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A comparison was made between double rows 15 cm apart 

on 76 cm centers and single rows 76 cm apart of 'Oregon 

91G' bush green beans at the same planting densities in 

three experiments in 1986 and 1987.  There was a signi- 

ficant increase in yields of pods from double rows of 9-14 

percent compared to single rows in two experiments.  From 

the third experiment with low planting densities double 

rows gave an increase in pod yield of 3 percent, which was 

not significant. 

Individual plant dry weights and Leaf Area Index (LAI) 

were usually higher for plants in double rows compared to 

plants in single rows. 

Yield responses from increasing plant density were not 

consistent but highest yields were produced at densities of 

35^-50 plants/m2.  Plant dry weights decreased as density 



increased, while effects of density on LAI were not 

consistent. 

Planting of bush beans in double rows compared to 

single rows should result in no additional cost inputs 

except development of planters.  Feasibility of adoption of 

this system of planting is discussed. 
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EFFECTS OF PLANTING BUSH BEANS (PHASEOLUS 

VULGARIS L.) IN SINGLE OR DOUBLE ROWS 

INTRODUCTION 

Green bush bean (Phaseolus vulgar!s L.) production is 

currently one of Oregon's major agricultural crops. 

According to 1985 statistical figures 113,236 M. tons, with 

a value to growers of 23 million dollars, were produced for 

processing.  Production was on 9,389 hectares primarily in 

the Willamette Valley of Western Oregon (Anonymous, 1986). 

Green beans ranked fourth in value for vegetables produced 

in the U.S.  Prior to 1970 most bean production in Oregon 

was of pole type.  Unfortunately, pole bean culture is 

labor intensive, requiring trellising and hand picking. 

This necessitated diverting to bush beans which require no 

staking and are machine harvested. 

In recent years ever increasing input costs, including 

high interest rates, land, fertilizers, chemicals and 

equipment, have forced many American farmers out of bus- 

iness.  The survival of the industry lies heavily on a high 

per dollar turnover from accrued expenses.  This study 

looks at possibilities of increasing yield by plant 

arrangement of bush beans without additional input costs. 

Several research workers agree that when most major growth 

factors, sunlight, air, fertilizer and moisture have 



been met, high density planting increases yields of bush 

beans. 

Plant arrangement in a high density planting has an 

effect on the yield and growth performance of individual 

plants.  The more equidistant the plants are, the greater 

the yield potential due to reduced competition (Wilcox, 

1939; Kueneman, Sandsted and Wallace, 1979).  The in-row 

plant population needs to be reduced in relation to 

between-row spacing, more so towards square planting (Mack 

and Hatch, 1968; Stang, 1975). 

Square (or triangular) planting of bush beans, which 

has been shown in many studies to be more productive than 

conventional methods, has a limited chance of adoption 

by farmers because of the impracticality of precision 

planting. 

Double row planting, which is a rearrangement of 

plants at a density the same as that in a single row, 

increases interplant distances.  It is therefore the aim of 

this study to evaluate the performance of 'Oregon 910', one 

of the most extensively grown bush beans in Oregon, when 

grown in closely-spaced double rows, compared to single 

rows at the same densities. 



LITERATURE REVIEW 

GENERAL 

It has been suggested that "every generation of crop 

producers gets excited about increasing plant number per 

hectare to promote yields" (Stoskopf, 1981).  Some studies 

have shown, however, that at high density, plant growth may 

be impaired and as a result, yield and quality may be 

reduced to uneconomic levels. 

According to Milne (1961), "competition is the 

endeavor of two or more animals to gain the same particular 

thing or to gain the measure each wants from the supply of 

a thing when that supply is not sufficient."  He suggests 

that there is no competition between neighbor plants if 

each has sufficient water, nutrients, light, air, space and 

temperature (Kueneman et al., 1979; Stang, 1975). 

Not all growth factors can be changed for the crop's 

advantage.  As density increases, water and fertilizer have 

to be increased to satisfy the crop's heavy demands (Mauk, 

et al., 1983).  On the other hand, some requirements are 

abundant in nature.  Sunlight, according to Stoskopf 

(1981), can be inefficiently used by having too few plants 

per given area, most of it falls on bare ground, thereby 

increasing soil moisture loss through evapo-transpiration. 

If, on the other hand, plant density is appropriately high, 

solar radiation is better intercepted and used to improve 

photosynthetic activity, which in turn speeds up net 
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assimilation rate (NAR) and plant growth rate (Stang, 

1975) .  Overpopulation unfortunately causes shading of 

lower leaves which may soon senesce.  Dominiquez and Hume 

(1978) found that shaded flowers at the lower part of the 

plant abort.  As a result, most pods that reach marketable 

maturity size are essentially on the upper part of the 

plant, safe from soil diseases (Steadman et al., 1973), 

which is an advantage for high density planting. 

Photosynthetic activity may be improved or reduced by 

changing plant density and/or arrangement (Augusto et al., 

1978; Wahab et al., 1986), but it is also influenced by 

temperature.  Jones (1969) notes that 96% of dry matter 

accumulation is a result of photosynthesis, but he also 

found that bean leaf expansion ceases at 10OC.  He adds 

that there is some growth at 10-1SOC with little chloro- 

phyll synthesis.  By monitoring the daily response of the 

bean crop to temperature, he found that a day following a 

night of 10OC reduced the rate of photosynthetic activity 

to subnormal level from morning till noon.  Crop growth 

rate is therefore reduced.  Obviously, then, the cool early 

spring and late summer temperatures can reduce bean plant 

development.  In such a circumstance high density planting 

during such cool periods may not translate into high yield 

advantage (Gardiner et al., 1979). 

