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COTTON RESPONSE TQ ELEMENTAL SULPHUR AND
PHOSPHORUS APPLICATIONS UNDER DIFFERENT SOIL
WOISTURE DEPLETION LEVELS AT NORTH NILE DELTA
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ABSTRACT

Two figld experiments were conducted ai Sakha Agric. Res. Station during
wo successve seasons 2000 and 2007 fo investigae the respanse of cotion crop lo
the level: of soii moistuie deplstion, applications of the elemental sulphur and
phosphoru=  at North Nile Deliz. The soii of the experiment was clayey in iexure, non
saline and non alkaline. The design of the experimen! was split-spiit pioi during the
wo growing seaseons Deplefion levels 40% (D1}, 55% (D2} and 70% (D) of available
soil molsiure were conducted 1o the main plots. Elemantal soiphur rates, 2eo (3.),
50 (S,) and 100 (Ss) kg S fed.” were assigned © sub-plots. Phosphorus ferilizer
rates zero (Pyj, 15 (P and 30 (Ps) kg P2C fed. were aliocated lo sub-sub-plots.
The mast mportant resuits could be summarnized as fotiows
e linganon of cofton al 55% depletion (D} produced the highest seed cultun yvield
(10.92 ana 10.51 kenlar fed. " j inthe 17 and 2™ season, respectively. Also, piant
height, wuil  branches/plant. bolis/plant ang ball weight were higher under
tiealrnent L

= limgalion @l low soil moisture depletion (D)) resuited in the nighast values ol
waier applied (3666.3 and 3451.7 m>fed. "), waler consumptive yse (2993 & and
27602 m® fed.™) in the 1% and 2™ seasons, respecively. but decreased waier
utiizabion and water use efficiencies

= Decreasing sl moslure depielion ncredsed £ Fe and Mn concentrations m
coton leaves and i avallabidity m the soil, while Zn took the opposite trend

¢ Application of § resulted in a significant incrizase in seed comnon yiela, yeid
components waler utilization and waler use efficiency, soll availahiz P, 2. Fe
and Mn and e cordent in coilor leaves

= Apphcation of phosphate ferilizer resulied in 2 significant increase in seed colton
yield, yield componenis, waler utilization, waler use efficiency, sol gvalatle P,
Fe and Mn and the concentrations of P and Ma in Colton lsaves.

» The combination between 100 kg S and 30 kg P-0zied ’ and iingabon at 55%
depletion producad the highest seed collon yield in the we siuched seasons.

* An antagonistic relationshp wes found between P and Zn & Fe and a synergeatic
between P and Mn in conon ieaves,

Keywords:  suifur and pnosphorus applicanens. soil moisture degletion, Aulrient

interaction, cotton yield

INTRODUCTION

Cotton 15 the main casn crop deing raized in Egypt for s fibers and
ol 1t 12 also the export crop and an imporant source in the national income.
The proper avezilabie soil maisture in the effective oot zone. phesphorus and
sulphur fertilization sre very imponant faclors thatl aHect the productivity of
cofton crop at north Nile Della solls

Simishi ana Marani (1971) stated that sesd cotton yield, plant height
and number of boils were decreased when catton piants were subjecied to
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301l mosture siress at the stait of Nowering. Baliator et &, (1974} reponted that
imgation at 30% depletion of available water increased colion. water
consumptive use but did not affect the yield significantly. Mahrous (1977)
showed fhal seasonal water consumplive use by cotton for wet, madium and
dry regimes were 257, 243 anc 20.5 inches , respectively. Bharambe and
Varade (1682) found that the reduction in leaf water potenbal beyond-15 bar
decreased seed cofton yield dus to the raduction in boll numbers and they
size, Mohamed st al (1985} and El-Naggar ef al. (1999) stated that increasing
available soil moisture increased significantly the seasonal waler consumplive
use by cotton plants, Eid and Hosny {19952, b) reported that increasing water
amounts from 73.5 to 136 5 cm resulted 'n shorier periods 1o the first fiower
and first apen boll, whib 84,5 om increased number of open bolls/piant and
sead cotton yield teddan’. Mahrous of 2l {1984) used 20, 40, 80 and 80%
depletion from availablie soil moisture on cotion at Sakha. They obtained the
highest seed cotfon yield from 60% depietion treatment Khater and Eid
(1657) revealed that imgaton cofton wsing 2 inches diameter siphon at 15
cays %ﬂﬁtg&ﬂd oll weight ard seed cotion yield Water consumptive
use was found iobe 56.6 cm Husman af al (1998) vonciuded thal irigation
of seiton and 5% sail mgtﬁtgm -ﬁaﬁbﬁm resulted in the highest mean
cotton {int yields (1374 and 1428 ibs lint acre™), respactively. While imgation
ar 65 and B80% deplaim procuced ﬂ\ebwesxmeaﬁeoﬂnn lint yieids (1123
anc 248 Ibs lint acre ', respectively). ‘While irrigation at 65 and 80% deplenon
produced the lowest mean coftor iint vieds (1123 and 248 ibs fint acre”’|
respeciively). Ebada (1998} found that termiration of imgation after 165, 150
ang 135 days from sowing cotton resulted in decreasing water consumptive
use fom B3.77 to 78.37 and 75.3 om, respectively. The opposite trend was
‘ecorded for water utilization efficiency 0.26, 0.23 and 0.30 kg seed cotton m™*
applied water, respectively) gnd also for water consumptive use 0.28, 0.29
and 0.30 kg seed cotion m™ water consumad, respectively) with the studied
terminations.

