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Analytical studies on high-yielding characteristics of US soybean cv.

‘UA4805’ in comparison with Japanese cv. ‘Akimaro’

Sultanzada Mohammad Marouf?, Yu Hasegawab), Ryuta Manabe® and Kuniyuki Saitoh?
(Course of Applied Plant Science)

Field experiments were conducted in 2020 and 2021 at the Field Science Center of Okayama Univ.
(34°41’ N, 133°55’ E). Two Soybean cultivars ‘UA4805’ and ‘Akimaro’ were sown with two planting
densities, 12.5 plants m2 (sparse, 80x10 cm) and 25 plants m-2 (dense, 80x5 cm)on May 25 (early), June
29 (normal), and Aug. 3 (late) in 2020, and 80 and 30 cm row-width, and 12.5 and 25 plant m~2 in 2021
on June 23. Seed yield was higher in ‘UA4805’ than in ‘Akimaro’ in 2020 and 2021. The later the sowing
time, the higher the seeds/stem ratio. Both cultivars showed higher dry matter in dense planting. Dry
matter was higher in ‘Akimaro’, while seed yield was lower than ‘UA4805’. In contrast, ‘UA4805’ showed
lower dry matter with higher seed yield. The numbers of nodes, pods, and seeds were higher in ‘UA4805’
resulting in the higher seed yield. Lodging score is larger in ‘Akimaro’ especially in dense planting. The
seeds/stem ratio is much higher in “‘UA4805’ than ‘Akimaro’ across 2 densities, 3 sowing times and 2 row
width. Pods setting ratio was nearly two times higher in ‘UA4805” compared to ‘Akimaro’. The greater
seed yield of ‘UA4805’ compared to ‘Akimaro’ was due to the higher pod setting ratio, seeds/stem ratio,
and lower lodging score, nevertheless the dry matter was larger in ‘Akimaro’. If late sowing is applied,
higher planting density is recommended for better seed yield. Narrow row is an effective way to improve
seed yield in soybean.
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Introduction

In Japan, soybeans have traditionally been used as a
food ingredient and seasoning for tofu, natto (fermented
soybeans), miso (fermented soybeans), soy sauce, and
nimame (cooked soybeans). Even today, soybeans are
highly valued by actual consumers for their high quality,
including taste and suitability for processing, and almost
all of the soybeans produced in Japan are used for food
purposes (MAFF”, 2022). Compared to the world's
harvested area of 129,524,000 ha, production volume of
371,693,000 tons, and vield of 287 tons ha, Japan's harvested
area is 146,200 ha, 246,500 tons, and 1.69 tons ha™, with a
41% lower yield than the world (FAOSTAT?, 2023). In
response to the global demand for soybean oil, the intro-
duction of crop rotation with corn and wheat and no-till
sowing of herbicide tolerant cultivars in the U.S. Brazil,
and other countries has resulted in a high soybean oil
yield of 345 kg/10 a in 2021 in both countries, more than
double the Japanese yield. In addition to the aforemen-
tioned cultivation methods, the high yield is largely due
to the effect of improved genetic yield potential of culti-
vars, especially in North America (Specht et al'”, 1999).

Kawasaki et al.” (2016) conducted cultivation trials at
Takatsuki, Japan and Fayetteville, Arkansas, USA, with
five Japanese and 10 US cultivars and found that both
Japanese and US experimental plots had 18-57% higher
seed vields from the US cultivars compared to the Japanese
cultivars. Matsuo et al® (2016) also conducted early and
normal sowing cultivation trials of five Japanese and
seven US cultivars in Chikugo, Japan and found that the
seed yield of the US cultivars was 649% higher than the
Japanese cultivars in early sowing cultivation, while it
was 3% lower in normal sowing cultivation, indicating
that the yield potential of the US cultivars was higher
when sown early. Among the US cultivars used in both
experiments, ‘UA4805" showed consistently high seed
yvield and clearly had higher yield potential than the
Japanese cultivars. In addition, the soybean cultivar
‘Akimaro’, which is high-yielding with late-sowing (July
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sowing) and suitable for making light-colored miso, is
becoming more widespread in the Chugoku region
(Takada et al'?, 2012).

