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Abstract: The global surface temperature in the world has increased by about one degree since pre-industrial period and it is estimated that the 

temperature increase will continue in the future owing to climate change. Heat-resilient bean species (Phaseolus spp.) are required to supply 

requirements for the near future. The aim of this study is (i) to determine the heat-resilient beans including eight genotypes of P. acutifolius A. Gray, 

two genotypes of P. dumosus Macfady, eight genotypes of P. coccineus L., five genotypes of P. lunatus L., six genotypes of P. vulgaris L., and an 

interspecific hybrid between P. vulgaris × P. coccineus, (ii) to compare local cultivars to Phaseolus species and (iii) to evaluate phenological, 

morphological and agronomic characteristics using factor and phenotypic correlations. A total of 30 genotypes were subjected to heat stress during 

reproductive stage under greenhouse conditions. Maximum temperature was rise the 55 0C. The phenological, morphological and agronomical 

characteristics of Phaseolus species were studied using phenotypic correlations and factor analysis. A genotype (PI-319447) of P. acutifolius and two 

registered cultivars (Goynuk98 and Ozayse) of P. vulgaris and three genotypes (PI-312198, PI-535202 and PI-535236) of P. acutifolius were determined to 

be earlier-flowered genotypes. A registered cultivar (Goynuk98) and landrace (APN3062) of P. vulgaris had the highest seed yield per plant.Seed yield 

is considered an important character in determining stress tolerance. Heat-resilient genotypes of P. acutifolius and P. vulgaris were considered to be not 

only escape ability via earliness but also buffering capability of heat stress. Some local cultivars were considered to grow under heat stress conditions 

due to high seed yield. 
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& 
Öz: Sanayi öncesi döneme göre dünya genelinde yüzey sıcaklığı yaklaşık bir derece artmış ve iklim değişikliği nedeniyle de sıcaklık artışının gelecekte 

de devam edeceği tahmin edilmektedir. Yakın gelecekteki ihtiyaçları karşılamak için sıcaklığa dayanıklı fasulye türlerine (Phaseolus spp.) ihtiyaç 

duyulmaktadır. Bu çalışmanın amacı (i) sekiz P. acutifolius A. Gray genotipi, iki P. dumosus Macfady genotipi, sekiz P. coccineus L. genotipi, beş P. 

lunatus L. genotipi, altı P. vulgaris L. genotipi ve P. vulgaris × P. coccineus türler arası bir melez olmak üzere sıcaklığa dayanıklı fasulyeleri belirlemek, 

(ii) yerel çeşitleri Phaseolus türleriyle karşılaştırmak ve (iii) faktör ve fenotipik korelasyonlar kullanarak fenolojik, morfolojik ve agronomik özellikleri 

değerlendirmektir. Toplam 30 genotip, sera koşullarında sıcaklık stresine maruz bırakılmıştır. En yüksek sıcaklık 55 0C olarak ölçülmüştür. Phaseolus 

türlerinin fenolojik, morfolojik ve agronomik özellikleri fenotipik korelasyon ve faktör analizleri kullanılarak değerlendirilmiştir. P. acutifolius'un bir 

genotipi (PI-319447) ve P. vulgaris'in iki tescilli çeşidi (Goynuk98 ve Ozayse) ile P. acutifolius'un üç genotipi (PI-312198, PI-535202 ve PI-535236) daha 

erken çiçek açan genotipler olarak belirlenmiştir. P. vulgaris'in tescilli bir çeşidi (Goynuk98) ve yerel çeşidi (APN3062), bitki başına en yüksek tane 

verimine sahip olmuştur. Tane verimi stres toleransını belirlemede önemli parametre olarak görülmektedir. P. acutifolius ve P. vulgaris'in sıcaklığa 

dayanıklı genotiplerinin, erken olgunlaşmayla sıcaklıktan kaçma yeteneğinin yanı sıra sıcaklık stresine katlanma yeteneğine de sahip olduğu 

düşünülmektedir. Bazı yerel çeşitlerin ise yüksek tane verimi nedeniyle sıcaklık stresi koşullarında yetiştirilebileceği düşünülmektedir. 
Anahtar Kelimeler: Tarımsal özellik, Fasulye, Sıcaklık, Morfolojik özellik, Phaseolus, Fenolojik özellik  
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INTRODUCTION 

The genus Phaseolus L. belongs to the Fabaceae family having five cultivated species: tepary bean (P. 

acutifolius A. Gray), runner bean (P. coccineus L.), lima bean (P. lunatus L.), year bean (P. dumosus 

Macfady), and common bean (P. vulgaris L.).It is considered each of independent domestication processes 

from different wild progenitors (Almeida and Pedrosa-Harand, 2013; Dohle et al., 2019; Tene et al., 2025). 

