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ABSTRACT
Two Factorial field experiments on wheat (Var. Msr,;) were
conducted during two successive seasons (2015/2016 and

2016/2017).The factors involved gypsum application (none, 100%

gypsum requirements) x organic fertilizer rate (none, 20 m* fed™) x

nitrogen fertilizer rates (none, 100 kg N fed™) x zinc fertilizer rates

(none, 5 kg Zn fed™) x 4 replicates. The soils of the experimental

locations have been clay loam in texture and the mean values of some

properties were EC, = 6.40 dS.m™, ESP = 18.11 % , pH = 8.30 which
reveals higher effects with salinity and sodicity.

The important results could be summarized as follows:

1- The addition of gypsum according to soil gypsum requirements (GR)
prior wheat cultivation resulted in higher wheat yields as a result of
its ameliorative role in soil-pH; soil-EC; soil-ESP and subsequently
increasing the availability of some nutrients.

2- Better wheat yields have been obtained by adding organic manure of
20 m® fed™ compost, as a result of modifying various soil physico-
chemicals characteristics and subsequently increasing most nutrients
availability.

3- Nitrogen fertilization with the recommended rate of 100 kg N fed™ (as
Ammonium sulfate) led to higher wheat yields as compared to none-
fertilized treatment.

4- Zinc sulfate fertilization at rate of 5 kg Zn fed™ for wheat led to better
yields; where that response is related to native Zn- unavailability due
to higher values of soil-pH and soil- ESP.

5- The significant interaction of those variables on wheat yield and wheat
grains-N and Zn concentrations as well as protein content revealed that
their use efficiencies have been affected with each other. The co-
additions of (GR)>organic manure x N-fertilizer xZn fertilizer were



344 GENEDY et al.

highly beneficial in improving N and Zn nutrition for wheat yield in
such soils.
Keywords: Organic manure, Nitrogen fertilization, gypsum
requirements, Zn sulfate, Wheat (Var. Msr,).

INTRODCTION

Wheat is the most important food crop in Egyptian Agriculture. Wheat
higher yield is the major purpose and it is a function of some important
variables; i.e. soil salinity and sodicity, irrigation water, plant variety and
reclamation as well as fertilization sources. Gypsum is recommended for
sodicity reclamation and its application ahead of some crops planting would
be better for their productivities. It was indicated that the beneficial effect of
gypsum application prior to crops planting in slightly to moderately sodic
soil, on yields would be due to amelioration effect brought about i.e.
modifying various soil physicochemical characteristics and enhancing N,
Ca, Zn and Mn availability to plants (Genaidy, 2011). The remediation of
saline soil using chelating agents such as gypsum (CaSO, 2H,0), calcite
(CaCO3), calcium chloride (CaCl,) and organic matter (farmyard manure,
green manure, organic amendment and municipal solid waste), is a fruitful
topic of investigation and can be applied worldwide, being low cost,
effective and simple to implement (Mitchell et al., 2000; Hanay et al., 2004;
Sharma and Minhas, 2005; Tejada et al., 2006 and Mokoi & Verplancke,
2010). The physical, chemical and biological properties of salt affected soil
are improved by the application of gypsum and/or FYM as remediation for
sustainable land usage and crop productivity, leading to enhanced plant
growth and development (Ghafoor et al., 2001; Choudhary et al., 2004 and
Wong et al., 2009).

Investigation about organic manure indicated some important facts
about the role of organic matter as a source of many nutrients i.e. N, P, K,
Ca, Fe, Zn, etc. besides its role of increasing the solubility of some nutrients
and subsequently their better availability to plants absorption (Genaidy and
Hegazy, 2001and Genaidy, 2011).

