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ABSTRACT

Two field experiments were conducted in clay saline soil at the Sahl El-Houssinia Agriculture Research
Station, Sharkia Governorate, Egypt. Faba bean cultivar Nubaria 1 planted during winter seasons 2018/2019 and
2019 /2020 to study the effect of different sulfur sources i.e. calcium sulphate (CS), potassium sulphate(KS)and
agricultural sulfur (AS) in four rates 0, 200, 400 and 600 kg/fed as control, low rate, medium rate and high rate,
respectively with or without farmyard manure on inhibitory the hazardous effect of soil salinity stress on
vegetative growth, yield and yield components and some soil chemical properties. Each experiment was carried
out in a split split-plot design, where the sulfur sources were arranged randomly as the main plot and the rate of
sulfur sources were distributed randomly as subplot and FYM (with or without) was arranged randomly as sub
subplot. Yield and yield components, macro and micronutrients content and uptake by faba bean seeds were
increased as a result of applied different sulfur sources and rates and/ or FYM and their combinations. Seed
protein content, total carbohydrates and total chlorophyll were increased significantly as affected by the
treatments. The control treatment (without fertilizers) increased proline content over the treatments. Sulfur
treatments decreased values of soil pH and EC and increased soil available N, P, and K as well as Fe, Mn and Zn
content after harvest. The superior treatment was observed when using sulfur with FYM, especially at the high

rate (600 kg/fed.), which gave the highest values for all variables under study.
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INTRODUCTION

Faba bean seeds (Vicia faba L.) are grown worldwide
as a protein source for food and feed. At the same time, faba
bean offers ecosystem services such as renewable inputs of
nitrogen (N) into crops and soil via biological N fixation and
diversification of cropping systems. Faba bean has the
highest average reliance on N, fixation for the growth of the
major cool-season grain legumes. As a consequence, the N
benefit for following crops is often high, and several studies
have demonstrated substantial savings 40-80 kg N/fed from
the amount of N fertilizer required to maximize crops yield
grown after faba bean (Erik et al., 2010). Sulfur is one of the
essential elements needed for plant growth, it is ranking just
after nitrogen, phosphorus and potassium. It is important for
the formation of some amino acids, oils and proteins and it is
a structural component of protoplasm, and forming of certain
enzymes and vitamins (Hitsuda et al. 2005)

Sulfur is the fourth major essential nutrient element
after N, P and K plays an important role in the growth and
development of higher plants and increase stress tolerance in
plants (Nazar et al ., 2011). Kineber et al. (2004) indicated
that the application of S led to a decrease of soil pH value by
the oxidation of S to sulphate through various species of soil
pH improves the availability of micronutrients (Fe, Mn and
Zn) and improvise the chemical properties of alkaline soil as
well as increasing yields. Ashraf and Mostafa (2012) found
that the N, P and K concentration in pea plants increased with
treated sulfur compared with control under saline soil. Also, S
improved the chemical properties of soils because it increased
the activity of microorganisms which increase the nutrient
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cycling. This increasing the availability of absorbed nutrients
by plant roots.

Calcium sulphate is soil amendment important for
improved sodic soil and soil salinity. Sulfur — Oxidizing
bacteria has promoted the availability of elemental sulfur in
soil and solubilization of the otherwise —unavailable soil
phosphorus (El-Tarabily et al., 2006). Farmyard manure
(FYM) is the most popular natural fertilizer and is considered
as one of the most effective fertilizers in the soil environment
(Slowinska-Jurkiewicz et al., 2013). Farmyard manure is one
of the traditional organic manure for improving soils
properties, either physical or chemical and biological besides
conserving water holding capacity. Its effect may be directly
in increasing crop yield by supplying some nutritional
parameters (Samar M.A. Doklega 2017)

The study aims to improve the characteristics of
saline clay soil and their effect on the productivity of Faba
bean plants grown in the Sahl El-Houssinia plain region,
Sharkia Governorate, Egypt.

