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ABSTRACT

Two field experiments were conducted at Sahl El-Tina at North Sinai
Governorate in private farm in two successive summer seasons of 2009 -2010. The
study was conducted to check up the effect of applying gypsum, sulphur and compost
on availability of nutrients in soil and sesame productivity grown under saline soil
condition. The seeds of sesame were Cv. (Shandawil 3). Application rates for gypsum
and compost were 0, 2 and 4 Mg fed™ but it was 0, 0.2 and 0.4 Mg fed™ for sulphur.
Addition was performed 30 days before sowing . Basial fertilizers were applied at the
recommended doses ; and were applied in 3 successive doses.

The results showed that the application of high rate of all amendments led to
decrease EC and soil pH. Available macro and micronutrients in soil were elevated
with increasing the rate of application of gypsum, compost and sulphur. Compost
treatment at 4 Mg fed™ gave the highest seed yield and oil contents of sesame;
compared to the zero level of amendments. Elevating the application rates of the
studied treatments heightened the uptake of macro and micronutrients in the seed of
sesame. Again compost treatment superimposed the other studied treatments.
Consequently,it may be recommended to utilize 4Mg fed™ of compost to have good
and higher quality of sesame yield grown on salt affected soil.

Keyword: Sand clay- saline soil — Gypsum — compost — sulphur - sesame-
productivity.

INTRODUCTION

Soil degradation caused by salinization and sodification is of universal
concern. It was reported that nearly one billion hectares of soil around the
world were saline and sodic soil(FAO, 1992).

Gypsum (CaS0,.7H,0) is the most commonly used amendment due to
its availability besides its lower cost. The amelioration of saline-sodic soils,
thus, require both leaching and application of gypsum (Abrol et al.,1988).
However, this approach fails to improve the physical and biological
properties of the already degraded soil Suffering from low hydraulic
conductivity caused by dispersion. Indeed, during the leaching gypsum
treatment, the soil is kept soaked for such a prolonged time and this let soll
aggregates lose their stability. But, on the contrary addition of organic matter
to the soil may have a positive effect on the physical and biological soil
properties including water stable aggregates, water holding capacity, cation
exchange capacity, and plant nutritional elements (Hanay and Yardimci
(1992). The work of Zaka (2007) Showed that application of gypsum and
compost led to decrease soil pH. Stamford et al. (2002) reported that addition
of sulphur to soil could reduce soil pH from 8:2 to 4-7 and electrical
conductivity of the soil saturation extract from 15-3 to 1.7 dS m™ values



J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol.1 (12), December, 2010

below those used for classifying the saline and sodic soil. Abdurrahman et al.
(2004) reported that the application of gypsum alone to saline alkaline soil
has successfully reduced its EC and ESP values. EC decreased from 12.35
to 1.98 dS m™~, and ESP from 14.75 to 6.69 %. Nevertheless, compost
application decreased soil pH from (9.75 to 8.22), EC (from 12.35 to 2.25
dS/m™), and ESP (from 14.75 to 6.61%) of the soil. llyas et al.(1997)
indicated that gypsum application increased the soluble Na” in the top 20 cm
soil. However, one year after the treatment, under crop rotation and addition
of gypsum; SAR, EC, pH and CI in top 20 cm of soil were significantly
decreased. They concluded that a combination of added gypsum plus crop
rotation was the best. However,in the case of surface soil improvement of
the deeper soil profile, gypsum and alfalfa planting were the most effective of
those treatments used.

