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ABSTRACT

Seed weight is primary component, and an important contributor to soybean yield. For the
purpose of better understanding the effects of defoliation treatments on grain characteristics
such as effective filling period, grain filling rate, oil and protein content, an experiment was
conducted in the research field of the ISlamic Azad University of Kermanshah, Iran at 2010. The
experimental design was a split plot in randomized complete block with three replications. Main
plot treatments consisted cultivars V;=Williams and V,=Clark, and Subplot included six
treatments of defoliation and pod removal: removing none (T1), one lateral leaflet at R;-Rs (T>),
two lateral |leaflets at R;-Rs3 (T3), one lateral leaflet at Rs-Rs (T4), two lateral leaflets at Rs-Rg (Ts)
and pods removal 50% at Rs +10 days (Te). The results was shown that there is significant
differences among cultivars in oil and protein content (P<0.01), and effective filling period
(P<0.05). Except of oil content, other traits affected by pods and |eaflets removal treatments at
0.01 levels, while Interaction effects (VxT) were not significant on all of evaluated traits. Two
lateral leaflets removal at R;-R; had the lowest grain filling rate, protein content and grain
weight per plant and the longest effective filling period. Oil and protein content in Williams
higher than the Clark.
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INTRODUCTION

Soybean yield can be decomposed in terms of ptantspods per node, seeds per pod and seed
weight. Therefore, seed weight is primary comporantmportant contributor to soybean vyield
[5, 23] Seed weight determined by supply of assimilatesaguo reproductive growth of plants
[10]. Previous studies emphasized that sink strengthrerdipon two factors: sink size and sink
activity. Sink size is the total weight of the sitiksue, and sink activity is the rate of uptake of
photosynthates per unit weight of sink tissue P, [13] Stated that Seed size is determined by
seed filling rate and the effective seed fillingipd. In addition, crop yield influenced by seed
filling rate during the effective filling period F]. Seed development has been partitioned into
three phase: the lag phase that is a period ofeacgll division and differentiation, the effective
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grain filling period that is a period of rapid dnyatter accumulation, and the maturation phase
that this stage, grains lose water and reach plogstal maturity [2, 3]. Physiological maturity
referred to maximum dry matter accumulation in iggaSeed moisture content reduces in the
three phase of seed growth, but this water redsidkel most occur in the third stage. [[#5]
Reported that maximize seed weight is achievedhat minimum water content of seed.
Defoliation was caused that assimilate availabitiéguced and seed dry weight in soybean
decreasedReproductive phase in plant affected by hormonas éRist in leaves [6], and these
hormones determining size and capacity of sink,[i1B¢refore flower production and sink
characteristics damages with defoliation occurreBtedies on the effects of artificial defoliation
on soybean were conducted aimed to simulate damagesequent hail, heavy rains, winds,
disease and pest. Studies on effects of leavesvadmn yield and qualitative traits in crops were
shown that defoliation reduces yield and oil conhtaroilseed crops [1, 8, 15, 16], and degree of
decline depended to growth stage of plant [22, dderefore, The main objectives of this
experiment were: (1) to investigate the responsmtef and period of seed filling to leaflet and
pod removals treatments in different cultivars; é2ddetermining effects of these treatments on
oil and protein production in soybean.

MATERIALSAND METHODS

A field experiment was conducted in the researehd fiof the Islamic Azad University of
Kermanshah province, Iran (8 N, 478 E; 1351 m elevation). Soybean seeds (cvs. Williams
and Clark, maturity groups Il and IV, respectielyere sown during 2010 growing season.
Seeds were inoculated with Bra&hyzobium japonicum and sown at a high-planting rate in field
plots. When the unifoliate leaves were expandezlptbts were hand-thinned to obtain a uniform
plant population of 33 plants per’niThe experimental design was a split plot in ranited
complete block with three replications. Main pl@atments consisted cultivarg2¥Villiams and
V,=Clark, both of which had an indeterminate growdihand Subplot included six treatments
of defoliation and pod removal: removing nong){Dne lateral leaflet at;RR3 (T2), two lateral
leaflets at R-R3 (T3), one lateral leaflet at4Rg (T4), two lateral leaflets at4Rs (Ts) and pods
removal 50% at R+10 days (¥). Individual plots were 5 m long and 4.8 m widéfe rows
with 0.60 m between rows). The plots were irrigatdten necessary to avoid water deficits.
Before sowing, 27 kg of ammonium phosphate (200vKgand 7 kg of urea (50 kg'hwere
applied and mixed with soil. Phonological stagegewdefined according to [12]. Soybean
cultivars were sown at May 14 and the emergence dais May 26. Beginning bloom {R
beginning pod set @R seed enlargement {R and full maturity () occurred at 47, 56, 79 and
128 day after emergence (DAE), respectively, fotlins and at 51, 63, 87 and 134 DEA,
respectively, for Clark. Pods and seeds sampleah filee beginning pod set {Rup to full
maturity (Rs) for each cultivar, separately. The grain fillirege and effective filling period were
measured according to [20]. At the end of growtissa, ten plants were selected randomly from
each plot and oil and protein content were detegthaccording to [7, 26, 27]. Data for evaluated
traits were statistically analyzed using a standaralysis of Variance technique for the spit plot
in randomized complete block design using the stesil software MSTATC. Means were
separated by the Least Significance Difference {[&3D) at 5 percent probability level.

