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ABSTRACT

Management of saline soils is the main concern of many specialists in order to mitigate or reduce the salinity problems on
the plant for increases its ability to produce crops. Thus, a field experiment was carried out during the winter season of
2014/2015, on a sandy loam soil at a newly reclaimed area of Sahl El-Tina, Galbana Village No.7, North Sinai, Egypt., to
evaluate some of agricultural practices proposed i.e. agricultural system (raised beds or furrow row system) and Zn SO, foliar
application on alleviate salinity stress and faba bean yield and yield components. The results can be summarized as follows ; the
raised bed system contributed in good manage of salt accumulation, where the soluble salts were pushed from the root zone of
bed shoulder towards bed middle as a result of dawn and lateral irrigation movements. Thus, the gradually decreasing in soil
salinity with the consecutive irrigations had significantly positive effect on plant heights, number of branches/plant, number of
pods/plant, straw yield, seed yield, weight of 100 grains and protein contents (%) in seeds of faba bean plants under raised bed
system compared to furrow row system. In addition to, the amounts of macronutrients uptake by plant and its chlorophyll content
were significantly increased with using raised bed system. In contrast, the prolien content of faba bean plant was decreased with
fading the salinity stress problems under this condition. Furthermore, Zn SO, foliar application treatments gave the same trend
particularly with 200 mg L' as individual treatment, except number of branches/plant and protein contents (%). This positive

effect was higher clearly with the interaction between raised beds system and 200 mg L™ (Zn SO,) treatment.
Keywords: Agricultural practices, soil salinity, manage accumulation and faba bean crop.

INTRODUCTION

Salinity is one of the main environmental factors
that limiting crop productivity in many regions like Egypt,
most of the salinity problems are often more complex,
which are caused by increasing the root zone soluble salts.
These salts accumulate often appeared in the arid and semi-
arid climates as consequence to irrigation water or seepage
of groundwater evaporates, leaving minerals behind. These
excess amounts of salts which soluble in saline soils inhibit
seed germination, growth of plant and vigor (Memon, et
al., 2010 and Fayez and Bazaid, 2014), by altering water
uptake and causing ion-specific toxicities or imbalances,
which induced the generation of hydrogen peroxide,
increased tissue levels of Na“ and CI, reduced K" and
Ca®’, and K": Na' and Ca’": Na' ratios. (Tester and
Davenport, 2003, Tejada et al., 2006 and Rasheed et al.,
2016). Also, many of studies underline the adverse effect
of salinity on biochemical processes and reduce the
photosynthetic pigments content in the treated plants.
(Murillo-Amador et al., 2007; Abdul Qados, 2011)

Although several approaches can reduce the
quantities of soil salts, which are either impossible or too
costly to achieve low salinity levels. Saline soils cannot be
treated by chemical amendments or fertilizers, they only
can be reclaimed by removing the salts from the root zoon
by increasing the irrigation water applied than plant need to
sufficient leaching requirement. The reduction of soil
salinity may be a result of increasing the volume of
percolated water below the root zone (Petersen, 1996).
Sometimes, selecting crops tolerance to salt stresses may
be needed to management saline soils.

Recently attention was given to several agricultural
practices used as alternative approaches and techniques to
combat salt stress and improve the productivity of salt
affected soil, e.g. 1- Agricultural systems; (Raised beds
system) where the planting location and the furrows are
distinctly and permanently separated. Soil amount is
moved from the furrows and added to the bed location

(crop zone), slightly raising the surface level of the raised
bed. Beecher, et al, (1997) reported the advantages of
raised bed system where improved internal and surface
drainage of the soil, improved the structure of crop zone
soil, and reduced tillage requirements. In addition to,
Amer, et al., (2011) used this system to reclaim saline soil,
where raised beds have been constructed by farmers and
was filled by organic matter recommended, these results
explained that the chemical properties of soil were
improved, the soil salinity reduced more than 50%
approximately, especially for CI' and Na" in the root zone
of maize under raised beds system. On the other hand,
increasing nitrogen efficiency and maize yield component
were recorded the best values with raised beds system.
Also, raised beds system was used to reclaim the sodicity
soil by Amer, (2017) with some modification, where the
beds were filled with rice straw and using flooding
irrigation system to leaching the upper layer of raised bed
completely and prevent return the salts to the beds surface,
this develop raised beds system was combined with plant
growth regulators (PGRs) for maximizing wheat
production in this harmful conditions. 2- Using foliar
application of certain micronutrients to induce increases in
tolerance of growing plants of faba bean to salinity by
alleviating Na" and CI injury to plants ( El-Fouly et al,
2002). However, it was found that 2000 and 5000 mg kg’
soil Na Cl inhibited nutrient uptake and growth of faba
bean plants, while micronutrients spraying either before or
after the salinity treatments can restore the harmful effect
of salinity on dry weight and nutrients uptake of plants (El-
Fouly et al., 2010).

