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ABSTRACT

Understanding the phenotypic variation and association between the grain yield, and other agronomic traits in
French bean genotypes is important for its varietal improvement program. Field experiments were conducted
during 2018 and 2019 cropping season at Horticulture Research Station, Dailekh, Karnali Province of Nepal to
evaluate pole-type French bean genotypes for plant morphological characters, yield and the association between
the agronomic traits. Twelve (Bhatte, Chaumase, Dhankute Chhirke, WP Con Bean, White OP, Dhundi Raj, LB-
31, LB-37, LB-39, Madhav, Chinese Long, and Trishuli) pole-type French bean genotypes were laid out in a
randomized complete block design (RCBD) with three replications. Pole-type French bean genotypes showed
the significant variation for plant morphological traits and grain yield. Genotype LB-31 exhibited significantly
the highest pod number (78.0/plant), green pod weight (675.0 g/plant), green pod yield (36.1 t/ha), and dry grain
yield (2.4 t/ha). Following LB-31 genotype, genotype Chaumase and LB-39 produced the highest green pod
yield (31.3 t/ha and 31.2 t/ha, respectively). The number of clusters per plant, pod number per plant and green
pod weight per plant exhibited the significant positive correlation with green pod and dry grain yield. Hence,
these traits can be selected to improve the yield potential of pole-type French bean genotypes. Pole type French
bean genotypes used in the experiment were well adapted to the study area. Therefore, the high yielding
genotypes viz LB-31, Chaumase and LB-39 could be recommended to use as seed source for on-farm production
in Mid-Western Nepal.
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INTRODUCTION

French bean (Phaseolus vulgaris L.) is a native crop of central and South America (Swaider et al 1992).
This is widely cultivated in the temperate and subtropical regions and in many parts of the tropics (Pandey
et al 2011). French bean is also known by different names viz snap bean, kidney bean, haricot bean, navy
bean, garden bean or string bean, pole bean, bush bean, one of the most important leguminous and income
generating vegetable crop of Nepal. It is grown mainly for its tender fleshy green pods, shelled green seeds
and also dry beans. French bean contains considerable amount of protein being high in lysine and a good
source of energy. It has anti-diabetic property and this makes a good complement staple in the diet (Singh
and Singh 1992). French bean is predominantly grown in mid hills of Nepal as major vegetable crop, which
is supplementing the protein source for the poor farmers of Nepal. Generally, beans are regarded as 'meat
of the poor' that contributes essential protein to the undernourished people living in hills.

In Nepal, pole-type French bean is grown in an area of 4,861 ha with annual production of 50,815 ton with
productivity of 10.0 t/ha (MoAD 2018). Pole type French bean is widely cultivated in almost in Nepal with
a wide range of variation in altitude, rainfall, temperature, cropping system and socio-economic factors. In
general, pole type French bean is commonly grown during winter and summer season. This is customary
to grow with maize crop as intercrop especially in rain-fed condition at mid hills. In contrast, this is also
cultivated as mono-crop in commercial level in peri-urban areas. Most of pole type French bean genotypes
grown in Nepal are introduced either from India or China but farmers in hills and mountain have been
growing a number of landraces with varying morphologies (Neupane and Vaidya 2002).

Pole type French bean genotypes grown in hills so far are low yielding type and assessment of variability
in the introduced and locally collected landraces can possibly enable to identify the elite genotypes. Yield
is complex quantitative trait which is controlled by many yield related traits (Alemu et al 2017). Pod length,
diameter, number of seed and pods in plant are the most crucial traits for plant yield (Stoilova et al 2005).
The development of improved varieties in French bean is one of the most important task to meet increasing
demand of stakeholders. Genotype is the most potent factor in any crop production program and is the basic
material to which all other technologies are applied (Goutam et al 2001). Genotypes also greatly vary on
their performance under different agro-climatic condition. Understanding the phenotypic variability,
association among the phenotypic traits and other qualitative traits is necessary for the variety improvement
program in French bean. This study was conducted to evaluate pole type French bean genotypes for
morphological, yield traits, association among the quantitative traits and other qualitative traits as well.

