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ABSTRACT

Soybean ( Glycine max L.) is an annual plant
that contains lots of protein and is rich in benefits.
Soybean is one of the essential food crops after rice
and corn. Soybean production has decreased from
year to year due to reduced soybean planting land,
substantial capital, and regulation of soybean prices
in an unstable market. Cultivation technology needs
to be developed through the availability of local
resources and soil structure protection by utilizing
husk ash as a source of organic material with no-
tillage cultivation. The study was conducted in
Pengkok Village, Sragen Regency in June-September
2019, in the form of a field trial using Completely
Randomized Block Design (RCBD), one factor of
husk ash dose with 5 levels and 5 replications so that
25 unit experiments were obtained. The observed
variables were plant height, number of leaves, root
shoot ratio, leaf area index, number of pods per plant,
number of seed per pod, the weight of seeds per plant,
the value of 100 seeds, and dry weight of a straw. The
results showed that applying 2.5 tons/ha of husk ash
can increase the leaf area index in the growth
component. An increase in yield of seeds per plot due
to husk ash 1.25 tons/ha. The application 1.25 tons/ha
of husk ash is recommended to farmers to increase
yield per hectare of soybeans in the amount of 0,73
ton/Ha.
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INTRODUCTION

Soybean ( Glycine max L.) is an annual plant
that contains a lot of protein. Soybean is one of the
essential food crops in Indonesia after rice and corn.
Soybeans have various uses, especially as a raw
material for the food industry rich in vegetable
protein. Soybean is a vegetable protein source with
39% content, where 2% of all Indonesian people get a
source of protein from soybeans [1].

Indonesian soybean productivity decreased by
3,95% in 2016 from 15,68 g/Ha to 14,90 g/Ha and
decreased by 4,62% in 2018 from 15,14 g/Ha to 14,44
g/Ha. The decrease of soybean production could not
suffice the needs of soybeans in Indonesia; the cause
is the lack of land wuse or agricultural land
intensification for soybeans. One of the efforts to
cultivate soybeans on the former rice cultivation land
with no-tillage cultivation is to cultivate soybeans.

The activity is intended to optimize land use so that it
is productive.

Efforts that can be made are implementing a
conservation tillage system (CTS), an agricultural
land utilization activity that considers long-term
social and farming aspects. Conservation tillage is
divided into two types, namely minimum tillage
cultivation and no-tillage cultivation. No-tillage
cultivation has several advantages, such as saving
costs, accelerating planting, reducing labor, and
preventing soil erosion so that nutrients in the soil are
not easily lost [2].

The use of ash on untreated rice fields will help
the soil provide nutrients that plants can utilize.
Unplanned rice planted land contains several
elements, such as N, P, K, and Mg. However, due to
the soil's acidic nature, these elements cannot be
utilized by plants because they are still absorbed in
the soil. To free the elements, these elements are
needed organic material that can release the absorbed
elements. Husk ash plays a role in increasing the
availability of P, K, Si, and Carbon nutrients in the
soil [3]. This study aims to study the role of rice husk
ash on soybean growth and yield.

MATERIAL AND METHOD
This research was conducted in June - September
2019 in Pengkok Village, Kedawung District, Sragen
Regency, Ecology and Plant Production Management
Laboratory, and Soil Chemical Laboratory, Faculty of
Agriculture, Sebelas Maret University, Surakarta. The
research location is located at -7 °28 '49 "and 110 °59'
51" with a height of 153.8 meters above sea level.
This research was conducted at the end of the rainy
season. The average air temperature ranged from 37-
40 °C. Soil analysis was categorized based on the Soil
Research Institute 2009. The analysis results showed
a soil pH of 6.74 (neutral) with N and P content low,
at 0.16% and 7.58 ppm. The K content of 0.23me% is
classified as low. Organic C value of 1.14% (low) and
C / N value of 7.12 (very low). This study used a
Completed Randomized Block Design (RCBD)
consisting of one factor with 5 levels and was
repeated 5 times, so that 25 experimental plots were
obtained. The factors wused are the husk ash
dose consisting of BO (control / 0 tons / Ha), B1 (1.25
tons / Ha), B2 (2.5 tons / Ha), B3 (3.75 tons / Ha),
and B4 (5 tons / ha). The size of the trial plotis 1,2 m
x 1,8 m. Variables observed were plant height,
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number of leaves, root shoot ratio, LAl, number of
pods per plant, number of seeds per pod, the weight
of seeds per

plant, the weight of seeds per plot, the weight of 100
seeds

and dry weight of a straw.