Among them, P. vulgaris is the most important food legumes in the world. Beans are the oldest cultivated 

plants of the New World, originating from Central and South America (Broughton et al., 2003). Two gene 

pools are reported to be Central America (Mesoamerica) and South America (Andean Region) (Angioi et 

al.,2010;Bitocchi et al., 2012; Borel et al., 2013; Checa et al., 2006; Cortes,2013;Gepts, 1998; Kwak and 

Gepts, 2009; Suárez et al., 2021b). The Mesoamerican gene pool stretches from Mexico to Colombia, and 

the Andean gene pool elasticities from Southern Peru to Northwest Argentina (Aquino-Bolaños et al., 

2016; De la Fuente et al.,2012;García-Díaz et al., 2022; Rosario-Arellano Del et al.,2025;Suárez et al., 

2021b).They are important food sources in human nutrition with their high content of protein, vitamins A 

and C, carbohydrates and minerals, and low-fat content. It is consumed both as fresh and dry seeds, and 

as canned and frozen pods (Asfaw et al., 2017; Basavaraja et al., 2020; Burbano-Erazo et al., 2021; Flores-

Sosa et al., 2020; Lioi et al., 2019; Paredes et al., 2009; Pineda Ivars et al., 2023; Reddy Rajasekhar et 

al.,2024;Suárez et al., 2021b; Yeken et al., 2018a,2018b,2018c). Since the bean began to be cultivated, many 

genotypes have been improved that show differences in agro-morphological characteristics such as seed 

size, seed quality and growing season, and this variety is used in breeding and expanding the gene pool 

(Sinkovič et al., 2019). Beans are grown on the five main continents, these locations being East Africa, 

North and South America, Asia and West-Southeast Europe (Smart, 1992).Among the pulses, beans are 

the most affected by adverse growing conditions. Although an important legume, about 60% of common 

bean production occurs under short-term or terminal drought stresses (Asfaw et al., 2017; Omae et al., 

2012; Suárez, et al., 2021a). The bean, which is very sensitive to drought stress, is adversely affected by 

drought stress (Bomers et al., 2022; Burbano-Erazo et al., 2021; Gross and Kigel, 1994). When the 

temperature is higher than 35 ⁰C, pollen viability is reduced (Mackie, 1943; Tene et al., 2023). The high 

temperatures that may occur in the summer season can cause significant reductions in the yield of 

especially sensitive bean genotypes (Gross and Kigel, 1994; Burbano-Erazo et al., 2021). 

Although beans are known as heat sensitive legumes, heat stress constraints bean production but the 

increase in temperature is predicted to rise in future owing to climate change. Global mean surface 

temperature (GMST) has risen by an average 0.87°C from pre-industrial period to second millennium, 

and GMST is estimated to increase of 0.15 to 0.20 °C per decade, which will limit bean production in most 

countries (Martínez-Nieto et al., 2022). Bean producers rely on heat tolerant bean cultivars under this 

scenario and circumstances.  

In the cultivation of beans, P. acutifolius, P. coccineus, P. costaricensis, P. lunatus and P. dumosus can be used 

as gene sources to improve their tolerance to heat and drought stresses in the desired direction (Lin and 

Marhart, 1990; Nurmansyah et al., 2020; Porch et al., 2013). It has been reported that the tolerance of P. 

acutifolius to drought stress depends on the potential of the leaves and roots to minimize water loss, that 

it can be used as a parent in drought stress resistance studies in different bean genotypes, and that bean 

genotypes that are resistant to drought stress can be obtained by transferring the combinations used as 

parents to a single genotype (Mohamed et al., 2005). Due to the ability of P. acutifolius to react to high 

temperature, drought stress and some diseases, it can be used in interspecific hybridization since 

intraspecific hybridization which is reduced in crop genetic diversity via the utilization of similar parents 

(Rainey and Griffiths, 2005) and the mentioned characteristics can be transferred from P. acutifolius into 

common bean cultivars (Lin and Marhart, 1990; Nurmansyah et al., 2020).  

Heat tolerant bean cultivars are needed to ensure bean production in the future. Like other cultivated 

plant crops, beans are exposed to two types of high temperature (heat) stress such as moderate 

(optimum) heat and extreme heat (shock) stresses. Moderate heat stress refers to the temperature values 

above the optimum temperature demand of the bean plant. Extreme heat, on the other hand, reduces 

bean growth and ultimately yield with extreme temperatures during the day (Mohamed et al., 2005; 
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Rainey and Griffiths,2005). Despite the studies mentioned on heat stress in bean species, comparative 

studies for evaluation of bean species on extreme heat stresses were limited when searching in Web of 

Science (2023). The aim of this study is (i) to elucidate heat-resilient bean genotypes that are tolerant to 

extreme temperatures in cultivated bean species including P. acutifolius, P. lunatus, P. dumosus, P. 

coccineus, (ii) to compare local cultivars to Phaseolus species, and (iii) to evaluate phenological, 

morphological and agronomic characteristics using factor and phenotypic correlations. 

MATERIAL AND METHOD 

Plant Materials 

Thirty bean genotypes including eight Phaseolus acutifolius, two P. dumosus, eight P. coccineus, five P. 

lunatus, one P. hybrid and two P. vulgaris L. were used in the study. These plant materials were obtained 

from the United States Department of Agriculture (USDA). Four registered beans (Nihatbey, Goynuk-98, 

Karacasehir-90 and Ozayse) in Türkiye were used as controls (Table 1). 

