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ABSTRACT 

Dehiscence of mature soybean Glycine max (L.) 

Merril pods is the major factor limiting the production of 

soybeans in arid climates. 

In this study 25 cultivars of soybeans were 

evaluated for dehiscence tolerance. Temperature and 

relative humidity were monitored at the experimental plot. 

Anatomical differences between pods from cultivars 

having different levels of dehiscence resistance were 

investigated. It was found that the configuration of the 

sclerenchyma strand at the dorsal suture was associated 

with the degree of pod dehiscence. Cultivars having great 

resistance to dehiscence had a "heart shaped" configuration 

while those having poor resistance to dehiscence exhibited 

a "flat shape" configuration of the sclerenchyma strand at 

the dorsal suture. 
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INTRODUCTION 

Dehiscence. of mature soybean Glycine~ (L.) 

Merrill pods is probably the major factor limiting the 

production of soybean in the irrigated desert valleys of 

southwestern United States. Air temperatures are high and 

average minimum relative humidity is very low particularly 

in October and November, the usual time for harvest. These 

environmental conditions greatly increase the amount of pod 

shattering, even of cultivars that are relatively shatter 

resistant. 

Breeders have given and continue to give major 

attention to the development of indehiscent lines and 

cultivars but none of the existing cultivars are suffi

ciently shatter resistant to be of economic value in the 

Southwest, except when prices for soybean oil and meal are 

unusually high. 

This research project was undertaken to determine 

anatomical differences between pods from cultivars having 

different levels of pod dehiscence. The objective was to 

discover a tool that would help the breeder in his efforts 

to develop more shatter resistant lines and cultivars. In 

addition, characters such as seed size, shape, and size of 

pods and microclimate were also evaluated to determine their 

relationships to loss of seeds caused by pod dehiscence. 

1 



REVIEW OF LITERATURE 

Importance of Soybean 

The soybean has played an important role in the 

development of the civilizations of China, Manchuria, 

Korea, a~d Japan (9). It has been the major source of 

meat, milk, bread, and oil in the Oriental world and has 

saved the people from starvation (21). The soybean is well 

adapted to other parts of the world and especially to the 

United States. The annual production of soybean in the 

United States now exceeds 5,700,000 tons. 

The soybean seed is an excellent and cheap source 

of protein and additionally contains several essential 

vitamins and minerals (21). Much soybean oil is used in 

food production. Soybeans are also well suited for use in 

the production of varnishes, linoleum, oilcloth, and 

printing ink (39). The meal remaining after oil extraction 

is primarily used for livestock feed. 

Like most other legumes, soybean plants have the 

ability to enter into a symbiotic relationship with one of 

the species of Rhizobium, thereby making possible the 

utilization of nitrogen from the air (J9). 

The population of the world is increasing sharply, 

and b e cause of the need for protein and fat in the human 

2 
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diet it se ems likely that soybean acreage and production 

will continue to increase. 

Botanical D~ scripti on 

The soybean belongs to the family Leguminosae, 

subfamily Papilionoideae and the genus Glycine L. Bot an-

cally the soybean is Glycine max L. Merrill (Jl). 

The soybean plant, an annual legume, is usually 

erect, bushy, and leafy. Plant height ranges from 1 to 6 

feet, depending on variety and environment. The leaves of 

soybean plants are trifoliolate and leaflets are usually 

lanceolate in shape (17). The small purple or white 

flowers are born in axillary racemes on peduncles arising 

at the nodes. The pods are small, being either straight or 

slightly curved and covered with pubescence. Soybean 

flowers are normally self-fertilized because pollination 

occurs at or before the flower opens. 

The soybean, primarily a short-day plant, is 

sensitive to photoperiod. lfuile cultivars differ slightly 

in their photoperiod requirement, many cultivars require 

10 hours of daily darkness in order to flower (18). 

Origin, Distribution, and Adaptation 
of Soybeans 

According to Negata (25) soybeans, one of the 

oldest cultivated crops, probably originated in China. 

This determination has been based in part on the 
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distribution of Glycine ussuriensis. Centuries ago, the 

Chinese called the soybean Shi-yu and Ta-to. The Japanese 

named the plants Soja. In comparatively recent times, 

soybeans were introduced to Europe and America from the 

Orient (21). Most soybeans now grown in the United 

States have been developed from seed collected in Asia 

( ll) . China and ~anchuria were the leading countries in 

the production of soybeans during the period just before 

World War II. The war was in part responsible for the 

increase in soybean production in the United States and the 

concurrent decline of the crop in China and Manchuria. 

Now the United States has become the leading country in 

soybean production. The Northcentral region of the United 

States is particularly well adapted to soybean produc

tion (J9). 

In the United States, cul ti vars have been developed 

that are best adapted to latitudes only 75 to 100 miles 

wide. Thus where soybeans are gro·wn, cultivar selection is 

very important. In each area, cultivars that are highest 

yielding are those best adapted to daylength and other 

environmental conditions (J). 

Temperature affects the time of flowering as well 

as time of maturity of soybean plants (14). All soybean 

cultivars have been divided, on the basis of time required 

for maturity, into nine different groups, 0 through VIII. 

The higher the classification number, the longer the period 



of tim e r e q u ir e d for maturity. Th e two mo s t important 

fa ctors to b e considered in s e l e cting a cultivar a re (a) 

adapt a tion and (b) intend e d use (9). 

Soyb e ans sometime s have been classified as a poor 

land crop, because plants yield r e latively more than grain 

crops on soil of low productivity. This is also partly 

5 

true because of the occasionally poor response of soybean 

plants to direct application of commercial fer~ilizer (JJ). 

Barnhart (2) mentioned that the soybean is more 

tolerant of low fertility than grain crops and is more 

tolerant of arid soil conditions than most other legumes. 

Plants appear to be efficient in their use of residual 

fertilizer applied to previous crops. Culbertson, Johnson, 

and Schoenleber (8) agree with Barnhart and reported that 

soybeans do best on fertile, well drained soils but they 

are tolerant of a wide range of soil conditions. 

Dehisc ence of Soybean Pods (Shattering) 

As the time of maturity of soybean plants 

approaches, first the lower and later all leaves turn 

yellow. These yellow leaves usually drop off before pods 

are ready for harvest and when seed still contains 20% or 

more moisture (9). The moisture content of pods decreases 

gradually after physiological maturity. This drying of 

pods usually results in division of pod walls at the two 

lines of dehiscence and seed shatter. 
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Lager (21) reported that when plants are harvested 

timely, beans will be full and will not wriru~le or 

mold. When pods are left on the vine too long, there is an 

excessive loss by shattering especially for plants of some 

cultivars. 

Weiss (J9) agrees with Lager (21) in the importance 

of timely harvest and that soybean plants are ready for 

harvest when pods are fully matured and when seed is in the 

hard dough stage. Soybean plants are combined when 

moisture content of the seed is 12 to 14 percent. \vhen 

the moisture content of soybean seed is low at harvest, 

this results in splitting of beans and an increase in loss. 

Development _ of Nonshatter Cultivars 

The tendency toward nonshattering of seed of soy

bean and other plants, appears to have been developed 

during domestication since wild types of many crops drop 

their seed as soon as they are ripe (22). Any marked 

change in environment, such as the amount of moisture, 

temperature, sunlight, or soil composition may create 

conditions under which seed of certain plants can not 

germinate. In the evolutionary process plants therefore 

must disperse their seed in such manner and in such 

quantity that some at least will survive so that the 

species may continue (J2). The natural means of seed 

dispersal of some cultivated seed crops have been lost. 



('• 

7 

By watchful effort and carefulness, m~ enables these crops 

to withstand the effects of unfavorable weather (J2). 