Sesame (Sesamum indicum L.) is one of the important oil seed crops.
Sesame oil has high oil content (46 — 64 % and a dietary energy of 6355
Kcal/lkg). The seeds serve as rich source of protein(20-28 %).Sugar(14-16
%) and minerals (5 — 7%) (Thanvanathan et al.,, 2001). In an attempt to
ameliorate saline alkaline soil and make it a productive one, different
materials such as compost, gypsum and sulphur were tested by many
workers. Rebeka (2006) found that most chemical parameters of the
compost extracts generally reflect the chemical composition of starting
materials. Compost fertilizer extracts lower pH, salinity (EC,for lower and K
dilutions) concentration. But relatively raise N, P, Ca,and Mg concentrations
as a source of nutrients for plant growth. Avnimelech et al. (1992) found that
the application of compost or gypsum to a saline sodic soil led to the
dissolution of CaCos;, and increase soluble calcium; causing an effective
displacement and leaching of sodium from the soil.Such managemen
increased yields in the treated saline—alkaline soil to almost normal yields.
The role of sulphur application in improving soil properties and growing
yields were noted by some workers. Mostafa et al. (1990) stated that sulphur
application plays several important roles in soil , such as, reducing soil pH ,
improving water relations, increasing solubility and availability of some
nutrient elements , i.e . S, P, Fe, Mn and Zn. Koriem (1994) found that
sulphur application improves soil aggregation, structure, permeability,
infiltration, EC and SAR values. Wadile et al. (2005) revealed that the
application of sulphur significantly increased seed yield of sesame compared
to the control but did not have any significant effect on oil content. Amar and
Meen (2004) showed that increasing level of sulphur significantly increased
dry matter, weight of seed per plant and seed yield of mustard.

MATERIALS AND METHODS

A field experiment was conducted on saline alkaline soil at Galbana
village, east Suez Canal, North Sina Governorate, Egypt (30° '55 N,32 " 28
E), on summer seasons of 2009 and 2010. The aim was to study the effect of
gypsum, compost and sulphur amendments on some soil properties and
sesame production. This area is irrigated through El-Salam canal (Nile water
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mixed with agriculture drainage water at a rate of 1:1). Soil samples taken
from the upper 0- 30 cm soil layer were passed through 2-mm diameter
sieve. Some soil properties of the experimental field were determined
according to Richards (1954) and Page et al. (1982) and presented in Table
(1) .Gypsum, of 97% purity, were sieved through a sieve having an opening
of 0.149 mm to enhance its solubility. Compost was prepared by mixing straw
of rice, maize, sesame and faba bean with farm manure. The mature
compost was obtained after 3 months of composting and was passed through
a sieve of 10-mm diameter prior to use in this study some chemical
characteristics of the compost are given in table (2). A randomized, complete
block experimental design with 3 replicates for each treatment was employed
in this study. The unit plot size was 6 X 10 m? . The amendments used in the
experiment were: 1- gypsum’ applied at rates of 0, 2 and 4 Mg fed™. 2-
Compost at rates 0, 2 and 4 Mg fed; and 3 — sulphur at rates 0, 0.2 and 0.4
Mg fed™. All amendment treatments together with super phosphate were
applied during soil tillage, prior to sesame planting. The recommended dose
of N, P and K fertilizers 150 kg fed™ urea (46% N) , 200 kg fed™

Superphosphate (15.5 % P,0s) and 50 kg fed™ potassium sulphate
(48 % K,0), were applied. Urea and potassium sulphate were added at three
equal doses, namely at 20, 35 and 45 days after Sowing.

The soil of the experimental plot was subjected to some
pretreatments processes as follows: a) leveling the soil surface by using
laser technique. b) Deep sub-soil ploughing. c¢) Establishment of filed drains
at a distance of 10m between each of drains row, 90 cm deep at drainage
beginning, and the water flow was towards the main collectors of 2 m in depth
and d). An irrigation canal in the middle part of the experimental pilot unit is
established. One third of used amounts compost; gypsum and sulphur were
incorporated in soil and ploughed followed by irrigation. The treatments were
lift for 10 days for drying. This process was repeated three times. All soil
treatments were applied one month earlier to ensure its complete
decomposition. The application of irrigation water was higher than F.C (2.5
cm, water depth) to enhance leaching of salts from soil.