In this study, Japanese cultivar ‘Akimaro” and US cul-
tivar ‘UA4805 were cultivated in three cropping sea-
sons (early, normal, and late) and two planting densi-
ties (sparse and dense) in 2020, and in 2021, in two
planting patterns (wide- and narrow-row) and two
planting densities. The purpose of this study was to
elucidate the factors that cause the higher seed yield of
‘UA4805" by investigating the differences in seed yield of
the two cultivars.

Materials and Methods

1. Cultivation method and experimental plots

The US soybean cultivar ‘'UA4805" and the Japanese
cultivar ‘Akimaro were tested in field plots (granitic sandy
loam) at the Field Science Center, Faculty of Agriculture,
Okayama University, in 2020 and 2021. In 2020, there were
three sowing levels @ early sowing on May 25, normal
sowing on June 29, and late sowing on August 3, and two
planting densities : sparse planting (80 cm between
rows, 10 cm between plants, 125 plants m™?) and dense
planting (80 cm between rows, 5cm between plants,
25 plants m™). In 2021, two row-widths : a wide-row
plot with 80 cm between rows and a narrow-row plot
with 30 cm between rows, and two levels of planting
density : a sparse planting (80 cm between rows, 10 cm
between plants, 30 cm between rows, 26 cm between
plants, 125 plants m™? and a dense planting (80 cm
between rows, 5cm between plants, 30 cm between
rows, 26 cm between plants, 25 plants m?). In 2020,
each plot was 24 m? (6 x 4m), and in 2021, each plot
was 96 m? (12 X 8 m) with no replications.

Soybean chemical fertilizer No. 550 (N : P,Os : KoO =
5:15:20) was applied as a basal fertilizer at a rate of
60 kg per 10 a. The fertilizer was mixed into all layers of
the soil using a tractor rotary. Two seeds were sown per
point on the sowing date, and the seedlings were thinned
out after the primary leaf fully expanded to make one
plant per point. After seeding, soil treatments (Alachlor
emulsifiable concentrate and Linuron wettable powder)
were applied for weed control. Spray-type plastic tubes
were installed between the rows and irrigated as neces-
sary. For insect control, Affirm emulsifiable concentrate
was sprayed twice for control of the common cutworm.
2. Growth Characteristics Survey

The number of nodes, main stem length, stem diame-
ter, stem weight, and grain-stem ratio were investigated
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for each individual used in the yield survey according to
the soybean research standards of the Ministry of
Agriculture, Forestry and Fisheries (National Institute
of Agricultural Science, Ministry of Agriculture, Forestry
and Fisheries, Soybean Research Standards Review
Committee, 1974). At the harvesting time, the angle of
the lodged plants to the vertical plane was measured at
four levels (0, 1, 2, and 3) in 30° increments from no
lodging (0°) to complete lodging (90°), and the average
degree of lodging for all individuals was calculated.
3. Number of flowers and pods setting ratio

To analyze the reason why the number of pods of
‘UA4805" was about twice that of ‘Akimaro’ in 2020, we
recorded the number of flowers for each node of main
stem and branches every 2 days after the beginning of
flowering, and the number of pods at harvest time for
three average plants of ‘Akimaro” and ‘UA4805 grown
in 2021 in the wide and sparsely planted plots, respec-
tively. The number of pods on each node at harvest time
was also examined. The podding rate was calculated as
number of capsules/number of flowers (%).
4. Dry matter production

To investigate the dry matter weight and leaf area of
above-ground parts of the plants, five individuals were
selected from each of three locations in each plot at
approximately three-week intervals from the first leaf
unfolding stage to the maturity stage, and three average
individuals were selected. The dry matter weights were
measured.