Zinc plays an important role in various host plant
metabolic processes, nodule growth and N, fixation
processes as an essential nutrient (Fageria, 2009), for
optimum growth of crops, and helps in protecting vital
cellular components such as chlorophyll by preventing
their oxidation (Cherif et al., 2010). In addition to, salt
stress was reported to be mitigated by Zn. Zinc can reduce
the adverse effects of Na Cl. Tavallali, et al, (2010)
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concluded that, Zn supplement efficiently reduced all the
negative effects of salt stress. Jiang et al., (2014) reported
that zinc has been previously reported to combat salinity
stress in plants and the low concentration of Zn was
ineffective in alleviating stress while the higher zinc
concentration inhibited plant growth a cause of his toxicity
to plants. The foliar application zinc sulfate at 15 pumol L™
was reported to be the most appropriate at salinity stress
levels. Numbers of studies have found that zinc used to
relieve of salt stress, the high amounts of continuous soil
application from zinc sulfate is not recommended because
it may be result a zinc accumulation in the soil, which is
undesirable, but the spray of zinc sulfate in small amounts
is more feasible and applied on the plants when required.
Faba bean (Vicia faba L.) is moderately tolerant to
salinity with growth reduction at EC 6 dS m™ and more for
irrigation water (Al-Tahir and Al- Abdulsalam 1997). It
considered as one of the important winter season legume
crops produced worldwide, especially in Egypt as its high
yield makes it attractive to producers and its high protein
and even carbohydrates content makes it attractive to
consumers (Daur et al, 2010 and Reda, et al, 2014).
Abdelhamid, et al,, (2010) reported that the ratios K'/Na*
and Ca>/Na’ in faba bean leaves decreased by increasing

salinity levels gradually, and reached their lowest values at
the highest level of salinity. Although, faba bean plants
were more sensitive to high levels of salinity (EC). The
main target of this study was conducted to identify some
scientific approaches i.e. agricultural practices (Raised
beds or furrow row system) with Zn foliar application
levels for mitigating the harmful effect of soil salinity on
faba bean productivity.

MATERIALS AND METHODS

To achieve the aforementioned target, a field
experiment was conducted on a sandy loam soil that is
suffering from salinity stress and Zn-deficient at a newly
reclaimed area of Galbana Village No. 7, Sahl El-Tina,
North Sinai, Egypt during a growing winter season of
2014/2015 to investigate the effect of agricultural practices;
agricultural system (Raised bed and furrow row) and Zn
SO, foliar application levels, whether alone or combined
with both on alleviating the negative effect of soil salinity
stress and faba bean productivity. Some chemical and
physical properties of surface soil layer (0 — 30 cm) were
determined according to standard methods after Page et al.,
(1982) and Klute, (1986), and presented in Table (1).

Table 1. Some physio-chemical and fertility characteristics of the studied soil.

Soil

Soluble Ions (meq. L)

depth dSEg.l) Sp Cations Anions SAR  ESP
(cm) Cat+ Mg+t  Nat K+ HCO;, CI__ SO,
0-10 10.8  23.00 44.81 27.94 53.00 1.57 1.53 5487 7092 8.79 11.00
10-20 9.35 23.00 38.00 25.64 4451 4.05 2.08 5494 5518 7.89 10.08
20-30 8.25 23.00 31.00 21.15 47.43 4.40 2.25 57.66 44.07 9.29 11.52
mean 9.47 23.00 37.94 24.91 48.31 3.34 1.95 55.82  56.72 8.66 10.87

Particle size distribution (%) Texture OM  CaCO Available macro and micronutrients

