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INFLUENCE OF FOLIAR AND SOIL APPLICATION
OF ZINC SULFATE ON DIFFERENT GROWTH
STAGES AND YIELD OF WHEAT PLANTS GROWN
IN CALCAREOQOUS SOIL, RAS SUDR-SINAI

Nour El Din, Nahed M.
Plant Ecology and Range Dept., Desert Research Center, El-Matareya,
Cairo, Egypt.

heat plants were cultivated in Ras Sudr Research

Station and fertilized with ZnSO,, in a foliar spray
and/or soil application. Foliar application treatment of
ZnSO, was done using concentration of zero (without
ZnSQ0;), 75 and 150ppm at the rate of zero, 0.075 and
0.15 g/l ZnSOy/feddan, respectively. Whereas, soil
application treatment was done using zero (without
ZnSQy), 2.5 and 5 kg/feddan. The plants were sprayed
with 150ppm ZnSO, at different stages of plant-growth
(tilleing and heading) gave significant results of growth
criteria, vield components at harvest and chemical
composition in terms of Zn.{ug/g), tryptophan (mg/100
gm), Indole acetic acid (IAA) (ug/100 gm fresh weight),
carbohydrate and % protein. Soil application gave a
significant result at 5 kg of ZnSO,/feddan. Soil and foliar
treatments were superior for increasing length of spike
(cm), number of spikelets/spike and weight of 100 grains
{gm). In general, increased ZnS0, dose of 150 ppm foliar
and 5 kg/feddan soil application gave the best treatment
compared with control values.

Keywords : wheat, Ras Sudr, calcareous soil, foliar and soil application of
zine sulfate, growth criteria, chemical composition.

In Egypt, a considerable :tiention has been paid in the last few years to the
subject of soil reclamation to increase agricultural production and
subsequently uvercoming the deficiency in food requirements. The
reclamation of new virgin soils in Ras Sudr at South Sinai region is among
the promising lands for agricuiture expansion and considered a potential area
for present and future crop production in Egypt. Highly calcarcous type of
soil predominates in this region, the soil is known to be of low fertility. Most
of the new reclaimed areas in Egypt are dominated by either sandy or
calcareous soils. Such soils contain low amounts of total and available
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nutrients. Most of the crops grown under such conditions suffer from micro-
nutrients deficiency (El-Kadi et af., 1990). Therefore, the micro-nutrients
fertilization policy must be taken into consideration together with the macro-
nutrients  fertilization programs, where, micro-and macro-nutrients
complicated problems are most common under arid conditions especially on
calcareous soils.

The aim of this work is to study the effect of ZnSQ, either as soil or
foilar application, on yield and chemical constituents of wheat plants grown
in calcareous soil at Ras Sudr station.

MATERIALS AND METHODS

A field experiment was carried out in caicareous soil of Ras Sudr
Research Station, Desert Research Center. Some physical and chemical
properties of the soil are presented in table (1).

The experiment included 6 treatments (3 foliar and 3 soil
applications) in 3 replicated series, all arranged in randomized complete
block design on bread wheat plants (cv. Sakha 8). The area of each plot was
3x3 m’. Foliar applicatioin treatment of ZnSQj were at rates of Zero, 75 and
150 ppm while soil application treatment of ZnSO,4 were at rates of Zero, 2.5
and 5 kg/feddan. Both treatments were applied at tillering and heading stages
of plant growth and irrigated with underground saline water (4000 ppm).
Ammonium nitrate (33.5%) was added at rate of 60 kg N/feddan as for
growth activator. Also P fertilizer as a basal dressing during soil preparation
was added at the rate of 31 kg P,Os/fed as super phosphate before
cultivation. Crude protein was calculated by multiplying the total N content
by the factor of 6.25 (Deyoe and Shellenberger, 1965). Total carbohydrate
was determined according to the method of Dubois ef al. (1951), while Zn
was determined using the Atomic Absorption Spectrophotometer. The
samples were used to determine the level of the amino acid tryptophan
accordimg to AO.A.C. (196(0). Moreover, indole acetic acid (IAA) was
determined according to Fletcher and Zalik (1963).

