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Evaluation of Old and Modern Soybean Cultivars in Liaoning and Ohio
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Abstract ; Future yield gains may depend on an understanding of the past changes made to soybean [ Glycine max (L.)
Merr] by breeding. The objective of this study was to use experiments in Ohio and Liaoning province to compare a set of ol-
der cultivars from Liaoning province with their modern counterparts derived from breeding programs in Liaoning and Ohio.
Tested in Ohio,Ohio cultivars exceeded the older cultivars in yield by 78% and modern Liaoning cultivars exceeded their
older counterparts by 22% . In Liaoning, both groups of modern cultivars exceeded the mean yield of older cultivars by about
50% . The Liaoning environment produced greater mean height and displayed more lodging. The worst lodging scores be-
longed to the older cultivars. Ohio cultivars were lower in protein but higher in oil than the other two groups. Both Chinese
and USA breeders have selected successfully for improved yield, shorter plants,shorter internode length, greater lodging re-
sistance , higher percentage of yield produced on main stem and higher ratio of seed yield/stem. Selection for soy food use in
China resulted in large seed size and high protein,but those traits have been largely neglected in the USA. The results sug-
gest mutual benefits from germplasm exchange.
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1 Introduction

Soybean [ Glycine max (L.) Merr. | has been
produced in China for more than 3000 yr and in the
USA for more than 200 yr'''. Current soybean produc-
tion in the Northern USA has its genetic base primarily
in introductions from China'*'. Using molecular mark-
ers, Li et al. determined that there was a relatively
small genetic distance between ancestors of modern
Northeast Chinese soybean cultivars and ancestors of

Northern U. S. cultivars. Working independently but
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from roughly similar genetic bases, breeders in North-
east China and North America have selected for adap-
tation to their respective environments, resulting in in-
creased yield and improvements in other traits’.
Mean yield of soybean in China has risen from
617 kg - ha ™' in 1949 to 1790 kg - ha™' in 1999"*.
Fei et al used 21 early-maturing soybean cultivars re-
leased from 1981 to 2000 to study genetic gain in Hei-
longjiang, China, resulting in an estimated gain of 43
kg -+ ha™' + yr™', with increased numbers of pods with

3 and 4 seeds, pods per plant, seed weight per plant,
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plant height, number of branches and effective
nodes"’. Soybean yields in the USA increased 23 kg -
ha™' + yr ' from 1924 to 1997, but in the last quarter
century (1972 to 1997) have risen 40% faster,31 kg
- ha™'

due to improved cultivars. In the USA ,the annual gain

- yr "' The upward trend in yields is partly

in yield attributable to genetic improvement averaged
about 15 kg + ha™' yr™' prior to the 1980s, but it is
now averaging about 30 kg + ha '+ yr ''*',

Genetic changes in physiological and morphologi-
cal traits have been linked to yield gains in some re-
search. In Georgia (USA) , Boerma and Ashley deter-
mined that high canopy apparent photosynthesis was a
property of recent, high-yielding soybean cultivars in
comparison with older cultivars'”’. In Canada, Morrison
et al. compared cultivars from seven decades ago. Seed
yield, harvest index and photosynthetic rate were found
to have increased by 0.5% per year, while leaf area
index decreased by 0. 4% per year. The increase in
seed yield with year of release was significantly correla-
ted with an increase in harvest index, photosynthesis
and stomatal conductance and a decrease in leaf area
index'®.

Future yield gains may depend on an understand-

ing of the changes made to soybean cultivars by breed-

ing and selection. It would be valuable to know whether
selection in one environment ( China or USA) has led
to similar improvements in the other environment.
Knowledge of how morphological traits have responded
to selection may also provide insight into the nature of
the genetic changes. Our objective was to compare, in
both Liaoning ( China) and Ohio ( USA) environ-
ments,a set of older cultivars from Liaoning province
with their modern counterparts derived from breeding
programs in Liaoning and Ohio. We examined yield,
agronomic and compositional traits in both locations

and morphological traits in Liaoning.
2 Materials and methods

We compared 12 cultivars (Table 1) ,including 4
old cultivars that were introduced into the USA from Li-
aoning before extensive North American breeding efforts
began"’. The four older cultivars were named and re-
leased in the USA,but of these only Mukden was ever
widely grown. Mukden is also the only cultivar of the
four that contributes significantly as an ancestor of cur-
rent USA cultivars, providing an estimated 4% of the
Northern USA germplasm base''®’. The remaining 8 cul-
tivars in our tests were developed recently at Liaoning

province and Ohio State University''"*’ (Table 1).

