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Effect of salinity stress on Vicia faba productivity with respect to ascorbic acid
treatment
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_____________________________________________________________________________
Abstract
A field experiment was carried out to study the response of presoaked faba bean seeds (Vicia faba
cv. Misr 2) in freshly prepared ascorbic acid (50 ppm) or distilled water (control) for 4 hrs at natural
environmental conditions, to salinity stress. NaCl treatments caused a reduction in all productivity and yield
parameters as compared with control, particularly at high NaCl level (150 mM), whereas the number of
pods per plant, fresh weight of pods per plant, number of seeds per pod and fresh weight of seeds per pod
were reduced. In the mean time, ascorbic acid had no effect on the yield parameters. Salinity stress
increased the protein content of seeds to some extent. Ascorbic acid treatment to salinized plants
remarkably increased the protein content. Also, seed alkaloids were increased with salinity stress, but the
response was more pronounced at 100 mM NaCl whether alone or combined with ascorbic acid. The
results revealed that protein pattern showed considerable effects of salinity stress on the protein bands.
Application of ascorbic acid induced the synthesis and increased the intensity of the original protein bands
and caused the appearance of additional new bands.
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_______________________________________________________________________________
Introduction
The most common plant response to salt
stress is a general reduction in growth and yield.
As salt concentration increases above a threshold
level, both the growth rate and ultimate size of
crop plants progressively decrease (Neumann,
1997; Aly et al., 2003). Growth suppression
seems to be a nonspecific salt effect that is
directly related to the total concentration of
soluble salts or osmotic potential of the soil
water. Within limits, concentrations of different
combinations of salts cause nearly equal
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reductions in growth. On the other hand, single
salts or extreme ion ratios are likely to cause
specific ion effects, ion toxicities or nutritional
imbalances, which cause even further yield
reductions. Since saline soils in the field generally
consist of a mixture of different salts, specific ion
effects are minimal and osmotic effects
predominate, particularly on herbaceous crops
(Levitt, 1980). Soil salinity has become a serious
environmental problem which affects the growth
and productivity of many crops. High salt content
in the soil affects the soil porosity and also
decreases the soil water potential that results in a
physiological drought. High salt content also
affects the physiology of plants, both at the
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cellular as well as whole plant levels (Murphy and
Durako 2003). Some herbaceous crops, e.g.
soybean, are also susceptible to ion toxicities, but
most do not exhibit leaf injury symptoms even
though some accumulate levels of Cl- or Na+ that
cause injury in woody species (Levitt, 1980;
Ebrahim, 2005).
Ascorbic acids (C6 H8 O6) is present in all
living plant cells, the largest amounts being
usually in the leaves and flowers, i.e., in actively
growing parts (Smimoff et al., 2001 and Ebrahim,
2005). The fundamental role played by ascorbic
acid in metabolic processes is not known.
The fact that it is very sensitive to
reversible oxidation (ascorbic acid ↔
dehydroascorbic acid) suggests that it may be
involved in cellular oxidation-reduction reactions,
perhaps serving as a hydrogen-transport agent.
Attempts have been made to employ active
vitamins to overcome the drastic effects of
salinity on seed germination and seedling growth
as well as on some metabolic mechanisms (Khan
and Zaidi, 1985; Ansari and Khan, 1986; Samiullah
and Afridi, 1988). Presowing seed treatment of
responsive cultivars with vitamins could thus be
exploited to enhance grain yield at harvest
(Kudrev and Pandev, 1965). Moreover, Oertli
(1987) reported that under certain conditions,
the exogenous application of vitamins to plants
stimulate their growth, thus, apart from their
main role as coenzymes, it is not improbable that
vitamins may also play other independent roles in
the biochemical processes of plants, repairing the
injurious effects of unfavorable conditions.
Application of ascorbic acid can reduce the
harmful effects of salt stress and may have
stimulatory effects on plants; ascorbic acid is
synthesized in the higher plants and improves
plant growth. It is a product of D-glucose
metabolism which affects some nutritional cycle
activities in higher plants and plays an important
role in the electron transport system (El-Kobisy et
al., 2005). Several studies have shown that
ascorbic acid plays an important role in improving
plant tolerance to abiotic stress (Shalata and
Neumann, 2001; Al-Hakimi and Hamada, 2001;
Athara et al., 2008).
Beans (Vicia faba) are considered the first
legume crop in the arable area of Egypt. Total
yield is consumed as green and dry seeds in

