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IDENTIFICATION OF SOYBEAN VARIETIES BY LABORATORY TECHNIQUEs!/ 

Don F. Grabe2/ 
Mississippi State College, State College, Mississippi 

Introduction 

The varietal identity of crop seed is of greater significance today than a generation 
ago. In addition to improved yield, varieties are being developed for specific character­
istics such as disease resistance, palatability, uniformity, processing qualities, and 
adaptability to particular growing areas. The farmer will not receive the full benefit of 
these breeding achievements when he plants seed of an unknown variety, or seed contain­
ing a substantial mixture of an inferior variety. 

Unfortunately, field trials have shown considerable mislabeling for varietal name of 
seed sold in commerce. For example, J'ones (11} reported that during a recent year in 
Oklahoma, 41 percent of the seed inspection samples of sorghum were mislabeled as to 
variety. Twenty-seven percent of the oat samples and 26 percent of the rye samples 
were similarly mislabeled. Data reported by Caldwell (3) indicated that a large propor­
tion of the vegetable seeds tested by the U. S. Department of Agriculture were also mis­
labeled for variety. 

Varietal tests are not conducted in the laboratory at the present time, principally 
because satisfactory procedures for carrying out such tests have not been devised. 
Many of the methods previously advocated have serious shortcomings which hav~ pre­
vented their adoption in routine seed testing programs. The majority of these methods 
treat only a few varieties of specific crops and are not adaptable to the total complement 
of varieties apt to be present in a particular growing area. Furthermore, many of the 
diagnostic characters employed are of a quantitative nature, rendering accurate judg­
ments difficult. 

This study has had two major objectives: (a) to develop methods for identifying 
varieties of soybeans in the laboratory, and (b) to evaluate techniques which might sug­
gest procedures for determining varieties of other self-pollinated crops. Soybeans were 
chosen for these investigations for several reasons. A large number of agronomically 
distinct but morphologically similar varieties have been developed. The use of improved 
or adapted varieties is obviously important to the grower, but, unfortunately, definite 
identification or verification of varietal purity is not easily accomplished. Since varie­
ties of self-pollinated crops such as soybeans are relatively homogeneous, varietal de­
termination may be put on an individual plant basis. 

Review of Literatul1! 

At least three classifications of soybean varieties have appeared in the American 
literature. The first of these, by Lin (12), was based mainly on the size, shape, and 
color of the seed coat, size and color of the hilum, and color of the cotyledons. Seed and 
hilum size were grouped withinvery narrow limits, making the key impractical. 
Etheridge, et al. (7), prepared keys to 134 varieties of soybeans. The characters used 
in classification, in the approximate order of their taxonomic value, were seed coat 
color, blossom color, pubescence color, cotyledon color, seed forms and sizes, hilum, 
pod S\Ze and color, maturity, height and form of ·plant, growth habits, and leaves. Dor­
chester (6) prepared a key to 27 varieties mainly on the basis of hilum characteristics. 
This key often led to groups of varieties with the same hilum characters. Varieties 
within the groups were then separated by seedling characters, ~.g., hypocotyl color, 
shape of unifoliate leaves, shape of trifoliate leaves, shape of basal lobes and apex of 
leaves, and relative width to length relationships of leaves. Leaf and leaflet shapes 
varied considerably within a variety and leaflets often varied somewhat on the same plant. 

1/ J'ournal Paper No. J'-3253 of the Iowa Agricultural and Home Economics Experi­
mentStation, Ames, Iowa. Project No. 1083. 

~/Formerly Associate, Department of Botany and Plant Pathology, Iowa State Col­
lege, now Assistant Agronomist, Department of Agronomy, Mississippi State College. 
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Morse and Cartter (14) prepared a general review of the literature on the soybean 
including inheritance studies of plant and seed characters. A tabulation of characters of 
101 varieties was included. Morse, et al. (15), characterized 192 varieties as to ma­
turity classification, pubescence color, flower color, color of seed coat and hilum, color 
of germ, and other characteristics. Davidson (5) successfully used cotyledon character-

. isttcs such as venation, shape, thickness, and surface curvature in conjunction with 
hypocotyl color and pubescence characteristics to identify soybean seedlings. Pitting of 
cotyledons was suggested by the U. S. Department of Agriculture (20), as a varietal 

· character. 
Morphological characters which have been reported to be simply inherited in the 

soybean inc,lude pubescence color (Woodworth, 22; Stewart, 17; Owen, 16), flower color 
(Stewart; 17; Hinson, 10), shape of tip of pubescence (Ting, 19), seed coat color (Wood­
worth, 22; Stewart, 18; Owen, 16), and hilum color (Woodworth, 22; Stewart, 17, 18; Owen, 
16; Mahmud and Probst, 13) .. Weiss (21) summarized the symbols and dominance status 
of 43 qualitative characters of soybeans. 