RESULTSAND DISCUSSION

There is significant differences among cultivareinand protein content (P<0.01), and effective
filling period (P<0.05), and had not significanfesfts on grain filling rate. Statistical analysis
showed that, except of oil content other traite@td by pod and leaf removals treatments at
0.01 levels, while Interaction effects (V) were not significant on all of evaluated trgitable
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1). Comparison of means was shown that effectiliadiperiod in the Clark cultivar with 29.4
(day) were higher than the Williams with 28.6 (délylg 1). In contrast, oil and protein content
in Williams higher than the Clark. Williams with @& g/kg and 367.9 g/kg had the most oil and
protein content, respectively. The results of (Blgwere shown that there were significant
differences between effective filling period, grdiling rate, and protein content in leaflet and
pod removal treatments.
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Figure 1. Evaluation of effective filling period, grain filling rate, oil and protein content in two cultivars of soybean.

Tablel. Analysis of variance of effectivefilling period, grain filling rate, oil and protein content in

soybean seed
Ms
Source of variation L . - Qil Protein
d.f Effective filling period Grain filling rate Production Production
Block 2 0.259 0.079 2.53 417.59
Cultivar (V) 1 6.233 0.160" 3080.250 38128.47
Error a 2 0.222 0.235 1.582 358.57
Defoliation (T) 5 28.228 20.698 54.294° 12473.19
(V)= (T) 5 0.006" 0.017¢ 12.251¢ 329.84¢
Error b 20 2.444 0.498 145.323 611.64
Coefficient of variation (%) - 5.37 5.85 7.97 7.37

-ns, * and **: non-significant, significant at 5% and 1% levels of probability, respectively
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Figure 2. Evaluation of effectivefilling period, grain filling rate, oil and protein content in leaflet and pod
removal treatmentsin soybean. T,, T, T3, T4, Ts, and Tg: removing none, one lateral leaflet at R;-R3, two
lateral leaflet at R;-Rs, onelateral leaflet at Rs-Rg, two lateral leaflet at Rs-Rg, and pod removal 50% at Rs+10
days, respectively.
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Table 2. Mean comparison of effectivefilling period, grain filling rate, oil and protein content in soybean

accordingto L SD test in %5 levels

Treatment

Interaction

V) )
ViT,
Vi,
ViTs
Vi,
ViTs
ViTs
VT
VT,
VT3
VT,
V,Ts
VT,

Means

Effective filling  Grain filling rate  Oil content Protein contel
period (day (mg/day) (g/kg) (g/kg)
255 f 14.3 ab 166.0 a 3874 bc
30.5 abc 11.3 e 164.0 ab 348.6 cde
315 ab 8.8 f 158.3 abc 3215 ef
28.1 cdet 12.3 cde 158.3 abc 371.8 bcd
29.1 bcd 12.0 de 160.3 abc 341.4 de
27.3 def 13.2 bc 156.3 abcd 436.9 a
26.4 ef 14.5 a 144.7 bcd 314.0 efg
314 ab 11.6 e 1420 cd 2859 fgh
32.3 a 8.9 f 140.3 cd 252.3 h
29.0 bcde 12.4 cde 143.0 «cd 289.4 fgh
29.8 abcc 12.2 cde 145.0 becd 277.0 gh
28.2 cdet 13.2 bcd 137.3 d 3984 ab

-Similar lettersin each column shows non-significant difference according to LSD test in %5 level
-V Williams, V,: Clark; Ty, To, Ta, T4, Ts, and Tg: removing none, one lateral leaflet at R;-Rs, two lateral leaflet at
Ri-Rs, one lateral leaflet at Rs-Rs, two lateral leaflet at Rs-Rs, and pod removal 50% at Rs+10 days, respectively.
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Figure 3. The effects of pod and leaflet removal treatmentson trend of grain dry matter accumulation (g/plant).
-(T1): non removal, (T,): one lateral leaflet at Ry-Rs, (T5): two lateral leaflets at Ry-Rs, (T,4): onelateral leaflet at Rs-
Rs, (Ts): two lateral leaflets at Rs-Rs, and (Tg): pods removal 50% at Rs +10 days.

