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Abstract

The effects of withholding irrigation and manganese foliar treatments on dry matter production in soybean cultivars was studied in Kermanshah, Iran
in2010 growing season. The experimental design was a split split plot based on Randomized Complete Block design with three replicates. Treatments
includes: two irrigation regimes, two manganese foliar treatments, and eight soybean cultivars. At the end of growing season, leaf area and dry weight
of soybean shoots were determined. Manganese foliar application in withholding irrigation treatment at flowering stag had a slight effect on leaf area
index. In addition, stem dry weight of Pershing and Clark cultivars further increased with manganese foliar application at regular irrigation compared
other investigated cultivars. Furthermore, Leaf dry weight decreased with withholding irrigation, and increased with manganese foliar application.

The results were shown that irrigation treatments had more effect on grain dry weight of soybean plants compared the manganese foliar application.
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INTRODUCTION

he most important factors that affect the rapid

establishment of the crop canopy and biomass
production are water availability and nutritional status of plants.
Root availability to Manganese is largely influenced by soil
moisture, soil temperature and soil pH. Low soil moisture',
increasing in soil pH” and soil temperature”™ are reduced to
manganese root access. Manganese is often considered a limiting
factor on calcareous soils. In addition, availability of
micronutrients in calcareous soil is influenced by soil moisture.
Manganese is quite sparingly soluble in calcareous soils and
might become plant growth limiting . Capability of
micronutrients absorbs and finally plant growth and development
were affected by water soil availability. Also, in calcareous soils
wet and dry cycles can influence manganese availability and root
manganese uptake. In the other side, poor seedbed conditions will
result in poor root and soil interrelation resulting decreases in
manganese absorption, therefore, manganese foliar application
can be useful and more influential as compared to soil application
©I This is important to note that, when the crop leaf area is small,
manganese spraying should be repeated for more influential.
Thus, the objective of this study was to evaluate the effects of
withholding irrigation and manganese foliar treatments on leaf
area index and dry matter accumulation in leaf, stem, pod, seed
and plant shoots in eight cultivars of soybean in western areas of
Iran.

MATERIALSAND METHODS

Eight commercial soybean cultivars, Clark (V1), Williams
(V2), Sahar or Pershing (V3), Hobbit (V4), Gorgan 3 (V5), M7
(V6),M9 (V7),and DPX (V8), were grown under field conditions
at the Experimental site of the Islamic Azad University of
Kermanshah province, Iran (34°23'N, 47°8' E; 1351 m elevation)
during the 2012 growing season. The experimental design was a
split split plot in randomized complete block with three
replications in 96 plots. Main plot treatments consisted two
irrigation regimes: (I1) Irrigation at all of growth stages, (I2)
Irrigation Withholding at flowering stage, Subplot included

(Mn0) spray with distilled water, (Mnl) manganese spray, and
eight soybean cultivars arraigned in sub subplot. Soil samples
were collected from experimental area at 0-30 cm depth. The
texture of the soil based on silty clay with (silt 49.1%, clay 42.4%,
and sand 8.5%), pH 7.3, organic matter 2.6, total nitrogen 0.11%,
available phosphorus, potassium, zinc, iron and manganese 8.2,
531,0.81,2.76, and 4.49, respectively. All seeds were inoculation
with Bradyrhizobium japonicum immediately before sowing.
Each plot was 6 m in length, 240 cm in width, 60 cm in row
spacing, and with density of 33 plants per meter square. The
quantity of irrigation water in each plot was calculated according
to , controlled by counter and exercise irrigation treatment at
flowering stage. At the V, growth stage ", the plants were sprayed
twice (with one week interval) with 0.5% manganese liquid or
distilled water until the leaves were wet. In order to study dry
matter accumulation in different parts of soybean plant, at the end
of growing season and harvesting time, five plants were selected
from each plot randomly, were cut from soil surface with shears,
and then, leaves area was measured and different parts were
separated, put in paper bags, and placed in oven at 70°° for 48 hr.
For determination of dry weight, different parts of plant (leaf,
stem, pod, and grain) were separately weighed. Excel software
was used to draw figures. Leaf area was measured by leaf area
meter and leaf Area Index (LAI) was calculated by using the
formula™:

Surface area of sampled leaf

LAI=
Ground area occupied by the sampled plants

RESULTS

The effects of irrigation regimes and manganese foliar
application on leaf area index and steam dry weight were shown
in Figure (1). Manganese fertilizer increased LAl across cultivars
especially in irrigation at all of growth stages (Figlb). Leaf Area
index values in DPX cultivar at IIMNO treatment and Williams
cultivar at [1Mnl, 12Mn0, and I12Mnl treatments were greater
than the other cultivars (Figla to d). Indeed, response of Williams
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Figure 1: The effect of irrigation regimes and manganese foliar application on leaf area index

(a, b, ¢, and d) and steam dry weight (e, f, g, and h).
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LALI leaf area index, SDW: stem dry weight (g/plant); V1: Clark, V2: Williams, V3: Pershing, V4: Hobbit, V5: Gorgan3,
V6:M7,V7: M9, V8: DPX cultivars; I1: irrigation at all of growth stages, and 12: withholding irrigation at flowering growth
stage; MnO: spray with distilled water, and Mn1: manganese spray.

