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ABSTRACT
Two field experiments were conducted in split — split plot
design at Mallawi Agric. Res. Station, Minia Governorate Egypt,

during Y++e / Y««% and Y.« — Y..V seasons to study the
response of faba bean ( vicia faba L .) cultivar Giza A¢Y to
phosphorus fertilizer levels ( Ve , ¥+ and ¢¢ kg P,O. / feddan ) ;
potassium fertilizer levels ( Y¢ and ¢A kg Ky O / fed ) and sulphur
fertilizer levels ( «.+ and ve kg / fed)

The studied parameters were; number of pods/plant, ..

seed weight, seeds and straw vyields , protein percentage in the
seeds and phosphorus and potassium uptake by seeds and straw .

The obtained results showed that increasing P levels from Yo to

Y. or ¢o kg Py O./fed. significantly increased all the studied

parameters except potassium uptake by the seeds was not
significant in growing seasons . All parameters were significantly
increased by increasing the levels of potassium fertilization from

Y¢ to ¢A kg Ky Of fed, except number of pods / plant in the second
season and straw yield ( ton / fed ) in the two seasons which their
increases ,were not significant. Increasing sulphur levels from «..

to Ve kg S/fed. significantly increased all studied parameters .

The effect of the interactions between the three studied
factors on all parameters was not significant except the interaction
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between sulphur and phosphorus which significantly affected
phosphorus uptake by straw in the second season only .
The present results suggested that the best combination

treatment was ¥+ kg P, O./ fed , ¢A kg K, O/fed and ve kg S / fed
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INTRODUCTION

Faba bean ( vicia faba L.) is an important grain legume crop since
it is a source of protein, and a substantial crop for food production in
Egypt, The increase in the number of population in Egypt demand
high crop yields as a solution for food security.

Most unfarmed soils contain too little phosphorus for good yields
of cultivated crops, and phosphates have usually been the first
fertilizers used in improving land for agriculture. As phosphate dose
not move easily in soil , being precipitated forms with only slight
solubilities , crop roots never reach more than one — quarter or one —
third of a dressing of phosphorus fertilizer in a single year . The
remainder of the phosphorus accumulates as residues which , after
many years, may account for half of the total phosphorus present in
soil. These residues are useful to following cropes , and most
manuring schemes increase the reserves of soluble phosphorus in soil

(Cooke YaAY).

Many investigators reported that increasing the levels of
phosphorus fertilization significantly increased both seeds and straw
yields , protein content in the seeds , phosphorus content in plants ,

phosphorus uptake by seeds and straw (Mwafy, Y44 ; El Kalla et al .
, Y44y ; Mohamed et al Y444 ; Abou Hussien et al, Y..Y ; Azer

Sohoir et al, Y. .¥; Khalil et al, Y. .¢ and Ahmed et al, Y..¢). Bapat
et al
(Y4A1) and Owolade et al, (Y-+1) found that application of

phosphorus increased significantly the number of pods / plant |,
seeds/pod , leaf area and yield of cowpea .

Potassium is an essential element for all living organisms and in
plants important cation involved in phosiological mechanism

(Beringer et al , Y4AY ; Duke and Collins , Y4Ae and Steudle, Y44¢).

In particular , the ability of ATP ases in membranes to maintain active
transport is highly dependent on adequate K supply. Thus, efficient
cell development and growth of plant tissues , translocation , storage
of assimilates and other internal function , which are based on many
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physiological, biochemical and biophysical interaction, require
adequate K in the cell sap ( Lindhauer , Y4A4 ; Morschner , Y44e and

Ruggiero et al ., Y444) . Potassium application in poorly fertile soil is

essential to obtain high yield, since it plays an important role in many
processes in plant cells.