human feed because the plant has high levels of
protein (18 %), carbohydrates (58 %), vitamins
and other minerals. In addition to the
improvement of soil texture and its fertility, the
plant seeds are considered as a valuable source
for energy and proteins (National program for
pulses crops- Agricultural Research Center, Giza,
Egypt, 2002).
So far, no references have indicated any
hint for investigating the response of Vicia faba
to ascorbic acid. Therefore, the present work
aimed at: (1) investigating changes in crop yield,
seed contents and protein pattern in NaClstressed bean plants, (2) assessing the role of
ascorbic acid to alleviate these changes, (3)
finding an explanation for such alleviatory role,
and (4) finding the recommended dose of
ascorbic acid for treating Vicia faba.

Materials and Methods
A pot experiment was conducted in the
Experimental Farm of the Faculty of Science,
Tanta University, Tanta, Egypt (30° 47' N (Lat.),
31° 0' E (Long.)) during 2003 and 2004 to increase
the salt tolerance of Vicia faba by ascorbic acid.

Plant material and growth conditions
Faba bean seeds (Vicia faba cv. Misr 2)
were obtained from Gemmiza Agricultural
Research Station, Gharbia, Egypt. The seeds were
selected for uniformity of size and shape, and
surface sterilized (2.5% Clorox for 5 min.) and
rinsed thoroughly in distilled water. The seeds
were then soaked in freshly prepared ascorbic
acid (50 ppm ≈ 0.3 mM; El-Tayeb, 1995) or
distilled water (control) for 4 hrs at natural
environmental conditions.
Sand–clay soil ½ v/v (EC of 1:5 soil extract
at 25°C = 0.58 m mohs cm-1, pH of 1:5 soil
suspension = 7.8) was used. The soil was mixed
thoroughly to assure complete and uniform
distribution (25 cm diameter, 35 cm depth, 5.5 Kg
soil pot-1 ).
Faba seeds were divided into 3 groups
(0.0, 100 and 150 mM NaCl). Each was classified
into 2 subdivisions (0.0 and 50 ppm ascorbic
acid).
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Measurements
At 5 months old, fresh seeds were dried
in an aerated oven, at 70 °C, to constant weight.
Carbohydrates and protein were extracted in
borate buffer pH 8 [0.1 dry mass (10 cm3 buffer)1
]. Carbohydrates were estimated quantitatively
using Nelson’s method (1944) with some
modifications suggested by Naguib (1963).
Soluble proteins were assayed according to
Bradford (1976). Alkaloids were measured
quantitatively according to the method described
by Harbone (1973).

Protein pattern in seeds - Electrophoretic
detection of protein by sodium dodecyle
sulphate, polyacrylamide gel electrophoresis
(SDS-PAGE)
The method of Laemmili (1970) with
slight modifications was adopted to use in the
present study. The modifications included
reducing TEMED from 30 μl to 25 μl and also
reducing ammonium persulphate (APS) from 1.5
ml to 1.3 ml. The protein content in supernatant
was estimated according to the method of
Bradford (1976) by using bovine serum albumin
as a standard protein. Protein content was
adjusted to 2 mg/ml per sample.

Crop yield
The yield was obtained as number of
pods/plant, number of seeds/pod, pods
weight/plant, seed weight/pod and fresh weight
of 100 seeds.

Soil analysis
Soil pH and electrical conductivity (EC)
were measured from soil saturation extracts
according to Chapman and Pratt (1961) method.
1:5 soil extracts were prepared for the
determination of soil conductivity (EC) using an
electric EC meter. Soil pH was determined for the
same extract by using an electric pH meter
supplied with a glass electrode with a calomel
reference electrode.

Statistical analysis
All
experiments
and
analytical
determinations were replicated three times at
least. The presented data represent the mean
values. Data obtained were analyzed statistically
to determine the degree of significance of the
differences between treatments. The method of
two ways analysis of variance (ANOVA; factorial)
was applied for all data. The least significant
difference (LSD) at 5 % was used to compare
means (Steel and Torrie, 1980).