Table 1. Genotypes and registered cultivars of Phaseolus acutifolius, P. dumosus, P. coccineus, P. lunatus and P. vulgaris 

were used in the study. 

Çizelge1. Çalışmada kullanılan Phaseolus acutifolius, P. dumosus, P. coccineus, P. lunatus ve P. vulgaris tescilli çeşitler ve 

genotipler. 

No. Accession No. Origin Species Information 

1 PI 312198 Mexica P. acutifolius Genotypes 

2 PI 239056 Morocco P. acutifolius Genotypes 

3 PI 477033 USA P. acutifolius Genotypes 

4 PI 307802 El Salvador P. acutifolius Genotypes 

5 PI 309881 Costa Rica P. acutifolius var. acutifolius Genotypes 

6 PI 535202 USA P. acutifolius var. acutifolius Genotypes 

7 PI 535236 USA P. acutifolius var. tenuifolius Wild 

8 PI 319447 Mexica P. acutifolius Genotypes 

9 PI 325594 Mexica P. coccineus Genotypes 

10 PI 317580 Guatemala P. coccineus Genotypes 

11 PI 257222 Colombia P. coccineus Genotypes 

12 PI 311211 Guatemala P. coccineus Genotypes 

13 PI 535284 Guatemala P. coccineus var. coccineus Genotypes 

14 PI 257409 Costa Rica P. lunatus Genotypes 

15 PI 256820 Ecuador P. lunatus Genotypes 

16 PI 256423 El Salvador P. lunatus Genotypes 

17 PI 195341 Guatemala P. lunatus Genotypes 

18 PI 299389 Brazil P. lunatus Genotypes 

19 PI 201323 Mexica P. dumosus Genotypes 

20 PI 311196 Guatemala P. dumosus Genotypes 

21 PI 413672 Colombia Phaseolus sp. P. vulgaris× P. coccineus 

22 APN 3081 Italy P. coccineus Na 

23 APN 3080 Italy P. coccineus Na 

24 APN 3079 Italy P. coccineus Na 

25 APN 3062 Türkiye P. vulgaris Landrace 

26 APN 3015 Türkiye P. vulgaris Landrace 

27 Nihatbey Türkiye P. vulgaris Registered cultivar 

28 Goynuk98 Türkiye P. vulgaris Registered cultivar 

29 Karacasehir90 Türkiye P. vulgaris Registered cultivar 

30 Ozayse Türkiye P. vulgaris Registered cultivar 

PI: Plant introduction number in USDA GRIN; APN: Akdeniz University collection number; Na: Information not available 

 

Germination Techniques 

Pre-germination was carried out for the plant materials due to the fact that the material used in the 

experiment (especially the wild bean materials) might have germination difficulties (Toker et al., 2007). For 

this purpose, incisions were made in the seed coat to increase the water permeability of the seeds. Sowing 

for germination was done on Oct. 10th, 2018, with 3 seeds from each genotype in petri dishes. 20 cc of water 

was added to each petri dish and the humidity was checked regularly. After the germination process 

(approximately 20 days), the germinated seeds were planted in pots filled with peat and the first seedlings 
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developed in the pot. Plants that completed their first seedling development in pots were transplanted into 

the greenhouse on Nov. 5th, 2018. 

Experiment and Experimental Area 

The research was carried out in the Venlo Greenhouse of Faculty of Agriculture at the campus of Akdeniz 

University (30°38′ E, 36°53′ N, 51 m above sea level), Antalya, Türkiye. The experiment was established in 

the randomized complete plot/block design (RCPD) with three replications with 70 cm row spacing, 20 cm 

plant spacing in a row, and three rows per plot.  

Agronomical Practices 

The weeds in the experimental area were removed by hand during seedling stage. Neither fertilization nor 

pesticides was applied. A drip irrigation system was regularly applied to get rid of drought stress with a 

flow rate of 2 L per hour and 20 cm emitter spacing for each plant. Only extreme heat stress was therefore 

brought about in the experiment.  

Phenological and Agro-Morphological Characteristics 

Measured and calculated phenological and agro-morphological characteristics were realized as below 

(UPOV, 2005): days to flowering was recorded as number of days from transplanting to first flowering. 

Plant height was measured as cm with a ruler from ground to top of plant. Branches per plant was counted 

as number of main stems per plant. Pods per plant was counted as the number of pods per plant. Pod 

length was measured as mm with the caliper length of a pod. Pod width was measured as mm with a 

caliper wide of a pod. The pod diameter was measured as mm with a caliper diameter of a pod. Beak 

length was measured as mm with a caliper length of beak (top of pod). Seed length was measured as mm 

with a caliper length of a seed. The seed width was measured as mm with a caliper wide of a seed. The 

seed diameter was measured as mm with a caliper diameter of a seed. The number of seeds per pod was 

counted as number of seeds per pod. Seed yield was recorded as g per plant after harvest. 100-seed weight 

was recorded as g and then the total number of seeds was converted into hundred seeds.  

