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Abstract: Selfing is the initial step to form hybrid varieties. Selfing has been
carried out for four generations and 29 S4 lines have been obtained. All lines
have been tested for their tolerance level to drought stress in dry land. The
purpose of the study was to determine the tolerance level of S4 lines of corn
plants to drought stress in dry land. Experimental methods with field trials
were used for the test. And the correlation between characters and ISC
values. The design used was a randomized block design at each stress level.
Determination of the tolerance level used the observation parameter of the
results (dry seed weight per plant) under mild stress conditions and normal
conditions. The tolerance level to drought stress was measured from the
Stress Sensitivity Index (ISC) value. The results showed that three S4 lines
were tolerant to drought stress, namely lines S4.7, S4.15 and S4.24. Nine S4
lines have moderately tolerant category, namely lines S4.1, S4.3, 54.8, 54.12,
54.13, S4.14, 54.21, 54.26 and S4.29; the rest are classified as sensitive. The
yield have a high negative correlation with the ISC value; the weight
of dry cobs harvested per plant has a moderate negative correlation.

The three tolerant lines can be used for the formation of S5 lines.
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Introduction

Increasing corn production continues to be pursued
through intensification and extensification. Both efforts
require the development of hybrid varieties
(Chakrabarty et al., 2023). The use of hybrid varieties is
the main key to increasing corn productivity in
Indonesia (Bahtiar et al., 2023; Syahruddin et al., 2020).
This is done considering that hybrid corn has a higher
yield potential than open-pollinated varieties.
Increasing production through intensification and
extensification can be done on dry land (Baudron et al.,
2021; Marinus et al., 2023). Therefore, efforts are needed
to form superior hybrid varieties that are adaptive to dry
land. The formation of super early maturing or early
maturing hybrid varieties needs to be done to increase
corn production in Indonesia, especially on dry land
(Anshori et al., 2024). The formation of a corn population
to obtain superior super early maturing hybrid varieties
has been carried out by Sudika & Anugrahwati (2021).
This activity has produced an F2 population and its
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genetic variation components have been suspected. The
results of the study showed that the dominant variation
was higher than the additive variation for leaf angle and
yield properties; however, for harvest age; both varieties
are the same. Based on this, it is recommended to form
hybrid varieties (Duruflé et al., 2023).

The formation of hybrid varieties begins with the
formation of inbred lines (Labroo et al., 2021). The
formation of inbred lines is carried out by selfing until
homozygous lines are obtained (Arrones et al., 2020; Yan
etal.,, 2017; Zhang et al., 2022). The first, second and third
generation selfings have been carried out and 15 S3 lines
have been produced. Testing of the S1 line has also been
carried out and it is known that the results have
moderate cross depression, namely 30.10%. The leaf
angle and harvest age of the deep cross depression are
low, namely 8.18% and -0.02% respectively (Lopes et al.,
2022). Testing of the Sl line has been carried out by
(Chaikam et al., 2019), to obtain lines that are tolerant to
drought stress. The results of the study showed that as
many as 14 S1 lines were sensitive, 13 moderate and one
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tolerant line, namely G27 to severe drought stress.
(Adebayo & Menkir, 2014; Adee et al., 2016; Walne et al.,
2024), obtained that of the six hybrid corn tested under
drought stress, two tolerant hybrid varieties, namely
5C647 and KSC704, were based on the sensitivity index.

Testing of 20 corn genotypes under drought stress
was conducted by Chiango et al.,, 2021; Shojaei et al.,
2022). The results of the study showed that ASI was
longer, as a result of the slow emergence of cob hairs.
The fourth generation selfing activity was carried out to
form 54 lines using 15 S3 lines. The number of 54 lines
obtained was 29 lines. The tolerance of these lines was
tested on dry land to obtain pure lines that were tolerant
to drought stress. The purpose of the study was to
determine the tolerance level of the fourth generation
selfing lines (S4) of corn plants on dry land.

