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ABSTRACT

Studying the effect of applying gypsum and sulphur to counteract the soil
salinity hazardous on vegetative growth, yield and quality of rice plants (Oriza
sativa L.,cv. Sakha 101) grown on a Saline-Sodic soil at (Sahl El-Tina, Village 4,
Gilbana, North Sinai govemorate) irrigated with low water quality of EI-Salam canal was
the main objective of the current study. To fulfill this objective two field experiments
were carried out during the two successive seasons of 2011 and 2012. Gypsum
was applied at a rate of 10.7 Mg ha” while sulphur was added as either elemental
sulphur at a rate of 4.8 Mg ha™ or sulphuric acid at a rate of 1190 L ha™. The
obtained results could be summarized as follows: The highest values of rice yield
and its attributes as well as nutrient contents and uptake values were obtained due
to treating the investigated soil with sulphuric acid. Also, the effect of treatments
showed a descending increase in the order of, sulphuric acid > sulphur > gypsum >
control. The treatment of sulphuric acid was superior to the other treatments.
Highest proline (21.3 pmol g’1) value was recorded due to the treatment of gypsum.
Keywords: Saline soil, gypsum, elemental sulphur, sulphuric acid, rice.

INTRODUCTION

Various amendments like gypsum, sulphur, acids, press mud and
farmyard manure (FYM) may be used for reclamation of these soils (Sabir et
al. 2007; Shaban et al. 2009; Mazhar et al. 2011 and Bello, 2012). The use of
gypsum as a source of Ca”" is a well-established practice for the amelioration
and management of sodium saturated water/soils (Amezketa et al. 2005).
Being easily available and cheap source of calcium gypsum is commonly
used in Egypt. Because of low solubility of gypsum and calcareous nature of
soils its efficiency is reduced. However, its effect in the amelioration process
continues for few months until the whole quantity of gypsum reacts with the
exchangeable sodium (Na) of the soil (Hamza and Anderson 2003). One of
the approaches for the economic utilization of moderately salt affected land is
to grow salt tolerant crop varieties along with the suitable management of
cultural practices. Being moderately salt tolerant, rice is being recommended
for cultivation during the amelioration of salt affected soil (Hassan et al.,
2001).

Shulphur is a yellow powder ranging in purity from 50 percent to more
than 99 percent. When applied for sodic soil reclamation, sulphur has to
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undergo oxidation to form sulphuric acid which in turn reacts with lime
present in the soil to form soluble calcium in the form of calcium sulphate:

2S + 30, ====» 2S0; (microbiological oxidation by Thiobacillus thiooxidans)
SO; + H,O ==» H,SO,

H,SO, + CaCO3;====» CaSO, + H,0 + CO,

:Z clay micelle + CaSO, <—> Ca clay micelle + Na,SO, (leachable)

Abrol et al. (1988). Sulphur also improves the use efficiency of
essential plant nutrients, particularly nitrogen and phosphorus (Mazhar et al.,
2011). It is one of major nutrients essential for plant growth, root nodule
formation of legumes and plant protection mechanisms. Sulphur is one of the
essential nutrients for plant growth and it accumulates by about 0.2 to 0.5% in
plant tissue on dry matter basis. It is required in similar amount as that of
phosphorus (De Kok et al., 2002 and Ali et al., 2008). It is a building block of
protein and a key ingredient in the formation of chlorophyll (Duke and
Reisenaue, 1986). Sulphur deficiency has become widespread in many
countries, because atmospheric inputs of sulphur will continue to decrease,
the deficit in the sulphur input is likely to increase, unless sulphur fertilizers
are used. Without adequate S, crops cannot reach their full potential in terms
of yield or protein content (Zhao et al., 1999). It is required for the synthesis
of S containing amino acids such as cystine, cysteine and methionine. Their
deficiency results in reduced plant height and stunted growth, reduced tiller,
height, spikelet and delayed maturity. Sulphur deficient plants have also less
resistance under stress conditions (Doberman and Fairhurst, 2000). Sulphur
application enhances the uptake of N, P, K and Zn by plants, which in turn
increases crop productivity. Application of S is a feasible technique to
suppress the uptake of undesired toxic elements (Na and CI), thus its
application is useful not only for increasing crop production and quality of the
product but also for improving soil conditions for healthy crop growth
(Tandon, 1991). Sulphur improves K/Na selectivity and increases the
capability of calcium ion to decrease the injurious effects of sodium ions in
plants (Wilson et al., 2000, Leigh, 2001 and Badr et al., 2002).