MATERIALS AND METHODS

Experimental Site

Field experiments were conducted during the winter season of 2018 and 2019 at Horticulture Research
Station (HRS), Dailekh in mid-western Nepal. The geographical coordinates of the site are 28°13'6.18"N
latitude and 83°58'27.72"E longitude with an altitude of 1290 meters above mean sea level. The soil of
experimental field was characterized by loamy type. In the year 2018, average 9.1 mm rainfall was received
in September. In contrast, the highest (400.8mm) rainfall was received in September, 2019 (Figurel).
Amount of rainfall received was higher in 2019 as compared to 2018 during September-December. The
maximum temperature in the years 2018 and 2019 was decreased from September to December and similar
trend was observed in minimum temperature in the year 2018. But compared to minimum temperature of
each month in the year 2018, it was considerably increased at each month in the year 2019 (Figurel).
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Figurel. Monthly weather during winter season of 2018 and 2019 experimentation period at Dailekh, Nepal

Treatments and Experimental Design

Treatments consisted of twelve genotypes (Bhatte, Chaumase, Dhankute Chhirke, WP Con Bean, White
OP, Dhundi Raj, LB-31, LB-37, LB-39, Madhav, Chinese Long, and Trishuli) were used in both years.
Trishuli, a released and popular pole bean variety in mid-hills, was used as check variety. The treatments
were arranged in a randomized complete block design (RCBD) with three replications. Experimental field
was ploughed, pulverized and leveled in order to get smooth seedbed and inter-and intra-row spacing was
maintained at 70 cm x 25 cm, respectively. In both the years 2018 and 2019, the plot size was maintained
6 m? (2 m wide and 3 m long). Seeds were hand planted by placing two seeds/hill. In 2018, seeding was
done in September 2 and first harvested in November 21. Whereas in 2019, seeding was done in August 30
and the trial was first harvested in Nov. 28. Thirty-two plants per plot were maintained in four rows. The
recommended N:P,Os.K,O fertilizers were applied at planting time at the rate of 80:120:60 kg/ha,
respectively and urea was used as N source. Manure was applied as compost (20 t/ha) and the half portion
of nitrogen was applied as top-dressing after 45 days of seed sowing. All crop management practices such
as cultivation, weeding etc carried out as desired during crop growing period.

Data Collection, Measurements and Statistical Analysis

Data on plant height (cm), cluster per plant (no.), and pod per plant (no.) were recorded on randomly
selected five sample plants and averaged it. Plant height (cm) was measured using meter-scale at
physiological maturity stage from cotyledon scar to tip of the plant. Individual green pod weight was taken
on 10 pods using digital weighing balance and averaged it. Green pod weight per plant (g) was recorded on
randomly selected five sample plants. Green pod weight per plot (kg), and green pod vyield (t/ha) were
obtained by adding the total weight of three harvests from two rows (3m? plot). Pod length (cm) and
diameter (mm) was measured using meter-scale and Vernier caliper, respectively, in the largest fully
expanded immature pods from five random normal plants. Similarly, dry pod per plant (no.), and dry pod
weight per plant (g) were measured on randomly selected five plants and averaged it. The seed per pod
(no.) was recorded on five pods from five plants and averaged it. Dry pod weight per plot (g) was calculated
by adding the total weight of three harvests from two rows. After sun drying of grain and maintaining
moisture content upto 12-14%, 100 seeds were counted and weighed. Then, dry grain weight per plot (g)
and dry grain yield (t/ha) was calculated. The qualitative traits including flower color, pod beak orientation,
pod color, pod quality, seed color and seed shape were taken according to the procedures given in the
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International Board for Plant Genetic Resources (IBPGR) descriptors for Phaseolus vulgaris (IBPGR
1982). Flower color was observed in freshly open flower. Pod beak orientation (upward, straight or
downward) was recorded at green pod maturity stage by visual observation. Pod color was recorded on the
fully expanded immature pods as green, light green, green and red stripes, green and light purple stripes,
and green and purple stripes. Pod quality was assessed by visual observation. Seed was taken from middle
of the dry pod and seed shape was recorded as circular to elliptic, elliptic, and kidney. The quantitative data
were subjected to analysis of variance (ANOVA)using GenStat Release 10.3 DE Software (VSN
International, Hemel Hempstead,UK).The genotype, year and their interaction effects were analyzed by
combined ANOVA and pooled data over the years are presented. Correlation among the quantitative
variables was analyzed using IBM SPSS Statistics (Version 20). The qualitative data were expressed as
tabulated and pictorial form wherever necessary.

RESULTS

Plant Characters

The pooled data over the years showed that the plant height was highly significant (p<0.01) among the
genotypes (Tablel). The average plant height was higher (257.6 cm) in 2019 than the year 2018 (209.7
cm). The highest (279.2 cm) plant height was measured in Dhundi Raj followed by LB-37 (264.0 cm), LB-
39 (255.0 cm), Madhav (254.7 cm) and the lowest (181.8 cm) was measured in Dhankute Chhirke. The
number of clusters per plant had non-significant effect among the genotypes. But year had highly significant
effect on number of clusters produced per plant. The number of clusters produced per plant was higher
(27.12) in the year 2019 than the year 2018 (15.82). Genotypes had highly significant (p<0.01) effect on
pod number per plant. The highest (78.0) number of pods per plant was counted in LB-31 followed by
Chaumase (70.0), and LB-37 (66.0) whereas the lowest (35.0) pod number per plant was measured in LB-
39.