Method

The materials used in this experiment were 29 S4
corn seeds, raffia rope, Urea fertilizer, Phonska fertilizer,
Petroganik, Saromyl 35 SD, Furadan 3G, Meurtieur 30
EC, Calaris 550 SC and plastic bags. The method used in
this study was an experimental method with field
experiments, namely on dry land that had a pump well.
The experiment was conducted in the Amor-Amor
hamlet, Gumantar village, North Lombok district. The
experiment began in early June to the end of August
2024. The design used in each condition (normal and
mild drought stress) was a Randomized Block Design
(RAK). The number of 54 lines tested was 29; each as a
treatment. Each treatment was repeated twice, so that 58
experimental units were obtained for each stress
condition. Given the number of stress conditions as
many as two, the number of experimental units was 156.
Stages of research implementation, as shown in Figure 1.

Designing

the experiment

Research objective:

To determine the
tolerance level of
fourth generation (S4)
selfing lines of corn
plants on dry land.

1T

Presentation of
Results, discussion
and drawing
conclusions

r
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:> block design: o
treatment, 29

sS4 lines and each

treatment,

repeated 2
times.

Preparation of
experimental land,
namely dividing
the plot into two
blocks; each block
measures 5 x 20.3 m.

maintenance, harvesting, data
collection and data
analysis

Figure 1. Stages of research implementation
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The implementation of the experiment includes
seed and land preparation, planting, fertilization,
irrigation, pest control, harvesting and post-harvest.
Seed preparation is carried out by treating the seeds of
each line using Saromyl 35 SD with a dose of 5 g/kg of
seed. Soil processing is carried out by plowing and
harrowing once each, then the soil is leveled with a hoe.
The plot for normal condition treatment is divided into
two blocks; each block measures 5 x 20.3 m and the
distance between blocks is 1 m. Planting and thinning.
Planting by digging using a planting distance of 70 x 20
cm, two seeds per hole. The planting hole is covered with
Petroganik organic fertilizer with a dose of 600 kg/ha.
Each treatment is planted in one row; each row contains
25 plants. At the age of 12 days, thinning is carried out
and one plant with better growth is left. Fertilization is
carried out twice, namely when planting and 28 days
after planting. The dosage for each fertilization is 100 kg
of Urea and 150 kg of Phonska. Irrigation in normal plots
is done one day before planting, at the ages of 10 days,
17, 24, 35, 42, 49, 56, 63 and 70 days. Irrigation in mild
drought stress plots is done one day before planting, at
the ages of 10 days, 17, 24, 30, 60, 67 and 74 days after
planting. Irrigation is done in a more, using a pump well
as a water source.

Pest control is done using Furadan 3 G; which is
given to the planting hole. At the ages of 35 days and 56
days, spraying is carried out to control caterpillar pests
using Meurtieur 30 EC with a dose of 3 cc / | of water.
Control of downy mildew disease with seed treatment
using Saromyl 35 SD. Weeds were controlled by
spraying Calaris 550 SC 14 days after planting and by
hilling up at 28 days after planting. Observed variables
included flowering and harvest age, growth and yield
component variables and yield. Flowering variables
include panicle emergence age, cob hair emergence age
and the difference between cob hair emergence and
panicle emergence (ASI) and harvest age. Observed
growth variables consisted of plant height, number of
leaves per plant, leaf angle, stem diameter and leaf area.
Observations for yield component variables, namely cob
length, cob diameter, dry harvest cob weight and weight
of 1.000 seeds. Results were measured from the weight
of dry kernels per plant with a water content of 14
percent. Data analysis was carried out by calculating the
Stress Sensitivity Index (SSI) with the formula as stated
by (Nandhini et al., 2022), with the following Formula:

ISC = (A -(Yp/Y) / (A1-(Xp/X)) ©)
with; Yp, is the average yield of a line in a stressed
environment; Y, the average yield of a line in a normal
environment; Xp, the average yield of all lines in a
stressed environment and X, is the average yield of all
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lines in a normal environment. The category of resistance
level according to the value, namely tolerant: ISC < 0.50;
moderately tolerant: ISC > 0.50 - 1.00 and sensitive ISC
value: > 1.00. In order to determine the closeness of the
relationship between the characters observed in drought
stress conditions with the ISC wvalue, the Pearson
correlation coefficient calculation was carried out. This is
needed to support the study of drought stress resistance
of the 54 line. Testing the correlation coefficient value is
done by comparing the correlation coefficient value with
r0.05.