Sulphuric acid may be used in place of gypsum in saline sodic soils.
Sulphuric acid reacts with lime to form gypsum (CaS0,4.2H,0). The gypsum
formed in this reaction has same effect as applied from outside. Following
chemical reaction takes place.

Na,CO; + H,SO,===>» CO, + H,O + Na,SO, (Ieachable)
(Lime) (gas)
H,SO, + CaCO; + H,O ===» CaS0,.2H,0 + CO,
(Na") (Ca™)
Soil Colloid + CaSO, ===2Soil Colloid + Na,SO, (Leach down out of root zone).

The presence of lime is important in sodic and saline sodic soils,
because during the initial steps of reclamation it can provide Ca? if it is
treated with acid. When vegetation is established, the release of carbon
dioxide converts some calcium carbonate into relatively soluble calcium
bicarbonate [Ca (HCO;),]. This naturally released calcium is generally
available for reclaiming sodic and saline sodic soils. If 20 liter per acre
sulphuric acid or hydrochloric acid is applied as fertigation it could be saved
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the plants from harmful effects of salts. The acid can be applied at the time of
soil preparation before sowing. This acid provides native calcium present in
the soil available. In others words the acid makes gypsum available. By
lowering the pH of soil, micronutrients become available to crop. It improves
soil environment by reducing impact of salinity and high pH also, reduce soil
compactness and enhance soil porosity by replacing sodium of soil with
calcium, (Ali and Aslam 2005).

The current investigation aimed at assessing the effect of gypsum,
elemental sulphur and sulphuric acid application on the productivity and
nutrient contents of rice plants grown on a saline-sodic soil irrigated with
moderate saline irrigation water of EI-Salam canal.

MATERIALS AND METHODS

A field experiment was conducted on a saline-sodic soil located in village 4 at
Sahl El-Tina plain in the East of Suez Canal, North Sinai Governorate for the two
successive summer seasons 2010 & 2011, cultivated with rice (Oriza sativa cv.
Sakha 101). This area is one of the newly reclaimed soils and it is irrigated with EI-
Salam canal water which is a mixture of agricultural drainage water and fresh water
(Nile water) at a ratio of 1:1. A representative soil sample (0 — 30 cm) was taken
before planting to determine the physical and chemical properties of the
investigated soil as well as its content of the nutritional elements (Table 1).
Irrigation water EC and pH values as well as its contents of some macro and
micronutrients were determined during the two successive seasons of the
experiment and results are recorded in Table 2.

Table 1. Some physical and chemical properties of the soil used in the
current study

Properties Values Properties Values
Particle size distribution (%) Available nutrient (mg kg™
- Clay 141 -N 42.0
- Silt 5.80 Macro -P 3.32
- Sand 80.1 -K 192
Textural class Sandy loam - Fe 2.63
Organic matter (g kg™) 4.41 Micro -Mn 1.88
CaCO; (g kg™) 79.6 -Zn 0.74
pH (Soil suspension 1:2.5) 8.20 - SAR 22.9
EC (dSm™) in soil paste extract 14.8 - ESP 24.6
Soluble ions (mmol, L™ - CEC (cmol. kg™) 17.5
-Na* 105.0
-K* 0.90
Cations - Ca” 18.20
- Mg** 23.80
-Cl- 93.00
Anions ~HCQs’ 9.78
- SO, 45.12
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Table 2. Some chemical properties of irrigation water during irrigating

rice plant.
Property Season
2011 2012 Combined
pH 7.94 7.91 7.93
EC (dSm™) 1.34 1.38 1.36
Macronutrients (mg kg™)
N - NH," 15.7 13.8 14.8
N - NOs’ 7.32 7.68 7.50
P 1.91 1.84 1.88
K 8.91 8.81 8.96
Micronutrients (mg kg™)
Fe 0.84 0.87 0.86
Mn 1.29 1.33 1.31
Zn 0.68 0.73 0.71