Results

1. Meteorological summary

In 2020, the rainy season ended late, with heavy pre-
cipitation in July and low temperatures; there was no
rainfall in August, and temperatures were about 2T
higher from mid-August to early September (Fig. 1,
Japan Meteorological Agency”, 2023). There was no
rainfall in late September and early October, and tem-
peratures were 2 to 3C higher than normal.
2. Growth characteristics

The total number of nodes per m? in 2020 was not
significantly different among the cultivars, and the num-
ber of nodes per m® was higher in the order of ear-
ly > normal > late for both cultivars, and was higher in
the dense planting than in the sparse planting, and the
extent of the difference was more pronounced in the
number of main stem nodes (Table 1). The number of
branches per m? was slightly lower in ‘Akimaro’ than in
‘UA4805". Main stem length was 2 to 28 cm shorter in
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‘UA4805 than in ‘Akimaro” and tended to be longer in the
order of early> normal > late sowing, and also in dense
planting, but the differences were not significant. Similar
to stem weight, stem diameter and stem cross—sectional
area were slightly thinner in ‘'UA4805 than in ‘Akimaro’,
in the order of early > normal > late sowing, and slightly
thinner in the dense planting. The seeds/stem ratio was
0.3 to 1.5 higher in ‘UA4805 than in ‘Akimaro’ in the
order of late > normal > early-sowing, and slightly higher
in sparse planting than in dense planting, but this tendency
differed depending on the sowing time. Dry matter
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production of ‘Akimaro’ was significantly higher than
that of 'UA4805 in the order of early > normal > late,
and in the sparse planting compared to the dense plant-
ing. The highest values were observed in the early and
dense plantings of ‘Akimaro’.

In 2021, the total number of nodes per m? and the
number of branching nodes per m? were higher in
‘UA4805'than in ‘Akimaro’, and in the order of narrow-
row > wide-row, the dense-planting > sparse-planting ;
the number of branches per m” was slightly lower in
‘Akimaro’ than in UA4805, there were no significant
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Table 1 Effect of sowing time and planting density on agronomic characters in 2020
Number of nodes per (m?) Stem diameter
Number
of nodes Raceme
on with Number Stem
main com of Stem Stem section Stem Seed/ Dry
Sowing stem Main pound branches length weight Major Minor area  diameter stem  weight
Cultivar time Density (plant™) stem Branch  leaves Total m?) cm) (gm?) (mm) (mm)  (mm?®) ratio ratio (g m?)
Akimaro Early Sparse 189a 236 ¢ 580 ab 183 a 999 b 76 be 116 a 4704 b 104 a 86a 709 a 121b 080d 1073a
Dense 151b 378a 639 a 208a  1225a 103 a 103ab  5431a 90b 70¢ 500b  132a 083d 1127a
Normal Sparse 156 b 195d 416 ¢ 215a 826 ¢ 70c¢ 90c  2530c¢ 87b 79b 544b  110c 134¢ 752b
Dense 14.2 be 356 a 484 be 184a  1024b 110a 95 bc  2922c¢ 71d 59d 328c  122b 112¢ 784b
Late Sparse 133 ¢ 167 d 290 d 43b 500d 65 ¢ 76 ¢ 141.1d 79¢ 6.0d 375¢ 134a 202b 558 ¢
Dense 127¢ 317b 233d 53b 603 d 84b 74c  1535d 63e 45e 226e 139a 235a 680 be
UA 4805 Early Sparse 183a 229 ¢ 462 ab 121c 813 ¢ 69 c 103a  3204ab  102a 82a 665a  123bc  121d 885b
Dense 170b 424 a 515a 238a  1l77a 109 a 96a  4649a 89b 70b 492b  129b 113d  992a
Normal Sparse 146 ¢ 183 d 450 b 104 ¢ 737 cd 81 be 62c 1546 ¢ 85b 70b 463 b 122¢ 238b 764 ¢
Dense 138 cd 346 b 518a 181b  1044b 114 a 71bc  1745bc 63d 53cd  265d 119c¢ 207 ¢ 706 cd
Late Sparse 137d 172d 395b 20d 587e 8¢ 60c  1087c 77c 57¢ 34c  136a 328a 603 e
Dense 13.3d 332b 304 ¢ 11d 647 de 91b 72b  1434c 63d 48d 239d  130ab  282b  677de
ANOVA Cultivar ns ns ns o ns > = * > o > ns * o
Sowing time o x o o o x x o o o o x o o
Density o o ns o o o ns o o o o x o o
Cult X Sow o . . * P s x * s I * * . o
Cult X Density o s o P o o s s * P o x x o
Sow x Density o > ns o ns ns ns ns ns o ns ** > ns
Cult X Sow X Density * * ns * ns ns ns ns ns ns ns ns > ns

