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Table 1- Result of water analysis

COlll  pgpre  palS e Olgw N5 OlSe Ol (e p uierjews) S Cle il
#SAR Mg Ca Na SO42 CI° HCOs COs? EC (dS.m?) pH
(meq.Lt s g o¥lg ST ko)
3.8 2.8 4.8 7.5 4 7.6 - 1.8 7.9

*SAR= Sodium Absorption Ratio
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Table 2- Result of soil analysis in experiment site

o BB ooy e BB jid  (a0y) ST o1 el OLS SS cyle el S Ges
Kavail Pavail oC (e y3) (30 g1 (ywro jow?) Texture pPH (e sblw)
(Mg.kg™ @5 9kS 2 0,5 o) (%e) CaCOs EC (dS.m?) Depth
(%) (cm)
136.9 7 0.33 59.7 4.9 Silty Clay il o, 82 0-30
152.5 6 0.32 59.1 5.2 Silty Clay il o, 81 30-60
189.3 6 0.27 59.4 7.6 Silty Clay il o) 8 60-90
ORRg5 Sl 51 S doyd US55 S 458 i -V Jge
Table 3- Result of Date palm leaf analysis before of research
(00 )3) sy (30 3) i (%2,3) (55950
Potassium (%) Phosphorus (%) Nitrogen (%)
0.9 0.05 1.02
03kl 390 (03 395 (pleowd (olgd (A 1 —€ Jgsa
Table 4- Chemical properties of used manure
(b0 039 (w0 mesly  (o)3) jhd (o prejed) S Colan dlag
Nitrogen (%) Potassium (%) Phosphorus (%) EC (dS.m?) pH
2.1 1.6 0.45 1.85 8.1
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Table 5- The variance complex analysis of the treatments effect on yield and quantitative characteristics of fruit

55 e @33l ey Olazpo (b
Sources of Degree of Means of squares
variation freedom 3 8as og0 (39 g b bgwe s dgwo o2 CwdgS (g M (jy  CudsS G
Slilaesds)  (08) (Foile)  (Boble) o lle)  (05)oge  (p5) g dlud aroge
(a5 ;2 Fruit Fruit Fruit (exe Fruit Stone Ratio of
Yield weight  length diameter Eruit pulp weight (g) ~ fruit pulp
(kg tree'l) () (cm) (cm) volume  Weight (g) to its stone
(cm®)
Jle 1 59074 2,741 0.072 0.067 4.38 3.374 0.009 0.299
Year
[ 6 86.645 0.274 0.01 0.003 0.269 0.322 0.007 0.582
Error
o 5 522.76* 3.134* 0.072* 0.016* 3.38* 3.434* 0.004 0.736"™
Treatment
Jlxlags 5 17.09 0.552 0.023 0.008 0.78 0.469 0.001 0.22
TreatmentxYear
s 30 140.95 0.733 0.014 0.002 0.411 0.583 0.004 6.28
Error
Js 47 - - - - - - - -
Total - 9.77 7.85 3.58 1.86 6.04 7.82 6.6 7.63

(Mo ) Clpes g pd
Coefficient of
variation (%)

Joyd O Jlain] o 55 5 txe = wans Jb e —NS
" not significant, * Significant at the 0.05 probability level
dgee (505 Olaogas 9 3,8os p1 (pblojl Blod ST (Slo dumyliio -1 Jgi>
Table 6- Comparison mean of the treatments effect on yield and quantitative characteristics of fruit

slajled 2,5kes 2920 (939 o3 Job o9 b dgro o2 CedgS (jg A (jy  CedsS Cumd
bl e eSks)  (e) (Foile)  (ogtle) o) (o) ogme (o) om  hud 400
Experimental (cap 5 Fruit Fruit Fruit (o Fruit pulp Stone Ratio of
treatments Yield weight length diameter Fruit weight weight fruit pulp
(kg tree™) (9) (cm) (cm) volume (9) (9) to its stone
(cm’)
T1 110.5b 10b 2.9b 2.3b 9.6b 8.8c 0.91a 10a
T2 131.1a 11.6a 3.8a 2.6a 11.2a 10.3ab 0.97a 10.4a
Ts 113.5b 10.3ab 3b 2.5ab 10b 9.3bc 0.92a 10.3a
Ta 123.6ab 10.8ab 3.3ab 2.5ab 10.8ab 9.6abc 0.97a 10.2a
Ts 121.1ab 10.9ab 3.3ab 2.5ab 10.5ab 9.9abc 0.94a 10.7a
Ts 125.3ab 11.3a 4.4a 2.6ab 11.4a 10. 5a 0.92a 10.7a

il o o> B Jleis] e ) Iy e BT W86 g o > S yiie By gyl gla ) Ske
Means followed by the same letter in each column are not significantly different (P<0.05).

