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ABSTRACT 

This study covers the morphological characteristics, growth behavior, and cultivation of yard-long beans 

(green and red surface fruits) as vegetable for urban communities. This study shows many similarities in the 

morphological traits (leaf shape and color, as well as the number of leaflets) and growth behavior (climbing 

growth, flowering time, fruiting, and harvesting) between the two cultivars. The green-fruited cultivar had 

smaller leaves and fever leaves, lesser leaf weight, thinner petioles, and lower SPAD value compared to the 

red-fruited one. In both cultivars, the leaves slightly wilt at midday, but this did not have a negative effect 

on fruit growth and average fruit size in the long term. The fruits can be harvested 8–10 days after the petals 

and stamens have fallen. The earliest matured pods also become the longest and heaviest. After harvesting 

the initial pod, it will flower and bear fruit again on the same bunch. However, in the same bunch and at the 

same time only 1 or 2 pods will grow to marketable size. The green cultivar produced a larger fruit yield than 

the red, but their quality was comparable. Both yard-long bean cultivars responded to the solar tracking 

phenomenon, the upper surface of the leaf being dominantly oriented to the east. 

 
Key words: fruiting vegetable, harvest period, leaf solar tracking, temporary wilting, urban farming 
 

INTRODUCTION 
 

The area of agricultural land is decreasing due 

to conversion of its use to various other interests that 

are more profitable (Fang et al. 2024; Ivanka et al. 

2024). This condition is also in conflict with the in-

creasing demand for food in line with the population 

growth (Putra et al. 2020; Rozi et al. 2023). The re-

duction of land area for food crops in rural areas has 

triggered the emergence of the use of urban land for 

the cultivation of horticultural crops, especially veg-

etables (Degefu & Kifle 2024; Tuffour et al. 2024). 

Initially, cowpea was domesticated from wild 

genotypes in Africa, and later in Asia, some cowpeas 

evolved into yard-long beans (Kongjaimun et al. 

2012). Yard-long bean (Vigna unguiculata ssp. ses-

quipedalis (L.) Verdc.) is a fruiting vegetable that is 

a source of vitamins, minerals, and dietary fiber 

(Choi et al. 2024). This plant produces fruits with 

a harvest cycle of 45–60 days. It is suitable for verti-

cal cultivation in narrow lands in urban areas. Yard-

long beans are now popularly cultivated in Indonesia 

and the Southeast Asian region (Quamruzzaman et al. 
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2022), because they grow quickly, the first fruits can 

be harvested within 2 months of seed are planting, the 

productivity is relatively high, and they are liked by 

consumers. Although breeding efforts have not been 

extensive (Suma et al. 2021), there are several yard-

long bean cultivars in Southeast Asia, including those 

with dominant green fruit, red or purple fruit that are 

beginning to attract consumer attention, and pale 

green fruit that are less attractive (Ahmed et al. 2024). 

This study focused more on the first two cultivars. 

Yard-long beans are typically cultivated by 

farmers on relatively large land, in monoculture, 

and for commercial purposes, but this plant can also 

be planted in the backyards of houses to meet the 

needs of families in urban areas. Yard-long bean is 

a tall, climbing herbaceous annual plant with long, 

stringless pods and a nutritious source of vitamins, 

minerals, and dietary fibers. Cultivation is carried 

out vertically using climbing fences to save on lim-

ited available space. 

This study was conducted to provide an in-

depth understanding of the morphology, growth be-

havior, and potential of green and red yard-long 

beans when cultivated in urban areas with limited 

availability of open space in tropical climate zones. 