The experimental design was randomized complete blocks with three
replicates. The plot area was 12m x 13m. The treatments were 1) control, 2)
gypsum, 3) elemental sulphur, 4) sulphuric acid. The experimental soil units
were subjected to some pretreatments as follows: 1) leveling the soil surface by
using laser technique. 2) deep sub-soiling plough. 3) establishment of field
drains at a distance of 10m apart and at depth of 90cm at drain beginning,
and the drainage water flow towards main collectors of 2m in depth, and 4)
establishment of an irrigation canal in the middle part of the experimental unit.
Each plot was sown with rice (Oriza sativa cv. Sakha 101) on the 20th and 25th
of April, and harvested on the 2nd and 5th of September 2011 and 2012,
respectively. Urea (460 g N kg ) was applied as soil application at a rate of
285 kg N ha” in two equal splits, the first dose was added before the 1%
irrigation and the second one was applied before the 2 irrigation.
Phosphorus fertilizer was added to all plots before ploughting and sowing at a
rate of 36 kg P ha™ as single superphosphate (68.0 g P kg ). Potassium
sulphate (400 g K kg”') was applied as soil application at a rate of 89 kg K
ha™ in two equal splits, 30 and 45 days after sowing.

The soil amendments used in this study were, gypsum (G), elemental sulphur
(ES) and sulphuric acid (SA). Gypsum requirements (GR) were calculated to
reduce the initial ESP percentage from 24.6 to 10% for 30-cm soil matrix depth
according to USDA (1954). The gypsum was of 97% purity and its addition rate
was 10.7 mega gram (Mg) ha™. EIementaI sulphur and sulphuric acid were added
at rates of 4.8 Mg ha™ and 1190 L ha™, respectively. All treatments were applied in
two equal splits, 30 and 60 days before planting and interrupted by leaching
process then followed by flipping and deep plowing of the sub-soil.

Plant samples were taken at 30, 60, 90 and 130 days after sowing (DAS)
corresponding to seedling, tillering, heading and maturity stages, respectively. Total
N, P and K as well as Fe, Mn and Zn contents in plant samples were determined.

At maturity, plants grown on 2 m? of each plot were harvested, air dried, and
yields was recorded. In addition, representative ten plants were taken randomly
from each plot and measured for the following characters: plant height (cm),
number of spike plant 1000-grain weight (g), grains yield (Mg ha’ ) straw yield
(Mg ha' ). Grain protein content was obtained by multiplying grain N concentration
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by 5.95 according to the method given in AACC (2000). Protein yield (kg ha'1) =
protein percentage x grain yield (Mg ha'1) x 10.
Methods of analysis

The plant materials were oven dried at 70° ground and kept for
chemical analyses. 0.4 g portion was wet-digested using a mixture of
concentrated sulphuric and perchloric acids according to Peterbugski (1968).
The analyses of plants, soil and water were carried out using the methods
described by Black (1965) and Chapman and Pratt (1961). Available and total
phosphorus as well as Fe, Mn, and Zn, were extracted using AB-DTPA according
to (Soltanpour, 1985) and were determined using Inductively Coupled Plasma
(ICP) Spectrometry model 400. Ammonium and nitrate contents of the irrigation
water were determined according to the method described by Markus et al.
(1982).

Total chlorophyll was determined according to Saric et al. (1967). Total proline
content was determined according to Bates et al. (1973).
Calculations and statistical analysis
Gypsum requirements (GR)
Gypsum requirements (GR) were calculated to reduce the initial ESP from 24.6 to
10% for 30-cm soil matrix as follow: GR =ESP;— ESP;x CEC x 1.72

100
Where GR: gypsum requirements (Mg ha™), ESP;: actual initial ESP of the soil,
ESP: is the ESP required to be reached by reclamation and CEC: cation exchange
capacity (cmol.kg™).
Sodium adsorption ratio (SAR)
Sodium adsorption ratio (SAR) was estimated by using the following equation were

Na*

lca’+Mg”'
2

where ionic concentrations of the saturation extracts are expressed in mmol, L’
Exchangeable sodium percentage (ESP):

Exchangeable sodium percentage (ESP) was estimated by using the following
equation according to USDA (1954).