Bochniarz et al, (Y4AY) found that potassium fertilization had
significant beneficial effect on seeds yield on soil poor in K contents .
El-Fouly and Fawzi (Y4A4) suggested that , potassium might be a

limiting factor under conditions of high yield , addition of Y ¥+ kg Ky
O/ha gave considerable yield increases . Hewedy et al, (Y44¢) pointed
out that spraying plants of common bean with potassium sulphate Y7

increased seed yield. Ismail and Hagag , (Y- +¢) found that spraying

plants of faba bean by P and K induced significant increases in seeds
and straw as well as seed protein and P and K contents compared with

the control treatment . Abd EL — Latif , Amina (Y. 1) reported that

the increment in potassium fertilizer levels of faba bean significantly
increased No. of bods / plant , total yield and seed content of protein ;
P and K uptake . Sulphur is an essential element for protein synthesis

Abou Baker et al (Y44¢) ; Dwivedi and Nayak (Y44A) , Singh et al ,

(Ya4v) and EL Saadany and Abd-EL Rasoul (Y444) found that

application of S improved legume plant biomass , nodulation , seed
and straw yield and N and S uptake .

Sulphur exerted a positive effect on the soil properties , this effect
might be due to the action of acidity produced as a result of sulphur

oxidation by micro-organisms, EL-Leboudi and Omar (YdVve)

mentioned that the PH values of the soil were decreased through
oxidation of applied sulphur by soil . micro-organisms which it is able
to produce sulphuric acid in amount enough to lower the PH .
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Yousry et al (Y4A¢) reported that sulphur was generally
favourable for available phosphorus particularly when applied at high
rates . Azer Sohair et al (Y. .Y) reported that there was a significant

response in seed yield, straw yield , crude protein and P content by
addition of sulphur to faba bean . It is well known that availability and
uptake of many plant nutrients are affected by levels of the other
nutrients present in the growth medium . In particular, the interactions
between phosphorus , potassium and sulphur in the plants and soils

have been reported by many worker's , (Nayak and Dwivedi, Y44+ ;
Kamh etal, Y44Y; Kanany etal, Y+ .. and Azer Sohairetal, Y..Y.
Bahl et al (Y44+) , indicated that the combining S with Yo kg

Py O, resulted in a further increase in protein amounted to A.1V % due

to the important role played by S in protein synthesis in addition of
being an integral part of some amino acids .

The objective of this study was to examine the effect of applying
different levels of phosphorus , potassium and sulphur fertilization on

the number of pods / plant, Y+ + seed weight ( g ) , yield of seed and

straw, protein and phosphorus and potassium uptake by plants and
seeds .

MATERIALS AND METHODS :
A field experiment was conducted during two successive growing

seasons ( Y++o /Y.vland Y./ Y.V at the experimental farm of
Mallawi Agricultural Research Station, EL-Minia Governorate , Egypt
. The experiment included three factors Y] two levels of sulphur

application ( +.« and Yo kg S / fed .) arranged in the main plots; Y]
two levels of potassium (Y¢ and ¢A kg KO / fed.) allocated to the
sub—plots and ¥] three levels of phosphorus (Ye,v+ and ¢¢ kg Py O, /

fed.) distributed in sub-sub plots . These factors consisted of ‘Y
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treatments combinations, using split — split — plot design with three
replicates .

The experimental unit was 'Y m" ¢.. min length and ¥.. m . in
width. Soil physical and chemical properties were determined on soil
samples, at depth of (.- ¥+ c.m) according to Jackson (Y4vy), Olsen

and Sommers (Y4AY) and Gee and Bauder (Y4A1) and the data are

shown in (Table Y). Phosphorus , Potassium and sulphur treatments
were added during soil preparation , phosphorus was in the form of
calcium superphosphate (Ye.e/ Py O.) potassium was used in the

form of potassium sulphate (¢AZ K.O). Nitrogen fertilizer was in

ammonium nitrate form ( Yv.o/ N) and added at the rate of Yo/ kg

N/fed immediately before sowing .
The previous crop was maize in both growing seasons . The faba

bean cultivar was Giza . A<¥ sown at V'™ and ¥ of November

Y.«oand Y. .1 seasons respectively at rate a of o+ gk/seeds/feddan .
Agricultural practices that commonly used at EI Minia were applied.
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Table Y : Physical and chemical properties of the experimental
soil samples.

