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Abstract

The use of adaptive soybean cultivars with appropriate planting time on dry land can enhance the
improvement of soybean growth and yield. This study aimed to determine changes in leaf physiological
character and soybean yield as affected by different planting time and superior soybean cultivars. The
experiment was conducted on the dry land of Inceptisol in Gunungkidul from November 2018 to March
2019. The experiment was arranged in a Split Plot Design with the main plot arranged in a Randomized
Complete Block Design (RCBD) with three (3) replications. The main plots consisted of three planting
times, i.e. early planting time—Pranoto Mongso, midldle planting time—Farmer Method and late
planting—Katam Terpadu. The subplots consisted of four soybean cultivars, namely Anjasmoro,
Argomulyo, Grobogan and Dega-1. The fertilizers used were organic fertilizer (2 t ha), Urea (50 kg
hal) and KCI (50 kg ha?). The results showed that the treatment of planting time and cultivar could
increase leaf physiological activity, particularly the number of leaves, total leaf area, leaf area index and
plant growth rate. Early planting time—Pranoto Mongso and middle planting time—Farmers Method
produced higher plant dry weight (20.11 g; 24.21 g) and seed yields per plant (29.11 g; 26.75 g) than
late planting (Katam Terpadu) did (20.30 g). Meanwhile, cultivar Dega-1 had higher seed yields per
plant (30.11 g) than cultivar Grobogan (28.39 g), Argomulyo (23.35 g) and Anjasmoro (19.79 g) did.
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INTRODUCTION continuously carried out according to the
principles of sustainable agriculture. Sustainable
agriculture concerns on the effective, productive
and inexpensive external input systems; respects
local wisdom and involves the role of farmers in
the management and conservation of natural
resources and agriculture (Reijntjes et al., 1999;
Budiasa, 2011) and is socially, economically and
institutionally accepted (Purwanto and Cahyono,
2012). Strategies to intensify soybean production
can be achieved by increasing planting area,
enhancing productivity, reducing vyield gap,

Soybean (Glycine max. (L.) Merr.) is a source
of vegetable protein that is very popular among
the people in Indonesia. Domestic soybean
production has not been able to meet the needs for
food and feed raw materials because local
soybean production only reaches 887.42-963.18
thousand tons per year while the demand per year
reaches 2.2-2.4 million tons so that it is necessary
to import soybeans around 1.96 million tons
(PUSDATIN KEMENTAN, 2016). Efforts to
increase soybean productivity on upland are
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increasing stability and decreasing yield loss.
Environmental conditions can determine the yield
of crop seeds, in which stress due to
environmental conditions can reduce the
components of soybean yield (Nugrahaeni et al.,
2012). One of the technologies to increase
soybean productivity is insuring the availability of
water for plants in dry land through a strategy to
regulate the planting time and the use of adaptive
superior soybean cultivars.

Soybeans are generally planted in the rainy
season on dry land, but they are planted on paddy
fields in the dry season. The problem of soybean
cultivation on dry land is the availability of water,
and thus it is necessary to determine the proper
planting time by paying attention to rainfall and
soil moisture content. Water requirement during
the vegetative period (up to 35 days) is 126 mm
and during generative growth (age 35-85 days) is
203 mm (Boote et al., 1982). The water need of
the plant at the beginning of the period of growth
is low and it increases until the canopy of the
leaves develops and closes completely. The need
for water then decreases until near harvest. During
the growth between 85 and 100 days, soybean
plants require water from 450-700 mm
(Doorenbos and Kassam, 1979; Ludwig et al.,
2011), 300-450 mm or 2.5-3.3 mm day* with
optimum moisture content revolving around a
water potential voltage of 0.3-0.5 atm (Zandstra,
1982; Fagi and Tangkuman, 1985). Soybean
plants necessitate average temperature of 23°-
25°C; altitude of 1-700 meter above sea level;
rainfall of 1,500-2,000 mm year™ or 300-400 mm
planting season’*; good drainage channel; soil
moisture content of 70-80% from field capacity;
soil pH of 6.0-6.5; high content of organic matter,
N, P, K, Ca and Mg; Al saturation of <8 % and a
condition in whict they are not shaded under trees
with a tolerance limit of 0-8% (Nurhayati, 2010).