MATERIALS AND METHODS

Two field experiments were conducted in clay saline
soil at the Sahl El-Houssinia Agriculture Research Station,
Sharkia Governorate, Egypt, located between Latitude 32°
00' 00" to 32° 15 00" N, Longitude 30° 50' 00" to 31° 15' 00"
E. Faba bean cultivar Nubaria 1 planted during winter
seasons 2018/2019 and 2019 /2020 to study the effect of
different sulfur sources i.e. calcium sulphate (CS), potassium
sulphate (KS) and agricultural sulfur (AS) in four rates O,
200, 400 and 600 kg fed. as control, low, medium and high
rate, respectively with or without farmyard manure on
inhibitory the hazardous effect of soil salinity stress on
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vegetative growth, yield and its quality of faba bean (Vicia
faba L. cv Nubaria 1) as well as some chemical
characteristics of the experiment soil after harvest. The main
physical and chemical properties of soil study are presented

Table 1. Some physical and chemical properties of soil

in Table (1) and some characteristics of the farmyard manure
in Table (2) which was determined according to Cottenie et
al. (1982) and Page et al. (1982).

Particle size distribution (%) Texture o.M CaCOs
Coarse sand Fine sand Silt Clay (%) (%)
3.30 23.10 30.75 42.85 Clay 0.55 10.20
pH EC Cation (meg/l) Anion (meg/l)

(1:25) (dS/m) Ca™* Mgt Na* K* HCOz Cl 'y
8.15 9.85 13.78 23.90 59.94 0.88 10.77 54.20 3353
Macronutrients (mg/kg) Micronutrients (mg/kg)

N K S Fe Mn Zn
36.20 4.95 173 4.36 3.20 215 0.54

Table 2. The main physical and chemical characteristics
of the farmyard manure (FYM).

Parameters Values
density, gcm® 0.54
Moisture content, % 10.22
Organic carbon, % 17.52
Total nitrogen, % 0.98
C/N ratio 17.88
Total p, % 0.39
Total k, % 051
Organic matter, % 30.20
EC, dS m? (1:10 manure:water ) 147
pH (1:10 manure:water) 7.62
Ca,% 0.82
Mg, % 0.32
Na,% 0.22
Auvailable, Fe mg kg? 35.18
Auvailable, Mn mg kg* 56.12
Auvailable, Cumg kg* 12.76
Auvailable, Zn mg kg* 23.46

In both seasons, each experiment was carried out in a
split split-plot design with three replicates. The sulfur sources,
calcium sulphate (CS), potassium sulphate (KS) and
agricultural sulfur (AS) were arranged randomly as the main
plot, where the rate of sulfur sources were distributed
randomly as subplot and FYM (with or without) was
arranged randomly as sub subplot. The plot area was 35 m? (
5 mwidth x 7 m length ). Faba bean seeds (Vicia faba L.) cv.
Nubaria 1 supplied from Food Legumes Department, Field
Crop Research Institute, Agriculture Research Center, Giza,
Egypt were sown after soil preparation. Seeding was carried
out on 20% and 25 Nov. for the first and second seasons,
respectively. Harvest was done on 262 and 29% of April for
the first and second seasons, respectively. Plants were thinned
to one plant per hill after 21 days from planting.

All plots of the experiment were fertilized with the
recommended rates of N, P, and K in both seasons as
follows: urea (46 % N) was applied at a rate of (40 kg N fed.”
1) on three equal doses after 31, 45, and 65 days from sowing.
31 kg P,Osfed® as mono superphosphate (15.5% P,Os)
during seedbed preparation and potassium were added at 75
kg K.Ofed? as potassium sulfate (48% K:O) in two equal
doses after 30 and 45 days from sowing. Agricultural
practices for growing faba bean were carried out as
recommended by the Ministry of Agriculture. sulfur mixed
with Thiobacillus strain (salt-tolerant PGPR) and was applied
to soil before sowing. All area was divided in two division
first division treated with FYM at the rate of 5 ton fed™ and
second division without FYM. All tillage processes were
carried out before sowing.

All farming processes were carried out before
planting. The soils of all the studies experimental plot units
are subjected to some pretreatments processes as follows: a)
levelling the soil surface by using the lazar technique. b) deep
sub-soiling plough. c¢) establishment of filed drains at a

distance of 10 m between each of two drains and a deep of 90
cm at drain beginning, their drainage water flow towards the
main collectors of 2 m in depth and d) establishment of an
irrigation canal in the middle part of the experimental field.
Laboratory analysis:

Plants samples of 10 plants were taken after 60 days
from sowing to determine total Chlorophyll as described by
Saric, et al. (1967) and proline content was estimated
according to methods described by Bates et al. (1973). Total
carbohydrates were determined in dry leaves using the
method described by Dubois et al (1956).

Sufficient amounts of dried seed were milled to a fine
powder and then digested with a mixture of concentrated
sulfuric and perchloric acids for nutrient determination. The
analyses of plants and soil were carried out using the methods
described by Chapman and Pratt (1961) and Jackson (1973).
Crude protein in faba bean seeds was calculated by
multiplying total N-content by the converting factor 6.25
(Hymowitz, et al., 1972).