Nitrogen as a macronutrient is considered a limiting factor in
Egyptian soils. In saline-sodic soils, availability and absorption of plant
nutrients is severely limited to sustain high crop production due to ion
interactions, especially low nitrogen (N) because of its leaching as NOs,
volatilization and de-nitrification losses (Marschner, 2011). Overall, all
these factors individually or in combination with each other limit N-use-
efficiency (NUE) and the extent of this limitation depends on the
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salinity/sodicity levels, crop types and species and soil physicochemical
properties (Grattan and Greeve, 1999). Tayebeh (2011), indicated that the
different N rates (120, 240 and 360 kg ha™) had a significant effect on wheat
grain yield with increments of (46% at N120, 72% at N240, and 78% at
N360) compared to control. The increase in grain yield was due to increase
in the yield attribute as the level of nitrogen increased. Also, several studies
indicate that N fertilization can increase both wheat grain yield and grain
protein content (Subedi et al., 2007; Gorjanovic and Kraljevic-balalic, 2008
and Majid, 2010).

Zinc deficiency is most widespread micronutrient deficiency
worldwide (Graham et al., 1992 and Welch et al., 1991). Thus, many
researches approved crop responses and realizing higher yields by adding
the optimum recommended rates as ZnSO,.7H,0.These responses would be
related to Zn-deficiency in such salt-affected soils. Prerna et al. (2014)
revealed that the Zn increased the contents of N, K, Zn significantly in both
grain and straw whereas, phosphorus content was decreased significantly.
Also, the comparative reduction in grain and straw yield of wheat as well as
contents of P and Zn of grain and straw was less at higher doses of zinc
sulfate when the level of ECiw increased in irrigation water. Moreover,
Hazardous effects of saline water on wheat can be mitigated to some extent
by applying zinc sulfate at the rate of 15 mg Zn kg™ soil.

Accordingly, the objective of this presented research is to indicate the
main effects of gypsum application; organic manuring rate (as compost); N-
fertilization rate as ammonium sulfate and Zn-fertilization as Zinc sulfate as
well as the interaction effects on wheat yield and wheat grains — N, Zn and
protein concentration in saline-sodic soils.

MATERIALS AND METHODS

Two factorial field experiments on wheat crop (Triticum aestivum, L.)
var.Msr, have been conducted at Sakha Agric. Res., Station during
(2015/2016); (2016/2017) growth seasons, at two different locations, in
fulfillment of the purpose of the presented work. The factors involved
gypsum application rates (0 and 100% GR) x organic manure (as compost)
fertilization rates (0 and 20 m® fed™) x nitrogen fertilization rates (0 and 100
kg N fed™) x Zinc fertilization rates (0 and 5 kg Zn fed™) x 4 replicates. The
soils of the two experimental locations have the fertility properties as shown
in (Table 1), which have been determined according to Richards (1954);
Black (1965) and Jackson (1972).
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The statistical completely randomized block design with plot area of 6
m? was followed. Gypsum and organic manure treatments have been
ploughed in soil during tillage processes.

The physico- chemical characteristics of the tested compost have been
indicated in (Table 2).Wheat crop (Triticum aestivum, L.) var. Msr, as high
yielding cultivar has been sown on 19/11/2015 and 23/11/2016. Planting
irrigation was applied directly after wheat sowing for the two seasons,
respectively. Nitrogen fertilization (as ammonium sulfate source) with the
afore mentioned rates has been added in two equal doses; the first dose was at
mohayah irrigation (30 days after sowing); and the second dose was at the
second irrigation, 30 days after the first one; for the two seasons, respectively.

Table (2):Some physico-chemical characteristics of the tested organic manure
at the two of experimental locations of the two growth seasons.