Values are means of 30 plants. Between the same cultivar, means followed by the same letter in each year, are not significantly different at P < 0.05

by Tukey's test. **

and * indicate significant at 7 < 0.01 and (.05, respectively. ns : nonsignificant.
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Table 2  Effect of row width and planting density on agronomic characters in 2021
Number of nodes per (m?) Stem diameter
Number
of nodes Raceme Number Stem
on main with com- of Stem Stem section Stem Seed/ Dry
Row stem Main pound branches length weight Major Minor area diameter  stem  weight
Cultivar width Density (plant’)  stem  Branch leaves Total (m™) (cm) (gm?® (mm) (mm)  (mm?®) ratio ratio (g m?)
Akimaro Wide Sparse 177 a 221 ¢ 421 b 16 ab 660 c 68 b 117bc 383 ¢ 94 a 66b 492 b 144 b 069 b 79 c
Dense 166 a 416 b 398 b 8b 825 b 72b 126 a 439 b 77 ¢ 50d 305d 156 a 062 bc 873 b
Narrow Sparse 172 a 215 ¢ 449 b 28 a 695 ¢ 74b 113¢ 372 ¢ 97 a 74 a 56.7 a 132 ¢ 088 a 879 b
Dense 176 a 440 a 617 a 33 a 1,083 a 100 a 124 ab 590 a 88 b 60 ¢ 413 ¢ 148 ab 052 ¢ 1117 a
UA4805 Wide Sparse 165 be 206 ¢ 473 b 27 b 705 ¢ 97b 85b 218 ¢ 94 b 73b 540 b 130a  135b 645 b
Dense 161 ¢ 403 b 570 ab 32 ab 1005 ab 165 a 93a 270 b 75 d 58 c 350d 130a 126 b 756 b
Narrow Sparse 174 a 218 ¢ 656 a 53 a 927 b 74b 81b 274 b 105 a 88 a 733 a 120 b 164 a 908 a
Dense 169 ab 422 a 599 ab 46 ab 1067 a 105 ab 93a 340 a 82 ¢ 67b 433 ¢ 124 b 121 b 919 a
ANOVA Cultivar o P x *x o P *x o ns *x o o o P
Row width o o x o o ns ns o o *x o o ns o
Density * o * s x o s o x x o o s o
Cult X Row ns ns ns ns ns ns ns ns ns ns ns ns ns ns
Cult x Density ns ns ns ns ns ns ns e o ns o o ns o
Row X Density ns * ns ns ns ns ns o ns ns ns ns * ns
Cult X Row X Density * ns ** ns ** * ns o * ns #* ns ns *

Values are means of 30 plants. Between the same cultivar, means followed by the same letter in each year, are not significantly different at P < 0.05

by Tukey's test. ** and

differences between the narrow-row and wide-row, and
the dense-planting was higher than the sparse—planting
(Table 2). Stem weight per m? was 98 to 250 g lighter
in UA4805 than in ‘Akimaro’ and was greater in nar-
row-row and dense planting. Stem diameter and stem
cross—sectional area differed from those in 2020,
‘UA4805 being slightly thicker than ‘Akimaro’, and
slightly thicker in the narrow-row and sparse planting.
The seeds/stem ratio was higher in ‘UA4805 than in
‘Akimaro’ as in 2020, and there was no significant differ-
ence between the narrow-row and wide-row, and the
sparse planting was higher than the dense planting. Dry
matter production was higher in ‘Akimaro than in
UA4805, in the order of narrow-row to wide-row, and
in the order of dense planting to sparse planting.
3. Seed yield and vield components