RESULT AND DISCUSSION
Growth Variable

Plant height

Observation of plant height in this study was
carried out when soybeans were 2 WAP (Weeks After
Planting). Observations are carried out once a week
for 1 month. Plant height measurements were carried
out, starting from the ground level to the last
branching of soybean plants.

PLANT HEIGHT (cm)

3WAP AWAP SWAP

B0 #Bl1 ¥B2 B3 ~B4

Picture 1. Plant Height (cm) Soybean ( Glycine
max L.) in the Dose Ash Husk
Treatment
Note: BO: Without husk ash (0 tons/ha)
B1: Application 1.25 tons/ha of husk ash
B2: Application 2.5 tons/ha of husk ash
B3: Application 3.75 tons/ha of hush ash
B4: Application 5 tons/ha of husk ash

The observations found in observations in the
second week, the highest plant height in the B3
treatment (3.75 tons/ha of ash husk dose). In the third
week to the fifth week, the best plant height was
treated B4 (5 tons/ha of ash). This is consistent with
Aminudin and Chabib[4] statement that the addition
of plant height during the vegetative phase occurs in
the third and fourth weeks due to the plant's response
to absorbing high nutrients. Prasetyoko [5] states that
the husk ash that is used can affect plants' vegetative
growth, the higher the dose of husk ash that is given
can provide the best plant height results in soybean
plants.

High potassium content in husk ash can affect
soybean plant height. Potassium plays a role in
increasing plant resistance to plant-disturbing
organisms and can stimulate soybean roots' growth.
This statement is reinforced by Rukmi [6]; potassium
can increase plants' resistance from certain deceases,
improve the root system, inhibit the effects of
lodging, and prevent too much nitrogen
poisoning. Another opinion expressed by Siregar et

al. [7] that husk ash can improve soil physical and
biological properties and has a high Cation Exchange
Capacity (CEC) to stimulate the growth of soybean
plants.

Number of Leaves

The leaves are one part of the plant that has an
essential  function in  food processing in
photosynthesis. Observation of the number of leaves
is done by counting the leaves in one sample plant.
Observations were made starting on the second week
after planting until the fifth week after planting.

LEAF NUMBER (unit)
10
9

8

AP SWAP

iB0 #B1 ¥B2 WB3 ®B4

Picture 2. Number of Leaves (units) Soybean
(Glycine max L.) in the Dose Ash Husk
Treatment

The results showed that the best number of
leaves in this study was B2 (1.25 tons/Ha of husk ash
dose), except at the age of 3 weeks after planting.
These results indicate that the higher quantity of husk
ash given does not affect the number of soybean
leaves. According to Johnston and Bruulsema [8],
fertilization must pay attention to the right dosage,
type, and time of application to more efficient, so that
it can give benefit to economically, socially, and
environmentally. The leaves function is to catch the
light and carry out photosynthesis to produce
photosynthates, used as food as plant energy.
According to Buntoro et al. [9], the more leaves, the
more light is captured to improve the photosynthesis
process and affect plant growth.

Many small amounts of leaves of a plant are
also determined by environmental conditions and
nutrient content found in the soil. This research uses
husk ash, which has a high nutrient K content.
Potassium is needed in the vegetative phase of plants.
According to Haryadi et al. [10], potassium regulates
stomata's movement, increasing the number of
soybean leaves. This statement is supported by
Gardner et al. [11] that potassium is an essential
activator of enzymes in photosynthesis and
respiration to regulate and maintain osmotic pressure
and water uptake, which will have a positive
influence on the opening and closing of stomata.
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Table 1. Mean of Soybean Growth Components in
Various Doses of Rice Husk Ash Doses
Note: Numbers followed by unsame letters indicate

Ash Husk Dosage Root Root Leaf Area
Ratio Index
BO 0.21a 0.28a
Bl 0.18a 0.25a
B2 0.20a 0.49b
B3 0.18a 0.32ab
B4 0.23a 0.22a

significant differences in DMRT testing at 5%

Root Shoot Ratio.