TABLE (1). Some physical and chemical properties and nutrients status
of the studied soil.

| Mechanical analysis % Chemical properties Available nutrient( ppm)
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C.5.= coarse sand
F.S.= fine sand
L.S.= loamy soil
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Available nutrients of N, P and K in the soil were determined
according to Jackson (1973). Available Zn and Mn in the soil were extracted
by DTPA-TEA (Lindsay and Norvell, 1978) and was determined using
Atomic Absorption Spectrophotometer.

Data of growth, yield and chemical composition were statistically
analyzed using computer statistical program CO-STAT according to
procedures outlined by Snedecor and Cochran (1980). Differences between
means were compared using the LSD values at 5% level.

RESULTS AND DISCUSSION

Effect of Foliar Application
Growth characters

it is observed from table (2) that ZnSO, at 150 ppm increased all
growth parameters significantly. These parameters were plant height, fresh
weight, dry weight and No. of tillers at tillering and heading stages. These
results are in line with those obtained by Attia and Ghallab (1998) who
reported that growth criteria and grain were greatest when Zn was applied by
foliar spraying combined with either seed treatment or soil application.

TABLE (2). Effect of foliar application of ZnSQ, on some growth
characters of wheat plant at tillering and heading stage.

Treatments
Growth characters 0 75 150 L.S.D
Growth ppim ppm | ppm at 5%

stage

Plant height (cm) Tillering 24.20 | 29.20 | 31.10 1.38
Heading 58.10 | 71.70 | 89.00 2.12
Fresh weight /plant Tillering 1.35 1.43 1.64 0.18
(g) Heading 3.60 6.30 | 7.36 0.04
Dry weight / plant Tillering 0.45 0.79 1.03 0.22
(g) Heading 1.13 320 | 3.89 0.03
No. of tillers / plant 1.50 2,10 © 2.00 0.40

¥

Yield and some of its components

Table (3) revealed that significant differences were observed among
the studied treatments, regarding their effect on the length of spike, no. of
spikelets/spike, weight of 100 grains and grain yield/plant. The significant
effect of foliar application of ZnSOy4 at 150 ppm were similar to those
reported by Dahdoh (1986), Hatem er al. (1990) and Moussa (1992) in
relation to other crops. Also, many investigators found that adding Fe or Zn
in foliar application to increased the yield of corn grains (Abd-El-Lateef,
1984) and El-Kadi-et al. (1990). Namely barley and maize and similarly,
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broad bean were reported to be favoured by Zn application whether added to
soil or foliary. However, foliar application was relatively superior. These
data agreed with Farrag et al. (1983) and Moussa (1992).

TABLE (3). Effect of foliar application of ZnS0O, on grain yield and
some of Its components at harvest.

Treatments 0 75 150 L.SD
ppm ppm ppm at 5%

Traits
Length of spike axe (cm) 6.10 7.30 8.80 0.60
No. of spikelets / spike 10.30 14.00 17.00 1.30
Weight of 100 grains (g} 2.57 3.19 4.05 0.17
Crain yield/plant (g) 0.69 1.12 1.50 0.20

Effect of Soil Application
Growth characters

Since Zn had been recognized as an esseniial plant micronutrient,
the application of Zn fertilizers is being of a vital importance for increasing
crop yield. In this respect, several investigators had showed the magnitude of
response of different crops to Zn application (Gobarh, 1998).

The use of soil treatments of ZnSO, (Table 4) gave higher records
for all growth criteria compared with the control and the differences between
treatments were significant.

Application of 5 kg. ZnSOy / feddan had the best and significant
growth followed by 2.5 kg ZnSQ, /feddan. These results are in line with
those obtained by Erenoglu et al. (1999) The cultivars were selected based
on their response to Zn deficiency and to Zn fertilizers in calcareous soils
under field conditions, the bread wheat showed high susceptibility to Zn soil
application, visual Zn deficiency symptoms disappeared and the growth
parameters were good.

