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EFFICIENCY OF DIFFERENT SULFUR FERTILIZER SOURCES
IN INCREASING HYBRID RICE PRODUCTIVITY UNDER SALINE
-SOIL CONDITIONS
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Abstract

Two field experiments were conducted during 2010 and 2011
seasons at El —Sirw Agricultural Research Station, Dammitta, Egypt.
The study aimed to point out the most favorable source of sulfur
fertilizer atong with urea fertilizer for increasing rice productivity
and farmer income under saline soil conditions. The average of
salinity levels of experimental site were 6.3 and 6.0 dS/m in both
seasons, respectively. The studied treatments were ~control
treatment without any fertilizer application, urea alone in the rate
of 165 kg N ha-1 , urea+ 24 kg Zn S04 ha-1, urea + elemental
sulfur (ES) applied as basal in the rate of 95 ES kg ha-1., urea+
calcium super phosphate (60 kg P205 ha-1 ), urea+ gypsum at
the rate of 476 kg ha-1., urea + potassium sulfate at the rate of 57
kg K20 ha-1., and ammonium sulphate (AS)alone at the rate of
165 kg N ha-1. The growth, nutrient contents in rice leaf, yield
grain and its components of the hybrid rice variety EHR1 were
estimated. The economic evaluation was also, considered. It is
mentioning that the study aimed to answer the question, Is the
sulfur present in some main fertilizer is enough for hybrid rice
growing under saline soil comparing to elemental sulfur application
irrespective sulfur rate?

The main results could be summarized as following, the
tested- treatments significantly improved rice growth criteria i.e.
Leaf area index (LAI), dry matter production, chlorophyl content of
leaf, heading date and plant height, yield components({ As well as,
panicle number, panicle length, filled grains, fertility, panicle
weight, 1000 grain weight and rice grain yield) against control
treatment. Furthermore, the tested treatments significantly baosted
the nutrient contents except, Na leaf content. The treatment of
urea + gypsum showed certain decrease in Na+ and gave the
lowest value of Na+ leaf content followed by urea+ potassium
suiphate. Urea application alone was significantly less efficient as
compared to the rest of treatments irrespective control treatment.
Ammonium sulphate as the source of N and sulfur significantly
gave the highest values of mentioned traits and the highest

- economic values followed by urea+ gypsum and, then, urea+
potassium sulfate. The treatments of urea+ Zn S04, urea + CSP
two and booting stage, urea + agricuttural sulfur as well-as Urea +
potassium sulfate were at a par.

Generally, it could be concluded that urea application alone is
not enough to give considerable yield. The blended fertilizer or urea.
+ other sources for sulfur have to be applied for obtaining high
productivity of hybrid rice. Ammonium sulphate as source for N and
S was the best under current experiment and it is enough as sulfur
fertilizer source.
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INTRODUCTION

Sulphur (S) is one of the essential elements required for the normal growth of
plants and ¢oncentration of S in plants is lower than that of nitrogen, however, it
similar to that of phosphorus fertilizer . Sulphur plays an important role as a
constituent of many plant processes, as plant metabolism, depends on S and a
deficiency of this nutrient will cause basic metabolic impairment, which will not only
reduce crop yield but also the quality of the product. For many years, little attention
was paid to sulphur as a plant nutrient mainly because it has been applied to soil in
incidental inputs in rainfall and volcanic emissions, and as a component of nitrogen,
phosphorus and potassium fertilizers (Naresh and Jangra, 2007). The awareness of
sulphur deficiency is increasing, as is the development of S deficiency in previously S
sufficient areas in many parts of the world. The intensification of agricultural
production per unit area, coupled with an expanding use of high-analysis, sulphur-free
fertilizers or low-suiphur fertilizers!'such as urea and ammoniated phosphates, is
causing sulphur deficiencies. The problem could be exacerbated further as sulphur
dioxide emissions are increasingly controlled. If this problem is neglected, the
inevitable consequences will decrease yields and reduced efficiency of other inputs,
which will, in turn, result in higher production costs. Under saline soil or soil with high
pH is acting as nutrient fertilizer and chemical remediation. Shehata et a/ ( 2009) and
Zayed et a/. (2010) found that sulfur fertilizer at the rate of 50 kg S/fed in the form of
elemental S significantly increased rice growth, yield and yield components as well as
it had apparent poéitive effect on soil properties. Tripathi and Sharma (1994) reported
that application of sulphur at 40 kg per ha gave significant higher uptake of nutrients
(N, P, K, S, and Fe of rice. Both the sources of sulphur (gypsum.and pyrite) were
equally effective in increasing the uptake by Indian mustard and succeeding rice.