Results
NaCl treatments caused a reduction in all
productivity and yield parameters as compared
with control, particularly at high concentration
(150 mM), where the number of pods per plant
(Fig. Ι), fresh weight of pods per plant (Fig. II),

N
Num ber of pods/plant

1.5
Numb er of po ds / p lant

Fifteen seeds were sown per pot, and
then gradually thinned to five before the end of
the season. The sowing date was Nov., 2003 and
experiment was conducted for about 5 months.
Pots were irrigated with the above NaCl
concentrations, to slightly lesser than the field
capacity level, whenever they needed, but with
equal amounts.
Nitrogen-Phosphorus fertilizers were
applied at rates of one g of urea/pot and 1.7 g of
super-phosphate/pot, respectively. Phosphorus
was added during soil preparation (i.e. before
sowing). Nitrogen was applied after 6 weeks of
sowing.
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Fig.I. Number of pods per Vicia faba plant as affected by
NaCl level (and 150 mM) and pre-soaking in 50 ppm
ascorbic acid; A: 0.0 mM NaCl, B: 50 ppm Asc., C: 100 mM
NaCl, D: 100 mM NaCl + Asc., E: 150 mM NaCl, F: 150 mM
NaCl + Asc.
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number of seeds per pod (Fig. III) and fresh
weight of seeds per pod (Fig. ΙV) were reduced. In
the meantime, ascorbic acid had no effect on the
yield parameters. Salinity stress increased the
protein content of seeds to some extent (Fig. VΙ).
Ascorbic acid treatment to salinized plants
remarkably increased the protein content. Also,
seed alkaloids were increased with salinity stress
(Fig. VΙ), but the response was more pronounced
at 100 mM NaCl whether alone or combined with
ascorbic acid.
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Fig. IV. Fresh weight of seeds per Vicia faba plant pod as
affected by NaCl level (0.0,100 and 150 mM) and
presoaking in 50 ppm ascorbic acid; ; A: 0.0 mM NaCl, B:
50 ppm Asc., C: 100 mM NaCl, D: 100 mM NaCl + Asc., E:
150 mM NaCl, F: 150 mM NaCl + Asc.
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Fig. II. Fresh weight of pods per Vicia faba plant as affected
by NaCl level (0.0, 100 and 150 and pre-soaking in 50 ppm
ascorbic acid; A: 0.0 mM NaCl, B: 50 ppm Asc., C: 100 mM
NaCl, D: 100 mM NaCl + Asc., E: 150 mM NaCl, F: 150 mM
NaCl + Asc.

B

T re aCtm

D
en ts

E

F

Fig. V. Fresh weight of 100 seeds of Vicia faba plant as
affected by NaCl level (0.0,100 and 150 mM) and
presoaking in 50 ppm ascorbic acid; ; A: 0.0 mM NaCl, B:
50 ppm Asc., C: 100 mM NaCl, D: 100 mM NaCl + Asc., E:
150 mM NaCl, F: 150 mM NaCl + Asc.
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Fig. III. Number of seeds per Vicia faba plant pod as
affected by NaCl level (0.0,100 and 150 mM) and
presoaking in 50 ppm ascorbic acid; A: 0.0 mM NaCl, B: 50
ppm Asc., C: 100 mM NaCl, D: 100 mM NaCl + Asc., E: 150
mM NaCl, F: 150 mM NaCl + Asc.
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Fig. VI. Analysis of Vicia faba seed as affected by NaCl level
(0.0,100 and 150 mM) and presoaking in 50 ppm ascorbic
acid.
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The plate of protein pattern (Fig. VII)
showed considerable effects of salinity stress on
the protein bands. Application of ascorbic acid
induced the synthesis and increased the intensity
of the original protein bands and caused the
appearance of additional new bands. It appeared
that protein metabolism is greatly affected in
plants growing under saline condition.
The reduction of Vicia faba productivity
may be attributed to this inhibitory effect of salt
stress on the photosynthesis and the metabolic
activities. Salinity stress can cause osmotic stress
and salt toxicity in plants leading to a reduction in
growth and ultimately in yield (Greenway and
Munns, 1980; Ebrahim, 2005). Hussein et al.
(2011) found that salt stress decreased all growth
and yield parameters of wheat plant. Increasing
water salinity from 3000 to 6000 ppm depressed
plant spike length and dry weight of spikes
compared to the unstressed plants (Wang, et al.
2007; Zheng, et al. 2009). This reverse effect may
be due to the retarding effect on photosynthesis
(Jampeetong and Brix, 2009), protein building
(Parida and Das, 2005), mineral disturbances
(Grattan and Grieve, 1998), hormonal balance
(Shakirova, et al. 2003) and water adjustment
(Shannon, 1997). Sharma (1995) cleared that
Vicia faba was moderately salt tolerant with a
salinity threshold of 4.56 ds/m and a 50 %
reduction in seed yield observed at 9.5 / ds / m.
Al Tahir and Al-Abdulsalam (1997) showed that
water salinity significantly reduced the grain yield
and grain number but did not affect grain weight.
Pascale et al. (1997) found that salinity reduced
mean pod weight by 15 % and the number of
pods per plant by 48 %. Higher salinity stress
decreased the seed yield by 67 % due to
reduction in seed weight and number and also
affected the product quality of broad bean.
Sultana et al. (2000) found that the reduction in
photosynthesis in the salinized plants led to low
concentrations of assimilates in the leaves so that
low levels and poor translocation of assimilates
from the source reduced grain dry matter.
Dragidevic et al. (2000) found that saline mineral
water did not affect changes of lettuce yield.
Shalata and Neumann (2001) found that in
Lycopersicon esculentum Mill, the addition of
anti-oxidant (0.5 mM ascorbic acid) to the root
medium, prior to and during salt-treatment for 9

