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ABSTRACT

In order to evaluate the effect of different amounts of iron and manganese sulfates on
wheat yield (Chamran cultivar), a factorial experiment based a randomized complete
block design with three replications. The experiment treatments consisted of different
concentrations of iron sulfate (Including; zero, 1500, and 3000 grams per hectare) and
manganese sulfate (Including; zero, 1500, and 3000 grams per hectare). The results
showed that there was a significant difference between different levels of iron sulfate
and manganese sulfate in terms of seed yield and yield components and seed protein
content. As the consumption of iron and manganese sulfate increased the number of
infertile spike decreased. The highest number of seeds per spike belonged to the
consumption of 1500 and 3000 g per hectare iron and manganese sulfates. The
treatment with the consumption of 3000 g iron and manganese sulfates in comparison
to the control treatment led to the increase of 1000-seed weight as much as almost 10
g. The highest seed yield with an average of 670 g.m™ belonged to the treatment with
consumption of 3000 grams of iron and manganese sulfates. As the consumption of
iron and manganese sulfates increased from zero to 3000 g per hectare, protein, the
content of protein, iron and manganese of seed increased significantly. The results
showed that micronutrients by improving growth conditions and influencing the seed
yield components can increase the seed yield and quality to some extent. In general, it
can be concluded that highest yield and yield components in this experiment belonged
to the treatments with 3000 g.ha'1 iron sulfate and 3000 g.ha'1 manganese sulfate.
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INTRODUCTION

Wheat is one of the most important
crops playing an important role in pro-
viding food security of the country.
Lack of adequate amounts of micronu-
trients such as iron, copper and manga-
nese in environment will cause disorder
in growth and yield of this plant.
Nowadays, due to the low concentration
of micro-nutrients in wheat seed which
is the main food of Iranians, the emer-
gence and spread of many diseases,
such as kidney stones, anemia, fatigue
and gastrointestinal diseases are com-
mon in the country. Lack of micronutri-
ents is mainly observed in calcareous
soils (Ziaeian and Malakouti, 1999).
The purpose of the use of these ele-
ments in the process of crop production
is to improve the quality and quantity of
products and to enrich them in addition
to increasing production. So far, much
many studies have been done on the ef-
fect of each micronutrient on increasing
the quality and quantity of wheat (Hung
et al., 2009). Among the micronutrients
iron plays an important role in plant
photosynthesis and respiration. Iron is
considered as one of the micronutrients
for plants. Although micronutrients are
needed by plants in small amounts, they
play an important role in plants growth
and development such as their role in
enzymes' activities, growth, cell differ-
entiation, formation of flower, and crop
quality improvement. The plants are
found in many parts of the world who
suffer from iron deficiency. There are
some plants in many parts of the world
that suffer from the shortage of iron
(Cesco et al., 2010). Manganese is in-
volved in some enzymatic systems for
the production of protein and iron in the
structure of some enzymes and some
colored materials. Manganese plays a
key role in the formation of chloroplast
and enzyme systems of plants and the
use of this fertilizer will improve plant

photosynthesis and crop production.
Therefore, use of chemical fertilizers
containing this element improves the
nutritional conditions of plants and re-
moves many nutritional disorders
(Khald Barin and Islamzade, 2001).
Baibordi and Malakouti (2003) reported
that any factor which increased the con-
centration of micronutrients such as
iron, zinc and manganese in plants
would improve the seed yield. Siadat et
al. (2001) reported that micronutrient
fertilizers had a significant effect on the
yield and yield components of wheat. In
order to investigate the effect of foliar
application of iron sulfate on yield,
yield components, protein and gluten
contents of wheat cultivars, Shahrokhi
et al. (2012) carried out an experiment
and stated that the treatment with iron
sulfate significantly increased the yield,
yield components, and protein content
in comparison with the control treat-
ment. Zeidan et al. (2010) did a re-
search to compare the effect of the soil
and foliar application of iron and man-
ganese on the yield and yield compo-
nents of wheat. They found that the
concurrent use of the iron and manga-
nese was significantly different from the
control treatment. The highest 1000-
seed weight, number of seeds per spike,
seed yield, and protein content of seed
belonged to the treatments with foliar
micronutrients. Abbas et al. (2009) did
an experiment to examine the effect of
iron consumption on the yield and yield
components of wheat. They figured out
that as the concentration increased from
zero to the 16 kg.ha', the growth of
plants increased significantly. The high-
est yield and yield components be-
longed to the treatments with concentra-
tions of 12 and 16 kg.ha™'. The present
research was conducted to investigate
effects of foliar application of iron and
manganese micronutrients on seed yield
and qualitative traits of wheat.
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MATERIALS AND METHODS
Field and Treatment Information