At maturity, the middle three rows of each plot were
harvested and air-dried to determine the following
characteristics: plant height (cm), pod weight/plant, seed
weight/plant, 100-seed weight (g), pod yield, (megagram,
Mg/fed) and Seed yield (Mg/fed). Protein content (g/kg) = N
content (g/kg) X 6.25. Seed macronutrients uptake (kg/fed) =
N, P, and K content (g/kg) X seed yield (Mg/fed). Seed
micronutrients uptake (g/fed) = Fe, Mn, and Zn content
(mg/kg) X seed yield (Mg/fed).

After harvest: Topsoil samples (0-30 cm) were collected
from all the experimental plots at the maximum growth
stages, air dried, crushed, and sieved through a 2 mm sieve,
and analyzed for soil EC, pH, and available macro and
micronutrients contents according to some methods used for
analyzing the initial soil Page et al. (1982).

Statistical analysis: Results were statistically analyzed using
COSTATE software. The ANOVA test was used to
determine significantly (p<0.01 or p<0.05) treatment effect
and the Duncan Multiple Range Test was used to determine
the significance of the difference between individual means
(Gomez and Gomez, 1984).

RESULTS AND DISCUSSION

Effect of different sulfur sources, rates and farmyard
manure on some soil properties after faba bean harvest.
Soil pH

Results of soil analysis in Figure (1) show that values
of soil pH in combined data of the two studied seasons was
slightly reduced due to the addition of calcium sulphate (CS),
potassium sulphate (KS) and agricultural sulfur (AS) and the
reduction was pronounced in case of the high rate of
treatments where the pH slightly decreased from 8.10 to 7.95
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for CS, 8.09 to 7.97 for KS and 8.10 to 7.92 for AS when
application with FYM and decreased from 8.15 to 8.01 for
CS, 8.15 to 8.03 for KS and 8.15 to 7.98 for AS without
FYM. These results obtained are in agreement with Ayub et
al. (2007) who reported that the sulfur reduced soil pH slowly
from (8.5-7.7) in about 20 weeks followed by sulfur
compared with control (8.5). The decrease in soil pH due to
CS application was probably due to a combination of more
than one factor, mainly the replacement of sodium by
calcium and the formation of neutral salts with SO4~ and a
decrease in sodium concentration as a fraction of the cations.
Concerning sulfur materials, Poraas et al. (2009) indicated
that the use of acidic sulfur materials such as mineral sulfur
had a very negligible influence on reducing the pH. Farook
and Khan, (2010) stated that the use of sulfidic materials
decreased soil pH by 0.1 to 0.2 pH units compared with the
initial soils. The superior treatment that decreases soil pH
than the other treatments was the addition high rate of AS
combound with FYM . These results may be due to farmyard
manure in improving the physical and chemical properties of
soil such as aggregation, aeration permeability, water holding
capacity and increasing the some macro and micro nutrients.

It improves also drainage, reduce soil PH, increasing the
microorganisms activity which reflected on the increment of
the plant roots absorption and consequently caused a positive
impact on vegetative parameters.

Soil salinity (EC)

As for soil salinity, the obtained data in Figure 1
indicate also that the application of the different sulfur
sources caused an appreciated reduction in the EC values.
However, the different sources of sulfur caused a clear
decline in the EC values with increasing addition rates. The
effect is more pronounced due to the addition of a high rate of
AS with FYM treatment and the EC value 4.85 dS m* was
recorded as compared with EC value of control (9.85 dS m™?)
and gave 50.8% rate of depression than the control. This
trend can be due to improve soil structure, increasing
aggregate stability and drainable pores. Consequently, these
created conductive pores enhancing the leaching process of
soluble salts through irrigation fractions. The efficiencies of
sulfur sources in decreased soil soluble salt arranged as the
following: AS > CS > KS and high > medium > low >
control for sulfur rate.
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Figure 1. Soil pH and EC (dS m™) as affected by sulfur sources and rates as well as farmyard manure (mean the tow

seasons)
Available macronutrients (N, P and K)
Figure (2) reveals that the application of different
sulfur sources and rates increased the concentration of

available nitrogen, phosphorus, and potassium in the soil as
compared with the control for all rates under study, especially
when using sulfur with FYM.
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Figure 2. Available N, P and K (mg/kg) in the soil after harvest as affected by sulfur sources and rates as well as FYM

(mean the tow seasons).
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In this regard, EI-Kouny (2009) pointed out that the
application of elemental sulfur with compost increased total
N and availability of P and K in the soil as compared with the
control. The plots treated with AS showed the maximum
accumulation of available N, P and K, (52.2, 7.98 and 198
mg kgl), respectively, especially at the high rate and found
true FYM.