Elemenial sulphur added to the soil as a soil amendment and as a
olant nutrent It is oxidized by soll mieroorganisms to sulphuric acid which
owers soil pH and increases availabiiity of P, Zn, Fa and Mn (Mostafa ei &/ |
1990). Nasseem ef al. (1986) pointed out that addition of sulphur io the sol
increased cotton fint yield and increased jeaves contant of Zn, Fe. Mn, Cu, Mo
and Pb. Dubay et al (2000) showed that cctton seed yield, ory matter and bolt
Maight were increased with increasing sulphur application rate. Chatterjee ef

#. (2000} found thal the yields of cotten fibre and seed were significantly
mmd by sulphur deficiency, as well as nuality of cotion seeds. Singh and
Karion (2{}01} conciuded that ine highest cotion seed vield was recorded with
30 kgs ha'. Theyaisocnmhdedﬂ!at&ppﬁcamn of suiphur more than 30 kg
ha” dea'sasad phosphorus content in softon seeds and reduced P content in
the 3of at the second year. Shinde ! al (2001} found that S fertilizer
inoculated with S oxidizing bacteria and fungi raccrded the highest values for
plant hieight, picked bolls per piant. seed yieid and S uptake.

Cakmak and Marschner (1988) found that increasing P supply
resulted in severe Zn daﬁc!enwwhﬂe%daﬁcieﬂcymmedtymm the
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upiake and transtocabion sates of P Gill of 8/ (1385) revealed that increasmng
P fertilizer rate to sanay ioant soil from zero 1o 100 kg P,0Os ha | increased
cotten seed vield from 565 to 785 kg ha ', bolis plant from 7 to 11 anc unt
percentage fiom 23.2 w0 33.9. Hamid and Sarwar {1983) Poinled out that yieid
of cotton was increased significantly with 20 ka # ha" and application of P
increased P concentration in leaves. They added that 20 days after sowing
was the best time for better measure of tertilizer utilizaiion. Shrivastava et @/,
£1999) showed that P fertilizer increased cotton seed yield, tul amouiits
varied between years Sawan af & {1997) revealed that cotton yvield, ooen
bolls plant”, boll waight, and uptake of P, Ca and Zn were increased with
increasing F', Zn and Ca fertilizers Mabmoud of a/ 11985 found that the
nighest dry matter of cotton was obiained with application of 15 kgP+10kg
Znor 30 kg F + 10 kg Zn feddan™

MATERIALS AND METHODS

Two field experiments were camed oul at the Farm of Sakhe
Agricultural Res. Station during two successive seasons 2000 ard 2001 to
evaluate the role of elemental sulphur and phosphorus fartiization wader
different soil moisture depletion levels and their effect on corton yield and its
water relations

The soil of the expenmental freld was clayay in texturs, non saline,
non alkahre with water table deplh 115 cm. Seil samples were faken before
pianting ana after harvesting cotton The nain sol characteristics and the
level of some nutnents are snown In Table (1)

Tanle 1: Average values ot some physical and chemical propeities of
_the soil before the experivient. )

5ol | Paniclesicsdistuion % | g | Semosu g, o 23 | Avaiable niioras 3pm
dupih, o] donsty, P —fcamony (5 1 SOLPR OML

om | Sad | s | Ciey | gnem’ ( £C we Jas Jate |72 ¢ el zn | ke IMe
330 | 1786 (3253 [ a0 55 i1 lacos|eaiz{ w7 (248 | 196 783 (1741625] 0.8 Lsea |l
B0 {1511 ] 5.9 188 124 | 3676|2284 [ 379021 268 | 104 | 708 [ 5205 631 655 | 52 87 |5.78
85901577 3755 ) 40,60 125 1337 (316 (17011 2% [ 245 | 538 [rastaal 55T [

