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The objectives of these experiments were to determine

the feasibility of saving seed from snap bean fields in the

Willamette Valley that have been bypassed for canning and

freezing, and to study the effects of different seed produc-

tion methods on yield and quality of snap bean (Phaseolus

vulgaris L.).

Field experiments were conducted over a period of two

years at the Oregon State University Vegetable Research

Farm at Corvallis. The cultivars OSU 1604 and Asgrow 290

were used in these trials. Planting dates in 1975 were

May 17, June 20, and July 3, and in 1976 were April 29,

May 13, June 4, and June 22. Seeding rates of 165,000,

330,000 and 495,000 seeds/ha were used in both years.

The quality of the harvested seed was assessed in

terms of germination, seed size, protein content, seedling



root length, seedling dry weight, halo blight infection,

and field performance.

The data indicate that technically it is feasible to

produce snap bean seed in the Willamette Valley with yield

and quality equal to those produced in traditional seed

production areas.

It is also suggested that high quality bean seed can

be harvested from fields that have been bypassed for pro-

cessing, provided they have been planted.

The seed production methods tested affected nearly all

aspects of the crop. Early plantings provided greater

yields and delayed plantings decreased yields up to 62%.

When planting was delayed until July 3, no seed was har-

vested because the crop did not mature before the fall

rains.

The three seeding rates tested did not affect total

seed yield appreciably.

Laboratory evaluations in 1975 showed no appreciable

effects of planting date and seeding rate on seed quality.

Field evaluation, however, showed that for Asgrow 290,

seeds from the second planting had better stands and pro-

duced 20% more pods than seeds from the first planting.

Likewise, seeds grown at low density produced 10% and 23%

more pods than seeds grown at medium and high densities,

respectively. OSU 1604 was not affected by cultural

practices.



In 1976, yield and seed quality of both cultivars were

affected by planting date and seeding rate in the following

ways: early plantings and low seeding rates produced

greater yields, larger and heavier seeds and heavier

seedlings. Late plantings and high seeding rates depressed

yields, seed size and seedling weight. Protein content of

seed was not affected by either of these variables.
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EFFECT OF VARIETY, PLANTING DATE AND PLANT POPULATION
ON YIELD AND QUALITY OF SNAP BEAN

(PHASEOLUS VULGAR'S L.) SEED

INTRODUCTION

The Willamette Valley of Oregon is one of the leading

areas in the United States for production of snap bean for

processing. To plant the 34,600 acres of beans each year,

approximately 3,360,000 pounds of seed are required. Most

of these seeds are produced outside the state.

With a field burning ban threatening Oregon's

$60,000,000 grass seed industry, some farmers are interested

in alternative cash crops to replace part of the grass seed

acreage. The environment is conducive to the successful

production of grass, legume, sugar beet and some vegetable

seed crops, suggesting that the potential for bean seed pro-

duction should also be investigated.

A second reason for undertaking this study is to res-

pond to growers whose bean crop has been bypassed by pro-

cessors and who wonder if a crop of seed can be successfully

produced. Questions arise as to whether the seed crop will

mature before the fall rains and whether the seed will be of

good quality and disease-free.

To help answer these questions, this research was

initiated with the objectives of: (1) determining the

feasibility of saving seed from bean fields bypassed by
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canneries; and (2) studying the effects of planting dates

and seeding rates on yield and quality of snap bean seed.
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LITERATURE REVIEW

Snap Bean Seed Production Practices

Planting Dates

For seed production purposes, beans in Rhodesia should

be planted so that growth occurs during a period of declin-

ing temperatures and that flowering should be completed be-

fore maximum temperatures rise above 30°C (4) and the rela-

tive humidity of the air has not yet dropped to its minimum

level (33).

In Rhodesia, also, the optimum planting date for beans

is not critical, and high yields have been obtained from

plantings varying from mid-April until July. The only impor-

tant consideration is to avoid planting too early, as high

temperatures at flowering cause flower drop and subsequent

loss in yield (9). Late planting, however, can result in

premature defoliation in certain white-seeded varieties due

to rust attack, or decreases in yield and quality if rain

falls before the seed is harvested (23).

Time for the seedling to emerge has been reported to be

associated with soil temperature (38). At soil temperatures

of 55° to 60°F, snap bean seed require 11 to 17 days to

germinate, whereas at 75° to 80°F only 5 to 7 days were

required.
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The lack of specific information on the effect of plant-

ing dates on yield and quality of snap beans demonstrates

how little research has been done in this area, as compared

to related crops, e.g., soybean and broad beans. An

examination of what has been published on soybean and re-

lated crops, will enable us to get some insight on the

effects of these variables on snap beans.

Though it is difficult to generalize, early plantings

of beans and soybean apparently outyielded the late ones

(69, 65, 1, 15, 18). According to Abel (1), early plant-

ings result in greater yield in soybean as well as maximum

lodging. Seed size was not affected. The overall quality

of the seed, however, was improved by late plantings.

Similar results were reported by Nichols (51) who obtained

better yields of dwarf beans from his first planting. The

second planting, however, was severely attacked by the

white mold fungus (Sclerotinia sclerotiorum) which might have

masked his results.

Along the same line, Torrie et al. (68) report de-

creases in yield and oil content of soybean seed due to

late planting. Maturity was delayed approximately one day

for each two days of sowing delay. Late planting also

yielded shorter plants, but better quality seed. Protein

content, nevertheless, was not affected. Contrary to what

has been found elsewhere (1), lodging was not affected by

planting date.
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Location effects interact with sowing date in affecting

soybean performance. Singh et al. (62), working in the re-

gion of Uttar, Pradesh, India, found that delayed planting

increased yield, while reducing the flowering and maturity

periods, plant height, number of branches and lodging. Num-

ber of pods/plant was affected in one year but not in the

other. Another highly significant interaction between

planting date and location was reported by Iohe et al. (30).

Medium and late maturing varieties of soybean produced higher

yields at both extremes of their range of sowing (65) than

early and medium late cultivars. Differences in varietal

behavior in soybean were also reported by Verma et al.

(69) .

Seeding Rate (Plant Population)

Plant density is a key factor in obtaining maximum seed

yield under given soil and climatic conditions. Furthermore,

in some crops, density has an indirect effect on weed con-

trol (45), soil erosion (41), insect population (2), and

disease development (8).

The tendency of modern agriculture is for high popula-

tions and closer spacings as a means of improving yields,

especially under heavy N applications, to insure enough

plants to take advantage of the amounts of nutrients

available (4).
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Considerable attention has been given to the study of

population density. Considering the diversity of crops in-

vestigated, together with the experimental approaches used,

it is not surprising to find conflicting results among the

several studies reported.

Increases in yield due to high population densities

have been documented for a number of crops, including beans,

field or broad beans, soybean, peas, cowpea, and sesame seed

(20, 34, 27, 66, 14, 74, 31, 29, 55, 9, 28, 37). On the

other hand, high density has also been reported to depress

yield in most of the crops mentioned above (51, 62, 75).

In analyzing conflicting results like the ones pre-

sented here, one must be cautious because although the

authors describe their plant populations as being "low,"

"medium," and "high," the actual number of plants tested

seldom coincide. This fact, together with edaphic and

climatic differences peculiar to the areas where the trials

were conducted, make comparisons sometimes difficult and

legitimate conclusions hard to draw.

The influence of density of plant population on final

crop yield may be affected by morphological and physiologi-

cal characteristics of varieties. In cowpea (48), the

cultivar Pima, an erect, determinate and low branching type,

showed an optimum range from 145 to 180 thousand plants/ha,

while the cultivar Pale Green, a semi-upright, indeterminate

and high branching type had an optimum density of 70 to 105
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thousand plants/ha. Likewise, for a large seeded variety

of field beans, the optimal plant density was about 45

plants/m2 and 50-55 plants/m2 for a small-seeded variety

(54) .

Over densities ranging from 11 to 67 plants/m 2
, seed

yield on an area basis tended to be maximal at 35-45 plants/

m 2 for the winter varieties of Vicia faba, whereas the

spring types had their optimum at the highest density (28).

Increasing the plant population from 30 to 52 plants/

m 2 Ishag (31) increased seed yield of Vicia faba by about

one-third. In the low range density, seed yield per plant

was 50% greater than in the dense population, plants bear-

ing pods at 11% more nodes and carrying about 30% more pods

at each pod bearing node. Similarly, on a per plant basis,

yield of soybean and field beans decreased as plant density

increased as recorded by several authors (31, 55, 66, 70).

Although reporting highest yields coming from a plant

population of 13.1 plants/meter of row, Johnson et al. (32)

found that the variety Bragg of soybean produced its maxi-

mum yield at 2 plants/foot while all the other varieties

required 8 plants/foot. In peas, however, 4-5 plants/ft2

produced the highest yield regardless of variety (29).

As a direct effect of intra and inter-plant competi-

tion, population density will affect both vegetative and

reproductive characteristics of the crop plant during its

life cycle. In Vicia faba (27), as the density increased,
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the number of pods/plant and the number of branches fell

progressively but there was no appreciable change in either

seed size or number of seeds/pod. Increasing population

also diminished the number of pods bearing nods, particular-

ly in the upper part of the shoot. For the two varieties of

field beans tested by Leakey (34), seed size was not af-

fected by either plant population or fertility levels. Both

varieties, nevertheless, had the lowest number of seeds/pod

at the highest population and highest number at the lowest

population.