The highest root shoot ratio was B4 treatment
(5ton/ha of husk ash dose) of 0.23 gram and was not
significantly different from other doses, namely BO,
B1, B2, and B3. The lowest root shoot ratio in
treatment B1 (1.25 tons/ha of husk ash dose) was 0.18
grams. The root shoot ratio in this study is relatively
low because, according to Efendi[12], the ideal value
for the crown root ratio is 5.7 to 7.3. This is because
the proportion of roots is smaller than the balance of
the shoot. This statement is in accordance with
Rahmawati et al. [13] that the value of root shoot
ratio of plants is useful if the proportion of roots is
higher than the proportion of shoot because profitable
root growth will affect plant growth so that the
absorption of nutrients is more optimal in meeting the
nutritional needs of plants and has profitable growth
and production. The high or low value of plants' root
shoot ratios is influenced by food reserves and
nutrient sufficiency, another opinion expressed by
Bolinder et al. [14] that the ratio of root shoot is
influenced by location and climatic conditions. Low
carbon content can affect plant growth if given in
large quantities and need to observe to the dose so
that its use is not excessive. This is in accordance
with Rahmatika et al. [15], which states that carbon
content, which is not too high if added to the soil, is
quite a lot and given continuously, can increase the
concentration of C, P, S, and N in the ground. Hidayat
et al. [16] added that organic matter to the soil could
increase the roots and shoot of plants.

Root and shoot ratios have different values
because they are influenced by different soil types
and other climatic conditions during harvest.
According to Sainju et al. [17], root shoot ratio at
harvest is used to estimate root biomass and carbon
effects from residues in the soil. The value of the root
shoot ratio of plants shows the amount of
photosynthesis accumulated in plant organs.

Leaf Area Index.

The highest leaf area index value in treatment
B2 (2.5 tons / Ha of the husk as dose) was 0.49 and
significantly different from treatment BO, B1, and
B4. The lowest leaf area index value in treatment B4
(5 tons / Ha of husk ash dose) was 0.22 and
significantly different from treatment B2 (Table
4). This means that the leaf area index is affected by

the right dose of husk ash and is not be affected by
the higher dose of husk ash. According to Hidayat
[18], the right dose is according to the plant's needs,
not excessive, and not less. Firmansyah et al. [19]
added that the use of the right dose could affect both
the growth and yield of plants. The use of doses that
are too high can harm plants because they can be
toxic, not good for the environment, and require high
costs.

Measurement of leaf area index value is
affected by planting distance and leaf area. According
to Susanti et al. [20], a small leaf area index value
indicates that there is still sunlight that can penetrate
the soil without being blocked by the leaves, and the
light cannot be utilized by the leaves for
photosynthesis. Pangaribuan et al. [21] state that the
higher leaf area means that the process of
photosynthesis is higher so that more photosynthates
are produced.

Yield Variable
Table 2. Mean of Soybean Yield Components in
Various Treatment of Ash Husk Ash Doses

As Numb | Numb Seed Seed Weigh Dry
h er of erof | Weigh | Weigh t of Stover
do Pods | Seeds t per t per 100 Weigh
s per per Plant Plot Seeds t
Plant Pod (gram) | (gram) | (gram) | (gram)
B | 3L67 | 2314 | 1067a | 78,30 | 14,062 | 1204
0 a a
B
1| 327 | 2272 | 1166 | 7O | 14052 | 15372
B | 3300 | 518a | 1068a | 2927 | 13104 | 16422
2 a ab
B 34,67 150,59
3 a 2,20a | 11,69a ab 14,16a | 18,19a
B 12633 | 060 | se7a | 2909 | 1377a | 1251a
4 a ab

Note: numbers followed by unsame letters indicate
significant differences in DMRT testing at 5%

Number of Pods per Plant.

Table 2. shows the results of the highest
number of pods in B3 treatment (3.75 tons/ha of husk
ash dose). The lowest number of pods was in the B4
treatment (5 tons/ha of husk ash dose). Giving various
doses of husk ash does not show any significant
difference between the dose of husk ash to the
number of soybean pods. Jumrawati [22] states that
the number of pods in soybeans is affected by
vegetative growth, such as photosynthesis rate and
assimilation results. Low soil nutrient conditions and
the addition of husk ash are still not enough to meet
the needs of soybean, so the application of various
doses of husk ash does not affect the number of
soybean pods.

The formation of pods in soybean plants is
affected by nutrient nitrogen (N). Permanasari et
al. [23] added that nitrogen functions to arrange
proteins and chlorophyll, which are useful in
photosynthesis, and the results of this photosynthesis
would be used by plants for generative growth
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processes, including the formation of plant pods.
During the research, the soil contained low nitrogen
(0.16%), while nitrogen in the husk ash was also low
and volatile. This is in accordance with research
conducted by Rahmatika et al. [15], which states that
the nitrogen content in husk ash is 0.16% (low).

