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Abstract: Soybean cultivation can increase its production by providing methanol and groundwater. This
research aims to analyze the application of methanol, soil water content, and the interaction between
methanol and soil water content to increase soypgan production. The research was conducted from June
to October 2022 in Pangkajene District, Pangkep®Regency, South Sulawesi, Indonesia. The research used
a split-plot design, and each treatmest was repeated three times. The first plot is the level of water
content, which consists of three levels®Al: 25-50%, A2: 50-75%, and A3: 75-100%, while the subplot is
the methanol concentration, which consists of four levels: Mo: no methanol, M1: 15% methanol, M2:
30% methanol, and M3: 45% methanol. The research results show that soil water levels of 75-100% and
methanol 30% have a good influence on growth and production components. Providing methanol can
increase water use efficiency.
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e?Introduction

Soybean (Glygine max (L) Merrill) is an
annual crop that“fas long been cultivated and
known in Indonesia. The soybean plant is
classified as a traditional secondary crop, which
has changed from a side crop to a strategic crop
in the economy because the demand for soybeans
as a raw material for industry is increasing™ .

Soy is a food that has a high nutritional value;
therefore, it can be used to improve people’s
nutrition because it is cheap and affordable for all
levels of society®. In addition, soybeans are
also easy to find in everyday life. This is because
soybeans are a type of plant that can grow and
develop well in tropical areas, including
Indonesia. This makes soybeans very popular in
Indonesial®".

Soybean seeds contain 30%-50% protein and
25%-30% fat, so they are an important food
ingredient; thus, efforts to increase soybean
production need attention®.  Furthermore,

ybeans are used as food, and the slightly dried
aves and stems can also be used as animal feed
and green manurel®*!,

The rate of increase in soybean production
from year to year programed by the government
has shown encouraging results but is still unable
to keep up with the rate of increase in domestic
soybean  demand™.  Furthermore,  the
government continues to prioritize soybeans in
agricultural development toward food self-
sufficiency to reduce the rate of increase in
imports, which have so far absorbed quite large
amounts of foreign exchange so that the
prospects for increasing production per hectare
and expanding the planting area still need to be
improved™. In 1997, Indonesian soybean

production only reached 1,356,891 tons with an
average productivity of 1.2 tons per hectare®".
However, the average annual production
achieved is still below the productivity of
soybean-producing countries such as the United
States (17.0 quintals per hectare) and Canada
(19.8 quintals per hectare). In addition,
productivity is still far below the potential yield
of national superior varieties, namely 16.0-20.0
quintals per hectarel™l,

Indonesia’s soybean production is still low
because it is influenced by the fact that sufficient
water is not always available during the plant
growth, and the land fertility lowers day by
day™!. This occurs because water availability is
very dependent on rainfall. In addition, water
problems can be influenced by climatic
conditions and the number of rainy periods or
wet periods that are relatively narrow or small,
especially if the soybean development area is
%r]nphasized in areas that do not have irrigation*®

Soybean planting in such land conditions
often faids due to drought or excess water when
planted the beginning or end of the rainy
season. In a study, it was found that, from the

qsults of experiments carried out, soybeans

anted in the dry season with sufficient irrigation
could produce an average of 1.97 tons per
hectare, whereas in the rainy season, they
produced only 0.61 tons per hectare at the same
planting location.

Low soybean production is related to low
photosynthesis rates™™®?!, because high radiation
intensity in  tropical areas causes high
photorespiration rates, especially for C; group
plants such as soybeans; therefore, low
production and productivity cannot be separated
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from the carbon dioxide (CO;) cycle in
photosynthesis®??. In general, the C; plant
group has a lower net photosynthesis rate than
the C; plant group. The low level of net
photosynthesis in the C; plant group is due to
intense competition between C0O, and 0, in using
ribulose bisphosphate (RuBP). Use of RuBP by
oxygen with the help of the rubisco enzyme
results in the release of CO, back into the
atmosphere, and the rate of CO, fixation in
photosynthesis decreases and indirectly reduces
plant production and productivity.

