spray and
NaCl. it is worthy to mention that 100mM NaCl in combination with
fresh water foliar spray showed the highest soil chioride
concentration. However, applying fresh water in combination with
water foliar spray showed the lowest value.

3.2.2. Sodium concentration

Soil sodium concentration markedly increased by increasing
NaCl-salinity in irrigation water. As compared with using fresh water.
using 50 and 100 mM NaCl in irrigation water resulted in 242 and
449%, increments in soil sodium concentration; respectively (Table 3).
However. macronutrients foliar spray could decrease soil sodium
concentration by about 9%. Macronutrients foliar spray under NaCl-
salinity showed significant effect: where, 100 mM NaCl with
macronutrients foliar spray gave the highest soil sodium concentration
and the lowest value was obtained from using fresh water foliar spray.

3.2.3. Soil electrical conductivity (E.C.)

Soil electrical conductivity increased by increasing NaCl in
irrigation water. However. macronutrients foliar spray showed
reduction in soil clectrical conductivity (Table 3). No marked effect
due to the interaction between macronutrients foliar spray and NaCl-
salinity was obtained.

3.2.4. Soil reaction (pH)

Irrigation with solution containing 160 mM NaCl showed
marked increase in soil reaction as compared to the other two salinity
treatments. Soil reaction did not significantly differ due to
macronutrients foliar spray treatments. No marked effect due to the
interaction between macronutrients foliar spray and salinity was
calculated.

3.3. Protein pattern
In general, it could be seen in Fig. (1) that all treatments
showed three major distinct bands with different molecular weights as



Lane 1 = Control + macronutrients foliar application

Lane 2 = Control + water foliar application

Lane 3 = 100 mM NaCl + macronuirients foliar application
Lane 4 = 100 mM NaC! + water foliar application

Lane 5= 50 mM NaCl + macronutricnts foliar application
Lanc 6 = 50 mM NaCl + water foliar application

M = Marker

Fig. (1): Protein pattern of extracied soluble protein from
spinach beet leaves induced under different Na(l stress
cenditions.
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follows:

_ Around 48 KDa (high molecular weight}.

- Around 20 KDa (medium molecular weight).
- Less than 20 KDa (low molecular weight).

In addition, the number of protein bands and the density of each
hand showed much variation among treatments.

For example, looking at the first treatment (lane No. 1), when
the plants were grown under control treatment in combination with
nutrient foliar spray. four bands with molecular weights of around
116, 65, 26 and 18 KDa could be distinguished. The aforementioned
bands are not present in lane 2 under control ireatment combined with
water foliar spray. It could be concluded that the appearance of such
bands might be related to macronutrients spray. In the case of lane
No. 3 (100mM NaCl plus autrient foliar spray), one new band was
exhibited with molecular weight of around 90 KDa, which was not
evident in lane 4 (i.e.with 100 mM NaCl in combination with water
foliar spray). Therefore, this new band supports the finding in lane L
that nutrient foliar spray would create new protein bands, which might
be correlated with increased plant resistance 1o salinity stress
conditions. The banding pattern of the third treatment (i.e. 50 mM
NaCl with the presence or absence of nutrient foliar application) was
similar in the number of bands and also, in the relative mobiiity of-
each band except in lane 5 which showed high density in all bands.
Gonzalez et al. (2001) found similar results on four bean cultivars.

Conclusion

From the aforementioned results, spinach beet showed
halophytic behaviour of absorbing salts from salt-affected soils. it is
recommended to use such crop coupled with macronutrients foliar
application to naturally reduce remaining salts in the soils; especially,
in the case of using saline water in irrigation.
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