Spht-spit plet design with four replicates was usad. Each sub-sub plot
was & x 7 m (42 m’)and constituted of 3 ridges Depletion fewels, slemantal
sulphur and phasphorus rates distributec n the expenmantal field as follows.

fain plots:

Dy = ienganen at 40% depletion of avalabie soil moisture.
Dy = lengation at 35% depieton of available soil maisiure.
Dy = wngation at 70% depletion of availabie soil moisture.

Sub-plots

Si = Withoul sulphur application

S; = Apphcation of 50 kg S fedgan
Sy = Apphcation of 100 kg S feddan '

Sub-sub-plois:

P, = Without phosphorus appiication

P, = Application of 15 kg P,0s feddan’’
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P, = Application of 30 kg P,Oy teddan”.

Elemental sulphur was added and mixed with soi surface layer
sefore pianting colton seeds.

Phosphorus fertilizer levaks as supeiphosphate (15.5% £,04) were
apeited and mixed with the soil suiface before planting.

Nitrogen feriifizer as urea 4€ ‘% N was used with the recommended
rate for the region { 80 kg N feddan’) in 'wo equal doses at the (¥ and 27
ITNgalons.

Giza 8% cotten is were sown (n Apnl 4, 2001 and picked in QOct 7,
2007 While it the 2™ season 2002 the sowmy date was Apiit € and picking
was in Dot 10,

Application of irng-Hon waisr was controifed by Cutioat flume 30 x
90 om according to Skogerboe et af (19773 Lnigation waler was apphed after
depletion of 40%, 55% and /0% of avaiable soil moisture The amount of
gach imgation to kesp soil moisiure confent at fieid capacity was calculated
as foliows

WA (deptn), = ‘%‘ FC-PWxDbx?2

=1 190
Yinere:
WA = Apphed waler (cm).
- FC = Field capacity for the soil g%l
PW = Soil moisture contert befora irmgation (%)
Ob =  Bulk density of the scil {gm cm
Z = Thickness of the fayer (0-50 cm)

Actual walter consumptive use was deteimined as sol mosture
depletion (SMD) acecording to Israsisen ef al, (1979) as fellows.

SMD = 5 PW, - PW, « Db, x Di

r=l 100
Whare:

SMD = Sail mowsture depletion (cm) in the effectve root zone (0-
60 cm)

PW. = Percentage of soll moisture conient 48 hours after
irrigation.

PW, = Percentage of 30l moisture content berore the next
irmigation.

Uh. = Buik density of the specified jayer igm om’).
Depth of soil tayer (em),
v use efficiency [WUE) was calculated according to
Doo:eabos and Fruitt {1979) as loflows:
WUE = Cﬁﬂaﬁ @y&ﬁld (kg f@ﬂ:ijﬁ Kg m,’_‘,
Water consumptive uss (m” fea.™)
Water utilization efficiency (W UTE.) was caicuiated accoiding to
Doorenoos and Pruit {(1879; as fuliﬁws
Wai:r appﬂmg (m fed
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Soll field capacity and willing point were determined using pressurs
membrane apparatus according to Klute (1986). Sampies of cotton leaves
after 90 days at bolling stage were collected, dried, milled and wet digested
accorging to Page (1982) for determination of P, Zn, Fe and Mn Soil
available Zn, Fe and Mn were extracted by DTFA solution according tc
Lindsay and Norvell (1978). The elements Zn, Fe and Mn were determined by
the Atomic Absorption Spectrophotometers. Sdil available P was extracted by
NaHCO; 0.5 N and determined according to Murphy and Riley (1962). Data
were statistically analyzed according to Snedecoi and Cochran (1974).