The number of data used to calculate the correlation
coefficient value is 29, so that n for the r table is 27. Based
on this, r0.05 (27) is 0.37. Next, correlation categories
were created, namely low, medium and high, following
the method used by Taber (2018) using r0.05. The lowest
limit that was significantly different was used as the
correlation criterion, namely 0.38. The range of low
category values: 0.38-0.59; medium: 0.60 - 0.81 and high
correlation >0.81. The 5S4 line that will be used to form
the S5 line, needs to be selected based on its tolerance
level to drought stress, leaf angle, harvest age. The
requirements for the selected S4 line, namely having a
leaf angle <350, super early harvest age (< 80 days) with
a tolerance level category classified as tolerant.

Results and Discussion

The results of the calculation of the stress sensitivity
index (ISC) and tolerance level categories are presented
in Table 1; while Table 2 presents the results of the
average t-test of each character under drought stress and
normal conditions and the percentage difference
compared to normal conditions. The closeness of the
relationship between characters with ISC values and
results is presented in Table 3. The selection of the 54 line
to form the S5 line is not only based on the tolerance
category, but also based on the average leaf angle and
harvest age; both characters are presented in Table 4.

Tolerance level of the 54 line to drought stress

One of the characteristics of superior hybrid corn
varieties for dry land is tolerance to drought stress.
Therefore, candidate pure lines should also have this
tolerant trait. Testing the level of tolerance to drought
stress has been carried out on dry land using mild
drought stress. Mild drought stress is carried out by not
providing water from 12 days before flowering to 12
days after flowering (Chen et al., 2023; Ishimaru et al.,
2022; Liang et al., 2019). In this experiment, mild drought
stress, the last irrigation was at 30 days old and re-
irrigated at 60 days old with an interval of 5 days. Table
1 shows that there are three lines that have a tolerance
level with a tolerant category, namely lines 54.7, 54.15
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and 54.24 with ISC values ranging from 0.08-0.44. The
moderately tolerant category, obtained 9 lines, namely
lines S4.1, 54.3, 54.8, 54.12, S4.13, S4.14, S4.21, S4.26 and
54.29 with ISC values ranging from 0.61-1.00; A total of
17 S4 lines have a sensitive category, namely 54.2, S4.4,
S4.5, 54.6, 4.9, S54.10, S4.11, S4.16, S4.17, S4.18, S4.19,
54.20, S54.22, 54.23, S54.25, 54.27 and S4.28. with an ISC
value >1.00.

The tolerance level category is based on the stress
sensitivity index (ISC) value. The ISC value is calculated
from the results under drought stress conditions and
normal conditions of each line and the average of all 54
lines. The greater the difference in the yield of a line
under the two stress conditions, the greater the ISC
value; meaning that the line is more sensitive to drought
stress. (Aulia Adeputri et al., 2024; Asargew et al., 2024),
tested 30 S1 lines under severe drought stress conditions
in dry land and obtained only one tolerant line and 13
moderately tolerant lines while 16 S1 lines were
classified as sensitive.