Flowe-r color is ordinarily either purple or white. Hinson (10) reported a third 
flower color -- "light purple". Such flowers are actually white with a purple blotch at 
the base of the standard (Tanner and Laredo have flowers of this type). 

The fluorescence test has become an intriguing factor in varietal identification. 
Innumerable tests have been made to determine the fluorescence reaction of varieties 
of many crops, but most e~forts have met with little practical success. Chmelar and 
Mostovoj (4), however, found fluorescence of soybean_ roots a good varietal character. 
Most varieties tested emitted a blue fluorescence, while a few did not. 

Soybeans have been the subject of innumerable studies of photo-periodic responses. 
Some of these investigations indirectly suggest the possibility of using differential vari­
etal reactions to length of day as a distinguishing character. Borthwick and Parker (1) 
grew several varieties -under photoperiods from eight hours to continuous light. Eight 
varieties initiated flower primordia under continuous light -- these varieties mature 
seed in the field in 105 days or less. Five varieties did not initiate primordia under 
photoperiods of over 16 hours. The 90-day varieties produced visible buds under every 
photoperiod used, including continuous light. Borthwick, et al. (2), also discussed the 
range of responsiveness of soybean varieties to daylength. All flower promptly at 8 to 
10 hours, some fail at slightly longer photoperiods, and some flower even in continuous 
light. Fisher (8) studied the effects of photoperiod on the flowering of Lincoln and Ogden 
soybeans. Under 11-~ and 13-hour photoperiods, Lincoln flowered in 70 days while Ogden 
did not flower even after 85 days. -

Methods of Procedure 

Seed samples of 80 varieties of soybeans were obtained for these studies. The 
source of midwestern varieties was breeders' stocl_{s maintained by Dr. C. R. Weber o( 
the U.S. Department of Agriculture and Iowa State College. Seeds of southern varieties 
were made available by Dr. E. E. Hartwig of the Delta Branch Experiment Station, 
Stoneville, Mississippi. 

Seeds of each variety of soybean were examined under a binocular microscope at a 
magnification-of 18 diameters. Seeds produced in 1955 and 1956 were examined to deter­
mine the possible effect of environmental conditions on seed characters. Seedlings were 
grown in flats in the greenhouse and examined for distinguishing characteristics. The. 
hypocotyls were examined for purple or green coloring after the -seedlings emerged and 
before straightening of the hypocotyl. The cotyledons, primary and trifoliate leaves, and 
seedling pubescence were examined with respect to differential characteristics. Leaflet 
shapes were catalogued for two groups of varieties, those possessing seeds with black 
and imperfect black hilums. Width and length measurements were made of fully expanded 
primary leaves of these varieties and their ratios calculated. 

SeedS, dry pods, and roots were examined under ultra-violet light for possible vari­
etal differences in fluorescence. Seed parts examined were the seed coat, surface of 
cotyledons and interior of cotyledons. The outer and inner surfaces of dry pods were 
examined. Seeds were germinated between blotters at 30° C. and the surfaces of the 
roots of 4-day old seedlings were observed for fluorescence. 

The source of ultra-violet illumination was two General Electric 15-watt, tubular 
"black light" lamp bulbs. The red-purple glass envelope of this lamp acts as a filter 

r 
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transmitting radiations in the near ultraviolet light region of 3600 A. The bulbs were in­
serted in an 18-inch fluorescent desk lamp fitted over a slot in the top of a viewing box. 