Table 1 Origin of soybean cultivars compared in Liaoning and Ohio.
Cultivar Representing Origin
HS93-4118 Modern Ohio Ohio State Univ. ( St. Martin et al. ,2001¢)
Ohio FG1 Modern Ohio Ohio State Univ. ( St. Martin et al. ,1996)
Darby Modern Ohio Ohio State Univ. ( St. Martin et al. ,2001b)
Kottman Modern Ohio Ohio State Univ. ( St. Martin et al. ,2001a)
Liaodou 11 Modern Liaoning Liaoning Academy of Agric. Sciences, 1996
Liaodou 12 Modern Liaoning Liaoning Academy of Agric. Sciences, 1998

Shennong 9411

Modern Liaoning

Shendou 4 Modern Liaoning
Shingto Old Liaoning
Mukden Old Liaoning
Harbinsoy Old Liaoning
Boone Old Liaoning

Shenyang Agric. Univ. ,1997

Shenyang Academy of Agric. Sciences, 1997
P121.079, fromTieling, Liaoning, 1907

PI 50. 5230, fromShenyang, Liaoning, 1920
PI 54.606-3 , fromBenxi, Liaoning, 1921

PI 54.563-3 ,fromTongjiangkou , Liaoning, 1921

We conducted all experiments in the field at lati-
tudes approximately 40°N in Liaoning and Ohio. In Li-
aoning, the experiment was carried out at Shenyang
during the 2004 ,2005 and 2006 growing seasons. The
design was a split-plot with three replications, arranged
in randomized complete blocks. Cultivars were the

main-plot factor, and the split-plot factor consisted of

three levels of N-P fertilizer. Results of the fertilizer
treatments will be discussed elsewhere,and this manu-
script will concern itself with the main effects of culti-
vars. In Ohio, trials took place in 2004 and 2005 at
three sites: the Mitchell farm at Plain City, the Man-
chester farm at Lakeview, and the Western Research

Station of the Ohio Agricultural Research and Develop-
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ment Center at South Charleston, Ohio. The design in
Ohio was a3 x 4 rectangular lattice ,with two replica-
tions per location. Cultivar means were adjusted for
block effects where necessary.

In Liaoning plots consisted of 5 rows, spaced 60
cm and 5 m in length. The distance between plants
within a row was 11 e¢m,and plant density was 150 000
plants - ha~'. The plant density was achieved by over-
planting and thinning. Seeds were planted in late April
or early May. Two days after planting, herbicides were
applied for weed control. Before harvesting,10 consec-
utive plants in a row were selected from each plot for
the analysis of agronomic and morphological traits.
Each sampled plant was measured for plant height from
the node of cotyledon to the tip of the stem and height
of the lowest node bearing a pod. The nodes of the
main stem and the number of branches were counted,
and the seed yields of branches and main stem were
measured separately. Seed yield of the main stem was
divided by the combined seed yield of the main stem
and branches to determine the percentage of yield pro-
duced on the main stem. Seed yield was divided by the
total weight of straw and pod wall to determine the ratio
of seed yield/stem. At maturity, a lodging score was as-
signed to each plot,based on a scale of 1 (erect) to 5
(prostrate) . The 3-m long middle part of the inside 3
rows (3 m per row x 3 rows x 0.6 m =5.4 m’) was
harvested for plot yield. Seeds were analyzed for protein
and oil content using a Foss 1241 near-infrared analy-
zer.

In Ohio, plots consisted of 6 rows, spaced 38 cm
apart,4.9 m in length. Approximately 20 seeds + m ™'
were planted in late April or early May. Pre-plant her-
bicides were applied for weed control. Plots were end-
trimmed to 3.5 m length at approximately growth stage
R1 '), Plant height, and lodging score were assessed
as in Liaoning,and the date of maturity (when 95% of
the pods had reached their mature color) was deter-
mined. In 2004 two samples of seed of each cultivar,
one harvested at Plain City,the other at Lakeview , were
analyzed for protein and oil content by near-infrared
transmittance ( with a Foss Model 1255 Infratec NIR
food and feed analyzer) at the National Center for Ag-

ricultural Utilization Research ,Peoria, Illinois.