Mercy et a/.(2006) stated that sulfur signal super phosphate as source for
sulfur significantly surpassed the elemental sulfur as sources for sulfur in rice grain
yield, effective tillers number and harvest index, while the maximum test weight and’
protein content was found with the application of elemental sulphur, Khan et al.
(2007) reported that the application of sulfidic materials (SM) at the rate of 75 kg S
/ha for sulfur deficient soils had no negative effect on soil pH, nutrient status in the
soils and sunflower production. They suggested that the application of SM was not
only effective as sulfur fertilizer but also enriched the organic matter in the soils,
Bhuvaneswari et a/. (2007) studied the effect of farmyard manure (FYM) and four
levels of sulphur applied fhrough gypsum on the growth and yield of rice variety ADT
43, Results of the experiment revealed that application of 40 kg sulphur per ha in
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combination with FYM (12.5 tonnes per ha) significantly increased physiological
characters of crop growth rate (CGR), relative growth rate (RGR), net assimilation rate
(NAR), leaf area index (LAI)} over the control. CGR, RGR, NAR and LAI were least
which did not receive suiphur and FYM. Naw et a/. (2007) reported a significant effect
of sulphur application on N, P, K and S uptake in rice. Amaraweera (2009) found
that the elemental sulfur significantly exhibited the highest values of NPK\Zn, growth,
yield and yield components as well as grain guality characteristics and economic
parameters than those obtained by gypsum as sulphate sulfur. Farock and Khan
{2010) found that the best growth and yield performance were recorded by sulfidic
materials SM45 treatment as compared to gypsum treatments as S sources regarding
vield weight. The application of gypsum at the highest rate of G45 was not as
effective as even the lowest dose of SM15 in both soils. Almost similar and significant
effects were observed for the panicle length, number of tillers, plant height, 1000
grain weight, and harvest index of rice grown in both soils. The applied SM increased
the average of organic matter and available sulfur contents in the soils by 46 to 78%
and 194 to 208% increase over control respectively, while the increments were 5 to
19% and 132 to 145 % for gypsum treatments, indicating that the SM is potentially
more effective than gypsum as a source of sulfur fertilizer and can also enrich the
fertility and productivity of the soils. Moreover, the use of SM treatment did not show
any harmful effect on the growth and yield parameters of rice.

Li et al. (2010) found that elemental sulfur significantly surpassed the sulfur
(S04-S) presented in calcium super phosphate resulted in the highest grain yield and
. its components. Chien ef a/ . (2011) stated that ammonium sulfate is more effective
than granulated elemental S (ES) or ES-enriched NP fertilizers to provide S nutrient
because AS is water soluble, whereas ES requires S oxidation to SO4-S which rice
growth and yield were recorded the highest values under ammonium sulfate as a
source for S and N nutrients,

The current study aimed to find out the efficiency of various sources of
sulfur fertilizér involving sulfur and sulphate combined with urea fertilizer on EHR1
{hybrid rice one) productivity and behaviors under saline soil conditions. Also, It is
mentioning that the study arrij‘q to answer the following guestion, is sulfur present in
some main fertilizer is enough for hybrid rice growing under saline soil comparing to
elemental sulfur application irrespective the rate?
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MATERIALS AND METHODS