An inverse correlation was found between seed size of

soybean and plant population by Johnson et al. (32). This

finding was confirmed by Singh (63) who also points out that

high density decreased stem thickness, number of branches

and pods/plot, internodal height and height of first produc-

tive node, but did not affect number of nodes per stem or

number of seeds per pod. Lueschen et al. (37), report

similar findings.

Though not always true, apparently when the number of

plants per unit area is increased, the resulting reduction

in the number of pod/plant is relatively less so that the

number of pods per unit area increases resulting in in-

creased yield.

A survey of the pertinent literature points out that

days to flowering, days to reach maturity, plant height, and

lodging in beans, soybean, and field beans are all greatly
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affected by high density populations. Lodging is always

associated with losses in yield in these higher densities

(11, 16, 26, 27, 32, 36, 37, 62, 66, 70, 74).

In the search for optimum density, the arrangement of

the plants in such a way that they are spaced nearly equi-

distant has been suggested as a possible way to increase

yields (5, 6, 36). However, Crothes et al. (11) point out

that yield increases with equidistant arrangement in snap

beans is possible for the bush cultivars but not for the

semivining ones, primarily because of the ability of the

latter type to compensate for increased area/plant at

smaller plant populations.

The literature reviewed so far permits the drawing of

one broad conclusion; there is a definite trend for higher

yields as plant population increases until an optimum point

is reached. After that, productivity declines.

Climatic Requirements

Bean seed production is a specialized interprize in the

sense that it requires unique conditions in order to be suc-

cessful. The set of climatological and other environmental

factors required for the production of bean seeds is such

that only a few areas can produce them successfully.

Ecological reasons, therefore, force the bean seed in-

dustry to be confined to certain areas that can provide high
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quality disease-free seed while seeds grown in certain areas

are not recommended for planting purposes (58).

Recommendations that bean seed should be produced

under dry conditions were made as early as 1920. According

to Smith (64) seeds grown in wet weather should be discarded

in favor of seeds grown in drier regions.

In his review of seedcoat hardness, Morris et al. (46)

found that beans grown and harvested in a hot, dry area were

more subjected to hardseedness than those grown at lower

temperatures in conjunction with high relative humidity. He

never mentioned, however, the implications of growing beans

under high relative humidity conditions, since it is widely

recognized that bad weather at flowering, ripening and har-

vest are conducive for poor quality seed.

Theoretically, an area with a rainfall of 100-300 mm,

a low relative humidity (40-60%) and temperature during the

day of 25-35°C with full sunlight are considered ideal for

the production of disease-free seed in the field (17).

There is a world tendency to concentrate bean seed pro-

duction in the drier and warmer areas of each country where

the conditions described above are met to an acceptable

degree. Within the United States, for instance, bean seed

production is located mainly in the states of Idaho, Michi-

gan, and California. The states of Idaho and California

produce 80% of the colored beans produced in the western
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U.S. and Michigan grows literally 98% of the total navy

beans (76) .

Idaho's leading position among the states in the pro-

duction of snap bean seed is possible because of Idaho's

unique geographic location, which is conducive to the pro-

duction of high quality disease-free seed, coupled with the

fact that varieties of beans having high resistance to some

virus diseases have been developed and distributed in the

state (35), besides a tight control of bacterial diseases

(halo blight). Most of the bean seed production areas of

the state of Idaho are characterized by low precipitation a

and dry atmosphere, hot summers and a large proportion of

sunny days. Most of the annual precipitation occurs in the

form of rain and snow in the fall, winter, and spring, leav-

ing the growing season relatively dry (43).

Although beans are a warm season crop, insofar as they

germinate easily and establish themselves, they do not

thrive or give maximum seed yield where temperatures are

very high (33). The best temperature conditions leading to

high yields are warm weather at germination leading to cool

conditions at flowering. Maximum temperatures should not

exceed 30°C at the time of flowering; minimum temperatures,

on the other hand, should not go lower than 10°C at the time

of emergence (4). It is interesting to note that growth

ceases altogether at 10°C (33).
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The effects of high temperature and relative humidity

on the bean crop reflect on the seed yield as well as on

the quality of the seed harvested. High temperatures at

flowering cause flowers to drop readily and even when pod

setting occurs, these are partially blind. In addition, a

relative humidity of less than 50% is required for good seed

setting (33). Unless irrigation water is applied properly,

high temperatures will be "responsible for blind spot in the

pod and split seed coat (which lowers the seed quality) in

contrast with an entire pod and a plump seed when the crop

matures under cool weather (33, 44).

The bean plant is very intolerant of frost and cold,

overcast conditions (33, 44), and will not grow satisfac-

torily under wet, damp conditions because its root system

is shallow and extremely sensitive to poor soil drainage (4).

Excessive rainfall will cause flowers to drop. More-

over, it will create a microclimate favorable for the inci-

dence and spreading of diseases (17). On the other side of

the question, McMaster et al. indicate (43) that high soil

moisture from planting to harvest will provide higher seed

yields. This allows one to conclude that sound management

of the bean crop is a compromise between the plant's physio-

logical needs and the acceptance of the principles of disease

prevention and control.

As a general principle, the incidence of disease is

always associated with certain environmental factors as air
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temperature and relative humidity. As stated earlier in

this review, the selection of areas for bean seed production

purposes has as a primary goal the achievement of disease-

free seed. However, as LeBaron et al. (35) state, wherever

beans are grown, they are subjected to a number of diseases

which will reduce production and lower the seed quality.

It is recognized that diseases of beans are more

numerous in the tropics than in temperate zones. Wellman

(71) cites 280 diseases in the tropics compared with only 95

in the temperate zone. When beans are grown in the tropics

and intended for the international trade, the ability of

local growers to comply with the necessary phytosanitary

requirements of the importing countries, spells success or

failure of the enterprise (24)

Soil Requirements

Soil requirements for the bean crop are easily met

since beans can be grown successfully in a wide range of

soil types, from sandy foams to heavy clays, provided that

they are reasonably fertile, well drained and do not con-

tain large amounts of undecayed matter (33).

Beans do better, however, in the heavier and more

fertile soils and prefer slightly acid to almost neutral

conditions (4). When the pH is known to be higher than

6.5, caution should be exercised because growth under high

pH is very poor. Saline soils should definitely be avoided
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and acid soils limed. Soils that crust badly may impede

seedling emergence and therefore should be irrigated at

germination to soften the crust so that cotyledons are

pushed through the soil surface (4, 24), so that even stands

may be obtained.

From the meager literature available on soil require-

ments for the bean crop, it is possible to conclude that

soil factors, though not crucial when compared with other

key points, do plan an important role in the context of the

overall crop management.

Seed Quality Components of Beans

Environmental conditions during the plant life cycle

will directly or indirectly affect the quality of the seed

produced. As a result, seeds differ in size, weight, color,

composition, and biological properties. All these condi-

tions will affect seedling metabolism and performance in

the next generation. The quality of a seed lot, therefore,

is a crucial factor in maximizing yield and uniformity of

the product to be harvested.

The idea of seed quality components has varied with

time and authors. The early workers usually mentioned one

or two components. As more sophisticated techniques became

available and perhaps as competition among seed companies

developed, new parameters were added so that, nowadays,

quality components can be as many as one wishes them to be.
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Sanchez et al. (59) define seed quality as the "capa-

city of the planting material to produce field stands of

vigorous and uniform seedlings leading to mature plants."

Though basically a sound concept, the authors overlook the

fact that good quality should necessarily lead to high

yields, uniformity, and quality of the product harvested.

In the broad sense, therefore, seed quality involves

all attributes of a seed lot, including physical, physiolo-

gical, and genetic aspects (13), which implies that seed

quality begins in the field, where the plant grows and

matures its seeds.

For Kerr (33), good quality in beans means that the

germination should not be less than 90%, the seeds should

be unblemished and free from major seed-borne diseases.

Going further in this direction, Hanssen (23), listed

quality characteristics for a bean seed lot as:

Percent of pure seeds, germination and hard seed;

Presence of noxious weeds;

Varietal purity;

Health conditions;

Moisture content;

Origin of production; and

Bushel weight.

Important quality factors for the bean seed industry in

Idaho are uniformity of seed size, maturity, vigor and free-

ness from bacterial diseases, especially the halo blight
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(12, 21, 36). Besides seed size, weight and uniformity,

color, and lack of damage to individual seeds were men-

tioned as important seed quality factors for bean seed

grown in Rhodesia (4).

The color of the seed has been regarded of prime impor-

tance to the quality of a seed lot. The white varieties are

generally less popular among seed growers for a number of

reasons. They are more susceptible to rust than colored

varieties, aggravated by the fact that they are lower yield-

ing, blemishes are more easily seen, etc. (9). It has also

been demonstrated (57) that the colored-seeded varieties are

more tolerant than the white ones to seedling diseases and

grow more vigorously.

Maturity is an important factor in the quality of the

bean seed. Harvesting too soon results in shrivelling and

wrinkling. Delayed harvest, on the other hand, causes yield

loss from shattering (9).

Physiological maturity is a key factor in harvesting

high quality seeds, as demonstrated by Silva et al. (61).