Organic manure Location, (1% Location , ( 2"
characteristics season) season)
Moisture content (%) 28.52 29.63
Bulk density ( g cm™) 0.402 0.425
Organic matter (OM) % 39.01 43.38
Organic carbon (C) % 22.63 25.16
Total nitrogen (N) % 1.19 1.21
C/N ratio 19.02 20.79
pH (1: 10 extract) 7.68 7.77
EC. (1: 10 extract) 1.63 1.57
Total -P (%) 0.43 0.51
Total -K (%) 1.83 2.68
Total -Zn (mgkg™) 0.87 1.98

Zinc fertilization (as zinc sulfate source) with the above mentioned
rates has been added in one addition (with the first N-dose). Irrigation
water requirements and irrigation intervals as well as all the agronomic
practices, have been applied according to the recommended methods of
wheat applied researches. Wheat harvesting has been carried out on
17/5/2016 and on 14/5/2017; for the two seasons, respectively. Wheat yield
and yield components have been determined, and wheat-grains have been
analyzed for N, Zn concentrations and protein content according to standard
methods mentioned by Chapman and Pratt ( 1961).The statistical field design
and analysis of variance have been applied according to Snedecor and
Cochran (1971).
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RESULTS AND DISCUSSION

I- Effects of the main variables:
1- Gypsum application Effects:

As shown in Table (3); wheat grain and straw yields have been
significantly increased by applying the GR treatments, while the increases
of grain / straw ratio were nonsignificantly. The parallel increments were
(33.9,32.4 and 2.4 %) s; and (35.5, 33.1 and 0.0 %) s, over control treatment
(GRop) and for the two seasons, respectively. These results are in
accordance with those obtained by Choudhary et al.(2004); Hammad et al.
(2007) and Wong et al. (2009).

With respect to wheat grains- N and Zn concentrations as well as
protein content (%), gypsum application increased significantly their values.
The obtained increases were (4.6, 16.7, and 5.2 %) s; and (3.5, 17.9 and 4
%) s2 over (GRop) treatments and for the two seasons, respectively. These
findings are in harmony with those recorded by Genaidy (2011).

2- Organic fertilization effectss:

The same Table (3) indicates that wheat grains and straw yields have
been significantly increased by adding organic manure rate of 20 m® fed™.
The obtainable increments were (16 and 15.2 %) s; and (17.1 and 15.5 %) s,
over control (OMyy) treatment and for the two seasons, respectively. Also
the results showed that organic fertilization had no effect on grains / straw
ratios for the two seasons. Regarding wheat grains-N Zn concentrations and
protein content, organic fertilization resulted in significant increments of
(3.3, 7.6 and 3.6 %) s; and (3.5, 6.5 and 4 %) s, over (OMo,) treatments and
for the two seasons, respectively. Abou El-Enein et al. (2008) obtained
similar results.

3- Nitrogen fertilization effects:

As shown in the same Table (3), wheat grains and straw yields have
been significantly affected by adding the optimum N —fertilization rate of
100 kg N fed™ and there is no significant effects on grains / straw ratios.
The gained increases were (19,16.6 and 2.4 %) s; and (20.3,18.5and 0.0 %)
s2 over the control treatments (Noo) and for the two seasons, respectively.
Regarding the wheat N and Zn grains concentrations as well as protein
content, nitrogen fertilization gave significant effect with increases of (14.5,
42.2 and 14.9%) s; and (12.5,41.2 and 12.8%) s, over (No,) treatments and
for the two seasons, respectively. These results are in agreement with those
realized by Subedi et al. ( 2007); Gorjanovic and Kraljevic-balalic ( 2008)
and Majid (2010 ).
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4- Zinc fertilization Effects:

As shown in the same Table (3), zinc fertilization rate of 5kg fed™
increased wheat grains and straw yields, but grains / straw ratios have been
not affected. The significant increases of grains and straw yields were
(8.7and 8.8 %) s1 and (8.7and 8.1%) s over the control treatments (Zno.o)
and for the two seasons, respectively. With respect to grains-N Zn
concentration, and protein percentage, Zn- fertilization resulted in
significant increments of (6, 17.4 and 6.1%) s; and (5.7, 15.2 and 5.7%) s
over the (Zngo) treatments and for the two seasons, respectively. Similar
results are in accordance with those stated by Sharaf (2008) and Ali et al.(
2011) who obtained positive values of wheat yield and nutrient uptake when
zinc was applied to the soil. Also, the present results are in agreement with
that obtained by Prerna et al.( 2014) who said that hazardous effects of
saline water on wheat can be mitigated to some extent by applying zinc
sulfate at the rate of 15 mg Zn kg™ soil.