Physical and chemical properties First season Second season

Physical properties

Particle size distribution

Sand (%) v.he AN
Silt (%) 00.\0 oY.vo
Clay (%) LA ¥A.00
Silty clay .
Texture grade Silty clay loam
loam

Chemical properties

PH ('soil — water suspension ratio Y : Y.e Ao Ao
Ec (ds m™) soil — water extract (ratio Y : o) y.Ve VLAY
Organic matter (%) AR 1Y

Soluble cations (meq /1.):

Calcium (Ca ™) Aye A.ve
Magnesium (Mg ™) ¥.Ao ¥.1o
Sodium (Na") t.A0 ¢.00
Potassium ( K") Y Y

Soluble anions (meq /1. ) :

Carbonate (CO,") e .
Bicarbonate (H COy ) v.40 v.ve
Chloride (CL ") 0.4V 0.%0
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Sulphate (SO.") V.to V.o A
Available nitrogen ( ppm ) YY.ve Yi.g0
Available phosphorus ( ppm) A.oo Ao

A YVAL.

Available potassium ( ppm)
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Number of pods / plant, Y+ + seed weight ( g /and seeds and straw

yields were recorded at harvest. The faba bean seed yield was
calculated as ardab/feddan. While straw yield was calculated as
ton/feddan .

Samples of seeds and straw were dried individually in the oven

at 10°C, weighed, ground using a plant mill and sieved to pass

through a «.e mm screen. The dried and ground plant materials were

mixed thoroughly and a representative subsample was taken and
analyzed for N total P and K.
Plant samples were digested in concentrated sulpharic acid

(HySO;) and hydrogen peroxide (H(Oy) . Nitrogen was determined

using modified micro K jeldahl method (AOAC Y4A.). Protein
content in seeds was calculated by multiplying the total nitrogen by a
factor of 1.Ye. Phosphorus was determined in plant digests
calorimetrically using the Spectrophotometer according to the method
described by Chapman and Pratt (Y47Y) Potassium was determined

according to Jackson (YavY).
Statistical analysis was carried out according to Gomez and
Gomez (V4A¢), and differences between means of the different

treatments were compared using LSD at ¢ % level .

RESULTS AND DISCUSSION

The effect on number pods and seed weight

Data presented in Table Y show effect of sulphur , potassium
and phosphorus levels and their interactions on number of
pods/plant and )+ + seed weight (g) of faba bean in the two growing

seasons. Increasing the level of sulphur fertilization from +.. to Vo kg
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S/feddan significantly increased the number of pods/plant and Y. -
seed weight (g) compared with unfertilized plants in the two growing
seasons. Similar results were reported by Singh et al (Y44v) , EL-

Saadany and Abd-EL Rasoul (Y444) and Azer Sohair etal (Y. .Y).
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Table Y: Effect of sulphur , potassium and phosphorus fertilizer

and their interactions on number of pods / plantand ¥« «
seed weight (g) in the first and second seasons .

Number of y .« seed
Treatments pods / plant weight (q)

Sulphu Potassium Phosphorus Yoo/ | Yeur/ | Yoo/ | ¥oun)

r levels levels kg levels kg
kg/fed K,O/ fed P,OJfed | Yr+t | YoV | Yol p Xy
Vo Yhove | Yeiee | oLy 00.1
\K v. VY.L AYY. | ev.ae oM.+
to Ve [ Ye.ua | o4t 04.Y
o Vo VY. (Y o4 ¢ ov.¥
€A v. (AR (R 04,0 04.A
to VeV Vo.v A Ty
Vo 'YLV 'Y.Y oAV oAV
\K v, Ve Vo.v AN Ly
to Vo.v LY A 1.0

Ve

Vo (AR VY.V 04V 04.0
£A v, Yo.u. | Veuv AN NY.¢
¢o (WY AR Ny nY.4
Mean of sulphur levels R AR I RS
kg/fed Ve Ve | Yo | vl A
Mean of potassium Y¢ YLy Y YLA oA.4 o4..
levels kgK.,O/fed £A VEY | VEY | e | vy
Mean of phosphorus Ve VYL 11,0 oA.o ov.n
levels kg P¢O./fed v, VA | Yo | ey | e
£o Vo.v LY e A
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L.S.D at ¢/ level

Sulphur levels (A) ot K YA Y
Potassium levels (B) S T I P I B SO
Phosphorus levels (C) CFA Y CEA Y
AXB N.S. N.S. N.S. N.S.
AxC N.S. N.S. N.S. N.S.
BxC N.S. N.S. N.S. N.S.
AxBxC N.S. N.S. N.S. N.S.