Data Analyses 

Data was statistically analyzed for analyses of variance (ANOVA) using MINITAB 17 software (MINITAB, 

2014). Factor analysis was performed to evaluate phenological and agro-morphological characteristics 

(Canci and Toker, 2009). 

Temperature and Humidity in Greenhouse 

The temperature and humidity of the greenhouse where the experiment was carried out are given in 

Figure 1. As seen in Figure 1, the maximum temperature in flowering and pod setting periods were 

recorded between 36-39.8 ⁰C and 39.8-55 ⁰C, respectively. The average humidity for the months was 71.8% 

thanks to irrigation and climate conditions in greenhouse. Thus, drought stress has never arisen during 

experiments. 
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Figure 1. Temperature and relative humidity with minimum, maximum and average values during growing season 

in greenhouse. 

Şekil 1. Yetiştirme sezonunda seradaki minimum, maksimum ve ortalama sıcaklık ve nisbi nem değerler. 

 

Soil Properties in the Experimental Area 

Soil properties in the experimental area in greenhouse were detailed in Table 2. The soil characteristics of 

the research area are as follows. Soil is neutral pH level; it is salt-free, has a loam structure, and it is low 

in organic matter (Table 2). Similar soil characters are informed by Tene et al., 2023. 

 
Table 2. Soil properties in the greenhouse. 

Çizelge 2. Seranın Toprak özellikleri. 

Soil Parameters Results Interpretation 

pH 7.48 Neutral 

EC (%) 0.06 No salinity effects 

Texture  Loam 

Organic matter (%) 1.73 Low 

Total N (%) 0.99 Medium 

Available P (Kg per da) 3.15 Low 

Exchangeable K (Kg per da) 194.00 Optimum 

 

RESULTS AND DISCUSSION 

Phenological, Morphological and Agronomical Characteristics 

Significant differences were found for plant height, number of branches per plant, 100-seed weight (g), 

number of seeds per pod, pod length (mm), pod width (mm), pod diameter (mm), beak length (mm), 

seed length (mm), seed width (mm), seed diameter (mm) and seed yield (g per plant) among the bean 

genotypes at p≤0.05, while days to flowering and seeds per pod were not significant (data not shown). 

Days to first flowering of the genotypes varied from 38 to 117 days. The earliest flowered genotype 

belonged to P. acutifolius (PI-319447), while P. coccineus had the latest flowered genotypes (PI-317580 and 

PI-257222) in Figure 2. Two registered cultivars (Goynuk98 and Ozayse) of P. vulgaris and three 

genotypes (PI-312198, PI-535202 and PI-535236) of P. acutifolius were determined as earlier-flowered 

genotypes (Figure 2). Plant height of genotypes was found between 22 and 355 cm. A genotype (PI-

312198) of P. acutifolius had the shortest plant height, while a genotype (PI-319447) of P. acutifolius had the 

highest plant height (Figure 3). Branches per plant of the genotypes were detected between 1 and 4 main 

stems per plant. PI-257409, a genotype of P. lunatus had the greatest number of branches per plant (Figure 

4). Pods per plant of the genotypes varied from 2 to 63 pods. The most pods per plant was found in 

Goynuk98, registered variety of P. vulgaris, and followed by PI-307802 (P. acutifolius) with 57 pods per 

plant and PI-299389 (P. lunatus) with 46 pods per plant (Figure 5). Seeds per pod was between 1 and 6 

seeds, and a genotype (PI-319447) of P. acutifolius had the most seeds per pod. In general, registered 

cultivars P. vulgaris had higher seeds per pod that of genotypes of P. lunatus and P. coccineus (Figure 6). 

The highest seed yield per plant produced in a registered cultivar (Goynuk98) of P. vulgaris and followed 

by landrace (APN3062) of P. vulgaris (Figure 7). 
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Figure 2. Days to first flowering time, bars indicated means ± standard errors. 

Şekil 2. İlk çiçeklenmegünsayısı, barları ± standart hataları. 

 

 
Figure 3. Plant height, bars indicated means ± standard errors. 

Şekil 3. Bitki boyu, barları ± standart hataları. 

 

 

 
Figure 4. Stem number, bars indicated means ± standard errors. 

Şekil 4. Dal sayısı, barları ± standart hataları. 