 

MATERIALS AND METHODS 

 

This research was carried out during the dry 

season in June–August 2024 in the tropical lowlands, 

at an altitude of less than 10 meters above sea level 

but rarely submerged in water because it is located 

near drainage channels in the urban area of Palem-

bang, Indonesia. The research location was Jakabar-

ing Research Facility (104°46ʹ44ʺE, 3°01ʹ35ʺS), Pa-

lembang, Indonesia. The study was conducted at the 

beginning of the dry season, as indicated by the de-

crease in rainfall. The monthly rainfall in June, July, 

and August gradually decreased to 219.00 mm, 

63.50 mm, and 27.20 mm, respectively, while the av-

erage relative humidity also decreased slightly to 

83.27%, 79.88%, and 76.33%. The experiment in-

cluded two commercial, locally selected cultivars of 

yard-long beans: one with green fruit (more com-

monly cultivated) and one with dark red fruit (which 

we want to introduce for cultivation on a larger scale). 

Perfect seeds (uniform size, color, no spots and 

rottenness) were soaked in tap water for 2 hours and 

immediately planted in pots 30 cm high, 30 cm in 

diameter, and 10 liter in volume. The pots were first 

filled with topsoil mixed with humus and dead 

leaves that had completely decomposed. The pots 

were filled with growing substrate to a thickness of 

25 cm and, in addition to the four holes on the bottom 

surface of the pot, which serve for drainage, four 

holes were also added on the side walls of the pot at 

a height of 25 cm, parallel to the soil surface in the pot. 

Six pots were placed in a line next to a climb-

ing fence. There were five sets of climbing fences 

with 30 pots. Three plants were planted in each pot. 

Therefore, the total number of plants was 90. The 

plants were trained to grow vertically. 

The stems elongate rapidly after 3 weeks from 

planting. After 5 weeks, the length of the main stem 

reaches about 2 meters. The reproductive phase begins 

after 5–6 weeks. Flowers bloom on compound stems, 

starting from the base of the flower raceme. At the mo-

ment of petal fall, the potential fruit becomes easily vis-

ible, elongated, round in shape about 1 mm in diameter 

and about 1–2 cm long. The elongated fruit can reach 

over 60 cm in a little less than 10 days. The proper cri-

terion for harvesting is when the fruit is still young and 

the protruding seeds from the inside of the fruit are not 

too visible. Fertilization was done three times with Mu-

tiara NPK fertilizer (16:16:16), in the early vegetative 

phase, in the generative phase, and at the end of the 

productive phase. The dose at each time of fertilization 

was 6, 9, and 5 g per pot. Watering was carried out 

regularly in the afternoon when there was no rain. 

Meanwhile, weed, pest, and disease control was 

done mechanically and did not include pesticides. 

Data collection and analysis 

Midrib length data were measured at 6.00 am and 

6.00 pm on selected terminal leaflets. The criterion 

used was to start measurements when the midrib 

length was approximately 1 cm until the terminal 

leaflet stopped elongating, which took less than 12 

days. The collected data were used to visualize the 

midrib elongation curve and its elongation behavior 

during the day and night. 

Yard-long bean leaves are classified as trifoli-

ate with three leaflets. The lateral leaves are the same 

shape and size. The area of the middle leaflet was 

measured using the Easy Leaf Area application, 

a digital image scanner developed by Easlon and 

Bloom (2014). The measurement procedure was per-

formed by capturing each leaf, and then the leaf area 

was automatically recorded in the application. 
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SPAD values were measured to compare the leaf 

greenness or chlorophyll content between green and red 

fruiting yard-long beans. Measurements were taken us-

ing a Konica-Minolta SPAD-502 Plus chlorophyll meter. 

Leaf fresh and dry weight, leaf water content, spe-

cific leaf weight, and total mature leaf area were meas-

ured in the morning (6.00–7.00 am) and at noon (12.00–

1.00 pm). These data were used to detect temporary leaf 

wilt under midday conditions. Leaf area, petiole length, 

diameter, volume, and rachis length were used for mor-

phological comparison of green and red yard-long 

beans. Pod length was measured every day for 10 days 

to check the fruit elongation rate, which was used as 

a reference for determining the fruit harvest time. 