Number of Seeds per Pod.

The highest number of seeds per pod in
treatment BO (control) was 2.31 and was not
significantly different from treatment B1, B2, B3, and
B4, which was 2.27; 2.18; 2.20; 2.26. In general, the
highest number of seeds per pod in this study
consisted of 2 soybeans in each pod and the least
soybean pod containing one seed. Pandiangan and
Rasyad[24] state that the ability of plants in seed
formation in pods is determined by adequate nutrients
in plants. The potassium content contained in the
husk ash can function in the generative phase to
produce pods and seeds. This is in accordance with
the opinion of Asbur[25}, which states that the
potassium content in ash husk can stimulate seed
formation.

The various doses given in this study did not
affect the number of seeds per soybean pod. This can
be caused by various things, one of which is the dose
of husk ash, which is too low. According to Efendi
[26], low doses of husk ash cannot have an obvious
effect on plants. The small number of seeds per pod is
affected by the number of pods. The more number of
pods, the greater number of seeds in each pod. This
observation is supported by Dwiputra et al.[27],
which states that the number of seeds has a close
relationship with the number of pods. The higher
plant height variable, the number of branches, the
number of pods, and the number of wet rice will be
followed by increasing in the number of soybean
seeds. Syafira et al. [28] added that high soybean
production could be seen from the number of seeds
per pod. The more pods per plant, the soybean
production will also increase.

Seed Weight per Plant.

Based on observations, it is known that there is
no significant difference between the dose of husk ash
and seed weight per plant (Table 2.). The amount of
seed weight is determined by the number of pods and
the number of seeds. Dwiputra et al. [27] state that the
weight of seeds per plant is greatly affected by the
number of seeds per soybean plant. Kamil[29] adds
that the high and low weight of the seeds depends on
how much dry matter is contained in the seeds, the
shape, and the size of the seeds that are affected by
plant genes. The highest seed weight value in the B3
treatment (3.75 tons/ha of husk ash dose) was 11.68
grams and was not significantly different from other
doses. The application of the husk ash dose to 5 tons /
Ha caused the weight of the seeds per soybean plant
decrease to 8.87 grams, while the reduction of the
dose to 2.5 tons / Ha, 1.25 tons/ha, and the control

gave results that were not too far away with the
treatment 3.75 tons/ha.

The prominent nutrient content in the husk ash
beside the K element and carbon is Si (Silicate). This
is consistent with the results of the analysis of
Rahmatika[13], which shows that the Si content is
26.27 with moderate value. The application of husk
ash can affect the weight of seeds per plant. This is
because the husk ash contains the Si element, which
has the same function as K, which makes the plant
stronger, so it does not easily fall. Syafira et al. [27]
added that silicates could increase soybean production
due to improved photosynthesis because leaves
coated with silicates are more upright and not easily
drooped. Upright leaves allow penetration and
distribution of light more evenly so that the process of
photosynthesis can run optimally. The process of
photosynthesis during the generative phase that runs
optimally can increase photosynthate, which will be
utilized in filling pods and seeds so that the seeds can
be filled optimally and have a high weight.

Seed Weight per Plot

The results showed that the application of husk
ash could increase the weight of seeds per plot (Table
2) because the treatment of husk ash has a higher
weight compared to the control treatment (O tons/ha).
The highest seed weight per plot in treatment Bl
(1.25 tons / Ha of husk ash dose). The control
treatment was significantly different from the Bl
treatment (1.25 tons/ha husk ash dose) and was not
significantly different from the B2, B3, and B4
treatments. The results showed that the application of
husk ash could increase the weight value of seeds per
plot. This can be seen from Table 8., which shows the
weight value of control treatment seeds is only 78.39
grams, while the treatment values of B1, B2, B3, and
B4 are 175.01 grams, 120.27 grams, 150.59 grams,
and 120.09 grams. Increasing the weight value of
seeds per plot can be caused by the potassium content
found in the husk ash. This statement is supported by
Hussain et al. [30] that potassium given to infertile
soils can improve yield components and crop quality.