Available Fe, Mn and Zn.

The content of available Fe, Mn and Zn followed the
same trend that observed for macronutrients hence, the
application of CS, KS and AS treatments at different rates,
especially with FYM have increased the concentration of

available Fe, Mn and Zn in the soil as compared with the
control. In this regard, Khan et al. (2007) reported that the
application of sulfidic materials was effective in enhancing
the release of essential plant nutrients into the growing media,
which are very essential for crop production in poor soils.
The highest soil available Fe, Mn and Zn contents for
combined data (5.05, 3.58 and 0.79 mg kg?), respectively
were obtained due to AS at a high rate of addition + FYM.
The results showed a significant effect of FYM and S in
improving the available soil nutrients (N, P, K, Fe, Mn, Cu
and Zn) in which significantly increased with FYM and S
applications at all rates.
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Figure 3. Available Fe, Mn and Zn (mg/kg) in the soil after harvest as affected by sulfur sources and rates as well as

FYM (mean the tow seasons)

Yield and its attributes.
Growth characters.

Some growth characters of faba bean plants are
shown in Table (3) calcium sulphate, potassium sulphate and
agricultural sulfur at different rates as well as FYM
significantly increased plant height, pod weight/plant, seed
weight/plant and 100-seed weight as compared to the control
treatment. These increases may be due to calcium, while it is
essential for plant cell wall structure, provides normal
transport and retention of other elements as well as strength in
the plant. Among the treatments, AS was found to be the best
source of S followed by KS and then CS because of its
influence on reducing soil pH, improving soil structure and
increasing the availability of certain plant nutrients. Also,
probably may be due to FYM that improved soil physical and
chemical properties which reflect on yield and vyield
components.

Data also indicated that application of agricultural
sulfur at a high rate when added with FYM gave the highest
values and increased the plant height, pod weight/plant, seed
weight/plant and 100-seed weight by about (23.9, 36.0, 40.5
and 16.4%)), respectively when compared with control plants
of AS addition. Ali et al. (2012) reported that S application

significantly enhanced wheat growth and yield. This was
most probably due to increased Ca and K and decreased Na
contents resulting in a healthy environment for plant growth.
These results are in harmony with those obtained by Ali et al.
(2008) and Mazhar et al. (2011). As for sulfur addition rate,
the effect followed the sequence: 600 > 400 > 200 > control
for plant height, pod weight/plant, and seed weight/plant
while was 600 > 400 > 200 > control for 100-seed weight.
Pod and seed yield

Table (3) also shows that pod and seed yields were
significantly increased due to FYM and/or sulfur fertilization
and their combinations. The favourable effect of sulfur
sources might be attributed to the role of calcium, which is
essential for the plant as previously mentioned. Also, calcium
is essential for many plant functions, some of them are proper
cell division and elongation, enzyme activity and metabolism.
These results are well supported by the findings of Sabir et al.
(2007) and Farook and Khan, (2010). The treatment of AS at
a high rate + FYM was superior to the other treatments and
gave the maximum pod and seed yields. These results are in
agreement with Sadiq et al. (2007), and Jena and Kabi,
(2012).

330



J. of Soil Sciences and Agricultural Engineering, Mansoura Univ., Vol 12 (5), May, 2021

Concerning the statistical analysis, the effect of sulfur
sources was insignificant while, the data presents the
following descending order for the effect of sulfur rates: 600
> 400 > 200 > control for pod yield and 600 > 400 > 200>

control for seed yield. AS with FYM, the order was: with
FYM > without FYM. The interaction effect between the
treatment (S, R and FYM) had an insignificant effect between
them, except for R x FYM with pod yield.