 

0

20

40

60

80

100

120

140

D
ay

s 
to

 f
lo

w
er

in
g

 (
D

ay
s)

0
50

100
150
200
250
300
350
400

P
la

n
t 

h
ei

g
h

t 
(c

m
)

0

1

2

3

4

5

P
I-

31
21

98

P
I-

23
90

56

P
I-

47
70

33

P
I-

30
78

02

P
I-

30
98

81

P
I-

53
52

02

P
I-

53
52

36

P
I-

31
94

47

P
I-

32
55

94

P
I-

31
75

80

P
I-

25
72

22

P
I-

31
12

11

P
I-

53
52

84

P
I-

25
74

09

P
I-

25
64

23

P
I-

19
53

41

P
I-

29
93

89

P
I-

20
13

23

P
I-

31
11

96

P
I-

41
36

72

A
P

N
 3

01
5

A
P

N
 3

06
2

A
P

N
 3

07
9

A
P

N
 3

08
0

A
P

N
 3

08
1

N
ih

at
b

ey

G
o

y
n

u
k

98

K
ar

ac
as

eh
…

O
za

y
se

S
te

m
 n

u
m

b
er

https://dergipark.org.tr/tr/pub/ijaws


Heat Stress Resilience of Phaseolus Species in Comparison to Local Cultivars 

 
Uluslararası Tarım ve Yaban Hayatı Bilimleri Dergisi-        https://dergipark.org.tr/tr/pub/ijaws  

     
143 

 

 
Figure 5. Pods per plant, bars indicated means ± standard errors. 

Şekil 5. Bitki başına bakla sayısı, barları ± standart hataları. 

 

 
Figure 6. Seed per pod, bars indicated means ± standard errors. 

Şekil 6. Baklada tohum sayısı, barları ± standart hataları. 

 

 
Figure 7. Seed yield, bars indicated means ± standard errors. 

Şekil 7. Tane verimi, barları ± standart hataları. 

 

In general, pod length of registered cultivars of P. vulgaris was longer than that of the other species. 

Ozayse and APN3062, registered cultivars of P. vulgaris had the longest pod having 58.72 mm and 56.36 

mm, respectively (Figure 8). Pod width of the genotypes ranged from 2.69 mm in genotype (PI-535236) of 

P. acutifolius var. tenuifolius to 8.73 mm in genotype (PI-256423) of P. lunatus (Figure 9). As for pod 

diameter, the genotype PI-257222 (P. coccineus) had the widest pod diameter with 4.71 mm (Figure 10). In 

Figure 11, beak length in pod ranged from 1.13 mm (PI-299389) in P. lunatus to 9.69 mm (PI-257222) in P. 

coccineus. 
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Figure 8. Pod length, bars indicated means ± standard errors. 

Şekil 8. Bakla uzunluğu, barları ± standart hataları. 

 

 
Figure 9. Pod width, bars indicated means ± standard errors. 

Şekil 9. Bakla eni, barları ± standart hataları. 

 

 
Figure 10. Pod diameter, bars indicated means ± standard errors. 

Şekil 10. Bakla kalınlığı, barları ± standart hataları. 
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Figure 11. Beak length, bars indicated means ± standard errors. 

Şekil 11. Gaga uzunluğu, barları ±standart hataları. 

 

The heaviest and the largest seed were detected in a genotype (PI-257409) of P. lunatus with 78 g per 100-

seed weight, while the lightest and the smallest seed were identified in a genotype (PI-312198) of P. 

acutifolius with 2.82 g per 100-seed weight Figure 12. Seed length of the beans was between 2.28 mm (PI-

312198, a genotype of P. acutifolius) and 8.92 mm (Goynuk98, registered cultivar of P. vulgaris) (Figure 13). 

Seed width of the genotypes varied from 1.65 mm (PI-535236, a genotype of P. acutifolius var. tenuifolius) 

to 5.49 mm (PI-256423, a genotype of P. lunatus var.) (Figure 14). In Figure 15, PI-257222 (P. coccineus) had 

the widest seed diameter with 3.97 mm. The cultivars of P. vulgaris had wider seed diameter than that of 

the other species except P. coccineus. 

 
Figure 12. 100-seed weight, bars indicated means ± standard errors. 

Şekil 12. 100 tane ağırlığı, barları ± standart hataları. 

 

 
Figure 13. Seed length, bars indicated means ± standard errors. 

Şekil 13. Tane uzunluğu, barları ± standart hataları. 
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Figure 14. Seed width, bars indicated means ± standard errors. 

Şekil 14. Tane eni, barları ± standart hataları. 

 

 
Figure 15. Seed diameter, bars indicated means ± standard errors. 

Şekil 15. Tane kalınlığı, barları ± standart hataları. 

 

Seeds colors and shapes of genotypes and registered cultivars of Phaseolus used in the study (Figure S1). 

Some flowers of genotypes and registered cultivars of Phaseolus used in the study (Figure S2). In Figure 

S3,some pods of genotypes and registered cultivars of Phaseolus used in the study. Some leaves samples 

of genotypes and registered cultivars of Phaseolus used in the study (Figure S4). 

Factor Analysis 

Three factors are explained with variance of 76.9% having ˃ 1 variance value. Factor 1 consisted of seed 

width, pod diameter, seed length, 100-seed weight, pod width, seed diameter and seed yield with 

positive loadings, whereas factor 2 contained beak length of pod, seed per pod, and pod length, with 

negative loadings, and days to flowering. Factor 3 had three characteristics as pods per plant, plant 

height and stem per plant with positive loadings (Table 3).  