In their study, the authors harvested bean seeds at 48-hour

intervals. The physiological quality was determined through

accelerated aging, first count germination and standard

germination. Top physiological quality was reached between

82 and 98 days after emergence, after which time quality

declined considerably. Delayed harvest for two or more

weeks after optimum maturity has been reached decreased
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yields and quality of soybeans, which affected the storabi-

lity of the seed (49).

Moisture content of the seed at harvest time, field

weathering and harvesting technique, especially cylinder

speed, are reported to affect the quality of soybean (19)

and bean (25). The injury to soybean seed becomes more

acute when dry conditions occur during harvesting. If seeds

are harvested with less than 13.5% moisture, mechanical

damage is likely to occur, resulting in lower viability.

Along the same line of research, high quality bean seed were

obtained (60) using a rubber belt thresher. Proper adjust-

ment and high moisture content (14-15%) minimized mechanical

injury to the seed.

In recent years, cotyledon cracks, calcium deficiency

and protein content of seed have been investigated as further

quality factors (10, 53, 58).

Although the effect of seed size on total yield of

beans and related crops is not always conclusive (10), the

trend seems to be that large seeds contain higher protein

levels which will affect growth, yield and protein content

of the next generation (72).

Robinson et al. (58) found that protein content of

beans grown in Minnesota was impaired by irrigation. Nitro-

gen application, by the same token, did not increase percent

protein significantly. More encouraging results, however,

were reported by Reis (56) who obtained different protein
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levels from seeds grown under different N regimes. More-

over, he found a significant increase in seedling size,

yield and number of pods associated with high protein seeds.

As stated by Galvez (17), seed quality of bean is not

only genetic, physical and physiological, but also phyto-

sanitary. The presence of disease-causing bacteria, fungi,

and viruses in the seed affect germination, seedling emer-

gence, vigor, stand establishment, yield, and represent a

potential danger of spreading diseases to the next genera-

tion and to new areas. The bean seed industry of the U.S.

suffered disasterous economic losses during the years 1963-

1965 as a result of breakouts of bacterial diseases, with

halo blight being particularly destructive (21).

Seed yields of beans were increased up to 30% in

Guatemala when disease-free seeds were supplied to the

farmers. Likewise, in Brazil, increases in yield of more

than 200% by the use of virus-free seed, were obtained (17).

Hampton (22) reports reduction in yield by bean yellow

mosaic virus (BYMV) on the order of 41% and by common mosiac

virus (CMV) of 53 to 68%.

Galvez (17) states that it is possible to increase

yields of beans up to 100% without breeding new varieties

through the use of disease-free seed.
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MATERIALS AND METHODS

Varieties and Seed Lots

Two commonly grown varieties for the commerical produc-

tion of green beans in Oregon were used in these trials:

Oregon 1604 (OSU 1604) and Asgrow 290. These are both bush

Blue Lake snap bean types, Oregon 1604 being considered

semi-early and Asgrow 290 semi-late. Both cultivars are

used for canning and Oregon 1604 is also used for freezing

purposes.

Seed lots were obtained from Idaho and California seed

companies with the following characteristics:

Table 1. Characteristics of seed lots.

1000-seed
Purity Germination weight

Year Cultivar

1975

1976

OSU 1604
Asgrow 290

OSU 1604
Asgrow 290

99
99

99
99

90
90

90
90

285
126

283
177

Seed Production Methods

Field experiments were conducted at the OSU Vegetable

Research Farm, on a Chehalis silty loam soil, pH 6.00, fol-

lowing a crop of winter wheat.
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Treflan herbicide was incorporated into the soil at the

rate of .84 kg/ha before planting. Rows were marked and

672 kg/ha (600 lb/A) 8-24-8 fertilizer was banded 5 to 7 cm

to the side and 5 cm below the row. The seeds were then

planted in the row with a belt-type hand-pushed planter.

After planting, the herbicide dinitroamine was applied at

the rate of 3.3 kg/ha.

Irrigation was provided as needed, the frequency vary-

ing from 8-12 days.

Visual observations on the incidence of diseases and

pests were made.

An application of Benomyl (Benlate) at the rate of 1.12

kg/ha was made at flowering as a preventative control for

the white mold fungus (Sclerotinia clerotiorum).

The plots were laid out as a randomized complete block

design with four replications. The single-row plots were

15.25 m long and c91 m apart. Variables studies were plant

populations and planting dates.

Seeding rates were adjusted to obtain 4, 8, and 12 live

seeds per foot of row, giving the seeding rates of 165,000,

330,000 and 495,000 seeds/ha. Hereafter, these seeding

rates will be designated as low, medium and high plant

populations, respectively.
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1975 Experiment

Planting dates were May 17, June 20, and July 3. Days

to emerge, first bloom date and days to reach maturity were

recorded.

Plants were harvested at a seed moisture content of 13-

15%. Thirteen and seven-tenths meters of row were harvested.

Seeds were then threshed manually and with a plot thresher,

cleaned and weighed.

1976 Experiment

Planting dates were April 29, May 13, June 4, and June

22. A soil thermometer was installed in the soil at plant-

ing time at seed level and temperatures were recorded during

the seedling emergence period.

Field emergence, days to emerge, plant height at bloom-

ing, date of first bloom, and days to harvest were recorded.

Plant height was measured from the soil surface to the tip

of the highest terminal growing point of 50 random plants

in each row.

Plots were harvested at a seed moisture content of 13-

15%. Seven and six-tenths meters from the middle of the row

were harvested. Plants were pulled by hand, dried, and

threshed in a rubber-belt thresher. Seeds were then cleaned

and weighed.



Seed Quality Evaluation Methods

Germination
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Germination tests were conducted in rolled paper towels

with 25 seeds per roll. The rolls were put in a plastic bag

to prevent evaporation of moisture and then placed in a ger-

minator at 25°C. Seedling evaluation was made after five

and seven days according to AOSA Rules for Testing Seeds (3).

Tests were replicated four times.

1000-seed Weight

Two groups of 100 seeds each were weighed and the mean

of these two weights was multiplied by 10.

Seed Size Distribution

The seed size analysis was made using a series of five

graded metal hand-screens. The largest seeds did not pass

through an opening 14/64 inch wide by 3/4 inch long and the

smallest ones passed through an opening 10/64 inch wide by

3/4 inch long. Dimensions of screen openings were as

follows:

14/64" x 3/4"
13/64" x 3/4"
12/64" x 3/4"
11/64" x 3/4"
10/64" x 3/4"

Two hundred grams of seed were used for each determina-

tion. After each separation, each fraction was weighed
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and the percent distribution of each fraction was calcu-

lated.

Seedling Root Length

Twenty-five seeds were planted in rolled towels, the

rolls were placed in plastic containers, and the top covered

with plastic to prevent moisture evaporation. The con-

tainers were then placed at an angle of approximately 45°

in a germinator at 25°C. On the fifth day the containers

were opened, the abnormal seedlings discarded, and the

lengths of the roots of the normal seedlings were measured.

The tests were replicated four times.

Seedling Dry Weight

Twenty-five seeds were planted in rolled towels, the

rolls were placed in a plastic container and the top covered

with plastic to prevent moisture evaporation. The con-

tainers were then placed in a germinator at 25°C. On the

fifth day the containers were opened, and the abnormal

seedlings discarded. The normal seedlings minus the cotyle-

dons were put in paper envelopes and allowed to dry in an

oven at 100°C for 24 hours. The dried seedlings were then

weighed and the average weight per seedling calculated.

Protein Content of Seed

The tube digestion method as described by Nelson et al.

(50) was used. The ammonium was separated by steam
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distillation, collected in boric acid indicator solution,

and determined by titration with standard acid, as described

by Bremner et al. (7).

The percent of nitrogen per sample was calculated by

the following equation:

% N
(ml H

2
SO

4
in sample - ml in blank) x .01 x 14 x 100

Weight of sample (mg)

The protein percent was determined by multiplying the

%N times 6.25.

Detection of Halo Blight

The ultra violet/vermiculite test as described by

Parker et al. (52) for detection of the halo blight bac-

terium (Pseudomonas phaseolicola (Burk.) Dows) was used.

Field Performance

The seedbed was prepared as for the seed production ex-

periments previously described. Seeding rate was 330,000

seeds/ha (8 live seeds per foot of row). The single row

plots were 7.6 m long and .91 m apart. A randomized com-

plete block design was used, with four replications. The

plots were planted on May 17.

Field emergence, days to emerge, date of first bloom,

plant height at blooming stage, and days to reach harvest

maturity were recorded. Plant height was measured as des-

cribed previously.
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At maturity, 6.1 m of row were harvested when 40 to 50

percent of the pods were estimated to be sieve-size 4 and

under. This was on July 30 for OSU 1604 and August 5 for

Asgrow 290. Plants were pulled by hand, and all pods were

removed. The pods from each plot were weighed, mechanically

graded into seive-sizes 1-4, 5, 6, and 7, and then reweighed

to determine sieve size distribution.

Statistical Analysis

Data was analyzed by Analysis of Variance according to

standard procedures. The data from experiments involving

more than two treatments were analyzed as factorials.

The least significant difference (LSD) at five percent

probability level was the test criterion used for comparison

of means.
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1975 Studies

Crop Cycle
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Speed of seedling emergence increased as the growing

season advanced. Seedlings from the third planting of both

cultivars emerged five days earlier than seedlings from the

first planting (Table 2).

