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Yam bean is a family of Leguminosae that developed as food crops of carbohydrate sources as well as 
protein from plant origin. Yam bean continuously grow up to 4-5 m and requires optimal plant spacing to 
keep the tubers enlarge optimally in the soil. The constraints that occur on the cultivation of yam bean 
are cultivation problems such as main stem pruning and arrangement the plant spacing in the optimal 
condition. This research was conducted from March 2017 to July 2017 at Bajulan Village, Papar Sub-
District, Kediri Regency, East Java. The study used Factorial Randomized Block Design with two 
treatments and three replications. The first factor consisted of J20 = 20 x 30 cm plant spacing, J25 = 25 
x 30 cm plant spacing, J30 = 30 x 30 cm plant spacing, and the second factor consisted of P25 = main 
stem pruning 25%, P50 = main stem pruning 50% , P75 = main stem pruning 75%. The result of this 
research showed that treatment plant spacing of 25 x 30 cm and treatment main stem pruning 75% 
could increase tuber weight and yield with total value of  991.02 g plant-1 and 166.49 t ha-1. 

Keywords: Yam bean, Main Stem, Pruning and Row Spacing 

 
INTRODUCTION 

Yam bean is a cormus plant originating from 
Mexico and Central America that is potentially 
developed as food crops source of carbohydrates 
as well as vegetable protein with national 
productivity in 2009 reached 40 t ha-1. According 
to Prabowo et al., (2011), on 100 g fresh tubers of  
yam bean contains 78% - 94% of water, 2.1-10.7 
g of starch, 1-2.2 g of protein, 0.1-0.8 g of fat, 14-
21 g of vitamin C, and 22-58 of calories. The 
stems continue to grow up to 4-5 m and require 
optimal plant spacing to keep the tubers enlarge 
optimally in the soil. Yam bean is not cultivated 
intensively, the farmers cultivate as a side plant or 
inter-space plant so that the production becomes 
lower. However, there are some efforts which can 
be done to solve the cultivations problems of yam 
bean, those are the proper of plant spacing and 
main stem pruning. 

The provision plant spacing of yam bean can 
possibly make the plant to grow optimally without 
competition in absorbing water, nutrients, and 
light, it also can ease the cultivation (Hariati et al., 
2012). Main stem pruning is a technique cutting or 
removing the plant organs above the soil surface. 
Main stems pruning were done to control plant 
growth, which expected to adjust the composition 
of the leaves into compact and the distance of 
source (leaves) to the sink (tubers) becomes 
shorter, so that photosynthesis can be more 
effective and translocation process will also be 
efficient (Dukuh, 2011).  The purpose of this study 
was to determine the effect of plant spacing and 
main stem pruning on the yam bean growth and 
yield. 
 
MATERIALS AND METHODS 

http://www.isisn.org/
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This study was conducted from March, 2017 
until July 2017 which located in Bajulan Village, 
Papar Sub-District, Kediri Regency, East Java at 
an altitude ± 143 m a.s.l with average temperature 
25-28 °C. The tools were used are of hoes, sickle 
knife, ruler, scales, label boards, scissors, 
camera, cultivation tools, and stationery to record 
the observations data. The materials used 
comprising of yam bean seed of Malaysian 
varieties. Other materials used include manure, 
ZA, KCl and SP-36. 

This study was using a Factorial Randomized 
Block Design with two treatment and three 
replications. The first factor consisted of J20 = 20 
x 30 cm plant spacing, J25 = 25 x 30 cm plant 
spacing, J30 = 30 x 30 cm plant spacing, and the 
second factor are of P25 = main stem pruning 
25%, P50 = main stem pruning 50%, P75 = main 
stem pruning of 75%. The experiment consisted of 
9 treatments with 3 replications. Thus, there were 
obtained 27 experimental units. Each 
experimental unit had a plot with size of 1.8 x 2.4 
m, 1.8 x 3 m, 1.8 x 3.6 m, thus each plot were 
having 72 plants with the distance of each 
treatment was 50 cm and between each 
replication was 50 cm. 

In this study the pruning treatment was on the 
main stem. Pruning was done when the plant at 
40 dap (day after planting) until harvest time. 
Observations were including growth parameter at 
45, 60, 75, and 90 dap and the yield observation 
at 120 dap. The growth observations were leaf 
area, leaf area index, plant dry weight, and the 
yield observation consisted of tuber weight, tuber 
diameter, and yield. 