The research was conducted in 2014-
2015 seasonal year in the south west of
Iran (Ramhormoz region) at latitude 31°
16°N, longitude 49° 37°E and altitude of
160 meters above the sea level. The re-
search site had a clay loamy soil texture
with pH of 7.2. The research was con-
ducted as a factorial experiment in the
form of a randomized complete block

design with three replications. The
experiment treatments consisted of the
different consumptions of iron sulfate
(Including zero, 1500, and 3000 grams
per hectare) and manganese sulfate
(Including zero, 1500, and 3000 grams
per hectare). The physical and chemical
properties of studied field were mention
in table 1.

Table 1. Soil properties of the studied field

Depth EC n Organic Phosphorous  Potassium Soil

(cm) (ds.m™) P matter (%) (ppm) (ppm) texture

0-30 3.5 7.8 0.79 18.6 387.7 Clay Loamy
Crop Management Traits measure

Before planting operations the land
was first irrigated and then land prepar-
ing operation was done in October in-
cluding the plow to a depth of 30 cm
and 2 perpendicular discs. The base fer-
tilizers were added to the soil before the
second disc and were mixed with soil
by disc and then field was leveled by
the trowel and finally the crop was
planted. The base fertilizer used in the
field consisted of 90 kg.ha™ of triple
super phosphate and 90 kg.ha™ of po-
tassium sulfate fertilizer and 180 kg ha™
of nitrogen fertilizer from the urea
source as the split in two stages (50% at
planting stage and 50% at spiking
stage). Each experimental plot included
7 planting lines as long as 5Sm each, and
distance between the planting lines was
considered to be 20 cm and the distance
between the experimental plots was 1
m. The rate of required seeds for plant-
ing was considered based on the density
of 400 plants per square meter. Irriga-
tion was done after planting the seeds
and the first irrigation was considered
as the planting date and the rest of irri-
gations were done as required and based
on the rainfall in plots. Weeds were
controlled via topic and granestar
herbicides.

In order to determine the yield and
yield components, the two side rows
and half a meter of the beginning and
end of each plot were eliminated as the
marginal effects and finally the ultimate
samples were taken from an area of 1
m®. In order to determine the number of
spikes per area unit, the spikes were
taken from an area of 1 m” of then three
middle lines of each plot after consider-
ing half a meter of beginning and end of
each line as the margin and after count-
ing the spikes their mean was consid-
ered as the number of spikes per area
unit. As many as 10 spikes were ran-
domly selected from the middle lines of
each plot and the number of seeds was
counted carefully and their mean was
recorded. Two 500-seed samples were
randomly selected from the produced
seeds by each plot and if the weight dif-
ference of the two samples was less
than 5%, the total weight of the two
samples was considered as weight of
1000-seed. After full maturity of the
seeds, the spikes were taken from the 3
middle lines of each plot in an area of 1
m” and the seed yield of each plot with
moisture of 14% was calculated per area
unit and then was recorded.
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In order to measure the rate of iron
and manganese in seeds, first the seeds
of each treatment were ground in the
laboratory then 1 g of the dried flour
was changed into ash at 75°C for 48
hours. The ash samples were dissolved
in 10 ml HCL 2N and then were placed
in hot plot at temperature of 75°C for 30
minutes. Then the volume of the sam-
ples was brought to 100 ml by distilled
water and was filtered through the filter
paper. The needed amount of the fil-
tered samples was taken and the rate of
iron and manganese was measured by
the means of atomic absorption machine
(Schimadzu UV-VIS 1201) (Shahrokhi
etal., 2012).