Table 3. Yield attributes and yield of faba bean plant as affected by sulfur sources and rates as well as farmyard

manure (mean the tow seasons)
Sulfur Sulfur _Plant height (cm) Pod weight/plant, g Seed weight/plant, g 100-seed weight,g  Pod yield, Mg/fed  Seed yield, Mg/fed
source rate (R) FYM addition
S Kgffed without With Mean without With Mean without With Mean without With Mean without With Mean without With Mean
Control 775 771 773 253 280 267 152 169 161 662 706 684 218 233 226 150 160 155
200 832 838 835 272 301 287 170 194 182 689 753 721 229 265 247 175 196 186
400 840 861 81 279 310 294 172 197 185 695 779 737 230 285 258 1838 209 199
600 852 885 869 283 329 306 179 200 189 721 821 771 236 29 266 193 215 204
Mean 825 839 832b 272 305 288c 168 190 179c 692 765 728c 228 270 249 177 195 186
Control 783 783 783 268 287 277 159 171 165 684 723 704 219 239 229 153 162 158
200 806 858 832 280 321 301 171 204 188 721 769 745 221 283 255 183 208 196
400 839 893 866 289 330 309 179 217 198 749 790 769 234 295 265 192 218 205
600 841 910 876 292 334 313 184 220 202 753 819 786 236 299 268 198 239 219
Mean 817 861 839b 282 318 300b 173 203 188b 727 775 751b 228 280 254 182 207 194
Control 798 800 799 272 292 282 163 179 171 730 742 736 223 244 234 156 164 160
200 843 882 863 290 335 312 186 216 201 744 783 764 227 293 260 189 213 201

CS

KS

AS 400 885 942 914 301 362 332 189 220 205 778 842 810 247 305 276 198 220 209
600 891 989 940 309 370 339 191 229 210 795 850 823 258 310 284 206 240 2.23
Mean 854 903 879a 293 340 316a 182 211 196a 762 804 783a 239 288 263 187 209 1.98
Mean of FYM 832 86.8 28.2b 32.1a 174b 20.1a 72.7b 781a 2.32b 2.79a 182b 2.04a
Mean of Control 785¢c 275¢ 165¢c 708d 229¢ 158d
sulfur 200 84.3b 300b 190b 743c 254b 1%c
rate. R 400 87.7a 3l2a 19.6 ab 772b 2.66 ab 204b
' 600 89.5a 319a 200a 79.3a 2.73a 215a
S* R: ** Six* R:** S ** R: ** S ** R: ** S:NS R: ** S:NS R: **
FYM:NS FYM:* FYM: * FYM:** FYM; ** FYM: **
F-test SxR: NS SxR: NS SxR: NS SxR: NS SxR: NS SxR: NS
Sx FYM:NS Sx FYM:NS SxFYM: * SX FYM: ** Sx FYM: NS Sx FYM: NS
Rx FYM:NS RXFYM: * RxFYM: NS RXFYM: ** RXFYM: * Rx FYM: NS
SXRX FYM: NS SXRx FYM: NS SXRX FYM: NS SXRX FYM: NS SXRX FYM: NS SXRX FYM: NS

Calcium sulpate, CS; Potassium sulphate, KS , agricultural Sulfur, AS and farmyard manure , FYM

Seed Quiality
Total protein, proline, carbohydrates and chlorophyll

As shown in Table (4) data present that all seed
quality parameters significantly affected by the addition of
sulfur sources, rates, and FYM. The differences among the
sulfur rates were as follow: 600 > 400 > 200 > control and
AS > KS > CS for sulfur sources. This promoting effect
could be clarified the effect of sulfur materials on enhancing
the growth of faba bean and improving the fertility of the
studied soil. The maximum value of protein content (27.6%)
was recorded in the plants treated with AS at a high rate +
farmyard manure which recorded 34.0% increases over the
control treatment (without sulfur addition). The interaction
effect between the treatment (S, R and FYM) had an
insignificant effect between them.

As for proline content values in fresh weight of leaves
significantly decreased by the application of different sulfur
sources and rates especially with FYM. The differences were
significant within the treatments. The high rate of sulfur
fertilizer might be caused by the induction or activation of
proline syntheses from glutamate or decrease in its utilization
in protein syntheses or enhancement in protein turnover.
Thus, proline may be the major source of energy and nitrogen
during immediate post-stress metabolism and accumulated
proline supplies energy for growth and survival, thereby
inducing salinity tolerance (Gad 2005). The treatment of
control (without fertilizers) increased proline content over the
treatments and gave the highest value (35.2 mg/g f.w). The
increases followed the order: control > low> medium> high
rate and followed the pattern of: CS > KS > AS for sulfur
SOurces.

Concerning total carbohydrates and chlorophyll
content, data reveal that there were significant increases due
to the addition of treatments. The difference between the
sulfur sources and rates were significant. The highest
carbohydrates and chlorophyll content 52.8 and 10.9 mg/g
fresh weight of leaves, respectively were obtained due to the
application treatment of AS at a high rate (600 kg/fed.) +
FYM representing an increase of 17.1 and 76.4 %.