The data observations were recorded and 
subjected to one-way analysis of variance 

(ANOVA) at the significant level of 5%. If there 
was a significant difference, it will be continued by 
Fisher’s Least Significant Differences (LSD) test 
at the 0.05 probability. 

 
RESULTS AND DISCUSSION 

Growth Components 
The analysis of plant growth with main stem 
pruning and plant spacing can be observed by 
measured through variable of leaf number, leaf 
area, leaf area index and plant dry weight at 45, 
60, 75 and 90 dap. Based on the results, there 
were a significant effect on the main stem pruning 
with three different plant spacing on the parameter 
of  leaf area (Table 1) and plant dry weight (Table 
2) also there was an interaction on the leaf area 
index (Table 3). 

In the parameter of leaf area (Table 1) 
showed a significant effect on 90 dap. In the 
before and after observation of the plant dry 
weight, there was no interaction and no significant 
difference between main stem pruning and plant 
spacing treatment (Table 2). Based on the 
observation of leaf area index (Table 3), there was 
an interaction of leaf area index at 60, 75 and 90 
dap. The presence of interactions at 60, 75 and 
90 dap showed the wider plant spacing required a 
low stem pruning. 

Main stem pruning of the plant is an attempt 
to reduce the vegetative growth, so it could 
stimulate the growth of certain plant organs and 
can accelerate the generative growth (Saprudin, 
2013). Main stem pruning not only affects the 
absorption of light, but also affects the shape and 
size of the leaves (Haryanti, 2008). 

 
Table 1. Leaf area of yam beans with treatment of main stem pruning and plant spacing 

 

Treatment   Leaf Area (cm2 plant-1)   

 45 60 75* 90* 

 25% 898.16 2965.23 2827.31 6299.11  b 

Pruning 50% 1113.60 3079.85 2827.76 5514.56  b 

 75% 923.14 2530.39 2410.86 3927.52 a 

 LSD ns ns ns 1370.18 

 20 x 30 cm 977.25 2831.40 2461.55 4569.74 

Plant Spacing 25 x30 cm 953.47 2801.72 2852.68 5685.88 

 30 x 30 cm 1004.18 2942.49 2751.70 5485.57 

 LSD ns ns ns ns 

 CV (%) 13.19 11.34 11.28 15.08 
Description:  Means followed by the same letter at the same age on the column showed no significant difference 
based on LSD test at level 5%, dap = day after planting, *) leaf area after pruning 
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Table 2.  Dry weight of yam beans with treatment of main stem pruning and plant spacing 
 

Treatment Dry weight (g plant-1) at observation periods (dap) 

 Before main stem 
pruning (40 dap) 

After main stem pruning 
(60 dap) 

 25% 2.85 15.11 

Pruning 50% 2.72 13.84 

 75% 2.87 15.18 

 LSD ns ns 

 20 x 30 cm 2.61 13.56 

Plant Spacing 25 x30 cm 2.88 13.99 

 30 x 30 cm 2.91 16.58 

 LSD ns ns 

     CV (%) 27.00 27.28 
Description:  Means followed by the same letter at the same age on the column showed no significant difference 
based on LSD test at level 5%, dap = day after planting 

 
Table 3.  Leaf area index of yam beans with treatment of main stem pruning and plant spacing 

 

Periods Treatment Leaf Area Index 

J20 J25 J30 

 25% 4.58 c 4.10 bc 3.40 ab 

60 dap 50% 5.72 d 3.86 abc 3.24 a 

 75% 3.86 abc 3.23 a 3.15 a 

 LSD  0.73  

     CV (%)  10.91  

 25% 5.18 f 3.72 cd 3.29 bc 

75* dap 50% 4.50 e 3.97 d 3.07 ab 

 75% 3.85 d 3.23 b 2.72 a 

 LSD  0.47  

    CV (%)  7.36  

 25% 9.59 d 8.88 cd 7.19 b 

90* dap 50% 8.67 c 8.10 c 5.51 a 

 75% 6.80 b 5.75 a 5.24 a 

 LSD  0.78  

     CV (%)  6.21  
Description:  Means followed by the same letter at the same age on the column showed no significant difference 
based on LSD test at level 5%, dap = day after planting, *) leaf area index after pruning 

 
 The presence of main stem pruning provide 

the benefit on reducing the competition of 
photosynthate among the leaves (Sutrapaja, 
2008), so that with a large plant spacing allows 
the higher leaf area (Bhagirath et al., 2013). 
Based on the research of  Kapczynska (2013), the 
proper plant spacing could produce a larger leaf 
length compared to the others plant spacing. The 
narrow plant spacing and the low level of main 
stem pruning could make the plants canopy 
sheltered by each other. 