Seed vield per m? in 2020 was higher in ‘UA4805 than
in ‘Akimaro), in the order of early > normal > late sowing
for ‘Akimaro’, and in the order of normal > early > late
sowing for 'UA4805, and tended to be higher in dense
planting than in sparse planting, but there was no signif-
icant difference (Table 3, Fig. 3 ). The number of pods
per m? was about 1.5 times higher in ‘UA4805' than in
‘Akimaro’, and the number of pods per m? for both culti-
vars was higher in the order of normal > early > late
sowing, and significantly higher in the dense planting
than in the sparse planting. The number of seeds per
pod was higher in the UA4805 average (2.13) than in
the ‘Akimaro’ average (1.89), but there was no significant

* indicate significant at P < (.01 and 0.05, respectively. ns : nonsignificant.

difference in sowing time or planting density. 100-seeds
weight was about twice as large, 31.5 g in the ‘Akimaro’
average and 159 g in the UA4805 average, and tended
to be larger in the order of early > normal > late-sowing,
with no significant differences due to planting density.
Seed setting ratio was not significantly different between
cultivars, but tended to be lower in the normal sowing
for ‘Akimaro’ and in the early sowing for ‘UA4805 but
not significantly different by planting density. The lodg-
ing scores of ‘Akimaro’ were 1.3 to 2.3 in the early and
normal sowing and almost no lodging in the late sowing ;
in ‘UA4805', some lodging occurred in the early sowing,
around 0.1 to 0.2, but no lodging was observed in the
normal and late sowings, indicating that ‘UA4805 was
highly resistant to lodging.

In 2021, as in 2020, the seed yield was higher in UA4805
than in ‘Akimaro’, and also in narrow-row compared to
wide-row, but there was no significant difference between
sparse planting and dense planting (Table 4, Fig.4 ).
The number of pods per m* was also more than twice as
high in 'UA4805" as in ‘Akimaro’ and was higher in the
narrow-row than in the wide-row, dense planting >
sparse planting, in that order. In 2020, the number of
seeds per pod differed between cultivars, but in 2021, no
significant difference was observed, and all the cultivars
showed a value of around 1.8 100-seeds weight was
smaller in ‘UA4805" as in 2020, but there were no signif-
icant differences among the row widths or planting
densities. In 2021, there was a lot of rainfall in mid-Au-
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Table 3 Efect of sowing time and planting density on yield and yield components in 2020

Seed Pod

Seed Seed

Cultivar ?i(r);quing Density yielg numPer number “}gzkie?gi Sgtting ngfligg
(gm?) (m?) per pod ratio (%)
Akimaro Early Sparse 431 a 955 b 195 a 30.7 b 904 a 16
Dense 458 a 971 a 192 a 31.3 ab 90.1 a 2.3
Normal Sparse 350 b 1,026 a 189 a 29.1 b 814 b 13
Dense 329 b 1,108 a 182 a 304 b 76.7 b 23
Late Sparse 304 b 592 ¢ 1.86 a 339 a 938 a 0.0
Dense 379 ab 792 b 1.86 a 337 a 895 a 0.1
UA 4805 Early Sparse 404 b 1724 b 202 ¢ 16.0 be 837 b 0.1
Dense 438 ab 2142 a 204 ¢ 141 c 86.6 b 02
Normal Sparse 475 a 1,650 b 223 a 148 ¢ 910 a 0.0
Dense 377 b 1,608 bc 2.20 ab 157 ¢ 910 a 0.0
Late Sparse 381 b 1,163 d 222 a 178 a 905 a 0.0
Dense 423 b 1,255 ¢d 2.10 be 174 ab 89.2 ab 0.0
ANOVA Cultivar o . o i ns
Sowing time o o ns i i
Density ns o ns ns ns
Cult X Sow o o o ns o
Cult X Density o * ns ns ns
Sow X Density ns ns ns ns *
Cult X Sow X Density ns o ns ns ns

