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ABSTRACT

Knowledge of the effect of plant populations on the
seed yield components of beans (Phaseolus vulgaris L.)
is needed to design management systems utilising the
genetic potential of different cultivars and to aid in the
development of higher seed-yielding cultivars. The ob-
jectives of this study were to evaluate (a) the effect of
different plant populations (area/plant) on the seed yield
components as related to seed yield/plant, and (b) the
relative differences between determinate ('Canyon', and
'Blue Lakes 274') and indeterminate ('UI.114', and 'Big
Bend') bean cultivars. Seed yield/plant and the seed yield
components were measured on plant populations from
1117,600 to 968,700 plants/ha (100 to 930 cm'/plant) grown
in a systematic design. Data were evaluated by path co-
efficient analysis based on correlations calculated from
logarithmically transformed data. Pods/plants increased
linearly as area/plant increased (decreasing plant popu-
lation) for all cultivars studied, and had the largest ef-
fect on seed yield/plant. Seeds/pod and g/seed also
increased as area/plant increased for the indeterminate
cultivars, but remained relatively constant for the de-
terminate cultivars. As a result, the seed yield/area is
relatively constant over a wide range of plant populations
for the indeterminate cultivars, but decreases at the small-
er plant populations for the determinate cultivars. It
also indicates that the determinate cultivar is subject to
less competitive stress than the indeterminate one at the
higher plant populations. The greatest potential for seed
yield increases in high plant populations is with deter-
minate cultivars.

Additional index words: Seed yield, Indeterminate cul-
tivar, Determinate cultivar, Phaseolus vulgaris L.

Y
IELDS of many agricultural field crops have been
increased by the adoption of improved cultural

practices and higher yielding cultivars. However, the
seed yields of beans (Phaseolus vulgaris L.) have not
increased significantly in the last decade, although
snap bean pod yields have been increased by increas-
ing the plant population in more equidistant plant
arrangements (3, 16).

The seed yield of beans is the result of many plant
growth processes which are ultimately expressed in
the yield components of pods/plant, seeds/pod, and
g/seed. The highest seed yields are obtained when
all are maximized. However, compensation for yield
component may prevent large changes in seed yields
because of negative correlations between yield com-
ponents from intraplant competition for nutrients and
metabolites (I). Knowledge of these interrelation-
ships is, therefore, important for the development of
high-yielding cultivars and would also be helpful in
designing management systems utilizing the genetic
potential of different cultivars. Several workers (5,
7, 12, 33, 19) have used the path coefficient analysis
technique to study the interrelationships among seed
yield components, but few studies have evaluated the
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correlations between components as affected by plant
populations.

Recent data indicated that the seed yields of de-
terminate (but not indeterminate) bean plant types
could be increased by higher plant populations in
equidistant plant arrangements (4). The objectives
of this paper were to evaluate the effects of plant
populations on the seed yield components of deter-
minate and indeterminate cultivars.

MATERIALS AND METHODS
A description of the experimental conditions has been given

previously (4). Briefly, two determinate ('Canyon', 1972, and
'Blue Lakes 274', 1973, bush snap beans) and two indeterminate
(III-114', 1972 an 1973, and 'Big Bend', 1973, semi-vining field
beans) cultivars were grown at plant populations from 107,606
to 968,700 plants/ha (100 to 930 cm'/plant). A systematic de-
sign (18) was used where the positions of the plants were deter-
mined by the intersections of radii and arcs of concentric cir-
cles. The growing area occupied by each plant was approximate-
ly square, and the area/plant increased systematically as the
radius increased. One concentric-row circle of plants separated
two yield concentric-raw circles for each plant population. One
complete circle area (360°) was planted to a cultivar, with
three replications/cultivar in 1972 and 2 replications/cultivar
1973. Growing conditions were maintained near optimum (4).

A wedge-shaped area consisting of 20 consecutive plants/plant
population was selected from each replication at physiological
maturity for the yield component analysis. The following
traits were recorded: a) seed yield/plant, b) pods/piant, c)
seeds/pod, and d) g/seed. Five consecutive plants from each
plant population were also sampled at early bloom in 1973 for
aboveground dry matter production.

Simple linear correlation coefficients were obtained between
all recorded traits and seed yield/plant. We also analyzed corre-
lations between logarithmically transformed data for each
cultivar and year using Wright's path coefficients (23), as il-
lustrated by Dewey and Lu (5). The model used is shown in
Fig. 1. A path coefficient is a standardized, partial-regression
coefficient that measures the direct influence of one variable
upon another and permits the separation of the correlation co-
efficient into direct and indirect effects. For more information.
see Li (15).

