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Present study was conducted to determine the effects of
foliar application at different doses of Zn (0, 1500, 3000 and
4500 g ha®) on yield and some quality characters of soybean
inthesilty clay soilswith high nutrient contents from experi-
mental area of Black Sea Agricultural Research Institute,
Turkey using A-3127 and A-3935 soybean cultivars during
two consecutive years. Experimental design was a random-
ized complete block in split plot arrangement with three
replications, utilizing cultivars as main plot and zinc rates as
subplots. Resultsfrom both yearsindicate that successive zinc
rates resulted in a significant increase in oil and protein
contents of seed and oil yield. The successive doses of Zn
also produced higher seed yield.
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INTRODUCTION

Soybean [Glycine max (L.) Merr.] combinesin one crop both the domi-
nant world supply of edible vegetable oil and the dominant supply of high-
protein feed supplements for livestock. Other fractions and derivatives of
the seed have substantial economic importance in a wide range of indus-
trial, food, pharmaceutical and agricultural products'. It is an important
cash crop throughout different production areas of the world. Planted area
hasreached 83.61 million haand resulted in 189.53 million ton production
in worldwide? during 2005. Also, soybean ranks in the top five crops for
hectares planted and total cash receipts generated® in US. These figures
clearly demonstrate the importance of soybean, as well as the potential
economic benefits possibly realized from productivity increases.

As macronutrient needs are meet, it become possible that micronutri-
ent requirements of plants could be limiting optimum production. Zinc
deficiency in crops is more widespread than the deficiency of any other
micronutrient. It functions asacatalyst in many enzyme systems. Enzymes
containing zinc may be important in metabolism of starch and nitrogen.

tBlack SeaAgricultural Research Institute, Samsun, Turkey.
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Zinc also controls the synthesis of the amino acid tryptophan, which is a
precursor to auxin, an important growth regulator®. The plants suffering
from zinc deficiency exhibit short internodes and chlorotic areas in older
leaves resulting in retarded growth and disturbed cell functions’. Zinc is
one of the essential micro nutrients and soil zinc contents up to 1 ppm are
considered as adequate®. About 50 % of Turkey soils (14 million ha') are
zinc-deficient’. It is also possible that levels of soil zinc accepted to be
adequate may actually be insufficient®. Because the availability of zinc is
decreased by increasing pH levels, low organic matter content and low
adsorptive capacity® and high phosphorus contents’.

Although the importance of zinc to crop growth is not in question, the
need for zinc fertilization for soybean is not clear. Soybean has been
reported to be medium sensitive to zinc deficiency in soil®. Results from
previous studies on zinc application to soybean have been inconsistent.
Zinc has been reported either to improve soybean yield®** or not to affect
it*1%, Although this element has been studied in other soybean production
areas of theworld, dataare not available for Turkey. Thus, the main objec-
tive of the present study wasto determine the effects of zinc applications at
four rates on two soybean cultivars under Northern Turkey conditions.

EXPERIMENTAL

Inthisexperiment, A-3127 and A-3935 soybean cultivars, well adapted
Northern Turkey ecological conditions and representing mid-late maturity
group. Zinc applied to soybean as zinc sulphate (ZnSO,-7H-0). It contains
22 % of Zn, 11 % of S and 43 % of H,O. The experiment was conducted
out at BlackseaAgricultural Research Institute, Samsun. The experimental
siteislocated inthe Black Searegion, Northern Turkey (L atitude, 41°21'N;
longitude, 36°15'W). The climate is semi-humid (R; = 47.21), with tem-
peratures ranging from 6.6°C in February to 23°C in August. The annual
mean temperature is 14.2°C and annual mean precipitation is 670 mm.