Soybean breeders have been effective in isolating 

types superior in yielding ability and resistance to 

shattering (J4). Many cultivars of soybeans shatter easily 

and if pods of these types are permitted to dry to 12 to 14 

per cent moisture, a substantial loss of seed usually 

results. Losses are much less with cultivars that do not 

shatter their seed readily and can be permitted to become 

more fully mature before harvesting (9). Kuykendall (20) 

reported that there are differences among soybean cultivars 

in the degree of shattering. He found that 'Bienville ,' a 

late maturing variety, shattered less than any other 

cultivar tested. 

Caviness (4) studied the inheritance of shattering 

in the soybean and concluded that at least four major genes 

control shattering with susceptibility being dominant. It 

follows therefore that selection for resistance to shatter

ing in early generations should be successful. 

One of the objectives in soybean breeding is to 

produce a nonshatter type, for use on irrigated deserts, 

suitable for harvest with a combine (35). Johnson, 

Robinson, and Comstock (19) indicated that selecting for 

resistance to shattering should be effective in increasing 

yield. 
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Shattering of seeds occLu~s in other plants as well 

as in soybeans. Plants of wild lettuce, L act uca serriola 

L. that depend on shattering of seed for perpetuation, 

differ from garden lettuce by only a single gene (22). 

Whitaker and McCollum (40) previously reported that L. 

serriola seed shattering is dependent on a single dominant 

gene. The nonshattering cultivated type of lettuce (L. 

sativa) is homozygous recessive for the shattering factor. 

Shattering of Ory~~ sativa cult. 'Fatua' is also dependent 

upon a single gene (?). Veazey (J8) discovered a mutant 

form of Crotaloria spectabilis "\vith nondehiscent character, 

and it has bred true for this desirable character over 

several generations. 

Johnson et al. (19) estimated the genetic and 

environmental variability of soybean plants of two differ

ent populations. They reported that heritability for 

shattering was 67.0 and 69.1% in the two populations 

studied. 

In sesame, Sesamum ~ndicicum L., the indehiscent 

capsule is conditioned by a gene accompanied by reduced 

fertility and other unfavorable properties. In sesame, 

selection for increased fertility has tended to increase 

the degree of dehiscence. This same effect has been 

observed in back crosses with commercial lines. With 

parallel selection for higher fertility and low dehiscence 

it has been possible to attain a combination of the two 
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desirable features, resulting from the action of two sets 

of 'modifiers affecting each character separately (2J). 

At the Tozi Research Farm (J?) breeders observed 

that indehiscent lines of sesame produced small and few 

capsules. It was also observed that many of the indehis-

cent lines had too long a maturation period for the Sudan. 

This relationship between indehiscence and yield may .also 

exist for soybeans. Kuykendall (20) reported that the 

cultivar 'Jackson' matured early with satisfactory seed 

holding properties, but that the cultivar 'Bienville' which 

matured later than 'Jackson' shattered less. While early 

maturing cultivars of soybeans tend to yield less, 

Kuykendall did not include data concerning yield in his 

report. Cavin~ss (6) reported a significant positive 

correlation between days from maturity to incipient 

shattering and date of maturity of the two crosses used. 

Effect of Environmental Conditions 
on Dehiscence 

Shattering of soybean pods results from the inter-

action of genetic components and the environment. Caviness 

(5) demonstrated the effect of relative humidity on pod 

dehiscence in soybean and proved that wetting and drying of 
\ 

the pods increased the rate of dehiscence at higher 

humidities. Weiss (J9) reported that when humidity was too 

low shattering increased. 
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Hood and Hilst (13) reported concerning the effect 

o :f ·spray applications of polyhydroxy compounds as a 

deterrent to pod dehiscence in birdsfoot trefoil Lotus 

corniculatus L. They found that a compound such as 

glycerol applied as a 30% solution readily penetrated plant 

tissue and assumed the role of water molecules in the 
cz 

mesocarp. Other studies reported by - Hood and Hilst~ showe& 

that application of concentrated sulfuric acid as a 

dehydrating agent, forced dehiscence of intact pods in 20 

seconds. However, pods previously treated with polyhydroxy 

compound were tolerant of the dessicating effects of the 

strong acid and remained intact. 

Metcalfe, Johnson, and Shaw (24) reported that 

birdsfoot trefoil pods of clone B/74 shattered at a rela-

tive humidity of 29.5% but not at 35%. There was a close 

interdependence of relative humidity, moisture equilibrium, 

and pod splitting. Moisture content of pods at low rela-

tive humidity was reduced rapidly to the point of dehis-

cence. Increase of pod temperature in full sunlight might 

be sufficient to reduce relative humidity and pod moisture 

content and bring about pod dehiscence. 

Prine, West, and Hinson (29) used different row 

directions to study shattering of soybeans. They reported 

that the rate of shattering was greatest when the moisture 

content was low and the temperature was high. 
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Since environment has such an important effect on 

s hattering it follows that selection for indehiscence can 

best be conducted under conditions where humidity is low 

and t e mperature is high (42). Peacock and Wilsie (28) 

conducted an experiment to select for resistance to seed 

shattering in birdsfoot trefoil. Some clones showed a 

tendency to retain their seed after maturity when inter-

pollinated in bee cages. Pods of these clones were then 

subjected to different degrees of relative humidity in 

dessication chambers. They found that maintaining 35% 

relative humidity for 72 hr helped to distinguish resistant 

clones which did not shatter easily. 

The soybean cultivar 'Portschoy 7' resisted 

shattering and out-yielded other cultivars tested on sandy 

soil with poor fertility in New Mexico (26). Thus type and 

fertility of soil may also have some effect on shattering 

of soybeans. 

Pod Structure and Mechanism 
of De hiscence 

After fertilization, the ovary wall shows a 

considerable increase in the number of cells and then 

matures into a pericarp having a thick-walled exocarp, a 

thin-walled paranchymatous mesocarp, and a highly-

sclerified endocarp. The exocarp includes a subepidermal 

layer of enlarged cells. The endocarp is composed of 

several rows of thick-walled cells and is oriented at an 
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angle to the long axis of the fruit. It is covered 

internally by a thin-walled epidermis. The thick-walled 

part of the endocarp is differentiated into two distinct 

layers. In one of these layers, located next to the 

mesocarp, the cellulose micells in the cell wall are 

oriented in helices of low pitch, in the other helices are 

steeply pitched. This cell wall structure in the endocarp 

is interpreted as a mechanism facilitating the dehiscence 

of the fruit. As a result of the different orientation of 

the micelles in the cell walls of the two layers, these 

layers undergo their strongest contraction in different 

planes. The two lines of dehiscence, one following the 

line of union of carpal margins and the other located in 

the region of the median bundle may consist of conspicu

ously thin-walled parachyma cells (10). 

Tomaszewska (J6) studied the anatomy of lupine 

pods. He stated that Lupine albus (L.), which is resistant 

to shattering, had pods with a narrow layer of thinner

walled fibrous cells and a thicker paranchymatous layer 

than nonresistant lupines. Pods resistant to shattering 

also had stronger and more uniform sclerenchymatous 

elements in the pod suture and midrib. 

Holden (12) in a study of factors affecting 

dehiscence of the flax fruit, found that the major differ

ence in cultivars was the anatomical arrangement of the 

third layer (endocarp) of cells of the pericarp after 
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fertilization. The greatest dehiscence was ·associated with 

a radical elongation of these cells. In the semi-

dehiscent cultivar, the cells were intermediate in direc

tion of elongation. 