Seed macronutrients content and uptake

Data in Table (5) shows that N, P, and K content and
uptake were increased owing to the application of sulfur
treatments solely or in combination with FYM. The effect of
sulfur sources was significant for N-content and P-uptake
while had an insignificant effect in increasing P and K-
content as well as N and K-uptake by faba bean seeds.
Concerning sulfur rates, the effect was significant for all
nutrients content and uptake and followed the sequence effect
as follow: 600 > 400 > 200 > control for N and K-content;
600 > 400 > 200 > control for P-content; 600 > 400 > 200 >
control for N and K-uptake and 600 > 400 > 200 > control for
P-uptake. Given the effect of FYM, the effect was significant
for both the nitrogen and phosphorous content and their
uptake, while it was not significant for the potassium content
and uptake. This promoting effect could be related to the
supplementary effect of sulfur and FYM on reducing soil pH,
improving soil structure and increasing the availability of
nutrients in the soil and also, improves the use efficiency of
other essential plant nutrients, particularly nitrogen and
phosphorus Mazhar et al. (2011). These results are in a
harmony with those obtained by Ali et al. (2008) and Haq et
al. (2007).
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Table 4. Seed quality of faba bean plant as affected by sulfur sources and rates as well as farmyard manure (mean the

tow seasons)
Sulfur Sulfur rate Protein content, % Proline, mg/g d.w Carbohydrates (%0) Chlorophyll, mg/g fw
source R) FYM addition
(S) Kgffed without With Mean without With Mean without With Mean without With Mean
Control 196 201 19.9 352 283 318 440  46.7 45.3 5.85 6.55 6.20
cs 200 205 234 220 291 200 24.6 452 482 46.7 6.11 7.45 6.78
400 235 249 24.2 228 179 20.3 459 490 474 6.75 8.00 7.38
600 243 254 249 181 142 16.2 464 491 47.7 6.93 8.22 7.58
Mean 220 235 227c 263 201 232a 454 482 46.8c 6.41 756 6.98c
Control 195 217 20.6 335 243 28.9 449 470 45.9 5.93 6.86 6.40
KS 200 201 247 224 259 159 20.9 460 493 47.6 6.65 7.66 7.16
400 231 256 244 171 131 151 462 4938 48.0 6.89 8.85 7.87
600 241 259 25.0 158 119 138 469 501 485 7.10 941 8.26
Mean 217 245 231b 231 163 197b 460 490 475b 6.64 820 742b
Control 206 216 211 307 209 25.8 451 479 46.5 6.18 7.08 6.63
AS 200 240 254 24.7 224 133 179 468 500 484 7.23 8.26 7.75
400 253 264 259 163 106 134 470 521 49.6 797 9.10 8.54
600 256 276 26.6 13.9 9.3 116 479 528 504 8.06 10.9 9.47
Mean 239 253 246a 208 135 172c 467 507 487a 7.36 883 810a
Mean of FYM 225b 244a 234a 16.6b 46.0b 49.3a 6.80b 8.19a
. Control 205¢ 288a 459c¢ 6.41d
menot a0 230b 21.1b 476b 723¢
R ' 400 24.8a 16.3¢ 48.3ab 7.93b
600 255a 13.9d 489a 843a
SiF* R: ** Six* R: ** Six* R: ** Si** R: **
FYM:** FYM:; ** FYM:** FYM: *
F-test SXR: NS SxR: NS SXR: NS SXR: NS
Sx FYM: NS Sx FYM: NS SXFYM: ** SXFYM: NS
Rx FYM: NS RxFYM; ** Rx FYM: NS Rx FYM: **
SXRx FYM: NS SXRX FYM: NS SXRx FYM: NS SXRX FYM: NS

Calcium sulpate, CS; Potassium sulphate, KS agricultural Sulfur, AS and farmyard manure , FYM

Table 5. Macronutrients content and uptake by faba bean plant as affected by sulfur sources and rates as well as
farmyard manure (mean the tow seasons)
Macronutrient content, %