1+ (-0.0126 + 0.01475 SAR)

SAR =

Treatments were assigned using randomized complete block design with three
replications using MSTAT-C developed by Russel (1994).
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RESULTS AND DISCUSSION

Effect of sulphur sources and gypsum applications on plant growth and
nutrient contents:
Macronutrient and micronutrients content at different growth stages:

Data presented in Fig. 1 illustrated that the application of gypsum and
sulphur as elemental sulphur or sulphuric acid increased the concentrations of N, P
and K in rice plants compared to the control. This was true at all growth stages.
Data also revealed an ascending increases in the order, of sulphuric acid >
elemental sulphur > gypsum in all cases. This finding agrees with that of Mazhar
et al. (2011) who reported that sulphur increases the uptake of the essential
plant nutrients; particularly nitrogen and phosphorus. This means that sulphur
application enhanced the uptake of N, P, K and Zn by the plant due to its
synergistic effect on these elements. Application of S is useful not only for
increasing crop production and quality of the produce but also improves soil
conditions for healthy crop (Zhao, 1999). These results are in agreement with
those obtained by Wilson et al. (2000), Leigh (2001) and Badr et al. (2002).
Total chlorophyll and proline content

It is clear from Fig. 2 that the contents of chlorophyll (a+b) and proline
increased owing to the addition of sulphuric acid, elemental sulphur and gypsum,
however, the differences among the treatments were insignificant. The highest
chlorophyll content 2.51 mg g'1 fresh weight of leaves was obtained due to the
application of sulphuric acid which caused 56.9 % increase over the control
treatment.

As for proline content data indicate that there are significant differences among
the treatments. The increases occurred in proline content followed the descending
order: gypsum > elemental sulphur > sulphuric acid > control. Highest proline
content (21.3 ymol g '1) was observed due to gypsum treatment. Gypsum is a
source of soluble Ca®". Pratiksha et al. (2010) reported that proline content
increased as the external supply of calcium to saline soil increased.

Growth characters

Some growth characters of rice plants are shown in Table 3. Gypsum,
elemental sulphur and sulphuric acid treatments significantly increased 1000-grain
weight, plant height and number of spikes plant 1. These increases may be due to
the applied sulphur source provided favorable conditions for some nutritive
elements e.g. calcium, is an essential part of plant cell wall structure, provides
normal transport and retention of other elements as well as strength in the plant.
Among the treatments, sulphuric acid was found to be of the best effect on the
above mentioned growth parameters. It was followed by elemental sulphur and
then gypsum. The superiority of sulphuric acid might be attributed to its effect on
reducing soil pH, improving soil structure and increasing the availability of certain
plant nutrients (Niazi, et al., 2001). Data also revealed that application of sulphuric
acid increased the plant height, number of spike plant " and 1000 grains weight by
about (29.9, 133 and 72.4 %) compared with untreated plants. Mazhar et al. (2011)
reported that application of sulphur and gypsum significantly increased all growth
parameters i.e., plant height, stem diameters, fresh weight, and dry weight. These
results are in harmony with those obtained by Tan et al. (2000) and Sabir et al.
(2007).
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Fig 1. Macro and micro nutrient concentrations of rice at different growth
stages as affected by gypsum, elemental sulphur and sulphuric acid
treatments, (combined data)

(G, ES and SA are gypsum, elemental sulphur and sulphuric acid, respectively)
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Proline (umol g1 fw)

Chlorophyll a+b (mg g1 fw)
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Fig 2. (a), Cholorophyll a+b (mg g'1 fresh weight of leaves) and (b), proline
(umol g'1 fresh weight of leaves) as affected by gypsum, elemental
sulphur and sulphuric acid applications (combined data)

Table 3 Yield and yield attributes of rice plants as affected by gypsum,
elemental sulphur and sulphuric acid applications during the two
growing seasons (2011 and 2012) and their combined effect