L Lol sl 5 08,8 1,8 (g lol 09,5 S )30 5 F ¥ slolos
s90 CsS 0js e L P jled A0 B e ol jlag
ol @l (F Jghn) 1005 b gae sals les b el M 4
= Otioe gl buwgi odel Cundds gl b 3lge By pd uios
03,5 G515 () eold S 5 i o)l Sl en Lo 55 55,

Slajleg p 51 as ol (lis laosls o8 pe (puil)ly 415085 @ls

5 2o ghd Job 5 ()59 Joli ogse (o8 Sluogad il
(0 Jga2) 23,5 oz 003 0 Jleinl o )3 0500 b5 (39
L5 e 3l oLt 35 otalojl sl lass 5B (peSlis duslie b
Loguro poe> g phaB e Jo b oyl LF 9V (lajlos (piren



AV o — 43T Boylods FY > (S g T as s Vv oA

OhbSen g olge 03,5 Lo 56 sl Jled (odngy 28y (I8l
el cdls ploj o S 135,565 55 45" Winged 13,135 ()
Jls (5185 i Gl ol olS 4385 Cundg doue o)k
ooyl bl ol 3 M5 o 8y (leys 5o (8l cuiS

W3)S gy My ulil g ady adgl Jalye > Jaie

8 5 4

b cbale oy ne 3l 3,558 slaylew cg)bol s ]

5 o b oJgb ,Slas ofizn 5 b Jlais] s 3 5
o 0 Jleisl o 13 S ()9 e g ogen CudsS (g
At 59 S o el clale 1y s e 3l 18 Lol sl
9 U5 slaid (SO ] PHdiwd & o500 CubgS Cans
ol 3l eacel cewdas gl bl p ol 03g) ogue 0aiiS L]
Oloogad g0, Sloe (ilidl cel (6365 (slojlo 5 p,)5c 3usioss
A5 (358 By ms ad) als U duslio p boys g (oS
Rl 4o Cud Jame (gladgS 0,8 &S 0y L @t puisnen
3355 5 oshanligs 5T oAb gl 5 e 3,555 o
3 pod iy )3 090 (oS Cluoguad 9 3,Slos 53l L
Ol 89y 2355 gl slales Cuto ;5w o b bl cd S
Ban Ly g ol Jymamo 155 bljo (58,5 55 0 b 5 Clio
ledss 1 ieS Byiae 5okl e connj wlyled ialS
2 osleslss gl alo 5 (55 3555 Lolsta s (losd
P Loy Jo o Slas Lol peud Llgh o g 0391 Ao b il
b i gls )b jlabl Phe olewd b3S Bras ials
o & oshaulss il o 5 s paie 3,555 bsla e oS
Oilidl ccely olais dy o 35S By ims 4y Cund (0 255
o=l el p i 5l as 3 0035 s oS Sluogas g 3,Sles
pie Jds 4 el o Sae ol e 9 595 Iy ixe B3]
Sy sl (33 215 b 5 S 33558 LS (gl
39290 S Gl S dliwg 423,595 (gmmlipns] S )3 0ud A5
OSTly il Sy 0,855 cuse Clpl @ asg b (Jg il Sy
9 Byme oS ot pole e ilydl( Sal sk
3 o) Gyiae 0lS 4LI Cuxdg D9 4 ) 9 Byaop
ok Liolial a8 ol L uls piored 03)5 o Ao jliudss
93 Shos 1 o8 p3B ¥ilos & Cuns £ 50 slajle 33,555
J)_aaa w.«.mlf sL0)> 0gx0 ‘_;QS ul.uow S92 9 .))S.LQ.C uw‘).‘ﬂ
Lo oIl Jpmaamo 1055 (Sl 5 il 5 pliass (slass