The current trial was carried out in 2010 and 2011 seasons at the Experimental Farm
of EI-Sirw Agriculture Research Station, Dammietta governorate, at the northern part of
Deita, Egypt, to find out the response of Egyptian hybrid one (EHR1) rice variety to
various _5ulfur sources combined with urea. The fertilizer treatments were control
treatment without any fertilizer application, urea alone in the rate of 165 kg N ha!, urea
+ 24 kg Zn SO, ha', urea + elemental sulfur (ES) applied as basal in the rate of 95 ES kg
ha'!, urea + calcium super phosphate (CSP) at the rate of 60 kg P;Os ha'!, urea + gypsum
at the rate of 476 kg ha', urea + potassium sulfate at the rate of 57 kg K,0 ha’!, and
ammonium sulphate alone at the rate of 165 kg N ha', The experiment was laid out in a
randomized complete block design, with four replications. Seedlings, 30 days old of EHR1
rice variety were transplanted with 3-4 seedlings hill'* at 20 x 20 cm, between hilis and
rows. Transplanting was done on April, 20", and harvesting on September1® in both
seasons. Nitrogen fertilizer was added as recommended under saline soil in three equal
doses, 15 days after transplanting (DAT), maximum tillering and panicle initiation stages.
Plot area was adjusted to 10 m’. The soil was clayey and the soil chemical analysis is
listed in Table (1).

Table 1. soil chemical analysis (0-30 cm soil depth) for the experimental sites during
2010 and 2011seasons,

season H EC Cations meg L! _ Anions Meq L™
P dsm?! [Ca'+Mg ' | Na' K SO, | O | hHCO,
2010 B.4 6.3 150 | 430! 030 23.5 | 39.3{ 6.0
200 | 83 6.0 140 | 410 0.29 200 [ 36.0] 5.0
Available nutrients mg kg B .

N P K Zn S Fe Cu

2010 28.0 11.12 275.0 1.22 10.7 5.00 6.2
[ 2011 | 260 12.35 287.D 1.16 10.5 .5.13 6.0

Table 2. The 5 % of used sulfur sources in this study.

Fertilizer 5% Others for main fertilizers
(NH4),504 24 N20.6%

K;S0, - 18 K:0 5%
2H:0.Cas0, 18 Ca0 32% _
2Cas0,.Ca(H:P04): ) Ca020%,P205 15%
ZnS04 18 Zn 48%
Elemental sulfur 98 -

These sources as previouslty mentioned were recomménded under saline soil
irrespective S rates. At heading stage, ten hills from each plot were taken to estimate
leaf area index (LAI} and dry mater content (the dry samples were ;Neighed and dry
matter of plant in g m* was computed). The dried leaves were grinded and kept to
determine the N, P, K, Fe, Zn and Na leaf contents as well as Na / K ratio according to
Yoshida et 4/ (1968). At harvest, panicles of ten guarded hills for each plot were
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courted to deterrnine the number of panicles m2 and also, plant height {cm) was
measured. Ten main panicles from each plot were used to determine panicle length
(cm), number of filled and unfiled grains panicle ', and panicle and 1000-grain
weights. The plants of the six irner rows of each plot were harvested, dried, threshed,
and then grain and straw yields were determined at 14 % moisture centent and
converted into t ha’l. The economic evaluation was estimated based on grain yield
increase over contral due to tested treatments compering to the price of tested
fertilizer. .