It is generally accepted that high plant densities 

reduce free air movements around plants.  A microclimate is 
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then created such that high humidity, conducive to patho- 

genic organisms, prevails (Steadman et al., 1973). 

Halsted's (1895) findings are supported by Schwartz (1978) 

who found an increase in Sclerotia sclerotum as bean plant 

density increased.  Atkin (1961) found that closely spaced 

bean plants grew more upright and set pods further off the 

ground, which he suggested may. reduce incidence of mold 

diseases.  These were not encountered in his study, how- 

ever.  Burke (1965) found that as plant density increased 

the incidence of root rot in soil infested by Fusarium 

solani f. phaseoli increased. 

Insect pest response to high plant population was 

investigated by Karel and Mghogho (1985) in Tanzania.  The 

incidence for foliar beetle Ootheca bennigsen Weise was 

found by counting the number of adult insects on ten 

randomly selected plants.  Other pests noticed were flower 

thrips, Tarniothrips sjostedti Trybem, pod borers, Maruca 

testulalis Geyer and Heliothis armigera Hubner.  Although 

effects were inconsistent,, the general observation was that 

insect damage increased with increasing population density. 

Insects are more likely to escape sprays in the dense 

foliage. 

Changing the planting pattern from solid (by broad- 

casting seed) to row planting reduced the laborious and 

heavy demand for hand weeding.  It then became possible to 

cultivate and remove weeds down the rows.  Weeds growing 
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close to the rows had to be hand pulled or hoed.  To reduce 

manual weed removal even further check row planting became 

a usual practice.  It was possible to mechanically cul- 

tivate 'cross-ways' and in most cases eliminate weeds 

missed on the first run in a different direction.  Stoskopf 

(1981) points out that this causes excessive root pruning 

and in turn depresses yield.  The 1 x 1 M check-row-planted 

maize did not give a yield advantage, although it elimi- 

nated manual labor problems (Smith, 1980).  Tractor and/or 

animal cultivation are impossible as row width gets below 

60 cm, but use of effective herbicides may eliminate any 

form of cultivation (Teasdale and Frank, 1983). 

Mack (1969) argues that increasing fertilizer rate 

has no added yield improvement unless density is raised 

accordingly.  Similarly, improvements of other growth 

factors like moisture, and control of pests and diseases, 

cannot have any effect unless plant population is high. 

METHODS OF INCREASING PLANT DENSITY 

High density can be attained by reducing row width or 

by reducing the intra-row distances. Studies conducted by 

Redden et al. (1987) agree with those reported by Kueneman 

(1979), who found 25 cm wide rows yielding 7% more than 76 

cm ones at the same population density. Intermediate 

results were obtained when 51 cm rows were used. The 

lowest were from 91 cm wide rows.  Similarly, Atkin's 
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(1961) comparison showed lowest yield from 90 cm rows, with 

the highest obtained from 2 2 cm wide rows. 

In a two year study, Kueneman et al. (1979) tested 

responses of two kidney bean cultivars to row spacings 30, 

46, 61 and 76 cm.  The in-row spacings tried were 3, 4, 5, 

7.6, 10 and 15 cm.  He found varied results.  In one 

experiment in-row spacings of 3, 4 and 5 cm out-yielded 

both 10 and 15 cm, whereas in the third, greater yields 

were from 10 cm than 5, 15 and 20 cm. 

EFFECTS OF DIFFERING GROWTH HABITS ON RESPONSE TO PLANT 
DENSITY 

High population density has been shown to outyield low 

bush bean population plantings, but the magnitude of the 

response may be determined by whether the growth habit is 

determinate or indeterminate. 

Determinate cultivars are those which have a definite 

distinction between vegetative and reproductive stages 

(Stoskopf, 1981).  After the early vegetative stage, growth 

slows down considerably or stops, giving way to production 

of flowers and pod development.  Determinate cultivars are 

generally smaller than indeterminate (Jones, 1969), and 

because of this, Westermann and Crothers (1977) point out 

that they respond favorably to higher densities.  Their 

concentrated flowering habit allows for most pods to reach 

harvesting maturity within a specific time.  Cultivar 

'Oregon 910', which was used in the present study, is ready 
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for harvest about 21 days after flowering and is considered 

as a determinate type of growth habit. 

The second class, indeterminate, is characterized by 

having no defined limits of vegetative and reproductive 

development (Stoskopf, 1981).  About half or more of the 

vegetative growth is achieved at flowering, while the other 

half continues growth during the reproductive period, 

creating intra-plant competition.  Usually, vegetative 

growth would have stronger demand for assimilants than pod 

development. 

Flowering of indeterminate types takes place over a 

longer time period, therefore, pods reach harvesting 

maturity at different times, and machine harvesting is 

impractical.  Watermann and Crothers (1977), in a compara- 

tive study with two determinate and two indeterminate bean 

types, found that high density planting was profitable only 

for the former. 

Superior yield response from high density plantings of 

determinate cultivars has been found consistently (Chung 

and Boulden, 1979; Kueneman et al., 1979; Redden et al., 

1987; Westermann and Crothers, 1977).  Four determinate 

commercial varieties, McCalson 42, Romano, Kentucky 191 and 

Blue Lake S-7 stringless were tested for density responses. 