Sowing was performed on 14 May 1999 and 17 May 2000. To
minimize moisture stress, experiment was irrigated using an overhead
center-pivot system. Weed control was done by hand in both years when
necessary. Experimental design was arandomized complete block in split
plot arrangement with three replications, utilizing application cultivars as
main plot and zinc rates (0, 1500, 3000 and 4500 g ha) as subplots. Rates
used in the experiment were the average rates for commercial uses
suggested from other previous studies. Each plot consisted of 5 rows, 8 m
in height. The width between rows was 0.7 m and plots were separated
with adistance of 1 m. Zinc at the aforementioned rates were dissolved in
100 L ha' of water® and sprayed at V4-V5 development stage on the
canopy"’. The applications were made with a CO, backpack with asingle
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nozzlewand and alength of hoseto place zinc on the canopy. Pressure and
nozzle size were adjusted to deliver the appropriate rate. Care wastaken to
minimizethe effect of wind. The center three rowswere harvested by hand.
Yields were adjusted to 8 % moisture for all plots®.

Physico-chemical analysis of soil: Some physico-chemical proper-
ties and nutrient contents of soil in experimental site taken from 0-20 cm
depth of experimental site were determined as follows: particle size distri-
bution by the hydrometer method; lime content by Scheibler calsimeter;
soil reaction, pH in 1:2.5 (w/v) soil-water suspension by pH-meter and soil
salinity by EC meter; organic carbon content by Walkley-Black method;
total nitrogen by the Kjeldahl method; available phosphorus by Olsen
method, exchangeable potassium by ammonia acetate extraction, Avail-
able Fe, Cu, Zn and Mn by extraction with diethylenetriaminepentacetic
acid (DTPA) solution (0.005 M DTPA + 0.01 M CaCl, + 0.1 M triethano-
lamine (TEA) buffered at pH 7.3) and hot water extractable boron content
by Azometin-H method" .

Plant analyses methods: Sub-samples of each plot were obtained to
determine the crude protein, oil and ash contents of seeds. Analyses were
performed as described by Akyildiz?. In addition, oil yield as kg ha® was
calculated for each sub-plot on the basis of seed yield and seed oil content
values.

Satistical analysis: All datawere analyzed using MSTAT statistical
software and excel. The anaysis of variance (ANOVA) and regression
analyses were performed to compare the means of soybean variety in
successive doses of Zn application. Regression graphs were also prepared
for significant differences among treatments.

RESULTSAND DISCUSSION

Some physico-chemical properties of soil were determined according
to Rowell®. The soil that was based on basalt contained 42.44 % clay,
41.92 % silt and 15.64 % sand. Soil texture can accordingly be classified
asasilty clay. The pH in water was 7.9; oxidizable organic matter content
2.71 %, total soluble salt 0.04 % and total lime content 5.00 %. Macro (N,
P and K) and micro nutrients (Fe, Cu, Zn, Mn and B) were 16.3 kg N da*,
16.23kg P,Os da’, 92.0 kg K,O da*, 8.49 ug Feg™, 2.94 ugMng*, 1.72 ug
Zng?, 2.95 ug Cu g* and 0.65 mg B g*, respectively. The results can be
summarized as; soil sample have akalinein pH, non saline, low (<3 %) in
organic matter content, moderate (5-15 %) in CaCO; content, low in nitro-
gen, high (< 16 kg da™) in phosphorus, high (> 111 kg da™) in potassium,
adequate (> 4.5 pug g iniron, adequate (> 0.2 pug g*) in copper, adequate
(> 1.0 ug g?) inzinc, adequate (> 2.0 ug g*) in manganese and adequate (>
0.5 ug g in boron.
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Yield and quality characters. Seed yield values of two soybean cul-
tivars affected by zinc at different rates tested and F values and probability
levels for them are shown in Tables 1 and 2.

TABLE-1

EFFECTS OF FOLIAR APPLIED ZINC ON SEED YIELD OF TWO
SOYBEAN CULTIVARS*

Zinc rates (g ha?)