Table 1. Plant morphological characters of pole-type French bean genotypes during the years 2018 and 2019

Genotype Plant height (cm) Cluster/plant (no.) Pod/plant (no.)
2018 2019 Mean 2018 2019 Mean 2018 2019 Mean
Bhatte 174.7 248.3 211.5 12.0 31.0 22.0 49.0 73.0 61.0
Chaumase 187.7 222.7 205.2 19.0 22.0 21.0 94.0 46.0 70.0
DhankuteChhirke 137.7 206.0 181.8 12.0 28.0 20.0 55.0 63.0 59.0
WP Con Bean 177.0 228.3 202.7 14.0 35.0 24.0 58.0 53.0 56.0
White OP 213.7 279.0 246.3 15.0 26.0 20.0 68.0 54.0 61.0
Dhundi Raj 282.7 275.7 279.2 16.0 30.0 23.0 60.0 40.0 50.0
LB-31 206.5 282.0 243.3 20.0 32.0 26.0 88.0 67.0 78.0
LB-37 268.7 259.3 264.0 20.0 28.0 24.0 78.0 53.0 66.0
LB-39 224.0 286.0 255.0 13.0 21.0 17.0 31.0 39.0 35.0
Madhav 246.0 263.3 254.7 13.0 24.0 19.0 69.0 42.0 56.0
Chinese Long 191.7 265.0 228.3 16.0 25.0 20.0 56.0 47.0 52.0
Trishuli (Ch) 205.7 276.0 240.8 21.0 25.0 23.0 61.0 39.0 50.0
Mean 209.7 257.6 233.6 15.82 27.12 21.47 63.9 515 57.7
Genotype (G) ** NS **
Year (Y) *k *%k *%k
GxY NS NS *
LSD (0.05) 42.15 7.67 18.4
CV (%) 155 30.8 27.4

NS = Non-significant; * and ** Significant at 0.05 and 0.01 levels, respectively.

Green Pod Weight and Yield
Data of green pod weight per pod, plant, plot and yield are mentioned in Table 2. Genotypes had highly

significant (p<0.01) effect on green pod weight per pod. LB-39 produced the highest green pod weight per
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pod in both years 2018 and 2019 and the values were 20.6 g and 20.8 g, respectively. The green pod weight
was recorded the highest (20.8 g) in LB-39 followed by Trishuli (16.6 g) and the lowest (7.4 g) was recorded
in Dhankute Chhirke. Greed pod weight per plant, green pod weight per plot and green pod yield was
significantly (p<0.05) different among the genotypes. Genotype LB-31 yielded the highest green pod
weight per plant, green pod weight per plot and green pod yield in both years. The highest (675.0 g) green
pod weight per plant was measured in LB-31 followed by Chaumase (587.0 g) whereas the lowest green
pod weight (330.0 g) was measured in Dhankute Chhirke. The highest (10.8 kg) green pod weight per plot
was weighted in LB-31 followed by Chaumase (9.4 kg) and LB-39 (9.4 kg) whereas the lowest (5.3 kg)
was in Dhankute Chhirke. LB-31 produced significantly the highest (36.1 t/ha) green pod yield followed
by Chaumase (31.3 t/ha) and LB-39 (31.2 t/ha) and the lowest (17.6 t/ha) yield was recorded in Dhankute
Chhirke.

Table 2. Green pod weight and yield of pole-type French bean genotypes during the years 2018 and 2019

Genotype Green pod wt./pod (g) Green pod wt./plant Green pod wt./plot (kg) Greed pod yield (t/ha)
(9)
2018 2019 Mean 2018 2019 Mean 2018 2019 Mean 2018 2019 Mean
Bhatte 9.3 11.1 10.2 303.0 625.0 464.0 4.8 10.0 7.4 16.2 334 2438
Chaumase 9.8 10.1 9.9 568.0 605.0 587.0 9.1 9.7 9.4 30.3 323 313

DhankuteChhirke 7.8 6.8 74  261.0 400.0 330.0 4.2 6.4 5.3 139 213 176
WP Con Bean 8.5 8.9 87 4280 3840 4060 6.8 6.1 6.5 228 204 216

White OP 9.8 8.5 9.2 465.0 388.0 4260 74 6.2 6.8 248 206 227
Dhundi Raj 108 150 129 351.0 476.0 4150 5.7 7.6 6.6 189 253 222
LB-31 132 117 125 6340 716.0 6750 102 115 10.8 338 382 361
LB-37 101 122 111 500.0 468.0 484.0 8.0 7.5 7.8 26.7 249 258
LB-39 206 208 20.8 575.0 5950 585.0 9.2 9.5 9.4 306 317 312
Madhav 118 127 123 526.0 477.0 5020 84 7.6 8.0 281 254 268