The spacings used were 8, 15, 23 and 30 cm within 91 cm 

rows.  At 8 cm Romano yielded best, 12,523 kg/ha, Kentucky 

being the least with 9,542 kg/ha.  Kentucky yielded highest 
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at 15 cm and gave 10,000 kg/ha.  Blue Lake S-7 was highest 

at 23 cm and yielded 11,5587 kg/ha.  In Canada similar 

results from determinate and indeterminate types were 

realized by Gardiner et al. (1979). 

Another major cause of variation in bush bean yield 

due to population pressure is related to leaf size and 

branching characteristics.  Stang (1975) investigated some 

yield components using five bush bean cultivars which 

varied in the above characteristics: 'OSU 1604', 'OSU 58', 

'Gallatin 50', 'L-81' and 'Keystone 4672'.  Leaf size, stem 

length, branches per plant, pods/raceme and racemes/plant 

were measured at different densities.  The major cause of 

variation in "cultivar x population density interaction was 

in the differences between canopy architectures."  More 

light penetration through the canopy as a result of small 

leaves encouraged more branch development, which resulted 

in more racemes, hence more pods per plant. 

Cultivars with the highest yield potential were 'OSU 

1604' and 'OSU 58'.  'Gallatin 50' and 'Keystone 4672' were 

the lowest yielding, apparently because their rapid leaf 

development during the early reproductive period created a 

stronger sink, robbing developing pods of the assimilants. 

Stang (1975) also found that smaller-leaved cultivars 

had a small LA due to slow growth rate.  They had, however, 

a decrease in branching with increasing density, which may 

have resulted in more light penetration.  In turn, the more 



10 

they branched, the higher the potential for raceme and 

flower development. This finding was also reported by 

Kueneman et al. (1979). 

Cooper (1971), working with soybeans, found that the 

relationship between yields and planting density is 

influenced strongly by cultivar.  The variation is attri- 

buted to leaf orientation differences.  This dictates row 

width optimums at which yields are maximized. 

Bush bean cultivars may have either of the two canopy 

types, erectophile (or spherical) in which leaves are more 

or less erect, or planophile, in which leaves are oriented 

more horizontally.  The plant therefore has a tendency of 

growing a little more extensively with horizontal leaves. 

By the same token, the plant covers a wider space shading 

off lower leaves and taking up more space.  The former type 

is upright, more compact and will allow for closer spacing. 

So the two then have different capabilities to capture 

sunlight energy. 

Yield is mainly a response to photosynthetic activity 

of a plant to assimilate and depends partly on amount of 

sunlight captured.  In a computer model, Kriedeman et al. 

(1964) showed that an erect leaf at an 80° angle has a 

wider absorptive area of 3 cm2 illuminated by a single 

light beam compared to only 1 cm2 on a horizontal leaf. 

Most rays falling on horizontal leaves are reflected back 

and lost to the atmosphere and that way lower photo- 
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synthetic efficiency of the leaves even further.  Most 

of the lower leaves are shaded and make little contribution 

to net assimilation.  Alternatively, varieties with erect 

leaves reflect light energy back into the canopy to be 

utilized by lower leaves.  Jones (1969) found that an 

erectophile canopy at an LAI of 3.5 had the same 

photosynthesizing capacity as a planophile at an LAI 

of 4.  Jones (1969) also suggested that more than 95% of 

pod yield is derived from post flowering photosynthesis. 

The net dry matter gain converted to pod production is a 

function of plant population. 

There are, obviously, many interacting factors, and 

when these are made available in adequate proportions to 

satisfy plant demands, bumper yields are obtained.  From 

results of three different cultivars. Red Valentine, 

Burpees Stringless Green Pod and Stringless Refuge, Gills 

(1928) comments that it is apparent that type of plant, 

amount of rainfall and soil fertility greatly influence 

yields and determine best planting rate. 

PLANT ARRANGEMENT 

Bush beans are sensitive to any change in planting 

arrangement and will yield differently in various rec- 

tangular patterns.  The relationship between such designs 

is known as "rectangularity," an expression of the ratio 

between inter- and intra-row spacing.  Yields usually 

increase as rectangularity decreases.  For instance, in an 
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experiment (Mack and Hatch, 1968) for testing cultivars, 

'Tenderdrop' and 'OSU 949' with a spacing of 15 x 15 cm had 

a rectangularity of 1:1 (yield =24.2 MT/ha).  The other 60 

x 3.81 cm was 1:16 (12% lower yield than for 1:1), and the 

lowest was 91 x 2.5 cm (1:36), which yielded 15% less.  For 

both cultivars, then, there was a significant yield 

increase as rectangularity approached 1:1 a square pattern. 

This type of response is confirmed by Kueneman et al. 

(1979). 

In a second experiment. Mack and Hatch (1968) tested 

the effect of increasing the size of the squares in the 

planting pattern using the same cultivars as in the first 

study.  Spacings were 10.16 x 10.16, 12.7 x 12.7, 15.24 x 

15.24, 17.78 x 17.78 and 20.32 x 20.32 cm.  Yield increased 

from 26.9 to 3 5.9 MT/ha as spacing decreased from 20.32 to 

10.16 cm.  Kueneman et al. (1979) found that dwarf beans in 

double rows (10 cm apart at 76 and 38 cm centers) yielded 

much less than single rows. 