Many efforts have been made to increase the
production, but the results obtained have not been
as desired. Research on the use of methanol in C,
plants in recent years has received considerable
attention among plant physiologists”?  who
reported that the use of methanol in C; plants can
increase the production by up to 100% when
grown in areas receiving high-intensity
sunlight™®2!, Methanol is a short-chain carbon
compound that has a lower polarity than water, is
easily absorbed by plants, and easily decomposes
into CO, in plant leaves. Thus, it is likely that
CO, levels in leaf chlorophyll will increase,
resulting in increased plant photosynthesis rates,
which in turn can increase production.

The urgency of this research is to build a
breakthrough innovation in soybean production
technology by conducting trials combining the
use of methanol concentration for soybean
growth and production at various levels of soil
water content, which haganot been widely used in
Indonesia. Furthermorehis research can reduce
Indonesia’s dependence on importing soybeans
from abroad. Indonesia is currently still
importing 2.6 million tons of soybeans from
abroad. Seeing this, Indonesia should increase
domestic soybean production to meet the public’s
need for soybeans. Increasing soybean
production in Indonesia will help the economic
sector, especially farmers.

@ Data and Methods

2.1 Research Design

This research uses a quantitative experimental
design approach carried out in Pangkajene
Distriat, Pangkep Regency, South Sulawesi. This
study®vas conducted from June to October 2022.
The research used a split-plot desi([;n, an ch
treatment was repeated three times'”®.. The first
plot is the water content level, which consists of
three levels®®Al: 25-50%, A2: 50-75%, and A3:
75-100%, while the subplot is the methanol
concentration, which consists of four levels: Mo:
without methanol, M1: 15% methanol, M2: 30%

methanol, and M3: 45% methanol (basic
considerations for using methanol).

The following is a flow diagram for
determining the sample for this research:

Solid sample

i

Prepared = 10 grams

Crushed until smooth and homogeneous

l

Results

Fig. 1 Flowchart of the revision method

2.2 Land Preparation, Methanol Application,
and Soil Water Content

The research land was cultivated using a
tractor, combed to clean up plant debris and
destroy chunks of soil, and the determined plot
area was measured. The distance between main
plots is 50 cm, between subplots 30 c¢cm, and
between replications/groups is 100 cm. Between
the plots, a channel was made 20 cm deep and
plastic was placed on the edge of the channel
vertically 30 cm deep to avoid water seepage
between one plot and another when the treatment
was administered.

The planting was rformed in a hole
approximately 5 cm deeﬁith a spacing of 40 cm
x 20 cm. Each hole was filled with 3-4e80ybean
seeds. Next, the fertilizer given was“drea 50
kg/ha, TSP 100 kg/ha, and KCI 50 kg/ha given
twice each; the first fertilizer was gi as basic
simultaneously with planting: urea 25g/ha, TSP
50 kg/ha, andg<Cl 25 kg/ha. The second fertilizer
was given 30%days after planting: urea 25 kg/ha,
TSP 50 kg/ha, and KCI 25 kg/ha.

The embroidery is carried out 7 days after
planting, while thinning is carried out 30 days
after planting, leaving 2 plants per hole. The
weeding is performed every week, and pest
control is performed by administering Dursban
20 EC when filling the pods.

Methanol treatment is applied when the plants
are 30 days after planting and then carried out
every two weeks until a week before harvest. The
concentration of methanol applied is adjusted to
the treatment, namely without methanol, 15%
methanol, 30% methanol, and 45% methanol,
with a spray volume such that the entire plant
canopy is wet.
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Water is given on the basis of the field
capacity (KP) and permanent wilting point
(TLP). Their determination was performed in the
soil sgiance laboratory at Hasanuddin University.
Based®n the soil water content, the amount of
water given for each treatment is determined
using the following formula:

S
KAT = O,lxh; x AT

where KAT - soil water content expressed in
water storage units, h - soil layer thickness (cm),
S - density or dry weight of the soil volume (g
cm®), w - water density (g. cm), and AT -
available water.