The results of this study are relatively
low. The low vyield of soybeans is due to the
disruption of rat pests and pod borer. In addition, low
soybean yields are also caused by low doses. Another
opinion expressed by Suranto et al. [31] that the use
of husk ash in plants needs to be balanced with the
provision of inorganic fertilizers such as NPK so that
nutrient needs in the soil can meet the needs of plants.
Plant growth and development during the vegetative
phase is good because plants' growth elements can be
fulfilled so that the development during the
generative phase is also good. Zainal et al. [32] added
that an increase in soybean yield was related to the
number of plant leaves because an increase in the
number of leaves would lead to higher light capture
so as to increase the photosynthesis process and the
potential for the assimilate to be transplanted to the
seeds would increase.
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Weight of 100 Seeds

Results in Table 2. showed the highest weight
of 100 seeds in the control and B3 treatments (3.75
tons/ha of husk ash dose) and was not significantly
different from other husk ash doses, namely B1, B2,
and B4. The weight of 100 seeds of control and B3
treatment has the same value, which is 14.16 grams.
The high and low weight of 100 seeds, according to
Pandiangan and Rasyad[23], is determined by the
ability of plants to translate assimilates into seeds to
produce seeds.

The weight of 100 seeds is one component of
the vyield associated with the quality of seeds
produced by plants. According to Hastuti et al. [33],
the weight of 100 seeds is affected by the availability
of nutrients and the ability of plants to absorb these
nutrients. One of the important nutrients in the seed
filling phase is phosphorus (P). Lambers et al. [34]
state that phosphorus is a constituent component of
compounds for energy transfer (ATP / other
nucleoproteins) to DNA and RNA and then passed on
to  cell membranes  (phospholipids)  and
phosphoproteins.

The weight yield of 100 seeds in this study
tends to below, this is due to several things, namely
the presence of pest disorders during the generative
phase and the lack of nutrients that can stimulate seed
filling, such as phosphorus and potassium. The
availability of phosphorus in the low-value research
soil, which is 7.58ppm, is classified as very low
(Table 1.), while the phosphorus contained in the
husk ash cannot fulfill plant needs. Based on research
by Bakri[35], the content of phosphorus (P) in husk
ash is 0.2 %. Nutrients that have not been able to
fulfill the needs of these plants need to be improved
so that plants get an optimal nutrient intake in
accordance with their needs. The statementis in
accordance with Sarwa et al.[36] that the
optimization of plant growth and production will be
achieved if nutrients are optimally available for
plants.

Dry Weight of Straw

Based on the results of the study, it can be
seen that all treatments of husk ash dose were not
significantly different (Table 2.). The highest dry
weight of straw was in B3 treatment (dose of husk
ash, 3, 75 tons / Ha). Each treatment had a difference
in dry strawweight that was not too far apart, except
for the B4 treatment (5 tons/ha of ash dose). In a row,
the dry weight of the straw of B0, B1, B2, and B3
treatments increased, but there was a decrease in the
application of husk ash dose of B4 treatment. This
can show that the addition of husk ash to 5 tons/ha
has no effect on the high dry weight of soybean
str. The dry weight of straw is affected by the growth
rate. This is supported by the statement of Suranto et
al. [31], which explains that the higher the growth
rate of plant organs such as stems and leaves, the dry
weight produced will also be higher.

High and low dry strawweight is also affected
by the amount of nutrient uptake during the process
of plant growth and is affected by the process of
photosynthesis. One of the nutrients that affect the
dry weight of stover is phosphorus. This is supported
by the statement of Mehdi et al. [37] that phosphorus
affects the process of energy transfer and storage, cell
division, and carbohydrate metabolism, thus helping
in increasing the dry weight of a straw. Syafira[28]
states that the dry weight of straw is the result of the
effectiveness of nutrient absorption and reflects the
ability of plants to produce photosynthates by binding
to solar energy through photosynthesis. Dry weight
also indicates the interaction of plants with their
environment.

CONCLUSIONS

Conclusion
Based on the results of research and
discussion, conclusions can be obtained as follows:

1. Soybeans fed with 2.5 ton/ha husk ash have better
leaf area index growth compared to controls.

2. Application 1.25 tons / Ha of husk ash increase
the yield in the form of seed weight per plot in the
amount of 122,94% becomes 0,729 tons/Ha
compared to without husk ash or control.

Suggestion
Based on research on increasing soybean
growth and yield through the use of husk ash, it can
be suggested that the administration of husk ash at a
dose of 1.25 t / ha can be recommended to be applied
at the level of soybean farmers no-tillage cultivation.
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