I1- Interaction Effects:

Table (4) reveals the significant interaction (gypsum application x
organic fertilization x N fertilization x Zn- fertilization) effects on the wheat
characters. With regard to wheat grain and straw yields, the higher values
have been resulted by applying the treatments of (GR X OMyg X Nigg X Zns)
and (GR x OMy % Nigo X Zng) With obtainable increases of [(87, 82%) s,
(96, 87%) s2] gry. and [(73, 69%) s1, (80, 74%) s2] < y. Over the control
treatments (GRoo X OMgo X Noo X Zngg) and for the two seasons,
respectively. With respect to wheat grains-N Zn concentrations and protein
content; the higher values have been obtained by applying of (GR x OMy x
N1oo X Zns) and (GR x OMy X Nigo X Zngp). The parallel increments were
[(37, 30%) s1, (31, 21%) s2] n, [(111, 85%) s1, (98, 80%) s2] zn, and [(37,
30%) s1, (31, 21%) s2] prot. OVer the control treatments and for the two
seasons, respectively.

Conclusions:
According to the above mentioned results; it could be concluded that:

1- For salt affected soil(saline-sodic soils or sodic) a double purpose could be
realized at the same time (a) optimizing soil condition to improve physico-
chemical properties and (b) increasing the availability of most nutrients
for wheat plants such as nitrogen, zinc, and subsequently better yields.
Therefore, the addition of gypsum with 100% (GR) prior wheat
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cultivation resulted in higher wheat yield due to reaction in depressing soil-
pH, soil-EC, soil-ESP and increasing the availability of most nutrients.

2- Better wheat yield have been obtained by organic manure fertilization (20
m?*.fed™) as a result of lowering soil-pH, soil-ESP and increasing N and
Zn-use efficiency whether from soil or fertilizer sources.

3- Zinc sulfate fertilization of 5 kg Zn fed.” led to higher wheat yields out
of Zn-unavailability due to higher soil-pH and soil-ESP.

4- The significant interactions revealed that the efficiency of gypsum
application or zinc sulfate fertilization have been affected with each other
and with organic fertilization, that have been increased their efficiencies.

Therefore, the co-addition of the variables resulted in higher values of wheat

yield and wheat grains- N Zn as well as protein concentration.

REFERENCES

Abou EI-Enein, S,S. Mosalem and S. El-Raies (2008). Effect of composed
plant residues on the availability of some nutrient in newly reclaimed
soils. Egypt. J. Soil Sci., 48(3):293-304.

Ali, L.; N. Mohamed and T. EI-Maghraby (2011). Effect of phosphorus
and zinc fertilization on wheat yield and nutrient uptake in calcareous
soil. J. Agric Sci. Mans. Univ., 2(5): 555-569.

Black, C. A. (ed.1) 1965; " Method of Soil Analysis", Amer. Soc. Agro. Inc,
Pub. Madison, Wisconsin USA.

Chapman, H, D. and P. F. Pratt (1961). " Method of Analysis for Soil,
Plants and Waters ” Div. of Agric. Sci., California Univ., Berkely,
USA.

Choudhary O.P, A.S Josan, M.S Bajwa and L. Kapur (2004). Effect of
sustained sodic and saline-sodic irrigation and application of gypsum
and farmyard manure on yield and quality of sugarcane under semi-
arid conditions. Field Crops Res., 87:103-116.

Genaidy, S.A. M. (2011). "Research and Application Bases in Soil
Chemistry and Fertility" in Arabic Al-Dar Al-Arabia Lil Nashr Wa
Al-Tawzeia , Nsr City; Cairo, Egypt.

Genaidy, S. A and M. H. Hegazy (2001)." Research and Application Fact
in plant Nutrient” (in Arabic) Al-Dar Al-Arabia Lil Nashr Wa Al-
Tawzeia , Nsr City; Cairo, Egypt.

