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Effects of Leaf and Pod Removal on Photosynthesis
and Assimilate Partition in Soybean.
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ABSTRACT : To clarify the effects of sink demand for assimilate on leaf photosynthetic rate, tis-
sue composition, and leaf senescence of soybean [Glycine max (L.) Merr.] plants, pod and leaf
tissues were removed at growth stage Rs. Plant responses were measured every 10days from 2
through 42days following treatment. Leaves of depodded plants exhibited increased starch and
chlorophyll contents and specific leaf weight. Stomatal resistance was also increased and leaf
photosynthetic rate was reduced. Dry weight of vegetative tissues except leaves was increased by
pod removal, Leaf removal resulted in a decreased starch content of leaves from 22 to 42days
after treatment and that of roots at all sampling times. Specific leaf weight was decreased while
leaf photosynthetic rate was increased. Stomatal resistance and chlorophyll content were little af-
fected. Weight per seed was decreased 3.0% by leaf removal. Except for the seed, tissue protein
contents were increased by pod removal but decreased by leaf removal, however, seed protein
content was not affected by either. Apparent senescence was delayed by depodding. Both appar-

ent and functional senescence were accelerated by leaf removal.

Introduction

Seed yield of soybeans is accomplished by
photosynthesis of source and transport of the
assimilates. The seeds of the reproductive sta-
ges of soybean plants are dominant sink which
restricts the partitioning of photosynthates
for the vegetative sinks. During the seed de-
velopmental period, the most amount of pro-
ducing and storing photosynthates are used to
increasing the seed weight.

Gifford and Evans® reported that sink de-
mand for assimilates was a control factor in
photosynthetic rate of leaves as well as en-

vironmental conditions, The less accumula-
tion of starch in leaf chloroplast was increased
the photosynthetic rate and the more sink de-
mand for the assimilates was also increased
the net photosynthetic rate with decreasing
starch accumulation of the leaf®. The varia-
tions of chemical compositions and dry matter
accumulations in plant parts were found with
the leaf or pod removal treatments of soy-
beans'?. Sinclair and Dewit'® suggested that
the senescence of vegetative parts was crea-
ted by increasing nitrogen demand of seeds
which needed the remobilization of nitrogen
from the vegetative tissues. When seed devel-
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opment was delayed, the period of total dry
weight and nitrogen accumulation was ex-
tended”. Schweitzer and Haper® indicated
that pod removal treatments of soybean plants
showed decreasing more in photosynthetic
rate than delaying the decrement of leaf
chlorophyll content.

This study was conducted to examine the
effects of sink demand for assimilate on leaf
photosynthetic rate, tissue composition, and
leaf senescence of soybean plants.

Materials and Methods

This experiment was conducted at the re-
search farm of college of natural resources,
Korea University, Seoul, Korea. Three seeds
of soybean [Glycine max (L.) Merr.] determi-
nate cultivar ‘Paldalkong’ was planted in sand
soil inoculated with Rhizobium japonicum using
15kg rubber pots on June 1, 1990. One—half
concentration of Hdagland No. 2 nutrient sol-
ution was supplied with 300m¢ per pot daily for
2 weeks, and full concentration with 400m¢ for
next 2 weeks, then double concentration with
400m¢ until harvest. Water was added properly
to prevent water stress. The first flowering
was occurred at 37 days after emergence on
July 15. Soybean plants were treated at the
stage of beginning pod(R3) on 57 days after
emergence, A) Control, B) Approximately
50% pod removal, and C) Approximately 50%
leaf removal alternatively. A completely ran-
domized design was used with four replica-
tions. Newly produced pods and leaves were
removed at the interval of several days.

Samples for the data collections were taken
from 2DAT(days after treatments) to 42DA-
T(R7 stage) with 10 days intervals and separ-
ated to leaves, stems— petioles, roots, and
pods (the pods of last samples were separated
to seeds and pod walls). The samples were
dried at 70C oven for 48 hours and grinded
with Udy cyclon miller (0.5mm screen). Starch
content of leaves and roots was determined by
Dale Smith method!” treated with amino—glu-

cosidase(SIGMA) at 55 for 34 hours. Nitro-
gen content was measured by boric acid modi-
fication micro—Kjeldahl method! and muiti-
plied factor 6.25 to obtain protein content.
Photosynthetic rate and stomatal resistance of
complete terminal leaf were measured at 10A.
M. on sampling day using LI—6250 COz An-
alyzer and LI—6200 Portable Photosynthesis
System (LI—COR,Inc.). Chlorophyll content
of the terminal leaf was determined by Arnon
method? using DMSO (Dimethylsulfoxide) ex-
traction method” and O. D. value obtained
using Spectronic 1201 (MILTON ROY).
Specific leaf weight of the terminal leaf was
measured using LI—3000A Portable Area
Meter and LI —3050A Transparent Belt Con-
veyer, IBM —SAS package was used for the
analyses of the collected data.