Statistical analysis
SAS software (Ver.8) was used to ana-
lyze the data variance; also Duncan test
at 5% probability level was used to
compare the means.

RESULTS AND DISCUSSION
Number of fertile spikes

The effects of Iron and manganese sul-
fates effects on the number of fertile
spikes per square meter at physiological
maturity stage were significant at 1%
probability level but interaction effect
of treatments was not significant (Table

2). In the iron sulfate treatment, the
highest number of fertile spikes be-
longed to fertilizer treatments of 3000
and 1500 gha™ (by the average of 586
and 557, respectively) and the lowest
number belonged to the treatment with-
out use of iron sulfate (by the average of
530 (Table 3). Among different levels
of manganese sulfate, the highest num-
ber of fertile spikes by the average of
582 belonged to the treatment with
3000 g.ha”' and the lowest number be-
longed to the control treatment by the
average of 528 (Table 4). The number
of fertile spike is very important in de-
termining the final yield and is consid-
ered as one of the main components de-
termining the yield of crops. Therefore,
according to the above results it can be
concluded that as the levels of iron and
manganese increases and they are sup-
plied for the plant, the vegetative and
reproductive growth of wheat will in-
crease and greater production of nutri-
ents will increase the yield components
in wheat and ultimately number of fer-
tile spike will increase. High photosyn-
thetic capacity of plants under treatment
assimilates transfer to seed and produc-
tions of dry matter are factors that influ-
ence number of fertile spikes.

Table 2. The ANOVA results of the effect of iron and manganese sulfates on the studied traits

Number of Number of Seed Seed Seed
. 1000-seed Seed . .
S.0.V df fertile seeds per weicht ield protein iron manganes
spikes spike g y content content e content
Replication 2 218.7 2.9 4.6 64573 1.23 18.09 15.4
Iron sulfate 2 7693.8%** 79.7%* 183.4%* 597589** 41.2%* 174.5%* 25.4™
Manganese sulfate 2 6944 .8** 85.4%* 144.3**  486494%** 31.6%* 24.11™  1853.4%*
*
Iron sulfate 4 573907 2172%  24425"  63193™  3347™  1087™  1652%
manganese sulfate
Error 18 192.4 248 15.2 65312.8 4.2 19.4 21.4
C.v - 11.83 5.8 8.65 10.4 4.7 6.2 4.9

ns, *, and ** respectively mean non-significant, significant at 5% and 1% probability levels.
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Table 3. Mean comparison effect of different concentrations of iron sulfates on studied traits

Number Number . Seed Seed iron Seed
. 1000-seed Seed yield .
Treatnments of fertile of seeds weight (g) (g.ha) protein content manganese
spikes  per spike ght(e & content (%)  (mg.kg”')  content (mg.kg™)

Iron sulfate
Lack of foliar

- 530.6° 24.9° 30.5° 402.9¢ 8.1° 46.4° 46.8°
application
1500 g.ha 557.2° 27.5 35.3° 538.5° 10.6° 62.2° 44.5°
3000 g.ha™! 585.5 30.3° 38.6° 667.3" 13.2° 73.5° 44.7°

*The numbers with at least one similar letters in each column are not significantly different at 5% probability level.

Table 4. Mean comparison effect of different concentrations of manganese sulfates on studied traits

Number Number Seed Seed iron

1000-seed  Seed yield Seed manganese

Treatnments of fertile  of seeds weight (g) (g.ha™) protein content content
spikes  per spike ghtig & content (%)  (mg.kg") (mg.kg™)
Manganese
sullfate
Lack of foliar gyg g pgpe 29.4° 376° 7.8" : 45 8¢
application
1500 g.ha™! 555.7° 25.8° 36.1° 520.6° 10.9° - 59.5
3000 g.ha 582.3" 28* 37.2° 618.5" 11.74* - 67.7%

*The numbers with at least one similar letters in each column are not significantly different at 5% probability level.

Adding micro nutrients to soil at sen-
sitive growth stages of plant especially
at tillering stage and stem elongation
stage will increase number of spikes per
square meter and consequently will en-
hance yield (Gastillo et al., 1992).