Soil samples from surface ( 0- 30 cm) were collected from each
treatment after harvest , ground and subjected to the determination of
available nutrients N, P and K as outlined by Black (1965) . Soil pH was
determined in 1:2.5 soil water extract. Electrical conductivity and soluble
cations and anions of soil saturation paste extract were determined
(Richards, 1954). Available Fe, Mn and Zn were extracted by DTPA
according to Lindsay and Norvell (1978) and were determined by the Atomic
Absorption Spectrophotometer model GBC932.

Sesame seeds (Shandaweel 3 cv.) were sawn on 10 May 2009 and
12 May 2010 at the rate of 3 kg fed™, thinning was done 15" days after
sowing. The vyield was harvested on 15" of September 2009 and 20 ™" of
September 2010.

*fed. ; feddan = 0.42 hectare.
*2 Mg gypsum contains 0.244 Mg sulphur.
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Plant samples of straw and grains were wet digested by a mixture of HCIO,
and H,SO, acids according to Sommers and Nelson (1972). Nitrogen was
determined by micro Keldahl, phosphorus was  determined
spectrophotometercally using ammonium molybdate stannus chloride method
according to Chapman and Pratt (1961), Potassium was determined by a
flame photometer, micronutrients; Fe, Mn and Zn were determined by an
atomic absorption as above mentioned. Oil seed content was determined
using Soxhlet method (AOAC, 1990). Crude protein content was derived by
multiplying the seed nitrogen content with the factor 6.25 (Humphries, 1956).
The obtained data were statistically analyzed according to Snedecore and
Cochran (1979).

Table (1): Some Physical and chemical properties of the studied

soil
Course ;‘:}‘3 Silt | Clay | Toviure oM CaCOs;
sand (%) (%) (%) | (%) (%) (%)
1525 | 66.77 |6.08|11.90 Isa”dy 0.68 10.23
oamy
pH (1:2:5) EC Cations (meq/l) Anions (meq/l)
(dsm™){ca”™ [ Mg™ [ Na© [K'|[HCO,[ CI SO,
8.20 12.03 |7.89|1650 | 95 [0.83] 9.23 | 77 33.99
Available Macronutrients . . .
Available Micronutrients (mg/k
N P K Fe Mn | Zn Cu
44 460 | 205 251 | 1.68 |0.73 0.45
Table (2):The chemical properties of compost
EC Total N Total Total P Total K
pH (dsm™) % OM%| o CIN % %
7.5 4.5 1.69 15 28.6 16.9 0.8 1.0

RESULTS AND DISSCUSSION

Effect of adding gypsium, compost and sulphur on soil properties.

Data presented in Table (3) show that the soil pH was decreased as
affected by all treatment compared with untreated ones. However, such
decrease was insignificant. This finding could be justified due to the buffering
capacity of the soil in the one hand and the comparatively short period of
treatment on the other hand. The obtained decrease in pH was in a
descending in order: Sulphur > Compost > Gypsum. The results obtained are
in agreement with Stamford et al. (2002) and Zaka (2007).

Soil EC was lowered due to the application of amendments namely;
gypsum, Compost and Sulphur where differences among these treatment
and among their rates of application were significant. It is believed that deep
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ploughing of soil before and after application of gypsum; compost and sulphur
helped in reducing the soil EC as it drastically affected leaching of salts. The
data indicated that amendments application caused relative decreases from
29.10 to 57.37 % for gypsum; from 26.39 to 42.08 % for compost and from
15.57 to 38.55 % for sulphur as the lower rate of application and higher one
were implicated, respectively. The treatments could be arranged according to
their efficiency in lowering EC values into: Gypsum > Compost > Sulphur.

Therefore, it may be concluded that leaching of saline soil using
continuous head of water (2.5cm) under tested amendments management
caused a remarkable decrease in Ec soil values. The obtained results are
similar to those reported by Abdurrahman et al. (2004) and Seddik et al.
(2006). They found that values of pH and EC were lowered, due to
application of FYM and chicken manure compared to treatments without
organic manure. Lone et al. (1990) concluded that the application of gypsum
and successive leaching of saline alkaline soil caused a decrease of soil pH
values, Esp and soil sodium adsorption rate.