Chinese Long 124 126 125 3450 479.0 4120 5.5 7.6 6.6 184 255 219
Trishuli (Ch) 158 173 16.6 453.0 504.0 479.0 7.3 8.1 7.6 242 269 255

Mean 11.67 1233 12.0 450.0 510.0 480.0 7.22 8.16 769 2406 272 256
Genotype (G) ** * * *

Year (Y) NS NS NS NS
GxY NS NS NS NS
LSD (0.05) 1.838 168.2 2.69 8.9
CV (%) 13.2 30.1 30.1 30.1

NS = Non-significant; * and ** Significant at 0.05 and 0.01 levels, respectively.

Pod Characters

Genotype showed highly significant (p<0.01) differences on pod length, pod diameter but it had
significantly (p<0.05) different on dry pod number per plant (Table 3). The pooled data over the years
showed that the longest (22.3 cm) pod length was measured in LB-39 and the lowest (10.8 cm) pod length
was measured in Dhankute Chhirke. In contrast, the highest pod diameter was measured in Bhatte (11.9
mm) followed by LB-39 (11.6 mm) and Dhankute Chhirke (11.5 mm) and the lowest (9.1 mm) diameter
was measured in WP Con Bean. The combined analysis showed that LB-31 produced the highest (32.0)
number of dry pod per plant followed by Madhav (31.0) and the lowest (15.0) dry pod number was counted
in LB-39.
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Table 3. Pod morphological characters of pole-type French bean genotypes during the years 2018 and 2019 at
HRS, Dailekh

Genotype Pod length (cm) Pod dia. (mm) Dry pod/plant (no.)

2018 2019 Mean 2018 2019 Mean 2018 2019 Mean
Bhatte 12.0 14.8 13.4 10.1 13.8 11.9 31.0 27.0 29.0
Chaumase 15.9 16.0 15.9 9.1 9.5 9.3 38.0 19.0 28.0
Dhankute Chhirke 10.2 11.3 10.8 10.5 12.4 11.5 24.0 17.0 21.0
WP Con Bean 13.6 15.8 14.7 9.0 9.2 9.1 27.0 31.0 29.0
White OP 13.9 15.8 14.9 9.2 9.3 9.2 36.0 18.0 27.0
Dhundi Raj 16.8 19.0 17.9 9.8 11.8 10.8 26.0 21.0 23.0
LB-31 16.7 18.5 17.6 9.9 10.2 10.1 38.0 25.0 32.0
LB-39 214 23.1 22.3 10.8 12.4 11.6 15.0 14.0 15.0
LB-37 16.3 19.5 17.8 10.1 12.9 10.5 27.0 20.0 24.0
Madhav 15.9 18.2 17.1 9.8 11.24 10.6 39.0 24.0 31.0
Chinese Long 16.6 17.8 17.2 9.7 10.9 10.4 26.0 21.0 23.0
Trishuli (Ch) 18.1 20.8 19.4 10.3 11.6 10.9 29.0 13.0 21.0
Mean 15.6 17.58 16.6 9.88 11.12 10.5 29.6 20.8 25.2
Genotype (G) ** ** *
Year (Y) *%* *% **
GxY NS *x NS
LSD (0.05) 1.329 0.656 10.03
CV (%) 6.9 5.4 34.2

NS = Non-significant; * and ** Significant at 0.05 and 0.01 levels, respectively.

Dry Pod and Seed Characters

Data on dry pod weight per plant, seed number per pod, and dry pod weight per plot are presented in Table
4. Dry pod weight per plant was non-significant among the genotypes whereas seed number per pod was
highly significant (p<0.01). The number of seeds per pod produced the highest (8.0) in Trishuli variety in
2018 but it produced the highest (9.0) in LB-37 in 2019.

Table 4. Pod and seed morphological characters of pole-type French bean genotypes during the years 2018
and 2019 at HRS, Dailekh

Genotype Dry pod wt./plant (g) Seed/pod (no.) Dry pod wt./plot (g)