; o VAN pH (mg kg™ Soil)
C.Sand F.Sand Silt Clay Sandy (%) (%) N 5 e 7
L
58 552 129 16 D S A, 800 4010 580 18500 075
Experimental area were ploughed twice in two (45 units of N fed” and 24 units of K,O fed”, respectively)

ways for seeds bed preparation after received and inoculation by Rhizobium was done. The experimental

superphosphate fertilizer (15.5 % P,Os) at rate of 45 kg
P,O;s fed”. The designed experimental area was laid out in
a split plot design with four replicates. The main plots were
two agricultural systems, Raised bed (which make manual
according to the described methods after Amer et al,
(2011)) or furrow row systems, sub plots were three rates
of Zn SO,4. 7H,0, which dissolved in water and added
foliar spray on plants with rate of 0.0, 100 and 200 mg Zn
SO, L™, the spray solutions were twice sprayed at 45 and
60 days after sowing. The experimental area was included
6 treatments with four replicates, (24 plots). Each plot area
was 10.5 m? (3.5 m x 3m) content six rows which make a
three raised bed for each plot. Faba bean seeds (Vicia faba,
L. Noubaria 1) were soaked in 2 % Urea for ~18h before
planting for obviation salt damage and enhance the
germination under saline conditions according to El Azab,
et al., (2011). The soaked seeds were cultivated in hills (by
rates of 3 seeds/ hill ~ 40 plant m?) on shoulder bed and in
the 1/3 top of row ridge (in 16 November 2014) and all the
other usual agricultural practices were followed according
to the usual methods recommended by Ministry of
Agriculture (fertilizer Nitrogen and Potassium fertilizers
were added in the form of ammonium sulfate (21.5% N)
and potassium sulfate (48 % K,0), at recommended doses

soil was flood irrigated for immerge the bed with mixed
water (Nile water + drainage water) derived from El-Salam
Canal (1.8 dS m"'). Managing irrigation schedules
(amounts and timing), irrigation was done every 8 days till
crop maturity.
Soil sampling

Soil samples were collected two days after
irrigation and before each follow irrigation to the
primary fourth follows irrigations and at harvest. Each
time, samples were taken from twelve points (top (2 ,5)
, furrow ridge (3, 6) and bottom (1,4,7) of the furrows,
middle of raised bed (10), two bed shoulders (9, 11),
bottom of both sides of bed (8, 12) (Fig. 1) with three
replications in each main treatment (cultural prac%ces)

¥ % % ¥ W 4

Fig. 1. Vertical cut through a furrows and raised bed
management agricultural practices in saline soil.
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Samples were taken at everylO cm soil depth down
to 40 cm using a tube auger, air dried and chemical
analyzed for electrical conductivity (EC) and soluble
cations and anions were determined in soil paste extract
according to Page et al., (1982). Available nutrients (i.e.,
N, P, K and Zn as mg kg soil) were determined at harvest
in the rhizospheric soil (root zone) for each plot, according
to the method described by Cottenie ef al., (1982).

Plant sampling:
1-Chlorophyll determination:

At ages of 90 days, one gram of fresh tissue
leaves of faba bean plants, taken and extracted
with  dimethylformamide and was determined
Spectrophotometrically by the method of Inskeep and
Bloom (1985).
2-Proline analyses:

The leaf tissue proline content was measured
following the method described by Troll and Lindsley
(1955) and streamlined and developed by Dreier and
Goring (1974) Thus, 100 mg of fresh leaf material was
homogenized in 2 ml of 40% methanol, and then heated in
a water bath at 85°C for 60 min. The absorbance was
measured at 528 nm in a spectrophotometer .
3-Yield and yield components:

At harvest, the plants in ten hills were randomly
collected from each plot to determine the number of
branches/plant, number of pods/plant and 100-seed weight.
Each plot was harvested, weighed and separated to Seed
and straw yields and calculated in (kg fed"). Plant samples
(seed and straw) were dried at 70 °C, crushed and wet
digested using a mixture of H,SO, + HCIO, acids to
determine nutrient contents in aliquots of the digested

solutions, i.e., N, P, K, Na (%) and Zn in mg kg (Ryan et
al., 1996). Crude protein content (%) in seeds was
determined by multiplying the nitrogen percentage by 6.25
according the method described by A.O.A.C., (1984).
4-Statistical analysis

The obtained data were exposed to proper statistical
analysis of variance (ANOVA) by using Minitab computer
program and least significant differences (LSD) values
were calculated at levels 5 % (Barbara and Brain, 1994).