Correlations Analyses 

As seen in Table 3, correlation analysis showed that grain yield was significantly and positively 

correlated with the plant height (r = 0.132), stems per plant (r = 0.047), and pods per plant (r = 0.682) but 

negatively correlated with the days to flowering (r = -0.087). The pod length (mm) was strongly and 

positively associated with 100-seed weight (r = 0.897) and pod width (r = 0.803). Beak length was highly 

and positively related with pod length (r = 0.701) in Table 4. Similar results were explained by Tigist et al. 

2023 among 15 agro-morphological characters in 144 common bean genotypes. 
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Table 3. Factor loadings, communalities and phenotypic correlations between seed yield and the studied 

characteristics in genotypes and registered cultivars of Phaseolus acutifolius, P. dumosus, P. coccineus, P. lunatus and P. 

vulgaris L. 

Çizelge 3. Phaseolus acutifolius, P. dumosus, P. coccineus, P. lunatus ve P. vulgaris tescilli çeşitler ve genotiplerin dane 

verimi ve çalışılan özellikler için faktör analizleri ve fenotipik korelasyonlar. 

Variables Factor 1 Factor 2 Factor 3 Communalities 

Seed width (mm) 0.940 0.238 -0.125 0.956 

Pod diameter (mm) 0.939 -0.112 -0.126 0.910 

Seed length (mm) 0.910 0.068 -0.018 0.833 

100-seed weight (g) 0.933 0.205 -0.166 0.939 

Pod width (mm) 0.867 0.424 -0.061 0.881 

Seed diameter (mm) 0.829 -0.259 -0.156 0.778 

Seed yield (g) 0.556 -0.523 0.516 0.849 

Beak length (mm) 0.460 -0.764 -0.103 0.806 

Seeds per pod (No) -0.235 -0.736 0.129 0.614 

Pod length (mm) 0.627 -0.696 -0.061 0.881 

Days to flowering (Days) 0.272 0.660 0.089 0.517 

Pods per plant (No) 0.130 -0.253 0.806 0.730 

Plant height (cm) 0.288 0.378 0.523 0.499 

Stems per plant (No) 0.271 -0.253 0.479 0.521 

Variance 6.1 3.1 1.5 10.7 

Variance (%) 43.7 22.2 11.0 76.9 

Bold data indicate factor loadings each characteristic. 

 
Table 4. Correlations among studied characteristics in genotypes and registered cultivars of Phaseolus acutifolius, P. 

dumosus, P. coccineus, P. lunatus and P. vulgaris L. (n-2=28). 

Çizelge 4. Phaseolus acutifolius, P. dumosus, P. coccineus, P. lunatus ve P. vulgaris L. tescilli çeşitler ve genotiplerin 

çalışılan özellikler için korelasyon analizleri (n-2=28). 
Characters  Days to 

flowering 

(Days) 

Plant 

height 

(cm) 

Stems 

per 

plant 

(No) 

Pods 

per 

plant 

(No) 

Seed 

yield 

(g) 

100-

seed 

weigh

t (g) 

Seeds 

per pod 

(No) 

Pod 

length 

(mm) 

Pod 

width 

(mm) 

Pod diameter 

(mm) 

Beak 

length 

(mm) 

Seed 

length 

(mm) 

Seed 

diameter 

(mm) 

Plant 

height (cm) 

0.040             

Stems per 

plant (No) 

0.166 0.208            

Pods per 

plant (No) 

0.059 0.081 0.059           

Seed yield 

(g) 

-0.087 0.132 0.047 0.682**          

100-seed 

weight (g) 

0.317 0.396* 0.262 -0.070 0.290         

Seeds per 

pod (No) 

-0.271 -0.204 -0.248 0.127 0.243 -0.403*        

Pod length 

(mm) 

-0.103 0.019 -0.050 0.071 0.601** 0.479** 0.468**       

Pod width 

(mm) 

0.458* 0.365* 0.345 -0.033 0.221 0.848** -0.500** 0.211      

Pod 

diameter 

(mm) 

0.216 0.344 0.210 -0.008 0.449* 0.867** -0.178 0.675** 0.699**     

Beak 

length 

(mm) 

-0.033 0.047 -0.178 0.128 0.437* 0.386* 0.230 0.701** -0.073 0.541**    

Pod length 

(mm) 

0.335 0.343 0.199 0.135 0.533** 0.897** -0.375* 0.450* 0.803** 0.785** 0.356   

Seed width 

(mm) 

0.451* 0.384* 0.263 0.010 0.345 0.947** -0.456* 0.381* 0.918** 0.835** 0.237 0.929**  

Seed 

diameter 

(mm) 

0.240 0.254 0.124 0.088 0.378* 0.722** -0.176 0.637** 0.484** 0.859** 0.686** 0.611** 0.681** 

 