2018 2019 Mean 2018 2019 Mean 2018 2019 Mean
Bhatte 65.4 71.8 68.6 3.0 7.0 5.0 591.0 1149.0 870.0
Chaumase 80.1 59.0 69.6 7.0 8.0 8.0 795.0 945.0 870.0
DhankuteChhirke 81.7 56.4 69.0 5.0 5.0 5.0 825.0 902.0 864.0
WP Con Bean 36.7 59.7 48.2 6.0 8.0 7.0 342.0 956.0 649.0
White OP 42.9 50.0 46.4 6.0 8.0 7.0 401.0 800.0 600.0
Dhundi Raj 62.9 58.3 60.6 7.0 7.0 7.0 820.0 933.0 877.0
LB-31 64.3 79.2 71.8 5.0 8.0 7.0 875.0 1268.0 1071.0
LB-37 65.9 79.0 72.5 7.0 9.0 8.0 945.0 1264.0 1105.0
LB-39 46.0 35.8 40.9 7.0 8.0 8.0 416.0 572.0 494.0
Madhav 70.6 60.3 65.4 6.0 8.0 8.0 758.0 965.0 861.0
Chinese Long 57.0 61.3 59.1 7.0 8.0 8.0 371.0 981.0 676.0
Trishuli (Ch) 82.6 60.3 715 8.0 8.0 8.0 1070.0 965.0 1018.0
Mean 63.0 60.9 62.0 6.19 7.83 7.0 684.0 975.0 830.0
Genotype (G) NS ol *
Year (Y) NS *x *x
GxY NS *x NS
LSD (0.05) 27.73 0.783 3394
CV (%) 38.5 9.6 35.2

NS = Non-significant; * and ** Significant at 0.05 and 0.01 levels, respectively.
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The pooled mean showed the highest (8.0) seed number per pod in Chaumase, LB-37, LB-39, Madhav,
Chinese Long and Trishuli and the lowest (5.0) seed per pod produced was in Bhatte and Dhankute Chhirke.
Dry pod weight per plot was significantly (p<0.05) different among the genotypes. The dry pod weight per
plot was produced the highest (1070.0 g) in Trishuli in 2018 whereas LB-31 produced the highest (1268.0
g) dry pod weight per plot in 2019. However, the pooled mean over the years showed the highest (1105.0
g) dry pod weight per plot in LB-37 but it was statistically similar at LB-31 (1071.0 g), Trishuli (1018.0 g),
LB-31 (877.0 g), Bhatte (870.0 g) and Chaumase (870.0 g).

Dry Grain Weight and Yield

Dry grain weight per plot, hundred grain weight and dry grain yield were highly significant (p<0.01) among
French bean genotypes (Table 5). The pooled mean over the years showed the highest (720.0 g) dry grain
weight per plot which was statistically at par with LB-31 (716.0 g), Chaumase (646.0 g) and LB-37 (633.0
g) and the lowest (330.0 g) dry grain weight per plot was produced in WP Con Bean. With respect to
hundred grain weight, Dhankute Chhirke yielded the highest (53.0 g) followed by LB-37 (43.5 g) but the
minimum hundred grain weight was produced in White OP (18.6 g). With regard to dry grain yield,
genotype LB-31 and Trishuli produced the highest (2.4 t/ha) but it was statistically similar with Chaumase
(2.2 t/ha) and LB-37 (2.1 t/ha) and the lowest (1.1 t/ha) grain yield was recorded in White OP.

Table 5. Dry grain weight and yield characters of pole-type French bean genotypes during the years 2018 and
2019 at HRS, Dailekh

Genotype Dry grain wt./plot 100 grain wt. (g) Dry grain yield (t/ha)
(@)

2018 2019 Mean 2018 2019 Mean 2018 2019 Mean
Bhatte 416.0 690.0 553.0 325 32.7 32.6 1.4 2.3 1.8
Chaumase 810.0 481.0 646.0 25.3 23.0 24.1 1.6 2.7 2.2
Dhankute Chhirke 555.0 504.0 530.0 53.8 52.3 53.0 1.9 1.7 1.8
WP Con Bean 290.0 445.0 368.0 19.2 18.0 18.6 0.9 15 1.2
White OP 356.0 303.0 330.0 19.1 20.0 19.5 1.2 1.0 1.1
Dhundi Raj 466.0 384.0 4150 370 32.7 334 1.5 1.2 1.4
LB-31 777.0 656.0 716.0 273 27.0 27.1 25 2.2 2.4
LB-37 683.0 583.0 633.0 453 417 435 2.3 1.9 2.1
LB-39 628.0 443.0 535.0 30.3 30.3 30.3 2.0 15 1.8
Madhav 575.0 523.0 549.0 24.4 27.7 26.0 1.9 1.7 1.8
Chinese Long 302.0 411.0 357.0 248 29.7 27.2 1.0 1.4 1.2
Trishuli (Ch) 940.0 501.0 7200 378 36.7 37.3 3.1 1.7 2.4
Mean 567.0 492.0 529.0 31.13 30.97 31.05 1.8 1.6 1.8
Genotype (G) *x ** **
Year (Y) NS NS NS
GxY NS NS NS
LSD (0.05) 208.7 2.75 0.695
CV (%) 33.9 7.6 33.9

NS = Non-significant;and ** Significant at 0.01 level, respectively.