Zimmermann (41) studied the histology ruLd develop

ment of pods of Lupin e luteus (L.), in particular the hybrid 

3535A with nonsplitting pods. He found that the scleren-

chyma strand in the vascular bundles of the two sutures was 

uninterrupted in form '3535A' and that it was broken in the 

middle of the suture in normal splitting beans. He stated 

that sections of young pods could be examined micro

scopically during breeding operations to determine whether 

the hybrid belonged to the shattering type or nonshattering 

type. 

Iljina (15) in a study concerning the causes of 

dehiscence of cultiv~s 1 81 1 and '96 1 of ses a me observed 

the development of paranchyma in different portions of the 

pods. He suggested that selection of indehiscent material 

should involve evaluation of the p~achyma at the distal 

tip of the pod and the placental region. 

Calcium Pect a t e a s Biosy nth e tic Ce me nt 

Rasmuss e n (JO) studi e d the effect of calcium 

pectate as a factor for holding le af cells together. He 

found that strength of t he bonds between cells varied from 

plant to plant, especi a lly when grown und e r varying 



environments. His studies showed that "strong leaves" had 

approximately ten times more calcium than a "weak leaf." 

Thus, inadequate calcium was apparently related to and 

perhaps responsible for differences in leaf strength. This 

seemed logical since calcium united with pectin to form the 

substance of middle lamella or biosynthetic cement between 

adjacent cells. 

The a~ount of calcium which forms the pectin bridge 

between cells depends on the form of calcium within its 

formation. It is possible that in soybean the middle 

lamella of nonshattering cultivars contains more calcium 

pectate than those that shatter. If this were true one 

could explain the role of soil fertility in shattering of 

soybean pods. 



METHODS AND MATERIALS 

Fi e ld ExReriment 

The principal objective of this research was to 

evaluate 25 different cultivars of soybean for loss of seed 

(shattering) from pods at and during the period f' ollowing 

physiological maturity and to determine anatomical differ

ences in pods as related to the degree of seed loss. 

The plot plan for this experiment was a randomized 

complete block with four replications. The field study was 

conducted at The University of Arizona Campbell Avenue 

Farm, Tucson, Arizona. See Fig. 1 for the plot plan 

including design and treatments of the experiment. 

The field plot was 15 m wide and 70 m long and was 

arranged so as to include 100 subplots, each 1.2 x 2.75 m. 

Soil at the experimental plot was a Gila fine sandy loam. 

Planting was accomplished by using a device constructed by 

placing wooden pegs having a diameter of 1.25 em into a 

5 em wide board. The pegs were installed on 5 em centers. 

Peg length was such that holes 3.75 em deep were made when 

they were forced into the soil by hand methods. The 

distance between pegs caused holes in the soil to be 5 em 

apart, center to center. Rows were made 90 em apart. 

Seed were inoculated with Rhizobium japonicum B. 

immediately prior to planting, and three seeds of the 

15 



Design: Randomized Block in Four 
Replications . 

Treatments: 25 cultivars: 

1 . Bienville 
2. Bossier 
3 . Bragg 
4. Cl ark-6 3 
5 . Cok er -2lt:Q 
6 . Dare 
7. Davis 
8. Delmar 
9. Hampton 

10. Hardee 
11. Harosoy 
12. Hill 
13. Hinn 
14. Hood 
15. Jew-46 
16. Kent 
17. Kino 
18. Lee 
19. Oro 
20. Patterson 
21. Shelby 
22. Simmes 
23. St ewar t 
2l1. Wayne 
25. 8-1755 

Plot Size: 1.22 x 2.75 m 

Planted: June i6, 1969 

6 

1 

22 
--

24 

20 

16 

12 

17 

11 

21 

13 

18 

II 25 

10 

4 

7 

14 

8 

2 

9 

15 
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1 

I 25 

23 

17 
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16 

14 
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12 
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19 

18 

10 

16 
50 18 100 

4 9 20 99 

48 13 98 
f---

47 12 97 

46 21 96 

45 7 95 

44 25 94 

43 4 93 

42 14 92 

41 24 91 

40 6 90 

39 1 89 

38 22 88 IV 
37 16 87 

36 11 86 

35 17 85 

34 10 84 

33 8 83 

32 19 82 

31 2 81 

30 5 80 

29 15 79 

28 9 78 

27 23 77 

26 3 76 

25 5 75 

24 3 74 

23 17 73 

22 14 72 

21 18 71 

20 9 70 

19 15 69 

18 7 6~ 

17 2 67 

16 10 66 

15 23 65 

14 19 64 III 

13 13 63 

12 8 62 

11 6 61 

10 16 60 

9 21 59 

8 24 58 

7 12 57 

6 4 56 

5 25 55 

4 11 54 

3 22 53 

2 1 52 

1 20 51 

Fig. 1. Design and treatments of the experiment conducted 
at Campb ell Avenue Experimental Farm, The 
University of Arizona, 1969. 
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appropriate cultivar were placed in each hole in the soil 

on June 16, 1969, and covered with soil. Plants in all 

subplots were thinned to 30 plants per meter of row on 

July 15, 1969. Where necessary, replanting was done on 

July 13, 1969 a nd thinning was accomplished about two 

weeks later. 

17 

Symptoms of iron deficiency were observed 4 weeks 

after seedling emergence. A foliar application of Jo/o iron 

sulphate including 0.5% surfactant corrected the chlorosis. 

Chlorosis caused by iron deficiency occurred at monthly 

intervals thereafter and was corrected in each instance by 

application of the iron sulfate spray. 

Temperature and relative humidity were moni tared 

during the course of the experiment. This was done by 

using two hygrothermographs placed in the center of 

replications numbered two and four. The hygrothermographs 

were placed in specially constructed, white wooden con

tainers, open on all four sides and about 75 em above the 

surface of the soil. Thus, data for temperature and rela-

tive humidity were obtained about mid-way from the base to 

the top of plants. 

Weeds were controlled by hand hoeing throughout the 

course of the experiment. 

Tensiometers were placed in the soil in replica

tions two and four so as to measure available soil moisture 

at 15, JO, and 60 em depths. Water for irrigation was 
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applied by flooding the entire plot area. About 10 ha-em 

of water were applied per ha at each irrigation. 

Flowering of plants began from early July and 

continued through September. The date of appearance of 

first flower for each cultivar was recorded. As flowers 

opened they were identified with 2.5 x 10 mm jeweler tags. 

The date of opening of each flower tagged was recorded. 

One hundred flowers for each replication of each cultivar 

were tagged in this manner, since more than 75% of all 

soybean flowers are shed. 

therefore clearly shown. 

The age of each tagged pod was 

The height of plants from the soil surface to the 

apical bud was recorded at the onset of flowering for each 

cultivar. 

Data for 3 of the 25 cultivars were not obtained. 

One of the three was very early in maturity and the other 

two were excluded because stands were not satisfactory. 

Pods for the anatomical study were collected 15, 

30, and 45 days after opening of the flower, as indicated 

on the tag. Harvested pods were immediately placed into 

jars containing a killing and fixing solution of formalin 

and glacial acetic acid and 70% ethyl alcohol (FAA); 

proportions of these solutions were 5, 5, and 90%, respec

tively. 

The sample jars, with lids removed, were placed in 

a closed chamber and a vacuum pump was used to remove 
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air from the plant tissue. After removal of the air the 

pods sank to the bottom of the jar in the preserving solu-

tion. The preserved samples were stored in the jars at 

room temperature until anatomical studies were made. 

When plants reached physiological maturity, the 

outer two rows were discarded as well as 30 em of each end 

of the middle row of the plot. This left plants in 60 em 

rows of each plot for observation of shattering and other 

factors. 