Fig. VII. Protein pattern
Lane 1: 0.0 mM NaCl
Lane 3: 100 mM NaCl
Lane 5: 150 mM NaCl

Lane 2: 50 ppm Asc.
Lane 4: 100 mM NaCl+Asc.
Lane 6: 150 mM NaCl +Asc.

hours facilitated the subsequent recovery and
long-term survival of 50% of the wilted seedlings.
De Pascale et al. (2003) reported that irrigating
with saline water containing sea salt up to4.4dSm-1 (0.25% w/v) led to yield reduction (10%) in
Lycopersicon esculentum. Maggio et al. (2004)
showed that salinized tomato fruits were smaller
than non-salinized ones. They also had higher
acidity, increased soluble solids and higher sugar
content. Colla et al. (2006) reported that
increasing salinity resulted in a linear decrease in
Cucumis melo yield compared with controls and
that was due to reductions in the size and
number of fruits. Garcia et al. (2006) reported
that Citrus reticulata fruits yield was reduced by
the salinity due to a decrease in the number of
fruit per tree but not fruit size. High exogenous
salt concentrations cause an imbalance of the
cellular ions resulting in ion toxicity, osmotic
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stress and the production of ROS. Plant salt
tolerance has generally been studied in relation
to regulatory mechanisms of ionic and osmotic
homeostasis (Ashraf and Harris, 2004).
Radi et al. (2001) and Ebrahim (2005)
reported that vitamin treatments significantly
increased dry matter yield of salt- stressed bean
lines, resulting in the alleviation of the adverse
effect of the high levels of salinity. The
application of ascorbic acid caused significant
increases in total yield of tomato plants (Abd ElHalim, 1995). El-Hifny and El-Sayed, (2011)
reported that foliar application of ascorbic acid
significantly increased yield and its components
of pepper plants, i.e., fruit number, length,
diameter and weight, as well as yield / plant and
total yield / acre, in addition to fruit ascorbic acid
content compared with untreated plants. The
maximum values of yield and its components
were obtained as a result of foliar spray with
ascorbic acid at 400. Similarly, El-Greadly (2002)
on cucumber, El-Banna et al. (2006) on pepper,
Helal et al. (2005) on pea plants and El-Tohamy et
al. (2008) on eggplant indicated that spraying
with ascorbic acid had favorable effects on yield
particularly with the higher concentration. This
might be due to increasing of endogenous
promoting hormones in plant (Abd El-Halim,
1995) in addition to stimulating of plant growth
and CO2 as well as microbial activity.
Ascorbic acid protects metabolic
processes against H2O2 and other toxic
derivatives of oxygen which affect many enzyme
activities, minimizes the damage caused by
oxidative processes through synergistic function
with other antioxidants, and stabilizes
membranes (Agarwal and Pandey, 2004; Sairam
et al., 2005; Shao et al., 2008). Zeid et al. (2009)
reported that exogenous ascorbic acid enhanced
the productivity of wheat plants under salinity
stress conditions. These effects may be attributed
to the protective role of ascorbic acid in plant
cells from the oxidative stress induced by salinity.
Moreover, the increase in yield and its
compounds might be due to the effect of the
antioxidant role on enhancing protein synthesis
and delaying senescence (Hammam et al., 2001).
Foliar spray of ascorbic acid increased
photosynthetic metabolites, which leads to the