Water shortage is a problem that inhibits plant
growth and yield which causes low production.
Sufficient soil moisture content during flowering
and pod filling can increase seed Yyield
(Wijewardana et al., 2018). Drought stress that
occurs from the maximum vegetative phase until
flowering phase can reduce soybean seed yield
(Jha et al., 2018) and cause high vyield gaps
(Sentelhas et al., 2015). Plants that experience
drought will shrink their stomata to reduce water
loss through transpiration. This stomata shrinkage
will also reduce CO; diffusion and photosynthate
production, and consequently, this slows plant

growth. The phase that is most sensitive to water
shortage is the final phase of pod development and
middle phase of seed filling. At the final phase,
soybean plants normally abort <50% of flowers
and pods, but under conditions of drought stress,
the fall of flowers and pods can reach 70-80%
(Sudarsono and Widoretno, 2003). Efforts to
ensure the availability of rainwater during the
growth of soybean crops on dry land can be done
by using adaptive and high-yielded soybean
cultivars planted in approriate time.

The selection of adaptive cultivars is needed to
avoid the negative impact of stress. In diverse
agroclimatic environments, adaptive cultivars are
required. The resistance of adaptive cultivar can
be enhanced through cultivar selection and
genetic improvement (Gilbert et al., 2011;
Lehmann et al., 2013; Devi et al., 2014).
Basically, there are three strategies to improve
crop resistance to drought, i.e. drought escape,
drought avoidance and drought tolerance.
Environmental conditions affect the strategy of
plant resistance mechanisms to continue
implementing the growth process (Levitt, 1980;
Turner, 1997; Kholova, 2010). In drought escape,
plant is able to complete its life cycle before
drought stress occurs such as by flowering earlier.
Some plants choose dormancy to avoid stress or
complete the reproductive phase before drought
occurs (Manavalan et al.,, 2009). In drought
avoidance, plants avoid water shortages or
maintain tissue water potential by developing
morphological, anatomical and biochemical
processes as well as certain physiological
processes such as reducing transpiration and
reducing absorption of radiation by rolling up
their leaves (Clarke, 1986; Zou et al., 2011),
decreasing leaf area (Saruhan et al., 2009),
developing extensive roots, maximizing root
propagation (Blum, 2005; Goodger and
Schachtman, 2015) and using water efficiently. In
drought tolerance, plants adjust biochemical
processes because of drought stress, for examples,
by degrading chlorophyll, inducing oxidative
enzymes and  osmoprotecting  (osmotic
adjustment). In overcoming drought stress,
drought tolerance can control the stomatal
function so that it can improve the efficiency of
water use or stomatal conductance quickly when
drought stress begins to decrease (Yordanov etal.,
2000). Reducing water consumption is one of
plant mechanisms in increasing resistance to
drought stress (Zhu et al., 2012). The closure of
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the stomata inhibits photosynthesis and limits the
availability of CO; in chloroplast. The experiment
in this research aimed to determine changes in leaf
physiological characteristics and soybean yields
as affected by different superior soybean cultivars
and planting time.

MATERIALS AND METHOD

The study was conducted in dry land of Central
Zone (Ledok Wonosari), Gunungkidul, D.I.
Yogyakarta, from October 2018 to March 2019.
The experiment was arranged in a Split Plot
Design with the main plot of three planting times
(early—Pranoto Mongso, middle—Farmer Method
and late—Katam Terpadu) and subplots of four
soybean cultivars (Anjasmoro, Argomulyo,
Grobogan and Dega-1). The treatment was
replicated in three blocks as replications so that
the total 36 treatment combinations were applied.
The initial treatment of Pranoto Mongso was
carried out on 7 November 2018 (November 1)
coinciding with the calendar of mongso kalimo
"Semplah" or the fifth season. The initial
treatment of Farmer Method started after
successive rains for 3-5 days with heavy to very
thick intensity on 14 November 2018 (November
I) while the treatment of Katam Terpadu was
carried out on 5 December 2018 (December 1)
according to the forecast of the beginning of the
rainy season in which the rainfall was >35 mm for
one dasarian (10 days in a row) and was followed
by the next two dasarians.