The total number of dehisced pods on plants in each 

subplot was counted, without being removed or disturbed, 

at 5-day intervals beginning Octobei 8lli and continuing 

until December 19lli. When the final tabulation of pods was 

made, the total number of those dehisced and non-dehisced 

was determined. All dehiscence data were then computed on 

the basis of percentage of the total number of pods per 

subplot and reported in this way. 

Three pairs of cultivars were selected for 

anatomical studies on the basis of dehiscence percentages 

and relative maturity. Total pod dehiscence for one pair 

of cultivars, 'Clark' and 'Kino,' was less than 5%. 

Pods of the second pair of cultivars, 'Jew 46• and 'Dare,' 

dehisced about 20o/o. The third pair of cultivars, 'Davis' 

and 'Kent,' was selected because of their high per-

centage of dehiscence, above 40. The cultivars 'Clark,' 
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'Dare,' and 'Kent' were about two weeks earlier in time of 

first flower than were 'Kino, 1 'Jew 46 1 

·. ' ~d 'Davis.' 

Three mature pods were selected at random from each 

subplot for length determinations. After making the final 

count of pods, the entire subplot was harvested. Seeds 

were stored at room temperature for 3 months and the 

average weight of 100 seeds for each cultivar was obtained. 

Anatomical Studies 

The paraffin method explained by Johansen (16) was 

used for the histology study of soybean pods in this 

research. 

Pods preserved in FAA from the six cultivars 

selected were used for the anatomical study. Pods repre-

sentative of each of the three different stages of growth 

were selected. An individual pod was divided into six 

parts, three at the placental region and three at the 

midrib region as shown in Fig. 2. Three pods from each 

replication of each cultivar and each harvest day were 

prepared in this manner. Thus, 108 samples (6 cultivars x 

6 regions x 3 stages of growth) were used for the 

anatomical study. A sharp blade was used to cut the pods 

into the six parts for this study. The parts of the pods 

(hereafter called pod material) fro1n each cultivar and from 

the same pod region were placed in individual vials. After 

placement in vials, the pod material was treated with a 
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v 
Fig. 2. Diagram showing division of soybean pods into six 

different parts for anatomical studies. 
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series of dehydrative mixtures of ethyl alcohol, tertiary 

butyl alcohol (TBA), and distilled water, to remove water 

from plant tissue gradually and to avoid damage caused by 

plasmolysis. This series of mixtures was prepared and used 

in the order indicated in Table 1. 

Table 1. 

Treat-
ment 

1 

2 

3 

lJ: 

5 

Mixtures used and treatments applied to dehydrate 
pod material. 

Components o:f mixture 
in per cent 

Mixture Dis- 95% Absolute Treatment 
cone. tilled ethyl Pure ethyl duration 

( o/o ) water alcohol TBA alcohol (hr) 

50 50 4o 10 2 

70 30 50 20 12 

85 15 50 35 2 

95 45 55 2 

100 75 25 2 

After receiving the fifth dehydration treatment, 

pod materials were placed in pure tertiary butyl alcohol 

for 2 hr. This procedure was repeated for 12 hr with fresh 

tertiary butyl alcohol. The third and final treatment with 

fresh tertiary butyl alcohol was for 2 hr. These proce-

dures were carried out to assure removal o:f all traces of 

water not bound in the tissue. 
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Pod material was next transferred to a mixture of 

equal parts of paraffin oil and tertiary butyl alcohol for 

2 hr. After this step the pod material was transferred to 

new vials filled with 1/4 solid wax and 3/4 paraffin oil. 

These vials were then placed on a hot plate at 43 C for 

4 hr. After the pod material moved into the melted wax, 

vials were transferred to an oven at 57 C and left 12 hr. 

Next, the wax and paraffin oil mixture was removed and 

melted commercial wax was substituted. This commercial wax 

was replaced at 2-hr intervals with new melted commercial 

wax three times to remove all traces of paraffin oil and 

alcohol. Special quality of paraffin (tissue paraffin) was 

used for the final change and these vials containing the 

pod material and tissue paraffin were left overnight in an 

oven at 57 C. 

The pod material and paraffin were placed in an 

imbedding tray after removal from the oven. Care was taken 

to properly orient the pod material in the paraffin while 

it was still in the liquid phase. The trays and contents 

were gradually cooled with 15 C water until solidification 

of the paraffin occurred. After that the block of paraffin 

containjng the pod material was removed from the tray. 

Two samples of imbedded pod material from each 

block were mounted separately on wooden microtome blocks. 

Sectioning was completed so as to provide ribbon material 



for five slides from each sample. Thus 1080 slides were 

prepared for the anatomical studies. 

The older pod material contained highly lignified 

cells that were difficult to section properly. This 

problem was overcome by soaking mounted blocks in a solu

tion of 5% aersol (1) for 4 to 5 hr before microtoming. 

Transverse sections of pod parts, 10 ~ thick, were made 

across the dehiscence lines (Fig. 2). 
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Ribbons of sectioned samples were mounted on micro-

slides using Haupt's adhesive. In the procedure slides 

were flooded with 4% formalin to coagulate the gelatin of 

the adhesive. Slides were next placed on a warm plate at 

43 C overnight to dry. 

After the slides were removed from the warm plate 

they were immersed in pure xylene to remove the paraffin 

from the sections. This procedure was repeated so as to 

be sure that no paraffin remained on the sections. The 

slides were next immersed for 5 min in a mixture containing 

50% xylene and 50% absolute alcohol. Next, slides were 

individually plunged into absolute alcohol. Slides were 

next briefly transferred to 95, 70, and finally 50% ethyl 

alcohol. After these immersions in alcohol, slides were 

plunged into safranin and left for 24 to 48 hr. The 

saffranin stains cells with lignified walls. It was then 

necessary to stain the nonlignified cells with fast green 

and orange G. Sections were prepared for these stains by 
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dehydrating gradually in a series of solutions 50, 70, and 

95% ethyl alcohol, respectively. Next, slides were flushed 

with absolute ethyl alcohol using a pipette stopper and 

staining was then accomplished with fast green and orange-

G alcoholic stains. After staining, cells free of lignin 

sections were flushed with absolute alcohol and slides 

were transferred to a mixture of absolute alcohol and 

xylene for 5 min. After removal from this solution slides 

were immersed in pure xylene. Slides were removed from the 

xylene and one drop of thin balsam was placed on the top of 

the section. A cover slip was placed on the section care-

fully so as to avoid air bubbles under the cover slip. 

In the final step, slides were dried in an 

incubator heated to 60 C and left in the incubator for 

72 hr. 

The anatomical study was then conducted by 

examining each slide microscopically. 



RESULTS AND DISCUSSION 

The seed of 25 different cultivars, evaluated in 

the field experiment, germinated 4 to 6 days after plant-

ing. The number of seedlings obt ained for each cultivar 

varied. Variations in stands were probably caused by 

differences in seed viability, available moisture, soil 

texture, and depth of planting. 

Replanting of seed to assure uniform stands was 

done about three weeks after the first planting. Four 

weeks after the date of first planting, stands of 23 dif

ferent cultivars were thinned to about 25 plants per meter 

of row. There was an ins ufficient number of seedlings of 

'Wayne' and 'Patterson,' even after replanting; therefore, 

these cultivars were not included in the field evaluation. 

Symptoms of iron deficiency were first observed 

about four weeks after seedling anergence. This deficiency 

was corrected then and at two subsequent times by a foliar 

application of a 3% solution of iron sulfate. 

~1icro Climate 

Temperature and r e lative humidity were monitored in 

the field plots by two h ygrothermographs (Figs. J and 4). 

The temperature and rela t ive humidity fluctuated greatly. 