Table (3): Mean values of soil pH, soil EC and available macro and
micronutrients content of soil after sesame harvest planting
two summer seasons (2009 &2010)

Available Available
Treatment Mg_1 pH EC_l Macronutr_ilents Micronutrjleznts
fed (2:2.5) | dSm (mgkg™) (mgkg™)
N P K Fe Mn Zn
Gypsum 0 8.02 7.25 55 | 5.03 | 209 | 2.77 | 1.70 | 0.79
2 7.98 5.14 61 | 6.15 | 216 | 3.66 | 2.16 | 0.82
4 7.89 3.09 67 | 6.22 | 220 | 3.84 | 2.22 | 0.85
Compost 0 8.01 7.20 58 | 5.05 | 208 | 2.76 | 1.72 | 0.76
2 7.88 5.30 82 | 705 | 223 | 3.88 | 2.47 | 0.85
4 7.86 417 85 | 7.12 | 234 | 3.93 | 252 | 0.88
Sulphur 0 8.00 7.19 60 | 5.02 | 211 | 2.78 | 1.74 | 0.79
0.2 7.83 6.07 72 | 6.26 | 218 | 3.23 | 2.24 | 0.78
0.4 7.80 4.85 79 | 6.28 | 223 | 3.34 | 2.26 | 0.79
Amendments ns *x *x *x ** ns *x **
Rates ns * *% *% *% ns *% *%
Amend X Rate ns * * ns *k ns *x *k

Abdul-Wahid et al. (1998) reported that amelioration of saline-sodic
soils with organic matter added to saline sodic soils decreased pH and
electrical conductivity of soil extract.

Nutrients availability of the studied soils:

The impact of application different amendments at various levels to
soil on its available nutrient is shown in Table (3). The soils treated with the
compost showed, relatively higher values of available N, P and K compared
with soil treated with gypsum or sulphur. This could be mainly due to its
relatively higher organic matter content; rich in these nutrients. This finding is
in harmony with the results obtained by Rebeka (2006). It can be observed
from Table (3) after sesame harvest; the values of available N, P, and K in
soil of various treatments were significantly increased with respect to the
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initial ones. The corresponding relative increases of N in soil compared to
control were 10.91 and 21.82 % for gypsum ; 41.37 and 46.55 % for Compost
and 20.00 and 31.66 % for sulphur; as affected with the amendments added
to soil at the rates 2 and 4 Mg fed™® for gypsum and compost and by 0.2
and 0.4 Mg fed® for sulphur , respectively. On the other hand relative
increases of available P in soil as treated with different rate of amendments
application were 22.27 and 23.66% for gypsum ; 39.66 and 41.00 %for
compost and 24.70 and 25.10%for sulphur, respectively . Also the relative
increases values of K were 3.34 and 5.26% for gypsum; 7.21 and 12.5 % for
compost and 3.31 and 5.66 % for sulphur. The role of the studied
amendments in increasing N, P and K was in the order Compost > Sulphur >
Gypsum. These results are similar to those reported by Rebeka (2006).

As for the available values of N, P and K of the treated soil;
available Fe, Mn and Zn in surface layer especially at the higher rate of
application with compost, exhibited the highest values compared to the
other treatments; gypsum or sulphur. This may be due to the accumulation of
the organic colloids rich in these elements. Nevertheless in the case of
sulphur application increase of these elements could be resulted from
decreasing soil pH. These results are in agreement with those obtained by
Ashmaye et al. (2008); Hanay and Yardimci (1992) and Shaban et al. (2008).
It is worthy to mention that the values of the studied available micronutrients,
in soil are generally, within the sufficient limits given by (FAO, 1992).

Effect of applying different amendments on the seed yield and oil
content of sesame grown on the saline studied soil.

The effect of the used different rates of amendments on seed yield of
sesame grown in two seasons in the studied soil is shown in Table (4). The
obtained data indicated that values of dry matter of seed yield were slightly
elevated. This could be probably due to reduction in soil salinity and sodictiy.