Ghafoor A, M.A. Gill, A. Hassan, G. Murtaza and M.Qadir (2001).
Gypsum: An economical amendment for melioration of saline-sodic
waters and soils and for improving crop vyields. Int, J, Agric, Biol.,
3:266-275.



J. Product. & Dev., 23(2),2018 353

Gorjanovic, B. and M.kraljevic-Balalic (2008): Grain protein content of
bread wheat genotypes on three levels of nitrogen nutrition. Selekcija i
semenarstvo, 14, (1-4), 59-62.

Graham, R.D., J.S. Ascher, and S.C. Hyner(1992). Selecting zinc-
efficient varieties for soils of low zinc status. Plant and Soil, 146: 241-
250.

Grattan, S.R. and C.M. Greeve, (1999). Salinity- mineral nutrient
relations in horticultural crops. Sci. Hort., 78: 127-157.

Hammad, S. ; Kh. El-Hamdi; and M.Abou EIl-Soud (2007). Effect of
soil amendments application on N- mobility and wheat productivity. J.
Agric. Sci. Mans. Univ., 32(9):7953-7965.

Hanay A, F. Buyuksonmez, FM. Kiziloglu and MY. Canbolat (2004).
Reclamation of saline-sodic soils with gypsum and MSW compost.
Compos Sci Utili , 12:175-179.

Jackson, M.L.(1972). " Soil Chemical Analysis". Printice - Holl of India,
New Delhi, India.

Majid .R, A. Kashani, A. Z. Feizabadi, A. Koocheki and M. N.Mahallati
(2010). Nitrogen use efficiency of wheat as affected by preceding
crop, application rate of nitrogen and crop residues. Australian journal
of crop science AJCS, 4(5):363-368 .

Marschner, H.( 2011). Marschner’s mineral nutrition of higher plants.
Academic press.

Mitchell JP, C. Shennan, M.J. Singer, D.W. Peters, R.O. Miller, T.
Prichard, S.R. Grattan, J.D. Rhoades, D.M. May and D.S. Munk
(2000). Impacts of gypsum and winter cover crops on soil physical
properties and crop productivity when irrigated with saline water.
Agric Water Manage, 45:55-71.

Mokoi, J.H.J.R and H. Verplancke (2010). Effect of gypsum placement
on the physical properties of a saline sandy loam soil.. Aust. J Crop
Sci.m 4: 556-563.

Prerna, D., B.L. Yadav and F.M. Qureshi (2014). Effect of Zinc
Application on the Nutrient Content of Wheat (Triticum aestivum L.)
Irrigated with Different Saline Waters. Annals of Arid Zone, 53(1): 21-
25, 2014.

Richards, L.A. (ed) (1954). "Diagnosis and Improvement of Saline and
Alkaline Soils". U.S. Dept. of Agriculture, Agricultural hand book, 60.



354 GENEDY et al.

Ronald E.W., T.E. Acree, E.A. Deckar, M.H. Penner, D.S. Reid, S.J.
Schwartz, C. F. Shoemaker, D. Smith and P. Sporns (2005). "Hand
Book of Food Analytical Chemistry” published by John Wiley and
Sons, Inc., Hoboken, New Jersey. Published simultaneously in
Canada.

Sharaf, A. 1. (2008). Effect of phosphorus , zinc and sulpher application on
wheat yield components and P-Zn uptake in calcareous soil. J. Agric
Sci. Mans. Univ., 33(8): 6265-6278.

Sharma, B.R and P.S. Minhas (2005). Strategies for managing
saline/alkali waters for sustainable agricultural production in South
Asia. Agric Water Manage, 78:136-151.

Snedecor, G. W. and W. G. Cochran (1971). "Statistical Methods", 6"
Edn. lowa State Univ., USA.

Subedi, K.D., B.L.Ma and A.G. Xue (2007): Planting date and nitrogen
effects on grain yield and protein content of spring wheat. Crop Sci.,
47, 36-44.