Generally, the relative humidity decreased gradually after 

26 



OJ 
Q 

E 
Q) 
I-

27 

50 

~ ·1 

30 

201-~~;I miuimum ~ 
10~ ~\AJV' ,{\]) ~ .1~~ .. ~ ~ \) ~v\, Vv~U 
0 

-10~------._------~------~------~ 
SEP. OCT. NOV. DEC. 
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sunrise reaching the low for the day about 1 p.m. Relative 

humidity then gradually increased, reaching the maximum for 

the day in the early hours of the morning. 

During the day, soil temperature and the tempera

ture of the layer of air near the soil surface increased. 

When the amount of moisture in air remains constant, rela

tive humidity decreases as air temperature increases. 

There were also other factors that affected relative 

humidity. Warm air rises and as it does so it is replaced 

by cooler air and evapotranspiration from soil and plants 

increases relative humidity of the atmosphere. 

During the day warm air moved upward carrying with 

it moisture obtained from evapotranspiration. The amount 

of moisture in the cooler air replacing the warm air was 

low but evapotranspiration from the soil and plants caused 

it to increase. As this air was warmed the cycle was 

repeated. 

During the night surface soil and the air near it 

became cooler. This air absorbed moisture lost by plants 

and soil and remained in place. With this absorbed 

moisture and with lower moisture holding capacity, relative 

humidities at or near 100% were obtained. 

Because of the above factors relative humidity of 

the air surrounding plants changes greatly. 

Dry plant tissue gains or loses water as moisture 

content of the surrounding air changes. This is an 



important factor that is discussed later in detail with 

special reference to its relation to dehiscence of mature 

soybean pods. 

Soil Moisture Content 

30 

Tensiometers placed at different depths in the soil 

were used to monitor a v ai lable soil moisture. Data 

obtained indicated that most of the water used by plants 

was from the surface 15 em of soil until September. After 

September, tensiometers at 30 em showed substantial water 

use but water used at the 60 em depth was negligible 

throughout the experiment. Moisture relations for the 

plants were excellent throughout the course of the experi

ment. 

Flower ing and Tagging of Flowers 

Flowering of the cultivar 1 8-1755' was observed on 

July 10, 1969, and this cultivar was the first to produce 

blooms. Since this cultivar produced blooms much earlier 

than any other entry, it was not included in other parts of 

this research. 

Date of flowering for each variety is reported in 

Table 2. Cultivars that flowered latest were 'Stewart,' 

'Bossier,' and 'Coker.' The date of flowering for these 

cultivars was August 26, 1969. 

Tagging of flowers of a given variety was initiated 

about one week after the first bloom was observed. · It was 
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T a bl e 2. Da t es o f fl owering~/ f o r 22 different s oybe a n 
cultivar s wh e n plant e d J une 16, 1 969. 

Cultiva r 

Bienville 

Bossier 

Bragg 

Clark 63 

Coker 

Dare 

Davis 

Delmar 

Hampton 

Hardee 

Harosay 

Da te of 
f ir.s t flo wer 

8/17 

8/26 

8/15 

7/21 

8/26 

8/9 

8/13 

8/20 

8/26 

7/23 

Cultivar 

Hill 

Hinn 

Hood 

Jew 46 

Ke nt 

Kino 

Lee 

Oro 

Shelby 

Simmes 

Stewart 

~/Average of four replications. 

Da te of 
f ir s t fl ower 

8/9 

8/20 

8/11 

8/20 

7/25 

8/17 

8/15 

8/13 

7/25 

8/22 

8/26 
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noticed that many flowers shed and therefore did not set 

fruit. This observation was similar to that of Norman (27) 

who stated that more than 75% of all flowers of soybean 

plants normally shed. In this experiment the percentage 

of shedding of tagged flowers was about 85% since from 

each 100 flowers only about 15 pods were obtained. 

ever, the 15 tagged pods obtained were sufficient for the 

anatomical studies of the research project. 

Growth Rate 

The height of plants at flowering was determined 

for each cultivar as shown in Table J. 

significantly in height at flowering. 

Cultivars differed 

The variability in 

height of soybean cultivars used in the experiment was 

influenced by genetic differences and response to day-

length. Because of this, data concerning height of the 

cultivars were statistically analyzed in two groups, with 

the ~rouping based on flowering date. The range in differ-

ence in date of first flower for plants in each group was 

about two weeks (Table 4). This approach for the statis-

tical analysis of data was used so as to reduce errors that 

could have been caused by environmental conditions. 

Data were analyzed both before and after the 

grouping. The results of both analyses showed the exist-

ence of significant differences between cultivars as far as 

their h e ight at flowering was concerned (Table 4). 
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Table J. Av er a g e h e ight of pl ants a t flowering~/ of the 
d i ffer ent s oybean cultivnrs. 

Height Height 
Cultivar . (em) Cultivar (em) 

Bienville 67.J Hill J6.8 

Bossier 82.6 Hinn 4l.J 

Bragg 72.4 Hood 56.5 

Clark 6J 52.1 Jew L!6 62.2 

Coker 74.J Kent 4lJ:. 4 

Dare 5J.J Kino 71.8 

Davis 59·7 Lee 57.8 

Delmar 27.9 Oro 64.1 

Hampton 59.1 Shelby J6.8 

Hardee 82.1 Simmes 71.1 

Harosay 41.9 Stewart 81.9 

F = 12.09** ' d.f. (21, 6J) 
SE = + 6.9J4 
c.v. ~ - 5. 88% 

~/Average of foLrr replications, three random plants 
in each plot. 
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Table 4. Aver age height of pl a nts a t flowering in each of 
two gr oup s with grouping of cultivars based upon 
d a te o f onse t of flowering . 

Group I Group II 

Height Height 
Cultivar (em) Cul tivar (em) 

Bragg 72.39 Bienville 67.31 

Clark 63 52.07 Bossier 82.55 

Dare 53·34 Coker 74.30 

Davis 59.69 Hardee 82.55 

Delmar 27.94 Hinn 41.28 

Hampton 59.06 Jew 46 62.23 

Harosay l1:1. 91 Kino 71.76 

Hill 36.83 Lee 57.79 

Hood 56.52 Oro 64.14 

Kent 44.45 S:immes 71.12 

Sh e lby 36.83 Stewart 81.92 

F = 11.55** d.f. (10, 30) F = 8.89 ** d.f. (10, 30) 
SE = + 3.784 SE = 4.166 - 5.20% 6.o6% c.v. = c.v. = 

**Indicates significant difference at 1% level of 
probability. 
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Pod Dehiscence and Varieties 

The amount of pod dehiscence that occurred is 

reported as a percentage of the total number of pods in 

each respective subplot (Table 5). 

Statistical analysis shows that cultivars differed 

significantly in amount of pod dehiscence. This difference 

was significant whether the data were analyzed in one 

(F = 14.85** d.f. 21, 63) or two groups (Table 5). The 

mean date of flowering for plants in Group II was 2 weeks 

later than for that of Group I. 

Plants were divided into groups for dehiscence 

evaluation so as to have variation of similar maturity in 

each group. Soybean cultivars used in this study differed 

significantly in the percent of pod dehiscence. Differ-

ences between cultivars in percent of pod dehiscence were 

significant whether cultivars were treated as one or two 

groups. 

Pod Dehiscence and Height of Plants, Number of 
Pods Per Plant~ Length of Pods 

and Seed Siz e 

Cultivars of soybean differed significantly in 

height at flowering, pods per plant, length of pods at 

maturity, size of mature seeds, and percent of pod 

dehiscence. Data concerning these soybean differences are 

reported in Tables 3 and 5 through 8. Analysis of data 

concerning average height of plants at flo~ering showed a 



Table 5. P e rcent age o f p o d d ehis c en c e f or each of two 
gr oups of cult i v a r s with gr ouping b a s e d upon date 
of ons et o f flow ering. 