Soil tillage was carried out in a simple way
(minimum tillage) and the planting space was 40

cm x 20 cm with three seeds per planting hole. The
experimental plot was 4 m x 2.5 m with bed height
of 30 cm. The distance between beds was 20 cm
and the distance between blocks was 1 m. The
fertilizers used were Urea 50 kg ha*, KCI 50 kg
hal, organic fertilizer 2 t ha®l and legin
(Rhizobium inoculants) 5 g kg* seeds. Urea
fertilization was given twice, i.e. 0.5 parts during
planting and the restat 14 days after planting
(dap). KCI fertilization was given once at the
planting time. Organic fertilizer was provided to
the planting hole as a cover for soybean planting.
Data obtained from observation were tested using
analysis of variance (ANOVA) for split plot
designs with main plots arranged in a Randomized
Complete Block Design (RCBD). The mean
comparison for the main factors and subfactors
was performed using Duncan Multiple Range Test
and the result was displayed in table. Data
analysis was carried out using SAS software (SAS
Institute Inc, 1985). Data visualization was done
using Microsoft Excel 2010 software. The 95%
confidence level was used to express significant
differences.

RESULTS AND DISCUSSION

Number of leaves per plant

Data in Table 1 show that Anjasmoro cultivars
have the highest number of leaves per plant
compared to other cultivars. Soybeans (42 dap)
planted at early planting time—Pranoto Mongso
and at middle planting time—Farmer Method had
more leaves than those planted at late planting
time—Katam Terpadu.

Table 1 Number of leaves per plant (n°) at 14 and 42 dap

Number of leaves per plant (n°)

Treatment 14 dap 42 dap
Planting time
- Early planting—Pranoto Mongso 10.00 a 49.76 a
- Middle planting—Farmer Method 9.73 a 56.62 a
- Late planting—Katam Terpadu 10.00 a 31.40 Db
Cultivar
- Anjasmoro 13.18a 75.03 a
- Grobogan 1150 b 61.21Db
- Argomulyo 11.19b 63.69 b
- Dega-1 10.30c 53.23¢
Interaction () ()
Coefficient of variation (%)
Planting time 19.21 6.05
Cultivar 1.17 19.85

Note: (-) showing no interaction, meaning that it is followed by different letters and shows significant difference
according to Duncan's Multiple Range Test at confidence level of 95%.
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According to Table 2, there is an effect of
interaction between planting time and soybean
cultivars on number of leaves per plant at 28 and
56 dap. At early planting time—Pranoto Mongso,
cultivar Anjasmoro had the highest number of
leaves compared to other cultivars, while at
middle planting time—Farmer Method, cultivar
Dega-1 had the highest number of leaves
compared to Argomulyo and Anjasmoro. At 56

dap, cultivar Anjasmoro produced a large number
of leaves per plant when planted at late planting
time—Katam Terpadu and at early planting time—
Pranoto Mongso. Cultivar Dega-1 produced the
highest number of leaves per plant when planted
at middle planting time—Farmer Method. The late
planting time-Katam Terpadu gave the same
effects on the number of leaves per plant at 28 dap.

Table 2. Number of leaves per plant (n°) of soybean cultivars at different planting times at 28 and

56 dap
Treatment Number of leaves per plant (n°)
Planting time Cultivar 28 dap 56 dap
Early planting—Pranoto Mongso Anjasmoro 35.57a 83.64 a
Grobogan 31.02Db 64.30 b
Argomulyo 29.63 b 68.93 b
Dega-1 30.58 b 58.57 b
Middle planting—Farmer Method Anjasmoro 24.40 b 59.53 b
Grobogan 29.22 ab 56.33 b
Argomulyo 26.33 b 60.87 ab
Dega-1 33.53 a 69.60 a
Late planting—Katam Terpadu Anjasmoro 3213 a 86.20 a
Grobogan 27.67 a 64.14 bc
Argomulyo 28.87 a 78.08 ab
Dega-1 26.47a 56.68 c
Interaction (+) (+)
Coefficient of variation (%)
Planting time 5.95 06.44
Cultivar 8.79 16.46

Note: (+) showing interaction, meaning that it is followed by different letters and shows significant difference
according to Duncan's Multiple Range Test at confidence level of 95%.