Discussion 

Although bean species prefer growing optimum temperature between 20 and 25 °C (Porch, 2006; Porch 

and Jahn, 2001; Stefanov et al., 2011; Singh et al., 2014; Türkan et al., 2005) beans in this study were 

subjected to extreme heat stress especially pod setting stage. Plants were survived at extreme temperature 
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between 39.8 and 55 ⁰C (Figure 1) and produced considerable pods per plant (Figure 2). Cultivated beans 

were reported to be relatively more sensitive to drought stress and salinity stress compared to other 

legumes. On the other hand, it has been known that P. acutifolius can be widely grown under high 

temperature and drought conditions for thousands of years. P. acutifolius is an important gene source in 

drought resistance breeding studies (Türkan et al., 2005). P. acutifolius was not only drought tolerant but 

also heat tolerant species (Figure 2). P. acutifolius could be gain drought and heat tolerance traits during 

before domestication since it originated from south of North America. P. acutifolius is grown under arid 

and semi-arid conditions, with high temperatures, low and variable precipitation, and alkaline soils (Lin 

and Marhart 1990; Dohle et al., 2019). P. acutifolius is still predominantly grown only in its region of origin 

in the warm deserts of Mexico and the USA (Bornowski et al., 2023), although it is the subject of 

increasing interest in similar agroecological regions of Africa and South Asia (Small, 2014). P. acutifolius is 

a drought-tolerant species so it would cross with wild relatives and common beans (Buitrago-Bitar et al., 

2021). P. lunatus is grown in the warm humid tropics, important nutrition contents and rich in antioxidant 

so that's a popular source of protein in many countries (Purwanti and Fauzi, 2019), while P. coccineus is 

grown under cool highland conditions in South America (Mulanya et al., 2019), and it is native for 

Mexico, Guatemala and Honduras (Jankulovskaa et al., 2021). P. coccineus is adapted to primarily in 

similar cool regions European countries (Hamburdă et al., 2014; Guerra-García et al., 2017; Dohle et al., 

2019), and it endures low temperatures (below zero degrees) therefore an alternative for upland (˃2400 

m) and also tolerates drought conditions (Vázquez et al., 2014). P. coccineus is an important bean species 

that is the third most produced after P. vulgaris and P. lunatus (Lioi et al., 2019). It is grown as an 

ornamental plant as well as for fresh and dry consumption. Due to the low temperature requirement 

during seed germination and plant growth periods, it can be grown in colder production areas than P. 

vulgaris (Spataro et al., 2011). P. dumosus is cultivated form of a species that is the result of a naturally 

occurring hybridization between the progenitors of common and runner bean (Mohamed et al., 2005). 

Common beans are of mid- to high-land origin, and their productivity is limited by different abiotic 

stresses like as high temperature (Nadeem and Baloch, 2023). It is an important protein source used in 

human nutrition in hot and arid production areas where the cultivation of P. vulgaris and P. lunatus is 

limited (Almeida and Pedrosa-Harand, 2013). Among the most important characteristics of P. dumosus, 

which has less diversity compared to other bean species, are its adaptation to humid and highland 

production areas and its resistance to some fungal diseases such as anthracnose caused by Colletotrichum 

lindemuthianum (Sacc. & Magnus) Briosi & Cavara (Mohamed et al., 2005). 

In common bean phenological adaptation, plant-water relations, photosynthetic metabolism, and shoot 

growth are play an important role in tolerance of heat and drought (Hamabwe et al., 2023). According to 

estimation of the global climate change regime, the temperature will rise in the range of 1.4-5.8 C by the 

end of 2100 (Shankar et al., 2023). Drought stress leads to decrease in yield to common bean especially 

with climate change (Landi et al., 2023). During the flowering stage, drought causes important flower and 

pod deformations therefore cause high yield loss in common beans. Also, this situation has been reported 

in lots of studies (Papathanasiou et al., 2022). In general, the early flowered genotypes of Phaseolus species 

were found to be more pod length and seeds per pod. In contrast some plant breeders were defended that 

late maturing bean genotypes have higher yielder than earlier because of nutrients uptake and 

photosynthesize (Cattel, 1965). Significant correlations have been detected among the seeds per pod, 

plant type, growth habit and days to flowering agronomic traits in common bean breeding (Mammo et 

al., 2015). According to Nadeem and Baloch (2023), pod and seed traits that contribute significantly to 

common bean yield. Phaseolus species with the more pods per pod had the more stems per plant with 

higher plant height. Each factor indicated that one characteristic at least could be considered for high seed 

yield under moderate heat stress conditions. Thanks to factor analysis, breeders will be assessed with few 

correlated characteristics instead of many characteristics (Table 3 and 4). Prior to the present study, the 

use of factor analysis was suggested by (Cagirgan and Yildirim,1990; Cattel, 1965; Mammo et al., 2015; 

Marzooghian et al., 2012; Majid et al., 1982; Nemli et al., 2014; Toker, 2004; Toker and Cagirgan, 2004; 

Sadeghi et al., 2011). As shown in previous studies, seed or pod characteristics in the present study 

should be handed to elucidate for high yield during selection. Development of new varieties depends on 
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genetic diversity (Lin and Marhart, 1990). Wild relatives of plants are a potential source of both disease-

resistance genes and have greater adaptability to different stresses like biotic and abiotic stresses 

