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Abstract: In order to study the effects of applying the micronutrients zinc, manganese, and boron, and to compare
the effects that incorporating them in the soil and spraying them on the crop on seed oil and protein contents and
percentages, a study was conducted based on the factorial design with the two factors of incorporating these
micronutrients in the soil and spraying them on the crop, in 16 treatments and four replications (a total of 64 trials),
in 2009-2010 in Dasht-e-Naz in Sari of northern Iran. The treatments were as follows: T1=control, T2=Zns,
T3=Mns, T4=Bs, T5=Zns, T6=Zns+Bf, T7=Zns+Mnf, T8=Zns+Znf, T9=Mns, T10=Mns+Bf, T11=Mns+Mnf,
T12=Mns+znf, T13=Bs, T14=Bs+Bf, T15=Bs+Mns, T16=Bs+Znf. Results obtained showed that the highest seed oil
percentage (25.03%) was achieved by spraying zinc on the crop, and that the biggest seed oil yield (359.31 Kg.h)
was obtained by applying manganese to the soil. Results of the comparison of the means indicated that the highest
seed protein content (36.12%) was achieved by spraying boron on the crop, and the greatest seed protein yield
(545.54 Kg.h) was obtained when manganese was added to the soil. These results also showed that the largest
number of total pods per plant (71.05), and the biggest seed yield (152.9 g.m?) were achieved by applying
manganese to the soil. In the comparison of the interaction effects of the data, it was also shown that, although the
highest seed oil percentage belonged to the spraying of zinc on the crop, yet the greatest seed yield among all the
treatments (170.7 g.m™) was that of the treatment of adding manganese to the soil plus spraying zinc on the crop, in
which the greatest number of pods per plant (77.87) and the highest seed protein yield (631.1 Kg.h) and the highest
seed oil yield (284.5 Kg.h) were obtained.
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1. Introduction deficiency (Victor et al., 1990); and boron is very
Excessive  application of  macronutrient influential in soybean seed formation and in
fertilizers, such as nitrogen and phosphorus, the fact increasing its seed oil content (Grant and Baily,
that micronutrients are not used in crop production in 1992). Soybean is also very sensitive to manganese
Mazandaran, and also the calcareous nature of soils deficiency, a prevalent condition in neutral or alkali
in the fields of eastern Mazandaran, have resulted in soil with high pH, and this deficiency results in short
micronutrient deficiencies. Study of the trend of plants having yellow leaves. Manganese deficiency
fertilizer application in the past decade reveals that also has a negative influence on soybean seed oil
more than 90 percent of the fertilizers applied during content. Alley et al., (2008) reported that adding
this period were nitrogen and phosphorous fertilizers, manganese sulphate to the soil and spraying it on the
with the ratio of N, P, K, and S fertilizers to crop resulted in an increase in manganese absorption
fertilizers containing micronutrients being 100, 68, and in seed and oil yield of soybean.
4.5, and 0.065, respectively (Malakooti and Tehrani, Since Mazandaran is the center of soybean
1999). Studies carried out in east Mazandaran production in the north of the country, studying the
showed that deficiencies of these elements are one of effects of micronutrients on the qualitative features of
the limiting factors in achieving the maximum seed soybean seed, such as the oil and protein yields and
yield and seed oil and protein yield and percentages percentages, is very important. Therefore, this study
in the prevailing crop growing conditions (Assadi and was conducted in the region of Dasht-e-Naz to
Mahmoodi, 2001). Undoubtedly, the optimal investigate the effects of applying the microelements
application of plant nutrients has a significant role in zinc, manganese, and boron (and to compare the
increasing the yield and quality of soybean and its oil. effects of the methods of applying them -i.e.,
Zinc deficiency is one of the most important and incorporating them in the soil or spraying them on the
widespread micronutrient deficiencies in the world, crop) on the seed oil percentage and seed oil and
and it reduces the yield of crop plants (Grewal et al., protein yields.