Correlation among the Quantitative Characters

The direction and magnitude of associations among the quantitative characters are given in Table 6. Plant
height showed the positive and highly significant (p<0.01) correlation with pod length (r = 0.55) and dry
pod weight per plant (r = 0.54). The number of clusters per plant was highly significantly (p<0.01)
correlated with green pod weight per plant (r = 0.45), green pod weight per plot (r =0.55), green pod yield
(r=0.48), dry pod weight per plant, (r = 0.44), dry pod weight per plot (r = 0.46), dry grain weight per plot
(r=0.68), and dry grain yield (r = 0.66) in positive direction. Likewise, pod number per plant exhibited the
positive and highly significant (p<0.01) association with green pod weight per plant (r = 0.48), green pod
weight per plot (r = 0.49), green pod yield (r = 0.49), dry pod number per plant (r = 0.59), seed per plant (r
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= 0.54), dry pod weight per plot (r = 0.44), dry grain weight per plot (r = 0.49), and dry grain yield (r =
0.48). Green pod weight per pod showed the positive and significant (p<0.01) correlation with green pod
yield (r = 0.66), pod length (r = 0.83), pod diameter (r = 0.41), seed number per pod (r = 0.44), dry pod
weight per plot (r = 0.56), and dry grain yield (r = 0.66). Green pod weight per plant had the strong positive
correlation with green pod weight per plot (r = 0.85), green pod yield (r = 0.98), dry pod weight per plant
(r =0.58), seed number per pod (r = 0.68) and dry grain yield (r = 0.50). Green pod weight per plot showed
a strong positive association with green pod yield (r = 0.98), pod length (r = 0.70), seed humber per pod (r
= 0.56), dry grain weight per plot (r = 0.68), and dry grain yield (r = 0.50). Likewise, green pod yield
showed a significant (p<0.01) positive association with pod length (r = 0.60), pod diameter (r = 0.50), seed
number per pod (r = 0.44), dry grain weight per plot (r= 0.68) and dry grain yield ( r = 0.56) but pod length
showed the positive and significant (p<0.01) correlation with dry pod weight per plant (r = 0.60). Dry pod
number per plant had a significant (p<0.01) positive association with seed number per plant (r = 0.65), dry
pod weight per plant (r = 0.66), dry grain weight per plot (r = 0.72), hundred grain weight (r = 0.42) and
dry grain yield (r = 0.43). The number of seed per pod exhibited the positive and significant (p<0.01)
association with dry pod weight per plot (r = 0.68), hundred grain weight (r = 0.52) and dry grain yield (r
= 0.72). Likewise, dry grain weight per plot and hundred grain weight were highly significant (p<0.01)
positive correlation with dry grain yield (r = 0.58 and r = 0.99, respectively).

Table 6. Pearson’s correlation coefficient analysis among phenotypic traits of pole-type French bean genotypes
during the years 2018 and 2019 at HRS, Dailekh

Variables PHT  CLPPT PPT GPWT  GPPPLT GPWTPPT GPYLD PL PD DPN  DPWTP SPP DPWT DGWT HGWT DGYLD
PHT 1.0 0.38** -0.04 0.31** 0.33** 0.34** 0.35**  0.55**  0.25* -0.19 0.54** -0.001 0.344** -0.09 0.06 0.06
CLPPT 1.0 0.23* 0.01 0.45** 0.55** 0.48** 0.24*  0.36** 0.55* 0.44** 041* 0.46** 0.68* 0.45* 0.66**
PPT 1.0 -0.27** 0.48** 0.49** 0.49** -0.24* -0.06 0.59** -0.10 0.54** 0.44*  0.49* 0.38** 0.48**
GPWT 1.0 0.64** 0.35** 0.66**  0.83**  0.41* -0.26*  -0.31** 0.44* 0.56* 0.47* 0.07 0.66**
GPPPLT 1.0 0.85** 0.98**  0.40**  0.30** 0.54* 0.58** 0.68* 0.67* 0.68* 0.50* 0.60**
GPWTPPT 1.0 0.98**  0.70**  0.30** 0.14 0.28* 0.56* 0.29* 0.68* 0.30* 0.50**
GPYLD 1.0 0.60**  0.50** 0.54* 0.48* 0.44* 0.55* 0.68* 0.30* 0.56**
PL 1.0 0.27* -0.26* 0.60** -0.06 0.09 0.01 0.07 0.07
PD 1.0 -0.31** 0.12 0.01 0.21 0.55** 0.44** 0.04
DPN 1.0 -0.25* 0.65** 0.66** 0.72%* 0.42** 0.43**
DPWTP 1.0 0.52* 0.41** 0.62** 0.06 0.76**
SPP 1.0 0.68** 0.52* 0.52** 0.72%*
DPWT 1.0 0.06 0.39** 0.40**
DGWT 1.0 0.19 0.58**
HGWT 1.0 0.99**
DYLD 1.0