For OSU 1604, high seeding rate hastened blooming by

two days in the first planting, but had no effect on the

second and third plantings. For Asgrow 290, high seeding

rate hastened blooming by one and two days depending on the

planting date.

Days for the seed to mature decreased with late plant-

ing and high density. In the second planting, seeds of OSU

1604 matured 11 days earlier than seeds from the first

planting. High and medium densities hastened maturity by

one day. Days for plants to reach harvest maturity (13-15%

moisture) also decreased 10 to 11 days from the first to the

second planting. High and medium density stands were har-

vested one to three days earlier than the low density, de-

pending on the variety. OSU 1604 matured 9 to 10 days

earlier than Asgrow 290.

The third planting on July 3 developed normally up to

the pod filling stage. At that point the fall rains caused



Table 2. Growth cycle of snap bean at the OSU Vegetable Research Farm in 1975.

Planting
date

Seeding rate
seeds/ha

Days to
emerge

Days to
first bloom

Days to
seed maturity

Days to
harvest

OSU 1604 Asg 290 OSU 1604 Asg 290 OSU 1604 Asg 290 OSU 1604 Asg 290

May 17 495,000 15 15 32 38 63 67 96 105

330,000 15 15 34 40 64 68 98 108

165,000 15 15 34 40 64 68 98 108

June 20 495,000 11 11 34 36 52 59 86 95

330,000 11 11 34 37 53 60 87 97

165,000 11 11 34 37 53 60 87 97

July 3 495,000 10 10 30 34

330,000 10 10 30 35

165,000 10 10 30 35
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the seeds to decay in the field without completing maturity

and the plots were not harvested.

Seed Yield

OSU 1604. Seed yield varied from 1910 to 2603 kg/ha

(Table 3). Yield was affected by both planting date and

seeding rate. The first planting produced 12% more yield

than the second planting. In the first planting, all seed-

ing rates produced similarly, but in the second planting,

high seeding rates produced more seed than medium and low

rates.

Asgrow 290. Seed yield varied from 1665 to 2451 kg/ha

(Table 3).

Plant population had no effect on total seed yield, but

the first planting produced 23% more seed than the second.

Seed yield of the two varieties was very similar at the

low and medium seeding rates, but OSU 1604 was 15% higher

in yield at the high seeding rate.

Seed Germination

OSU 1604. Germination percentage (Table 3) of various

seed lots varied from 83 to 93, but no definite trends in

germination could be attributed to date of planting or plant

population. The differences, when present, appear to be at

random.



Table 3. Seed yield and quality factors of two snap bean varieties in 1975 as affected by planting date
and seeding rate

Planting Seeding rate
date seeds/ha

Seed yield Germination 1000-seed weight Root length
OSU 1604 Asg 290

kg/ha
OSU 1604 Asg 290 OSU 1604 Asg 290 OSU 1604

cm
Asg 290

cm

May 17 495,000 2566 2372 90 91 271 232 13.2 7.1

330,000 2603 2314 83 92 285 264 15.1 11.3

165,000 2350 2451 93 89 292 261 13.5 11.6

mean 2506 2379 88.7 90 282 252 13.9 10.0

June 20 495,000 2530 1939 87 87 249 236 11.5 10.5

330,000 2148 1882 85 89 246 228 12.6 10.9

165,000 1910 1665 85 86 254 243 14.0 11.5

mean 2196 1828 85.7 87 249 235 12.7 11.0

LSD(.05) for seeding rate 295 706 5.5 3.6 23.9 23.4 .81 .82

LSD(.05) for planting date 166 403 3.2 2.1 13.8 13.5 .46 .47

LSD(.05) for paired seeding
rate means between varieties 511 4.3 21.7 1.11

LSD(.05) for paired planting
date means between varieties 100 2.5 12.5 .67

495,000
Seeding

330,000
rate means

165,000

2548
2375
2130

2135
2098
2058

88.5
84.0
89.0

89

90
87.5

260
265
273

234
246
252

12.35
13.85
13.75

8.80
11.10
11.55

LSD(.05) for seeding rate 202 497 3.9 2.5 16.9 16.6 .57 .58

LSD(.05) for paired means
between varieties 360 .30 15 .81
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Asgrow 290. Although differences in germination due

to planting date and seeding rate were significant, these

differences appear to be random.

1000-seed Weight

OSU 1604. Seed weight (Table 3) was not affected by

seeding rate but the first planting resulted in heavier

seeds than the second. The average seed weight was lower

(226 g) than the original seed stock used (285 g).

Asgrow 290. Seed weight was slightly lower at the

high seeding rate, particularly in the early planting. Seed

weight was also lower in the late planted plots. The

average seed weight was much higher (243 g) than the

original seed stock (126 g).

Within the same seeding rate OSU 1604 produced heavier

seeds than Asgrow 290, due mostly to the large differences

in the early planting.

Seed Size Frequency Distribution

OSU 1604. An appreciable difference in the composition

of the two seed lots in the two plants was observed (Table

4). The first planting tended to produce larger seeds than

the second. In addition, low density tended to produce

higher percentages of larger seeds (over 12/64") and smaller

percentages of smaller seeds (through 10/64").



Table 4. Seed size distribution of two varieties of snap bean seed in 1975 as affected by planting date
and planting rate.

Planting dates
May 17 June 20

Seeding rate Screen size OSU 1604 Asg 290 OSU 1604 Asg 290
seeds/ha inches % % % %

495,000 Over 14/64 8.31 9.25 6.59 9.75

14-13/64 39.98 57.28 29.08 38.72

13-12/64 26.78 30.98 26.59 31.70
12-11/64 18.92 17.59 26.55 16.00

11-10/64 4.04 2.64 6.98 3.17

Through 10/64 4.89 2.22 4.16 .62

330,000 Over 14/64 10.93 14.74 3.22 11.60
14-13/64 39.97 47.16 23.24 37.87

13-12/64 26.10 23.63 30.93 28.20

12-11/64 17.25 9.97 30.25 16.08

11-10/64 3.09 1.53 7.45 4.01

Through 10/64 2.63 2.87 4.43 1.44

165,000 Over 14/64 12.80 16.12 7.22 10.74

14-13/64 40.95 45.96 31.96 38.72

13-12/64 26.71 22.29 29.11 27.65

12-11/64 15.97 11.62 24.12 17.00

11-10/64 2.79 1.00 5.33 3.81

Through 10/64 .78 1.98 1.70 1.56
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Asgrow 290. Low density in both plantings tended to

produce a higher percentage of larger seeds (over 12/64")

and lower percentage of smaller seeds (through 10/64").

The second planting tended to produce smaller seeds.

Seedling Root Length

OSU 1604. Seedling vigor (Table 3), as expressed by

the root length measurement, was 8.6% higher in the first

planting, but seeding rate had no effect on seedling vigor.

Asgrow 290. Seedling vigor as expressed by seedling

root length, varied with planting date and seeding rate.

Low and medium seeding rates gave more vigorous seedlings

than the high seeding rate, and seedlings from the second

planting were more vigorous than those from the first. Most

of this effect was due to the very low vigor of the seeds

from the high population in the first planting.

OSU 1604 produced consistently more vigorous seedlings

across all plant densities and the two planting dates, pro-

bably relating to the larger seed size of OSU 1604.

Field Performance of Seed Produced in 1975

Crop Cycle. The different seed production methods did

not affect the speed of emergence of either variety (Table

5). OSU 1604 bloomed four days earlier than Asgrow 290,

but the time of blooming was not affected by seed produc-

tion methods. Likewise, days to reach harvest maturity was



Table 5. Field performance of snap bean seed produced in 1975.

Seed performance in 1976

Seed Production Days to
methods in 1975 emerge Emergence

Days to
bloom

Plant
height_

Days to
harvest Pod yield

OSU
Planting Seeding rate 1604

date seeds/ha

Asg
290

OSU
1604

Asg
290

OSU
1604

Asg
290

OSU Asg
1604 290

cm cm

OSU
1604

Asg
290

OSU Asg
1604 290
kg/plot

May 17 495,000 15 15 77 76 36 40 41 41 60 65 9,6 5,2

330,000 15 15 74 78 36 40 38 39 60 65 8.3 6.8

165,000 15 15 79 82 36 40 42 42 60 65 10.1 9.1

mean 76 78 40 40.7 9.3 7.0

June 20 495,000 15 15 77 91 36 40 39.5 42 60 65 9.5 8.5

330,000 15 15 87 90 36 40 42 42 60 65 9.3 9.3

165,000 15 15 77 84 36 40 41 41 60 65 10.5 8.7

mean 80 88 40.8 41.7 9.7 8.8

LSD(.05) for seeding rate 5.5 6.4 2.5 3.1 3.1 2.6

LSD(.05) for planting date 3.2 3.7 1.4 1.8 1.8 1.5

LSD(.05) for paired seeding
rate means between varieties 6.5 2.8 2.9

LSD(.05) for paired planting
date means between varieties 3.7 1.6 1.7

495,000 77 83.5 40.2 41.5 9.5 6.8
Seeding

330,000 80.5 84.0 40.0 40.5 8.8 8.0
rate means

165,000 78 83.0 41.5 41.5 10.3 8.9

LSD(.05) for seeding rate 3.9 4.5 1.7 2.1 3.4 2.8

LSD(.05) for paired means
between varieties 4.6 2.0 2.09
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not affected by production methods but OSU 1604 was ready to

harvest five days before Asgrow 290.