An experiment was conducted to determine the number of days required for the more 
commonly grown varieties of s oybeans to flower in the greenhouse under various photo­
periods. Nine plants of each variety were grown in 4-inch pots and exposed to photoperiods 
of 14, 15, 16, and 17 hours. Light-tight chambers with automatically regulated lights were 
constructed to provide the necessary daylengths. Plants were grown on the greenhouse 
bench during the day and moved to the chambers at night. Number of days required for 
flowers to appear and the node at which the first flower developed were recorded for in­
dividual plants of each variety. 

Differential reactions of soybean varieties to races of Peronospora manshurica 
(Naoum.) Syd., the fungus causing downy mildew of soybeans, were investigated. Eighty 
varieties were screened for resistance and susceptibility to three races of the pathogen. 
These races have been tentatively identified as races 5, 7 and 8 by the author (9). Seed­
ling inoculations were made when the primary leaves were approximately three-fourths 
unfolded (eight to ten days after planting when grown at 75 to 800 F.). 

The inoculum consisted of a water suspension of conidia containing 0.1 percent 
Tween-20, a wetting agent. This suspension was sprayed over the leaves with a Sure 
Shot air-pressure sprayer. After inoculation, the seedlings were held in a moist chamber 
at 18° C. Jor 24 hours, then returned to the greenhouse bench. 

Each variety was rated as to resistance or susceptibility to the fungus ten days after 
inoculation. A severity rating scale based on infection types was established as follows: 

1- immune 
2 - small flecks, less than 0.5 mm. in diameter 
3 - small discreet chlorotic areas, irregular in 'shape, up to 2 mm. in diameter 
4 - chlorotic areas up to 4 mm. in diameter, sometimes merging, often de-

limited by veins, presenting an angular appearance 
5 - large confluent chlorotic areas uniformly covering much of the leaf 

Methods of obtaining inoculum, procedures of inoculation, infection types, and iden­
tification of races will be fully discussed in a separate paper. 

Experimental Results 

Morphological characteristics 
Soybean seeds and seedlings possess several morphological characteristics that are 

reliable for identification purposes. Seed coat color, hilum color, hypocotyl color, and 
pubescence type of each variety studied are catalogued in Table 1. 

The pubescence of the primary leaves was of four types: erect with blunt tips, 
erect with sharp tips, appressed with blunt tips, and appressed with sharp tips (Figure 1). 
Most midwestern varieties possessed erect pubescence with blunt tips; on the other hand, 
all pubescence types were found in southern varieties and this character is most useful 
as an aid in distinguishing them. Varieties with appressed pubescence on the primary 
leaves may have erect pubescence on the stem. Therefore, all pubescence readings were 
confined to the primary leaves. 

Seed shape was found to have some value as a supplementary descriptive character. 
Two distinct seed shapes, oblong and oval, could be detected. Seeds of varieties such as 
Bavender Special and several Manchu derivatives were distinctly oblong, while varieties 
such as Clark and Wabash were distinctly oval. However, several varieties were inter­
mediate in shape and difficult to classify accurately. Moreover, individual seeds within 
certain varieties differed in shape. For these reasons, tabulation of this character was 
not made. 

Primary leaf shape was helpful in distinguishing Hawkeye from the other varieties 
with imperfect black hilums. Hawkeye leaves had an average ratio of width to length of 
1.17 compared to .84 for Chief, .79 for Pennsoy, .83 for Perry, and .81 for Patoka. Dif­
ferences in leaf shape between varieties with black hilums were not great enough for 
identification purposes. 

Differences in pubescence color were not evident in young seedlings. However, 
plants with gray or tawny pubescence could be distinguished after about eight weeks 
growth. 
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Leaflet shape, cotyledon shape , and sur face textur e of the cotyledons were found to 
exhibit no diagnostic characteristics. 

Fluorescence tests 
Varietal differences in fluorescence of soybean seedcoats or cotyledons were not 

evident. The roots of all varieties wer e fluorescent with two exceptions: Minsoy and 
the wild species, Glycine ussuriensis . The pale blue fluorescence of the roots is of a 
much lower intensity than is encountered in oats, ryegrass, and other grasses. 

Photoperiod experiments 
The range in flowering time of varieties was very narrow under 14-hour days, but 

increased with increase in daylength. While some varieties flowered under 17-hour 
days, many did not do so during the course of the experiment. The time required for 
completion of the test under 15 and 16-hour days varied fr om seven to ten weeks. 