TABLE (4). Effect of soil application of ZnSQO,; on some growth
characters of wheat plant at tillering and heading stages.

reatments
Growth characters 0 2.5 5 L.S.D
Growth kg kg/fed | kg/fed at 5%
stage
Plant height (cm) Tillering 26,60 | 28.30 29.60 1.69
Heading 6930 | 73.10 76.40 1.61
Fresh weight /plant (g) Tillering 1.47 1.44 1.52 0.15
Heading 4.82 5.93 6.52 0.06
‘Dry weight / plant (g) Tillering 0.75 0.69 0.83 0.14
Heading 2.23 2.60 3.19 0.03
No. of tillers / plant 1.10 1.40 3.10 0.56
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Yield and some of its components

Data presented in table (5) show that length of spike, No. of
spikelets/spike, weight of 100 grains and grain yield/plant were significantly
increased as ZnSO, application increased. These resuits agree with those
obtained by Vyas and Choudhary (2000). They reported that response of
wheat ¢v. plants to Zn fertilizer at 2 and 10 kg Zn/ha gave significant
increase in grain and straw yield, with increasing levels of Zn treatment.
Also, these results agree with the data reported by Kalayci et al. (1999) on
cultivars grown in a Zn deficient calcareous soil with 23 kg Zn/ha, and
without Zn fertilization in 1993/1994 and 1994/1995. Zinc¢ application in the
field enhanced grain yield by 30% in both years.

Similar effects were reported by Thakur ef al. (2001) who found that
9.2% increase in yield of soybean and 4.9% increase in the yield of wheat by
application of 10 kg Zn/ha every year which was essential to realize higher
productivity of soybean and wheat.

TABLE (5). Effect of soil application of ZnSO, on grain yield and some
of its components at harvest.

Treatments 0 2.5 5 LSD
kg kg/fed | kg/fed at 5%
Traits
Length of spike axe {cm) 6.97 7.37 7.78 0.22
No. of spikelets / spike 12.00 | 14.00 15.00 0.90
Weight of 100 grains (g} 3.01 332 348 0.17
Grain yield/plant (g) 0.78 1.09 1.19 0.08

Chemical composition

Results recorded in tables (6 and 7) and figs. (1 and 2) show that
average of Zinc content(ug/g), tryptophan (mg/100 gm), indole acetic acid
{ug/100 gm f.w.), % carbohydrate and % protein of different stages of wheat
plants were significantly increased by foliar and soil ZnSO, application in
bath treatments. 7

Zn content (ug/g) increased by adding Zn to the plants either with
foliar or soil application. This result agreed with Yilmaz er al. (1998) who
found that soil Zn fertilizer application significantly increased Zn
concentration in the shoots and grain yield of wheat. In this concern Moussa
(1992) revealed that the application of Zn in the sulphate form to the soil or
foliarly increased Zn content in broad bean.

These data agreed also with the finding of Karakis et al. (1990). In
solution culture trials with maize, they found that Zn deficiency in nutrient
solution for 2 weeks markedly decreased the absorption and concentration of
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Zn in leaves and roots. Addition of Zn to the solution markedly increased
these parameters. This is due (o increasing activity of enzymes of IAA
biosynthesis from tryptophan in leaves which accelerated growth and
biomass accumulation.

TABLE (6). Effect of foliar application of ZnSQO, on Zinc content (ug /
g), tryptophan (mg/100gm), indole acetic acid (IAA,
ug/100gm f.w.), carbohydrate (CHO,%) and protein (%)
in different stages of wheat plants

