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Effects of elemental Sulphur and organic manure on sulphur, zinc, and total chlorophyll
s contents of tomato in a calcareous sandy loam soil s :
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, Abstract

A pot experiment was conducted to study the influence of elemental sulphur (S) and
farmyard manure on sulphur (S), zinc (Zn) and total chlorophyll contents of tomato
(Lycopersicum esculentum) grown in a calcareous sandy loam soil. Elemental sulphur and

farmyard manure were mixed to the soil at six rates (0, 50, 100, 150, 200, 400 mg kg™, and
- two rates (0, 3 tones 'dé{‘l) respectively according to completely randomized design factorial
with 4 replicates. After the experimental set up, soil samples were taken at 2 different periods
to examine the rate of change of pH and EC. 3 weeks after applications, tomato seedlings
were planted and 8 weeks later, the plants were harvested to determine the sulphur, zinc, total
- chlorophyll contents, and dry matter vield (g pot'l)‘. . : ‘ ,

- Sulphur and farmyard manure applications reduced soil pH while it increased soil EC.
These effects were particularly determined in the 1% soil sampling period (3 weeks after
' mixing the application materials ‘with the soil) and the highest sulphur level. In the tomato

plant, the effects of application materials were not significant on dry matter yield. Sulphur
and total chlorophyll contents were increased and Zn content was decreased by the sulphur
-applications. However, farmyard manure applications reduced Zn and total chlorophyll
contents and it did not affect the § content in the plant. ' ' e

‘ ‘Int—roductidn e

: ‘High pH and the presence of (CaCO; usually result in reduced micronutrients
~ availabilities in soils. Elemental sulphur, which is biologically oxidized t0 H,SO4 under
- aerobic conditions. The oxidation of S to H,80y is particularly beneficial in alkaline soils to
reduce pH, supply SO to plants, make P and micronutrients more available, and reclaim soils

- (Burns, 1967). However, the response to sulphur amendment is unpredictable (Lindemann et

~ al,, 1991). Although improvement of micronutrient availability with sulphur application in
calcareous soils, the response is often depend on the amount of CaCOs present (buffering
- capacity). No improvement was observed in studies in New Mexico (Lindemann et al., 1991);
in these soils, sulphur was not completely oxidized, and H;804 produced was quickly

- neutralized by CaCo,.

, - On the other hand, biomass, ‘organic "amendments 'andr.soil organic C content have been
~ related to sulphur oxidation rates (Wainwright et al., 1986; Janzen and Bettany, 1987;
‘Lawrence and Germida, 1988) suggesting that an increase in heterotrophic sulphur —oxidizer
numbers following the additon of an organic substrate enhances sulphur oxidation. In
- calcareous soil with organic matter, addition of organic matter with sulphur stimulates
- sulphur oxidation (Cifuentes and Lindemann,1993), = '~ ' ' |



In this study, our objectives were to determine the influence of elemental sulphur (S)
and farmyard manure on sulphur (S), zinc (Zn) and total chlorophyll contents of tomato
(Lycopersicum esculentum) grown in a calcareous sandy loam soil. : ;
Materials and Methods

A calcareous sandy loam soil was used in this experiment. Selected soil chemical and
physical properties are given in Table 1.

Table 1. Physical and chemical properties of soil used

Parameter : Soil

Sand (%) 63.52
Clay (%) 18.48

Silt (%) : 18
Texture : ~+ Sandy loam
.PH. - 7.80 ‘
CaCO3:(%) . , - 18.92.

EC (dSm™) i 2.07
Organic matter (%) 227

Total N«(%) o » 0.049
Extractable-SO, (mg/kg) , ' 2.40
_DTPA-extractable Zn (mg kg™ 3.02

Soil was air dried and passed through a 4 mm sieve: Elemental sulphur and farmyard
manure were mixed to the soil at six rates (0, 50, 100, 150, 200, 400 mg kg ™), and two rates
(0, 3 tones da™ respectively according to completely randomized design .factoria;lr with 4
- replicates. 3 weeks after applications, tomato seedlings were planted. During the growing
- period; 8.5 kg N da™ (NH,NOs, 33 %), 3.7 kg P;0s da™! (MAP, 61 % P»0s), 10 kg K,0 da’

(KNOs, 46 % K;0), 0.62 kg MgO da™ (MgNOs, 16 % MgO) and 1.73 kg microelement
 fertilizer da” (Hortrilon, 5 % Fe, 2.5 % Mn, 0.5 % Zn, 2.5 % Cu) were applied each pot. 8
weeks later, the plants were harvested to determine dry matter yields (g pot™), total
~chlorophyll contents (Williams, 1984) and the' concentrations of sulphur (by using the

 turbidimetric BaSO4 method) and zinc in dried shoots after wet digestions (Kacar, 1972).