RESULTS

The simple linear correlation coefficients listed in
Table 1 relate the seed yieIdiplant to each indepen-
dent variable within cultivar and year. All indepen-
deint variables were positively related to the seed

PODS/PLANT`n,

_ SEEDS/POD, .	 1

SEED YELDIPL ANT :- 	—u/SEED

----AREA/PLANT `
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Fig. I. Path diagram of the path coefficient analysis used when
seed yield 'plant was the dependent variable and pods plant.
seeds , pod, giseed, and area/plant are the independent v ari-
ables. The X variable consists of all residual factors that in-
influenced seed yield-plant not accounted for by the in-
dependent variables plus sampling error.
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yield. plant for the indeterminate cultivars, Big Bend
and 1. T I-114. Pods. plant and area; plant for both de-
terminate cultivars, seeds/pod for Blue Lakes 274, and
g . seed for Canyon were also positively related to seed
vie/d 'plant. Correlations between years for UI-114
were similar.

This analysis (Table 1) suggests that the contribu-
tion of yield components to seed yields depended upon
the cultivar, and it illustrates the difficulty of identi-
fying the significant yield components by this tech-
nique. The significant relationship between area/

Table 1. Linear correlation coefficients between seed yield/
plant and selected independent variables.

Cu'mart Year

independent variables

Yield component

Area:plantPods; plant Seeds. pod 'seed

D, Can. on 1972 0.991** 0.001 0.419* 0.979**
D. Niue Lakes 274 1973 0.994** 0.430* -0.075 0,928**
I. Big Bend 1973 0.994** 0.942** 0.896** 0,994**
1. 11-114 1973 0.998** 0.868** 0.934** 0.964**
i.I	 1-114 1972 0.978** 0.658** 0.711" 0.965•5

' ... Dv . nolie significance at the 0.05 and 0.01 probability levels, respectivel..
t D • determinate. I - indeterminate.

Table 2. Linear correlation coefficients between area/plant and
the respective yield components.

LuLLir art Year

Yield component

Pods•plant Seeds pod g seed

D. Can). iin 1972 0.976' 0.023 0.001
0. Blue Lake, 21 - 4 1973 0.984** 0.386 -0.068
I. Big Bend 1973 0.988"' 0 944" 0.895"
I.	 I - 1-111 1973 0.982** 0.872" 0.947"
1,	 1 • I-114 1972 0.976** 0.604 . * 0.574"

Denotes significance at the 0.01 probability level.
t D = determinate, I - indeterminate.

plant and seed yield, plant for all cultivars also sug-
gests that some of the yield components are influenced
by the area • , plant. The area / plant was significantly
related to pods/plant for all cultivars and to the
seeds pod and g/seed components for the indetermi-
nate cultivars (Table 2). The yield components and
area, plant effects on seed yield/plant were then sep-
arated with a path coefficient analysis (Table 3). The
residua/ (X) is the path coefficient of the residual
unaccounted for by the other pathways. The total
correlation ► ahtes given in Table 3 will differ slight-
ly from those in Table 1 because of the logarithmic
transformation of the data before the path coefficient
analysis.

The total correlations between seed yield/plant
and pods/plant were highly significant for all culti-
vars and years (Table 3). The path coefficients (di-
rect effects) for this comparison ranged from 0.854
to 1.001. All indirect effects were small and positive
for seeds/pod; positive for g/seed and negative for
area/plant except for Blue Lakes 274 (where g/seed
was negative and area/plant was positive). Pods/plant
have also been shown to have the dominant effect on
seed yields of Phaseolus vulgaris L. (7, 14), Vicia faba
L. (10, 12, 24), Vigna radiata L. Wilcrzek (17), Glycine
max L. Merr. (14, 17, 19), and Lentilla lens L. (22).

The total correlations between seed yield/plant and
seeds/pod were small for the determinate cultivars
and just significant (P < 0.05) for Blue Lakes 27-1;
whereas all were highly significant (P > 0.01) for
the indeterminate cultivars. All direct effects of seeds/
pod were small and positive. The indirect effects
were also small, except pods/plant for the indetermi-
nate cultivars, indicating that the effect of seeds/pod
on the seed yield/plant was largely via pods/plant,
particularly for the indeterminate cultivars. The rela-
tionship between pods/plant and seeds/pod was posi-
tive and highly significant for the indeterminate cuI-

Table 3. Path coefficient analyses of pods/plant, seeds/pod, g/seed, and area/plant upon seed yield/plant for cultivars and years.