Treatments
Chemical 0 75 150 | LSD
constituents Growth ppm ppin ppm | at3%
stage

Tillering 40.90 50.30 | 5520 | 3.16

Zn Heading 57.00 63.70 | 67.60 | 1.87

(ug /g) Grains 3920 | 5220 | 67.10 | 5.64

Tryptophan Tillering 32.60 4320 | 5040 | 2.81 |

(mg/100gm ) Heading 35.30 48.60 | 54.70 | 191
Grains 39.70 47.20 3 5330 2.11

IAA Tillering 17.00 32.30 | 4450 | 301
(ug/100gm f.w.) Heading 18.30 33.60 | 4760 ) 2.16
Grains 20.40 3270 | 46.10 | 1.98

Tillering 8.82 1120 | 1370 | 0.08

CHO % Heading 18.30 2170 | 30.60 | 0.48
Grains 51.40 5430 | 59.00 | 0.33

Tillering 15.20 20,60 | 2160 | 0.34

Protein % Heading | 970 11.10 | 12.10 | 0.14
Grains 15.90 1650 | 17.30 | 0.04

Similar effects were reported by Cakmak er al. (1989) on Phaseolus
vulgaris L. plants were grown for 17d in a controlled environment with
varied Zn supply in the nutrient solution. The concentration of amino acids,
IAA and ABA were determined in various shoot fractions under conditions
of Zn deficiency. In Zn-deficient plants, the level of IAA in the shoot tops
and young leaves decreased to about 50%. In general, it is concluded that the
decrease in IAA level in Zn-deficient plants is not brought about by impaired
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tryptophan synthesis and that the conversion of tryptophan to IAA is
unlikely to be specifically inhibited.

TABLE (7). Effect of soil application of ZnSQ, on Zinc content (ug/g),
tryptophan (mg/100gm), indole acetic acid (1AA, ug/100gm
f.w.), carbohydrate (CHO,%) and protein % in different
stages of wheat plants.

Treatments
Chemical 0 25 5 LSD
constituents Growth kg/fed kg/ted kg/fed | at 5%
Stage

Zn Tillering 33.90 53.00 59.60 2.59
{ug/g) Heading 48.40 64.40 78.30 1.96
Grains 42.00 55.60 61.00 227

Tryptophan Tillering 34.20 48.30 55.20 2.12
(gm/100gm ) Heading 36.10 51.20 57.50 1.18
Grains 38.40 50.10 56.30 2.02

IAA Tillering 19.70 38.10 48.30 1.92
(ug/100gm f.w.) Heading 21.30 39.70 49.70 2.00
Grains 22.20 38.40 48.10 221

Tillering 7.04 13.40 13.30 0.07

CHO % Heading 11.20 20.80 29.70 0.34
Grains 49.90 56.60 58.10 0.51

Tillering 17.50 18.70 21.10 0.32

Protein % Heading 8.90 11.70 12.30 0.07
Grains 15.90 16.90 17.30 0.04

It may be stated that Dhillan ef al (1970) had indicated that
addition of ZnSQ, as foliar spray at the rate of 10 kg Zn/ha in two splits (one
month and two months old wheat crop) increased grain yield significantly by
21% over control. El-Bagouri er al. (1979) reported that foliar application of
Zn, Fe, Mn and Cu significantly increased grain and straw yield of barley.
Yousef and Salem (1976) pointed out that foliar application of Zn, 80 days
after sowing was more efficient on grain yield of wheat than addition of soil
Zn. Mawardi et al. (1980) found that foliar application of ZnSQ, or Zn
EDTA increased plant dry weight, yield of rice and Zn content in leaves and
roots. Soil application with sources of Zn had the same effect. El-Kadi et al.
(1979) stated that wbeat plants significantly responded to soil and foliar
applications of Zn. The increase in yield was 65% over the control and total
nutrient content followed almost the same trend of yield.
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Fig.(1). Effect of foliar application of ZnSQO, cn zine content (ug/gm),
tryptophan (mg/100gm) and indole acetic acid (IAA, vg/100
gm f.w.) in different stages of wheat plants growth.
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Fig. (2). Effect of soil application of ZnSO,4 on Zinc content (ug/gm),

tryptophan (mg/100gm) and indole acetic acid (IAA, ug/100 gm
f.w.) in different stages of wheat plants growth.
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