Data from Liaoning and Ohio were analyzed sepa-
rately. Years and (in Ohio) locations were regarded as
random factors, and appropriate interactions between
cultivar and these factors were used as error terms.
Cultivar was a fixed factor. Where F-tests indicated
significant differences among cultivars, the LSD (P =
0.05) was used to separate means. Means of the three
groups of cultivars were compared using an LSD proce-

dure, equivalent to contrasts.
3 Results

3.1 Yield and agronomic traits

The Ohio cultivars were, on average,3 to 4 days
later maturing than the other two groups of cultivars,
but there was a range of maturities within each group
(Table 2).

Plants reached a greater height in Liaoning than
in Ohio ( Table 2). Ohio cultivars showed a marked
similarity in height and were among the shortest culti-
vars at each location. In Ohio, the modern Liaoning
cultivars were similar to the Ohio cultivars in height,
but averaged 22 cm taller than that of Ohio cultivars in
Liaoning. In both Ohio and Liaoning, two of the old
cultivars , Harbinsoy and Boone,were extremely tall.

The Liaoning environment, which produced greater
mean height, also displayed more lodging ( Table 2)
than observed in Ohio. In Liaoning,three Ohio cultivars
( Kottman , Darby ,and HS93-4118) had the best stand-
ability. The worst lodging scores belonged to the older
cultivars. Similar trends were evident in Ohio, although
with a smaller degree of lodging overall. The tall, older
cultivars Harbinsoy and Boone had the most lodging in
Ohio and Liaoning.

Mean seed yield in Ohio showed a clear ranking,
Ohio > modern Liaoning > old Liaoning, with little o-
verlap between groups (Table 2). Ohio cultivars ex-
ceeded the older cultivars in yield by 78% , and mod-
ern Liaoning cultivars exceeded their older counterparts
by 22% . In Liaoning Ohio cultivars exceeded the older
cultivars in yield by 51% , and modern Liaoning culti-
vars exceeded their older counterparts by 44% , The
difference between the two modern groups in Liaoning

was not significant.
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Table 2 Yield and agronomic traits of old and modern soybean cultivars evaluated in Ohio,USA ,and Liaoning, China.

Ohio Liaoning
Yield/Mg - ha ™'
Group Cultivar Date Lodging Plant
o ) S. Char- Plain Lake- Lodging Plant Yield
mature * score™ *  height/cm Mean
leston City view score* *  height/em /Mg« ha ™'
Modern  HS93-4118 28 1.3 81 4.45 4.88 4.94 4.76 2.3 101 2.69
Ohio Ohio FG1 22 1.2 81 3.53 4.34 3.52 3.80 3.1 101 2.55
Darby 19 1.1 83 4.10 4.49 4.09 4.23 1.7 102 2.67
Kottman 23 1.1 81 4.15 4.66 4.74 4.52 1.6 97 2.61
Mean 23 1.2 81 4.06 4.59 4.32 4.32 2.2 100 2.63
Modern  Liaodou 11 19 1.4 83 2.39 3.49 2.60 2.83 3.3 113 2.63
Liaoning  Liaodou 12 15 1.1 72 2.93 3.38 2.85 3.06 3.2 111 2.66
Shennong 9411 28 1.9 92 2.84 3.14 3.08 3.02 3.4 124 2.32
Shendou 4 17 1.7 93 2.97 3.14 2.96 3.02 3.3 140 2.40
Mean 20 1.5 85 2.78 3.29 2.87 2.98 3.3 122 2.50
0old Shingto 11 2.1 87 1.99 2.37 2.19 2.18 3.5 124 1.82
Liaoning  Mukden 12 1.7 84 2.37 2.57 2.81 2.58 3.5 115 1.94
Harbinsoy 21 3.3 122 1.95 2.60 2.28 2.27 3.8 208 1.55
Boone 31 3.0 112 2.27 3.17 2.68 2.71 3.8 157 1.66
Mean 19 2.5 101 2.14 2.68 2.49 2.44 3.7 151 1.74
LSDy s
) 2.4 0.7 17 0.53 0.2 23 0.44
(cultivars)
LSDy, o5
’ 1.2 0.3 8 0.27 0.1 11 0.22

( groups )

* days after 31 August.