Different cultivars respond differently to varied 

square spacing optimums.  Each cultivar has therefore to be 

tested in such trials for relevant geographic locations 

(Kueneman et al., 1979; Westermann et al., 1977).  It is 

impractical to plant accurately in small square measurement 

since there are no precision planters with this capability. 

Consistent square planting is, however, practical with very 

wide spacing as in tree planting. 
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METHODS AND MATERIALS 

Four experiments were conducted over two consecutive 

summers of 1986-87 at the Oregon State University Vegetable 

Research Farm.  Soil type is a Chehalis silt loam soil 

commonly found near the Willamette River.  'Oregon 910' was 

used in all experiments. 

EXPERIMENT 1, Planted 19 June, 1986 

Although the major emphasis of this thesis research 

was to compare single and double rows, this experiment was 

designed to evaluate the response of 'Oregon 910' to a wide 

range of plant densities in single rows only.  That 

information had not been obtained previously. 

Treatments included eight densities of 25.1, 30.2, 

34.5, 38.7, 43.2, 47.5, 51.8 and 56.1 plants/m2 in single 

rows spaced 76 cm apart.  Plot length was 9 meters.  The 

five replications were in a completely randomized block 

design. 

EXPERIMENT 2, Planted 19 June, 1986 

Single and double row arrangements were compared at 

three planting densities of 34.5, 43.2 and 51.8 plants/m2. 

Single rows were 76 cm apart and double rows were 15 cm 

apart on 76 cm centers.  The six treatments were repeated 

five times in randomized block design.  Each plot was 9 M 

long. 



14 

EXPERIMENT 1, Planted 14 May, 1987 

This experiment was conducted to compare the response 

of bush beans arranged in single and double rows at four 

planting densities: 21.6, 25.1, 30.2 and 34.5 plants/m2. 

The single rows were 76 cm apart and the double rows were 

15 cm apart on 76 cm centers.  The resulting eight treat- 

ments were replicated six times. 

Originally, this experiment was to have had higher 

plant densities, but because of poor germination, plants 

were thinned out to the densities given above. 

EXPERIMENT 2, Planted 11 June, 1987 

This experiment was designed as above except that 

higher densities used were: 34.5, 43.2, 51.8 and 60.4 

plants/m2.  Half of the eight treatments were double rows 

15 cm apart on 76 cm centers.  The other half were single 

rows 76 cm apart.  There were six replications for each 

treatment in randomized blocks. 

For each of the experiments conducted, two border rows 

were planted around each field. 

PLANTING TECHNIQUE 

The 1986 plots were planted on the 19th of June.  A 

hand-pushed belt planter was used.  The appropriate number 

of seeds were counted and weighed for the relevant spacing 

with a 35-40% extra seed to compensate for possible poor 

germination.  Seeds were evenly arranged on the machine's 
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rubber belt.  When pushed along, the machine opens up a 

shallow furrow 2.5-4 cm deep, drops seed and covers it at 

4-5 cm on side of fertilizer drills.  Soon after germina- 

tion plants were thinned to correct spacings, but in some 

cases intra-row spacings were not precise. 

In the 1987 study the planting was done by hand into 

furrows, after which seed was covered.  Plants were thinned 

soon after germination, well before plant competition. 

Experiment 1 was seeded on May 14 and Experiment 2 on June 

11, 1987. 

GENERAL CULTURE 

Prior to planting, an NPK fertilizer was machine 

drilled on one side of single rows, 7.5 cm to the side of 

the seed.  Double rows were planted an equal distance (7.5 

cm) on each side of the fertilizer band.  The banded 

fertilizer rates were 5 5 kg N, 74 kg P and 47 kg K/ha.  At 

flowering, an additional amount of nitrogen in the form of 

ammonium nitrate (34% N) at the rate of 50 kg/ha was banded 

halfway between the rows since plant roots at this time are 

widespread. 

Weed control was achieved by use of pre-emergence 

herbicide DNBP amine at 6.73 kg ai/ha for 1986 plantings. 

In 1987 a mixture of Trifluralin at 0.56 kg ai/ha and EPTC 

at 1.68 kg ai/ha was pre-emergence sprayed in the first 

planting, and metolachlor at about 10 kg ai/ha was used in 

the second.  In both planting seasons, however. 
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supplementary weed control was by hand hoeing and pulling, 

as was necessary. 

The plantings were sprayed to control cucumber beetles 

and aphids when weekly scoutings showed a population build- 

up.  Prior to planting, Dyfonate was incorporated 10-15 cm 

deep for control of soil pests.  All chemicals used are EPA 

and FDA approved for use in beans. 

Two lines of overhead sprinkler irrigation were set 

along the sides of plots to ensure good coverage.  The aim 

was to give 7.6 mm of water/hour over a four hour period 

which was then repeated at seven to ten day intervals or as 

needed.  About 255-280 mm of irrigation water was applied 

during the growing season. 

COLLECTION OF DATA 

To help understand the response of the bush beans to 

single and double rows the following parameters were 

measured: 

1. Leaf area index of plants taken at three growth 

stages: 

a. At full development of first leaf trifoliate 

b. At flowering 

c. At harvest 

No leaf area was taken at flowering for 1986 experiments 

and for the first of 1987.  Five plants from each treatment 

replication were collected from the same location of the 
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rows.  Extreme ends of the rows were avoided due to 

possible border effect. 

2. Dry weights of plants 

The same plants used in measuring leaf area were dried 

(stems cut at ground level with the leaf-area-measured 

leaves) in an oven for about 48 hours.  This parameter was 

not recorded for the first experiment of 1987. 