According to Rahmania et al., (2015) the 
same main stem pruning did not have a significant 
effect on the leaf number. While, the different 
treatment of main stem pruning had significant 

different results. Main stem pruning of the plant is 
an attempt to reduce vegetative growth, so that it 
can stimulate the growth of certain plant organs, 
and accelerate the generative growth (Saprudin, 
2013). The higher leaf number will increase the 
canopy area, so that the light reception is lower, 
while the lower leaf number will reduce plant 
canopy and having higher light reception 
(Panggabean et al., 2013). 

The obstacles of the shaded leaf is to 
maintain the balance of positive carbon and the 
flux density which this excess is achieved the 
point of compensation. Under low light intensity, 
there are three responses that are done by the 
leaves, such as: reduction of respiration rate, 
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increase of leaf area to obtain a larger surface of 
light absorption; and an increase of the 
photosynthesis speed of each light energy unit 
and leaf area. The wider plant spacing will affect 
the results of leaf area index, where the light can 
be received directly on the plant leaves so there is 
no competition in light absorbtion, thus the leaf 
area is become smaller than using proper plant 
spacing (Baron et al., 2006). 

The main stem pruning is had too many risk in 
losing on plant organs that will affect on the 
process of photosynthesis, as well as assimilate 
production. The larger the main stem pruning, the 
less the dry weight of the plant will be, so that the 
plant needs an optimal main stem pruning to 
obtain a large biomass (Olorunnisomo, 2007). The 
difference of leaves fresh weight and dry weight is 
caused by the difference of leaf area, which is 
because of the high intensity of sunlight will widen 
the leaf area, meanwhile the low intensity of sun 
light will narrow the leaf area (Parman, 2010). 

According to Bhagirath et al., (2013), the 
higher dry weight results indicated that the 
photosynthate that produced is also higher 
influenced by the optimal plant spacing. The 
arrangement of plant spacing also provides the 
possibility of crops to grow without run into water 
and light competition (Hariati et al., 2012). The 
dense spacing will affect to the yield because of 
competition between plants in absorbing nutrients, 
affect on the humidity and temperature of the 
plant canopy in the planting area. Therefore, plant 
spacing should be set properly to obtain precision 
plant population to get the optimum yield (Pandey 
et al., 2013). 

The analysis results of leaf area index showed 
that LAI > 1 can illustrated the mutual shading of 
the leaves will give an effect of decreasing the 
light for the shaded leaf in the lower layer of the 
canopy, thus the photosynthesis process will be 
lower than leaves which received light directly. 
The difference of leaf area caused by the sunlight 
intensity, which is the high intensity of sun light 
will cause the higher leaf area, while at low sun 
light intensity will cause the plant leaves more 
narrow (Parman, 2010). The result of 
photosyntate depended on how much the 
conditions of the leaves are shaded and the light 
intensity received by the leaves. Sunlight is an 
essential element for plants to do photosynthesis 
process. The optimum light for plants is the 
minimum requirement for growing process, to 
reach the optimum photosynthesis the light must 
exceed its compensation point. The yield of a 
plant will decrease when the plant absorbs too 

much light or too least, so in the absorption of 
sunlight the plant needs the optimal amount for 
photosynthesis to get the optimum yield (Teye et 
al., 2013). 

Yield Component 
Harvest is a yield component which is marked 

by the end of cultivation activities in the field. 
Based on the result of observation the yield 
component on the treatment of main stem pruning 
and plant spacing at 120 dap indicated a 
significant interaction on the parameter of tuber 
weight (t ha-1) and no significant difference in 
tuber diameter. 