to manganese spray was better than the others not only in regular
irrigation but also at water deficit conditions. In generally, the
manganese foliar application in withholding irrigation at
flowering stag had a slight effect on leaf area index of soybean
plants (Figl ¢ and d). Concerning stem dry weight, plants grown
on plots where regular irrigation and manganese were used had
the highest SDW than those where other treatments were applied
(Figlf). The highest stem dry weight belonged to regular irrigated

plants (Figl e and f) and SDW decreased when that withholding
irrigation was occurred at flowering stag (Figl g and h).
Manganese spray had slight effect on SDW in both conditions
(regular irrigation and water deficit condition) (Compare Figures
1 e-g and f-h). The effects of irrigation regimes and manganese
foliar application on leaf and pod dry weight were shown in
Figure (2).The highest leaf dry weight in [1Mn0, I1Mn1, [2Mn0,
and 12Mn1 treatments were observed in Williams cultivar by
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Figure 2: The effect of irrigation regimes and manganese foliar application on leaf dry weight

(a, b, ¢, and d) and pod dry weight (e, f, g, and h).
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LDW: leaf dry weight (g/plant), PDW: pod dry weight (g/plant); V1: Clark, V2: Williams, V3: Pershing, V4: Hobbit, V5:
Gorgan3, V6: M7, V7: M9, V8: DPX cultivars; I1: irrigation at all of growth stages, and I12: withholding irrigation at
flowering growth stage; Mn0: spray with distilled water, and Mn1: manganese spray.

3.31, 3.52, 2.59, and 2.95 g.plant’, respectively (Fig2 a to d).
Compared to regular irrigation treatment, manganese foliar
application at water deficit conditions had more effect on leaf dry
weight and it further increased (Compare Figure 2 e-f and g-h).
Results from this study showed that higher soybean pod dry
weight was obtained with Mn applications in both irrigation
regimes although, manganese used had the more effect at drought

stress conditions (Fig2 e to h). In the other side, withholding
irrigation at flowering stage reduced pod dry weight in
manganese treatments (Fig 2¢ and g). Between evaluated
cultivars, response of V5 (Gorgan3) to manganese application at
water deficit conditions was better than the others. Gorgan3 pod
dry weight increased from the 1.49 g/plant in 12Mn0 to 2.61
g/plant in I2Mn1 treatment. In contrast, the effect of manganese
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Figure 3: The effect of irrigation regimes and manganese foliar application on grain dry

weight (a, b, ¢, and d) and total dry weight (e, f, g, and h).
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GDW: grain dry weight (g/plant), TDW: total dry weight (g/plant); V1: Clark, V2: Williams, V3: Pershing, V4: Hobbit, V5:
Gorgan3, V6: M7, V7: M9, V8: DPX cultivars; I1: irrigation at all of growth stages, and I12: withholding irrigation at
flowering growth stage; Mn0: spray with distilled water, and Mn1: manganese spray.

foliar application on pod dry weight of Clark cultivar in regular
irrigated and cutting irrigated plots was very low (Fig2g and h).
The response of soybean grain weight to different irrigation
regimes and manganese foliar treatments were shown in Figure
(3a to d). In all of treatments and across cultivars, Williams
cultivar had the highest grain dry weight by 4.23, 5.03, 3.19, and
3.59 in IIMnO, I1Mnl, I12Mn0O, and I2Mnl treatments,
respectively. The highest and lowest TDW (total dry weight) were
obtained to V2 (11.67 g/plant) and V7 (9.56 g/plant) in [1Mn1 and
12Mn0 treatments, respectively (Fig3 f and g). There are little
differences across cultivars concerning PDW at I1Mn0 treatment

(Fig3 e¢). Manganese applied increased TDW of soybean plants at
water deficit conditions in all of investigated cultivars (Compare
Fig3 gandh).

DISCUSSION

In our experiment the calculated LAI was significantly
different across soybean cultivars. Leaf area index value depends
on the cultivar, fertilization, irrigation and other factors . It was
also observed that the stem dry weight of Pershing and Clark
cultivars further increased with manganese foliar application at
regular irrigation compared other investigated cultivars. Also,
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LDW decreased with withholding irrigation, and increased with
manganese foliar application. Soybean is considered as a
sensitive crop to drought "“ and manganese deficiency "*,
therefore under drought stress, foliar spraying of manganese can
be beneficial . Manganese application increases the dry matter
production in wheat ", Higher soybean pod dry weight was
obtained with Mn applications in both irrigation regimes
although, manganese used had the more effect at drought stress
conditions. In similar finding, growth and production of crops
were reduced severely by manganese deficiency """, In addition,
these results were shown that irrigation treatments had more
effect on grain dry weight of soybean plants than the manganese
foliar application. In our experimental condition, the increase in
GDW of soybean cultivars with manganese foliar application was
very slightly. There are little differences across cultivars
concerning PDW at I[1Mn0 treatment. These results are consistent
with the findings of "

CONCLUSION

The overall results of this study showed that manganese foliar
application in withholding irrigation at flowering stag had a slight
effect on leaf area index of soybean plants. In the other side,
Manganese spray had slight effect on Stem dry weight in both
conditions (regular irrigation and water deficit condition). In
contrast, manganese foliar application at water deficit conditions
had more effect on leaf dry weight and it further increased.
Results from this study showed that higher soybean pod dry
weight was obtained with Mn applications in both irrigation
regimes although, manganese used had the more effect at drought
stress conditions. While, increases in grain dry weight of soybean
cultivars with manganese foliar application was very slightly.
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