RESULTS AND DISCUSSIONS

1. Cotton yield and is components:

The obtained results in Table 2 show that soil maisture depietion,
slernental suiphur and phesphorus treatments had hrghly significant effects on
cotton  seed vield, plant height, fruit branches plant”. holl numbers plant” ang
boll weight in the two studied seasons Irrigation at 55% depletion of soil
available water (D) was the best treatment which resulted in the highast
average values ootion seec yield (10.92 kentar fed™), olant height (145.63
cm), fruit branches plant (11.97), bolls/plant {23 53) and boli weight (299 gm)
in the first season (20060). The carresponding average values in the second
season (2001) were 10.51, 150.82 1147, 21.5 and 3.06, raspectively, While
fmgation of cotton at 40% or 70% depletion of available water (D, or D,)
resulted In a significant decrease in colton vield and yield components
compared ta irmigation at 55% depletion of avaiiable water, These results are
coincide with those of Baltator et af (1374) Bharambe and Varade {1952)
and Husman ef a/ (1995}

Increasing the raie of elemeniai suiphur resulted in a significant
increase i cotton  seed vieki ard yield componants in [he wo shudied
seasons as shown In Table 2 Apphication of 100 kg S fad ™' (S,) the first
season (2000) gave the highest cotton sead yeld (11,18 kentar fad ™), plant
nesght (147 3 cmy), fruil branches/lant (10 47). boltsfplant (22 5) and baoil
weight (299 gm) In the second seasan (2001} the corresponding average
velues were 1083 kentar fed” 14754 o for plant haight, 1084 frul
branches/plant, 21 14 poila/plant and 3.08 gim for Boll wegnt The merease of
cotton yield resulted from sulphur application may e dué to the mcreasing of
so avallable P, Zn Fe and Mo These results are agreemant with those o1
Nassern ef af. (1586) Mostafa ef & (1990}, Dubey ef af {2000) and Singh
and Kanon (2001)

With respect 10 phosphotus  feruhzer ¢ata in Taole (2) revealed that
ncrezsing the rate of P fertilizer resulted m a significant (ncrease in coton
seed yeld and growxh parameters dunng growing seasans The lreatment F.
(30 kg PLOg ted '} gave the hsghest average values of the studied paramelers
(1187 ang 11 36 xentar fed ' for colton seed yield, 145 69 and 146,38 om for
plant heignt, 10.97 and 11.19 frunt branche:;plant 2? 92 and 22 &4 bolis/plant
and 301 and 3.07 gm for boll weight in tne 1% and 2’ seasons, respeciively)
These results are agreement with those of Gili af al {1985) Hamid and
Sarwar (1833) and Sawan et al (1997)
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Tabie2:  Cotton sesd yield and yieid components as affected by soil

W gmmurm iam sut hurand osphorus.
L Fﬁﬂ_ﬁﬂo : Second s uua-rr,m
‘ Si LR e g. : g 5
‘ g g 3 3% | g § § | £§ ég ‘g.o 5§
- £ . g ! "5 § ] s E zf E
i z :
— R, 5 IR oo . Rt _
e P83 | 13543 Ba6 1854 27 B85 113547 928 185 e
[ 1292 | 14643 | 1997 | 23.53 259 16,51 § 16082 | 11.47 215 ans
Dy m 3 13533 | 922 l_i‘.g_?ﬂ 284 192 1439737 989 | 2081 | 243

sl i
U5D. [605] 087 | %72 | G37 | 078 | 008 | 02 | 142 | 045 | 0§ | dos
: 03| 078 228 1 047 1,04 0.08 0.7 180 x| 2 | 906
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S 938 113493 081 § 1981 [ 272 | 034 (13508 B38| 9972 ) 276
5; 1045 | 12946 | 097 | 2144 | 282 [ 015 [ 14237 | 284 | 91878 ) 286
S ALi8 L wers ] j0d7 | 225 200 | 1083 L4764 1064 | 2144 1 309
i ] '—'); i v T R e £ -

?. =3 -Ik
[LSD. (008|048 | 217 | 037 | &7 | 008 [ 021 | 146 | d42 | 07 | 006
011 077 { 297 | 05 | 09 | 007 | 026 | 204 | 059 | 098 | oo

I\E. 928 313654 | 837 | fas8 | 279 895 {13708 928 | 1722 274

By 1095 114050 | a8 | 2108 ( 282 | 1004 [ 14081 957 | 2097 | 29
< 1‘.5? (14568 Y 1057 | 2382 | 304 ) 11036 [ 14638 ) 1019 { 2294 | 307
F'm - i h ) ) &N T" " - - aw - am

150 qus, ms 793 | 0.8 | 074 | 07 | 024 | 183 [ 088 | Gos | 008
o1, 038 | 2e7 | 083 | 442 o1 | 0% | 232 [ o8y | 148 | s
inlsractions '

ﬁuls - Ll ne 2] ﬂS L L L] ns ns
9, ; : . = . ¢ . - . t o
o L ] aa iy | ns
D $°F ng | * ns | n3 * - - - ng
T Significant
By s-mgmyﬂqnmam
ns = Not aignificant