The number of pods / plant and Y.+ seed weight (g) were
significantly increased when the level of potassium fertilization was
increased from Y¢ to ¢A kg K(O/fed in the two growing seasons

except in the second season the increase in number of pods / plant was
not significant .

Increasing the level of phosphorus fertilization from Yo to ¥+ or
¢o kg Py O./fed significantly increased the number of pods/plant and
Y++ seed weight in the two growing seasons . These results are
coincide with the findings of other researchers ( Mwafy, Yd4¢ ; Abou
Hussienetal , Y. .Y and Khalil etal, Y+ +¢).

The highest values of number of pods / plant ( 3.V and YV.Y)
were obtained when faba bean plants were fertilized with ¢o kg Py O,

/fed combined with ¢A kg K, Of/fed and ve kg S/ fed in the two

growing seasons respectively .

The effect of the interactions between the three studied factors
(sulphur x potassium , sulphur x phosphorus , potassium x phosphorus
and sulphur x potassium x phosphorus ) on number of pods / plant and

)+« seed weight (g) was not significant in the two growing seasons .

The effect on seed and straw vyield:

“VA-



Effect of fertilization on Faba bean yield and yield components

Data in Table ¥ reveal that seeds and straw yield of faba bean
increased significantly with increasing the level of sulphur
fertilization from +.. to ve kg S/ fed compared with unfertilized
plants in the two growing seasons. The results are in line with those
obtained by Kanany etal ( Y...)and Azer Sohairetal (Y.-Y).

Increasing the level of potassium fertilization from Y¢ to ¢A kg

K, Offed significantly increased seeds yield in the two growing

seasons, while the increase in straw yield in the two growing seasons
was not significant. These results are in harmony with those reported

by Bochniarz et al. (Y4AY) and Hewedy et al. (Y44¢).
Increasing the level of phosphorus fertilization from Ye to ¥+ or

¢o kg Py O./ fed significantly increased seed and straw yields in the
two growing seasons . Similar results were obtained by Mohamed et
al. (V444) ; Khaliletal ., (v++¢)and Ahmed etal .,(Y++9).

The highest values of seeds yield ( Y¥.Y and Y Y.e ardab / feddan )
were obtained when faba bean plants were fertilized with ¢A kg Ky O /
fed. combined with ¥+ kg Py O, / fed and ve kg S/ fed in the first and
second growing seasons respectively . Also the highest values of straw
yield ( ¥.v ton / fed ) was obtained when faba bean plants were
fertilized with ¢A kg K(O/fed combined with ¥+ kg Py O, / fed and Ve
kg S/ fed . in the first season while the highest value of straw yield (
¥.Y ton fed . in the second season was obtained when faba bean plants
were fertilized with ¢A kg K O/ fed combined with ¢e kg Py O./ fed

and ve kg S/ fed . It is well known that availability and uptake of

many plant nutrients are affected by the levels of the other nutrients
present in the growth medium. The interactions between phosphorus ,
potassium and sulphur in the plants and soils have been reported by
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many worker's , (Kamh et al, Y44) ; Kanany et al , Y.+« and Azer

Sohairetal, Y..¥
The present results clearly demonstrated that application of
phosphorus fertilizer at the rate of ¥+ kg Py O, / fed combined with

potassium fertilizer at the rate of ¢A kg K, O/ fed and Yo kg S/ fed to
the silty clay loam soil cultivated increased seeds and straw yield .

The effect on protein content:
Results in Table ¥ show protein content of faba bean seeds as

affected by the application of sulphur , potassium and phosphorus
fertilization during the two growing seasons . It was noticed that

increasing the level of sulphur fertilization from ..+ to Yo kg S / fed

significantly increased protein percentage in the seeds compared with
unfertilized plants in the two growing seasons. Similar results were

reported by Azer Sohair etal (Y++Y¥).
Increasing the level of potassium fertilization from Y¢ to ¢A kg

K,Ol/fed significantly increased protein percentage in the seeds in the
two growing seasons . These results are in accordance with those
reported by Abd EI- Latif , Amina (Y++1).