2.3 Observation and Measurement

2.3.1 Growth Components

(1) Plant height is determined at harvest (cm)
by measuring from the cotyledon scar to the top
growing point;

(2) The number of leaves is calculated at
harvest;

(3) The number of branches per plant is
calculated at harvest;

(4)%Zeaf area is calculated using formula: L X
W x k, where P - length, L - width, K — constant;

(5) Dry weight per plant (per plot and per
hectare);

(6) Age of harvest (days) (add what
components and how to measure them and what
lab equipment to use).

2.3.2 gkoduction Components

(1y*umber of filled pods per plant;

(2) Weight of 100 dry seeds (grams);

(3) Weight of dry seeds per plot (kg) and per
hectare (tons).

2.3.3 Climate Components

(1) The average water used per day is
calculated by measuring it and then dividing it by
the age of the plant at harvest;

(2) The efficiency of plant water use is
calculated as follows:

Dry Ingredients
EPA y Ing )

~ Water Required During Growth (1)

2.2+ Analysis Method

he data from the experiment were
statistically analyzed using SPSS version 16
software). The treatments were compared using
analysis of variance (ANOVA) with the least
significant difference (LSD) post-hoc test at a 5%
probability level.

3 Results

3.1 Vegetative Growthgaomponents

Analysis of varianceé®howed that the level of
soil w content and the application of
methano®fiad a significant effect on plant height,
number of leaves, number of branches, gad
harvest age (Tab. 1), but had no effect on*the
interaction between the soil water content and
methanol. Tab. 1 shows that the soil water

q)ntent of 75-100% (A3) provides the highest

ant height, number of leaves, and harvest age
and is significantly different from the other
treatments because the soil water content of 75-
100% (A3) is quite available to fulfill plant
growth, while the 308 methanol (M3) treatment
provided the highestglant height and number of
branches and was significantly different from
other treatments due to the contribution of CO,
from methanol, which caused an increase in the
net photosynthesis rate of the plants.

Tab. 1 Averagﬂant height, number of leaves, number of branches, and harvest age at various methanol concentrations
q and soil water contents
Treatment ant height (cm) Number of leaves Number of branches  Harvest age

Main Plot
Al 51.18° 20.05° 2.92° 83.00°¢
A2 55.32° 21.14° 3.47°% 86.00 °
A3 56.48 ° 24142 3.59°¢ 89.00 ?
Subplot
MO 51.94° 20.81° 2.80° 86.00 °
M1 53.34 % 21.64° 3.38°2 85.66 °
M2 56.88 ° 23.04° 3.392 85.33°

54.55 * 21.87° 3.39° 86.00
llowed by the different letters are significantly different according to the Duncan test at o = 0.05.

Note: Average numbe

Tab. 2 and 3 show that methanol treatment
@fd soil water content showed an interaction
ect on the leaf area and plant dry matter
weight. The treatment with 30% methanol (M2)

and the soil water content of 75-100% (A3)
provided the largest leaf area and the highest
plant dry matter weight and was significantly
different from the other treatments.
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Tab. 2 Average leaf area at various methanol concentrations and soil water contents

Methanol Soil water content
Al A2 A3
MO 1294.83°, 1414.99°,1599.46 °, 1862.48 %,
M1 1345.93 ¢, 1526.10 °, 1843.03 %
M2 1593.76 °, 1493.96 ° 1739.06% 2222.12%
M3 1874.28°,

Note: Average rﬂbers followed by the different letters indicate that they are different in rows (a, b, ¢) and columns (x, y, z),
e

which means th

Tab. 3 Average plant dry matter weight per plot at
various methanol concentrations and soil water contents
Methanol Soil water content
Al A2 A3

MO 757°% 925%, 959°%

M1 849°, 1245% 995"

M2 8,07% 10,73°, 12347

M3 11,785  969° 11842
Note: Average numbers followed by the different letters
indicate that they are different in roqa, b, ¢) and columns
(X, ¥, z), which means they aregnificantly different
according to the Duncan test at a = 0.05.