Data were processed according to the purpose 

of their collection. Regression analysis was used to 

understand the trend and patterns related to leaf ex-

pansion, fruit enlargement, and plant growth, while 

pairwise comparison using paired t-test analysis was 

used to compare morphological components of 

plants between cultivars. Statistical analysis was per-

formed using RStudio, developed by Posit PBC. 
 

RESULTS AND DISCUSSION 
 

The length of the terminal leaflets was measured 

after the leaf bud had expanded, averaging 1.7 cm for 

green and 2.7 cm for red yard-long beans. The ter-

minal leaflet midrib stopped elongating within 10–

12 hours, as did the leaflet blade. The average mid-

rib length at maturity was significantly longer in red 

(19.3 cm) than in green (16.6 cm) yard-long beans 

(Fig. 1). The rate of relative midrib elongation dur-

ing the day and night showed that the midrib elon-

gation process occurs faster at night than during the 

day in both green and red yard-long beans (Fig. 1). 

The midrib elongation curve in the first half fol-

lows the shape of an exponential curve and forms an 

asymptotic curve at the end of the curve. The combi-

nation of exponential-asymptotic curves forms a sig-

moidal curve, which was initially slow, then in-

creased rapidly, then became slow, and then flattened 

out, as an indication that the midrib elongating pro-

cess had stopped. Unfortunately, the slowest midrib 

elongation process (< 1 mm per 12 h) at the earlier 

stage of leaf development could not be captured be-

cause the three leaflets are still unfolded and over-

lapped. This research proves that the leaf midribs 

stop elongating or the leaf stops enlarging in less than 

10 days. In comparison, the relative leaf elongation 

rate decreased after 15 days for red, pink, and yellow 

Swiss chard (Lakitan et al. 2023). 

 

Figure 1. Midrib elongation pattern (A, B) and day–night relative elongation rates (C, D) of the green (A, C) and red (B, D) 
The odd numbers represent measurement at day and even numbers for night  
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The relative leaf expansion rate (RLER) in this 

study was varied between day and night, alternating 

every 12 hours, to determine the process of faster leaf 

expansion during the day or at night. The results of 

this study consistently proved that the RLER was 

higher at night compared to day for both green and 

red yard-long bean cultivars. Widuri et al. (2017) also 

reported that the dynamic changes in the RLER were 

mainly caused by the day-night cycle rather than 

long-term gradual drought stress. Plants grow and 

transpire at night. Nocturnal leaf growth provides 

more efficient use of the absorbed water compared 

with diurnal growth. Nocturnal transpiration and ex-

pansive leaf growth should be considered as a poten-

tial acclimation mechanism (Fricke 2020). In con-

trast, Shi et al. (2021) reported that daytime atmos-

pheric carbon dioxide improved plant growth and 

leaf quality of mulberry (Morus alba L.) seedlings. 

Leaf morphogenesis involves cell division, ex-

pansion, and differentiation in the developing leaf, 

which occur at different rates and in different posi-

tions along the mediolateral and proximodistal axes 

of the leaf. The cluster of green-fruited yard-long 

beans is different from that of red-fruited beans. 

However, there is a slight overlap between the two 

clusters. The leaves of red-fruited yard-long beans 

are larger than the leaves of green-fruited beans. 

Broad, thin leaves often cause temporary wilt-

ing at noon in the tropics. Temporarily leaf wilting 

is thought to be caused by an increase in transpira-

tion rates. They become disproportionate to the rate 

of water absorption by the root system in the soil or 

growing substrates. Midday measurements have 

been proven to significantly reduce leaf water con-

tent of green and red yard-long beans, but this de-

crease was temporary (Fig. 2). 