Number of seeds per spike

The number of seeds per spike was
significantly affected by the use of iron
and manganese sulfates at 1% probabil-
ity level but interaction effect of treat-
ments was not significant (Table 2). The
highest number of seeds per spike (By
the average of 30 seeds) belonged to the
treatment with consumption of 3000
gha iron sulfate and the lowest num-
ber of seeds per spike (by the average of
25 seeds) belonged to the treatment
without the consumption of iron sulfate
(Table 3). As the consumption of man-
ganese sulfate increased, the number of
seeds and the number of fertile spikes

increased, so that the highest number of
seeds per spike belonged to the treat-
ment with consumption of 3000 g.ha™
manganese sulfate (by the average of
28) and the lowest number belonged to
the control treatment and then treatment
with consumption of 1500 g.ha™ man-
ganese sulfate (By the average of 24
and 25.8), respectively (Table 4). Hu
and Schmidhalter (2001) reported that
the consumption of micro nutrients such
as iron and manganese would increase
the number of seeds per spike. The
treatment with consumption of 3000
g.ha™ iron sulfate and 3000 g.ha” man-
ganese sulfate could produce higher
number of seeds per spike in compari-
son other treatments due to better use of
conditions and more potential to pro-
duce dry matter, leaf and stem (Pahla-
van rad et al., 2008).
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1000-seed weight (g)

According to the ANOVA results,
the effect of iron and manganese sul-
fates on 1000-seed weight were signifi-
cant at 1% probability level but interac-
tion effect of treatments was not signifi-
cant (Table 2). The highest weight of
1000-seed belonged to treatment with
consumption of 3000 gha™ iron sulfate
(by the average of 38.5 g) (Table 3).
Manganese sulfate treatment also in-
creased the weight of 1000-seed signifi-
cantly, the highest and the lowest
weight of 1000-seed respectively be-
longed to the treatment with 3000 g ha™
(by 37 g) and control treatment (by 29.5
g) (Table 4). Increase of iron and man-
ganese will greatly increase rate of car-
bohydrates and also due to increasing
the storage power and enhancing the
plant resistance against the environ-
mental stresses more assimilates would
accumulate in seed and the weight of
1000-seed will increase in wheat (Ma-
jidi and Balali, 2001; Ziaeian and
Malakouti, 1999). Zeidan et al. (2010)
found that the concurrent use of iron
and manganese was significantly differ-
ent from the control treatment in terms
of different traits. The highest rate of
1000-seed weight, number of seeds per
spike, seed yield, and seed protein con-
tent belonged to the treatment with
foliar application of micro nutrients.
Silspoor (2002) observed that in the
weight of 1000-seed increased in treat-
ment with consumption of manganese
sulfate. Baji ef al. (2001) stated that ap-
plication of manganese element would
cause production of various enzymes in
plant would increase the transfer of as-
similates and elements into seed and
would increase weight of 1000-seed.

Seed yield

Seed yield was significantly affected
by the use of iron and manganese sul-
fates effect at 1% probability level but