The interaction D~ © had significant effects on cotton seed yieid and

plant height in the two growing seasons. The interaction D * 8§ had a

significant  @ffect on number of bolistplant in the 1* season but had no

slgxmmi eifect in the 2™ season, Cofton seedyieid and growth pasameters

ity affectad by e nteractions © * P and S * 7 excepi the

number of bolis/plant in the 2™ season Data also revealea that plant heignt

and holts weight were significantly affected by the interaction of D* S * Pln

the 1% season while in ire ﬁ”aaasonaﬂybidandgm%pamme&erswere
significantly affected except for number of holls piant in the 2™ season

§1 wmaterrzliman& jod (W,
O Wnppi d S YE T | .
' Data of ‘h % “applied (M’ féddan”) during the two

growing §e4sons ilfB snown in Tabie (3) The obtained results reveai thal the
seasonal water applied to cotton plants was decreased with increasing the
depletion of soll moisture content  The treatment D, which irrigated at 40%
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depietion of soil available water received the highest average values (3666 3
and 34517 m' fecdan’y of irigation water i the 17 and 2 seasons
respeciively, The lowest average values of waier appled (3183.6 and 30156
m® feddan ') in the 1% and 2 seasons, respectively were recorded under the
driesi ireatment {D;) which irrigated at 71% depletion of availabie water

These results are in agreement with those of Ballator et al, (1974);
Mahrous ot ar (1984) Mohamed ef al (1995); El-Naggar ef al. {199%) and
Eid and Hosny { 1995a, t).

2.2. Seasonal water consumptive use (ETal

The obtained resuits of seasonal water consurmptive use {Tahie 3)
indicated that (ETa) was decreased from D freatment (irfigaiicn at 40%
depletion) to D, (irrigation as 70% depietion). The highesi average values of
ETa [2993.8 and 27.60 ¢ m*feddan ' in the 17 and 2% seasons. respectively)
WweTe acnisved under Dy treatment While the lowest average values of ETa
(24348 and 23849 m’ feddan' i the first and second seasons.
respectively), were oblained unaer D treatment W could be concluded tnat
irigaton at 55% depletion of available soil moisture {Dy) i5 the best freatment
which produced the highest cofton seed yield This finding s supported by
Ballator of gl (1974}, Mabrous ef ai (1984), Mohamed et a (1995), El-
Naggar of a/ {1999) and Sbada (1963)

2.7 Water uhilization efficiency (WUT.E ).

Data m Tabie 3 ndicate that WUT E  values were increased with
increasing the soil moisture depletion increasng sulphur applicaton rate from
00 to 10C kg feddan’' I1ed lo marked merease n WUT E during the two
growing seasons. Application of 50 kg S feddan (S.) had a little effect n
increasing WUTE Data also show that ocreasing the rate of P ferhiizer
incregsed the values of WUT E. ccmparing with contral {P,) The hn1:;hesr
W UT & values (083 and 0.64 kg seed cotton m > applied water in the 1% and
2" seasons. respeclive!yf werz abtained from appiication of 100 kg § feddan’
'+ 30 kg PyD, fedaan’ under irrigation at 70% (D) depietion of availzbie
water. These results  are agreemeant with those of Manrous (1877), Mahrous
of al [1984), Ei-Naggar 2f af (1999), Khater and £xd {1397) and Ebada
(1588}

2.4 Water use efficrency (W UE )

Data in Table 3 indicate that W U E increased with increasing soil
mosture depieton under the different rates of sulphur and phosphorus in the
two growmg seasons  These findings  are in agreement with those of
Monamed e al {1395) and El-Naggar el &/ (1999) Applicabon of suiphur up
to 100 kg fed ' ircreased W U.E over the control Aso, ncreasing the rate of
P fertitizer incregsed W U E in comoarison with control. The mteraction of
sulphur with phoasphorus fechiizer has 2 marked effect in increasing W U €
The nighest values of WU.E m the 17 and 2™ season (0 79 and D &1 kg
seed cotton m’ water consumed 2y cotion, respectively were obtained with
applicaton 100 kg S+ 30 kg P,0; fed ' under irrigation at 70% depietion of
svaliable soi mosture (D5 The cotaired results are in accordance with those
of Mahrous (1377) and Ebada (1998)
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3. Elemental contents in coticn ieaves:

Table 4 show the wvaiuesof P, Zn, Fe and Mr wn ieaves of cotton as
affecled oy different depietion leveis and different rates of sulphur and
phosphorus appiications 11 is clear from data that Jecreasing the Cepletion of
senl raoisture increased the concentrations of P Fe anad Mn 0 leaves out Zn
was decreased The highest mean values of P Fe and Mn in the 1 season
027%, 191422 and 194 44 ppm, respechvely ) and in the second season
[025%, 1671851 and 18472 ppm), respeciively were recorded under
treatmen: D, which was irmgated al 40% depietion of avalable sol maisture
While  the highest concentration of Zo in eaves (3308 and SC 4 ppm,
respectively} were pbiamed under the most dry treaiment (D)

Table 4. Cotton leaves coment of P %), 2n, Fe and Mn (ppm) as
affacted by soil meisture depletion, =lemental sulphur and
hosphorus applications,

First season, 2000 | Sacond season, 2001
lr'em Sulphul | Phospnons P Za | Fe. T [P Tan | Fe hin
L k) P | ppm o spm | % | opm | ppm P

[ 020 | 50.00 [1260.001 13000 |9 19 [u?..sm'r 1197 06] 171.00
i 3, P, 072 | 4750 §I077.00) 187,60 [ 2.2 4843 11023.15] 17843
L 032 | 2500 | 98800 | 13250 | 2.30 ;25,75 938,60 { 192 8¢
l 5, mean 0.25 | 40.83 [1708.03( 138,67 | 023 138721105292 177 33
[ 019 | 55.00 |2487.00] 185.00 | 0.18 [52,2512356.05{ 47575
o 3 £, 022 } 4230 |230900) 485.00 ) 0.2 403872193 551 183525
£y 0.36 | 35.00 [148200] 20230 | .34 133.25 /1407 00y 192
i [ 5. e 026 | €437 |700057[ 15417 D24 . 41.98) 1985 10| 14486
z, 023 | 5509 [3108.00] 19300 ] 0,22 152252652 80| 185.28
A Py G28 | 5250 [2968.00] 205.00 | 0.27 |49.8812819.60( 144 75
L ! s 038 | 4500 [1558.001 207.50 ) .38 ‘riz.?_& 1477.25! 197 14
S, mean 030 | S0.83 (2540877 20250 ) ).78 48 2912416 48] 152 3f
B D, mean 027 | 45.28 [13714.20] 19444 | 0.25 [AD.01]1B18.51| 19472
v ] 3 018 | 3250 (2006.00( “60.00 | 0.17 | 308311805 70{ 15200
5, £, 0z | 8500 |1744.00 175.00 | 020 |92 251656 80| 188,25
Py 024 | 4000 | 904.00 ] 18500 § 3.23 118 00| 358 80 | 175.75
5, mean D21 1 4250 1135133 173.33 1 0.20 (40,3811473.77] 18467
[ 022 | 6000 |2210.00] 150.60 § 5.21 |57 00] 2088 S0 1e2.50
o & Fa vz | a7 50 |1989.00f 18250 | 022 lasaliess i8] vrase
Fs V26 | 5250 | radu0 | 2550 | 025 |dubs| toe T | s 2y
3, mean 0.24 | 53,33 |4538.33] 17433 { b 72 15087 {1554.50] (70.37
E, 028 | BUOO [2912.00] (52 | 0.27 [76.00]2766,40] 154 au
S P, v | 500 |249500) 192507 0.29 |42 75{ 2315 28] 1528
b b e L ess | sE00 [2emn0) 203,00 ) 035 (a8 {1220 7] 199,23 |
Symesn | 0 | 5000 |2211.00] 19283 | 029 |57.00]2100.45] 17350
[ 2, mean Q35 | 5194 [9790.58] 179.43 | b 24 |aBaklir09.58] 169 51
P, Q12 | az 50 [1SaBUG] 1023 B |40 3871565 8u| 97 38