** rated from 1 (erect) to 5 ( prostrate).

3.2 Seed composition

Generally, Ohio cultivars were lower in protein but

higher in oil than the other two groups ( Table 3).

Modern Liaoning cultivars were similar in oil content

and lower in protein content when compared with older

cultivars in the Liaoning environment, but they were

similar in protein content and lower in oil content to ol-

der cultivars in Ohio. There were significant within-

group differences for compositional traits, and groups o-

verlapped. Cultivar Shendou 4 displayed high protein

in both test environments.

Table 3 Seed protein and oil content of old and modern soybean cultivars evaluated
in Ohio,USA (2004) ,and Liaoning,China (2004-2006).
. Ohio ™ * Liaoning
Group Cultivar — - - _— _ 1 . -
Protein* /g - kg Oil/g - kg Protein/g - kg Oil/g - kg
HS93-4118 388 189 408 202
Ohio FGI 424 183 427 201
Modern Ohio Darby 405 187 409 212
Kottman 415 185 418 206
Mean 408 186 415 205
Liaodou 11 412 178 413 208
Liaodou 12 427 182 433 203
Modern Liaoning Shennong 9411 414 176 417 193
Shendou 4 448 179 435 199
Mean 425 179 424 201
Shingto 423 179 447 197
Mukden 429 181 451 198
Old Liaoning Harbinsoy 412 185 429 197
Boone 428 184 416 208
Mean 423 182 436 200
LSD, o5 ( cultivars) 15 5 11 5
LSD, o5 ( groups) 8 3 5 3

* Protein and oil are tested on dry-weight basis.

** Mean of two samples of seed,one at Plain City,the other at Lakeview.
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3.3 Morphological traits

In Liaoning, Ohio cultivars had more branches per
plant than modern Liaoning culitivars ( Table 4). Com-
pared with the old Liaoning cultivars, modern Liaoning
cultivars had fewer branches and a more uniform
branch number among cultivars ( Table 4). Ohio culti-
vars had a lower height of lowest pod than older culti-
vars and displayed uniformity (about 22 ¢m) among
cultivars, but modern Liaoning cultivars had a similar
height of lowest pod to the old cultivars (Table 4). O-
hio cultivars had fewer nodes and shorter internode
length than both modern and old Liaoning cultivars,
and compared with the old Liaoning cultivars, both of
modern Ohio and Liaoning cultivars had a shorter inter-
node length. Ohio cultivars had the shortest internode
length ( Table 4) ,which is assumed to confer lodging
resistance. The old cultivars Boone and Harbinsoy had
greater length (6 to 8 cm) than other cultivars (4 to 6

cm ). Grain weight per plant showed a pattern similar

to that of yield, with smaller means for older cultivars.

Modern cultivars had a higher ratio of seed yield/
stem than older Liaoning cultivars ( Table 4) , mainly
because of the very low ratios of Harbinsoy and Boone.
Modern cultivars, especially modern Liaoning cultivars,
had a higher percentage of yield on main stem ( Table
4) ,which might resulted from selection for ease of har-
vest.

Cultivar differences for 100-seed weight were ex-
pressed consistently across years. Modern Liaoning cul-
tivars significantly exceeded the older cultivars in 100-
seed weight ( Table 4). Four modern Liaoning cultivars
and the Ohio cultivar Ohio FG1 had significantly larger
seed than the other entries. The larger seed of modern
Liaoning cultivars is the result of deliberate selection
for seed size, which is a desirable characteristic for
many soy foods "'*'. The large-seeded Ohio cultivar,

Ohio FGI1 ,was also selected for soy food applications.

Table 4 Morphological traits of old and modern soybean cultivars evaluated inLiaoning, China (2004-2006).

Branches Nodes Internode 100-seed
Group Cultivar HLP/cm GWPP/g RSYS PYPMS/ %
per plant per stem length/cm weight/g