The check treatment with 25.8 day had lower eféectilling period, and with 14.3 mg/day had
the most grain filling rate than the other treattserAmong the leaflet and pod removal
treatments, two lateral leaflets af-R; (T3) treatment had the lower grain filling rate andtpm

content with 8.9 mg/day and 286.9 g/kg, respedtiviel addition, § treatment had the longest
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effective filling period, otherwise, the lowest gfain weight compared with other leaflet
removal treatments was observed ig (Fig 3). Reduce in assimilate availability due to
defoliation and/or shading occurred and causesedserin grain filling rate and increase in
effective filling period in soybean plant [9].

Table 3. Regression equation and coefficient of determination (r?) changes of seed dry weight in pod and
leaflet removal treatments

Defoliation treatments Equation re
T, GDW=-0.610+0.236X+0.387%0.052X 0.991
T, GDW=-0.479+0.164X+0.308%0.042X 0.979
T; GDW=-0.362+0.590X+0.302%0.040X 0.985
T, GDW=-0.699+0.568X+0.154%0.027X¥ 0.993
Ts GDW=-0.332+0.127X+0.266%0.035X 0.986
Te GDW=-0.015-0.314X+0.361%0.042X 0.992

-All equation were statistically significant for P=0.05. Where GDWisgrain dry
weight, and X is day after emergence.
-(T1): non removal, (T,): one lateral leaflet at Ry-Rs, (T3): two lateral |eaflets at
Ri-Rs, (T,): one lateral leaflet at Rs-Rs, (Ts): two lateral leaflets at Rs-Rs, and (Tg): pods
removal 50% at Rs + 10 days.

These results were shown that, there is a posstveelation between grain filling rate and final
grain weight, and there is a negative correlatietwien effective filling period and seed weight.
[14] Reported that grain filling rate in soybeaather than filling duration, was positively
correlated with seed weight. There is competitiooag growing grains due to source-limited
during grain filling period [21]. In addition, tHewest oil content belonged to pods removal 50%
at R +10 days treatment (Fig 2). Interaction effectsMeein treatments was shown that among
V,T3 and WT; with 32.3 and 25.5 day had the highest and love#fgctive filling period,
respectively. While, ¥T; and \,T3 with 14.5 and 8.9 mg/day had the highest and lowgesn
filling rate, respectively (Table 2). Applicatiori ®¢ treatment in Williams cultivar was caused
that protein content increased up to 436.9 g/k@ fAighest oil content was observed in the check
treatment with 166 g/kg. This result agrees wittvpus findings [8, 15, 16]

[1] Emphasized that quantity and quality traits drops affected by leaves removal and
defoliation reduces yield and oil content in oildexops. There is a negative correlated between
oil and protein content and increases in proteinaded to oil decreasing. Results of this study
was shown that pods removal 50% gtHR0 days in Clark reduces oil content in soybeaingr
up to 137.3 g/kg (Table 2). The effects of leatted pod removal treatments on dry matter
accumulation are shown in (Fig 3). These resuliiscated that pod and leaf removal treatment
can strongly influence grain dry matter accumulaiio soybean, which ultimately affected grain
weight. The best regression equation and coefficedndetermination for simulate trend of
changes in pod and leaflet removal treatments Wwaw/is in Table 3. The grain growth had a
sigmoid chart, Therefore, at first dry matter acalation increases lightly, and then, trend of
changes in dry weight in grain was acceleratelinfareatments from Tto Tg this occurred at
82 days after emergence, approximately. In additioom 112 day after emergence trend of
changes in dry matter accumulation in grain wasedsed up to full maturity. In present study,
T3 treatment (two lateral leaflets at-R3) had the lowest in both grain filling rate andigrdry
weight compared with the other leaflet removal tireents. This results according to previous
findings [11, 25].
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