Gro up I 

De hiscence 
Cultivar (%) 

Bragg 9.04 

Clark 63 4.93 

Dare 17-58 

Davis 38.93 

Delmar 9-15 

Hampton 6.91 

Harosay 10.21 

Hill 42.67 

Hood 36.50 

Kent 47.56 

Shelby 30.86 

F = 14.706** (d.f. 10, 30) 
SE = + 3.06 
c.v. ~ 11.32% 

Group II 

De hiscence 
Cul tivar (%) 

Bienville 22.03 

Bossier 3-85 

Coker 9-90 

Hardee 5-03 

Hinn 8.99 

Jew L16 20.45 

Kino 3.08 

Lee 11.73 

Oro 11.22 

Simmes 10.16 

Stewart 6. L16 

F = 8.964 * * (d.f. 10, 30) 
SE = + 2.01 
c.v. ~ 11.76% 

**Indicates significance at 1% level of proba-
bility. 
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Table 6. Total number of pods per plant for the different 
cultivars of soybeans . 

Cultivar Pods/plant Cultivar Pods/plant 

Bienville 51-7 Hill 65.6 

Bossier L1:6 .1 Himm 95.6 

Bragg 32.6 Hood8 52.4 

Clark 63 38.3 Jew Ll:6 49.6 

Coker 45.7 Kent 33·9 

Dare 38.9 Kino 44.2 

Davis 53-9 Lee 70.J 

Delmar 37.6 Oro 52.1 

Hampton 73-9 Shelby 60.7 

Hardee 69.3 Sirnmes 63.9 

Harosay 19.7 Stewart 44.1 

F = 2.258 (d. f. 21, 6 3) 
SE = + 11.19 - 21.59% c.v. = 
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T a ble 7. Av e r a g e leng th of pod for th e dif fe r en t cultiva rs 
o f s oybeans. 

Length 
Cultivar (em) 

Bi e nville L1. 3 2 

Bess in 

Bragg 

Clark 63 

Coker 

Dare 

Davis 

Delmar 

Hampton 

Hardee 

Harosay 

5.00 

4.47 

4. 65 

4.97 

J.72 

4.02 

4.15 

L1. 27 

3.67 

3·57 

F = 7.066** (d.f. 21, 63) 
SE = + 0.153 
c.v. ~ 35.22% 

L ength 
Cultivar (em) 

Hill 11.2 2 

Hinn 4.25 

Hood 4.02 

Jew 46 4.20 

Kent 4.97 

Kino 4.52 

Lee L1. 67 

Oro 4.20 

Shelby ll. 47 

Simmes l1. 3 5 

Stewart 4.82 

**Indicates significance at 1% level of proba-
bility. 



( \ 

39 

Table 8. Average weight of 100 seeds of soybeans for each 
of the different cultivars. 

Weight 
Cultivar (gm) Cultivar 

Bienville 17.68 Hill 

Bossier 

Bragg 

Clark 63 

Coker 

Dare 

Davis 

Delmar 

Hampton 

Hardee 

Harosay 

bility. 

15.21 

16.16 

17.01 

17.93 

14.70 

15.43 

20.14 

18.69 

16.49 

17.28 

F = 13.896** (d.f. 21, 63) 
SE = + 0.383 
c.v. ~ 22.99 

I-I inn 

Hood 

Jew 46 

Kent 

Kino 

Lee 

Oro 

Shelby 

Simmes 

Stewart 

**Indicates significant at 1% level of proba-

\veight 
(gm) 

15.03 

17.16 

18.14 

15. L14 

16.03 

15.86 

16.48 

17.L14 

15.53 

14.60 

18.05 



significant negative correlation between height of plants 

and pod dehiscence (r = -0.3957**). This indicated that 

amount of pod dehiscence was greater for short than for 

taller plants. 
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Seed size, number of pods per plant, and length of 

pod were not correlated with percent of pod dehiscence. 

The values of correlation c6efficient were as follows, 

respectively: -0.1864, -0.0279, and -0.0652. 

These findings differ from those reported for 

s e s am e ( 1 5 , 3 7 ) • Iljina (15) found that selection for 

indehiscence resulted in the production of plants with 

small number of capsules and reduced number of seeds in 

each capsule. In the current study no correlation between 

pod dehiscence and yield components in soybean was 

obtained. 

Multiple regression techniques were used to deter

mine relationships between seed size, number of pods per 

plant, average length of pod, and degree of pod dehiscence. 

Results of these analyses are reported in Table 9. These 

data show no correlation between any two parameters except 

for degree of pod dehiscence and height of plants at 

flowering, as previously discussed. 

Since seed size and length of pods were not found 

to affect the degree of pod dehiscence, major emphasis in 

this study was placed on possible differences in the 

structure of pods having different levels of dehiscence. 



Table 9. Correlation coefficient values obtained using 
multiple regression analysis. 

Weight 
seeds 

Length 
(em) 

No. of 
plant 

Height 
plants 

of 100 
( gm) 

of pod 

pods/ 

of 
(em) 

Dehis
cence 

(o/o) 

-0.1864 

-0.0651 

-0.0279 

-0.3631** 

Height 
of 

plants 
(em) 

-0.0981 

0.1884 

-0.0233 

No. of 
pods/ 
plant 

0.0085 

0.0562 

**Significant at .01 level of probability. 

Pod Anatomy in Relation to Dehiscence 

Length 
of pod 

(em) 

-0.0315 

Pods of six soybean cultivars from the field p ot 

studies, with selection based on percent of pod dehiscence 

and earliness were used for anatomical observation. 

Data concerning values for pod dehiscence for each 

of the six cultivars are reported in Table 10. 

'Clark 63' and 'Kino' were selected as cultivars 

having considerable tolerance to pod dehiscence. 'Davis' 

and 'Kent' were used because they were representative of 

cultivars with poor dehiscence tolerance. 'Jew 46' and 
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Table 10. Dehiscence o f pods in perc entage for the six 
cultivars select e d f or anatomic a l studies. 

Replications 

I II III IV Mean 

Clark 63 2.87 4.88 2.29 9.69 4.93 
Kino 1.29 1.96 2.49 6.56 3.08 

Jew 46 13-36 23.05 19.68 25.71 20.45 
Dare 12.32 25.67 14.61 17-72 17-58 

Davis 27.81 23.43 37.40 67.09 38.93 
Kent 31.10 77.84 43.41 37.88 47.56 

'Dare,' two other cultivars used, had intermediate toler-

ance to pod dehiscence. 

Dehiscence of pods occurs along two lines, one 

through the union of the carpal margin (ventral suture) and 

the other through the median vascular bundle (dorsal 

suture). Because of this, sectioning of pods for 

anatomical studies was at an angle to the longitudinal 

axis of each pod. 

Figure 5 is a photo of a cross-section of a 'Jew 

46• soybean pod 15 days after fertilization. The two 

lateral vascular bundles are identified in the figure. 

The line of separation at dehiscence is located between 

these bundles in an area of thin-walled paranchyma cells. 



Fig. 5. Cross section of 'Jew 46• soybean pod at the 
ventral suture, 15 days after fertilization. 



Microscopic examination showed that only one of the 

two lateral vascular bundles was attached to that specific 

developing embryo, supplying it with nutrients and water. 

The other vascular bundle observed provided an adjacent 

developing embryo. In this way each vascular bundle served 

alternate developing embryos in the pod. This anatomical 

arrangement partially accounts for dehiscence occurring 

through the union of carpal margins. 