3. Green pod yields 

About seventy days after sowing, the green bean pods 

were ready to harvest.  The maturity range of 'Oregon 91G' 

is 63-70 days (Baggett et al., 1981).  A sample was picked 

first and run through the grading machine.  It is prefer- 

able to harvest when pods are 50% sieve sizes 1-4 and 50% 

in 5-6.  In the first two experiments hand harvesting was 

from a 4.5 m portion of individual plots.  In experiments 3 

and 4 six meters of each plot were harvested. 

Ungraded total weight from each treatment was made 

soon after harvest.  From these pod samples from a single 

treatment, replications were taken and mixed to make one 

general sample for the treatment.  The data from this 

sampling were not statistically analyzed. 
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RESULTS 

EXPERIMENT 1, 1986 

Results from this experiment, which included eight 

planting densities ranging from 25.1 to 56.1 plants/m2 in 

single rows, are shown in Table 1.  From a regression 

analysis, LAI (Leaf Area Index) at first trifoliate was 

significant at the 1% level, increasing with density.  A 

multiple stepwise regression analysis showed a positive 

correlation between LAI (independent) and density (depen- 

dent) variables.  At harvest, however, there was no 

significant difference, and all density levels had not 

reached a LAI of 4 except at 38.9 plants/m2.  Older leaves 

were senescing and abscising at this sampling so that LAIs 

may have been larger before harvest. 

Dry weights of plants at first trifoliate leaf stage 

were not significantly different due to planting densities. 

At harvest, however, there was a significant negative 

correlation of decreasing dry weights of plants with 

increasing density. 

Pod yields were not significantly different at the 

various densities, but were highest at 43.2 and 51.8 

plants/m2. 

Sieve size distribution of pods (by weight) was about 

50:50% in both sizes 1-4 and 5-6 for the eight densities. 

No statistical analysis was made on pod grades (Table 1). 
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TABLE 1.  Experiment 1, 1986.  Density Response for 'Oregon 
916' in Single Rows 76 cm Wide. 

Density 
Plants/m2 

LAI Dwt/Plant 
(g) 

Yield 
Mg/ha 

Sieve 
Distril 

1-4 

Size 
sution 

1 2 1 2 5-6 

25.1 0.68 3.4 9.24 28.36 22.60 48 51 

30.2 0.64 3.64 8.06 23.62 21.76 46 54 

34.5 0.72 3.38 7.52 19.62 22.60 51 49 

38.9 0.90 4.90 8.08 23.22 22.18 48 52 

43.2 0.94 3.22 7.52 13.80 24.53 49 51 

47.5 1.00 3.44 7.92 13.22 23.18 50 50 

51.8 1.02 3.84 7.44 13.84 24.78 52 48 

56.1 1.22 3.44 7.72 11.56 23.60 50 50 

P <l% ** ** 

P <5% NS NS NS 

1. = At first trifoliate leaf development 
2. = At harvest stage 
3. = Linear regression for density (as independent 

variable) 
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EXPERIMENT 2, 1986 

There was no significant difference in LAI between row 

arrangements,though the mean LAI for double rows was 

slightly higher than for single rows at the first trifoli- 

ate leaf stage of growth (Table 2).  At this stage there is 

little interplant competition.  A regression analysis test 

shows a significant difference in density means at the 1% 

level with LAI increasing as density increases. 

Leaf area at flowering was not taken for this experi- 

ment. At harvest, LAI was significantly higher for plants 

in double rows than in single rows (Table 3). Average LAI 

for all densities was 4.04 in double rows compared to 3.14 

in single rows. 

Dry weights (DW) of plants were about two times as 

great at harvest as compared to the first trifoliate leaf 

stage of growth (Tables 4 and 5).  At an earlier age when 

plants are experiencing little competition, plants were 

accumulating the same amount of DW at the three planting 

densities and the two row arrangements.  However, at 

harvest, when the effect of competition through the growing 

seasons was most evident, there was a significant decline 

in dry weight (per plant) with increasing density.  Though 

dry weight of plants in double rows averaged slightly 

higher than that in single rows, differences were not 

significant. 
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TABLE 2. LAI for 'Oregon 91G' at First 
Trifoliate. Exp. 2.  1986. Rows 
76 cm. 

Row Arr. Plants/M2 Row 
34.5 43.2 51.8 Arr. 

Means 

Single 0.70 0.88 0.98 0.85 

Double 0.72 0.84 1.08 0.88 

Density 
Means 

0.71 0.86 1.03 

LSD 5%  Row Arr. = NS 

Linear Regression for Density         P < IX 
(independent variable)  

TABLE 3. LAI for 'Oregon 910' at Harvest. 
Exp. 2. 1986. Rows 76 cm. 

Row Arr. Plants/M2 Row 
34.5 43.2 51.8 Arr. 

Means 

Single 3.02 3.30 3.10 3.14 

Double 3.90 3.92 4.24 4.04 

Density 3.49 3.61 3.67 
Means 

LSD 5%  Row Arr. Means = 0.55 

Linear Regression for Density       P = NS 
(independent variable)  
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TABLE 4.  Dry Wt. (g)/Plant for 'Oregon 910' 
at First Trifoliate. Exp. 2.  1986. 
Rows 76 cm. 

Row Arr. Plants/M2 Row 
34.5 43.2 51.8 Arr. 