All data collected were subjected to standard statistical analysis of variance
following the methods described by Gomez ang Gomez (1984) using the computer
program {IRRISTAT). The treatment means were compared using Duncan's multiple
range test (Duncan, 1955). * and ** symbol used in alt Tables indicate the significant
at 5% and 1% levels of probability, respectively, while NS means not significant,

RESULTS AND DISCUSSION

Data coliected an rice growth indicated that leaf area index and dry matter (g
/m?) significantly affected by the tested treatments in both seasons (Table 3).
Furthermore, the treatments invoiving any of sulfur sources otherwise sulphate or
sulfur significantly exhibited higher growth parameters than those exerted by urea
application alone, The highest values of LAl were produced by ammonium sulphate,
as source for N and S in both seasons, The treatments of urea + elemental sulfur,
urea+ CSP, Urea + gypsum and urea + K,SO, came i the second rank, with the
same level of significance in both seasons. While, urea plus zinc sulphate thirdly -
ranked as for leaf area index . The urea application without any sulfur source came in
the fousth order among the fertilizer treatmnents. On the other hand, the control
treatment gave the lowest values of leaf area index in both seasons (Table3).
Regarding dry matter production, the same trend of leaf area index had been
detected in both seasons (Table3). The highest values of dry matter were produced
by the treatment of ammonium sulphate followed by urea+ gypsum without any
significant differences betweer them. The lowest values of dry matter production
were produced by coritrol treatment without any fertilizer application. With respect to
heading date, the longest period from sowing to .heading was recorded by urea+
potassium sulphate while, the shortest period exerted by control treatment, because
the double stresses of salinity and nutrient deficiency. Assimilated sulphur might have
played vital role in growth and development of rice plants because of their active role
in plant metabolic processes. Sulphur performs many physiological functions like
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synthe5|s of sulphur containing amino acids (cysteine, cystlne and _methionine),
synthe5|s of vitamins, and metabolism of carbohydrates and protelns Plants deficient
in sulphur are reported to be small and spindly with short and slender stalks, their
growth is retarded. Increase in dry matter production due to éulphur may be because
of high rate in pz:otein synthesis .and enhanced photosynthetic activity of the plant
with increased chlorophyli . o .

synthesis (Naresh and Jangra, 2007) The results related to rice growth in thl§ study
are consonance with the findings Sreedevi et a/ (2006) and Bhuvaneswari ef al.

(2007).
Table 3. Leaf area index(LAI), dry matter and headlng date of EHR1 as affected by
' * various sulfur sources during 2010 and 2011 seasofis.”

_ Traits | LAT Dry matter gm™* | Heading datefdays)
Treatments 2010 2011 2010 | 2011 2010 2011
Control - - 1465e [47e |619e 725 e 9230 |'923d
Urea , . .| 5.8d 59d _B42 d 874d . . 94.8a 959ab- .-
Urea+ Zn S04 6.27¢ 6.26 C 1096 b 1086 ¢c 94.3 a 96.3a
Urea+ ES 6.43 b 6.4 bc 970 c 1034 ¢ 948 a 95.7 ab
Urea + CSP 6490 ' |.6.4bt.- | 1098b. -|/1095bc-" | 95.3 a 95.6 abc
Urea + Gypsum 6.58 b 6.59ab i 1203 a 12153 943 a 95.8 ab
Urea + K; So4 6.67 a 6.54 b 1103 b 1159 ab 959a 96.2 a
Ammonium sulphate - 6.79a 6.7a | 1225a 1220a - 9453 949 ¢
F test ¥ * % *kK * & * *x%
LSD0.0S - ‘016 ‘| 019 | 60.85 71.43 REaz2N 0.75 °

ES= elemental sulfur, CSP calcium super phOSphafe.