The decrease in leaf water content is then fol-

lowed by a decrease in the water content in the up-

per above-ground organs. However, the temporary 

wilting at noon did not significantly inhibit growth 

and yield in the long term, as long as the plants were 

watered in the evening. Leaf dry weight, leaf spe-

cific weight, and mature leaf blade area were not 

significantly affected by the temporary decrease in 

water status. The decrease in leaf moisture content 

did not reach the point of permanent wilting.  

Figure 2. There are means from some water related traits measured at early morning compared to at around midday on the green 
and red yard-long bean  
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The differences in morphological traits be-

tween green and red cultivars are shown in Table 1. 

Some traits were comparable, such as petiole length, 

rachis length, petiole dry weight, rachis to petiole 

ratio, and water content to leaf area ratio. However, 

red yard-long beans are larger in many other re-

spects, including leaf area, fresh, and dry weight, 

and petiole diameter, fresh weight, and volume (Ta-

ble 1). In short, the red yard-long beans have larger 

leaves and petioles than green ones. The fruit should 

be harvested immediately after 8–10 days of petal 

and stamen withering and falling. As a fruiting veg-

etable, the yard-long bean is ideally harvested when 

the fruit has elongated to near maximum length, the 

cross-section of the fruit is oval, but the seeds are 

not excessively inflated and visible from the outside 

of the fruit. Although the leaves size are smaller on 

average, the green yard-long beans produce fruit 

that is slightly longer and wider than the red beans. 

Green and red yard-long bean plants were cul-

tivated under the same agroclimatological condi-

tions. Therefore, there are differences in the leaf 

size, fruits, and other morphological traits because 

they come from different genetic sources. South-

east Asia is the center of yard-long bean diversity. 

However, not many breeding efforts have been car-

ried out so far. Suma et al. (2021) encouraged 

breeding efforts focused on increasing fruit yield. 

Productivity is enhanced by increasing the number of 

pods per plant, earlier harvesting, inhibition of stem 

elongation, resistance and tolerance to biotic stress, 

and adaptation to different agroclimatic conditions. 

The number of leaves on the main stem, total 

fresh and dry leaf weigh, fresh and dry stem weight, 

and stem diameter of red-fruited yard-long beans 

were significantly different from those of green-

fruited beans. However, other morphological traits, 

including main stem length, number of branches, total 

stem fresh and dry weight, root length, and total 

branch dry weight, were not significantly different. 

SPAD value has been widely used as a rapid, reliable, 

and real-time approach to determining chlorophyll 

and nitrogen content in leaves. Red yard-long beans 

have red skin color, but the leaves remain green. Com-

parison of the two cultivars showed that the leaves of 

the red-fruited cultivar were richer in chlorophyll than 

those of the green-fruited cultivar (Table 2). 

This research was conducted using a climbing 

frame facing two different directions, a climbing 

frame oriented perpendicular to the east–west sun-

light trajectory and a climbing frame with the north–

south side parallel to the sunlight trajectory. The 

growth of the stems and leaves of yard-long beans 

is predominantly oriented to the east or toward sun-

rise. The upper surface of the leaf blade is predomi-

nantly oriented to the east (Fig. 3). 

 
Table 1. Morphological comparison of green and red yard-long beans 
 

Traits Green Red p 

Leaf area (cm2) 57.11 84.49 ** 

Leaf fresh weight (g) 1.14 1.74 ** 

Leaf dry weight (g) 0.16 0.26 ** 

Petiole length (cm) 10.43 10.37 ns 

Rachis length (cm) 3.73 3.93 ns 

Petiole diameter (mm) 28.79 33.85 ** 

Petiole fresh weight (g) 0.82 1.13 ** 

Petiole dry weight (g) 0.09 0.16 * 

Rachis to petiole ratio (cm per cm) 0.37 0.38 ns 

Water content to leaf area (% per cm2) 1.72 1.75 ns 

Petiole volume (cm3) 6.96 9.45 * 
 
* Significant difference based on paired t-test at p < 0.05; ** Significant difference based on paired t-test at p < .01; ns – nonsignificant difference 
based on paired t-test at p < 0.05  
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Table 2. Differences in plant components of green and red yard-long beans after all marketable fruit has been harvested 
 