Emergence: Field emergence of OSU 1604 varied from 74

to 87 percent (Table 5). Seeds from the second planting had

four percent better emergence than seeds from the first

plantings.

Seeding rate when averaged over planting dates, had no

effect on field emergence.

Field emergence of Asgrow 290 varied from 76 to 91

(Table 5) and was 10% higher for seeds from the second plant-

ing. Seeding rate, on the average, had no effect on field

emergence.

Emergence of Asgrow 290 from the second planting was

8% higher than that of OSU 1604.

Plant Height. Production methods made no appreciable

difference on the height of the plants produced from those

seeds, in either variety (Table 5).

Pod Yield. Neither of the variables tested had any

effect on total pod yield of OSU 1604 (Table 5), or on pod

size distribution (Table 6).

Asgrow 290. Yield of green pods varied from 5.2 to 9.3

kg/plot which is equivalent to 3.8 and 6.7 t/A. The lowest

yielding plots were from seeds produced at the high seeding

rate in the early planting. These seeds were also low in

seed weight and seedling vigor (Table 3).



Table 6. Pod sieve size distribution of snap beans grown with seed produced in 1975.

Seed production methods
in 1975 Total yield Sieve Size 1-4 Sieve Siz.=,, 1-4

Planting Seeding rate OSU 1604 Asg 290 OSU 1604 Asg 290 OSU 1604 Asg 290
date seeds/ha t/A t/A t/A t/A

May 17 495,000 6.9 3.8 20 68 1.4 2.6

330,000 6.0 4.9 23 68 1.4 3.3

165,000 7.4 6.6 22 61 1.6 4.0

mean 6.7 5.1 21 65 1.5 3.3

June 20 495,000 6.6 6.2 23 58 1.5 3.6

330,000 6.7 6.7 30 61 2.0 4.0

165,000 7.6 6.3 22 58 1.7 3.7

mean 6.9 6.4 25 59 1.7 3.7
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Seeds from the second planting yielded 20% more pods

than seeds from the first planting. This effect was also

largely due to the low yielding seed from the high seeding

rate in the early planting.

Neither planting date nor seeding rate had an important

effect on pod size distribution.

1976 Studies

Soil Temperature

Figure 1 illustrates the mean soil temperatures,during

germination and early growth periods. Day temperatures

ranged from 19°C to 25°C with night temperatures varying

from 5°C to 10°C. From the first week of May onward, soil

temperatures improved constantly.

Crop Cycle

The development cycle of the crop was very dependent

on planting dates and densities. Upon examinations of

Table 7, several facts became apparent: the time required

for seed to complete emergence varied from 18 days for the

April 29 planting to 9 days for the June 22 planting,

regardless of seeding rate.

Late plantings resulted in plants blooming sooner. In

OSU 1604, plants from the first planting bloomed in about

46 days after emergence, compared to only 23 days for plants
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Figure 1. Weekly mean soil temperatures at the O.S.U.
Vegetable Research Farm at seed depth.



Table 7.

Planting
date

Growth cycle of two varieties of snap bean at the OSU Vegetable Research Farm in 1976.
Days to Days to Plant Days to seed Days to

emerge Emergence bloom height maturity harvest

OSU
1604Seeding rate

seeds/ha

April 29

May 13

June 4

June 22

LSD(05) for
LSD(.05) for
LSD(.05) for
rate means

LSD(.05) for
date means

495,000 18

330,000 18

165,000 18

mean
495,000 15

330,000 15

165,000 15

mean
495,000 13

330,000 13

165,000 13

mean
495,000
330,000
165,000
mean

seeding rate
planting date
paired seeding
between varieties
paired planting
between varieties

9

9

9

Asg OSU Asg OSU Asg OSU Asg OSU Asg OSU Asg

290 1604 290 1604 290 1604 290 1604 290 1604 290

CM cm

18 80 84 45 48 29 40 55 58 100 100

18 81 89 47 50 27 37 55 58 100 108

18 73 82 47 50 25 33 55 60 102 110

78 85 27 36

18 74 82 36 40 46 46 51 57 87 97

18 81 84 37 40 44 45 51 58 87 98

18 87 86 37 40 39 39 52 59 89 99

80 84 43 43 45

18 87 88 30 33 46 40 45 59 75 92

18 95 90 32 33 41 39 45 59 77 92

18 88 88 32 34 39 36 45 60 77 94

90 88 42 38

9 78 82 23 26 51 48 45 52 68 78

9 87 91 24 27 51 45 45 52 69 79

9 85 91 24 27 48 45 46 54 70 81

83 88 50 46

Seeding
rate means

LSD(.05) for
LSD(.05) for

495,000
330,000
165,000
seeding rate
paired means

between varieties

6.0
3.5

8.8
5.0

4.3
2.5

2.0
1.2

7 3

2 1.9

80 84 43 43

86 88 41 41

83 87 38 38

3 4.4 2 1

3.7 1.6
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from the last planting. Similar behavior was recorded for

Asgrow 290.

In OSU 1504, plants from the first planting reached

harvest maturity at about 100 days after emergence. The

number of days to harvest decreased thereafter until a mini-

mum of 68 days was required for the last planting.

The number of days for Asgrow 290 to reach maturity

ranged from 108 days for the first planting to 78 days for

the last planting.

High density hastened blooming, days to maturity and

harvest by one or two days, for all plantings and varieties.

Field Emergence

OSU 1604. Field emergence (Table 7) varied from 73 to

95% and generally improved with delayed plantings. The

lowest emergence occurred with the April 29 planting, the

highest with the June 4 planting.

Within each planting date, high density plantings

generally had the lowest emergence, with the highest emer-

gence occurring at the medium density.

Asgrow 290. Field emergence of Asgrow 290 varied from

82% to 91% and was not affected greatly by planting dates

and seeding rates.

Emergence of Asgrow 290 was higher than OSU 1604 in

three of the four planting dates.



40

Plant Height

OSU 1604. Plant height at the blooming stage (Table

7) varied from a minimum of 25 cm in the first planting, to

a maximum of 51 cm in the last planting. Height was propor-

tional to plant density, with high density having con-

siderably taller plants.

Asgrow 290. Plant height at blooming was proportional

to plant density (Table 7). High density stands produced

the tallest plants (43 cm) and low density the smallest (38

cm).

Height was not influenced as much by planting date as

in OSU 1604. However, the last planting resulted in the

tallest plants.

Seed Yield

OSU 1604. 1976 seed yields were lower than those of

1975. Seed yield varied from 565 to 1695 kg/ha (Table 8).

Seeding rate had no effect on total seed yield. Late

plantings, however, decreased yields appreciably. The April

29 planting produced 62% more seeds than the June 22 plant-

ing, 17% more than the June 4 planting and 15% more than

the May 13 planting. Seed yield was negatively correlated

with plant height (r = -.65) (Table 10).

Asgrow 290. Seed yield varied from 985 to 1898 kg/ha.

Seeding rate had no effect on total seed yield but late

plantings decreased yield up to 43%.



Table 8. Seed yield and quality factors of two varieties of snap bean in 1976 as affected by planting
date and seeding rate.

Seed yield Germination
1000-seed
weight

Root
length

Seedling
dry weight

Protein
content

OSU Asg OSU Asg OSU Asg OSU Asg OSU Asg OSU Asg

Planting Seeding rate 1604 290 1604 290 1604 290 1604 290 1604 290 1604 290

date seeds/ha kg/ha kg/ha % g g cm cm mg mg

April 29 495,000 1652 1884 84 92 236 202 12.4 12.4 .0485 .0544 22.4 24.1

330,000 1695 1623 93 88 244 200 14.0 13.0 .0489 .0488 22.1 24.0

165,000 1666 1898 84 90 268 208 12.1 14.0 .0639 .0633 23.0 25.7

mean 1671 1801 87 90 249 203 12.8 13.0 .0537 .0555 22.5 24.6

May 13 495,000 1464 1608 87 90 225 202 13.4 12.2 .0482 .0528 24.0 23.5

330,000 1449 1710 85 91 228 213 11.2 12.4 .0419 .0534 22.4 24.0

165,000 1348 1608 87 89 237 218 13.0 13.0 .0612 .0557 23.0 23.3

mean 1420 1642 86 90 230 211 12.5 12.5 .0504 .0539 23.0 23.6

June 4 495,000 1406 1086 93 91 214 188 14.2 14.0 .0395 .0496 23.4 24.5

330,000 1377 1087 93 91 221 194 13.2 13.7 .0403 .0514 23.0 23.4

165,000 1362 1087 95 92 227 212 14.0 13.7 .0553 .0527 22.6 23.4

mean 1381 1086 93 91 220 198 13.8 13.8 .0450 .0512 23.0 23.7

June 25 495,000 623 985 93 92 190 194 14.7 13.0 .0473 .0482 23.4 24.3

330,000 565 1116 92 88 200 200 14.3 12.7 .0496 .0485 23.0 24.3

165,000 695 985 96 88 216 205 15.1 13.0 .0497 .0512 22.0 24.3

mean 628 1028 93 89 202 200 14.7 12.9 .0522 .0493 22.8 24.3

LSD(.05) for seeding rate 376 420 6.0 4.2 11 9 .60 .69 .0036 .0026 1 .94

LSD(.05) for planting date 217 246 3.4 2.4 6 5 .35 .40 .0021 .0015 .61 .54

LSD(.05) for paired seeding
rate means between varieties 405 5.5 10 .84 .0037 1.71

LSD(.05) for paired planting
dates between varieties 232 3.0 6 .49 .0022 .98

Seeding
495,000 1286 1390 89 91 216 196 13.6 12.9 .0458 .0512 23.3 24.0

23.9
rate means

330,000 1271 1384
165,000 1251 1394

91
90

89
90

223
237

202
211

13.2
13.5

12.9
13.4

.0452 .0505

.0600 .0557
22.6
22.6 24.2

LSD(.05) for seeding rate 188 217 3 2 5.6 4.6 .30 .34 .0018 .0013 .53 .47

LSD(.05) for paired means
between varieties 203 2.7 5 .42 .0019 .85 4a

I"
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Asgrow 290 outyielded OSU 1604 by about 8%.