The optimal number of leaves allows the plant
to carry out photosynthesis at the optimum level.
Leaves are the primary organs of plants for the
process of photosynthesis and transpiration,
where the energy of light is held by leaf mesophyl|
cells and gas (CO., O;) and H.O are exchanged
through leaf stomata (Tohari, 2017b). The stomata
are composed of two guard cells that can control
the opening and closing of leaf pores. Soybean
plants have compound leaves shaped like hands
and have stipules at the base of the stems. Soybean
leaves have venation, which is part of the plant
vascular system for water flow and nutrients
(Sheaffer and Moncada, 2009).

Total leaf area

The leaf area is influenced by genotypes and
environment. Leaf area supports plant growth,
biomass production and vigor because of the
photosynthesis which produces assimilates for
plant life needs (Gardner etal., 1991). Assimilates
are used by plants for cell division and
enlargement so that the leaves expand. The
increase in leaf area is affected by the lateral
meristem located on the edge of the expanding
young leaf.
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Table 3. Leaf area (cm?) of soybean cultivars at different planting time

Leaf area (cm?)

Treatment 14 dap 28 dap 42 dap
Planting time
-Early planting—Pranoto Mongso 65.34 b 428.18 b 1340.51 a
-Middle planting—Farmer Method 65.47 b 543.22 a 1878.30 a
-Late planting—Katam Terpadu 76.98 a 626.47 a 1350.60 a
Cultivar
-Anjasmoro 59.03 b 484.87 a 1310.31a
-Grobogan 78.89 a 581.23 a 1433.01 a
-Agromulyo 71.15a 536.17 a 1656.90 a
-Dega-1 68.00 ab 528.22 a 1692.20 a
Interaction () () ()
Coefficient of variation (%)
Planting time 07.14 5.59 2.73
Cultivar 16.74 18.82 25.99

Note: (-) showing no interaction, meaning that it is followed by different letters and shows significant difference
according to Duncan's Multiple Range Test at confidence level of 95%.

At 14 and 28 dap, soybean plants planted at
late planting time—Katam Terpadu produced
higher yields compared to those planted at other
planting times (Table 3). However, at 28 dap,
soybean plants planted at middle planting time—
Farmer Method showed leaf area that increased

rapidly so that the leaves observed also had wider
size than leaf area of soybean plants planted at
early planting time—Pranoto Mongso. At 42 dap,
the development of the length and width of the
leaves did not show any different response so that
the resulting leaf area was relatively the same.

Table 4. Leaf area (cm?) of soybean cultivars at different planting time at 56 dap

Treatment Leaf area (cm?)
Planting time Cultivar
Early planting—Pranoto Mongso Anjasmoro 3,146.5a
Grobogan 1,900.0 b
Argomulyo 2,566.3 ab
Dega-1 1,707.2b
Middle planting—Farmer Method ~ Anjasmoro 2,675.6 ab
Grobogan 1,799.3 b
Argomulyo 34346 a
Dega-1 2,642.5 ab
Late planting—Katam Terpadu Anjasmoro 1,796.3a
Grobogan 1,878.5a
Argomulyo 1,774.4 a
Dega-1 1,807.3 a
Interaction (+)
Coefficient of variation (%)
Planting time 07.74
Cultivar 23.44

Note: (+) showing interaction, meaning that it is followed by different letters and shows significant difference
according to Duncan's Multiple Range Test at confidence level of 95%.

Leaf area of soybean cultivars at 56 dap was
influenced by planting time. At late planting time—
Katam Terpadu, all soybean cultivars had the
same leaf area, but at early planting time—Pranoto
Mongso, cultivar Anjasmoro had wider leaf area