Based on the result of tuber weight parameter 
per plant (Table 4) showed that there was a 
significance effect on each treatment. In the 
treatment of main stem pruning, the tuber weight 
of P75 (75%) treatment gave higher value of 
958.35 g plant-1 to the plant spacing J20. Then, 
P75 treatment (75%) gave the higher value of 
991.02 g plant -1 to the plant spacing J25. The 
treatment of P25 (75%) gave the higher value of 
958.35 g plant -1 to the plant spacing J30.  

Based on the results on Table 5 for yield  (t 
ha-1) showed that there was an effect on main 
stem pruning and plant spacing. The observations 
showed that with a tight plant spacing of J20 
required treatment of main stem pruning P75 
(75%), while wider plant spacing required a low 
stem pruning of P25 (25%). Weight tubers per 
hectare (t ha-1) on width and narrow plant spacing 
showed a significant different results, wider plant 
spacing resulted in lower yield (t ha-1) of tubers 
compared to narrow plant spacing. This is 
influenced by different plant spacing densities and 
effect of different population numbers so the 
results obtained are different. The narrower plant 
spacing will increasing plant population within one 
area and vice versa. In addition, this treatment will 
affect the crop yield (Mangani et al., 2015). 

The level of starch (Table 6) at treatment of 
J20  cm with main stem pruning rate 50% had the 
highest yield of 3.90 higher than the treatment of 
stem pruning 25% and 75%. Plant spacing of J25 
cm with the higher pruning level were not 
significantly different that the result of starch 
content ranged from 3.15 to 3.97%. Treatment of 
J30 obtained starch levels of 2.37 to 3.41%, this 
results showed the higher level of main stem 
pruning were having no significantly affect to the 
starch content of yam bean. 

The result of starch (Table 7) showed that J20  
treatment at the pruning rate of 50% obtained the 
highest yield of 6270 kg ha-1. 
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Table 4. Tuber weight of yam beans with treatment of main stem pruning and plant spacing 
 

Treatment Weight of Tuber (g plant-1) 

 J20 J25 J30 

25% 865.24 a 908.59 abc 994.81 c 

50% 957.67 bc 881.86 a 897.40 ab 

75% 958.35 bc 991.02 c 974.97 bc 

Description:Means followed by the same letter on the column showed no significant difference based on LSD test at 

level 5%, test notation obtained from the transformation √𝒙 + 𝟏 , dap = days after planting 

 
Table 5. Yield of yam beans with treatment of main stem pruning and plant spacing 

 

Treatment  Yield (t ha-1)  

 J20 J25 J30 

25% 145.36 c 152.64 cd 115.30 b 

50% 160.89 de 142.55 c 100.50 a 

75% 161.00 de 166.49 e 109.19 ab 

LSD  12.90  

CV (%)  5.36  

Description: Means followed by the same letter on the column showed no significant difference based on LSD test at 
level 5%, dap = day after planting  

 
Table 6. Tuber starch content of yam beans with treatment of main stem pruning and plant  

spacing at harvest period. 
 
 
 
 
 
 
 
 
 
 

Description: Means followed by the same letter on the column showed no significant difference based on LSD test at 
level 5%, dap = day after planting 

 
Table 7. Starch content of yam beans with treatment of main stem pruning and plant spacing  at harvest 

period 

 
 
 
 
 
 
 
 
 
 

Description:   Means followed by the same letter on the column showed no significant difference based on LSD test at 
level 5%, dap = day after planting, *) leaf areafter pruning 

 

 
 
 

Treatment  Starch (%)  

 J20 J25 J30 

25% 2.50 ab 3.56 c 3.41 bc 

50% 3.90 c 3.15 abc 3.13 abc 

75% 2.53 ab 3.97 c 2.37 a 

LSD  1.03  

CV (%)  18.60  

Treatment  Starch yield (kg ha-1)  

 J20 J25 J30 

25% 3634 abc 5430 de 3930 bc 

50% 6270 e 4490 cd 3150 ab 

75% 4070 bc 6010 e 2590 a 

LSD  1250  

CV (%)  16,39  



Widaryanto et al.,                                                 Effect of main stem pruning and plant spacing on yam bean 

 

                                                  Bioscience Research, 2018 volume 15(3): 2748-2755                                         2753 

 

 The yam beans yield on the treatment of J25 
cm with the main stem pruning level of 25% and 
75% had starch content of 5430 and 6010 kg ha-1, 
whereas the result on J50 was 4490 kg ha-1. Plant 
spacing of J30 cm with different pruning levels 
obtained starch content between 2059 and 3930 
kg ha-1. 