Germination

OSU 1604. Germination percentage varied from 84 to 96

(Table 8), improving slightly with the later plantings.

Seeding rates did not affect germination.

Asgrow 290. Seed germination varied from 88 to 92%

(Table 8) and remained practically constant across all

plantings and densities.

1000-Seed Weight

OSU 1604. Late plantings depressed seed weight by as

much as 18% and seed weight was inversely proportional to

seeding rate (Table 8).

Seed weight was negatively associated with plant height

(r = -.79) and positively associated with seed yield (r =

.69) (Table 10). The average seed weight was lower (228 g)

than that of the original seed stock used (283 g).

Asgrow 290. Seed weight was inversely proportional to

seeding rate (Table 8), but was affected only slightly by

planting date. The average seed weight was considerably

higher (203 g) than the original seed stock used (177 g).

OSU 1604 produced considerably heavier seeds than

Asgrow 290.
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Seed Size Frequency Distribution

OSU 1604. The composition of the four seed lots (Table

9) suggest a definite trend toward larger seeds from the low

seeding rate and early plantings.

Asgrow 290. As in OSU 1604, there was a definite trend

toward larger seeds from the low seeding rate and early

plantings.

Seedling Root Length

OSU 1604. Seedling vigor, as expressed by seedling

root length (Table 8), improved slightly with later plant-

ings but did not differ with seeding rate. Small and incon-

sistent differences occurred within each planting date but

led to no definite trend.

Asgrow 290. The root length measurement test (Table 8)

failed to detect any trend in seedling vigor due to seeding

rate.

The effect of planting date on seedling vigor was not

consistent. The highest vigor level was observed in the

third planting and the lowest in the second. The effect of

plant population within each planting date did not show any

consistent trend.

Seedling Dry Weight

OSU 1604. Seedling dry weight observations (Table 8)



Table 9. Seed size distribution of two varieties of snap bean seed in 1976 as affected by planting
and seeding rate.

Planting dates

Seeding Screen April 29 May 13 June 4 June 22

rate sizes OSU 1604 Asg 290 OSU 1604 Asg 290 OSU 1604 Asg 290 OSU 1604 Asg 290

seeds/ha inches % % % % % % % %

495,000 Over 14/64 2.53 2.03 2.75 2.64 .75 2.35 .38 1.04

14-13/64 18.51 19.52 16.12 20.18 8.31 14.50 3.41 13.69

13-12/64 30.97 31.67 26.47 28.87 22.62 25.51 11.36 29.44

12-11/64 32.39 32.65 35.60 33.27 42.19 35.58 38.18 36.91

11-10/64 10.03 9.73 13.19 11.08 16.09 14.91 24.94 12.54

Through 10/64 5.54 4.35 5.82 3.94 10.02 7.34 21.72 6.38

330,000 Over 14/64 2.48 2.67 2.33 3.66 1.00 .53 .27 .74

14-13/64 19.92 18.64 14.01 24.74 9.06 14.74 4.56 13.41

13-12/64 29.63 32.01 27.58 30.04 22.10 26.43 14.26 27.99

12-11/64 33.71 31.57 36.18 29.39 41.30 38.01 40.28 38.89

11-10/64 9.19 10.06 13.10 9.22 16.08 13.54 22.40 12.81

Through 10/64 5.05 5.05 6.75 2.93 10.46 6.75 18.22 6.16

165,000 Over 14/64 3.28 3.36 2.16 3.27 .65 2.05 .53 1.17

14-13/64 21.75 25.04 15.72 23.41 9.49 21.32 6.31 15.00

13-12/64 30.92 30.39 30.67 30.34 26.36 31.85 19.53 27.20

12-11/64 30.97 27.72 32.80 31.35 40.44 29.13 42.26 38.54

11-10/64 8.67 9.12 12.17 8.30 13.48 10.33 18.41 12.34

Through 10/64 4.39 4.06 6.45 3.20 9_.57 5.31 12.93 5.75
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showed that low density plantings produced more vigorous

seedlings.

Lowest vigor occurred at the third planting date.

Asgrow 290. The largest seedlings were obtained from

seeds that were produced at the lowest seeding rates. Plant-

ing date had little effect. Seedling dry weight was posi-

tively correlated with seed yield (r = .51) and seed weight

(r = .39) (Table 11).

Protein Content

OSU 1604. Protein content of seed (Table 8) was unaf-

fected by date of planting. The differences among seeding

rates, though significant, were negligible.

Asgrow 290. The small differences among planting dates

and seeding rates, though statistically significant, were

negligible.

Varieties were very similar in protein content. Con-

sidering the same seeding rate, Asgrow 290 always had higher

protein levels, except at the high plant densities.

Detection of Halo Blight

When seeds were planted in deep vermiculite, no visible

symptoms of halo blight were detected in the seedlings al-

though the percentage of fluorescent seeds varied from one

to four (Table 12).



Table 10. Simple correlation coefficients of snap bean factors, cultivar OSU 1604 in 1976.

Factors
Plant
height

Seed
yield

Seed
weight Germination

Root
length

Seedling
dry weight

Protein
content

Emergence

Plant height

Seed yield

Seed weight

Germination

Root length

Seedling dry
weight

.2673 -.2239

-.6496**

-.2041

-.7962**

.6919**

.3642

.3648

-.2532

-.3783

.1814

.4257

-.4938

-.5382**

.6814**

-.3175

-.2933

-.0137

.3053

-.1216

.0169

-.1192

.2992

-.2727

.3510

-.0531

.1662

-.1994

**Significant at the 1% level of probability.



Table 11. Simple correlation coefficient of snap bean factors,cultivar ASgrow 290 in 1976,

Factors
Plant
height

Seed
yield

Seed
weight Germination

Root
length

Seedling
dry weight

Protein
content

Emergence

Plant height

Seed yield

Seed weight

Germination

Root length

Seedling dry
weight

-.0110 -.4646

-.1196

-.1002

-.2099

.3015

-.1425

-.0719

-.0513

-.0519

.0934

.5014**

-,3196

-.2586

.0901

-.2908

-.4749

.5137**

3930*

.0095

.1795

.0747

-.1088

.0011

-.1903

.0811

.3278

.1655

*,* *Significant at the 5 and 1% levels of probability, respectively.



Table 12. Disease reactions of fluorescent and non-fluorescent snap bean seeds planted in deep
vermiculite for 15 days.

Seed lot

Fluorescent Non-fluorescent Diseased seedlings

OSU 1604 - 11/ 1 99 none

OSU 1604 2 1 99 none

OSU 1604 - 3 3 97 none

OSU 1604 - 4 4 96 none

OSU 1604 - original source 2 98 none

Asgrow 290 1 4 96 none

Asgrow 290 2 3 97 none

Asgrow 290 - 3 4 96 none

Asgrow 290 4 4 96 none

Asgrow 290 original source 2 98 none

1/
Seeds from first, second, third and fourth planting in 1976.
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Observations on Diseases and Pests in the Field

No major incidence of diseases or pests were observed

in the field. A few cases of Bean Yellow Mosaic Virus, Bean

Common Mosaic Virus and Curly Top were seen. In the high

density stands, however, the incidence of white mold,

Sclerotinia sclerotiorum, was sometimes heavy. This might

have contributed to lodging and subsequent yield decrease.
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DISCUSSION

Bean seed production is a specialized enterprise in the

sense that it can only be successful in localized areas that

can provide high yields of high quality disease-free seed.

The data presented here indicate a potential to produce

snap bean seed in the Willamette Valley with yields and

quality similar to those obtained in traditional seed pro-

duction areas.

It seems feasible for commercial bean growers to save

seed from fields that have been bypassed for processing.

However, the practical aspects of harvesting, threshing and

processing the crop should also be taken into consideration.

Farmers may not be equipped with machinery and facilities to

undertake this kind of project.

The sanitary aspect of the operation should also be

considered carefully. Seeds obtained from commercial fields

are more likely to be contaminated with seedborne pathogens

than those from fields that have been inspected and the

quality kept under strict control.

It is nonetheless apparent that the potential for seed

production exists and should probably be explored.