compared to Grobogan and Dega-1. Meanwhile,
at middle planting time—Farmer Method, cultivar
Argomulyo had wider leaf area compared to
Grobogan. The development of leaf area is
supported by the ability of soybeans to provide
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nitrogenous nutrients through N fixation in the air
by soybean root nodules (Vitousex et al., 2002).
In this study, the plants treated with early
planting time—Pranoto Mongso and middle
planting time—Farmer Method during vegetative
growth 1 and 2 experienced drought conditions,
which reduced the moisture content of the soil up
to below the permanent wilting point, occurring
briefly for 24 hours. This condition is possible to
influence differences in leaf area of plants on
cultivars planted at 14 dap, in which Grobogan
and Argomulyo cultivars had the highest leaf area.
Sufficient water supports an increase in leaf area,
while a decrease in leaf area is the plant's first
response to drought. Soybean cultivars that are
resistant to drought can maintain a greater leaf
area during stress periods (Oya et al., 2004).
Grobogan and Argomulyo cultivars are drought
resistant cultivars (BALITKABI, 2016). Plants
that have the widest leaf area at the beginning of
growth will grow and develop faster because they
have higher photosynthates. Drought stress
occurring briefly does not cause plants to
experience a negative impact, which is proven by
plants which were able to grow and develop
optimally at 56 dap. Drought stress that continues
for a long time can cause a decrease in the rate of
photosynthesis and a negative impact on plants

(Gardner et al., 1991). All cultivars planted at late
planting time—Katam Terpadu had the same leaf
area because drought did not occur during
vegetative and generative growth.

Anjasmoro and Argomulyo cultivars produced
leaves with wider total leaf area on average (Table
4) but produced lower seed yields compared to
Grobogan and Dega-1 cultivars (Table 6). Leaf
area and leaf shape are associated with
morphological characters that influence soybean
yield. Genetically, broadleaf soybean plants tend
to produce lower number of seeds while small-
and-pointed-leaf soybean plants tend to yield a
higher number of seeds (Jeong et al., 2012).

Specific leaf area

Specific leaf area (SLA) is defined as the
efficiency of the formation of leaf area per unit of
carbohydrate available. At 14, 28 and 56 dap, the
treatment of late planting time—Katam Terpadu
produced the highest leaf area compared to other
treatments, while at 42 dap, the different planting
time did not give any significant effect. Leaf areas
of all cultivars at 14 and 28 dap were not
significantly different. Cultivar Dega-1 had the
highest SLA at 42 dap, while cultivar Anjasmoro
had the SLA at 56 dap (Table 5).

Table 5. SLA (cm? g?) of soybean cultivars at different planting time

SLA (cm? g?)

Treatment 14 dap 28 dap 42 dap 56 dap
Planting time
-Early planting—Pranoto Mongso 279.49 b 355.92b 332.85a 304.93 b
-Middle planting—Farmer Method 310.65ab  370.67 b 321.63a 32490 b
-Late planting—Katam Terpadu 327.61a 481.82 a 407.32 a 425.35a
Cultivar
-Anjasmoro 290.22 a 401.65a 286.23 b 428.67 a
-Grobogan 31290 a 405.43 a 320.14 ab 266.77 b
-Argomulyo 329.05a 401.29 a 382.24 ab 382.74 a
-Dega-1 291.50 a 402.84 a 427.12 a 328.72 ab

Interaction () () () ()
Coefficient of variation (%)
Planting time 9.49 6.38 3.13 5.19
Cultivar 13.67 18.92 29.11 28.93

Note: (-) showing no interaction, meaning that it is followed by different letters and shows significant difference
according to Duncan's Multiple Range Test at confidence level of 95%.

Specific leaf weight

Specific leaf weight (SLW) is an indicator of
plant leaf thickness where the higher the SLW
value is, the thicker the leaves will be. Thick

leaves will have higher number of cells than thin
leaves.

SLW of soybean cultivars at 14, 28, 42 and 56
dap is presented in Table 6. At 14 and 28 days,
soybean plants planted at early planting time—
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Pranoto Mongso produced the highest SLW
compared to those planted at late planting time—
Katam Terpadu. At 42 dap, soybean plants
planted at middle planting time—Farmer Method
had higher SLW compared to those planted at late
planting time—Katam Terpadu, while at 56 dap,
the treatment of planting time did not put any
significant effect on SLA. Meanwhile, among all

cultivars, Anjasmoro had the highest SLA at 14
and 42 dap. However, at 28 dap, there was no
significant difference of SA width among
cultivars. At 56 days, cultivar Grobogan had the
highest SLW compared to those at other
treatments, although it was not significantly
different from Dega-1.

Table 6. SLW (g cm? 1) of soybean cultivars at different planting time

SLW (gcm??)