1997; Cakmak, 2000). Soybean is sensitive to boron
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2. Material and Methods

This study was carried out on the basis of the
factorial experimental design with the two factors of
adding the micronutrients to the soil and spraying
them on the crop, with 16 treatments and 4
replications (a total of 64 trials). The treatments were
as follows: Tl1=control, T2=Zns, T3=Mns, T4=Bs,
T5=Zns, T6=Zns+Bf, T7=Zns+Mnf, T8=Zns+Znf,
T9=Mns, T10=Mns+Bf, T11=Mns+Mnf,
T12=Mns+Znf, T13=Bs, T14=Bs+Bf, T15=Bs+Mns,
and T16=Bs+Znf. On the basis of the soil test carried
out, the required amounts of the micronutrients,
including zinc (40 Kg of zinc sulphate per hectare),
manganese (30 Kg of manganese sulphate per
hectare), and boron (10 Kg of boric acid per hectare)
were added to the soil before seeding. In the spraying
treatments, zinc and manganese (0.3 %) and boron
(0.2 %) were sprayed at the start of stem elongation
and at flower bud formation. At harvest, samples of
the plants were taken from each plot and the yields
and yield components of the different plots were
statistically analyzed. After harvest, seed samples
were sent to the soil and water laboratory of the
Mazandaran Agriculture and Natural Resources
Research Center for the determination of the
percentage oil and protein contents.

3. Results
Qil Percentage

Results of the analysis of the variance of the
data showed that the effects of the different levels of
applying the micronutrients to the soil, the effects of
the different levels of spraying the micronutrients on
the crop, and the interaction effects of adding the
micronutrients to the soil and spraying them on the
crop on seed oil percentage were significant at the
one percent probability level (Table 1). Results of the
comparison of the means indicated that, among the
treatments of applying the micronutrients to the soil,
the highest seed oil content (23.99%) was obtained
when boron was added to the soil, and that this
treatment had a statistically significant difference
with the others. In the treatments of adding
manganese and zinc to the soil, the oil percentages
observed were 23.5 and 22.73%, respectively, which
were higher than that of the control (22.23%) (Table
2). These results also showed that, among the
spraying treatments, the highest seed oil percentage
(25.03%) was achieved when zinc was sprayed on the
crop, and this treatment had a statistically significant
difference with the others. The lowest seed oil
percentage was observed in the control (21.69%)
(Table 3). Results of the comparison of the means
also indicated that the highest seed oil percentage
(28.5%) was obtained when zinc was sprayed on the
crop, and that the least seed oil content (17.5%)
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belonged to the treatment of adding manganese to the
soil plus spraying boron on the crop (Fig 1).

Oil Yield

Results of the analysis of the variance of the
data showed that the effects of the different levels of
applying the micronutrients to the soil, the effects of
the different levels of spraying the micronutrients on
the crop, and the interaction effects of applying the
micronutrients to the soil and spraying them on the
crop on seed oil yield were significant at the one
percent probability level (Table 1). Results of the
analysis of variance indicated that, among the
treatments of adding the micronutrients to the soil,
the highest seed oil yield (359.32 Kg.h) was obtained
when manganese was added to the soil, and that this
treatment had a statistically significant difference
with the others. The treatments of adding zinc and
boron to the soil came second and third with 321.85
and 293.39 Kg.h, respectively, while the least seed
oil yield belonged to the control (249.64 Kg.h) (Table
2). These results indicated that, among the treatments
of spraying the micronutrients on the crop, the
highest seed oil yield (317.71 Kg.h) was achieved
when manganese was sprayed on the crop, and that
this treatment had a statistically significant difference
with the others. The least seed oil yield (255.29 Kg.h)
belonged to the control (Table 3). Results of the
comparison of the mutual effects of the data showed
that the highest seed oil yield (284.5 Kg.h) was
obtained by adding manganese to the soil plus
spraying zinc on the crop, and that the lowest seed oil
yield (137.89 Kg.h) belonged to the control (Fig 2).

Seed Protein Percentage

Results of the analysis of the variance of the
data indicated that the effects of applying different
levels of the micronutrients to the soil, the effects of
spraying different levels of micronutrients on the
crop, and the mutual effects of adding the
micronutrients to the soil and spraying them on the
crop on seed protein percentage were significant at
the one percent probability level (Table 1). Results of
the comparison of the means showed that, among the
treatments of adding the micronutrients to the soil,
the highest seed protein percentage (35.67%) was
obtained when manganese was added to the soil. The
treatments of adding zinc to the soil and the control
came second and third with 35.45 and 35.09 percent,
respectively, while the lowest seed protein percentage
(32.73%) was observed in the treatment of adding
boron to the soil (Table 2). These results indicated
that, among the treatments of spraying the
micronutrients on the crop, the highest seed protein
percentage (36.12%) was achieved when boron was
sprayed on the crop, while the lowest seed protein
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percentage (32.24%) belonged to the treatment of
spraying zinc on the crop (Table 3). Results of the
comparison of the mutual effects of the data showed
that the highest seed protein percentage (37.21%)
was obtained by spraying zinc on the crop, while the
least seed protein percentage (27.2%) was observed
in the treatment of adding boron to the soil plus
spraying boron on the crop (Fig 3).