7 . The soil samples' were taken ka_t 2 ;differentperio'ds ( 3 weeks after the applications and at
the; haxj\%est.of tomato plant)-iio examine the rate of change of pH and EC. : ‘

~ The soil pH was measured in H,O (1:2.5 soil:deionized water) and the soil EC value

was determined directly on the saturation paste. The soil particle size analysis was done by

~ using the hydrometer method (Bouyoucos, 1965) and the CaCOj content was determined by
~ using a Schibler calcimeter. Organic matter was determined by using modified Walkley-

- Black Procedure (Black, 1965). The total nitrogen of soil was done by using modified
~ Kjeldahl Procedure (Kacar, 1995). The extractable-SO4-S of soil was.determined by using the

turbidimetric BaSO, method (Kacar, 1995). The DTPA soil test of Lindsay and Norvell
- (1978) was used to determine Zn content of the soil. e Y Ty



The data were analyzed by standart ANOVA procedures and their significances were
always based on the p<0.05 level using the LSD tests. -

Results and Discussion

Soil pH was highly significant (p<0.01) under the applications of sulphur, farmyard
manure and S*F.Y.M. Both 1* and 2™ soil sampling period, soil pH was reduced by the
sulphur and farmyard manure applications. Soil EC was significantly affected by the sulphur -
applications and it increased. These effects were particularly determined the highest sulphur
level (Table 2). Addition of sulphur to two calcareous soils was found to significantly
decrease the soil pH and increase the salinity (Abo-Rady et al., 1988). Similar results were
reported by Kaplan and Orman (1998) such that while the soil pH was increased, soil EC was
increased in the calcareous soil by the sulphur applications. The generated salinity was high

after three weeks of sulphur application, which means that plants growing in such soils were
faced high salinity problems for a long time. = iy ' o

In the tomato plant, the effects of application materials were not significant on dry
matter yield. Sulphur and total chlorophyll contents were increased and Zn content was
decreased by the sulphur applications. However, farmyard manure applications reduced Zn
and total chlorophyll contents and it did not affect the S content in the plant (Table 3).

 Knudsen and Pedersen (1993) reported that the response to S was lower on the lightest soil in
trials with applications of organic ‘manure. However, reponses to -additional applications of
inorganic S remained high. On the soils with ‘high clay contents, they discovered no
relationship between an application of organic manure and the responses to inorganic S. They
concluded that an application of organic manure did not prevent a S deficiency. Procopiu et.
al (1976) indicated that zinc concentration in plants was reduced by the highest sulphur
applications to soil. Topcuoglu and Yalein (1 997) founded that total chlorophyll content in

~ tomato plants was increased by the elemental sulphur applications to calcareous soil,



159) AST Aq 1243] Anpiqeqoad o ¢ 18 Juasappp Apuesyiusis jou aIe Japo

 500<d SN {10700 4 T10070>0 g 15[949] 20UBDYIUTIS,
[ ues pjoq pue [epdeo oy £q pamojoj MOJ SLUES oY) UT SUBIA]_
1d 9 ¢ 38 JuRIR)yIP ApuBdLIUBIS 10U 918 JoNe] AWES AU} A PIMOJ[OJ ULIN|0D SLrES aUy) Ul SUBIA|

159} dS'1 49 [249] Ay11qeqo

= N , = = e  TWT
L SN, ok  ha (W A'f) sinuew prediie,]
P e i T e e uﬂ (S) myding
. = : 25 2 VAONV
V 69°¢€ qd0t'¢ LE'S - 6TS L8'L €8°L| oy 08°L  sueIp
B9y €81 9y | BETH 9%°9 009 6LL| VAISL| DLLL]  99L| V999L| VPSoL| - (001) °S
q66'¢ 9'¥ TLE| 9966 796 61 8Ll VAT8L] VALl 9LL| APELL| VRSLL (002) 'S
q08'¢ €0t LS'E] 9856 s8¢l 1 ofs V8Ll VAL VAESL] ILL| VOLLL| VOLLL (0ST) €S
28¢'¢ 6€°€ 8¢°€| 9876 0LS| & gpc L8L] VRICL| d9€8L] 9L VPo9LL V009/L (001 %S
PL6T €0°€ 16C| 278 85t | 90°S 98'L| VBI6L| H9908'L|  Z8L| VAISL| VQesL (0918
3 61T 097 8€C| P6EYF 651 0Cy| ‘€6L) VBE6L| VRBEZOL|  ¥6L| A®S8L|,V,BE08 HOES
(.epuoy) | (| epuoy) - | (Epuoy [(epuoy " (Epuoy) | ((epuoy) |~ I "(epuoy) [ (, epuoy) e
€ 0 £ 0 A 0 L v g