Means 

Single 7.44 7.62 6.92 7.33 

Double 7.70 7.42 7.06 7.39 

Density 7.57 7.52 6.99 
Means 

Linear Regression for Density 
(independent variable)  

LSD 5%  Row Arr. Means = NS 

P = NS 

TABLE 5. Dry Wt. (g)/Plant for 'Oregon 91G' 
at Harvest. Exp. 2.  1986. Rows 
76 cm. 

Row Arr. Plants/M2 Row 
34.5 43.2 51.8 Arr. 

Means 

Single 17.82 16.66 11.80 15.43 

Double 21.66 17.96 15.08 18.23 

Density 
Means 

19.74 17.31 13.44 

Linear Regression for Density 
(independent variable)  

LSD 5%  Row Arr. Means = NS 

P < 1% 
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Pod yields were significantly higher (14 percent) in 

double than in single rows (Table 6).  Yield increases from 

double rows occurred at all three planting densities.  A 

regression analysis showed no significant differences in 

planting density although there was a slight increase in 

pod yields as density increased to 51.8 plants/m2. 

EXPERIMENT 1, 1987 

After seedling emergence it was obvious densities were 

much lower than planned.  The possible causes were related 

to low seed viability and cooler than normal weather which 

may have decreased germination. 

The decision was then made to use this experiment to 

test response to single and double rows at much lower plant 

populations.  Only pod yields were determined. 

There was no significant yield advantage from double 

row planting, compared to single rows (Table 7).  Yield 

increased in both single and double rows with increases in 

density, with the linear regression for density being 

significant. 

EXPERIMENT 2, 1987 

At the first trifoliate stage of growth, plants in 

double rows had significantly higher LAI than those in 

single rows (Table 8).  Further, as density increased, LAI 

also increased significantly (P = 0.0026 at the 5% level by 

regression analysis test). 
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TABLE 6.  Yield (Mg/ha) for 'Oregon 910'. 
Exp. 2.  1986.  Rows 76 cm. 

Row Arr. Plants/M2 Row 
34.5 43.2    51.8 Arr. 

Means 

Single     23.94 24.22   25.18 24.38 

Double      27.08 27.08   29.24 27.80 

Density     25.52 
Means 

25.64   27.36 

LSD 5%  Row Arr. Means = 0.54 

Linear Regression for Density 
(independent variable) 

P - NS 

TABLE 7.  Pod Yield (mg/ha) for 'Oregon 91G'. 
Exp. 1.  1987.  Rows 76 cm. 

Row Arr. Plants/M2 
21.6 25.1 30.2 34.5 

Density 
Means 

14.27 14.81       17.08       16.15 

Row 
Arr. 
Means 

Single      14.48  14.10  16.55  15.42  15.34 

Double      14.05  14.72  17.60  16.88  15.81 

LSD 5%  Row Arr. Means = NS 

Linear Regression for Density 
(independent variable)  

P <5% 
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TABLE 8. LAI for 'Oregon 910' at First 
Trifoliate.  Exp. 2.  1987. Rows 
76 cm. 

Row Arr. Plant s/M2 Row 
34.5 43.2 51.8 60.4 Arr. 

Means 

Single 0.68 0.77 0.88 0.77 0.78 

Double 0.70 0.93 0.90 1.07 0.90 

Density 0.69 0.85 0.89 0.92 
Means 

LSD 5%  Row Arr. Means = 0.09 

Linear Regression for Density          P < 5% 
(independent variable)  

TABLE 9. LAI for 'Oregon 91G' at Flowering. Exp. 
2.  1987.  Rows 76 cm. 

Row Arr. Plant s/M2 Row 
34.5 43.2 51.8 60.4 Arr. 

Means 

Single      3.23 2.55 4.20 3.07 3.26 

Double      3.53 3.83 4.03 4.37 3.94 

Density     3.38 
Means 

3.19 4.12 3.72 

-. LSD 5% Row Arr . Means = NS 

Linear Regression for Density 
(independent variable) 

P - NS 
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LAI values were higher at flowering than those of the 

previous stage, but there was no significant difference in 

LAI when the two arrangements are compared (Table 9). 

There was a tendency for higher LAI values as density 

increased, but a regression analysis test showed no 

significance for density.  Double rows at and above 51.8 

plants/m^ had reached a LAI of 4. 

At harvest, LAI's in both single and double rows are 

greater than 4 (Table 10), although differences were not 

significant between single and double rows.  A regression 

analysis test shows no significant difference between 

density means. 

Dry weights of plants in double rows were higher than 

those in single rows at the first trifoliate stage of 

growth, at flowering and at harvest (Tables 11, 12 and 13). 

These differences were statistically significant between 

the row arrangement means at flowering and at harvest. 

Regression analysis indicated that as density increased 

there was a significant decrease in individual dry weight 

of plants at all these growth stages. 

Double rows yielded significantly higher (LSD 5% 

level) than the single rows (Table 14).  However, the 

regression analysis test for density was insignificant.  A 

quadratic analysis test also showed no significance. 

Nevertheless, highest yield range was 43.2-51.8 plants/m2. 
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TABLE 10. LAI for 'Oregon 91G' at Harvest. 
Exp. 2.  1987.  Rows 76 cm. 

Row Arr. Plants/M2 Row 
34.5 43.2 51.8 60.4 Arr. 