5- Khalas

=S Sloogad (S p 098l gy 4 Loyd 50 5l 2)90 (el
)1 oyl gime il adllas 3y90 s> p3 LS

o5y (Bl S gl 58 sl oy o (VF) Tplote
505 ()13 i 5 (A slmdgs il plio 4TSSl
Loy J50 (A5 9 (o5 Cluogad g col Lo J50 (23355
aS ol il sge (oS Slaw bl 450 gl ol 6305
U da &y o510 Cb S a5 At (39 2 aloj] (slaylos
050l b Glas cpl o 1Sle duslie (B Jgdo) Misls b sxe
P odd ;5 Slas 1Sl &S o lis 18 (SSb laely wis
(F Jgaz) 3,15 )13 (slel 09,5 G p3 Lol ol

o 520 S Cilias gund s e

lmlas 5,18 a8 by lis bnosls (gylel oo g a5 ol
PH Jolis 050 u_m.f Slogad  (5udT 2oy csl L;a;
2ol Hlowd 4 Comd 0900 oSkl 5 IS (sladid S el d!
D Jlotsl oo 53 Lijlo e ecsylal Jlai 5l sizpo sl o
(Y Jsia) cuils dg9 (6l dize OS] 2o )

Soi i polie Glae y lasi il
(8355 Cilies (elalag dmosls Luilyls 4y gl Lol
T 2 ) A S jind g Ggyi Chld 6 dre il
o) oSk Aunlin 5 5 (A Jpi2) 53 203 ) 58 i
9 S = O ey LY les miulojl (slajlos
5 olel 09,5 Sy )3 S yaud lie i 5 5 Yisla o
3 izpen (A Jgi) 28,5 118 )50 ()bl 09,8 )3 ol ples
e 3 oS sl l3ee 2 (6355 (sl Jlosl (g le] Sl
by d)lgo (B 0 slalie gl (A Jado) cusla gyl
(VW) " plale 5 Lblrne cles |l oad (5)l55 eyl
s9s0 SS9 3,y Slas (59) 2 2595 izt polie Sl gy
SLEPH als L3595 0,57 a5 00,8 (515 8,5 o8 9o
Ly i 3 S5y 5555 5 ol 355 oline G238 el
CaseS a9 3o Gl 3,565 308 (prizren )5 Sald
Sy 23,8 B35 (1) TohSen 5 oyl ety Jlisey | ogee
ot 50 I S ol 5 ol slasS slen & 3555
I sl S p Sy LS 5y S e b e e i
5 S5 3 59y 9 35500 ool hud L 5l olie polie Ml
oS s Cundg dgup el bl s ol 9 10,5 Ll canlio s

1- Osman

2- Sakkoty

3- Mostafa and Abdelkader
4- Aborady et al.



Vorl o By loss ogas oS 9 3,5ac p (oold 395 9 3,555 5,5 il

o o Qldss 3 (10,8 5 (Byme sled oyt Ol 4 Tl anle Ly oad by Lo (639 3,555 )5 W00+ e
335 s Aol o il 4 (> 565 ) SolS Ve oliem 4 (gliasligys

dgm0 (oS Sluoguad ubilojl (5o )losd 1 8 50 uily,lg 4325 -V Joa
Table 7- The variance complex analysis of the treatments effect on qualitative characteristics of fruit

%5 gl @3l aa Glas e (ke
Sources of Degree of Means of squares
variation freedom — Sao  (sop)amaml  wSip (o)) oLl gl (o) J5 5
pH Acidity (%) (ae2) Reducing sugar (%)  Total sugar (%)
Brix (%)
Ju 1 0.763 0.065 637.292 256.826 203.446
Year
s 6 0.241 0.005 6.91 65.591 4,947
Error
o 5 0.021" 0.009™ 7.148™ 77.448™ 29.689 ™
Treatment
Julass 5 0.072 0.011 18.904 83.439 13.517
TreatmentxYear
s 30 0.043 0.009 16.821 84.12 11.9
Error
s 47 - - - - -
Total
(10)9) Slyds o - 7.8 6.8 125 4.5 4.2

Coefficient of
variation (%)

" not significant .cu. b5 _gsens
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Table 8- The variance complex analysis of the treatments effect on leaf nutrient elements content

55 @l @33l p Olazpe (Sl
Sources of Degree of Means of squares
variation freedom  (as,3) oj95 (M 53) yhd (w03) pawlis
Nitrogen (%) Phosphorus Potassium (%0)
(%)
Jw 1 0.013 0.0001 0.016
Year
s 6 0.005 0.0001 0.005
Error
o 5 0.019* 0.001*= 0.012ns
Treatment
Jlox o 5 0.002 0.0001 0.005
TreatmentxYear
las- 30 0.005 0.0001 0.006
Error
s 47 - - -
Total
(b)) Sl oy N 6.99 8.94 7.88

Coefficient of
variation (%)

2oy Y Jlais] g )5 4l xe = FF 5 a0 0 Jleis! pdaw 3 )b e g o xe —NS
" pot significant, * Significant at the 0.05 probability level and ** Significant at the 0.01 probability level
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Table 9- Comparison mean of the treatments effect on leaf nutrient elements content

ilojl gl Lo (%23) o395 (302 53) yhond (300 )3) sy
Experimental treatments  Nitrogen (%) Phosphorus (%)  Potassium (%)