Values are means of 30 plants. Between the same cultivar, means followed by the same letter in each year, are not significantly different at P < 0.05

by Tukey's test.

** and * indicate significance at P < (.01, and P < 0.05, respectively. ns : nonsignificant.

Lodging score was measured from 0 (stand upright) to 4 (fully lodged).

gust and mid-September, which caused significant
lodging, especially in ‘Akimaro’. The lodging score was
30 in the wide-row and 2.2 in the narrow-row for
‘Akimaro’, but 2.25 in the wide-row and no lodging in the
narrow-row for UA4805".

Discussion

This study investigated the variation in seed yield by
using the Japanese cultivar ‘Akimaro’ and the US cultivar
‘UA4805 and cultivating them in three cropping seasons
and two planting densities in 2020, and in two planting
patterns, one with a wide row and the other with a narrow
row, and two planting densities in 2021.

‘UA4805 produced higher yields than ‘Akimaro’ in all
experimental plots in the two years, except for the early
sowing plot, where the highest seed yield of UA4805 was
475 ¢ m ™ in the normal sowing and sparse planting plot,
and ‘Akimaro’ also produced high seed yields, 456 g m™
in the early sowing and dense planting plot (Table 3,
Fig.3). Yields of both cultivars in the late sowing and
dense planting were comparable to those in the normal
sowing, indicating that both cultivars are highly tolerant
to late sowing. In 2021, the yields were lower than in

500

B Akimaro EUA4805

Seed yield (g m?)

0 } } }
Sparse | Dense | Sparse | Dense | Sparse | Dense
Early Normal Late
Fig. 3 Comparison of seed yield with different sowing time and

planting density in 2020.

2020, but the yields of both cultivars were significantly
higher in the narrow-row than in the wide-row, espe-
cially in the dense planting (Table 4, Fig.4 ). In other
words, both cultivars showed higher yields in the early
sowing and narrow-row, but the occurrence of lodging
was observed (Table 4 ), suggesting that to avoid the
risk of lodging, late sowing and narrow-row, dense
planting would provide relatively stable yields with no



Fig. 4 Comparison of seed yield with different row width and
planting density in 2021.

occurrence of lodging.