3.28Rkesult Components
nalysis of variance showed that thes soil
water content and application of methano™fad a
significant effect on the number of pods, weight
of 100 seeds, and weight of drysseeds per plot
(Tab. 4), but had no effect on*the interaction
between the soil water content and methanol.
Tab. 4 shows that the soil water content of 75-
0% (A3) provided the highest number of pods,
eight of 100 seeds, and dry seed weight per plot
and was significantly different from the other
treatments, while the treatment with 30%
met I (M3) provided the highest number of
pods,Sveight of 100 seeds, and dry seed weight
per plot and was significantly different from the
other treatments.

Tab. 4 Average number of pod,geight of 100 seeds, and
dry seed weight per plot at various methanol
concentrations and soil water contents

Treatment ~ Number of  Weight of 100 Dry seed
pods (fruits)  seeds (grams) weight per
plot (kg)
Main Plot
Al 47.80° 12,14 ° 1,52°¢
A2 62,70 ° 12,16 ° 1,84°
A3 89,502 13,322 2,622
Subplot
MO 59,90 ¢ 11,99° 1,72 b
M1 62,70 12,62° 2,052
M2 70,802 12,84% 2,25%
M3 70,50 12,71 2,042

Note: Average numberS®0llowed by the different letters are
significantly different according to Duncan’s test at o =
0.05.

3.2xClimate Components

nalysis of variance showed that the soil
water content had a significant effect on the
amount of water used per day (Tab. 5), but did
not have a significant effect on the application of

e significantly different according to the Duncan test level = 0.05.

methanol. Tab. 5 shows that the soil water
content of 75-100% (A3) shows the highest
amount of water used per day and is significantly
different from other treatments, while the
application of methanol tends to be better at a
concentration of 30% (M2).

Tab. 5 Average amount of water used per day (liters) at
various methanol concentrations and soil water contents
Methanol Soil water content
Al A2 A3 Average
MO 9,47 16,58 29,41 19,49
M1 9,48 16,63 29,52 18,54
M2 956 16,71 29,73 18,67
M3 948 16,61 29,39 18,49
Average 9,49m16,03° 2951°2
Note: Average numbe llowed by the different letters are
significantly different according to the Duncan test at o =
0.05.

Analysis of variance showed that the
interaction between the soil water content and
methanol application had a significant effect on
the average water use efficiency (Tab. 6). Tab. 6
shows that soil water content of 25-50% (A1) and
45% methanol (M3) show water use efficiency
and are significantly different from the other
treatments; soil water content of 50-75% (A2)
and 15% methanol (M1) show water use
efficiency and are significantly different from the
other treatments, while soil water content of 75-
100% and methanol do not show a real effect.

Tab. 6 Water use efficiency at various methanol
concentrations and soil water contents
Methanol Soil water content
Al A2 A3
MO 9,63% 652° 3,70%
M1 11,05%, 8,83° 384°,
M2 10,40°, 7,60° 4,75°
M3 1481°% 6,97°% 453¢
Note: Average numbers followed by the different letters
indicate that they are different igmiows (a, b, ¢) and columns
(X, ¥y, z), which means the e significantly different
according to the Duncan test at a = 0.05.

4 Discussion

The productivity of cultivated plants in
principle depends on the results of the net
accumulation of CO, assimilated during
photosynthesis throughout the growing season.
Photosynthesis is influenced by many factors,
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including CO, concentration and water
availability.

Duncan’s test results (Tab. 1) show that soil

ater content of 75-100% produces the highest
qant height, number of leaves, and number of
branches compared with soil water contents of
25-50% and 50-75%. This is thought to be
because a soil water level of 75-100% can
provide the water needed by plants in sufficient
quantities to support their growth, especially in
increasing cell turgor by absorbing water and
nutrients from below (in the soil) to above (plant
crown). Plasﬁ]need water during the growth, and
water play important role in plant growth,
from vegetative growth to the reproductive
phase!??l.