Each soybean pod, like that of other legumes 

develops from a single carpel containing many ovules, 

usually three for the soybean. The ovules are attached to 

the placenta along the ventral suture (Fig. 5). The 

ventral suture is the point at which the edges of the 

carpel are fused. 

The dorsal suture corresponds to the midrib of the _ 

c ar p e 1 ( F i g • 6 ) . The potential line of dehiscence is 

located in the thin-walled paranchyma cells of the large 

vascular bundle. 

There are three carpellary bundles one on each side 

of the ventral suture and one on the dorsal side opposite 

these. These vascular bundles are Govered by strands of 

sclerenchymatic cells toward the outside. 

Anatomy of Pod Wall 

The pod wall, developed from the ovary wall, is 

called the pericarp. The pericarp has three distinct parts 



Fig. 6. Cross sections at the dorsal suture of 'Clark 63' 
(above) and 'Kent' soybean pods, 15 days after 
fertilization. 
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called exocarp, mesocarp, and endocarp (Fig. ?). The 

structure of cells of each of these three pericarp parts 

is quite different. The exocarp consists of epidermis and 

subepidermis layers. Cells of these layers have secondary 

thickening, but contain no lignin. The mesocarp, 7 to 10 

cells thick, consists of large thin-walled paranchyma 

cells, also free of lignin. · The third part of the peri-

carp, the endocarp, is 3 to 5 cells wide and consists of 

thick-walled lignified sclerenchyma cells located at angle 

to the longitudinal axis of the pod. 

Structure of the Pericarp at 
the Ventral Suture 

The pod wall structure at the ventral suture was 

similar for each of the cultivars of soybean examined in 

this study. Each of the two lateral vascular bundles at 

the ventral suture are covered by a highly lignified layer 

of sclerenchymatous cells. They are fused together at the 

union of carpel margin by several lignified cells. 

Microscopic observation of the ventral suture from 

each of the six cultivars at three stages of growth were 

examined and no differences in cell structure or scleren-

chymatic strand configurations were found. However, cells 

of sclerenchyma strands from pods of cultivars having 

considerable resistance to dehiscence differentiated 

earlier than those from cultivars having the least 

resistance to dehiscence. It should also be stated that 



Fig. 7. 

Exocarp 

Meso carp 

En do carp 

Cross section of soybean pod wall showing parts of 
the pericarp (exocarp, mesocarp, and endocarp). 



'-18 

sclerenchymatic strands at the ventral suture from pods of 

dehiscent tolerant cultivars were only two to three cells 

wide while those from dehiscent cultivars were usually four 

to five cells wide. These differ e nces in the structure of 

the ventral suture were not absolutely related to dehis-

cence tolerance but the association was frequent enough for 

the characters to be of some value. 

~tructure of the Pericarp at the 
Dor s al Suture 

All pod walls at the dorsal suture had a large 

vascular bundle covered with a strand of lignified 

sclerenchyma (Figs. 8, 9, and 10). The layer consisted 

of two parts connected at the dorsal suture by several 

lignified cells. Dehiscence results from splitting of 

those halves with the breakage extending through the 

lignified and thin-walled paranchyma cells. 

The shape of the sclerenchymatic strand at the 

dorsal suture was associated with degree of pod dehiscence. 

The configuration of the sclerenchymatic strand as observed 

in Fig. 8 was classified as "heart shaped." This type of 

sclerenchyma arrangement was found at each of the three 

growth stages for 'Kino' and 'Clark 63,' both relatively 

indehiscent cultivars. The sclerenchyma strand configura-

tion of relatively dehiscent 'Davis' and 'Kent' soybean 

pods was classified as "flat shaped" (Fig. 10). For these 



Fig. 8. 

Fig. 9. 

Cross section of a 'Kino' soybean pod relatively 
indehiscent, at the dorsal suture, 45 days after 
fertilization -- Note configuration of scleren
chyma strand "heart shape." 

Cross section of a 'Jew 46• soybean pod, medium in 
dehiscence, at the dorsal sutur .e, 45 days after 
fertilization -- Note the intermediate configura
tion of sclerenchyma strand between "heart" and 
"flat 11 shape. 



Fig. 10. Cross section of a ' Davis ' soybean pod, rela
tively dehiscent, at the dorsal suture, q5 days 
after fertilization -- Note configuration of 
sclerenchyma strand "flat" shape. 
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pods, the angle between the two parts of the scleren

chym a tic strand appr oached 180 degrees. 
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It was noted that the confi g uration of scleren

chym a tic strands of pod s from 'Jew 46' and 'Dare' was 

intermediate between those of the indehisc ent and dehiscent 

cultivars (Fig. 9). 

Thus, the configuration of the sclerenchymatic 

strand at the dorsal suture was closely associated with the 

amount of pod dehiscence. These differenc es were easily 

observed at very early stages of pod growth, 15 days after 

fertilization (Fig. ?) . 

It is of special interest and of practical 

importance that the difference in sclerenchymatic strand 

configuration was always observed in pod sections taken 

from all parts of the dorsal suture. 

Possible Mechanism of Pod Dehiscence 

The pod wall has three distinct parts called the 

exocarp, mesocarp, and endocarp (Fig. ?). The walls of the 

cells of each part differ from those of the other parts in 

thickening and composition. Cell walls of the endocarp are 

thick and lignified while those of the exocarp are slightly 

thick but free of lignin. The mesocarp consists of large 

thin-walled paranchyma cells also free of lignin. 

After physiological maturity of seeds, pods dry by 

losing water. As the moisture content of pod tissues 
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decreases, the volume of cells also decreases. It appears 

that the amount of shrinkage depends upon cell wall 

composition and thickness. The mesocarp, with its large 

thin-walled parachyma cells, shrinks much more than the 

endocarp or exocarp. The endocarp, with its lignified 

thick-walled sclerenchyma, shrinlcs less than the exocarp 

or the mesocarp. It seems reasonable to assume that dif-

ferences in shrinkage of the three different parts causes 

stresses toward the outside to develop at the two sutures 

of the pod. Most of the force of the stress is diverted 

toward sclerenchymatic strands at the ventral and dorsal 

sutures. 

Failure of the pod to withstand this stress results 

in dehiscence of pod at the dorsal and ventral suture 

lines. 

As the pod dries, tension increases gradually to 

reach a critical point. After this critical point has been 

reached the two halves of pod no longer remain intact. 

Since cultivars of soybean have different levels 

of tolerance to dehiscence of pods under similar condi

tions, it is clear that there must be internal differences 

controlling the mechanism of dehiscence. Also it seems 

reasonable to assume that resistance to pod . dehiscence 

could be increased by formation of strong linkage cells 

between the halves of the sclerenchymatic strands at both 

the ventral and dorsal sutures. Tolerance to dehiscence 



could also be increas e d by th e presence of a more e lastic 

thin scl e renchymatic strand th a t could r e si s t outward 

str e ss without bre a king a t the points of union of the two 

sclerenchymatic strands. 
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No differences in the number or structure of cells 

linking the halves of ~clerenchyma strands were observed. 

Therefore flexibility of the sclerenchyma strands appears 

to be the most important factor controlling dehiscence. 

The relative humidity of the atmosphere at plant 

height fluctuated greatly between day and night (Fig. 4) 

without exception, lows occurred in the early afternoon 

and highs during the early morning hours of each day. Dry 

mature soybean pods gain or lose moisture according to 

their water potential and that of the surrounding air. 

The changes in moisture content of the pod, occurring each 

day, caused changes in tension at both sutures of the pod. 

Because of the close relationship between pod moisture 

content and tension at the two sutures, tension was 

greatest during the afternoon hours. 