Kawasaki et al” (2018a) conducted a late-sowing and
dense planting of ‘Akimaro’ in Fukuyama, Japan and
achieved a high seed yield of 678 g m™ by using bird
netting to prevent lodging, and found that ‘Akimaro’ has
superior late-sowing suitability, higher harvest index and
higher seeds production efficiency compared to the
normal-sowing. In this study, it was also observed that
the seed/stem ratio was higher in the order of late-sow-
ing > normal-sowing > early-sowing (Table 1), indi-
cating higher seeds production efficiency. High yields
were also observed in the early dense planting, however,
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Table 4 Effect of sowing time and planting density on yield and yield components in 2020
Cultivar i?(ﬁh Density iieeig nuljn(iger nl?rilebder wle(?ghstee(z? s?ﬁ[?r?g ngfrhelg
(gm™) (m™) per pod ratio (%)
Akimaro Wide Sparse 262 b 724 ¢ 181 ab 336 a 888 a 30
Dense 272 b 832 be 1.80 b 31.6 be 85.0 b 30
Narrow  Sparse 339 a 941 ab 176 b 323 ab 816 b 22
Dense 307 ab 1,056 a 187 a 299 ¢ 85.3 ab 2.3
UA4805 Wide Sparse 296 ¢ 1483 ¢ 183 a 16.6 a 786 b 0.2
Dense 334 be 1,673 bc 181 a 173 a 69.0 c 0.3
Narrow  Sparse 386 ab 1963 ab 179 a 139 b 845 a 0.0
Dense 415 a 2001 a 175 a 171 a 879 a 0.0
ANOVA  Cultivar o o ns i o
Row width o o ns * o
Density ns * ns o ns
Cult X Row o * ns o .
Cult X Density ns ns * o ns
Row X Density o ns ns ns o
Cult X Row X Density ns ns ns o ns
Values are means of 30 plants. Between the same cultivar, means followed by the same letter in each year, are not sig-
nificantly different at P < 0.05 by Tukey's test.
** and * indicate significance at P < 0.01, and P < 0.05, respectively. ns : nonsignificant.
Lodging score was measured from 0 (stand upright) to 4 (fully lodged).
500 O Akimaro BUA4805 lodging was observed, and it may be important to con-
sider lodging when selecting sowing dates future.
A4OO ‘UA4805 had about twice as many pods compared to
NSJ 300 ‘Akimaro’ and the number of seeds per pod was 0.1 to
= 0.25 higher in 2020, and the 100-seeds weight was about
EZOO one half of that of ‘Akimaro’, but the significantly larger
§ number of seeds per m? was a factor in its higher yield.
g 100 The factors contributing to the significantly higher number
of pods in ‘UA4805" were analyzed from the number of
0 floral buds and the pods setting ratio. Compared to
‘Akimaro’, UA4805" had a higher number of floral buds
Wide Row (80cm) Narrow Row (30cm)

and a higher pods setting ratio of 54%, which resulted in
a higher number of pods (Table 5). The authors con-
ducted a three-year cultivation at three planting densi-
ties and found a positive correlation between the num-
ber of pods and the number of floral buds, and no
significant relationship between the number of pods and
the pods setting ratio (Saitoh et al!”1998). A negative
correlation, although not significant, was also observed
between the number of flower buds and the pods setting
ratio, suggesting that an increase in the number of
flower buds decreases the pods setting ratio (Saitoh et
al!”1998). The characteristics of ‘UA4805', which has a
high pods setting ratio and a large number of pods in
spite of a high number of floral buds, were considered to
contribute significantly to the increase in seed yield.
Usually, to achieve high yields, it is necessary to increase
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Table 5 Comparison of floral buds number, pods number and pods setting ratio of ‘Akimaro’ and ‘UA4805’ in 2021

Number of floral buds (plant™)

Number of pods (plant™)

Pods setting ratio (%)

Cultivar Main Branches Whole Main Branches Whole Main Branches Whole
stem plant stem plant stem plant

Akimaro 135 a 279 a 414 a 44 a 96 b 140 b 328 b 344 b 339b
UA 4805 135 a 326 a 461 a 77 a 172 a 249 a 571 a 527 a 540 a

In a column, means followed by the same letter are not significantly different at P < 0.05 by Tukey's test.

Table 6 Correlation coefficients between seed yield and yield components

Cultivar ~ Pod number (m™®  Seed number per pod 100 Seeds weight (g)  Seed setting ratio (%) Lodging score
Akimaro 0.346 0.728* -0.236 0.224 -0.266
UA4805 -0.031 0.792** -0.402 0.705* -0.444