RESULTS AND DISCUSSION

Effect of agricultural systems on salt accumulation:

Data presented in Table 2 (a & b) and fig. 2 (a & b)
indicated that the mean values of soil salinity obtained
were decreased with using the cultural practice treatments
compared with the initial data before sowing (control),
whether measured after irrigation or before the next
irrigation directly. It was observed that the mean values of
soil salinity gradually decrease with increasing the number
of irrigations, where salinity decreased in the root zone
area of bed shoulder before the second irrigation, third,
fourth and fifth respectively, this decrease was more
pronounced after the first irrigation, second, third and
fourth respectively in the same bed shoulder, which helps
to reduce the negative effects of salt stress on plant growth.
Also, at using the furrow row system, the decreasing in
salinity values (EC) take the same trend but less frequently.
On the contrary, the salts were moved and accumulated
towards the middle of the beds (unplanted) and the top of
the furrow row which negatively effects on plant growth in
this agricultural system (furrow row system) compared to
raised bed system.

Table (2, a and b). Effect of agricultural systems on salinity distributions (dS m™) in soil profile after and

before irrigation.
(a) Furrow row system

first irrigation 2" irrigation

3" irrigation 4 irrigation  after harvesting

Agricultural = B, « T, « T, = T, « 3
systems and time ~ DePth S £y 2 °g§é‘n g2 S 2ue5 S 2y g5 °e £ c5
of analvsis (em) o2 5<% S5 odET SE od ETSE ad B SE o EgSE
' =T EF 82 8TEF 88 £T EFEEET 2 88 &7 258
= = = = =

1020 69 62 S8 68 51 31 61 40 46 57 42 42

g Afterimigation 3030 671 72 61 51 58 61 48 50 5.5 42 46 59

= 30-40 81 92 95 88 84 10.1 83 80 9.8 81 79 10.0
® oeforethe 010 97 88 70 98 82 68 108 78 6.1 111 64 358 132 98 7.1
E  Pbefgehe 1020 70 75 65 75 72 60 81 67 54 84 52 50 100 85 67
= loflow 2030 7.0 81 67 68 78 63 71 7665 77 63 61 92 63 94
& 30-40 10.1 93 10.5 9.8 89 96 99 8.7 9.8 10.0 85 10.1 10.1 84 9.8

(a) Raised bed system

first irrigation

2% irrigation 3" irrigation

4 irrigation after harvesting

Agricultural |+ [+ |+ ] = b5y

sygstemsandtime Depth ES -c§ EE EE -cﬁ EE EE -cﬁ gg Eg -cﬁ gg 2% -c§ EE
of analysis (cm) 82 22 §f 52 33%5 g2 23%:5 g2 ngf G Egﬁf
(@R _&_QOUO _&_QOUO ﬁnc (@R ﬁnc (@R inc

R B VT

g Afterimigation 55730 77 67 82 72 49 82 91 41 78 97 38 69

= 3040 97 95 92 9.1 86 93 96 7.8 98 10.1 7.1 98
51 before the 0-10 109 102 76 119 92 68 126 88 65 141 70 64 147 71 71
‘5 tollow 1020 9.1 92 68 108 7.0 63 11.6 6.5 63 129 53 62 13.0 6.1 6.4
~ irrioation 2030 79 82 81 89 65 81 94 57 82 10.1 44 78 11.5 58 87
g 3040 9.8 92 99 95 89 92 92 72 93 97 7.8 98 10.1 94 92
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(a) Furrow row system.

1 Affer irrigation 1- befwre the follow irrigation
I ' I
{ : A )
] f 4
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(a) Raised bed system.

I- After irrigation I- before (b Follow Irvigation

Fig. 2, a and b. The mean values of EC (dS m™) for soil profile (0- 40 cm) after the first irrigation and before

the 2°" irrigation.