Number of leaves on the main stem 11.00 14.32 * 

Leaf fresh weight (g) 42.22 56.77 * 

Leaf dry weight (g) 9.62 11.42 * 

SPAD value 44.80 52.29 ** 

Stem diameter (mm) 6.32 8.04 ** 

Stem fresh weight (g) 31.25 44.74 ** 

Stem dry weight (g) 6.27 7.50 * 

Main stem length (m) 2.07 2.20 ns 

Number of branches 9.27 9.30 ns 

Branch fresh weight (g) 10.28 11.82 ns 

Branch dry weight (g) 2.07 2.15 ns 

Root length (cm) 62.04 49.78 ns 

Root fresh weight (g) 18.15 25.52 * 

Root dry weight (g) 2.26 2.82 ns 
 
Note: see Table 1  

 
Figure 3. Solar tracking phenomenon in yard-long bean plants on the upper surface of leaf blades, which tend to face east as 
evidenced by the greater number of leaves (a), fresh leaf weight (b), and dry leaf weight (c) 

 

This phenomenon is commonly referred to as 

solar tracking. It has been known for more over half 

a century that leaves of many species can move di-

urnal, either perpendicularly or parallel to the rays 

of the sun. Leaves positioned perpendicularly for 

tracking purposes appear to have high rates of pho-

tosynthesis during the day, whereas leaves posi-

tioned parallel have reduced leaf temperatures and 

transpiration water losses (Ehleringer & Forseth 

1980). However, only elongating vegetative shoots 

perform phototropic solar tracking on the upper sur-

face of leaf blades (Kutschera & Briggs 2016). 

The largest fruit length, diameter, fresh weight, 

and seed number were found in the earliest har-

vested pods. The size and quality of the harvested 

fruits gradually decreased with time (Fig. 4). Rarely, 

it is seen that the flower and fruit have flower 

bunches that produce multiple fruits but not at the 

same time. At the same time, the bunches produce 

only one or two fruits. Nevertheless, after fruit har-

vest, one or two more fruits will reappear on the same 

bunches (Fig. 5A). The morphological characteristics 

of yard-long bean, which produces green and red 

fruits, do not differ much except for the color of the 

outer surface of the fruit. The numerous similarities 

between the cultivated cultivars are that the breeding 

of this plant is still not intensive. There is a large di-

versity of germplasm in this crop, but the main com-

mercial cultivars were developed through pure line 

selection (Pidigam et al. 2021).  
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Figure 4. Some morphological traits indicating that the best yard-long bean fruits are obtained in the earliest harvests and then their 
number gradually decreases in subsequent harvests 
 
 

 
Figure 5. Compound fruit bunches of yard-long bean (A), whole plant Vigna unguiculata ssp. sesquipedalis (B) 

 

CONCLUSION 

 

Yard-long beans grow quickly and can be har-

vested in less than two months. The pod is ready for 

harvest 8–10 days after the petals and stamens have 

fallen. After the first fruit is harvested, it will flower 

and bear fruit again on the same bunch. However, 

on the same bunch and at a time, only 1 or 2 fruits 

will grow to marketable size. The earliest fruits har-

vested also become the longest and heaviest. 

Leaf blades reach their maximum size in less 

than 10 days after leaf bud development. Leaves 

grow faster at night than during the day. Green-

fruited cultivars have smaller leaves, less leaf num-

ber and weight, and thinner petioles, but are similar 

in other morphological traits to red-fruited cultivars. 

The total fruit yield of the green cultivar is signifi-

cantly higher than that of the red cultivar, but fruit 

quality is equally excellent. The solar tracking phe-

nomenon is noticeable, the petiole is tilted, and the 

upper surface of the leaf is dominantly oriented to 

the east or toward sunrise. 
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