It could be mentioned that the yield of sesame in the order; compost
> gypsum > sulphur is related to the efficacy of the tested amendments in
improving the soil properties . These results were in  agreement with those
obtained by Avnimelech et al. (1992).

Data of 1000- seed weight, seed yield and oil content (%) of sesame
as affected by the different rates of applied amendments during two growing
seasons are presented in Table (4). The results show that different
amendments had insignificant effect on the previously mentioned characters.

Nonetheless, the values recorded for compost treatments were
higher than those exhibited in the case of the other two amendments. In this
respect, Ghosh et al. (2004) pointed out that organic manures played an
important and significant role in increasing yield of soybean.
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Table (4): Mean values of 1000 seed weight, seed yield and oil content
of sesame as affected by addition different soil amendments

1000-seed Seed yield QOil content
Treatments Mg—l weight (gm) weight (%)
fed gntig fed(Kg)
15[ ZIIU 15[ ZIIU 15[ ZIIU
Gypsum 0 3.19 | 3.22 | 373 | 379 | 40 42
2 3.30 | 3.36 | 386 | 394 | 43 45
4 3.32 | 3.37 | 403 | 410 | 45 48
Compost 0 3.20 | 3.23 | 375 | 381 | 41 43
2 3.38 | 3.41 | 412 | 419 | 47 50
4 3.40 | 3.45 | 422 | 430 | 49 51
Sulphur 0 3.20 | 3.23 | 379 | 382 | 41 42
0.2 3.33 | 3.36 | 403 | 412 | 45 46
0.4 3.36 | 3.40 | 408 | 418 | 47 48
LSD. 5% Amend. ns ns ns
LSD. 5% Rates ns ns ns
LSD. 5% seasons ns ns ns

Nutrients and protein content in sesame seeds:

Macronutrient contents in sesame seed as affected by amendments
applications are given in Table (5). The application of gypsum, compost and
sulphur at the different studied rates led to augment N, P and K in the seed
of sesame plant as compared with untreated soil. The highest values of N, P
and K content in seeds of sesame plant were obtained when the uppermost
level of amendments was used ; especially in the case of compost and
sulphur. The obtained results by Abdel-Sabour and Abo El-Seoud (1996)
resemble those recorded herein.they indicated that compost treatments
stimulated sesame growth and enhanced its pigment, carbohydrate and
mineral contents. The current data showed that the value of protein (%) of
sesame seeds was augmented with increasing the application rates of the
tested amendments; managed for two seasons. Although the current data
showed a slim increase in biomass and oil content of sesame vyield it reflects
the essential role of N. Sulphur is involved in protein synthesis and part of
the amino acids, cystine and thiamine. Sulphur is present in peptide
glutathione, coenzyme A, and vitamin B1 and in glucosides, Janes (1997)
And Collins et al., (2008) reported that when plants encounter salinity, growth
is reduced initially by water stress and subsequently by toxic levels of ions
and by interference with nutrient acquisition and translocation.Calcium (Ca2
") in particular seems to have an important role in salt tolerance and there are
reports of a beneficial effect of increasing ca** availability. Higher potassium
(K") concentrations in plants may also improve salinity tolerance as sodium
Na'/K" ratios have been shown to be important. On the other hand , effect of
different amendments on Fe , Mn and Zn content in sesame seed in both
seasons are presented in Table (6).
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Data show that the used high rate from all amendments studied led to
increase Fe , Mn and Zn concentrations of sesame seed through sesame
growing two seasons.

It could be noticed that the soil treated with amendments caused
positive effect on the seed sesame content of, Fe, Mn, and Zn as compared
to soil without amendments. The results obtained are in agreement with
Shaban et al. (2008). The presented results indicated that treatment of 4 Mg
fed gypsum with the recommended NPK Could cause the higher increases
in bothoil, macro and micronutrients in sesame seed compared with other
treatments. Finally, it can be concluded that application of compost, is the
best treatment for raising the quantity and quality yield of sesame grown on
saline sandy soil.
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Table (5): Macronutrients concentration , uptake and protein (%)