Cultivar and y ear

Canyon Blue Lakes 274 1.1-114 ui-114 Big Bend
Nathu.w., of A...oeiallion

rid• 	 plain r.	 pods plant

1972 1971 1972 1973 1973

Direl'I l't fe y( 1.001 0.934 0.854 0.854 0.905
Indireei effect tra seeds pod 0.002 0.030 0.1190 0.086 0.088
Indirect ef fect via g seed 0.082 -0.015 0.066 0.078 0.038
Indio-cc	 r id area plan! -0.068 0.001 0.026 -0.026 -0.035

rural ion-elation 0.987** ' 0.984** 0.996 # * 0. 996•=

SCIA grid plan(	 Nerds pod
Doer	 •ffeet 0.053 0.170 0.168 0.107 0.107
Ind irer1 rii rii Via pod. plin( 111147 0.172 0.458 0.687 0.742
indiri•r . i • ff •• E 	 r 1 a a	 seed 0.022 0.058 0.031 0.066 0.040
indirect cried' sia area plant 0.1105 0.000 -0 01-1 -0.018 -0.029

']blot porrelaiion 0.129 0.640" 0 842" 0.860**

Seed yi•id Mani vs. g seed
Direet	 • ffi-c . 1 11.105 0.125 0.100 0.068
Indira, I virt. r . L via pods plant 0.131 0.151 0 670 0.503
Inds nest	 1 . 11r viA	 Via --end-, pi g' 0 010 11.093 0.012 0.070 0.063
TICti rrrt effeei	 it area plant -0 . 030 0.000 -0.010 0.016 -0.019

'Dual 	 •lai ion 0 . 331" 0.039 0.608". 0.856* • 0.615"

Seed yirkl plant r.. area plant
Direel -0 07(1 0.0111 -0.026 -0.022 -11.035
India rt effer1 tin pod. plani 4( . 977 119:14 11.1133 11831, 0.89-1
Indirrrl i•lie • f via	 pod 111101 11	 1	 1 0 . 1193 0.08./1. 11.090

sit g •eed (1.1152 -11111Ii 0.072 11037
orr • larion fi 97 I i	 1113	 - -

11. 1,ell•m•	 \ • 11.197, 111129 11.11'11 11.1111+ 1l:2Ifi

fir	 and 71111 1+111,11 oroliabild s re,peri:vel% .
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Fig. 2. Relationship between seeds/pod and pods/plant for the
indeterminate cultivars; significant at 0.01 probability level.
Regression coefficient for the determinate cultivars was not
significantly different than zero.
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Fig. 3. Relationships between g/seed and pods/plant for each
cultivar. *, •* denote significance at the 0.05 and 0.01 prob .
ability levels, respectively.

tivars (Fig. 2). Agreement was good between the in-
determinate cultivars. No correlation was found for
the determinate cultivars.

The average g/seed was significantly con-elated to
the seed/yield plant for all cultivars, except Blue
Lakes 274 (Table 3). Direct effects of the g/seed com-
ponent were small and positive for all cultivars. The
major portion of the total correlation resulted from
the indirect effect of pods/plant. This occurred be-
cause g/seed increased as pods/plant increased (Fig.
3) and the relationship was significant (P < 0.05) for
all cultivars, except Blue Lakes 274, for which no cor-
relation was found. The slopes of the regression lines
between g/seed and pods/plant for UI-114 were simi-
lar both years (Fig. 3).

The arca . plant was significantly related to seed
yield/plant for all cultivars (Table 3); however, all
direct effects were small and usually negative. The
important indirect effect was pods plant : which was

AREA /PLANT, CM 2 x icto

Fig. 4. Relationship between pods/plant and area/plant. Re-
gression line includes all points from all cultivars; significant
at 0.01 probability level.

linearly related to area/plant for all cultivars (Fig. 4).
Since the relationships were similar for all cultivars,
only a single regression line including all cultivars is
shown. Individual r values for each cultivar have
been given in Table 2 for comparison.