Treatment

14 dap 28 dap 42 dap 56 dap
Planting time
-Early planting—Pranoto Mongso 37.10%a 30.10%a 32.10*ab 35.10%a
-Middle planting—Farmer Method 33.10%*ab 28.10%a 35.10%a 36.10%a
-Late planting—Katam Terpadu 31.10%b 21.10%b 27.10%b 26.10%a
Cultivar
-Anjasmoro 36.10%a 27.10%a 36.10%a 27.10%b
-Grobogan 33.10%*ab 25.10%a 35.10% ab 40.10%a
-Argomulyo 31.10%b 26.10%a 28.10% bc 28.10%b
-Dega-1 35.10%a 26.10% a 26.10%¢c 33.10* ab

Interaction () () () ()

Coefficient of variation (%)
Planting time 08.27 06.97 05.00 03.82
Cultivar 15.12 22.38 24.46 33.61

Note: (-) showing no interaction, meaning that it is followed by different letters and shows significant difference
according to Duncan's Multiple Range Test at confidence level of 95%.

Thickening of leaves is one of plant responses
to water shortages (Nio and Yunia, 2011). In
conditions of sufficient water availability,
Grobogan and Dega-1 cultivars have high leaf
thickness so that they have many leaf cells which
allow maximum photosynthesis. Leaves that are
not shaded can absorb maximum sunlight so that
the NAR increases (Putra, 2015).

Leaf area index (LAIl), net assimilation rate
(NAR) and crop growth rate (CGR)

Growth analysis is used as one of the
approaches to analyze the factors that influence
plant growth and yield in a form of assimilate
accumulation at a certain time. The increase in
assimilate yield per unit time can be seen from the
variable of NAR and CGR. NAR is influenced by
several factors, including the availability of water,
light, temperature, carbon dioxide, age of leaves,
nutrition, leaf chlorophyll content and genotype

(Stoskopf, 1981). NAR is a measure of the
average photosynthetic efficiency of leaves in a
crop community (Gardner et al., 1991).

According to the analysis of the growth of
soybean plants at 4 weeks after planting (wap),
there were different responses to the treatment of
planting time. Soybean plants planted at late
planting time-Katam Terpadu and middle
planting time—Farmer Method had a higher LAI
compared to those planted at early planting time—
Pranoto Mongso. High LAI of plants planted at
middle planting time—Farmer Method, will
increase NAR, compared to those of plants
cultivated at late planting time—Katam Terpadu.
High NAR then will increase CGR. At 8 wap, the
planting time and cultivars did not give any
significant effects on NAR. Growth analysis in all
four soybean cultivars did not show any different
response, meaning that all cultivars planted had
uniform LAI, NAR and CGR (Table 7).
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Table 7. LAl at 4 wap, NAR (g cm? week™) at 4 and 8 wap and CGR (g cm week™) at 4 wap

Treatment LAI NARat4wap NARat8wap CGRat4wap
Planting time
-Early planting—Pranoto Mongso 0.54b 70.10%a 46.10° a 17.10°b
-Middle planting—Farmer Method 0.68 a 77.10%a 34.10°a 21.10%a
-Late planting—Katam Terpadu 0.78 a 56.10° b 25.10%a 19.10% ab
Cultivar
-Anjasmoro 0.61a 73.10%a 32.10%°a 18.10%a
-Grobogan 0.73 a 63.10°a 38.10°a 20.10°a
-Argomulyo 0.67 a 68.10°a 37.10°a 19.10%a
-Dega-1 0.66 a 68.10°a 33.10%a 19.10%a
Interaction () () () ()
Coefficient of variation (%)
Planting time 05.63 10.06 01.26 07.11
Cultivar 18.82 21.34 65.42 23.31

Note: (-) showing no interaction, meaning that it is followed by different letters and shows significant difference
according to Duncan's Multiple Range Test at confidence level of 95%.