Results and Discussion

Total dry weight accumulation by pod and
leaf removal treatment of soybean plants was
increased until 32DAT and decreased at
42DAT due to fallen leaves of lower parts(Fig.
1).. Differences between pod removal treat-
ment and control were not significant, but leaf
removal treatment showed lower total dry
weight compared to the other treatments. Dry
weight of vegetative tissues (stems -+ petioles
+roots) except leaves was decreased rapidly
after 32DAT (Fig. 2). Dry weight of the veg-
etative tissues except leaves was increased
significantly by pod removal treatment. Be-
cause reproductive sink demand for assimi-
lates was decreased, translocation of assimi-
lates in pod removal treatment was trans-
ferred to the vegetative sink. As a result,
total dry weight of depodded soybean plants
was compensated by increasing the dry weig-
ht of vegetative tissues except leaves as
shown in Fig, 1. This trend was similar to the
result of Schonbeck et al.'¥ Number of seeds
per soybean plant was decreased 43.6% by pod
removal and 3.6% by leaf removal treatments
compared to the control(Table 1). Seed weig-
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Fig. 1. Total dry weight accurmulations of
control (—0—), depoded(—®—) and
defoliated (—®—) soybean plants on
days after treatment,

Table 1. Seeds weights, no. of seeds and 100
seed weight of control(A), depoded
(B), and defoliated(C) soybean plants
at physiological maturity(R7)

no. seeds seeds wt. 100
Treatment /plant /plant seed wt.
—g— —g—
A 55 8.49 15.42
B 31 5.01 16.41
C 33 7.89 14.96
LSDo.os 5.35 0.89 0.41

STARCH CONTENT
(mg/ & D.W. of roots)
[\%]

O

ht per soybean plant was decreased 41% by
pod removal and 7.1% by leaf removal treat-
ments. However, one hundred seed weight
was increased 6.4% by pod removal and
decreased 3.0% by leaf removal treatments.
This result indicated that depodded soybean
plants were decreased the competition among
pods with decreasing sink demand for assi-
milates.

Starch contents of soybean . leaves were
increased until 22DAT and decreased there-
after in all treatments(Fig. 3). Pod removal
treatment increased highly starch content in
leaves but leaf removal treatment decreased
that compared to the control. Starch content
in roots was decreased continuously after
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Fig. 2. Stem-petiole+root dry weight accu-
mulations of control (—O—), depod-
ed(—®—) and defoliated (—&—) soy-
bean plants on days after treatment.
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Fig. 3. Starch contents in leaves of control
(—=0-), depoded(—@—) and defoli-
ated(—®—) soybean plants on days
after treatment,

treatment (Fig. 4). Root starch content of
depodded plants was higher and that of
defoliated plants was lower than the content
of the control plants, This resulted in relative
increase of assimilate supply to the roots by
decreasing sink demand in deppoded plants.
Specific leaf weight of depodded plants was
significantly higher than that of defoliated
plants for all sampling times(Fig. 5). The in-
crease of specific leaf weight is resulted from
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Fig. 4. Starch contents in roots of control
(—0—), depoded(—@—) and defoli-
ated(—m—) soybean plants on days
after treatment.

starch accumulation in leaves as reported by
Chatterton®, Chatterton et al*., and Upmeyer
and Koller®,

Leaf photosynthetic rate of the treated
plants was decreased continuously with the
passage of time (Fig. 6). Pod removal treat-
ment did not significantly affect the change of
leaf photosynthetic rate compared to the con-
trol. On the contrary, leaf removal treatment
increased the leaf photosynthetic rate signifi-
cantly from 22 to 32DAT, then decreased rap-
idly at last sampling time. Leaf stomatal re-
sistance for CO:z diffusion, deducing factor of
photosynthesis, showed the reverse pattern of
leaf photosynthetic rate (Fig. 6 and 7). Leaf
stomatal resistance by pod removal treatment
was highly increased from 32 to 42DAT
compared to the other treatments.

Pod removal and leaf removal treatments
for the purpose of change the sink demand to
assimilate partitioning increased and decrea-
sed the starch content of leaves respectively
(Fig. 3). Thorne and Koller® reported that
physical resistance for CQ: diffusion took
place in leaves because of starch accumulation
occurred in chloroplast of mesophyll cells?. In
this experiment, pod removal treatment
increased starch content in leaves (Fig. 3)
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Fig. 5. Specific leaf weights of control(—0O

—), depoded(—®—) and defoliated.
(—m—) soybean plants on days after
treatment.

and also increased significantly leaf stomatal
resistance (Fig. 7), but leaf photosynthetic
rate of the treatment was no different from
the control (Fig. 6). In addition, leaf removal
treatment did not influence on the leaf stoma-
tal resistance (Fig. 7) and increased signifi-
cantly the leaf photo- synthetic rate compared
to the control (Fig. 6). These results are not
agreed to the view that the factor decreasing
leaf photosynthetic rate by starch accumu-
lation is increase of leaf stomatal resistance'?,
No significant difference of total dry weights
between pod removal treatment and the con-
trol supports no difference of the leaf
photosynthetic rates by this 50% depodded
soybean plants (Fig. 1 and 6).