SueSW | "IWA | “WAL | SUBSW | "W AT | WA | Suee | NIA YA | suBa | "X | WAL

Surjdures [los T Surpdures jros | ‘ Surjdures 108 ,.C T Bundues os.1 (.83 Sw)

(W sp) od : opd s

z

Sanjea O pue f1d [105 1o (A & 1) danuewt preAusey ot pue qis sjoad] (5) mydins uoiagip 10 1091341 7 21q¥L,




1591 ST Aq [2A9] b_.:m_mno 1d 94 G 8 JuUaIa JIp ApueD

'

S0° cAa SN 10°0>d 44 100°0>9 44 15[949] G0UBIYIUFIG,

LIuSIs JOu 2Je J9)13] SUIesS - p1og pue [endeo oy

P £4q pamor[oy mou swes ayp ut m=m0_2~
J =E=_oo purEs Ay ur SUBDIA,

159) 4ST Aq [9A9] b:_m_mnoa $ G B JUAIJJIp %::mom_:ma Ho: ol Joy)9] auwres ay) \E woBozo

PUe 1M S[9A9[ (S) mydns JusIoyp ur umos3 EEQ 01eUIO) JO mEo:m Pnew bﬁ uooam pue :%:&803

SN ‘SN SN SN : A4S
‘SN #ok ok < m ‘N CZ > mv oInueW pIeATIIR |
SN * *% ** : - (S) Jnydns
, . = ‘ T YRORY
81§ 6T¥S 488¢€|  Vies a9Tcy| ,VOOeEs| S.o 67'0 L ey
60°tS 99°¢S ESPS| 6TV L6 9| ®8EES| seTh 0V ¥9| ess0 050 6570 (00%) S
LESS €155 76555 | BES's 07| 869 9BS98y|  <s8TH SYPS| qeebo| 9470 z5°0 (000 'S
0r'SS TI9s L9VS| 99TY LLE|  SLv| 9S96E| " SCLE| TSLIF| QB6p0| Sp0 £5°0| (0sD s
9¢°GS v1°GS 6S°SS| q0v'v 9L°¢ v0'S| 29SI'vy 0U'lv|  0TLy| aeisol| 050 £5°0 (001) ¢S
LTSS SO¥S 0595 | 98 v6'y el 96s| 29507 ¢€ SS'Iv|  SS¥F| 2tro - THo 170 ‘ (09 's
_18°0S LY'TS 9I'6v| A4ST¥ el 69| BO096S ST'8¥ $9°69| ,29.5¥°0 - 6F0 170 s 0
p.% uoy) | (,ep uoy) (,.Bp uoy) n.% oy I n-% uoy | (Lepuoy) [ p-% uoy) | (,.ep uoy o
€ 0 . € 0 € 0 il e 0 , ,
SUBAN | INAL | WA | SURN | PWAH | CWA | susW | VWA | WA | sueapy _.E.>.m WA ,p.wxmw:c
(,30d 8) pyai4 soyew £1p jooys | ( .8 8w) J[Aydoroqyd feoy, A,_-wv_ Sw) uy Qxbm ,.w _m <

WA 1) amueur ESQE& Eoﬁg
J _58 aN m fﬁo mno;mhﬁoocoo o: e o—&w ,H




Conclusions

_ Sulphur and farmyard manure applications reduced soil pH while it increased soil EC. |
These effects were particularly determined. in the 1% soil sampling period (3 weeks after
- mixing the application materials with the soil) and the highest sulphur level. In the tomato
plant, the effects of application materials were not significant on dry matter yield. Sulphur
and total chlorophyll contents were increased and Zn content was decreased by the sulphur
applications. However, farmyard manure applications reduced Zn and total chlorophyll
contents and it did not affect the S content in the plant. o
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