Cultivars - Years 0 1500 3000 4500 Mean
1999 3385 3550 3653 3683 3568
A-3127 2000 3216 3500 3490 3566 3442
Mean 3300 3525 3572 3625  3506a
1999 3603 3740 3736 3654 3683
A-3935 2000 2967 2087 3001 3137 3045
Mean 3285 3363 3413 3395  3364b
General mean 3293 3444 3492 3510

*Values followed by different small letters are significantly different (p < 0.05)

TABLE-2
FVALUES FOR THE EFFECT OF ZINC AT DIFFERENT RATES ON
PARAMETERS TESTED AND SIGNIFICANT CONTROL

. Oil content of L Protein content Ash content
Seed yield ed Qil yield of seed of seed
F values 2.60 ns 5.04* 5.00* 411* 0.30ns

*Significant at the level of p < 0.5; ns: not significant

Mean yieldswere 3506 kg ha* for A-3127 and 3364 kg ha* for A-3935
and the yield difference between cultivars was found to be insignificant.
On the other hand, seed yields also varied with years for both cultivars
and, therefore, year x cultivar interaction was found to be significant
statistically (Fig. 1). Foliar Zn application at successive rates produced
higher yields in A-3127, but this increase was not statistically significant
(Fig. 2).

As shown in Tables 2 and 3, according to the results of variance of
analysis, no significant differenceswere found between seed oil content of
cultivars. However, the results from regression analysis revealed that zinc
rates tested had a significant effect on seed oil content of both cultivars (F
= 5.04*) (Table-2). Zinc application in increasing rates resulted in higher
seed oil content. The regression analyses were performed to determine the
degree and kind of the relationship and revealed a significant quadratic
relationship between zinc rates and seed oil content (R*= 0.99, when p <
0.01). This positive relationship was formulized as y = -0.0000001x? +
0.0009x + 17.343 wherey = hypothetical yield and x = zinc rate (Fig. 3).
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Fig. 3. Relation between zinc rates and seed oil content of soybean
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TABLE-3

EFFECTS OF FOLIAR APPLIED ZINC ON SEED OIL CONTENT

OF TWO SOYBEAN CULTIVARS

Zinc rates (g ha™)

Cultivars  Years i) 1500 2000 2500 Mean
1999 16.767 18.167 20.000 20.333 18.817
A-3127 2000 16.933 17.200 17.967 17.067 17.292
Mean 17.683 19.000 19.583 20.400 18.054
1999 18.600 19.833 19.167 20.467 19.517
A-3935 2000 17.167 18.067 18.800 17.633 19.917
Mean 17.050 17.633 18.383 17.350 18.717
General mean 17.367 18.317 18.983 18.875 -

Oil yields increased with elevating levels of zinc application. 4500 g
ha* of zinc produced the highest oil yield (663.7 kg ha') when compared
to control (575.5 kg ha') (Table-4). Result from regression analysis
revealed that the relationship between oil yield and zinc rates was qua-
dratic (R?*=0.98 when p < 0.01) and could be formulized asy = -0.00002 x?
+ 1183 x + 480.43 (Fig. 4).

TABLE-4

EFFECTS OF FOLIAR APPLIED ZINC ON OIL YIELD OF TWO
SOYBEAN CULTIVARS

Zinc rates (g ha )

Cultivars  Years i) 1500 3000 7500 Mean
1999 567.9 647.6 731.0 748.4 673.7
A-3127 2000 546.1 604.2 627.4 608.6 596.6
Mean 557.0 625.9 679.2 678.5 635.2
1999 680.3 742.7 715.8 744.7 720.9
A-3935 2000 507.8 538.6 578.7 553.0 544.5
Mean 594.0 640.7 647.2 648.9 632.7
General mean 575.5 633.3 663.2 663.7 -

680.0 1
650.0 1
620.0 1
590.0 1

560.0

Crude oil yield, kg ha-

530.0 A

500.0

*

y= -2E-05x%+ 0.1183x + 480.43

R%=10.9801

1500

3000

Zinc application, g ha-1
Fig. 4. Relation between zinc rates and oil yield of soybean
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Seed protein content did not change with cultivars, however zinc
application at increasing rates resulted in a significant increase in seed
protein content except for zinc 4500 gha' (Table-5). The increase was less
evident than that of seed oil content. Similar to seed oil content and oil
yield, there was a significant quadratic relationship between zinc rates and
seed protein content (R*= 0.90 when p <0.01) (Fig. 5). In Table-6, neither
cultivars nor zinc rates tested had a significant effect on seed ash content.