accumulation of different fractions of soluble
sugars and nitrogen content in plant tissues
under saline conditions. This evidence points to
ascorbic acid as an important part of the plant
defense system maintaining the integrity and
normal function of the photosynthetic apparatus
(Liu et al., 2008). Grain soaking in ascorbic acid
had an inhibitory effect on the accumulation of
sodium in different organs under various
concentrations of NaCl (Al-Hakimi and Hamada,
2001). Concerning ascorbic acid, the mean values
of spikes / m2, spike length, grains number /
spike, grains weight / spike and 1000- grain
weight were significantly increased by sprayed
the ascorbic acid on wheat plants at 1000 and
500 mg/L as compared with unsprayed wheat.
These results may be due to sprayed vitamin C
influencing many physiological process such as
stimulating respiration activities cell division and
many enzymes activities as reported by Oertil
(1987), Abd-El-Hamed et al. (2004), Irfan et al.
(2006) and Zewail (2007). Helsper et al.,(1982)
observed that application of ascorbic acid at 1000
mg/L increased wheat grain yield by 15.35 and
15.64 % when compared with control plants.The
positive response of wheat plants may be due to
the effect of ascorbic acid on some enzymes
which are important in regulation of
photosynthetic carbon reduction. Hussein et al.
(2011) reported that increasing the rate of
spraying of ascorbic acid from 0 to 200 ppm and
under different levels of salinity water led to
increase in wheat spikes yield in most cases.
Spraying 200 ppm ascorbic acid in most cases
gave the highest value of yield parameters.
Ascorbic acid could be used as a potential growth
regulator to improve salinity stress resistance in
several plant species (Gunes et al., 2005; Khan, et
al., 2006 and Sheteawi, 2007). Also, ascorbic acid
would inhibit stress-induced increases in the
leakage of essential electrolytes following
peroxidative damage to plasma membranes
(McKersie, et al., 1999). In general, the effect of
ascorbic acid in mitigating partially or completely
the adverse effects of salt stress may be one
aspect of the role of this compound in the
activation of some enzymatic reactions. Among
the positive effects of ascorbic acid in the
counteraction of the adverse effects of salt stress
are the stabilization and protection of the
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photosynthetic pigments and the photosynthetic
apparatus from oxidization (Hamada 1998).
It is well documented that salinity
promotes the synthesis of salt stress proteins
(Ben–Hayyim et al., 1989), causing either a
decrease in the level of total and soluble proteins
or an increase in some other polypeptides. NaCl
treatments enhanced protein synthesis to
counteract the effects of salinity. It can be
suggested that these new proteins may play an
important role in triggering a special system
helping the whole plant tolerance against NaCl
stress. Studies revealed that salinity caused the
disappearance of some protein bands, based on
which it was concluded that the disappearance of
polypeptides during salt stress compensates the
synthesis of others (Sachs and Ho, 1990;
Robinson et al., 1990) The results also showed
that ascorbic acid induced the synthesis of new
protein bands and this might be attributed to the
synthesis of polypeptides or degradative product
of proteins due to the effect of hydrolytic
enzymes on high molecular weight proteins.
The polypeptides with molecular weights
at 97, 82, 61, 58 and 34 KDa had disappeared
under salinity and reappeared when the salinized
plants were treated with ascorbic acid. This
indicates that the inhibitory effect of NaCl stress
on the synthesis of proteins could be overcome
by vitamin C treatment. Singla and Grover (1994)
found that the rate of protein biosynthesis
decline during most stress conditions. However,
cells preferentially synthesize a few specific
proteins, which are termed stress proteins (De
Rocher and Vierling, 1994; Moons et al., 1995;
Han et al., 1997, Badr et al., 1998). It is apparent
that one of the most important mechanisms
involved in cell protection against salt stress is
the induction of de novo synthetic protein groups
(Kermode, 1997). Khattab (2001) found that in
Oryza sativa L., some specific radicle emergence
polypeptide bands disappeared under salt stress.
Salt stress induced the synthesis of mid and high
molecular weight new polypeptides (salt induced
polypeptides). Bassuony et al., (2008) stated that
four protein bands of molecular weights 69.37,
6.83, 4.51 and 2.67 KDa were de novo
synthesized in Zea mays plants grown under
salinity stress. It has been suggested that these
proteins have an osmoprotection function (Dure