Protein Yield

Results of the analysis of the variance of the
data showed that the effects of applying different
levels of the micronutrients to the soil, the effects of
spraying different levels of the micronutrients on the
crop, and the mutual effects of adding the
micronutrients to the soil and spraying them on the
crop on the protein yield were significant at the one
percent probability level (Table 1). Results of the
comparison of the means indicated that, among the
treatments of adding the micronutrients to the soil,
the highest protein yield (545.54 Kg.h) was obtained
when manganese was added to the soil. The
treatments of adding zinc and boron to the soil came
second and third with 501.97 and 400.28 Kg.h,
respectively, while the control had the least protein
yield (397.06 Kg.h) (Table 2). Results of the
comparison of the means showed that, among the
treatments of spraying the micronutrients on the crop,
the highest protein yield (528.43 Kg.h) was observed
when zinc was sprayed on the crop, while the lowest
protein yield (395.11 Kg.h) was that of the control
(Table 3). Results of the comparison of the mutual
effects of the data indicated that the highest protein
yield (631.1 Kg.h) was observed by adding
manganese to the soil plus spraying zinc on the crop,
while the lowest protein yield (276.8 Kg.h) was
obtained by adding boron to the soil plus spraying it
on the crop (Fig 4).

Total Number of Pods per Plant

Results of the analysis of the variance of the
data indicated that the effects of adding different
levels of the micronutrients to the soil, the effects of
spraying different levels of the micronutrients on the
crop, and the interaction effects on the total number
of pods per plant were significant at the five percent
probability level (Table 1). Results of the comparison
of the means showed that, among the treatments of
adding the micronutrients to the soil, the largest total
number of pods per plant (71.05) was obtained when
manganese was added to the soil, and that this
treatment could statistically be placed in one group
with the treatment of adding zinc to the soil (in which
the total number of pods per plant was 66.79). The
treatment of adding boron to the soil and the control,
with 57.04 and 55.14 pods per plant, respectively,
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could statistically be placed in one group, as well
(Table 2). These results also indicated that, among
the treatments of spraying the micronutrients on the
crop, the largest total number of pods per plant (68.33)
was observed when zinc was prayed on the crop,
which could statistically be placed in one group with
the treatment of spraying manganese on the crop (in
which the total number of pods per plant was 65.81).
The lowest total number of pods per plant (56.64)
was that of the control (Table 3).

Results of the interaction effects of the data
also indicated that the largest total number of pods
per plant (77.87) among all the treatments was
obtained by adding manganese to the soil plus
spraying zinc on the crop., and that this treatment was
statistically in one group with the treatment of adding
manganese to the soil plus spraying it on the crop (in
which the total number of pods per plant was 72.37).
As was the case in the number of pods on the main
stem, the lowest total numbers of pods per plant were
observed in the treatment of adding boron to the soil
plus spraying it on the crop and in the control with
42.77 and 44.43 pods per plant, respectively (Fig 5).

Seed Yield

Results of the analysis of the variance of the
data showed that the effects of applying different
levels of the micronutrients to the soil, the effects of
spraying different levels of the micronutrients on the
crop, and their mutual effects on seed yield were
significant at the one percent probability level (Table
1). Results of the comparison of the means indicated
that, among the treatments of adding the
micronutrients to the soil, the highest seed yield
(152.9 g.m™) was obtained by adding manganese to
the soil. The treatments of applying zinc and boron to
the soil came second and third with 141.6 and 122.3
g.m, respectively. The lowest seed yield (112.3 g.m"
%) belonged to the control (Table 2). These results
also showed that, among the treatments of spraying
the micronutrients on the crop, the highest seed yield
(146.3 g.m™) was obtained when zinc was sprayed on
the crop, with the treatments of spraying manganese
and boron on the crop coming second and third with
1385 and 1266 gm? respectively. Other
researchers, such as Maftoon and Karimian (1988),
Darajeh et al. (1991), and Cakman, | (2000), have
reported similar results. The lowest seed yield (117.7
g.m?) was that of the control (Table 3).
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Table 1. Analysis of Variation of the studied traits