Yield (Mg ha™) =
Plant No. of 1?02 b " 2T ?A
Treatment Season height spike 9 :‘“h =) = z ey &2
(cm) plant” Weight o £ = £T TE
@ 2 o a £ ]
2011 679 221 255 143 512 919 056 390
Control 2012 700 258 231 141 562 848 066 399
Combined 689c* 251b 243c 142b 538b 883b 061b 394b
2011 799 382 359 193 895 103 087 464
Gypsum 2012 826 452 375 198 924 105 088 4638
Combined 81.2b 417ab 36.7b 19.5a 9.10a 104ab 0.87a 46.6a
Elemental 2011 857 571 364 198 917 106 086 463
Sulphur 2012 873 589 389 201 938 108 087 466
Combined 86.5ab 5.80a 37.7b 20.0a 9.29a 10.7a 0.87a 46.5a
Sulphuric 2011 890 577 412 204 933 111 084 457
acid 2012 90.0 593 425 208 945 113 084 455

Combined 89.5a 585a 419a 206a 941a 11.2a 0.84a 457a
LSD ¢.05 (Combined) 5,500 2627 1.137 1.242 0.609 0.723 0116 4.197
Harvest Index (HI): (seed yield / straw yield) ratio

Yield efficiency: yield of grains / (yield of straw + grains) x 100

The values followed by a different letters are significantly different at p < 0.05
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Biological yield

Data presented in Table 3 show that grains and straw yields were significantly
increased due to the addition of gypsum, elemental sulphur and sulphuric acid. The
favorable effect of gypsum might be attributed as mentioned before to its content of
calcium, which is essential for many plant functions, among which proper cell
division and elongation, enzyme activity and metabolism. On the other hand, the
favourable effect of sulphur and sulphuric acid might be due to their influence on
reducing soil pH, improving soil structure and increasing the availability of certain
nutrients. These results are agree with the findings of Sabir et al. (2007) and
Farook and Khan, (2010).The maximum straw and grain yields (11.2 and 9.41 Mg
ha™, respectively) were achieved due to application of the sulphuric acid. In this
concern, elemental sulphur come next and then gypsum, which was added to fulffill
100% of the soil gypsum requirement. The increases over the control treatments
due to sulphuric acid, elemental sulphur and gypsum were 74.8, 72.6 and 69.0%,
respectively for grain yield corresponding to 27.0, 21.3 and 18.1%, respectively for
straw yield. These results stand in well agreement with those of Ghaudhry (2001),
who concluded that gypsum application to rice and wheat crops at 75% gypsum
requirement enhanced the paddy and grain yield by 18 and 17%, respectively. In
this regard, Farook and Khan, (2010) pointed out that the application of a sulphur
source increased the grain yield of rice plant by 108% over the control for Sirajgonj
soil and 135% for Gazipur soil irrespective of application rates. In case of gypsum,
the corresponding increments were 35% and 58% for Sirajgonj soil and Gazipur
soil respectively. Tan et al. (2000) founded that all sulphur sources (ammonium
sulphate, sulphur and gypsum) had a positive effect on rice yield from 9 to 10
percent higher than plots receiving no S. Jena et al. (2006), Mazhar et al. (2011)
and Jena and Kabi, (2012) went almost to similar findings.
Harvest index (HI) and yield efficiency

Yield efficiency of plants treated with gypsum was the highest. The values
were 46.6%, 46.5 % and 45.7 % due to gypsum, elemental sulphur, and sulphuric
acid, respectively. Data also reveal that there were no significant differences
among the treatments. Harvest index showed a similar trend to that for yield
efficiency. Farook and Khan, (2010) pointed out that the application of sulfidic
material exerted significant effects on increasing the harvest index of rice, but the
application of gypsum was found to have positive effects which were not always
significant for these plant characters.
Grain protein content

It can be seen from results presented in Table 4 that the protein content of
rice grains significantly increased owing to application of sulphuric acid, elemental
sulphur and gypsum. The differences among the treatments were significant while
there was no significant difference between elemental sulphur and gypsum
treatments. This promoting effect could be related to the higher effect of sulphuric
acid on enhancing the growth of rice than gypsum performance. The maximum
value of protein (8.57%) was obtained due to the application of sulphuric acid
which recorded 45.5% increase over the control treatment. The highest value
(802 kg ha™) of protein yield was also obtained due to addition of sulphuric
acid which gave the highest values of both the nitrogen content and grain
yield.
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Table 4 Protein content (%) and protein yield (kg ha™) of rice grains as
affected by gypsum, elemental sulphur and sulphuric acid
applications during the two growing seasons (2011 and 2012)
and their combined effect