Tayebeh A., A. Alemzadeh and S.A. Kazemeini,( 2011). Wheat yield and
grain protein response to nitrogen amount and timing. Aus. J. of Crop
Sci. AJCS, 5(3):330-336

Tejada .M, C. Garcia, J.L. Gonzalez, and M.T. Hernandez (2006). Use
of organic amendment as a strategy for saline soil remediation:
Influence on the physical, chemical and biological properties of soil.
Soil Biol. Biochem., 38:1413-142.

Welch, R.M., W.H. Alloway, W.A House, and J.Kubata (1991).
Geographic distribution of trace element problem. In Micronutrients
in Agriculture, 2nd ed. (Eds. J. J. Mortvedi, F.R. Cox, L.M. Shuman
and R.M. Welch), pp. 31-57. Madison, W1, USA.

Wong, V.N.L, R.C. Dalal and R.S.B Greene (2009). Carbon dynamics of
sodic and saline soil following gypsum and organic material additions:
A laboratory incubation. Appl. Soil Ecol., 41:29-40.



J. Product. & Dev., 23(2),2018 355

(rall Leadl) aa (o panll acd) 5 1)) Gl ALZ) Araa
43 guall Lalall pudal WL gadl) J guanal il g ca g il

- R RuQ dada 3 gada - FF g o odﬁ.\mdﬂi_*g%.\ww
Fik g dew

LT
H-éﬁ)\g&)\:\mﬁ—w\}h}j&)ﬂ\Lﬁi—aw‘}w\‘)y‘eﬂg**
—bm&\jgm\)y‘QFJ@.&A—UM‘%M}H\J\}“L}@QFHB***
e el 3l Gl Sy

o Oaline (e s s ulliie (pans s & Gllia lilale Gl S Caadl
&}A..\S\:LLM._}Y~\V/Y~\T cY~\T/V~\°[(Y)HL_§.LA]GA§Md}AM
oarall A8V Jaal gl Al o e Uil ¢ o) Jlad Al Wi de ) )
Maudll ¢ (COMPOSE) ginas (5 saae Sass s jsum A ( "Qlad 2 Yoo jiia
R - A T . . -
podisel Aliy 388 )pua A ( TGS Ve — jiaa) aaa G g i)
L"_uls&ﬂ.ﬁ)t"_\u.l“).\sg‘)jm@(LL_QJ?;SO—JM)LAM&)SDM\}
= Y 5S ihausie s (clay 0am) ek ik ol 53 i3 Gl el 4 53
= Jalidl s suall 4y g daiy AV = g )i aB) 5 )7a Shans 18
~,°Y‘—V~’°)<é_§ &JJ\)&A}M\HM&M\JM\J% \/\,\\
p ) b ) Sl oS (il e paS aalle
A gl de) )5 Ja8 A il dpuadl GlaliaYh el )5l paal) 48l ol -
LJ&%W&AJL&J}&A}J&A\@&})J\M}GJM\JS\JJ\EJL\”)
M‘JL‘M\ UAALAAJ\UAAUSGALY\ chﬂcﬂthJM\ tl\?m\.x.u
,g..'A\JY\dm
Gl A aill Aol J Tolad T Y Jasay (5 gamall slau) ddlia) ol -
5 A0halll ) V) el palliad a5 ) a1 5 4 ladll
L3l jaliall adasal Galiaial) g alaey) sl ) ) ool Laa (Ao s sl
.l



356 GENEDY et al.

Vo) 4o masall 5 cabiall Jasally Cpa s yiill el dpaill) A8l o -
A (T aas o) el il Jasadly dpell GRS 5 (T G aaS
Al elld g gaall 8 s ) A 5 saanall ailall 84 g il
) ) A5 laall 5 lelaay

il Aol Ao Jguanll ) Joal gall Gl e &S i) cililoal) cunl - ¢
O alaay Al @il 5 o saall (b sl Bt 5 (gl ilal) 8 4 sine
: : .

A gl