** and * indicate significance at P < (.01 and P < 0.05, respectively.

dry matter production and translocate more of the
accumulated dry matter to the sink organ to increase
the harvest index (Donald and Hamblin"”1976). When
final dry matter weights were compared, 'UA4805 was
consistently lower than ‘Akimaro’ (Tables 1 and 2).
We conclude that the high yield of TUA4805 is not due
to higher dry matter production but to a higher seeds/
stem ratio, meaning that ‘UA4805 had shorter stem
length, lower stem weight, and accumulated assimilates
in a larger sink capacity (number of seeds). Kawasaki
et al.*% (2016, 2018b)conducted a cultivation trial with
five to eight Japanese and US cultivars, and found that
the US cultivars had approximately 18% higher seed
yield, 9% greater dry matter weight at harvest, and 9%
higher harvest index compared to the Japanese cultivars.
In both trials, UA4805 was included as a test cultivar,
and its seed yield was 18% higher, dry matter weight at
harvest was 22% higher, and harvest index was almost
the same as that of the Japanese cultivar. Therefore, the
dry matter production capacity of UA4805" is estimated
to be higher than that of the Japanese cultivar. Kawasaki
et al” (2018a) found that ‘Akimaro’ had higher seed yield
and dry matter production capacity in late sowing and
dense planting, but larger stem dry matter weight and
lower harvest index. In this study, the dry matter production
capacity of ‘Akimaro’ was higher than that of ‘UA4805
which may explain the relatively lower final dry matter
weight of ‘UA4805".

Next, we will discuss the high—yielding characteristics
of ‘UA4805. The correlation between seed yield and
yield components showed a significant positive correla-
tion coefficient with the number of seeds per pod for
‘Akimaro’, and with the number of seeds per pod and
seed setting ratio for ‘'UA4805 (Table 6 ), suggesting
that variation in the number of seeds per pod affected

the number of seeds per m% Kawasaki et al. (2018) also
found a negative correlation between the number of pods
per m? and the number of seeds per pod, which sug-
gested that late sowing increased seeds setting ratio and
increased the number of seeds per pod, resulting in
higher seed yield than with normal sowing.

The results of this study showed that the seed yield of
‘UA4805" was higher than that of ‘Akimaro’, which was
due to higher pods setting ratio, seeds/stem ratio, and
lower degree of lodging, but the dry matter production
of ‘Akimaro’ was higher. In late sowing, a higher plant-
ing density is recommended to improve seed yield.
Narrow rows were found to be effective in improving
soybean seed yield.
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TRAVAEST A ikl ‘UA4R05" DZULTEICBS 2 i 78
—HAMBE ‘HE XA LD -

Sultanzada Mohammad Marouf® - B4l Y - E& wmAD - #ilE  H47
(IR R 2 — R Ve A FE B AT 52)

20204 & 20214 [l LR 2 RS0 IE 1 LB Pl 7 1 — )L RELSE -t » & — (34°41N, 133%55'E) TH A A0 BrE 17 -
7o T AY A EHE UA4R05 L HARMEE ‘HExFA o2 mfEr ML, FAHELI25 m? (B, 80 x 10cm)
L25 8k m? (%HH, 80 X 5ecm) @ 2 BREE LT, 20204E 5 H25H (F4), 6 H29H0 (i), 8 H 3 H () 12
FEAE L 72, 20214F 13 BEDES0 cm (JABE) &30 cm (fkEE), $RAEEE1250k m™2& 258k m2o 2 BB CHkls L 72, T3
BI1d, 20205 E20214E L DI HEFEA LD UALRS OF D E»o 7z, BHEEEWITE, kL ko
7o M AE & b IZBAEX I IR X CHEMENRKE L o7z " HEEAH 1F UA4R05 L) QY EITKE A o7
0, FRENEIIME2 - 72, —J, UA480S IZFEMEAVNE o 7203, Hikh, K, FFEEDEL L, TENEIE» -
72 HEE A IIFICEMEXIZBWT, BUREEERKE o7z R/ZEIE, WIihodBEXIZBWTh A
IZHA UA4R05 A3 L o 72, #59ERIT UA4R05 A% ‘& £A X0 2L mh o7z UA4805 DTN
EY HEESH IR TEL oD, FEPE, R/, BREBEIVNE o722 L IC X 5, WAL
‘HEFEDH OFPKEP-7z. BFEEORE, TENEZMLEIE27-DICIIHMEEELEL T LRSI
2. FARXADOFENEZN EEZE 5120, RIS RATH - 72,
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