Regarding yield compénents, data listed in Tables (4, 5 and 6} showed that the
estimated traits 'were -significantly affected by various freatments in both seasons.
Interestingly;: the application of various sulfur sources, including elemental sulfur or
sulfur combined fertilizer significantly improved all vield -attributing characteristics over
urea application alone in both seasons. The treatment of ammonium sulphate as
sources for N and S gave the highest values of panicle number, panicle length, panicle
weight , number of filled grains panicle’ and 1000- grain weight while, it gave the -
lowest values of sterility% in both seasons. The treatments of ammonium sulphate,
yrea + CSP, urea+ ES, urea + gypsum and urea + potassium sulphate were at a par
regarding the above mentioned characteristics. Zinc sulphate as source for sulfur is
not so much efficient. Urea application alone is not recommend for high yield under
saline soil for hybrid rice. The tallest plants under current experiment were recorded
by urea +C5P without significant differences with those obtained by other treatments
containing sulfur except, Zn S04 as  sulfur source in the first season. The lowest
values of yield attributes of EHR1 were recorded by control treatment in both seasons,
except, sterility% whereas, it gave the highest values of it.

‘ Regarding rice grain yield, perusal data in Table 6 revealed that rice grain
yield of EHR1 significantly differed under various treatments related to varying S
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sources and control treatments in both seasons. First, sulfur application, including all
sources significantly surpassed the none sulfur application in the terms of urea
application alone in both seasons of study indication the importance of sulfur
application under saline soil{Shehata et a/., 2009 and Zayed et /., 2010). The 3ources
of sulfur significantly varied among them in their apparent positive effect on grain
yield of EHR1 under current study (Table. 6). Interestingly, ammaonium sulphate as
source for both of nitrogen and sulfur significantly gave the highest values of rice
grain yield in both seasons. The treatments of ammonium sulphate, urea+ gypsum
aFid urea+ potassium sulphate were a comparable regarding rice grain yield in both
seasons. The rest of sulfur sources were at a pér too. The zinc sulphate as sulfur
source occupied the {ast order regarding its efficiency on grain yield of Egyptian hybrid
one. The lowest values of rice grain yield were produced by cohtrbl treatment while
the urea application alone i.ntermediated the control treatment and the sulfur éources
treatments, as seen in Table 6. By the way, the ammonium sulphate treatment
showed apparent significant and positive effect on rice growth and yield components |
resulted in higher grain yield of rice under current study. ’
Under "present study, increase of yield and yield attributes was due to better
assimilation of carbohydrates in panicle and it could be due to its stimulating effect in
the synthesis of chloroplast protein resulting} in greafer phbtosynthetic efficiency which‘
in turn resulted in increased yield (Biswas and Tewatia, 1992).

Furthermbre, the beneficial effect of sUIphur on rice yield was possible becauée of its |
vital role in synthesis of proteins and vitamins. Also, application of sulfur might be
improved soil proprieties including soil physical and chemical, under current saline soil
with high pH which‘: in turn, resuited in improving nutrients availability, low PH and
bulk density leading to increase rice salt tolerance, improve rice growth, proper yield
components and subsequently high yield. As seen ammonium sulphate exhibited other
sulfur sources and showed its superiority in most of studied traits in both seasons that
. can be attributed to the readily soluble nature of the former. The high soluble nature
of ammonium sulphate (AS) as sources of sulfur compared to others might have
resulted in high amount of sulphur release during growth in the treatment receiving -
AS ‘which, consisted of ammonium plus sulphate. Gypsum came in the second rank
regarding the order of the superiority of studied sulfur sources because Ca** and S
which contributed in saline soil reclamation' and reduced Na content in rice leaf
resuited in raising rice salinity withstanding and improving rice yield in spite of its low
solubility . .Potassium- sulphate, as sulfur source, had both K and sulphate which, in
turn reducing Na accumulation in rice leaf, improve rice growth resulted in high yieid -
under saline soil. At the time, single super phosphate had P, Ca and sulfur which can
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contribute in saline soif proprieties improving and rice growth and ultimately rice yield.
Regarding the elemental suffur didn’t rank advance order for beneficial effect of
different sulfur source as compared to the above-mentioned sulfur sources that might |
be the energy needed to convert it from S to SO, as uptake form by plant. The sulfur
in the ZnS04 seems to be nat encugh for rice growing under current study.