Treatment Season Protein content Proktglz aY:eld
2011 6.49 333
Control 2012 5.30 298
Combined 5.89c 314 b
2011 7.44 667
Gypsum 2012 7.74 714
Combined 7.62b 690 a
2011 7.62 298
Elemental Sulphur 2012 8.03 752
Combined 7.85b 726 a
2011 8.21 767
Sulphuric acid 2012 8.87 838
Combined 8.57 a 802 a
LSD o.0s (Combined) 0.364 55.04

See footnotes of Table 3

These results are in agreement with those obtained by Farook and

Khan (2010). Generally, the studied treatments can be arranged according to
their effects on protein content and yield in the following descanding order:
sulphuric acid > elemental sulphur > gypsum > control.
Macronutrient contents

Data in Tables 5 — 8 shows that N, P and K concentrations and uptake
increased significantly due to addition of all treatments. Sulphuric acid treatment
was superior for increasing the concentration and uptake of N, P and K as
compared to the other treatments.

Table 5 Macro (%) and micronutrient (mg kg'1) contents in rice straw at
maturity as affected by gypsum, elemental sulphur and
sulphuric acid applications during the two growing seasons of
2011 and 2012 and their combined effect

Micronutrient

Treatment Season Macronutrient % (mg kg'1)

N P K Fe Mn Zn

2011 1.25 0.16 1.45 51.7 47.9 21.0

Control 2012 1.09 0.11 1.23 49.3 442 18.6
Combined 117c¢c 014b 134b 50.5d 46.1c 19.8b

2011 1.98 0.37 2.14 68.3 62.1 30.5

Gypsum 2012 1.93 0.34 2.23 65.9 59.4 33.6
Combined 1.96b 036a 219a 67.1c 60.8b 320a

2011 1.92 0.43 2.28 70.1 60.0 33.1

Elemental Sulphur 2012 2.05 0.46 2.18 731 59.9 34.3
Combined 1.98b 045a 223a 71.6b 599ab 33.7a

2011 2.23 0.42 2.21 74.4 62.7 35.7

Sulphuric acid 2012 2.24 0.40 2.34 75.7 64.2 35.1
Combined 224a 041a 228a 751a 63.5a 354a

LSD ,0s (Combined) 0.232 0.139 0.139 1.860 2.820 4.624

See footnotes of Table 3
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This promoting effect could be related to the supplementary effect of gypsum and
sulphur on reducing soil pH, improving soil structure and increasing the availability
of nutrients in soil. These results are in agreement with those obtained by Ali et al.
(2008); Farook and Khan, (2010) and Jena and Kabi, (2012).

Table 6 Macro and micronutrient uptake by rice straw at maturity as
affected by gypsum, elemental sulphur and sulphuric acid
applications during the two growing seasons of 2011 and 2012
and their combined effect

Macronutrient Micronutrient
Treatment Season (kg ha'1) (g ha'1)

N P K Fe Mn Zn

2011 115 14.7 133 476 440 193

Control 2012 92.4 9.33 104 417 376 158
Combined 103 b 124b 118b 445c 407b 175c

2011 205 38.3 221 705 643 314

Gypsum 2012 203 35.7 235 695 626 352
Combined 204a 37.6a 228a 700b 633a 333b

2011 204 457 243 745 638 352

Elemental Sulphur 2012 221 49,5 235 788 645 369
Combined 212a 48.3a 238a 767ab 643a 360ab

2011 248 46.7 245 826 695 395

Sulphuric acid 2012 252 452 264 855 726 398
Combined 250a 46.0a 255a 840a 712a 398a
LSD g.05 (Combined) 20.53 4973 3599 5443 51.24 23.82

Table 7 Macro and micronutrients content in rice grains as at maturity
as affected by gypsum, elemental sulphur and sulphuric acid
applications during the two growing seasons of 2011 and
2012 and their combined effect