* and ** significant at 5% and 1%, respectively. PHT: Plant height (cm); CLPPT: Cluster/plant (no.); PPT: Pod/plant (no.); GPWT:
Green pod weight/pod; GPPPLT: Green pod weight/plant; GPWTPPT: Green pod weight/plot (kg); GPYLD: Green pod yield (t/ha;); PL:
Pod length (mm);PD: Pod diameter (mm); DPN: Dry pod/plant (no.); DPWTP: Dry pod weight/plant (g); SPP: Seed/ pod (no.); DPWT:
Dry pod weight/plot (g): DGWT: Dry grain weight/plot (g); HGWT: Hundred grain weight (g), and DGYLD: Dry grain yield (t/ha).

Qualitative characters

The pod beak orientation, pod color and quality, seed shape are presented in Table 7. Genotypes Chaumase,
LB-31 and Chinese Long had downward pod beak orientation and rests of the genotypes were upward pod
beak orientation. Genotypes Dhankute Chhirke, Dhundi Raj and LB-31 were characterized as green pod
color with red stripes and remaining genotypes were green pod type. The pod quality was observed as
slender to non-slender type, and smooth to rough surface in the studied genotypes.
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Table7. Evaluation of qualitative characters of pole-type French bean genotypes at HRS, Dailekh, 2018

Genotype Pod beak Pod color Pod quality Seed shape
orientation
Bhatte Upward Green Non-slender, flat, slightly smooth Circular to elliptic
Chaumase Downward  Green Stringly, slender, slightly curved, Elliptic
DhankuteChhirke  Upward Green and red Non-slender, flat, rough and small Circular to elliptic
stripes seeded
WP Con Bean Upward Light green Smooth surface, slender, cylindrical,  Kidney
small sized seed
White OP Upward Light green Slender, cylinder, smooth, big Kidney
seeded, straight
Dhundi Raj Upward Green and Light Slender, flat, rough, small seed Kidney
purple stripes
LB-31 Downward  Green and purple Stringy, non-slender, slightly Elliptic
stripes curved, flat, medium seeded
LB-37 Upward Green Stringy, non-slender, slightly Kidney
curved, flat, slightly rough
LB-39 Upward Green Double stringy, straight, flat, and Kidney
large seeded
Madhav Upward Green Smooth, slender, straight, flat, small  Elliptic
seeded
Chinese Long Downward  Green Slender, cylindrical, smooth and Kidney
small seeded
Trishuli (Ch) Straight Green Rough surface, curved, slight Elliptic
cylindrical

The genotypes Bhatte, WP Con bean, White OP, LB-37, LB-39 and Trishuli were characterized as white
petal color (Figure 2) whereas other genotypes contained purple to violet petal color.

Figure3. Flower morphology of pole-type French bean genotypes evaluated at HRS, Dailekh, 2018/19. A:
Bhatte; B: Chaumase; C: DhankuteChhirke; D: WP Con Bean; E: White OP; F: Dhundi Raj; G: LB-31; H:
LB-37; I: LB-39; J: Madhav; K: Chinese Long; and L: Trishuli
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The seed color was also varied from light brown, black, and grey to white type (Figure3). Similarly, seed
shape was varied from circular elliptic, elliptic, to kidney type in the genotypes.

R Y

Figure3. Seed morphology of pole-type French bean genotypes evaluated at HRS, Dailekh, 2018/19. A: =
Bhatte; B: Chaumase; C: DhankuteChhirke; D: WP Con Bean; E: White OP; F: Dhundi Raj; G: LB-31; H:
LB-37; I : LB-39; J: Madhav; K:Chinese Long; and L: Trishuli

DISCUSSION

Pole-type French bean genotypes showed the significant differences in plant height, and number of pod per
plant. The significant variation in plant height found in this study might be due to genetic make-up of
cultivar and environmental differences and similar findings were reported by Noor et al (2014). Hussain
(2005) also reported significant variation in plant height in bush bean genotypes. Plant height in beans was
influenced by the genotype (Neupane et al 2008, Pandey et al 2011). The significant variation observed in
cluster number per plant and pod number per plant in the years due to variation in temperature and rainfall
(Figurel). The significant variation among the genotypes for green pod number per plant had been reported
by many researchers (Akhilesh et al 2013, Muthuramu et al 2015, Yohannes et al 2020). The variation in
number of green pod per plant might also be due to differences in inflorescences, pods number per
racemeand flower dropping tendency of the genotypes (Khan 2003).