Results of this investigation on efficiency of varying sulphur sources are in
consonance with the findings of Sreedevi et al (2006) and Bhuvaneswari ef af

(2007), Khan et al. (2007), Li et at{2010) and Chien et a/. (2011).
Table 4. Number of panicle hill-1, plant height and panicle length of HER as
affected by various sulfur sources during 2010 and 2011 seasons.

Traits | No of panicle Plant height {cm) Panicle (cm)
Treatments 2010 2011 2010 2011 2010 2011
Contral 16.63 d 159d 91.9d 91.7d 18.6¢ 18.5¢
Urea 18.8¢C 18.7 ¢ 102.4¢ 103.7 ¢ 19.0b 208b
Urea+ Zn Sod 20.1 b 19%b 1053 b 197.9 ab. 159 a 21.7 ab
Urea+ ES HBab 20.2 ab 105.9 ab 106.5 ah 19.6 a 21.9 ab
Urea + CSP 20.9 ab 205 ab . 108.3 a 1088 a 19.3 ab 21.5ab
Urea + Gypsum 26a 2103 106.1 ab 107.9 ah 20.1a 22.1a
Urea + K2 So4 21.06 a 20983 106.2 ab 105.7 b 19.9 ab 222a
Ammenium sulphate 21.70a | 21.30a | 1065ab 107.4 ab 20.3a 225a
F test ok *k * & *k * ik
LSDO.05 1.38 1.09 2.48 3.08 0.7 0.99

ES= elemental sulfur, CSP = caiciumn super phosphate

Table 5 . Panicle weight, 1000-grain weight and rumber of filled grain grains panicte-1 of

EHR1 as affected by various 5 sources during 2010 and 2011 seasens,

Traits | Panicke weight g 1000-grain t q No of filled grains
2010 | 2011 2010 2011 2010 2011

Treatments
Controt 2.10¢ 23/cC HB.4b 19.2 d 130.9¢ 133.0¢
Urea 285hb 3.08b 204 a 202 c 139.5b [ 142.1b
Urea+ Zin So4 3.02b 3.15b 209a 2i.3b 154.7 a 158.4a
Urea+ £S 3.1%9 ab 3.26ab 19.7 &b 213b 150.6 2 1583 a
Urea + CSP 348 a 3.32 ab 20.7a 2130 1539 a 156.8 &
Urea + Gypsum 3.50a 3.68 & 21.0a 2242 154.3 a 1609 a
Urea + K2 S04 3.49a 3.53ab 19.5 ab 224a 152.8a 160.8 a
Ammonium suiphate 36la 368 a 212 a 2253 156.8 a 161.2 a
F test * E S * * ¥ *xxk K
LSDO.05 0.44 0.43 1.37 0.72 6.00: 4.86