Although, increasing the salinity values measured
in the soil profile before irrigation compared to after
irrigation under the same conditions, the salts
accumulation in the middle of raised bed was
immediately higher than in the top of furrow row. This
is due to two main factors; evaporation process, which
water evaporates from the raised bed surface leaving the
salts on the surface through draying time. The second
factor is the lateral movement of water from the furrow
towards the middle of raised bed through irrigation
time, which salts are ‘pushed’ across the bed from the
irrigated side of the furrow. Figure (3) illustrate the salt
manage accumulation in this manner. The goal is to
ensure the zones of salt accumulation stay away from
germinating seeds and plant roots zone. Without
uniform distribution of water by this method, salts will
build up in areas where the germinating seeds and
seedling plants will experience growth reduction and
possibly death. where, on the basis of the equal quantity
of irrigation water for each experimental plot, the
number of furrow in raised bed system is less than the
number of furrow in furrow row system, thus the large
amounts of water irrigation in the furrow around the
raised bed system able to move and push the salt in two
ways, down with percolation and lateral with water
movement towards the middle of raised bed through bed
shoulders. So, the bed shoulder were exposed to two
types of leaching, percolation at the beginning of flood
irrigation and leaching with lateral movement of
irrigation water at deceases the amount water on the
raised bed surface. Finally, salts are most efficiently
leached from the bed shoulders immediately under
higher frequency irrigation (shorter irrigation intervals)
to prolong saline field productivity.

1- Irrigation
time

2- Down and
lateral
percolation

3- Salt
accumulation

N
(b) raised bed system

(a) furrow row system

Fig. 3. Salt manage accumulation as affected by
different agricultural systems (a, and b).

Effect of agricultural practices on available macro
and micronutrients in root zone at harvesting time.

Data in Table (3) showed the effect of treatments on
the residual of available macronutrients in soil at harvest.
The statistical analyses of data revealed that there are only
significantly differences between both the agricultural
practices on N and Zn contents in the root zone. Each
available values of N and Zn (mg kg') was significantly
increased with raised bed compared to the furrow row, This
finding presumably may be attributed to decrease the salinity
in bed shoulder particularly in root zone, which enhances
and improve root penetration and plant growth as a
consequence of increasing the microorganism activity and
nitrogen fixation. In contrast, there aren’t significantly
effects of the agricultural practices on P and K available
contents in root zone, while the decreasing in residual P and
K contents in root zone of raised bed system may be
attributed to increasing the uptake of P and K nutrients as a
consequence of increasing the plant growth. Also, there
aren’t significantly effects of the Zn foliar application rates
on the available values of macro and micronutrients studied
in the root zone.
Effect of agricultural practices on total macronutrients
uptake by faba bean plant

Data in Table (4) showed significantly increasing in
total N, P and K uptake as a resulted from the individual
treatments application, whether agricultural system (raised
beds and furrow row) or Zn SO, foliar application rates on
faba bean plants, while increases in the amounts uptake from
N, P and K nutrient reached to 43.7, 38.3 and 52.4%
respectively at raised bed compared to furrow row system.
This finding may be attributed to the advantages of raised
bed system, i.e. which recorded the highest reduction in EC
values in root zone of bed shoulder that exposed to down
and lateral percolation, so the concentration of Na" and CI
arrived to the lowest values or acceptable levels that hadn’t
any negative effect on macronutrient uptake. This result is in
agreement with Tejada et al., (2006) and Amer, (2017) who
reported that the excess of Na' and CI in soil solution
inhibited uptake of mineral nutrients, especially N, P and K.
In addition to, the amounts of macronutrients uptake by plant
were significantly increased with increasing the rates of Zn
SO, foliar spray, it reached to 18.6, 21.1 and 19.3% for N, P
and K respectively with addition 200 mg L' from (Zn SO,
solution) as foliar application compared the control (zero
concentration), but the obtained increases in macronutrient
uptake values at using 100 mg L of Zn SO, solution were
insignificant particularly in case of N and K nutrients.
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Table 3. Effect of agricultural practices on availability of macro and micronutrients in soil after the harvest

Treatments Available macro and micronutrients in soil (mg k&
Agricultural system (a)  Zn SO, foliar application (mg L") (b) N P K Zn
0 35.86 5.58 184.00 0.87
Furrow rows 100 40.53 5.21 186.25 0.96
200 29.80 5.01 181.00 0.92
0 42.40 4.92 178.25 0.99
Raised beds 100 40.53 4.40 178.65 1.03
200 44.27 4.35 179.65 1.07
LSD at 0.05 level (a*b) ns ns ns ns
Mains of agricultural Furrow rows 35400 526a 183.75a 091b
system Raised beds 42.40 a 4.55a 178.85a 1.02 a
LSD at 0.05 level (a) 5.75 ns ns 0.07
: : 0 39.13 5.24 181.12 0.93
e toan SO foliar 100 40.53 480 18245 0.9
200 37.03 4.67 180.32 0.99
LSD at 0.05 level (b) ns ns ns ns

Values are means (n = 4). Values followed by different letters are significantly different, p < 0.05.