et al., 1989 and Dure, 1993) or protected cellular
structures (Close and Lammers, 1993). Also,
Bassuony et al., (2008) stated that vitamin C
treatments (grain soaking or shoot spraying)
induced the synthesis of 2 new protein bands of
molecular weights 15.86 and 1.01 KDa and
increased the overexpression of protein band
appeared at molecular weight 73.25 KDa in
salinized Zea mays plant. These results suggested
that these proteins may have a specific function
to help maize plants to alleviate the harmful
effects of salinity. Also based on the results of
protein pattern it may be reasonable to assume
that one of the multiple effects of vitamin C on
stressed Zea mays plants is the de novo synthesis
of a new proteins and the increased
accumulation of certain existing proteins which
may be involved in increasing the tolerance of
maize plant.
Shukry and El–Bassiouny (2002) reported
that salinization induced de novo synthesis of
some salt responsive proteins of Vicia faba seeds
during germination. The salt responsive proteins
might be osmotin, dehydrin and ubiquitin, which
were apparent in Vicia faba seeds. Ekmekçi and
Karaman (2012) reported that Silybum marianum
L. seeds germinated in 30% NaCl + water showed
that NaCl + water salinity enhanced the synthesis
of most original proteins which were already
present in control seeds, especially, 55, 36, 29,
24, 20, 14 and 6.5 KDa polypeptides as well as
synthesis of additional five new proteins with
molecular weight of 205, 87, 84, 65 and 45 KDa.
Soaking of Silybum marianum L. seeds in vitamin
C elevated the levels of proteins in most bands of
both seeds germinated either in 0 (control) or
30% NaCl + water. Further, in seeds germinated
in 30% NaCl + water, vitamin C (lane 3) also
resulted in appearance of five new proteins with
molecular weight of 205, 87, 84, 65 and 45 KDa,
respectively. In addition, the protein band 0
which had disappeared in seeds germinated in
0% NaCl + water and vitamin C reappeared.
Similar results were reported by Azooz (2004),
Kassim and Dowidar (2006) and Beltagi (2008).
Ekmekçi and Karaman, (2012) stated that the
changes in protein profile may be due to
adaptation of Silybum marianum L. seeds to NaCl
+ water stress. The new bands of proteins in
seedlings germinated in NaCl + water or in
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combination with vitamin C may be due to de
novo synthesis of new protein (Gopala et al.,
1987; Azooz, 2004). Bassuony et al. (2008) has
shown that vitamin treatments induces a
significant alterations in the enzymes related to
protein metabolism. This indicates that vitamins
might act as activators of protein synthesis. The
new bands and the significant increase in the
intensity of Silybum marianum L. as well as the
original bands appearing in the control indicate
that vitamin C has stimulatory effect on the
protein component, which might be linked with
the improvement of seed germination and
growth.
Barakat (2003) stated that salinity
induced a considerable variation in the protein
pattern in Triticum aestivum L. These variations
have been manifested in the novel expression of
some polypeptides,in the absence of other and
the overexpression of a third class of
polypeptides. Bishnoi et al. (2006) found that,
content of some proteins were decreased by
boron treatment combined with NaCl in two
Cajanus cajan L. genotypes, a salt tolerant and
sensitive. Thus, 54.3 KDa protein disappeared in
the plumule of salt sensitive seedlings, 68.4 KDa
in the radicle of salt tolerant seedlings and 28.1
KDa in salt sensitive radicle. Cokuysal et al. (2006)
stated that the Nicotiana tabacum (tobacco) cells
growing in salt stress conditions showed distinct
changes in their pattern of accumulation of total
RNA and poly (A)+ RNA for the synthesis of salt
stressed specific proteins.

Conclusion
The present wok demonstrated that
presoaking Vicia faba seeds with 50 ppm ≈ 0.3
mM ascorbic acid for 4 hrs before sowing
ameliorated the negative changes of NaCl- stress
on productivity and yield parameters.
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