interaction effect of treatments was not
significant (Table 2). In both treatments,
the increase of concentration concur-
rently increased the seed yield. The
highest seed yield belonged to treatment
with concentration of 3000 g.ha iron
sulfate (by 667 g.m™?) and the lowest
seed yield belonged to the control
treatment with consumption of 0 g.ha™
iron sulfate (by 403 g.m™) (Table 3).
The increase of manganese sulfate con-
centration also increased the seed yield.
The highest seed yield belonged to
treatment with concentration of 3000
g.ha'1 manganese sulfate (by 618 g.m'z)
and the lowest seed yield belonged to
the control treatment without the con-
sumption of iron sulfate (by 376 g.m™)
(Table 4). The rate of photosynthesis
and the capability of using assimilates,
the number of fertile spikes, the number
of seeds per spike and 1000-seed weight
are the factors affecting the seed yield
(Baibordi and Malakouti, 2001). The re-
sults indicated that the concurrent use of
iron and manganese sulfates would in-
crease the seed yield and yield compo-
nents. The increase of seed yield might
be associated with the concurrent in-
crease of yield components. Shahrokhi
et al. (2012) stated that the treatment
with iron sulfate in comparison to the
control treatment significantly increased
yield, yield components and protein
content. The maximum seed yield be-
longed to the treatment with 6 kgha
iron sulfate by the mean yield of 8.120
t.ha”'. Majidi and Balali (2001) exam-
ined the effect of manganese treatments
on seed yield and concluded that the
highest seed yield belonged to the fertil-
izer treatment with 50% more than the
recommended fertilizer in the region
(45 kg.ha' manganese sulfate) which
showed the 26% growth. Mentioned re-
sults showed that the concentrations
with more vegetative growth and further
dry weight had higher yield too, which
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indicates the supply of more food by the
source (photosynthetic area) for the des-
tination (Seed). Therefore, it can be
concluded that the difference of various
concentrations in terms of vegetative
and reproductive growth of plant can
increase the seed yield. The treatments
with 3000 g of both elements by having
the highest number of seeds per fertile
spike in square meter and the highest
number of seeds per spike could in-
crease the seed yield significantly in
comparison with the other two concen-
trations. Due to lack of these two ele-
ments in the control treatment, the
plants could not possibly increase the
seed yield and with the increase of iron
and manganese sulfates in fertilizer
treatments up to 3000 g.ha™' the differ-
ence between the yield and yield com-
ponents was revealed. This is due the
plant production potential in response to
the level of fertilizers as well as the re-
action of seed yield components. With
regard to the role of iron and manganese
in the increase of plant dry matter at dif-
ferent stages and their effect on yield
components, the increase of yield in
wheat in expected with the consumption
of these two elements. The results of the
experiments by Barraclogh and Kient
(2001); Shahrokhi et al. (2012); Ma-
jeedi and Balali (2001); Hu and
Schmidhalter (2001) Ziaeian and
Malakouti (1999) indicate the increase
of seed yield with the increase of soil
iron and manganese.

Seed protein content

According to the ANOVA results,
the effect of iron and manganese sul-
fates on seed protein content were sig-
nificant at 1% probability level but in-
teraction effect of treatments was not
significant (Table 2). The highest rate of
seed protein belonged to treatment with
concentration of 3000 and then 1500
g.ha™ iron sulfate (by 13.2% and 10.6%

respectively) and the lowest rate of seed
protein belonged to the control treat-
ment with (by 8%) (Table 3). The high-
est rate of seed protein belonged to
treatment with concentration of 3000
and then 1500 gha” manganese sulfate
(by 11.7% and 11% respectively) and
the lowest rate of seed protein belonged
to control treatment without consump-
tion of manganese sulfate (by 8.7%)
(Table 4). The increase of the rate of
seed protein due to the use of iron and
manganese is associated with role of
these two elements in activating the
RNA polymerase enzyme (Qeibi and
Malakouti, 2004). Motamed (2005) in
an experiment concluded that by adding
30 kg.ha” manganese sulfate to the soil
in which the rate of manganese is less
than the critical amount, the rate of seed
protein in wheat, Pishtaz Cultivar, in-
creased by 11%. Shahrokhi et al. (2012)
stated that use of iron as spray had a
positive effect on seed protein and as
use of iron increased from 0 to 6 kg.ha™
! protein content increased significantly
and the highest rate belonged to treat-
ment with 6 kg.ha! and then treatment
with 4 kgha'. Silspoor (2007) con-
cluded that concurrent use of iron and
zinc fertilizers increased wheat yield by
867 kg, who reported reason increase of
yield was increase of starch and protein
in seed, so seed protein percentage was
affected by fertilizer treatments and
highest seed protein percentage in iron
treatment was reported as 12.4%.