Table 4. Effect of agricultural system and Zn SO, foliar application on total macronutrients uptake (kg fed")

by faba bean plants at harvest

Treatments

Total macronutrients uptake by faba bean (kg fed™)
K

Agricultural system (a)  Zn SO, foliar application (mg L") (b) N P
0 47.89 25.31 33.86d
Furrow rows 100 51.50 28.29 35.68 d
200 54.59 28.66 37.07d
0 67.20 33.53 48.46 ¢
Raised beds 100 72.30 37.58 52.94b
200 81.87 42.63 61.15a
LSD at 0.05 level (a*b) ns ns 3.91
Mains of agricultural Furrow rows 51.32b 27410 35.54Db
system Raised beds 73.78 a 3791 a 54.18 a
LSD at 0.05 level (a) 4.16 2.11 2.76
N o1 7050, i 2 Tar malr  LnT
application 200 68.23 a 35.64a 4911a
LSD at 0.05 level (b) 5.10 2.59 3.38

Values are means (n = 4). Values followed by different letters are significantly different, p < 0.05.

Effect of agricultural practices on seed and straw
yield, yield components and crude protein (%) of
faba bean plant

The variances of faba bean yield parameters were
statistical analyzed and recorded in Table (5), the data
revealed that, plant heights, number of branches/plant,
number of pods/plant, straw yield, seed yield, weight of
100 grains and crude protein % in seeds of faba bean plants

were significantly increased as a result of using raised bed
system compared to furrow row system. The highest
percentage increases was noticed in seed yield, which
reached to 28.7% and 16.4% at using raised bed system
and the foliar application (200 mg L' Zn SO,) as
individual treatments compared to the furrow row system
and the foliar application treatment (zero mg L Zn SO,),
respectively.

Table 5. Effect of agricultural system and Zn SO, foliar application on seed and straw yield, yield
components and crude protein (%) of faba bean plant

Treatments

Yield components

=~ = = %—' % ®°\°
. Zn SO, foliar 8 fg. 28 B =3 =4 =
™! applicsgtion ~ SHE 225 E2E o083  Ew z% E2
y (mgkg™)(b)  EEF= SE% 358 =8 5% &% 2
0 393 43 123 793 13281 10472 7.8
Furrow rows 100 616 43 130 820 1344.0 1129.5 17.5
200 670 45 130 850 1390.6 1167.6 18.4
0 670 48 143 850 1581.1 13067 206
Raised beds 100 690 50 150 897 1642.7 14243 206
200 730 58 160  93.0 1708.0 1573.6 212
LSD at 0.05 level (a*b) ns ns ns ns ns 45.2 ns
Mains of Furrow rows 62.6b 43b 1270 82.1b 135426 111476 1790
gﬁ;;g“m““fal Raised beds 69.7a 5.1a 151a 892a 1643.9a  14348a 20.8a
TSD at 0.05 Tevel (a) 70 05 04 13 2.0 3.0 3
. 0 6316 45a 13.2c¢ 822c 145460 T1760¢c  192a
Mains of Zn 80, 100 653ab 46a 140b 858b  14933b  12769b 19.1a
Pp 200 70.0a S.1a 145a 89.0a  15493a 1370.6a  19.8a
LSD at 0.05 level (b) 4.9 ns 0.5 1.6 51.4 39.2 ns