Means 

Single 4.95 4.95 4.67 5.68 5.06 

Double 5.60 5.40 5.53 6.63 5.79 

Density 5.28 5.18 5.10 6.20 
Means 

Linear Regression for Density 
(independent variable)  

LSD 5%  Row Arr. Means = NS 

P = NS 

TABLE 11. Per Plant Dry Wt. (g) for 'Oregon 91G' 
at First Trifoliate.  Exp. 2.  1987. 
Rows 76 cm. 

Row Arr. Plant s/M2 Row 
34.5 43.2 51.8 60.4 Arr. 

Means 

Single      4.53 4.32 4.30 4.07 4.30 

Double      4.55 4.67 4.35 4.38 4.49 

Density     4.54 
Means 

4.49 4.33 4.23 

LSD 5% Row Arr . Means = NS 

Linear Regression for Density 
(independent variable) 

P < 1% 
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TABLE 12. Per Plant Dry Wt. (g) for 'Oregon 91G' 
at Flowering. Exp. 2.  1987. Rows 76 
cm. 

Row Arr. Plants/M2 Row 
34.5 43.2 51.8 60.4 Arr. 

Means 

Single 6.95 5.33 5.78 4.23 5.57 

Double 7.63 6.98 5.88 5.62 6.53 

Density 7.29 6.16 5.83 4.92 
Means 

LSD 5% 

Linear Regression for Density 
(independent variable)  

Row Arr. Means = 0.66 

P < 1% 

TABLE 13. Per Plant Dry Wt. (g) for 'Oregon 91G' 
at Harvest.  Exp. 2.  1987.  Rows 76 
cm. 

Row Arr. 

Density 
Means 

Plants/M2 
34.5 43.2 51.8 60.4 

Row 
Arr. 
Means 

Single      15.40  14.00  10.63  11.51  12.89 

Double      18.72  15.85  12.37  13.47  15.10 

17.06   14.93   11.50  12.49 

LSD 5%  Row Arr. Means = 1.38 

Linear Regression for Density 
(independent variable)  

P < 1% 
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TABLE 14.  Pod Yield (Mg/ha) for 'Oregon 910'. 
Exp. 2.  1987.  Rows 76 cm. 

Row Arr. 

Density 
Means 

Plants/M2 
34.5 43.2 51.8 60.4 

Row 
Arr. 
Means 

Single 22.00 24.07 23.40 21.35 22.70 

Double 24.65 25.35 25.28 24.02 24.83 

23.33  24.71  24.34  22.68 

Linear Regression for Density 
(independent variable)  

LSD 5%  Row Arr. Means = 0.42 

P = NS 

TABLE 15. Sieve Size Distribution for 'Oregon 
910'.  Exp. 2.  1987.  Rows 76 cm. 

Plants/M2 % Sieve Size Distrib. 
1-4      5-6 

34.5 (7.6) 

(3.8) 

43.2 (6.1) 

(3.1) 

51.8 (5.1) 

(2.54) 

60.4 (4.4) 

(2.2) 

78 22 

73 27 

78 32 

77 33 

59 41 

66 34 

75 25 

64 36 

(Intra Row Spacing in cm) 
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SIEVE SIZE DISTRIBUTION OF PODS (GRADES) 

A summary of sieve size distribution data for Experi- 

ment 2,   1987, Experiment 2, 1986 and Experiment 1, 1987, 

shown in Tables 15, 16 and 17 respectively, indicates that 

there was no consistent effect of row arrangements or 

planting densities on sieve size of pods at harvest. 

Percentage pods in sizes 1-4 (smaller pods) averaged 

slightly higher for double rows than for single rows in 

Experiment 2, 1987, but the reverse was true in Experiment 

2, 1986 and Experiment 1, 1987.  At higher planting 

densities percentage pods in sizes 1-4 were slightly lower 

than at lower densities in Experiment 2, 1987 (Table 15), 

but no marked differences were noted from density in 

Experiment 2, 1986 (Table 16) and Experiment 1, 1987 (Table 

17).  Sieve sizes of pods were approximately 50 percent 

1-4 and 50 percent 5-6 at the eight densities in Experiment 

1, 1986 (Table 1). 

Harvesting could have been delayed in Experiment 2, 

1987 so that the size distributions of pods was approxi- 

mately 50:50 of 1-4 and 5-6 sieve sizes instead of about 

70:30. 
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TABLE 16.     Sieve Size Distribution for 'Oregon 
91G'.     Exp.  2.     1986.     Rows  76 cm. 

Plants/M2 % Sieve Size Distrib. 
1-4     5-6 

34.5 (7.6) 

(3.8) 

43.2 (6.1) 

(3.1) 

51.8 (5.1) 

(2.54) 

39 61 

52 48 

43 57 

52 48 

46 54 

51 49 

(Intra Row Spacing in cm) 

TABLE 17.  Sieve Size Distribution for 'Oregon 
910'.  Exp. 1.  1987.  Rows 76 cm. 