HS93-4118 2.8 21 23 4.4 19 1.1 67 15.1

Ohio FG1 2.6 23 21 4.8 19 1.0 71 20.9
Modern

Darby 2.3 21 25 4.2 18 1.0 85 13.5
Ohio

Kottman 2.0 22 23 4.3 17 1.0 82 14.9

Mean 2.4 22 23 4.4 18 1.0 76 16.1

Liaodou 11 1.7 23 23 4.9 19 0.9 78 20.2

Liaodou 12 1.7 25 23 4.8 19 1.1 81 21.8
Modern

Shennong 9411 1.1 31 26 4.8 21 0.9 87 20.8
Liaoning

Shendou 4 1.8 24 28 4.9 23 0.9 84 17.0

Mean 1.6 26 25 4.9 21 1.0 82 20.0

Shingto 1.9 21 23 5.4 16 0.9 82 14.6

Mukden 1.6 23 22 5.2 17 0.9 81 14.9
Oold

Harbinsoy 2.2 36 27 7.6 14 0.5 64 15.2
Liaoning

Boone 4.1 33 26 6.1 17 0.7 45 14.4

Mean 2.5 28 24 6.1 16 0.7 68 14.8

LSD, g5 (cultivars) 0.7 9 2 0.6 4 0.2 12 1.1

LSD, o5 (groups) 0.4 5 1 0.3 2 0.1 6 0.5

HLP = Height of lowest pod; GWPP = Grain weight per plant; RSYS = Ratio of seed yield/stem ; PYPMS = Percentage of yield produced on main stem.

4  Discussion

The basis for the choice of older cultivars for this
experiment was geographical rather than pedigree; the
cultivars were collected in Liaoning and presumably
grown there. Except for Mukden they are not ancestral
to the Ohio cultivars, and there is no evidence that they
were ancestral to modern Liaoning cultivars. We are as-
suming, however, that they phenotypically typify soy-

bean germplasm grown in Liaoning 85 to 100 years

ago.

Breeders in the U. S. and China have made signif-
icant improvements in yield and lodging resistance of
cultivars. U. S. breeders have imposed selection pres-
sure for ease of mechanical harvesting, which may ex-
plain why the Ohio cultivars exhibited greater resist-
ance to lodging. In the U. S. , soybeans are typically
planted at higher seeding rates than in North China,
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making resistance to lodging an important considera-
tion'""". In our study, we used seeding rates typical of
locale where the test was grown,i. e. ,3 times greater
in Ohio than in Liaoning (150 000 plants - ha™').
Modern Liaoning cultivars tested in Ohio, and Ohio
cultivars tested in Liaoning were exposed to different
plant densities from those in which they were selected.
The mix of tall and short cultivars formerly in use in
Liaoning has given way to more uniformly short culti-
vars. The four modern Liaoning cultivars in our study
are all semi-determinate , while short-stature indetermi-
nate cultivars have been selected for Ohio.

A few trends for genetic gain are evident in com-
paring both sets of modern cultivars with the older cul-
tivars. Modern cultivars from Liaoning and Ohio show
improved yield, shorter plants, shorter internode
length , greater lodging resistance, higher percentage of
yield produced on main stem,and higher ratio of seed
yield/stem. The different end uses for the crop (oil and
meal in the USA vs. soy foods in China) account for
selection for large seed size and high protein in China
and neglect of those traits in the USA. Reduced branch
number in Chinese cultivars may be related to selection
occurring under lower stand densities than are used in
the USA. Semi-determinate growth habit, in combina-
tion with reduced numbers of branches and higher
plant height, favors high yield in Liaoning environ-
ments, which feature a relatively low seeding rate.

Unlike the US farmers who harvest soybeans by
combine , farmers in Liaoning have harvested soybeans
by hand and sickle continually. The different methods
of harvest may be responsible for differences between
modern Ohio and Liaoning cultivars in plant height,in-
ternode length ,nodes/stem,and height of lowest pod.

Soybeans in Liaoning are primarily utilized for hu-
man consumption as tofu or other soy foods, and high
protein is considered desirable for such products. By
contrast, most U. S. soybeans are crushed to produce
both protein-based products and oil ,and there has been
little selection in recent decades for protein. Also, pro-
tein and oil content are highly negatively correlated
") Thus it would not be surprising that the Ohio culti-
vars exhibited lower protein content and higher oil con-
tent than the other two groups,and this was indeed ob-
served in both environments.

Our results, showing concurrent improvement in
both USA and Chinese germplasm, suggest that breed-
ers in the two countries may find each other’ s modern
cultivars to be a good source of germplasm. In particu-

lar, USA breeders seeking high protein cultivars with

large seed size and Chinese breeders seeking sources
for high yield may benefit from germplasm exchange.
As the soybean is sensitive to day length, exchange be-
tween breeders operating at the similar latitudes will
benefit both breeding programs.
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