Macronutrient uptake, kg/fed

Sulfur Sulfur

source rate (R) N P K — N P K
©) Kgffed — . . . . . FYM adqmon . . . . .
without With Mean without With Mean without With Mean without With Mean without With Mean without With Mean
Control 314 322 318 035 038 037 130 140 135 489 524 506 531 619 575 201 227 214
cs 200 328 375 352 037 046 042 175 193 184 580 737 659 6.63 929 796 306 385 346
400 375 398 387 042 049 046 18 205 197 710 838 774 823 105 937 357 433 395
600 389 406 398 045 053 049 195 216 206 758 884 821 907 116 104 382 472 427
Mean 352 375 363b 040 047 043 172 189 180 634 746 690 731 940 836b 312 379 345
Control 312 347 330 036 042 039 142 144 143 495 571 533 597 723 660 222 237 230
KS 200 322 39 359 041 047 044 184 198 191 593 836 714 763 103 895 339 417 378
400 369 410 39 044 053 049 189 216 203 718 902 810 871 118 103 368 485 426
600 385 415 400 047 055 051 199 222 211 769 995 882 951 133 114 398 534 466
Mean 347 392 3.69b 042 049 046 179 195 187 644 826 735 795 107 93lab 332 418 375
Control 329 345 337 039 044 042 144 148 146 528 573 550 6.18 754 686 236 249 242
AS 200 384 407 39 044 052 048 188 213 201 732 879 806 855 114 996 357 471 414
400 405 422 414 048 055 052 197 228 213 826 939 883 981 120 110 393 508 450
600 409 442 426 052 058 055 211 238 225 852 1082 967 111 145 12.8 446 588 517
Mean 382 404 393a 046 052 049 18 207 19 735 868 801 891 114 102a 358 454 406
Meanof FYM  3.60b 3.90a 0.43b 0.49a 1.79b 1.97a 67.1b 81l3a 8.06b 105a 334b 417a
Mean Control 3.28¢ 0.39b 141c 53.0d 6.40c 229d
of 200 369b 0.45ab 192b 726¢ 8.96b 379¢c¢
sulfur 400 397a 049a 204a 82.2b 10.2ab 4240
rate, R 600 4.08a 052a 214 a 89.0a 115a 470a
S:** R**  S:NS R:**  S:NS R:** S:NS R:** S * R: ** S:NS R:**
FYM; ** FYM: * FYM: NS FYM;** FYM: * FYM: NS
F-test SxR: NS SXR: NS SXR: NS SXR: NS SXR: NS SXR: NS
SxFYM: NS SXFYM: NS SxFYM: NS SxFYM: NS SxFYM: NS SxFYM: NS
Rx FYM: NS Rx FYM: NS Rx FYM: NS Rx FYM: * Rx FYM: NS RxXFYM: *
SXRX FYM: NS SXRX FYM: NS SXRX FYM: NS SXRx FYM: NS SXRXx FYM: NS SXRX FYM: NS

Calcium sulpate, CS; Potassium sulphate, KS, agricultural Sulfur, AS and farmyard manure , FYM

332



J. of Soil Sciences and Agricultural Engineering, Mansoura Univ., Vol 12 (5), May, 2021

The highest N, P, and K content and uptake (4.42,
0.58, and 2.38% for content, respectively as well as 108.2,
14.5, and 58.8 kg/fed., for uptake, respectively) were obtained
owing to addition AS at a high rate (600 kg/fed) + FYM.
Seed micronutrients content and uptake

As shown in Table (6) Fe, Mn and Zn content and
uptake followed the same trend that for macronutrients. The
addition of sulfur fertilizers at different rates solely or with
FYM significantly increased Fe, Mn and Zn content and
uptake compared to the control. FYM + high rate of AS was
most effective and giving the highest increase in Fe, Mn and
Zn content and uptake as compared to the other treatments.
These increases may be attributed to the role of

microorganisms in  improving these  micronutrients
availability, (Figure 3) which was likely attributed to reducing
the pH of the soil making the nutrients more available and
lowering the redox statues of iron and manganese leading to
reduction of higher Fe*& Mn* to Fe?* and Mn?* and/or
transformation of insoluble chelated forms of micronutrients
into more soluble ions (Castilho et al., 1993). The positive
effect could be related to the S-supplementary as reported by
Kubenkulov et al. (2013) who reported that sulfur addition
regulates the soil pH and total soluble salts (TSS) for the
soda-saline soils, which seems the main cause to converge
the values of pH, EC and SAR toward safe limit which
improving the availability of nutrients.