ES= elemental sulfur, CSP= Calcium super phosphate

As for effect of various sulfur sources on leaf nutrients content at heading, the
data documented in Tables 6 , 7 and 8 clarified that the nutrients leaf content was
significantly affected by the current treatments in both seasons. Irrespective control
treatment, the treatments including sulfur sources otherwise sulfur combined fertilizer
or elementat sulfur significantly increased nutrients leaf content {NPK Zn and Fe) as
compared to urea application alone in both seasons. On the other hand, all treatments
significantly reduced Na leaf content rather than obtained by control treatment that
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mighf contribute in enhancing rice salinity tolerance. It is worthy to mention that the
sources containing Zn or P restricted the leaf content of each other. Ammonium
sulphate gave the highest values of N and Fe in both seasons at par with other
treatment except urea alone and control treatments while, the lowest values of them
were produced by control treatment and irrespective control one, urea application
alone gave the lowest values of them comparing to other treatment containing sulfur
(Table7).Urea + calcium super phosphate gave the maximum mean of P% of rice leaf
fn both seasons without significant difference with the rest of treatments except
urea+ ZnSO, .On the other hand, the minimum value of P%, in rice leaf at heading
stage were produced by control treatment followed by urea + 2ZnS0, (Tab!e?).
Interestingty, the highest values of K% in rice leaf were produced by the treatment of
urea + potassium sulphate without any significant difference with those obtained by
urea+ gypsum and ammonium suiphate as well as urea+ CSP, while, the lowest
values of it were recorded when rice plants didn't receive any kind of fertilizer. The
towest vallues of Na*,. in rice leaf at heading were produced by urea+ gypsum followed
by the treatment of', urea + potassium sulphate which obviously reduced sodium
uptake by rice plants growing under saline soil resulted in proper rice growth and yieid
under such condition. The highest values of Na® in rice leaf were produced by contrél
treatment. Regarding to Zn leaf content, the treatment of urea + zinc suiphate
produced the highest values of zinc, in rice leaf, without any significant differences
with those produced by ammonium sulphate and urea plus ES. As nitrogen and
sulphur are constituents of protein and involved in chlorophyil formation, there is a
direct link between nitrogen and sulphur. Phosphorus exhibited a synergistic effect
with suiphur application, which enhanced better utiization of nutrients. Also, the
application various sources of suifur might be improved the soil proprieties resuited .in
increasing nutrients availability and subsequently, nutrients leaf content. Gypsum and
potassium significantly reduced Na leaf content because the antagonism between
Ca*" and K * from side and Na* from other side. The current finding is in conformity
with those reported by Naw et a/ (2007), Amaraweera (2009} and Zayed et af.
(2010). - a
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Table 6. Sterility (%) , grain yield t &1 and N (%) of EHR1 as affected byvarlous S
sources during 2010 and 2011 seasons.

Traits ‘Sterility Grain yield (t/ha) N %
Treatments 2010 2011 2010 2011 2010 2011
Control 158 a 18.8 a 4.62e 4.70d 2.49 d 2.08Bf
Urea 9.55 b 12.1b 6.404d 6.22¢c 3.3 ¢ 283e
Urea+ Zn So4 60¢ 51cd 6.98b 7.00b 3.54 b 2.93 de
Urea+ ES 4.7 cd 6.3c¢c 7.32p 7.26b 3.67 a 3.19bc
Urea + CSP -~ 4.9 cd 74c¢ 7.30b 7.40b 346b 339 ab
Urea + Gypsum 5.2cd 6.3¢ 7.70ab 8.28a 3.65a 3.54a
Urea + K2 So4 4,5 cd 4.3 cd 7.67ab 7.76b 3.56b 3.12cd
Ammonium sulphate 3.3d 3.8d 7.96a 8.36a 3.59a 3643
F test ok * ok EE * % * % *k
LSDO.05 2.28 2.20 0.46 0.63 0.10 0.20

ES= elemental sulfur, CSP= calcium super phosphate

Table 7. P % , K+ and Na+ of EHR1 rice leaves as affected by various S sources

Traits P % K ppm Na ppm
Treatments 2010 2011 2010 2011 2010 2011
Control 0.217 c 0.201c_ | 856d 902 d 2197 a 2218 8
Urea 0.267ab [ 02773 | 99c 1081 be 1429 b 1361 b
Urea+ Zn So4 0.251 b 0.250b [ 1010c 1141abc ; 1316bc | 1301 be
Urea+ ES 0.258 ab 0.282 a 1128 b 1158 abc 1106 ¢ 1069 d
‘Urea + CSP 0.295 a 0299a | 1120b 1092 be 11235¢ 1284 becd
Urea + Gypsum 0.275ab 10.28%a | 1235a 1186 a 760 d 1110 cd
Urea + K2 So4 0.287 a 0292a | 1243a 1192 a 1174 ¢ 1128 cd
Ammonium sulphate 0.289 a 0.290 a 1879 b 1156 abc | 1219bc 1145 bed
F test *k * * & * *3%k *¥
LSD0.05 0.033 0.032 45.5 93.0 232 221

-

during 2010 and 2011 seasonsES= elemental sulfur, CSP= calcium super phosphate

Table 8. Zn and Fe of EHR1 rice leaves as affected by various S sources during 2010
and 2011 seasons.