When the age of plant increases, NAR tends to
decrease. This can be seen at 4 and 8 wap.
Decrease in NAR is influenced by total leaf area
and SLA of plants. Leaves that actively carry out
photosynthesis affect NAR of plants, while
unproductive leaves such as old or shaded leaves
will reduce the NAR. The growth of the crops is
characterized by the increasing LAI resulting in
more leaves protected so as to reduce NAR
throughout the growing season (Gardner et al.,
1991). In plant canopies that have high LAI,

young leaves can absorb the most solar radiation,
have the highest rate of CO, assimilation and
translate most of the assimilates to plant parts. Old
leaves on a canopy and protected base have low
CO; assimilation rate and this gives a small
amount of assimilate to plant parts. Plants that are
in ideal environmental conditions put effect on
increasing leaf area which affects LAl and
maximum light absorption (Alam, 2015; Su et al.,
2015).

Table 8. LAI at 8 wap and CGR (g cm™ week™) at 8 wap

Treatment *
Planting time Cultivar LAl CGR
Early planting—Pranoto Mongso Anjasmoro 3.93a 25.10%a
Grobogan 216 b 22.10%a
Argomulyo 3.21ab 22.10%a
Dega-1 2.13b 12.10%a
Middle planting—Farmer Method Anjasmoro 3.34ab 24.10% ab
Grobogan 220b 62.10* b
Argomulyo 4.29 a 29.10%a
Dega-1 3.26 ab 19.10% ab
Late planting—Katam Terpadu Anjasmoro 2.25a 14.10% b
Grobogan 2.35a 18.10%a
Argomulyo 2.18a 76.10* ab
Dega-1 2.26a 15.10%a
Interaction (+) (+)
Coefficient of variation (%)
Planting time 07.45 3.58
Cultivar 23.38 30.86

Note: (-) showing no interaction, meaning that it is followed by different letters and shows significant difference
according to Duncan's Multiple Range Test at confidence level of 95% *Data were transformed to VX
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The ability of leaves to photosynthesize is
limited by leaf area and small-leaf period, low
chlorophyll content and low leaf protein. Low
photosynthesis rate leads to low NAR and CGR
because the accumulation of dry matter of plants
as a net result of photosynthesis is reduced which
ultimately decreases the dry weight of plants
(Sabban, 2012).

Soybean cultivars planted at late planting
time—Katam Terpadu did not show different LAI
and CGR. Planted at early planting—Pranoto
Mongso, cultivar Anjasmoro had higher LAl
compared to Grobogan and Dega-1. On the
contratry, planted at middle planting time—Farmer
Method, cultivar Argomulyo had the highest LAI.
LAI can affect CGR value. When planted at late
planting time—Katam Terpadu, cultivar Grobogan
and Dega-1 had higher CGR compared to
Anjasmoro. Meanwhile when planted at middle
planting  time—Farmer  Method, cultivar
Argomulyo had higher yield compared to
Grobogan. During the phase of seed filling to
physiological maturity, LAI values range from 4-
6 (Leopard and Kriedemann, 1975). LAI values
are influenced by plant leaf area, environmental
conditions and solar radiation. Wider leaf area
will lead to higher LAI values (Putra, 2015). At
maximum LAI, soybean leaves carry out
maximum net photosynthesis requiring saturated

light between 0.27-2.17 cal cm™ minutes? with
photosynthetis rate of 8-65 mg CO, dm hours™
(Beuerlein and Pendleton, 1971). This shows that
LAI directly relates to plant dry weight due to
increasing plant photosynthesis rates (Table 8).

Plant dry weight and seed yield per plant

The dry weight of plants at 14 dap did not show
any significant differences at different planting
times, but the treatment of planting time gave
significant effect at 28, 42 and 56 dap. At 28, 42
and 56 dap, soybean plants planted at middle
planting time—Farmer Method had the highest dry
weight of plants compared to other planting time.
At 28 dap, the soybean plants planted at middle
planting time—Farmer Method could accumulate
the most assimilates characterized by the highest
dry weight of the plant compared to those planted
at early planting time—Pranoto Mongso. At 42
dap, the plants planted at middle planting time—
Farmer Method showed higher dry weight
compared to those planted at late planting time—
Katam Terpadu. Meanwhile at 56 dap, the plants
planted at early planting time—Pranoto Mongso
and middle planting time—Farmer Method
accumulated higher assimilates compared to those
planted at late planting time—-Katam Terpadu
(Table 9).