Again {t seems reasonable to assume that cultivars 

having pods with flexible cell structure at the sutures 

should be best equipped to withstand tension stress 

fluctuations. An examination of pods from cultivars having 

different dehiscent characteristics indicated a close 

relationship between the heart shape of sclerenchyma 

strands at the dorsal suture and dehiscence resistance 



(Fig. 8). Cultivars h aving little tolerance to dehiscence 

were always observed to have a "flat" s cler enchyma strand 

configuration at the dorsal suture (Fig. 10). 

Apparently the sclerenchymatic strand of the "heart 

shape" has greater flexibility and therefore can better 

withstand changes in stress that occur after pods are 

mature. This concept was further substantiated by several 

hundred observations indicating that pods from cultivars 

having intermediate resistance to dehiscence had configura

tions of sclerenchymatic strand intermediate between the 

"heart 11 and "flat 11 shape. 

In many instances it was also observed that the 

sclerenchymatic strand at the dorsal suture was narrow for 

pods having "heart" sclerenchyma configurations, whereas it 

was wider in those pods having the "flat" shape. While 

this was not always true, the occasional relationship may 

be of some help to plant breeders in isolating probable 

indehiscent lines or varieties. 

A few days after pod dehiscence, it was observed 

that the pod wall twisted. This twisting probably resulted 

from differing amounts of shrinkage that occurred for each 

part of the pod wall. 

All the . tissues of the pod wall are dead when 

dehiscence occurs and hence there are no biological 

activities that affect dehiscence. Thus, the process of 

pod dehiscence is mechanical, affected only by the 
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environmental conditions such as solar radiation, relative 

humidity, and temperature. These environmental factors 

affect dehiscence by influencing stress created at the two 

sutures. 

Low relative humidity increases the rate of pod 

drying and this results in an increase of the stress at 

pod sutures. It is this stress that explains results 

obtained by Caviness (5), Metcalfe et al. (24), and Weiss 

(J9). 

The effect of sunlight on dehiscence of soybean 

pods was reported by Prine et al. (29). They used differ-

ent row directions and claimed that shattering of pods was 

greater when the temperature was high. Results obtained in 

this study help to explain the findings of Prine et al. 

When temperature is increased by sunlight, the rate of 

drying of pods increases. Again, t~e drying of pods 

increases stresses at the dorsal suture and ventral suture 

and 6auses dehiscence of the dry mature pods . . 

Hood and Hilst (lJ) found that application of 

concentrated sulfuric acid, as a dehydratil1g agent, caused 

dehiscence of intact pods of birdsfoot trefoil in 20 

seconds. This quick dehydration of pod tissues caused 

great stress at the sutures of the pod and resulted in 

dehiscence. 



Sig ni f icanc es of Thi s Research 

It has been report e d by many workers (5, 24, 28, 

29) that environm ental conditjons affect dehiscence of 

mature soybean pods. Control of the environmental factors, 

temperature and relative humidity, is extremely difficult 

under field conditions. Breeders who seek to develop 

indehiscent cultivars often do not have the low relative 

humidity and high temperature (35) needed to help them 

distinguish indehiscent lines. Results obtained in this 

study show that microscopic examination of the scleren

chymatic strand configuration at the dorsal suture in 

soybean pods would enable the breeder to select for the 

indehiscent character. 

In the same way existing cultivars could be 

described giving estimates of their probable amount of 

dehiscence. The results obtained in this study should 

help greatly in the continuing efforts to develop indehis

cent ·lines and cultivars. 



SUMMARY AND CONCLUSIONS 

Dehiscence of physiologically ma ture soybean pods 

is probably the major factor limiting the production of 

soybeans in the irrigated desert valleys of southwestern 

United States. Air temperatures during the day are high 

and average minimum relative humidity is very low 

particularly in October and November, the usual time for 

harvest. These environmental conditions greatly increase 

the amount of dehiscence even of cultivars that are rela

tively indehiscent. 

Breeders have given and continue to give major 

attention to the development of dehiscent-resistant lines 

and cultivars but none of the existing cultivars are 

sufficiently dehiscent to be of economic value in the 

Southwest, except where prices for soybean oil and meal 

are unusually high. 

This research project was undertaken to determine 

anatomical differences between pods from cultivars having 

different levels of dehiscence resistance. The objective 

was to discover a tool that would help the breeder in his 

efforts to develop indehiscent lines and varieties. 

In the first phase of the experiment, 25 different 

cultivars of soybeans, mostly representative of those now 

being grown at about 32 degrees north latitude, were 
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planted in four replications for flowering, pod setting, 

a nd d e hisc ence evaluation. Temperature and relative 

humidity were monitored at the plot by using two hygro

thermogr a phs. 

Cultivars differed in their time of initial 

flowering as well as in the duration of flowering period. 

One hundred flowers on plants in each plot of each replica

tion were tagged with notification of the date of flower

ing. 

Four representative pods were removed from plants 

of each cultivar at 15, 30, and 45 days after the onset of 

bloom. These pods were placed in a killing and fixing 

solution, Formalin Aceto Alcohol (FAA). 

Dehiscence percentage for each of the cultivars 

in each of the plots was determined. Dehiscence data 

indicated that certain of the cultivars were relatively 

resistant whereas others lost most of their seed during 

the )0 day observation period after pod maturity. 

Cultivars of soybeans differed significantly in 

their height at flowering, total number of fruits per 

plant, length of pods at maturity, and size of mature 

seeds. However, these factors were not correlated with 

the degree of dehiscence of pods, except for the height of 

plants at flowering, which was negatively correlated. 

For the anatomical studies, six cultivars were 

selected on the basis of the percentage of pod dehiscence. 
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Cultivars 'Clark' and 'Kino' were relatively ind e hisc ent. 

Dehi scence of 'Davis' and 'Kent' was about 4o%. 'Dare' and 

'Jew 46 1 were intermediate in the percentage of pod dehis-

cence. 

The paraffin method of embedding plant material 

was used for the anatomical studies. Sections 10 ~ thick 

were prepared and stained with saffranin-fast green. 

The results of this study indicate that pod 

dehiscence occurs at two lines, one through the union of 

the carpel margin, and the other along the median vascular 

bundle. It was also found that the three vascular bundles 

of the pod were covered by strands of sclerenchyma cells. 

However, cultivars of soybean did not differ greatly in the 

configuration of the sclerenchymatic strand at the ventral 

suture. 

The most important findings of this study concerned 

the configuration of the sclerenchyma strand at the dorsal 

suture of the soybean pod. 

The configuration of the sclerenchyma strands at 

the dorsal suture of pods of indehiscent cultivars was 

arranged in the shape of a heart and therefore were 

classified "heart shape." Configuration of the scleren-

chyma strand at the dorsal suture of dehiscent pods was 

found to be "flat. 11 Cul tivars having medium dehiscence 

characteristics had an int e rmediate configuration of the 

sclerenchyma strands. 



The pod wall consists of three distinct J.ayers, 

each having diff' erent d egrees of cel_l wall thickening. 

When pods began to dry, s hrinkage of the outer layers of 

the pod wall was much greater than for the inner layer. 

This differential in shrinl-<:age created tension and caused 

stresses at both sutures of the pod. This outward stress 

was the principal factor causing dehiscence of pods. 
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The strands of sclerenchyma cells at the two 

sutures appear to function as valves to delay the splitting 

of pods until the critical tension pressure develops. The 

"heart" configuration of sclerenchyma strand at the dorsal 

suture appeared better able to withstand these stresses. 

The "flat" configuration of the sclerenchyma strand 

appeared incapable of withstanding these stresses. 

It is believed that with this knowledge, informa

tion gained in this study should be useful to the plant 

breeder in his efforts to develop indehiscent cultivars. 
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