Traits Zn ppm Fe ppm
Treatments 2010 2011 2010 2011
Control 2.84 ¢ 3.15d 252 ¢ 254 ¢
Urea 5.93 a 6.0b 355 ab 339 ab
Urea+ Zn So4 6.66 a 69a 3:8ab 345 ab
Urea+ ES 5.28 ab 6.%a 367 ab 374a
Urea + CSP 4.98b 5.2¢ 384 a 3763
Urea + Gypsum 513 b 58b 263ab 36dab
Urea + K2 So4 6.133 620 357 ab 352 ab
Ammonium sulphate 6.25 3 6.5a 389 a 3813
F test ’ * ** . * L1 S
LSD0.05 0.9 0.6 80.6 8L7

ES= elemental sulfur, CSP= calcium super phosphate -

Regarding economic evaluation, data in Tables 9 and 10 indicate that the
treatment of ammonium sulphate gave the highest values of yield mcrease over
control in kg ha and in LE ha'! followed by urea+ gypsum treatment in both seasons
while the highest cost of fertilizer was recorded by ammonium sulphatei treatment
followed by urea+ gypsum treatment. Also, the previous mentioned gave the highest
values of net return in both seasons as in table 10. Regarding the value of cost ratio,
the treatment of urea+ gypsum gave the maximum values of value cost ratio followed
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by urea+ CSP followed by the treatment of ammonium sulphate. The urea application
alone gave the lowest vailues of the estimated economic parametér under current
study. From going discussion it could be concluded that the ammonium sulphate could
be recommended under saline soil as sources for N and S. Interestingly, urea +
Gypsum came in the second order in this concern. Amaraweera (2009) found similar
‘findings of current results of economic evaluation

Table 9. Yield increase over control kg ha-1, vyield increase over control
(profitability)LE ha-1 and cost of fertilizer LE ha-lof EHR1 as affected
by various S sources during 2010 and 2011 seasons. ~

Traits | Yield increase over profitability LE ha™! Cost of fertilizer LE
Treatments control kg-ha™ ha'!
2010 2011 2010 2011 2010 2011

Control - -

Urea 1.728 | 1.60 3560 3200 785 _ 785

Urea+ Zn So4 2.36 2.46 4720 4920 881 881

Urea+ Es 2.70 2.64 5400 5280 1023 | 1023
_LJ_F:ggl 4+ CSP 2.68 | 2.78 5360 5560 1105 1105

Urea + Gypsum 3.08 3.66 5160 7320 975 975

Urea + K2 S04 2.98 3.14 5960 6280 1380 1380

Ammonium sulphate 3.34 3.74 6680 7480 1142 1142

ES= elemental sulfur, CSP= calcium super phosphate, Average price of paddy rice= |
2000 LE/ton, |

Table 10. Value cost ratio and net return LE ha-1of EHR1 as affected by various S
sources during 2010 and 2011 seasons.

Traits | Value cost ratio net return LE ha

Treatments 2010 2011 2010 2011
Control - ' - - -

Urea 4.5 4.10 2775 2415
Urea+ Zn So4 5.35 5.58 3839 4039
Urea+ ES 5.30 5.20 4377 - | 4257
Urea +4SP 4.90 5.03 4255 4455
Urea + Gypsum 6.30 7.50 5185 6345
Urea + K2 So4 4.30 4.60 | 4580 4900
Ammonium sulphate 5.9 6.6 5538 6338

The price of urea fertilizer was as average in black market and governmental price. 4LE/ Kg
ZnS0, , 2.5LEF /kg ES, 40LEf 50 kg CSP, 0.4LE / kg gypsium250 LE / 50 kgK20, 8OLE/ 50kg AS
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