Increasing the level of phosphors fertilization from Ye to ¥+« or ¢o

kg Py O. / fed significantly increased protein percentage in the seeds
in the two growing seasons .

M-
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The present findings are in agreement with those obtained by
other researchers ( Mwafy Ya4e ; Abou hussien et al Y. .Y ; Khalil el

al, Y..¢ and Ahmed et al ., Y. .2 ) who reported that increasing the

level of phosphorus fertilization significantly increased protein
content in the seeds of faba bean . A possible explanation for the
increase in protein percentage in faba been seeds is the beneficial
effect of phosphorus fertilizer on activation of microbial population
nodules to fix more N that used by plants in protein synthesis

(Bhadoriaetal ., Y44v).
The highest values of protein percentage in the seeds ( YY.¥ and
YY.¥o % ) were obtained when faba bean plants were fertilized with

¥+« kg Py O, / fed. combined with ¢A kg K O / fed. And ve kg S/ fed.

in the first and second growing seasons, respectively .
The effect on phosphorus uptake:

Results in Table ¢ indicated that phosphorus uptake by straw
and seeds increased significantly by increasing the level of sulphur
fertilization from ... to ve kg S /fed compared with unfertilized

plants in the two seasons . Also, Azer Sohair etal ( Y++.Y ) reported
similar results.
Increasing the level of potassium fertilization from Y < to ¢A kg

KO [/ fed significantly increased phosphorus uptake by seeds and
straw in the two seasons . These results are in harmony with those
reported by Abd EI- Latif , Amina (Y++1).

Increasing the level of phosphorus fertilization from Yo to ¥

or ¢o kg Py O. /fed significantly increased phosphorus uptake by
seeds and straw in the two seasons . These results are in line with
those obtained by Badr RI-Din and Moawad (Y4AA ) and Ahmed et al
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(Yer2).

The highest values of phosphorus uptake by seeds ( VY.Y and
VY.. kg P/ feddan ) and phosphorus uptake by straw ( 1. 4 and 1.\ Y
kg P / feddan ) were obtained when faba bean plants were fertilized
with ¢e kg Py O, fed, combined with ¢A kg KO / fed and ve kg S /
fed in the first and second growing seasons respectively . Similar
results were obtained by Ismail and Hagag ( Y++¢).
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Table ¢: Effect of sulphur , potassium and phosphorus fertilizer

and their interactions on phosphorus uptake by seeds
and by straw of faba bean in the first and second

Seasons :
Phosphorus Phosphorus
uptake by the uptake by the
Treatments seeds of faba straw of faba
bean bean
(kg P /fed.) (kg P /fed.)
Potassium Phosphorus
SUIphur IeveIS p "th@/ Yhh‘/ "hh@/ "hh‘/
levels Ka KO levels kg
kgS/fed | 91 P,OJfed | YrrT | YoV | Yot Yo
fed
Ve Y °.¥ A Y.
\K Y. A4 ALY r.YY YA
to () 4.4 €. £.0%
Ve V. V.o v.ay Y.AY
£A Y. VoY 4A £.Y4 £.14
to 1LY 1Y £.A4 £.0.
Vo 1.4 .4 .Y e
Y¢ e A VoY £.499 ¢.v1
to VY8 1Y 6.\ 0.0A
Ve
Ve A4 L r.a. .M
€A v. 'YLy YYLA ot o.ve
to 'YLV VY. 1.4 Ny
Mean of sulphur levels .. A vy v.¢
kg S /fed Vo Vot Yooy £.A £.9
Mean of potassium Y¢ A4 AV Y.4 Y.A
levels kgK.Offed £A ) Yoy £.1 £.1
Mean of phosphorus Vo v V.o v Yoy
levels kg P,O./fed Y. Vv Vel ¢ £V,
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¢o 1 (R .9 .9
L.S.D at ¢/ level
Sulphur levels (A) .00 A Yo bt
Potassium levels (B) Y YA Y AR
Phosphorus levels (C) N Y YA .
AxB N.S. N.S. N.S. N.S.
AxC N.S. N.S. N.S. T
BxC N.S. N.S. N.S. N.S.
AxBxC N.S. N.S. N.S. N.S.