Values are means (n = 4). Values followed by different letters are significantly different, p < 0.05.
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Also, number of branches/plant and protein content
(%) in seeds were significantly increased by 25.0 and 16.0
% respectively, at raised bed compared to the furrow row
system. The aforementioned findings were agreed with
many studies (i.e. Amer, 2017). This increasing was
attributed to advantage of raised bed system which capable
to loosen the root zoon and ameliorates the soil physical
action, thus increase water percolation, root penetration,
microorganism activity and N fixation. These actions
followed by ameliorate the chemical properties particularly
decreasing salinity, which in turn promote plants growth,
improve general faba bean plant vigor, and encourages
their biological yields and seed quality. In contrast, the
studied parameters didn’t show significantly increases with
each of Zn foliar application treatments compared to the
control, this result is in agreement with Lewis and

Hawthorne, (1996) who reported that faba bean had much
smaller yield responses to Zn addition. Also, Bolland, et
al., (2000) reported that addition of Zn had no statistically
effect on number of pods per plant, nor on the number of
seeds per pod or the mean seed weight.
Effect of agricultural practices on Zn, Na content
and K/Na in straw and seed of faba bean plants at
harvest

Data in Table (6) showed that faba bean Na
concentration (straw and seed) significantly decreased with
raised bed system compared to furrow row system, these
results may be due to decreased root zone salinity which,
can affect Na plant uptake. Vice versa, Gaballah and
Gomaa, (2004) reported that, each of Na and proline and
hydrogen peroxide contents in leaves of certain faba bean
varieties were increased with increasing salinity levels.

Table 6 . Effect of agricultural system and Zn SO, foliar application on Zn, Na content and K/Na in straw

and seed of faba bean plant at harvest

Treatments Straw Seed
. Zn SO, foliar application o Zn o Zn
Agricultural system (a) (mgL') (b) Na% K/Na (mg kg) Na% K/Na (mg kg™

0 342cd 039d 9.10 0.25 6.07 18.23 d
Furrow rows 100 293¢  046¢ 13.47 0.27 5.99 24.03 b
200 3.16¢c 043¢ 14.13 0.26 6.09 24.33b
0 1.90 b 0.90b 10.50 0.15 11.59 20.70 ¢
Raised beds 100 1.83b 0.95b 15.33 0.16 11.00 24.51b
200 127a 143a 15.80 0.17 11.53 28.87 a

LSD at 0.05 level (a*b) 0.33 0.16 ns ns ns 0.92
Mains of agricultural Furrow rows 3.17b 043D 1223b  0.26b 6.05b  22.20Db
system Raised beds 1.66 a 1.1a 13.87 a 0.16a 11.37a 2470 a

LSD at 0.05 level (a) 0.23 0.11 0.32 0.02 0.76 0.65
: : 0 266b 0.64b 9.80 ¢ 0.20 8.83 19.46 ¢
Maios of Zn SO, foliar 100 238a  071b  1440b 021 849  2427b
pp 200 221a__093a  14.96a 021 881 26.60a

LSD at 0.05 level (b) 0.28 0.14 0.40 ns ns 0.80

Values are means (n = 4). Values followed by different letters are significantly different, p < 0.05.

On the other hand, Na concentration in straw showed
significantly decreased with increasing the rates of Zn foliar
application as treatments alone or its interaction with
agricultural system, particularly at raised bed. In contrast,
there was insignificantly difference between Na
concentration in seed of control plants and plants treated
with the rates of Zn SO, foliar application alone or its
interaction with agricultural system. With respect to the Na
concentration (%) in the straw is always more than in seed
with all treatments. Furthermore, the K/Na ratio in straw
and seed take the same above trend for the same reason, this
fending was agreement with Abdelhamid, et al, (2010).
Also, in current study, the K/Na ratio in straw significantly
increased with using the 200 mg L* of Zn SO, foliar
application, raised bed system and the interaction among
them. But this ratio in seeds was significantly increased only
with raised bed system. On the other hand, faba bean Zn
concentration (straw and seed) significantly increased with
application raised bed system or using the maximum rates
(200 mg L) of Zn SO, foliar application as individual
treatments or combined with them.