Sov DOF Mean Square
0% | OilYield | Pr% | PrYield | Pods/Plant | Seed Yield
Replication 3 ## ns ns ns ns

Basal 3 o m # # o .
Application (A)

Spray 3 " " ™ w y::
Application (B)

AXB 9 ~ :-; w "

Error 30 0067 | 1032 |2092| 11.827 ns ns

CV (%) 1.12 07 |46 | 073 6.42 167

SOV: Source of Variation, DOF: Degree of
Freedom,* and ** show the least differences at 1 and
5 level of probability respectively and ns shows none
significant difference

Table 2- Comparison of the means of the data related
to the addition of zinc, manganese, and boron to the
soil on seed oil and protein, yield, and number of Pod.

Treatment  Qil% Ol Yield Pr% PrYield  Podsper  SeedYield
(Kg.h) (Kg.h) Plant (gm?}
Control 2230 249640 35.09AB  39406Dp 95.14B 1123 D
IntoSoll ~ 22.73C  3p1858  3545A  s5p1978 6679A 1416 B
MntoSoil 23508 350314  35.68A  s4554A TLOSA 1529 A
Bto Soi 2.9A  29339¢ 3273B  go028c 57048 1223 C
LSD(0.05) 0431 4112 2402 5,735 6.68 591

Numbers having common letters in each column are
not significantly different at the probability level of 5
percent.

Results of the interaction effects of the data
also indicated that the highest seed yield
(170.7 g.m™?) among all the treatments was achieved
by adding manganese to the soil plus spraying zinc
on the crop, and that this treatment could not be
placed in one group with any other treatment. The
treatments of adding manganese to the soil plus
spraying it on the crop and of adding manganese to
the soil plus spraying boron on the crop came second
and third with 153 and 149 g.m™, respectively. The
lowest seed yield (88 g.m?) belonged to the control

(Fig 6).
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Table 3- Comparison of the means of the data related
to spraying the micronutrients zinc, manganese, and
boron on soybean yield and yield components.

Treatment 0% | Oil Yield Pro | PrYield | Podsper | Seed Vield

(Ke) (Keh) | Pt | (m)
Control 1690 | 25529C 33578 | 39510 [5664C [1177D
InFolir | 2503A | 366184 [33248 | 528434 [6833A [ 1463 A
MuFolir | 2284C | 317718 36024 | 458878 [6581AB [ 13858
B Folar BI8B | 300818 | 36124 | a0gec |924BC [165C
D) | o4t | 4l | 2412 | 57 | 668 591

Numbers having common letters in each column are
not significantly different at the probability level of 5
percent.

Figure 1. Interaction effects of Basal and Foliar
application of micronutrients on seed oil percent

Interaction effects of Basal and Foliar application of
micronutrients on seed oil percent

" B Basal +Mn Foliar

" BBRasal

" Mn Basal +Mn Foliar

" Mn Basal

B (%)0il

" ZnBasal + Mn Foliar

| ZnBasal

" MnFoliar

" Control

Figure 2. Interaction effects of Basal and Foliar
application of micronutrients on oil yield
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Interaction effects of Basal and Foliar application of
micronutrientson Oil Yield
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Figure 3. Interaction effects of Basal and Foliar
application of micronutrients on protein percentage

Interaction effects of Basal and Foliar application of
micronutrientson seed protein Percent
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Figure 4. Interaction effects of Basal and Foliar
application of micronutrients on protein yield
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Figure 5. Interaction effects of Basal and Foliar
application of micronutrients on number of pod per
plant
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Interaction effects of Basal and Foliar application of
micronutrientson Pod per Plant
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Figure 6. Interaction effects of Basal and Foliar
application of micronutrients on seed yield

Interaction effects of Basal and Foliar application of
micronutrientson seed yield
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4. Discussions

Results of this study showed that, although
the highest oil percentage (28.5%) was achieved by
spraying zinc on the crop, yet the highest seed yield
(170.7 g.m) among all the treatments was obtained
by adding manganese to the soil plus spraying zinc
on the crop, and that this treatment had the largest
number of pods per plant (77.87), the highest seed
protein yield (631.1 Kg.h), and the largest oil yield
(284.5 Kg.h). Therefore, the treatment of adding
manganese to the soil plus spraying zinc on the crop
can be considered the best among all the treatments
studied.
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