The data suggest that the latest flowering varieties may be clearly distinguished 
from the earliest flowering types within each hilum color group. Unfortunately, inter­
mediate forms overlap both the early and late varieties and identification cannot be made 
on an individual seedling basis. Photoperiod tests thus appear to be of limited value in 
distinguishing soybean varieties and no further data are presented in this paper. 

Varietal reactions to races of downy mildew 
Disease reactions of soybean varieties to the races of downy mildew tentatively 

identified as races 5, 7, and 8 are given in Table 2. 

Key to varieties 
A key to identification of the varieties of soybeans included in this study follows: 

1. Seed coat black 

2. DM 7Y resistant 

2. DM 7 susceptible 

1. Seed coat green 

3. Hilum light brown; DM 7 resistant 

3. Hilum black; DM 7 susceptible 

1. Seed coat yellow 

4. Hilum black 

5. Pubescence appressed 

5. Pubescence erect 

6. Hypocotyl green 

7. Seed oblong 

8. DM 5 infection type 4 

8. DM 5 infection type 5 

7. Seed oval 

9. Hilum large 

~/ Downy mildew race 7. 

LAREDO 

KINGWA 

OGDEN 

KIM 
SAC 

PALMETTO 

FABULIN 

GRANT 

KOREAN 
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9. Hilum small LINCOLN 

6. Hypocotyl purple 

10. OM 5 resistant; OM 7, 
OM 8 susceptible VIKING 

10. OM 5, DM 7 resistant ; 
DM 8 susceptible 

11. Seed oblong FLAMBEAU 

11. Seed oval 

12. OM 8 infection type 4 CHIPPEWA 

12. DM 8 infection type 5 NORCHIEF 

10. DM 7 resistant; DM 5, 
OM 8 susceptible MANDELL 

10. DM 5, DM 7, DM 8 susceptible 

13. Seed oblong BA VENDER SPECIAL 
BLACK HILUM MANCHU 
EARLY MINN. MANCHU 
MANCHUKOTA 
RYAN MANCHU 
WISC. MANCHU 3 
WISC. MANCHU 606 

13. Seed oval 

14. DM 8 infection type 4 MINGO 
ONTARIO 
SCIOTO 

14. OM 8 infection type 5 CLARK 
GRANGER 

• HARMAN 
LEE 

4. Hilum imperfect black 

15. DM 5, OM 7, DM 8 resistant PENNSOY 

15. OM 5, DM 7 resistant; DM 8 susceptible 

16. Primary leaf wider than long; 
seed oblong HAWKEYE 

16. Primary leaf longer than wide; 
seed oval CHIEF 

15. DM 7 resistant; DM 5, DM 8 susceptible PATOKA 
PERRY 

4. Hilum brown 

17. Root non-fluorescent MINSOY 
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Table 2. (continued) 

Variety 

Roanoke 
Ryan Manchu 
SlOO 
Sac 
Scioto 

Seneca 
Viking 
Wabash 
Wise. Manehu-3 
Wise. Hanehu-606 

r.c. 33123 
A0-7445 
r.c. 33243 
P.I. 81044 
P.I. 65549 (wild) 

.· ... 
. �-�·�~�·� .. , 

5 

s (5) 
s ( 3) 
s (4) 
s (4) 
s {3) 

s ( 4) 
R ( 1) 
s ( 3) 
s ( 3) 
s ( 4) 

s ( 3) 
s ( 4) 
s ( 3) 
s ( 3) 
R ( 1) 

Race 

7 

R { 1) 
s (5) 
s (4) 
s (5) 
s (4) 

s (5) 
s (4) 
s (4) 
s {4,5) 
s (4) 

s ( 3) 
s (5) 
s ( 5) 
R (1) 
R ( 1) 

8 

R {2) 
s {5) 
s ( 5) 
s {5) 
s {4) 

s {5) 
s (4) 
s (4) 
s (4,5) 
s (4) 

s ( 3) 
s (5) 
s ( 4) 
R ( 1) 
R ( 1) 

Figure 1. Soybean pubescence types. Top row, left to right: erect 
with blunt tip; erect with sharp tip. Bottom row, left to 
right: appressed with blunt tip; appressed with sharp tip. 
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