Plants/M2 % Sieve Size Distrib. 
1-4      5-6 

21.6 (12.2) 

(6.1) 

25.1 (10.2) 

(5.1) 

30.2 

34.5 

(8.8) 

(4.4) 

(7.6) 

(3.8) 

46 54 

49 51 

44 56 

47 53 

48 52 

53 47 

47 53 

48 52 

(Intra Row spacing in cm) 
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DISCUSSION 

Pod yields of beans were increased by planting a given 

population density in double rather than single rows.  The 

increase was statistically significant from nine percent in 

Exp. 2, 1987 to 14 percent in Exp. 2, 1986, but not sig- 

nificant (three percent) in Exp. 1, 1987, in which low 

population densities were tested.  Jones (1969), Mack and 

Hatch (1968), and Wahab et al. (1986) found that as plant 

arrangement approached a square or equal distance (reduced 

rectangularity), yields were increased.  They did not 

compare single and double row plantings.  However, Kueneman 

et al. (1969) did compare double rows 10-15 cm apart, on 

either 38 or 76 centers, to single rows at the same 

population density and found no significant differences in 

yield of dry beans.  They reported yield advantages of up 

to 15 percent in other experiments when plants were at 

nearly equidistant spacings compared to plants spaced 

closely in wider rows. 

Individual plant growth is depressed by interplant 

competition at close spacings.  The rearranging of plants 

from single to double rows to reduce rectangularity (ratio 

between inter- and intra-row spacing) lowered competitive 

pressure.  In the present study the plants in double rows 

had higher dry weights, greater LAI's and higher pod 

yields.  The superiority of the yields and dry weights of 
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double rows may have been related to increased photo- 

synthetic capacity due to greater LAI and more efficient 

display of leaves. 

Plants in double rows attained a LAI of about 4.0 at 

flowering, which has been suggested as optimum for photo- 

synthesis (Duncan, 1971; Jones, 1967), and plants in single 

rows attained a maximum LAI of 3.3 (Table 9).  Plants in 

single rows had fewer branches and longer internodes (note 

pictures in Appendix C). 

Although no root measurements were made, it may also 

be assumed that with higher dry weights of plants (above- 

ground portion), root systems were larger and may have 

conferred some advantages in nutrient and water uptake for 

plants in double rows compared to those in single rows. 

Fertilizer rates and irrigation practices used, however, 

were thought to be sufficient for growth. 

Differences in average yields at the various planting 

densities were not consistent or statistically significant. 

Highest yields were usually in the range of 35-50 

plants/m2, which is within the range for highest yields 

reported by others (Lucas and Milbourn, 1976; Mack, 1983). 

Seed costs would be an important consideration in deter- 

mining optimum planting density. 

There were no significant interactions between 

planting density and row arrangements for any of the growth 

parameters measured/ indicating that effect of row 
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arrangement was independent of density.  However, as noted 

earlier, the smallest average increase in yield of double 

rows over single rows was in Exp. 1, 1987 where densities 

were much lower than the other two experiments.  There was 

less interplant competition in this experiment.  Yields 

were also lower. 

Plants in double rows tended to flower earlier (1 or 2 

days) than those in single rows, which may be why in Exp. 

2, 1986 where single rows had the higher percentage of 

smaller pods (sieve sizes 1-4).  However, the size dis- 

tributions of pods between the two row arrangmenets were 

similar in Exp. 1 and 2, 1987.  Further information is 

needed on flowering dates and flowering patterns. 

Would double row planting be a feasible option for 

bush bean growers?  It would appear that more research and 

information is needed on potential yield increases of 

double rows over single rows, disease susceptibility 

differences, if any, etc., before this decision could be 

made.  The major change that would be needed is equipment 

to plant double rows 12-15 (on 76 cm centers, eta.), with 

fertilizer banded between the two rows; otherwise, pro- 

duction inputs should be similar.  Multirows or high 

density harvesters could harvest double rows or other 

arrangements so that this would not now be a limitation as 

it was for bean harvesters a few years ago. 
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SUMMARY AND CONCLUSIONS 

Double rows, 15 cm apart on 76 cm centers, and single 

rows, 76 cm apart, of 'Oregon 910' bush green beans were 

compared at a range of plant densities in three experiments 

during 1986 and 1987 at the Oregon State University 

Vegetable Research Farm.  A wider range of planting 

densities in 76 cm-spaced single rows was included as an 

additional experiment. 

The arrangement of plants in double rows in which 

rectangularity was reduced, compared to single rows, 

resulted in increased pod yields of 9-14 percent, in two 

experiments.  In the other experiment, at lower plant 

densities, yields were increased only 3 percent. 

Plant dry weights decreased as planting density 

increased and LAI was usually increased with increased 

density.  The yield response to planting density was not 

consistent, but higher, and similar yields were obtained 

from planting densities of 35 to 50 plants/m2. 

Further research seems justified in testing response 

of several cultivars to double rows compared to single rows 

and further evaluating flowering patterns, optimum time of 

harvest, response to fertilizer and irrigation, and degree 

of susceptibility to mold diseases.  If further research 

shows yield increases from double rows to be substantial 
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and consistent, then planters for seeding beans in double 

rows would need to be developed. 

It would appear that other input costs for double row 

planting should be the same as those for single row 

plantings. 
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APPENDIX A 

Effect of Planting Bush Beans in 
Single and Double Rows 
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APPENDIX B 

In-Row Planting Spacings (cm) in 76 cm Rows. 

Plants/m2  21.6  25.1  30.2  34.5  43.2  51.8  60.4 

Exp 2  Single 3.8   3.1   2.54 
1986 

Double 7.6   6.2   5.08 

Exp 1  Single    6.1   5.1   4.4   3.3 
1987 

Double   12.2  10.2   8.8   6.6 

Exp 2  Single 3.8  3.1  2.54  2.2 
1987 

Double 7.6  6.2  5.08  4.4 
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APPENDIX C 

Growth Characteristics of Plants in Single and Double Rows 
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