Seed yield in 1975 varied from 2,603 to 1,665 kg/ha and

in 1976 from 1898 to 565 kg/ha. May and June plantings in

both years had similar yields, though in 1976 they were

generally lower, especially for OSU 1604. Seed yields from
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early plantings are comparable to seed yields reported for

Idaho (35), Arkansas (67), Minnesota (58), Brazil (17), and

Rhodesia (33).

Though seed yield varied with years, the three plant

populations had no appreciable effect on total seed yield.

With a number of crops, maximum economic yield is attained

at maximum density required to produce maximum biological

yield. Our data suggest that this is not the case with snap

beans that are capable of adjusting to various population

densities by producing more seeds in thin populations and

fewer seeds per plant in thick populations. Had yield com-

ponent data been taken, this question could be answered with

certainty.

Robinson et al. (58) report similar findings for dry

beans in Minnesota. They found that beans planted at 3, 6,

and 9 seeds per foot did not differ much in average yield.

Likewise Crothers et al. (11) found that the optimum plant

population for seed yields for the bush bean types was

approximately 400,000 plants/ha and less than 300,000 plants/

ha for the semivining cultivars. Interestingly enough,

production index (seed yield/amount seeded) increased curvi-

linearly as plant population decreased for all cultivars.

Thin populations provided more efficient use of the

space available. As a consequence, the seeds produced were

generally bigger, heavier and more vigorous but had about

the same percentage of protein content. In thick stands,
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competition stress tends to cause reduction of CO2 fixation

per unit leaf area, rate of photosynthesis (47) and conse-

quently reduction in yield. The quality of the seed pro-

duced in high density was generally impaired. Seeds were

smaller, lighter and less vigorous than seeds from low

density but had about the same protein content. Increased

lodging was also always associated with high population,

which can be an added cause for yield decrease in high

population density.

Planting dates for the Willamette Valley are a critical

factor. Delayed plantings decreased seed yield up to 62%.

If plantings are made after about June 22, there is danger

of the crop being caught be fall rains before the seed is

mature.

The weather conditions during 1975-76 greatly affected

total seed yield. Greater yields were attained in early

plantings probably because in the early plantings the plants

had the benefit of a full growing season and developed

under cooler temperatures, higher relative humidity, and

perhaps more total solar radiation (38). As a consequence,

the plants developed slower, were shorter and produced more

seeds. Delayed plantings on the other hand, with warmer air

temperatures and lower relative humidity, produced luxuriant

vegetative growth but poor seed yields.

Of all the tests used to assess seed quality, standard

germination was the least affected by the variables involved.
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Germination was, however, maintained at a level which would

meet the certification requirements for viability in most

countries (33, 35). The fact that germination was not

appreciably affected by planting dates also attests to the

uniformity of quality of the seed produced.

The two vigor tests did not yield comparable results

in all cases. Root length measurement in most cases failed

to detect differences in vigor due to seeding rates, while

seedling dry weight always varied with seeding rate. It

therefore appears that seedling dry weight measurements are

a more sensitive index of vigor.

Protein content of the seed ranged from 22 to 25%.

These values are fairly high considering that these are

snap bean cultivars and thus are not bred, as dry beans are,

for seed consumption, but rather are used for pod produc-

tion. Nitrogen fertilization rates were held constant for

all experiments, so large differences in protein content

could not be expected.

The fact that no visible symptoms of halo blight were

detected in seedlings from fluorescent seeds suggests that

the fluorescence was probably due to the presence of sapro-

phytes that exhibit a similar property. Bacterial infec-

tion is not the only cause of this fluoresce (73). This

test is not absolute proof of non-infected seeds, but as no

halo blight was detected in the field, it is reasonably

safe to assume that these seed lots were free from this
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particular seedborne pathogen. Accurate laboratory methods

for detecting halo blight are necessary for any successful

bean seed production program.

Pod yields averaged 6.2 t/A and generally agree with

what has been reported (39, 40) though the average for com-

mercial Willamette Valley production is usually lower, 4.2

t/A (42).

The field performance evaluation of seed produced in

1975 revealed the importance of different seed production

methods, especially for Asgrow 290. Seeds from the June 20

planting had better emergence and produced more pods than

those from the May 17 planting. Seeds produced from the

165,000 seeds/ha seeding rate were more vigorous and yielded

more than the seeds produced under higher plant populations.

OSU 1604 was harvested after the pods had reached an ad-

vanced stage of maturity, which may have masked the effects

of seed quality on yield.

Further studies on bean seed production in the

Willamette Valley would be beneficial. The field perfor-

mance of the seed produced in 1976 will need to be

evaluated to further assess the quality of those seed lots.

Effects of fertilizer application on yield and quality

of snap bean seed is another potential research area that

awaits detailed investigation.



55

SUMMARY AND CONCLUSIONS

The data presented here suggest that it is technically

feasible to produce snap bean seed in the Willamette Valley

with yield and quality similar to those produced in the

traditional seed production areas.

Planting dates and seeding rate affected nearly all

aspects of the bean crop as well as the quality of the seed

produced.

In early plantings, seeds took longer to emerge, had

generally lower field emergence, plants bloomed and matured

later, and were shorter. In late plantings, on the other

hand, seeds emerged faster, field emergence was increased,

plants bloomed and matured sooner, and were taller. High

and medium seeding rates hastened blooming, seed maturation

and harvest by one to three days.

Seed yield was by far greater in the early plantings

each year. Delayed plantings decreased seed yield up to 62%.

When planting was delayed until July 3, no seed was har-

vested because the crop decayed in the field due to the fall

rains.

The three seeding rates did not affect total seed

yield. However in 1975 low seeding rate of cultivar OSU

1604 produced 16% less seed than the high seeding rate.

Laboratory evaluations in 1975 showed no appreciable

effect of planting date and seeding rate on seed quality.
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When the seeds were tested in the field, however, seeds of

Asgrow 290 from the second planting produced 20% more pods

than seeds from the first planting. Likewise, seeds grown

at low density produced 10% and 23% more pods than seeds

grown at medium and high density, respectively. Field per-

formance of OSU 1604 was not affected by method of seed pro-

duction.

In 1976, yield and seed quality of both varieties were

affected by planting date and seeding rate in several ways.

Early planting and low population produced higher yields,

heavier seeds, and seedlings. Late plantings and high popu-

lations, on the other hand, produced lower yields, lighter

seeds and seedlings. Protein content of seed was not af-

fected by any of the variables studied.

Halo blight was not observed in the field or in the

seedling tests. No other major incidence of disease was ob-

served in the field, except sporadic attack of the white

mold Sclerotinia sclerotiorum.

Based on these observations, it appears that snap bean

seed may be successfully produced in the Willamette Valley.

For highest yields and seed quality, the crop should be

planted between May 15 and June 15 at seeding rates of

165,000 live seeds per hectare.
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Appendix Table 1.
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Analysis of variance of seed yield of
snap bean, cultivar OSU 1604, as affected
by planting date and seeding rate, in
1975.

SV SS DF MS

Rate
Date
Error
Total
C.V. = 8.3%

1.349
1.101
1.102
4.148

2

1

15
23

. 674
1.101

. 073

. 180

F

9.174
14.986

Appendix Table 2. Analysis of variance of germination of
snap bean seed, cultivar OSU 1604, as
affected by planting date and seeding
rate, in 1975.

SV

Rate
Date
Error
Total
C.V. =

SS DF MS F SIG

31.083
135.375
203.958
442.958

2

1

15
23

15.542
135.375
13.597
19.259

1.143
9.956

NS
**

4%

Appendix Table 3.

SV SS

Analysis of variance of seed weight of
snap bean seed, cultivar OSU 1604, as
affected by planting date and seeding
rate, in 1975.

DF MS SIG

Rate 663.831
Date 6514.215
Error 3773.919
Total 11846.173
C.V. = 6%

2

1

14
23

331.915
6514.215
251.595
515.051

1.319
25.892

NS
**

Appendix Table 4. Analysis of variance of seedling root
length of snap bean seed, cultivar OSU
1604 as affected by planting date and
seedin rate, in 1975.

SV SS DF MS F SIG

Rate
Date
Error
Total
C.V. = 4%

1.412
9.275
4.339

17.791

2

1

15
23

.706
9.275

. 289

.774

2.441
32.064

NS
**

NS = Not significant at the 5% level of probability

*,**Significant at the 5 and 1% levels of probability,
respectively



Appendix Table 5.
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Analysis of variance of seed yield of
snap bean seed, cultivar Asgrow 290, as
affected by planting date and seeding
rate, in 1975.

DF MSSV SS

Rate
Date
Error
Total
C.V. = 22%

.068
3.450
6.378

11.002

2

1

15
23

.033
3.450
.425
.478

.078
8.114

SIG

NS
*

Appendix Table 6. Analysis of variance of germination of
snap bean seed, cultivar Asgrow 290, as
affected by planting date and seeding
rate, in 1975.

SV SS DF MS SIG

Rate 45.750 2 22.875 3.992 *

Date 40.042 1 40.042 6.987 *

Error 85,958 15 5.731
Total 175.625 23 7.636
C.V. = 2.7%

Appendix Table 7. Analysis of variance of 1000-seed weight
of snap bean seed, cultivar Asgrow 290,
as affected by planting date and seeding
rate, in 1975.

SV SS DF MS F

Rate 1416.586
Date 1754.460
Error 3635.549
Total 8848.398
C.V. = 6.3%

Appendix Table 8.