(Shankar et al., 2023). Seed yield was grouped into the same factor with seed width, pod diameter, seed 

length, 100-seed weight, pod width, and seed diameter with positive loadings (Table 3) indicating that 

one of these traits can be evaluated for high seed yield instead of many traits. Prior to this study, Canci 

and Toker (2009) suggested reducing selection criteria using factor analysis in chickpea. Seed yield was 

significantly and negatively correlated with the days to flowering (Table 4) explaining that the beans 

having more seed yield flowered earlier (Figure 2). On the other hand, seed yield was positively 

correlated with the plant height, stems per plant, and pods per plant showing that high seed yield in 

beans depended on high plant height, more stems and pods per plant (Table 3 and 4). Under heat stress 

conditions, beans having high seed yield can be selected via these traits. Pod length and pod weight have 

considerations for yield improvement by conventional selection breeding. In addition, pod length is 

positively correlated with seeds per pod and 100 seed weight (Ellis et al., 2021). 

CONCLUSION 

As a result of the study, PI-319447 (P. acutifolius), Goynuk98 (P. vulgaris), PI-312198 (P. acutifolius) and 

Ozayse (P. vulgaris) genotypes were determined to be the earliest flowering. The genotypes with the 

highest number of pods per plant were Goynuk98 (P. vulgaris), PI-307802 (P. acutifolius). The local variety 

(APN 3062) stands out with its number of seeds per pod, pod length, pod diameter and seed yield. The 

pod width, seed length and seed width of PI-256423 (P. lunatus) were determined at the highest values. P. 

acutifolius and P. lunatus are known for their tolerance to high temperature and drought. A registered 

cultivar had the highest seed yield per plant. Some local cultivars including Goynuk98 and APN3062 P. 

vulgaris were considered to grow under heat stress conditions due to high seed yield. Heat-resilient 

genotypes of P. acutifolius and P. vulgaris were considered to be not only escape ability via earliness but 

also buffering capability of heat stress.  
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SUPPLEMENTARY  

 

     
P. acutifolius 

(PI 312198) 

P. acutifolius 

(PI 477033) 

P. acutifolius var. 

acutifolius 

(PI 535202) 

P. acutifolius var. 

tenuifolius 

(PI 535236) 

P. acutifolius 

(PI 319447) 

     
P. coccineus 

(PI 325594) 

P. coccineus 

(PI 317580) 

P. coccineus 

(PI 257222) 

P. coccineus 

(PI 311211) 

P. coccineus var. 

coccineus 

(PI 535284) 

     
P. lunatus 

(PI 257409) 

P. lunatus 

(PI 256820) 

P. lunatus 

(PI 256423) 

P. lunatus 

(PI 195341) 

P. lunatus 

(PI 299389) 

     
P. dumosus 

(PI 201323) 

P. dumosus 

(PI 311196) 

Phaseolus sp. 

(PI 413672) 

P. coccineus 

(APN 3081) 

P. coccineus 

(APN 3080) 
Figure S1. Seeds of genotypes and registered cultivars of P. acutifolius, P. dumosus, P. coccineus, P. lunatus and P. 

vulgaris used in the study. 

Şekil Ek 1.Çalışmada kullanılan P. acutifolius, P. dumosus, P. coccineus, P. lunatus ve P. vulgaris tescilli çeşitler ve genotiplere 
ait taneler. 
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P. acutifolius 

 

P. coccineus P. coccineus 

 

 

 

P. dumosus P. dumosus P. vulgaris 

Figure S2. Flowers of genotypes and registered cultivars of P. acutifolius, P. dumosus, P. coccineus, P. lunatus and P. 
vulgaris used in the study.  

Şekil Ek 2. Çalışmada kullanılan P. acutifolius, P. dumosus, P. coccineus, P. lunatus ve P. vulgaris tescilli çeşitler ve genotiplere 

ait çiçekler. 
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P. acutifolius P. coccineus P. dumosus 

 
 

 

P. lunatus P. vulgaris P. vulgaris 

Figure S3. Pods of genotypes and registered cultivars of P. acutifolius, P. dumosus, P. coccineus, P. lunatus and P. 
vulgaris used in the study. 

Şekil Ek 3. Çalışmada kullanılan P. acutifolius, P. dumosus, P. coccineus, P. lunatus ve P. vulgaris tescilli çeşitler ve genotiplere 

ait baklalar. 
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P. acutifolius (PI 312198) P. acutifolius var. tenuifolius 

(PI 535236) 

P. coccineus (PI 317580) 

 
  

P. dumosus (PI 201323) P. lunatus (PI 257409) P. vulgaris (APN 3015) 

Figure S4. Leaves of genotypes and registered cultivars of P. acutifolius, P. dumosus, P. coccineus, P. lunatus and P. 
vulgaris used in the study. 

Şekil Ek 4. Çalışmada kullanılan P. acutifolius, P. dumosus, P. coccineus, P. lunatus ve P. vulgaris tescilli çeşitler ve genotiplere 

ait yapraklar. 
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