Table 6. Micronutrients content and uptake by faba bean plant as affected by sulfur sources and rates as well as

farmyard manure (mean the tow seasons).

sulfur Sulfur Micronutrient content, mg/kg Micronutrient uptake, g/ fed
source rate Fe Mn Zn _ Fe Mn Zn
©) (R) _ _ _ _ _ _ FYM adc_Jltlon _ _ _ _ _
Kgffed without With Mean without With Mean without With Mean without With Mean without With Mean without With Mean
Control 593 646 619 274 302 288 441 462 452 892 103 963 414 487 450 665 741 703
cs 200 614 692 653 281 321 301 450 480 465 108 136 122 493 640 567 790 946 86.8
400 631 731 681 288 329 308 458 481 470 119 153 136 542 690 616 864 100 934
600 638 771 705 296 341 319 459 493 476 124 166 145 575 738 656 888 106 97.3
Mean 619 710 665c 285 323 304c 452 479 466c 110 140 125b 506 639 57.2b 802 937 87.0b
Control 629 662 645 282 319 301 450 478 464 966 107 102 438 522 480 690 773 731
KS 200 635 742 689 298 353 325 473 493 483 116 155 136 546 737 642 868 103 9438
400 662 782 722 314 372 343 479 531 505 128 171 149 609 816 713 920 116 104
600 693 803 748 320 396 358 481 540 511 137 192 165 638 948 793 955 129 112
Mean 655 747 701b 304 360 332b 471 511 491b 120 156 138ab 558 75.6 65.7ab 858 106 96.1ab
Control 633 681 657 289 323 306 463 480 472 992 112 106 452 537 494 729 789 759
AS 200 652 783 718 313 377 345 482 521 502 124 167 145 597 804 701 914 111 101
400 678 837 757 330 406 368 489 562 525 135 185 160 665 898 782 965 123 110
600 704 873 789 336 421 379 490 571 531 145 210 178 69.7 103 862 101 137 119
Mean 66.7 793 73.0a 317 382 349a 481 534 50.7a 126 168 147a 603 817 71.0a 905 113 102a
Meanof FYM 64.7b 750a 30.2b 355a 46.8b 508a 118b 155a 555b 73.7a 855b 104a
Mean Control 64.1d 29.8d 462¢ 101d 475d 73.1d
of sulfur 200 68.7c 324c 483b 134c 63.6C 943c
rate. R 400 720b 340b 500a 148b 703b 102b
' 600 747 a 352a 506a 162a 770a 110a
Si** R: ** S ** R:**  Si** R: ** S * R:** S* R:** S * R: **
FYM:** FYM: * FYM: * FYM; ** FYM:* FYM;**
F-test SXR: ** SXR: ** SxR: NS SxR: NS SxR: NS SXR: NS
SXFYM: ** SXFYM: * SxFYM: NS SXFYM: * SXFYM: * SXFYM: *
Rx FYM: ** Rx FYM: ** Rx FYM: ** Rx FYM: ** Rx FYM: ** Rx FYM: *
SXRX FYM: ** SXRX FYM: NS SXRX FYM: NS SXRX FYM: NS SXRX FYM: NS SXRX FYM: NS

Calcium sulpate, CS; Potassium sulphate, KS, agricultural Sulfur, AS and farmyard manure , FYM

The responses percentage to Fe, Mn and Zn uptake
by faba bean seeds over control was 112, 128 and 87.9 %,
respectively. Jena and Kabi, (2012) stated that sulfur
application increased Fe, Mn, Zn and Cu uptake by rice
plants. Sulfur fertilization enhanced the uptake of N, P, K
and Zn in the plant due to its synergistic effect, the
efficiency of these elements is enhanced which results in
increased crop productivity. The application of S fertilizer
is useful not only for increasing crop production and
quality of the product but also improves soil conditions for
a healthy crop. These results are in a harmony with those
obtained by Ahmed et al. (2016). The Mean effect of sulfur
addition rate followed the order: 600 > 400 > 200 > control
for Fe, Mn and Zn content and uptake except for Zn-
content the order was:600 > 400 > 200 > control. As for
the mean effect of sulfur sources, the differences were as

follow: AS > KS > CS for Fe, Mn and Zn content while it
was: AS >KS > CS for Fe, Mn and Zn uptake.

CONCLUSION

The findings of the present study suggested that the
application of sulfur with FYM is also an effective
technology in improving the chemical properties, like pH
and EC of salt-affected soils and, subsequently vyield
attribute of faba bean plants. The agricultural sulfur at a
rate of 600 kg/fed with FYM was superior for the
amelioration and enhancing the properties of the salt-
affected soil than the other sources and rates, which could
also be an effective and suitable alternative amendment for
improving the different qualities of salt-affected soils and
yield of faba bean.
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