Furthermore, the more water is given in
accordance with the plant’s needs, the more
turgor it provides to the plant cells so that it can
promote the cell enlargement and improve plant
structure. Meanwhile, the harvest age shows that
increasing soil water levels cause the #arvest to
last longer. This proves that WaterQays an
important role in the rate of development of plant
morphology. This situation means that the level
of water supply affects the rate of fruit ripening.
High soil moisture slows down the growth in the
vegetative and flower phases and the fruit
ripening, whereas low soil moisture results in
faster growth and development. This means that
the lengthening of plant growth in the vegetative
phase will affect the generative phase of the plant
so that the lifespan of the harvested plants will be
longer®,

Duncan’s test results (Tab. 1) show thamant
height, number of leaves, and number of
branches increased with increasing methanol
concentration up to 30% and then decreased at a
concentration of 45%. This is because methanol
is a short-chain carbon compound that is easily
broken down into CO; in the leaf mesophyll so
that the CO, concentration in the leaf mesophyll
increases. Increasing CO, concentration causes
the ratio of CO, to O, to increase. This increase
causes the photorespiration rate to be depressed,
whereas the photosynthesis rate increases.
Photorespiration occurs because CO,
concentrations decrease and O, concentrations
increase in the leaf mesophyll®*%.

An increase in internal CO, concentration
(leaf mesophyll) is then thought to increase the
activity of nibisco (ribulose bisphosphate
carboxylase/oxidase) toward carboxylase so that
the rate of photosynthesis increases, causing the
amount of assimilate to be translocated to
actively growysing tissue to support the growth,
including the$dlant height, number of leaves, and

number of branches. Providing methanol up to
22.5% increased soybean plant height and was
still linear at this concentration®.

Duncan’s test results (Tab. 2) show that

methanol concentration and soil water content
increased the leaf area. The area increase is
caused by an increase in methanol concentration,
which increases the internal CO, concentration
and is supported by the availability of sufficient
water, thereby increasing the rate of
photosynthesis and causing an increase in
assimilation. Part of this assimilate is directed
toward leaf formation, further increasing the
number of leaves and leaf area. Increasing the
methanol concentration to 22.5% increases the
number of Arabica coffee plant leaves and is still
lineart®.
There is an interaction between the soim/ater
content and methanol concentration in the leaf
area. This interaction occurs because #9f a
dependent relationship between soil Vater
content and methanol concentration. The
availability of CO,, followed by the availability
of sufficient water, can stimulate photosynthetic
activity. Increasing the rate of photosynthesis, the
production of photosynthesis  (assimilate)
increases, thus allowing the formation of all
larger plant organs, including the leaf area.

There is an interaction between methanol
concentration and soil water content on plant dry
matter weight (Tab. 3), which is caused by the
formation of larger plant organs. An increase in
methanol concentration of up to 30% at soil
water content of 75-100% indicates an
increasingly high level of photosynthetic
efficiency. Increasing the efficiency of
photosynthesis causes the amount of assimilate
formed to increase so that the plant fruit weight
algaincreasest™,

he results of Duncan’s test on the number of
pods (Tab. 4) showed an increase in rhythm with
increasing methanol concentration and soil water
content. This is due to the increasing level of net
photosynthetic efficiency of the plants, especially
in the generative phase, so that more assigailate is
directed toward the formation of a highe™fumber
of filled pods per plant. The formation and filling
of pods is largely determined by the provision of
photosynthesis occurring at that time!**.,

Likewise, providing higher levels of water
(75-100%) before the reproductive phase causes
increased plant photosynthesis, resulting in
increased assimilation directed gsboward pod
formation and filling. Furthermore®he weight of
100 seeds and the weight of dry seeds per plot
(Tab. 4) showed an increase in rhythm with
increasing methanol concentration up to 30% and
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soil water content up to 75-100%. Soil water
content of 75-100% showed the best response
compared to soil water contents of 25-50% and
50-75%. Methanol concentration of 30% also
showed the best response compared with other
concentrations  (without  methanol, 15%

anol, and 45% methanol).