Protein contents of soybean plant parts
after pod removal and leaf removal treatments
are shown in Table 2. At the last sampling
time, 42DAT, pods were separated to seeds
and pod walls. Protein contents of vegetative
tissues were decreased gradually because of
the nitrogen requirement of seeds. Protein
contents of leaves were appeared significant
differences for all sampling times and were
highest in depodded plants among the treat-
ments except the first sampling time. The
similar results were found in stems -+ petioles
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Fig. 6. Leaf photosynthetic rates of control

(—0-), depoded(—®—) and defoli-
ated(—MW—) soybean plants on days
after treatment,

Table 2. Protein contents in leaves, stems—+
petioles, roots, pods, seeds, and pod-
walls of control(A), depoded(B), and
defoliated (C) soybean plants on days

after treatment,

Item Treat- DAT*
ment 2 12 22 32 42 LShs
leaf A 33.78 29.70 27.28 23.13 19.85
B 33.95 31.05 28.50 24.45 20.74
C 32.73 30.00 25.86 22.64 19.14
LSDoos 1.00 0.80 0.84 0.64 0.96 1.93
stem+ A 20.47 14.60 12.59 9.30 8.39 )
petiole B 20.03 17.51 13.36 11.13 10.96
C 19.95 14.64 11.66 8.60 6.48
LSDoos 1.09 0.64 0.63 1.23 0.89 0.89
root A 17.62 17.34 14.79 12.97 11.59
B 18.06 18.88 15.62 13.43 12.08
C  18.32 1569 14.47 11.38 10.24
LSDoes 0.55 0.68 0.73 0.55 0.60 0.50
pod A 28.97 24.63 24.93 24.95
B 28.17 25.91 25.79 25.10
C  28.23 25.31 24.29 24.66
LSDoos 1.08 0.81 0.57 0.61 0.74
podwall A 6.63
B 6.76
C 6.24
LSDo.o5 0.77
seed A 39.62
B 40.16
C 38.95
LSDo.o5 0.97

* Days after treatment
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Fig. 7. Leaf stomatal resistances of control
(—8-), depoded(—o-) and defol-
iated( —®—) soybean plants on days
after treatment.

and roots on protein contents of the treat-
ments, Protein contents of pods from 2 to
32DAT, and seeds and pod walls at 42DAT
were not show significant differences among
the treatments. However, protein contents of
vegetative tissues were increased by pod re-
moval and decreased by leaf removal treat-
ments, Considering the positive correlation be-
tween root dry weight and total nodule ac-
tivity!”, these results corresponded with Fig.
2. It is assumed that increased starch content
of roots by pod removal treatment (Fig. 4)
accelerated the assimilate supply to root nod-
ule system and caused increase of nitrogen
fixation as indicated by Schonbeck et al.1*
Leaf chlorophyll contents of the treatments
were increased from 2 to 32DAT and decrea-
sed rapidly at 42DAT (Fig. 8). Leaf chloro-
phyll content of depodded plants was increa-
sed compared to the other treatments at all
sampling times. The decreases of leaf chloro-
phyll contents of the treatments at 42DAT(R~
stage) indicate the beginning of leaf sen-
escence, As a result, pod removal treatment
delayed the leaf senescence of the plants,
Leaf senescence is separated into apparent
senescence (leaf chlorophyll content) and fun-
ctional senescence(leaf photosynthetic rate).
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Fig. 8. Leaf chlorophyll contents of control

(=0-), depoded(—®—) and defol-
iated(—®—) soybean plants on days
after treatment.

Referring to Fig. 6, the leaf photosynthetic'

rate of depodded plants was lower than that of
defoliated plants until 32DAT, and the defoli-
ated plants showed lowest the leaf photosyn-
thetic rate among the treatments at 42DAT.
Therefore, pod removal treatment delayed ap-
parent senescence by increasing the leaf
chlorophyll content but did not influence to
functional senescence by decreasing the leaf
photosynthetic rate of the plants. Mondal et
al.® reported the similar results as in the
other researches®s>® In leaf removal treat-
ment, the decreases of leaf chlorophyll con-
tent at all sampling times and leaf photosyn-
thetic rate at 42DAT indicated the promotion
of both apparent and functional senescences.
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