2

1

15
23

708.293
1754.460
242.370
3840713

2.922
70239

SIG

NS
*

Analysis of variance of seedling root
length of snap bean seed, cultivar Asgrow
290, as affected by planting date and
seedin rate, in 1975.

SV SS DF MS

Rate
Date
Error

13.797
3.588
4.453

Total 37.891

2

1

15
23

6.899
3.588
.297

1.647

23.239
12.086

C.V. = 5.0%

NS = Not significant at the 5% level of probability

*,**Significant at the 5 and 1% levels of probability,
respectively.
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Analysis of variance of field emergence
of snap bean, cultivar OSU 1604, planted
with seed produced in 1975 (field perfor-
mance).

SV SS DF MS

Rate 68.083
Date 80.667
Error 201.667
Total 517.833
C.V. = 4.7%

2

1

15
23

34.042
80.667
13.444
22.514

F SIG

2.532 NS
*6.000

Appendix Table 10. Analysis of variance of plant height of
snap bean, cultivar OSU 1604, planted
with seed produced in 1975 (field perfor-
mance).

SV SS DF MS SIG

Rate 18.272 2 90136 3384 NS
Date .002 1 .002 .001 NS
Error 40.493 15 2.700
Total 134.976 23 5.869
C.V. = 4.0%

Appendix Table 11. Analysis of variance of yield of green
pods of snap bean, cultivar OSU 1604,
planted with seed produced in 1975
(field performance).

SV SS DF MS SIG

Rate 66.636 2 33.318 3.391 NS
Date 6.615 1 6.615 .673 NS
Error 147.371 15 9.825
Total 312.893 23 13.604
C.V. = 15.0%

Appendix Table 12. Analysis of variance of field emergence
of snap beans, cultivar Asgrow 290,
planted with seed produced in 1975
(field performance)

SV SS DF MS F SIG

Rate 33.083 2 16.542 .917 NS
Date 570.375 1 570.375 31.634 **

Error 270.458 15 18.031
Total 1389.958 23 60.443
C.V. = 5%

NS = Not significant at the 5% level of probability.

*,**Significant at the 5 and 1% levels of probability,
respectively.
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Analysis of variance of plant height of
snap bean, cultivar Asgrow 290, planted
with seed produced in 1975 (field per-
formance).

SV SS

Rate 19.724
Date 23.040
Error 63.073
Total 201.640
C.V. = 5%

Appendix Table 14.

DF MS F SIG

2

15
23

9.862
23.030
4.205
8.767

2.345
5.477

NS
*

Analysis of variance of green pods of
snap bean, cultivar Asgrow 290, planted
with seed produced in 1975 (field per-
formance).

SV SS DF MS

Rate 80.756
Date 93.615
Error 103.978
Total 380.218
C.V. - 14.8%

Appendix Table 15.

2

1

15
23

40.378
93.615
6.932

16.531

5.825
13.505

Analysis of variance of field emergence
of snap bean seed, cultivar OSU 1604, as
affected by planting date and seeding
rate, in 1976.

SV SS DF MS F SIG

Rate 332.375 2 166.187 9.155 **

Date 1027.063 3 342.354 18.860 **

Error 599.020 33 18.152
Total 2491.312 47 53.007
C.V. = 5%

Appendix Table 16. Analysis of variance of plant height of
snap bean,cultivar OSU 1604, as affected
by planting date and seeding rate, in
1976.

SV SS DF MS F SIG

Rate 221.640 2 110.820 12.519 * *

Date 3341.151 3 1113.717 125.811 * *

Error 292.127 33 8.852
Total 3986.279 47 84.814
C.V. = 7.3%

NS = Not significant at the 5% level of probability.

*,**Significant at the 5 and 1% levels of probability,
respectively.
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Appendix Table 17. Analysis of variance of seed yield of
snap bean, cultivar OSU 1604, as
affected by planting date and seeding
rate, in 1976.

SV SS DF MS F SIG

Rate .005 2 .002 .073 NS
Date 2.960 3 .987 28.876 **

Error 1.128 33 .034
Total 4.384 47 ;093
C.V. = 21%

Appendix Table 18. Analysis of variance of germination of
snap bean seed, cultivar OSU 1604, as
affected by planting date and seeding
rate, in 1976.

SV SS DF MS SIG

Rate 2.000
Date 526.896
Error 565.521
Total 1399.813
C.V. = 4.6%

Appendix Table 19.

2

3

33
47

1.000
175.632
17.137
29.783

.058
10.249

NS
**

Analysis of variance of 1000-seed weight
of snap bean seed, cultivar OSU 1604, as
affected by planting date and seeding
rate, in 1976.

SV SS DF MS F SIG

Rate 1816.790 2 9080395 14.789 * *

Date 10256.479 3 3418.826 55.661 * *

Error 2026.937 33 62-442
Total 14988.175 47 318.897
C.V. = 3.5%

Appendix Table 20. Analysis of variance of seedling root
length of snap bean seed, cultivar OSU
1604, as affected by planting date and
seedin rate in 1976.

SV SS DF MS SIG

Rate 1.730 2 .865 4.940 *

Date 34.538 3 11.513 65.754 **

Error 5.778 33 .175
Total 62.191 47 1.323
C.V. = 3.0%

NS = Not significant at the 5% level of probability.

*,**Significant at the 5 And 1% levels of probability,
respectively.
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Analysis of variance of seedling dry
weight of snap bean seed, cultivar OSU
1604, as affected by planting date and
seeding rate in 1976.

SV SS DF MS F

Rate
Date
Error
Total
C.V. = 5.0%

.002

.000

.000

.003

2

3

33
47

.001

.000

.06457

.000'

177.749
25,721

Appendix Table 22. Analysis of variance of protein content
of snap bean seed, cultivar OSU 1604, as
affected by planting date and seeding
rate, in 1976.

SV SS DF MS SIG

Rate 5.460 2 2.730 5.084 *

Date 3.059 3 1.020 1.900 NS
Error 17.719 33 .537
Total 37.783 47 .804
C.V. = 3%

Appendix Table 23. Analysis of variance of field emergence
of snap bean seed, cultivar Asgrow 290,
as affected by planting date and seeding
rate in 1976.

SV SS DF MS SIG

Rate 154.042 2 77.021 20035 NS
Date 188.417 3 62.806 1.659 NS
Error 1249.250 33 37.856
Total 1877.917 47 39.956
C.V. = 7.0%

Appendix Table 24. Analysis of variance of plant height of
snap bean, cultivar Asgrow 290, as
affected by planting date and seeding
rate, in 1976.

SV SS DF MS F SIG

Rate 195.348 2 97.647 43.409 **

Date 720.362 3 240.121 106.716 **

Error 74.253 33 2.250
Total 1051.152 47 22.365
C.V. = 3.6%

NS = Not significant at the 5% level of probability.

*,**Significant at the 5 and 1% levels of probability,
respectively.
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Appendix Table 25. Analysis of variance of seed yield of
snap bean, cultivar Asgrow 290, as
affected by planting date and seeding
rate in 1976.

SV SS DF MS SIG

Rate .082 2 .041 .965 NS
Date 2.504 3 .835 19.654 **

Error 1.402 33 .042
Total 4.321 47 .092
C.V. = 20.8%

Appendix Table 26. Analysis of variance of germination of
snap bean seed, cultivar Asgrow 290, as
affected by planting date and seeding
rate in 1976.

SV SS DF MS F SIG

Rate 20.667 2 10.333 1.214 NS
Date 18.000 3 6.000 .705 NS
Error 280.833 33 8.510
Total 398.667 47 8.482
C.V. = 3.2%

Appendix Table 27. Analysis of variance of 1000-seed weight
of snap bean seed, cultivar Asgrow 290,
as affected by planting date and seeding
rate in 1976.

SV SS DF MS F SIG

Rate 1405.422 2 702.711 16.992 * *

Date 885.526 3 295.175 7.135 * *

Error 1364.750 33 41.356
Total 4409.855 47 93.827
C.V. = 3%

Appendix Table 28. Analysis of variance of seedling root
length of snap bean seed, cultivar Asgrow
290, as affected by planting date and
seeding rate, in 1976.

SV SS DF MS F SIG

Rate 1.942 2 .971 4.287 *

Date 10.523 3 3.509 15.487 **

Error 7.475 33 .227
Total 23.927 47 .509
C.V. = 3.6%

NS = Not significant at the 5% level of probability.

*,**Significant at the 5 and 1% levels of probability,
respectively.
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Appendix Table 29. Analysis of variance of seedling dry
weight of snap bean, cultivar Asgrow 290,
as affected by planting date and seeding
rate in 1976.

SV SS DF MS F SIG

Rate .000 2 .000 38.679 * *
Date .000 3 .000 28.142 * *
Error .000 33 .03318
Total .001 47 .000
C.V. = 3.4%

Appendix Table 30. Analysis of variance of protein content
of snap bean seed, cultivar Asgrow 290,
as affected by planting date and seeding
rate in 1976.

SV SS DF MS F SIG

Rate 1.965 2 .982 2.327 NS
Date 9.365 3 3.122 7.398 **

Error 13.913 33 .422
Total 39.273 47 .836
C.V. = 2.7%

NS = Not significant at the 5% level of probability.

*,**Significant at the 5 and 1% levels of probability,
respectively.