T1 0.99¢c 0.04d 0.9a
T2 1.14a 0.07a la

Ts 1bc 0.05¢c 0.93a
Ta 1.06ab 0.067b 0.95a
Ts 1.08ab 0.067b 0.93a
Te 1.06ab 0.07a 0.98a

bl oo dopd iy Jlein] e )0 5 gime GBS WBB gt a > S e Bgy b b Sihe
Means followed by the same letter in each column are not significantly different (P<0.05).
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Introduction: Date palm is considered as one of the important fruit trees in Iran. According to agriculture
statistic book of Iran (2015-2016), mature date plantation area and production of Iran are 230000 hectares and
more than 1000000 tons, respectively. This crop usually is planted in south of Iran where the soils are calcareous
with high pH. The high soil pH causes reduction of nutrient elements absorption and yield. Thus, finding a
solution for this problem is necessary. The investigations indicate that application of elemental sulfur along with
Thiobacillus inoculant in soil reduces local pH in rhizosphere area due to sulfur oxidation. The reduced pH of
calcareous soil can increase the availability of other essential nutrients resulting in an increase in the nutrient
uptake by plants. In addition, uncontrolled use of chemical fertilizers destroys soil structure and decreases
organic matter resulting in a more dense soil. This research was conducted to assess the effects of sulfur along
with manure on yield improvement and fruit quality as well as the consumption amount of chemical fertilizers.

Materials and Methods: In order to evaluate the effect of elemental sulfur along with Thiobacilli bacteria
and manure on quantitative and qualitative characteristics of date fruit, an experiment was carried out in
randomized completed block design (RCBD) with six treatments and four replications on 24 fruitful, 25 years
old date palm (cv. Barhee), in Ahwaz (Khuzestan Province). The treatments were: T1= Control (without any
fertilizer), T2= (application of chemical fertilizer based on soil test for each date palm), T3= (application of 30
kg manure based on general recommendation for each date palm), T4= T3 + (application of elemental sulfur
mixed with Thiobacillus inoculant) as 5% of manure, T5= T3 + (application of elemental sulfur mixed with
Thiobacillus inoculant) as 10% of manure and T6= T3 (application of elemental sulfur mixed with Thiobacillus
inoculant) as 15% of manure. Before the treatments application, soil and water were sampled and analyzed. In
second treatment, macronutrient chemical fertilizers were also applied. Source of nitrogen, phosphorus and
potassium were urea, triple super phosphate and potassium sulfate, respectively. The nitrogen fertilizer was split
and applied in February and May (the next year). Furthermore, all phosphorus and potassium fertilizers were
used in February. These treatments were carried out along with manure (30 kg) and chemical micronutrient
fertilizers applied based on general recommendation (i.e. 150 g of zinc sulfate, iron sulfate, copper sulfate and
manganese sulfate). In third treatment, manure (30 kg) was applied based on general recommendation for each
date palm. In T4, T5 and T5 treatments, 500g of Thiobacillus inoculant was mixed with 25 kg of elemental
sulfur and then consumed base on 5, 10 and 15% of manure, respectively. All treatments were undertaken during
winter by local placement method (Chalkood). Agro-technical practices such as pollination, thinning and
irrigation were done according to local practice. Each year, in May, 20-25 leaflets from middle of leaf in second
row were picked up, and their mineral nutrients were analyzed. At harvesting time, yield, average of weight,
length, diameter and volume of fresh fruit, weight of stone and weight ratio of fruit pulp to its stone, pH, acidity,
brix, total and reducing sugars in fruits were determined. The obtained data were analyzed with MSTATC
statistical program and mean comparison was conducted using the Duncan’s Multiple rang test.

Results and Discussion: The results showed that using sulfur along with Thiobacillus bacteria and manure
had significant effect on leaf phosphorus concentration at the 1% level and on yield and some quantitative
characteristics such as weight, length, diameter, volume and pulp weight of fruit fresh and concentration of
nitrogen at the 5% level. Sulfur application did not, however, significantly affect the leaf potassium
concentration, stone weight, weight ratio of fruit pulp to its stone, pH, acidity, brix, reducing sugar and total
sugar of fruit. As a result, application of 1500 g elemental sulfur (mixed with Thiobacillus inoculant) along with
30 kg manure for each date palm is recommended to improve yield and fruit quality and to reduce chemical
fertilizer application.
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