TABLE-5
EFFECTS OF FOLIAR APPLIED ZINC ON SEED PROTEIN CONTENT OF
TWO SOYBEAN CULTIVARS
. Zinc rates (g ha)
Cultivars Years 0 1500 3000 4500 Mean

1999 33.033 33.933 34.167 34.233 33.842
A-3127 2000 34.133 33.800 36.300 35.000 34.808
Mean 33.583 33.867 35.233 34617 34.325
1999 32.733 34.400 34.767 34.700 34.275
A-3935 2000 33.100 33.467 36.367 36.200 34,783
Mean 32.917 34.183 35.567 35.450 34.529
General mean 33.250 34.025 35.400 35.033 -

y= 1E-07xT 4 0.001x+ 33,133
33.0 A RY=0.9041

Crude oilyield, kg ha-

0 1500 3000 4500
Zinc application, g ha-1

Fig. 5. Relation between zinc rates and seed protein content of
soybean

Foliar Zn application produced higher yields in A-3127 than in A-3935.
On the contrary, foliar Zn doses were not statistically significant on seed
yield. This situation might be soil Zn levels. Soil Zn level is adequate,
for this reason, seed yield might be non-significant. Some experiments
had been different results on seed yield at Zn application. Many resear-
chers'®" that Zn application was increased the seed yield of soybean. On
the contrary, others''® reported no effect on seed yield.
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TABLE-6
EFFECTS OF FOLIAR APPLIED ZINC ON SEED ASH CONTENT OF TWO
SOYBEAN CULTIVARS

T 1

Cultivars Years 0 lesngorates (g;:)aOO) 1500 Mean
1999 5.220 5.440 5.550 5.000 5.302

A-3127 2000 4220 4.800 4.880 4.770 4.667
Mean 4.720 5.120 5.215 4.885 4,985
1999 5.330 5.110 4.663 4610 4.928

A-3935 2000 4.557 4.997 4.777 4.593 4.731
Mean 4.943 5.053 4.720 4.602 4.830

General mean 4.832 5.087 4.967 4.743 -

Our results are in accordance with Chandel ef al. '® which reported that
protein content of seed and protein yield increased with soil-applied Zn,
Fe, B and Mo. Mo 0.5 kg ha', zinc 5.0 ha' and B 2.0 ha' treatments
produced the highest seed yield. Similarly, soil-applied zinc at a rate of 15
ha' increased seed yield, oil and protein contents of seed of soybean'®. In
contrary, Berlund and Helms'® reported no response to zinc application on
soyabean under Northern USA conditions, where zinc content was up to 1
ppm. Similarly, Kalia and Sharma'® found soybean to be less responsive to
7n, Fe and B applications in soils with high pH levels. Despite the high
soil zinc content, the observed positive response of soybean cultivars tested
to zinc application. In present case, it can be attributed to high levels of
phosphorus’ or pH in the soil of experimental area®.

Conclusion

Present results indicate that foliar Zn application at successive rates
increased the seed yield, but the increase was found to be non-significant.
0il content of seed was increased by zinc application. Similarly, seed
protein content also increased in response to successive Zn doses.
However, this increase was less evident than that of seed oil content. Zinc
application affected these quality components of soybean rather than seed
yield. It is true that results from chemical analysis of soils is useful for
determining the correct amount of fertilizer. Present results also indicated
that this phenomenon may not be true necessarily and it would be more
reasonable to adjust the fertilization doses according to the results of field-
based studies and plant tissue analyses. Despite of our positive results,
previous research with zinc applications to soybean was inconsistent and
variable. Some of them have reported zinc applications to have positive
effect on yield; while no significant response has been reported by the rest
indicating further studies will be needed to clarify the effects on zinc treat-
ments on yield and yield components of soybean.
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