S ¥z, vie JOU0 (1S 1S Bad 2B s0)18d 95 109 ¢S5
L Py} 00 | 6500 [I5IU0] 10790 | 004 161 75] Y0445 | 191 83
5, meah 0%6 | 4881 |1233030 11187 1015 (43541219 7] 106 08
B 007 | 80.00 |1496.00] 107 501 0,18 (7600|1421 30| 102 13
D S 3 e | 2750 [1aszo0) zoa0 |l 07 |35 63]1379 401 54500
", 016 | 1750 1241000 87 50 [ 0.43 3583]0i8a65) 15913
5, mean Qg | Svaf LS ad] o187 | 017 (A% 08| v328 42) 12598
B, 06 | 9500 [raido0d 12750 1 095 (S0.25]e817 35) 421 a2
S P, D18 | 4250 11334.00] 13200 | D13 40 38]4789 80 125 40
Py D32 | <750 (1256 00] 25000 | 030 451311193 20| 142 50
£, mean O2i | 147 [+59433] 3830 | J.21 56.5B)1600..2] 129 68
Dy Mean 018 | 53106 115533 \2851 ] 743 '5040][138257] 12028
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Data aiso reveale that apphoation of S increased the concentrations of P Za,
Fe and Mn in cotion leaves under the differant levels of soil moisture
depletion. In this connection Nasseem ef al, [ 1986), Mostafa ef al. {1590) and
El-Fayourmy and El-Gamal (1898) found that application of suiphur to the soil
increased plant content of B and micronutrients. The highest mean values of
P, Fe and Mn in the 1" seasons (030%, 254387 ancd 202.5 ppm,
raspectively) were cbtained with appiication of 100 kg 5 fed." (Sa) under
irrigation at 40% depietion of available water (Cy). The corresponding values
in the 2™ season were 0.28%, 2416.48 and 132,33 ppm for P, Fe and Mn,
respectivaly. The highest mean values of Zn in the 1% and 2™ seasons (61.47
and 58.58 ppm, respectively) were resulted with apolication of 100 ky S fed ™
under treatment Dy With respect to the effect of P fartilizer the obtained
results showed that cencentrations of Zn and Fe were decreased whiie Mn
was increased with increasing the rate of P fartiiizer, However, Fawzi (1981)
obssived the sergonism between P and Mn. Abou Zied sf &l {1997} found
that increasing P rates decreased Zn but incrsased P and Mn mn corn plants.
Hassan =f al. {1897) observed the antagonistic re!aﬁans?gp betwsen P and Fe
in broad bean. The highest values P and Mn inthe 1 season (0 38% and
207 5 pprm. respectvely), and {0.36% and 197 13 pom. respectively) in the 2™
season were obtained under the highest rate of P and S (30 kg P,0s + 100 kg
3 fed.”} and irrigation at 40% depieticn (D:). The highst concentration of Fe
in feavas in the 1% and 2™ seasons (3108 and 2952 5 ppm, respecinely) were
restited without P fertiiizer and apolication of 100 kg S fed ™ under treatment
D,. The interaciion between depietion 70% and application of 100 kg S fed ™
without P achieved resuited in the highest values of lsaves i content in the
1* and 2™ seasons (95.0 and 50 .25 ppm, respectively).