Significant variation was observed in green pod weight per pod, green pod weight per plant, green pod
weight per plot and green pod yield ton per hectare. The green pod yield variation amongst the genotypes
under varying field conditions had been reported by several workers (Hari and Singh 1990, Muthuramu et
al 2015). Cluster number per plant, green pod number per plant, green pod weight per pod, green pod weight
per plant is attributed to high green pod yield. Our study exhibited the fresh greed pod yield varied from
17.6 t/ha to 36.1 t/ha with the average of 25.6 t/ha. In contrast, in the study of Angadi and Patil (2017), they
reported that yield varied from 15.1 t/ha to 17.0 t/ha in pole type French bean genotypes. This might be due
to genetic potential of variety.

Pod length, and diameter, dry pod number per plant, number of seed per pod and dry pod weight per plot,
dry grain weight per plot, hundred grain weight and dry grain yield revealed significant variation among
the genotypes. In our study, pod length was varied from 10.8 cm to 22.3 cm with the average of 16.6 cm
but in the study of Neupane et al (2008), they reported the varying pod lengths ranging from 6.7 to 17.4 cm
whereas in the study of Pandey et al (2011), they reported 11.5cm to 20.4 cm in pole-type French bean
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genotypes. Islam et al (2010) reported that considerable variation in pod length varying from 3.96 cm to
18.20 cm in hyacinth bean. In this study, average pod diameter recorded was 10.5 mm but in the study of
Pandey et al (2011), they reported 33.5 mm pod width in pole-type in Tarbarebean. Neupane et al (2008)
reported that pod length and width in beans were influenced by the genotype. Genotypic variation was
observed in dry seed number per pod, dry pod weight per plot, dry grain weight per plot, hundred grain
weight and dry grain yield. The number of dry seed per pod was significantly different among the genotypes
which were similar to the result of Noor et al (2014). In this study, grain yield was varied from 1.1 to 2.4
t/ha with an average of 1.8 t/ha which is close to the findings of Chowdhury and Faruque (1973).

Correlation analysis measures the mutual relationship among the agronomic traits and determines the
components characters on which selection can be used for improvement in yield (Singh 1990). In this study,
number of clusters per plant, pod number per plant, green pod weight per pod, and green pod weight per
plot showed positive and significant correlation with green pod yield. Dursun (2007) reported positive
correlation of pod number per plant with green pod yield in snap bean. In the study of Shah et al (1999),
they reported significant and positive association between green pod weight and green pod yield. Green
pod length showed significant association with green pod yield which were reported by previous researchers
(Shaban 2005, Dursun 2007). Dry pod number per plant, seed number per plant, dry grain weight and
hundred grain weight exhibited positive and significant association with dry grain yield. The positive and
significant association of number of seeds per pod with seed yield had been reported by Kamal and Ahmed
(2011). Genotypes with high pod weight and pod length, hundreds grain weight and numbers seeds per pod
should be used to improve grain yield in cowpea (Carvalho et al 2012).

The present study showed the variation in flower color, pod beak orientation, pod color, pod quality, seed
color and shape in French bean genotypes. In the study of Pandey et al (2011), they had also reported the
variation in flower, pod and seed color and shape in pole-type French bean genotypes. Islam et al (2010)
reported white, violet and pink flower in hyacinth bean genotypes. Our study showed that most of the
genotypes produced green pod color which is important trait for marketing purpose and this is very close
to the findings of Muchui et al (2008). In our study, seed color was varied from light brown, black, grey,
mottled, brown to white and diversity of seed color in hyacinth bean and French bean were reported by
Stoilova et al (2005) and Islam et al (2010), respectively. The presence of varied seed color and shape found
in pole-type French bean genotypes indicates the wider diversity in phenotypic characters.

CONCLUSION

This study evaluated the plant morphological and yield traits and, association among the agronomic traits
in diverse pole-type French bean genotypes at Karnali province of Nepal. Analysis of variance revealed
that French bean genotypes showed significant variation for all the characters except few insignificant traits.
Result of experiment showed that genotype LB-31 gave the highest greed pod yield (36.1 t/ha) and grain
yield (2.4 t/ha). Furthermore, genotypes Chaumase and LB-39 produced the highest greed pod yield (31.3
t/ha and 31.2 t/ha, respectively). In addition, genotypes studied in the experiment were all well adapted to
the study area and therefore, high yielding genotypes viz LB-31, Chaumase and LB-39 could be directly
used as seed sources for production of French bean. Cluster number per plant, pod number per plant, green
pod weight per pod, and green pod weight per plant showed significant positive association with green pod
yield and dry grain yield so selection of these traits should be done to enhance the yield potential in French
bean genotypes. In addition, dry pod number per plant, seed number per pod, dry grain weight and hundred
grain weights can be considered the important traits for selection to improve the grain yield of French bean.
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