DISCUSSION AND SUMMARY

The components of bean seed yield are believed to
be genetically independent because correlations be-
tween components are essentially zero in noncompeti-
tive studies. Yield component changes are believed
to result from the plant's response to its environment,
which may or may not allow the full genetic expres-
sion of each component (1). One concludes, then,
that correlations between components are primarily
from environmentally induced relationships.

Negative correlations can occur when developing
plant structures compete for a limited energy supply
(1) and can be induced by water stress (20), defolia-
tion (6), removal of reproductive flowers (21), or re-
moval of pods (1). They have also been shown to oc-
cur in natural selections of F4 families (7), but were
small and positive in parental and derived generations
of Phaseoius vulgaris L. (2). Possibly we did not ob-
serve any significant negative correlations between the
yield components in this study because the compari-
sons were restricted to a cultivar-year across plant pop-
ulations. Also, no negative correlations would result if
net photosynthesis changed proportionally to changes
in plant size and the relative competition of the vege-
tative and reproductive sinks for assimilates were the
same in all plant populations of a cultivar. Plant (Iry
weights at early bloom and seed N ield :pIant in /973
were lineary related (Table 4).

The different responses of seed yield/plant to area
plant may be explained on the basis of seeds pod and
seed weight, since the relationships between pods
plain and area plant were similar for all ciiltivar,
(Fig. •). The indeterminate cultivars maintained their
seed yields area at the lower plant populations h.
increasing the seeds pod and g seed, as well as their
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Table 4. Linear coefficients between plant weight at 0.1 bloom
and selected independent variables in 1973.

Independent variable

Seed yield!
A realplant	 plant	 Pods, plan t Seeds; pod g 'seed

	 r*,** 	

0.91.5 0.885 0.916 0.215 -0.254
0.974 0.970 0.966 Q.860 0.660
0.843 0.861 0.881 0.662 0.585

*** Correlation coefficients exceeding 0,300 and 0.605 are significant at the
0

,
.05 and 0.01 probability levels, respectively,

pods/plant: whereas the seed yields/area of the de-
terminate cultivars decreased at populations Less than
300,000 plants; ha because seeds/pod and g/seed re-
mained relatively constant. This data resembles that
reported with other Phaseolus vulgaris L. cultivars (8,
20). In contrast, research with Gtycine max L., Merr.
(17, 19) Vigna radiata L. Wilcrzek (17), Lentilla lens
(22), and Phaseolus vulgaris L. `Save (14) has shown
no effect of plant population on seeds/pod and g/seed.

Comparisons of dry matter accumulation in the
plant components of Glycine max L. (9) showed that
the indeterminate plant produced more vegetative
growth during flowering and pod set than did the
determinate plant. If this also occurs in the Phaseolus
species, the potential for competition between the
vegetative and reproductive sinks for photosynthate
could he greater in the indeterminate than in the
determinate plant. The indeterminate may compen-
sate by producing fewer flowers per day over a longer
flowering period or higher total photosynthate pro-
duction. Increasing plant populations causes greater
interplant competition, which could further increase
the intraplant competition for assimilates. This ef-
fect may be larger for the indeterminate plant where
there is a potential for greater competition between
vegetative and reproductive growth. Data from a study
conducted with Vicia faba L. (an indeterminate plant)
support this, since it showed that proportionately less
dry matter accumulated in the seeds and pods as com-
pared with the vegetative plant parts when the plant
population increased (11). In addition, we found
that, as the plant population increased, the harvest
index (dry weight of seed/total plant dry weight) de-
creased for the indeterminate cultivar UI-114, but re-
mained relatively constant for the determinate culti-
var Canyon (4). This indicated that proportionately
more photosynthates went to seed production instead
of vegetative production as the area/plant increased
(decreasing plant populations) for the indeterminate
but not for the determinate cultivars, and may help
explain why seeds/pod and g/seed, as well as pods/
plant, increased as area s plant increased for the inde-
terminate plant.

In summary, the pods/plant had it major effect
01! seed )ield/plant for all cultivars across a wide
range of areas /plant (plant populations). Yield dif-
ferences between cultivars were due to differences in
seeds/pod and g/seed, since both parameters decreased
for the indeterminate but not for the determinate nil-
tivars as the area plant ciecre;ised. These relationships
indicate that the determinate plant is subject to less
tompelitive stress than the indetettninate plant types

at higher plant populations. Full genetic expression
of seed yield would be expected for the indeterminate
cultivar at the lower plant populations, whereas it
appears independent of plant populations for the de-
terminate cultivar.
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