Main stem pruning could maintain the balance 
between the growth of the lateral branch and fruit. 
The number of branches in a plant will affect the 
quality of the fruit. The plant with few branches will 
improve the quality of fruit, so that formed 
assimilates can be stored in the fruits, seeds, and 
tubers that will eventually become larger. In 
contrast, if the number of branches are many and 
the level of main stem prunning is low then the 
assimilate will be widely used for the growth of 
new shoots, so that the assimilates stored on the 
fruit, seeds, and roots are reduced. Pruning the 
main stem shoots can caused the apical 
dominance to stop, then it will induced the auxin 
to accumulate and distribute to other meristems to 
form new lateral shoots and accelerate the growth 
of flowers (Srirejeki et al., 2015). Flowers and 
other parts of the plant organs are competitors for 
the tubers to get assimilates, so that proper stem 
pruning will allow more assimilates stored to the 
tubers. The high level of main stem pruning could 
affects the starch content in the yam bean tubers, 
the more pruning level on the main stem will make 
the starch stored in the tuber of yam bean were 
higher (Sinclair et al., 2007). The existence of a 
regular and appropriate main stem cutting and 
spacing also  with a supportive environment can 
make yam bean plants grow and it affects the 
number of fruit and fruit diameter. The small size 
of fruit diameter is influenced by the high number 
of the plant population, thus in a narrow plant 
spacing could produce fruits with small diameter, 
and in the large plant spacing the plant produced 
higher fruits diameter (Mangani et al., 2015). 

The results showed that the main stem 
pruning 25% and plant spacing (30 x 30 cm) can 
enlarge the diameter of the tubers than other 
treatments, although the results were not 
significantly different. According to Sultana et al., 
(2016), the optimal main stem pruning can 
increase fruit diameter. In contrast, on the less 
main stem pruning can decrease the fruit 
diameter. This occured because of the 
competition of light, nutrients and water which 
affects the production and the larger diameter at a 
wider spacing and low stem pruning, thus 
triggering to increase root diameter (Prabowo et 
al., 2013). 

According to Sultana et al., (2016) the 
optimum main stem pruning can increase the fruit 
diameter, while on the less main stem pruning can 
cause decrease in fruit diameter. Plant growth and 
production is determined by the rate of 
photosynthesis controlled by the availability of 
nutrients. The exceeding and deficiency of 
nutrients that given to plants caused the process 
of photosynthesis which was not running 
effectively. Plant population density is a factor that 
affects the outcome of an agricultural cultivation 
activity. The relatively narrow spacing also affects 
the results where there will be competition 
between the plants for light, water, nutrients, and 
minerals in the soil. Otherwise, a relatively wide 
spacing will also affect the amount of harvest 
obtained as well as provide a chance for weeds or 
the other disturbing plants to grow by the 
competition to obtained nutrients, light, water and 
minerals that is also high. Thus, it also required a 
suitable plant spacing arragement on a particular 
plant (Welde, 2016). 

The drying rate is affected by the difference 
between the vapor pressure caused by the 
internal water near the surface and the vapor 
pressure in the surrounding air. The factors which 
affect the vapor pressures are temperature, 
soluble content, water movement in tissues and 
air movements. The rate of drying herbage 
depends on the type of plant and part of the plant 
(leaf or main stem). Leaves become quickly drier 
than the main stem. The more damage caused by 
cutting or due to grazing, the drying process will 
be faster. Main stem pruning were done to control 
plant growth, so it is expected that the leaf canopy 
will be compact and the distance between source 
and sink becomes shorter, so that photosynthesis 
becomes more effective and translocation is faster 
and smooth. Therefore, it is assumed tuber yield 
will increase (Panggabean et al., 2013). 

CONCLUSION 
The results of this research showed the 

increasing of percentage of main stem pruning 
and plant spacing had a significant effect to the 
number of leaf, leaf area, weight of tuber, and 
weight of tuber per hectare (t ha-1), but there were 
no significant different on diameter of tuber. 
Increased pruning of main stem 75% and plant 
spacing of 25 x 30 cm could increase tuber weight 
per plant and tuber weight per hectare of 991.02 g 
plant -1 and 166.49 t ha-1. In addition, this 
treatment could increase the starch content up to 
3.97%. 
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