Table 9. Plant dry weight (g) and seed yield per plant (g)

Plant dry weight (g) Seed yield
Treatment 14 dap 28 dap 42 dap 56 dap  per plant (g)
Planting time
-Early planting—Pranoto Mongso 0.37a 2.26 b 9.26ab 20.11a 29.11a
-Middle planting—Farmer Method 0.34a 2.72 a 13.80a 24.21a 26.75a
-Late planting—Katam Terpadu 0.38a 2.45 ab 7.46 Db 13.07 b 20.30b
Cultivar
-Anjasmoro 0.32b 2.30a 10.19a 19.10a 19.79 ¢
-Grobogan 04la 2.65a 11.10a 19.29 a 28.39 a
-Argomulyo 0.35b 2.49 a 9.80a 20.22 a 23.25b
-Dega-1 0.37 ab 247 a 9.59a 1791a 30.11a
Interaction () () () () ()
Coefficient (%)
Planting time 5.67 8.05 2.17 4.98 9.63
Cultivar 14.27 19.41 24.9 24.23 10.21

Note: (-) showing no interaction, meaning that it is followed by different letters and shows significant difference
according to Duncan's Multiple Range Test at confidence level of 95%

The initial growth of plant is exponential
which is described by the relative growth rate
based on the rate of dry weight increase in relation

to the dry weight of the whole parts of the plant.
The dry weight of plants illustrates the
accumulation of assimilates carried out through
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photosynthesis  during plant growth and
development before harvest. Plant destructive
growth can be observed from the accumulation of
photosynthates in dry weight. The soybean
cultivars tested showed different responses in
accumulating the assimilates produced from
photosynthesis only at 14 dap, in which cultivar
Grobogan had higher plant dry weight compared
to Anjasmoro and Argomulyo. Meanhile at 28, 42
and 56 dap, the accumulation of photosynthates
used for growth in plants did not indicate different
results. Increasing plant dry weight confirms that
photosynthesis  works — well  resulting in
assimilation to form maximum biomass (Zelalem
et al., 2009). The total dry weight of crop is a
result of the accumulation of net CO- assimilation
throughout the growth season since assimilation
of COz is the result of absorption of solar energy.
High biomass encourages an increase in the
number of pods and seeds (Liu et al., 2005).

There is a relationship between LAI and dry
matter production that follows an asymptotic
curve. On this curve, it is seen that during the
production of dry matter, the soybean plant is not
at LAI levels greater than the need for full
radiation interception, and thus the lower leaves
protected by the canopy do not harm the
productive part (Shibles and Weber, 1965).
Increased yields are supported by increasing
source production due to increasing CO; fixation
(Tekalign and Hammes, 2005). Photosynthesis
produces dry matter from parts of plants in the
amount of 90-95%. Photosynthesis is the capture
of energy derived from sunlight by chlorophyll for
the formation of organic matter (Da-yong et al.,
2012).

Dega-1 and Grobogan cultivars had higher
seed yield per plant than Anjasmoro and
Argomulyo. Meanwhile, soybean plants planted
at early planting time—Pranoto Mongso and
middle planting time—Farmer Method produced
higher seed yield per plant compared to those
planted at late planting time—Katam Terpadu. The
high dry weight of plants at 56 dap contributed to
high seed yield per plant observed on the plants
planted at early planting time—Pranoto Mongso
and middle planting time—Farmer Method. Early
planting has a small risk of competition compared
to late planting. This competition includes the
availability of water that affects soil moisture
content, humidity, temperature, sunlight and
carbon dioxide (Tohari, 2017a), and thus affects
the high seed yield per plant.

CONCLUSIONS

This study concudes that the treatment of
planting time and cultivar increases leaf
physiological activity, particularly the number of
leaves, total leaf area, LAI and plant growth rate.
Early planting time—Pranoto Mongso and middle
planting time—Farmers Method produced the
highest plant dry weight (20.11 g; 24.21 g) and
seed yields per plant (29.11 g; 26.75 g) than late
planting—Katam Terpadu (20.30 g). Meanwhile,
cultivar Dega-1 had higher seed yields per plant
(30.11 g) than cultivar Grobogan (28.39 g),
Argomulyo (23.35 g) and Anjasmoro (19.79 g).
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