The interaction effect between the three studied factors on
phosphorus uptake by seeds and straw were not significant in the two
seasons . With the exception of the interaction between sulphur and
phosphorus which significantly increased the phosphorus uptake by
straw in the second growing season only .

The effect on potassium uptake :

Data in Table o indicate that increasing the level of sulphur

fertilization from .. to ve kg S./fed significantly increased potassium

uptake by seeds and straw in each seasons compared with unfertilized
plants . These results are in the line with those found by El — Leboudi

and Omar ( Y44¢e).

Increasing the level of potassium from Y¢ to ¢A kg K(O/fed

significantly increased potassium uptake by seeds and straw in the two
growing seasons . The present findings are in agreement with those

obtained by other researchers ( Ismail and Hagag , Y+ +© and Abd El —

Latif , Amina Y«+1),

It can be seen that potassium uptake by faba bean seeds was not
significantly increase by increasing the level of phosphorus

fertilization from Yo to ¥+ or ¢o kg Py O, /fed in the first seasons only
Potassium uptake by straw significantly increased with increasing
the level of phosphorus fertilization from Ye to ¥+ kg Py O, / fed in
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the two growing seasons , while it was not significant when the level
of phosphorus fertilization was increased from Yo to ¢o kg Py O. / fed
in the two growing seasons. Similar results were obtained by Kamh ,
etal ., ()449) ) who indicated that the K content in straw and grains
of wheat were decreased with high levels of phosphorus fertilization

The highest values of potassium uptake by seeds ( YV.A and V1.V
kg K/ feddan ) and potassium uptake by straw ( eA.v and oA.7 kg
K/fed ) were obtained when faba bean plants were fertilized with ¥

kg Py O, / fed combined with ¢A kg Ky O / fed and Yo kg S/ fed in

the first and second growing seasons , respectively .

The interaction effect between the three studied factors on
potassium uptake by seeds and straw were not significant in the two
growing seasons.

From the abovementioned results it is clear that the optimum
yield and the highest protein content in faba bean seeds were obtained

with fertilization at the rate of ¥+ kg P,y O, / fed combined with ¢o kg
Ky O/ fed and ve kg S/ fed.

Table ¢: Effect of sulphur , potassium and phosphorus fertilizer

and their interactions on potassium uptake by seeds and
by straw of faba bean in the first and second seasons :

Treatments potassium potassium

uptake by the uptake by the s
seeds of faba bean | traw of faba bean

_ (kg K /fed.) (kg K /fed.)

Sulphur Potassium | Phosphoru Y.oof Y Y.iof Y

levels levels s levels kg

kg /fed | kg K Offed. | P,O./ fed Vol Yooy Taud Yooy
Vo YLy 'Y LA ¥AR

Y Y. VELY A ALY vVt
¢o VL) \v.o £Y.. £..4
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Vo yo.A 1o.1 €.V £o.Y
€A Y. (Y Vo.t £4.Y Ev.y
¢o V.. Vo.¢ ¢Y.o €.
Vo Yo.. Yo.. £6.4 Ey.y
\K v. V.0 V¢.0 £4.4 e ..
o 1¢.4 Ve £y £y
Ve
Ve A Lt ov.. ov.¥
€A Y. \V.A (RN LYY o AN
£o \1.0 Vo.¢ ey .1 ov.vV
Mean of sulphur levels e Yooy | VE.Te AR AR
kg S /fed Ve LN Vo.o Ou.n 0.1
Mean of potassium Y¢ (KN \r.4 £Y.¢ £Y.¢
levels kgKOffed A 111 Vi £4.0 £4.A
Vo yo.v V1¢.4 £6.¢ ¢0..0
Mean of phosphorus " Yo n P Th e
levels kg P,O./fed ’ : - : ’
¢o Vo.¢ VeV £6.A €6V
L.S.D at ¢/ level
Sulphur levels (A) Y A Y.4A v.eY
Potassium levels (B) ot Y Y4y (R
Phosphorus levels (C) N.S. N.S. V.o V.EA
AxB N.S. N.S. N.S. N.S.
AxC N.S. N.S. N.S. N.S.
BxC N.S. N.S. N.S. N.S.
AxBxC N.S. N.S. N.S. N.S.
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