in sesame seed

Treatments concentration uptake concentration uptake concentration uptake
Season fgfldgl N (%) N (kg fed™) P (%) P (kg fed™) K (%) K (kg fed™) | Protein (%)
Sigd Szer%d Sigd Séan%d Sigd Szer%d Sigd Szer%d Sigd Szer%d Sisetd Szen%d 15t ond
Gypsum 0 2.94 3.04 | 10.96 |12.32| 0.46 | 0.49 1.72 185 | 0.52 | 0.54 193 | 2.04 | 18.37 | 19.00
2 3.14 | 3.25 | 12.12 |1280| 0.51 | 054 | 196 | 2.13 | 0.60 | 0.67 | 242 | 2.74 | 19.62 | 20.31
4 3.19 3.32 | 12.85 |13.61| 055 | 059 | 221 | 242 | 0.63 | 0.69 | 254 | 2.83 | 19.94 | 20.75
Compost 0 2.96 3.05 | 11.10 |1162| 046 | 048 | 1.72 | 1.83 | 053 | 0.55 | 199 | 2.09 | 1850 | 19.10
2 3.26 3.37 | 13143 | 14.12| 0.58 | 0.62 | 2.39 2.59 0.68 | 0.72 280 | 3.01 | 20.37 | 21.10
4 3.32 341 | 1401 | 1466 | 063 | 066 | 2.66 | 284 | 0.72 | 0.75 | 3.03 | 3.21 | 20.75 | 21.31
Sulphur 0 2.99 3.07 | 11.33 |11.73| 0.47 | 050 | 1.78 | 191 | 054 | 055 | 205 | 2.10 | 18.69 | 19.19
0.2 3.22 3.31 | 1297 | 13.63| 0.52 | 0.54 | 2.09 2.22 0.66 | 0.70 2.66 | 2.88 | 20.12 | 20.69
0.4 3.29 3.35 | 13.42 |14.00| 0.57 | 060 | 233 | 250 | 0.69 | 0.73 | 281 | 3.05 | 20.56 | 20.94
LSD 5% amend 0.930 0.088 0.009 0.047 0.045 0.32 0.67
LSD 5% rates 0.100 0.21 0.010 0.064 0.051 0.36 0.55
LSD 5% season ns ns ns ns ns ns ns
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Table (6) : Micronutrients concentration and uptake in sesame seed

concentration Uptake concentration Uptake concentration Uptake

Treatments | M9, | _Fe (mgkg™) | Fe (Kgfed™) [Mn (mgkg™)| Mn (Kg fed™) | Zn (mgkg™) | Zn (Kg fed™)
fed Sigd S;%d Sclasetd S;%d Sigd S;n%d Sigd S;n%d Sigd Szer%d Sisetd Szer%d
Gypsum 0 75 79 2797 | 29.94 41 42 | 15.27 | 15.92 26 27 9.69 | 10.23
2 77 80 29.72 | 31.52 44 46 |16.98 | 18.12 33 36 |12.74| 14.18
4 82 85 33.05 | 34.85 47 50 |18.94| 20.50 38 39 |15.31| 15.99
Compost 0 77 80 28.87 | 30.48 42 43 |15.75| 16.38 30 32 |11.25| 12.19
2 95 98 39.14 | 41.06 48 51 |19.77| 21.37 38 42 |15.65| 17.64
4 102 107 | 43.04 | 46.01 52 55 |21.94| 23.65 42 47 | 17.72 | 20.21
Sulphur 0 77 81 29.18 | 30.94 46 48 |17.43| 18.34 29 30 |10.99| 11.46
0.2 81 88 32.64 | 36.26 47 50 |18.94| 20.60 34 35 |13.70| 14.42
0.4 83 90 33.86 | 37.62 49 53 |19.99| 22.15 37 39 |15.09| 16.30

LSD 5% amend 5.86 0.16 4.58 ns 4.61 1.56

LSD 5% rates 8.31 0.18 5.12 ns 3.58 1.83

LSD 5% season 2.86 0.27 ns ns ns ns
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