4. Soil elemental content:
Table 5 show the values of soil availaple P and DTPA extractaole Zn,
Fe and Mn as influenced by diffsrent depietion levels anc different rates of
sulphur and phosphorus applications. it is clear from the obtaired data that
the availability of P, Fe and Mn were increased with decreasing the depletion
of soil moisture while Zn was decreased. This increases in DTPA sxiractable
Fa and Mn were ascribed to the enhanced fall in redex patentiat (Eh) and pH
of the soil with Incieasing waler content, which ehange Fe™ ana Mn™ to Fe™
and Mn™ (Clomu af al, 1973, Sims & Patiick, 1878, Linsay, 1979 and
Monammed s al, 1998). increasing ihe breakdown of fermc and manganic
oxides can provide surfaces of high adsorptive capacity oi which £n and Cu
jons may be adsoibed and fhus Inelr extactabiily was Jecreased

(Mackenzie, 1980 and fu el af, 1981).
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Table & Soll available P, Zn, Fe and Mn (ppm) as affected by soil
moisture  depietion, elemantal sulphur  and phosphorus

apphecations.
First sgason, 2006 Saconi n, 2601
Treatments [Sulphur| Phosphoras | P Zn,: Fa, {Mo, ! & [Zn | Fa | Mo,
% _|Ppm, ppm lppm) Y ppm| ppm | ppm
Bl 630 [ 277 %ﬁ?‘w 5351 605 (074} 4181 | 8,67
5. e, 1990 984 | 4720 | 0087 9010 (08T} 448 | 7.7
By 20901996 7 5330 | 525 | 2026 | 044 [ 5601 | 792 |
5, mean 15771082 | 4837 17761 1514 [ 0@0 | 4585 | 744
o, 8901031 | 4430 [728 ] 1814 [07B | 4209 | 297
0. N Py 19,900 0831 4870 | a5 ]| 824 060 ] 827 | TH2
B, 22401 .50 | 5550 {856 | 2922 10481 5273 | 32
S, mean 20031085 4350 {799 ] 1923 (062} 4703 | 747
B, 1B90[ 9821 4340 [728| 1814 | 080
5 e, 22100279 | 49.30 1835 | 2122 1075
P 28,501 0,55 | 5590 ] 5.5 25%56 0,
S, mean 225010721 5110 T 8.15) 2950 | i
D, mean 1943[ 0861 4082 T757 ] 1888 1064
P 8361073 saen (75 ] Bz [072
5, Py 18.30) 280 4590 | 755 | i/ 57 | 058
Py 22900252 5130 1795 ) 2122 | 050
3, maan 156831 2521 4510 1752 ] 5 |osd
P, 1180 33 ] 080 |73 1133 08D
O &, Py 20401 288 | 4480 [ 7E5) 1958 |DES
£y 24.500 0.56 | 5350 {815 ] 2052 | 084
3, mean 18901 089 1 4833 772 ] 1814 [ 0686
R, $80) 293 ) .30 {775 ] 1204 | 0BY
8, e, 2120|074 ) 48530 {745 | 2038 |07
Py 26.50] 055 | 5540 | 3.45 | 2544 | 0.53
5, Mean 18761074 47,73 1802 | T804 1077
0. msan 16.061 353 | 06,38 1778 ] 17.37 (066 ] 44 #
P 57010801 2680 | 727 [ 547 1077 ] 3468 | 508
s, P, 12501 280 | 4030 | 749 | 1200 |08 | 3820 | 7.0
P, 20301050 | 4910 [ 778 | 1849 | 048] 4723 | TdS
3, mean 12831 0837 4297 (7511 423% [usi | 4008 | .21
P B40 {035 3310 [731) 624 [0B2] 3820 ) 70s
0 5, v, 17801 283 | 42220 (772 713 1080 4009 | 741
P 21800055 | 5090 1314 ] 2078 10537 4780 [ T
mean 1530 a.rts* A3AT (773 7459 [085] 120 ) 742
[N TRG 2929870 (737 758 |088( 3772 | C0B
S, P, 1860 075 | 4250 1795 17356 10720 4038 [ 763
Py 2280{ 080 | 544 ) 308 ) 2139 1058) 5188 | 778
5y mean 18431375 4553 {7300 9578 1 0.73 | 4326 | 740
0. mean 118861089 ) 9372 {788 | 1426 /0564 difd | 737

On the other hand, increasing the avaitaoility of P under the nigher
soit moisture content generafly atirbuted to the less contact of P with soil
colloids due to dilutior and sclubility acuon (Vyas and Moticaman, 15871
Tumer and Gilllam, 1876, Sah and Mikeiser, 1986 and Mohammed af a/.
1996) Concerning the effect of sulpnur. dar indwcated that appiication of
sulphur had a marked effect in increasmg fhe availablity of P and DTPA
edraciable Zn, Fe and Mn in the mo studied szasons  The combination
between Sy (100 kg Sfed ') and (D, wngation ar 40% depietion of avaldable

© waler) recorded the nighest mean values of B, Fe and Mo, in the first 5easan
{2250, 51,10 and 819 ppm) The same trend was observed in the second
season and the cofrespondimg mean vatues were 215, 48 55 ang 7 88 ppm
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respectively  These resuits are supported by Hilal et al (1990bj, Abd El-
Fattah et al. (1990) Nasem et al (1988), Ei-Raies of al (1597) and E
Fayoumy and Gamal (1998) who found imcreasing in the availability of P znd
DTFA extractatie micronuirtents with sulphur application. Data also showed
that ncreasing the rate of P ferilizer increased the available F and DTPA
extractable Fe and Mn while Zn was decreased. The antagonism between Zn
and extractable P, Fe and Mn was abserved by Cakmak and Marschner
(1986) Fawzi (1981); Abou Zied f al {1827) and Hassan et al. (1997) The
combination betweern (53), (Ps) and (D) recorded the h&ghest concentrations
of P, Feand Mn, {26.50, 55.8 and 8.95 ppm, respectively) in the first season.
The corresponding values in the 2™ season were 25.44, 53 11 and 8.59 ppm
respeciively. The highest concentration:s of Zn in both seasons (DAQZ and 0.88
ppmi, respecnvely) ‘were recorded with adding 100 kgSfed (E-) without P
fertiiizer and irrigation at 70% (L) depleticn cf available soii moisture.
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