Seed iron content

The ANOVA results indicated the
significant effect of iron sulfate on the
iron content of seed at 1% probability
level but effect of manganese sulfates
and interaction effect of treatments on
mentioned trait was not significant (Ta-
ble 2). Among different levels of iron
sulfate, the highest content of iron in
seed (by 73.5 mg.kg") belonged to the
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treatment with consumption of 3000
gha” iron sulfate and the lowest con-
tent belonged to control treatment (by
46.5 mgkg") (Table 3). As the concen-
tration of manganese increased, the rate
of stored iron in seed decreased. After
the foliar application and absorption of
iron, these two elements and the in-
crease of their concentration in leaves
concurrently might have had a negative
effect on their transfer, so that the ex-
cess of manganese over a specific
amount might decrease the content of
iron in seed by disrupting the transfer of
iron. Mohammad et al. (2009) reported
that the use of iron and zinc increased
the wheat yield in comparison to the
control treatment and the maximum
yield and zinc concentration were
achieved by foliar application of zinc.
Mousavi et al. (2007) reported that the
consumption of micro nutrients particu-
larly zinc and manganese sulfates in-
creased the production and enriched the
seeds of wheat and the wheat seeds be-
came more powerful due to storing.
Therefore, the use of micronutrients is
an effective step to increase the wheat
seed yield, to enrich its seed, to com-
pensate for malnutrition resulting from
lack of such elements and is a method
to secure community health and well-
ness in a long time which is consistent
with results of the present research.

Seed manganese content

The ANOVA results indicated the
significant effect of manganese sulfate
on manganese seed content at 1% prob-
ability level, but the effect of iron sul-
fate and interaction effect of treatments
was not significant (Table 2). Among
different levels of iron sulfate, the high-
est content of iron in seed (by 46.8
mg.kg") belonged to the treatment lack
of foliar application and the lowest con-
tent belonged to consume 1500 g.ha
treatment (by 44.5 mgkg') (Table 3).

There was a significant difference
among different levels of manganese
sulfate in terms of manganese content in
seed, so that maximum content of man-
ganese in seed belonged to the treatment
with consumption of 3000 g.ha” man-
ganese sulfate (by 67.7 mg.kg™) and the
lowest content belonged to the control
treatment without consumption of man-
ganese sulfate (by 45.8 mg.kg™) (Table
4). In the research conducted by Chen et
al. (2004), shortage of iron led to the
increase of concentration of cupper in
roots and shoots. They stated that iron
deficiency would lead to the induction
of expression of gens in iron-carrying
proteins and since heavy metals are ab-
sorbed bi similar carriers, under iron de-
ficiency conditions, the accumulation of
zinc, manganese, cupper, and cadmium
in the roots and shoots of plants would
increase. Pahlavan Rad et al (2008)
came to the conclusion that foliar appli-
cation of manganese sulfate would in-
crease the concentration of manganese
in seed as much as 11.5%. When the
manganese sulfate was not consumed,
plants faced manganese deficiency, but
at high concentrations of manganese
sulfate plants could store more amount
of manganese in seed and as the rate of
manganese sulfate increased, difference
between various level was revealed dif-
ferently, so at concentration of 3000
gha”, plants could absorb more man-
ganese by increasing their area and rate
of manganese in seed increased signifi-
cantly at this level. Reduction of man-
ganese concentration with consumption
of iron was also observed in experiment
conducted by Ming and Chungren
(1995) and Majeedi and Balali (2001).

CONCLUSION

Examining the yield and yield com-
ponents at different levels of iron and
manganese sulfates showed that all the
measured traits had variable trends with
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the increase of consumption of iron and
manganese sulfates. The consumption
of iron and manganese sulfates signifi-
cantly affected the yield and yield com-
ponents. In iron sulfate treatment, the
seed yield and yield components in-
creased as concentration increased. It
can be stated that in conditions with
lack of micronutrients of iron and man-
ganese, the new leaves will develop
slowly that is because of the interaction
between these elements and enzymes
and growth regulators. Among different
treatment, the highest number of fertile
spikes and the number of seeds per
spike resulted from the interactive effect
of iron and manganese sulfates. The
number of spikes and the number of
seeds per fertile spike are very signifi-
cant in determining the final yield and
are among the main components deter-
mining the wheat yield. The mean com-
parison of protein percentage showed
that the use of iron and manganese sul-
fates increased the content of iron and
manganese in seed. The increase of
each one of these elements in seed
might be due to the increase of mobili-
zation towards seed or the sink in
plants. In general, it can be concluded
that the highest yield and yield compo-
nents in this experiment belonged to the
treatments with 3000 g.ha™' iron sulfate
and 3000 g.ha”' manganese sulfate.
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