Macronutrient Micronutrient
Treatment Season (%) (mg kg™)
N P K Fe Mn Zn

2011 1.09 0.19 2.16 77.0 52.5 18.2

Control 2012 0.89 0.23 2.35 79.9 59.8 13.6
Combined 099c 021b 226b 784d 561d 159c

2011 1.25 0.35 2.38 88.4 74.3 29.9

Gypsum 2012 1.30 0.38 2.42 91.5 77.6 31.2
Combined 1.28b 0.37ab 240ab 90.0c 759c 30.6b

2011 1.28 0.42 2.44 94.6 80.1 33.9

Elemental Sulphur 2012 1.35 0.46 2.48 97.2 82.6 35.7
Combined 1.32b 044a 246ab 959b 814b 348a

2011 1.38 0.48 2.51 98.6 85.0 35.5

Sulphuric acid 2012 1.49 0.52 2.56 103 87.2 36.4
Combined 144a 0.50a 254 a 101a 86.1a 359a

LSD ¢.0s (Combined) 0.061 0.179 0.210 2.031 0.812 2.520
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Table 8 Macro and micronutrients uptake by rice grains at maturity as
affected by gypsum, elemental sulphur and sulphuric acid
applications during the two growing seasons of 2011 and 2012
and their combined effect

Macronutrient

Micronutrient

Treatment Season (kg ha™) (g ha™)
N P K Fe Mn Zn
2011 55.7 9.73 110 395 269 93.3
Control 2012 50.0 12.9 132 450 336 76.4
Combined 53.3b 113b 122 b 421b 302b 85.7c
2011 112 314 213 790 664 267
Gypsum 2012 120 35.0 224 845 717 288
Combined 116a 33.6a 218 a 819 a 691 a 279 b
2011 117 38.6 224 867 736 310
Elemental sulphur 2012 127 43.1 233 912 774 336
Combined 123a 41.0a 228 a 890 a 755 a 324 ab
2011 129 44.8 234 919 793 331
Sulphuric acid 2012 141 49.0 243 974 824 345
Combined 135a 47.1a 238 a 948 a 810 a 338a
LSD 5 (Combined) 9.223 9.058 11.83 54.10 53.05 24.54

A descending order characterized the effects of the applied amendments
on macro and micronutrient contents as well as their uptake by both grains and
straw can be represented by the following sequence: sulphuric acid > elemental
sulphur > gypsum > control. Therefore, almost the highest N and K —uptake b1y
straw 250 and 255 kg ha, respectively as well as 135, 47.1 and 238 kg ha™,
respectively for grain were obtained due to the sulphuric acid treatment while for P-
uptake by straw the highest 48.3 kg ha' was achieved due to the elemental
sulphur treatment.

Micronutrients content

As shown in Tables 5 — 8. Fe, Mn and Zn concentrations and uptake
values increased significantly due to addition of sulphuric acid, elemental sulphur
and gypsum as compared to the control. Sulphuric acid treatment was of the most
pronounced effect on both the concentrations and uptake values of Fe, Mn and Zn.
The percent responses to Fe, Mn and Zn uptake by rice straw over the control
were 88.8, 74.9 and 127%, respectively corresponding to 125, 168 and 294%,
respectively for N,P and K uptake by grains . Jena and Kabi (2012) stated that
sulphur application increased Fe, Mn, Zn and Cu uptake by rice from 580 to 880,
766 to 986, 175 to 270 and 56 to 87 g ha™ respectively.

CONCLUSIONS

Generally, significant improvement occurred due to the use of gypsum and
sulphur on saline-sodic soils as sources of Ca and S. The increases in rice yield
and its contents and uptake of the macro and micronutrients is due to the (1)
displacement of sodium by calcium, (2) decreasing soil pH and increasing the
nutrient use efficiency of the crop Bello (2012). From the above mentioned results,
it can be concluded that gypsum and sulphur application whether elemental sulphur
or sulphuric acid had decreased the hazardous effect of salinity and sodicity of both
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soil and irrigation water and hence exerted favourable effects on growth and
nutrient contents of rice. Sulphuric acid was the best among the used amendments
for enhancing the productivity and rice quality.
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