Effect of agricultural practices on chlorophyll and
proline contents in leaves of faba bean plants

Statistical analysis for data in Table (7) showed a
highly significant difference between all treatments
application whether used as individually factors or it’s
combined with them on chlorophyll and proline contents in
faba bean leaves, because these treatments had direct effect

on soil salinity. Decreasing the salinity level in root zone
area of shoulder bed as consequence to application raised
bed system encourage and increases leaves chlorophyll
content, this increases reached to 16.7 %, 76.9 % and 30.9
% for  chlorophyll (a) , chlorophyll (b) and total
chlorophyll (a + b), respectively, compared to its values
measured in leave of faba bean cultivated in furrow row
system. On the other hand, Zn SO, foliar application at 100
and 200 mg L' had significantly increased for all
components of photosynthetic pigments (contents of
chlorophyll (a), (b) and total chlorophyll) of faba bean,
especially with the used greater concentration.
Consequently, the effect of raised bed system was more
effective on photosynthetic pigments of plants (increases
reached to 30.9%) compared to Zn SO, foliar application
alone (increases reached to 20.7%), but at the combination
of both, the highest values of photosynthetic pigments of
plants were recorded especially in faba bean plants
cultivated on raised bed system and treated by 200 mg. L™
Zn SOy (increases reached to 58.8%). In contrast, proline is
considered an indicator of stress, where the accumulation
of proline in the case of stress gives it the role of
osmoticum in the cytosol, this amino acid contributes to
the osmoprotection in several species, when exposed to
osmotic stress (Slama et al., 2006). Thus, all agricultural
practices that alleviate soil salinity stress had indirect effect
on proline content in plants cultivated. Under this
condition, proline contents in leaves of faba bean were
decreased with fading the salinity stress problem.
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Table 7. Effect of agricultural systems and Zn SO, foliar application on Chlorophyll and Proline contents in

leaves of faba bean plants

Treatments Chlorophyll (mg.g™ F.Wt) proline

Agricultural system Zn SO, foliar, Chlorophyll Chlorophyll ChlorO]l))hyll (pmol g F.

(a application (mg L™ ) (b) a b (a+b) Wt)

0 040T 0.1TT 031 f 384T
Furrow rows 100 042¢ 0.13 ¢ 0.55¢ 3.52¢
200 044d 0.15d 0.59d 3.02d
0 0.46 ¢ 0.19¢ 0.65 ¢ 334¢
Raised beds 100 0.50b 0.21b 0.71b 2.77b
200 0.53 a 0.28 a 0.81a 2.36a
LSD at 0.05 Tevel (a*b) 0.013 0.009 0.015 0.045
Mains of agricultural Furrow rows 0.42b 0.13b 0.55b 3.46b
system Raised beds 0.49 a 0.23 a 0.72 a 2.82a
LSD at 0.05 level (a) 0.009 0.006 0.010 0.032
; 0 0.43 ¢ 0.15¢ 0.58 ¢ 3.59¢
Mains of Zn SO, 100 0.46 b 0.17b 0.63 b 314 b
foliar application 200 0.48 a 0222 0.70 a 2.69 a
LSD at 0.05 level (b) 0.011 0.003 0.013 0.039

Values are means (n = 4). Values followed by different letters are significantly different, p < 0.05.

Also, data in Table (7) showed that the mean values
of proline content (umol g') in leaves of faba bean
cultivated with raised bed system was less than in the plant
cultivated with furrow row system, where decreased by
18.5%. This finding is indicator to the decreasing the salinity
in root zone under this condition. Furthermore, with Zn SO,
foliar application treatments, the mean values of proline
content were gradually decreased with increasing the
concentration of Zn SO, solution. The reduction in proline
content reached to 12.5 and 25.0% in plants treated by 100
and 200 mg L' Zn SO, solution compared to the proline
content in plant un treated (control) respectively. This result
may be attributed to the essential role to Zn in plant
metabolic processes that could reduce all the adverse effects
of salt stress (Tavallali, et al, 2010). On the other hand, the
reduction in proline content was increased up to 58.8% in
faba bean plant in case of the interaction among treatments,
particularly using raised bed system with 200 mg L Zn SO,
foliar application treatment.

CONCLUSION

In this context, the raised bed system application is
the candidate strategy for reduction of salt stress in root zone
at a newly reclaimed soil, where the faba bean plants were
able to complete its life cycle despite high salinity soil, as
consequence to realize good manage for salt accumulation.
In addition to this advantage, foliar spraying of zinc sulfate
(as individual treatment) was positively effective on yield
and yield components of faba bean plant, particularly at the
rate of 200 mg L. Also, the combination among them gave
the best result for most parameters studied as indicators to
overcome the hazards of soil salinity.
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