he influence of soil water content and
methanol concentration on the production
components cannot be separated from the
vegetative growth phase of soybean plants. The
vegetative growth phase determines the
generative growth phase of the plant. In this
experiment, it was n that the vegetative
growth of the plants %am height, number of
leaves, number of branches, leaf area, and plant
dry matter weight) was better at the treatment
with 30% methanol and the soil water content of
754400%.

e results of Duncan’s test on the average
water used per day (Tab. 5) show that increasing
soil water content increases the amount of water
used per day. Water absorption by the t roots
runs normally, causing smooth transport“df water
vapor from the stomata to the atmosphere
(transpirﬁ')n). An increase in water potential in

the plant*drea will be followed by agmincrease in
ground water potential, which is the%lowed by
an increase in leaf water potential. Arifcrease in
water potential followed by an increase in turgor
pressure in leaf cell tissue results in the
development of protective (guard) cells in the
stomata and causes the stomata to open. This
causes transpiration to increase so that the need
for water used by plants increases.

The results of the Duncan test on water use
efficiency (Tab. 6) show that increasing methanol
concentration increases water use efficiency.
Water use efficiency is a general description of
the amount CO, which is used (dry matter
produced) with only the water used by plants in
the respiration process. Treatment with methanol
concentration of 45% at the soil water content of
25-50% produces high water use efficiency. The
highest water use efficiency results from
increasing internal CO, levels and decreasing
transpiration rates so that the effectiveness of
photosynthesis increases®*®!. Thus, increasing
atmospheric CO, can double water use efficiency
in C; plant groups such as soybeans.

There is an interaction between methanol
concentration and soil water content. Methanol
concentration of 45% at the soil water content of
25-50% produces the highest water use
efficiency. This is because water influences the
rate of transpiration and CO, diffusion due to the
regulation of stomata. This is also related to the

fact that methanol can increase the efficiency of
water use at any level of water availability. This
is because methanol has an effect on increasing
the internal CO, concentration, which will cause
the stomata to partially close, which occurs
quickly so that transpiration decreases. Partial
closure of stomata at high internal CO,
concentrations is a plant reaction that maintains
the internal CO, concentration at a favorable
level®. Thus, partial closure of the stomata will
reduce the rate of transpiration, as stated by
Takahashi™ that high CO, levels in leaves cause
the stomata to narrow.

5&onclusions

ased on the research results, it can be
concluded that soil water content and the
application of methanol have a good influence on
the growth and production compggents. Soil
water content of 75-100% provides®the highest
dry seed productiopeof 2.24 tons/ha. 30%
methanol  provides e highest dry seed
production of 1.87 tons/ha or increases the
production by 30% and can increase water use
efficiency.

In the treatment at the field water content of
80%, the highest N nutrient uptake was
inoculated with Acaulospora sp. 1, namely K,M;
treatment, compared with other treatment
combinations. Meanwhile, inoculation of Glomus
sp. mycorrhizae under water stress conditions
(60% field capacity (KsMs)) increased plant N
nutrient uptake compared with other types of
mycorrhizae. In treatments at the field water
content of 80%, P nutrient uptake was the highest
in the K,M; treatment compared with other
treatment combinations. Meanwhile, Glomus sp.
mycorrhizal inoculation under conditions of 60%
field capacity (KsMs) increased plant P nutrient
uptake compared with other types of
mycorrhizae. The lower the soil water content,
the more significantly the plant uptake of N and P
nutrients will decrease. Inoculation of various
types of mycorrhizae also showed decreased
results despite P uptake by the Aeciospore sp
inoculant. 1 (M;) has the highest P uptake.
However, the highest combination of N and P
uptake treatments was found in the K,M;
treatment, namely 950,959 N mg/plant and
66,338 P mg/plant. Under water stress conditions
(60% field capacity), inoculation of mycorrhizal
Glomus sp. (KsMs) increased the plant N and P
nutrient uptake, namely 755,932 mg/plant and
45,543 mg/plant, compared with other treatment
combinations.
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