Table 1. ISC values and tolerance levels to drought stress
of 54 corn lines

Tested strains ISC Value Tolerance level
541 0.65 Moderately tolerant
S4.2 1.40 Sensitive
543 0.61 Moderately tolerant
S4.4 1.44 Sensitive
S4.5 1.24 Sensitive
54.6 1.23 Sensitive
S4.7 0.08 Tolerant
54.8 0.67 Moderately tolerant
549 1.03 Sensitive
54.10 1.24 Sensitive
S4.11 1.04 Sensitive
S54.12 0.68 Moderately tolerant
54.13 1.00 Moderately tolerant
54.14 0.67 Moderately tolerant
S54.15 0.44 Tolerant
S4.16 1.24 Sensitive
S4.17 1.37 Sensitive
S4.18 1.15 Tolerant
54.19 1.40 Sensitive
54.20 1.09 Sensitive
54.21 0.78 Moderately tolerant
54.22 1.10 Sensitive
S54.23 1.18 Sensitive
S4.24 0.24 Tolerant
54.25 1.54 Sensitive
54.26 0.63 Moderately tolerant
S4.27 1.51 Sensitive
54.28 1.14 Sensitive
54.29 0.93 Moderately tolerant

The size of the ISC value is related to several
characters as presented in Table 2. The cob diameter has
a low negative correlation with the ISC; while the cob
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length and dry harvest cob weight have a moderate
negative correlation and the yield has a high negative
correlation with the ISC value. The correlation
coefficient values of cob diameter, cob length, cob
weight and yield with the ISC value are respectively -
0.58; -0.72; -0.78 and -0.84. This means that the higher the
yield, the lower the ISC value; meaning that the line is
more tolerant to drought stress. Longer and heavier cobs
have quite an effect on the ISC value, namely the smaller

December 2024, Volume 10, Issue 12, 10255-10262

it is. The size of the cob diameter has little effect on the
ISC value. Other characters are not correlated with the
ISC value; meaning that the size of the character value
does not affect the ISC value (Ren et al., 2022), found that
the cob length has a moderate negative correlation with
the ISC; while the dry harvest cob weight and yield have
a strong negative correlation with the ISC in the S1 line
on dry land.

Table 2. Correlation coefficient values between quantitative characters of S4 corn line and ISC values

Quantitative characters observed

Correlation Coefficient Value with ISC

Correlation coefficient value with results

Age of anthesis

Age of silking

ASI (difference between age of silking
and age of anthesis)

Harvest age

Plant height

Number of leaves per plant

Leaf angle

Stem diameter

Leaf area

Cob length

Cob diameter

Dry harvest cob weight per plant
Weight of 1,000 grains

Yield (dry kernel weight per plant)

-0.06 ns -0.08 ns
-0.18 ns -0.07 ns
-0.19 ns 0.04 ns
0.07 ns -0.06 ns
-0.29 ns 0.43*
0.19 ns -0.25ns
-0.04 ns 0.08 ns
-0.24 ns 0.12ns
-0.33 ns 0.50 *
-0.72%* 0.82%**
-0.58 * 0.76 **
-0.78 ** 0.95 ***
-0.12 ns 0.19 ns
-0.84*** 1.00

Description: 10.05 value (27) = 0.37; ns, uncorrelated; *, low correlation and **, medium correlation and ***, high correlation.

The yield (dry kernel weight per plant) are highly
positively correlated with cob length and dry cob weight
at harvest; while cob diameter is positively correlated in
the medium category and plant height and leaf area are
positively correlated in the low category with yield. This
shows that the contribution of plant height and leaf area
is small to the yield; namely the S4 line of corn plants;
which has taller plants and wider leaves, has little
contribution to increasing yields. Chang et al. (2021); Li
et al. (2021), obtained that the yield are positively
correlated in the medium category with plant height,
leaf area, cob length and cob diameter; while the dry cob
weight at harvest per plant is strongly positively
correlated. Research on F2 lines of corn plants has been
conducted by Sudika et al. (2022a); Sudika et al. (2022b),
it was found that plant height had a weak positive
correlation with yield, leaf area, cob length and cob
diameter had a moderate positive correlation and dry
harvest cob weight had a strong positive correlation
with yield. Other characters, such as plant height, leaf
angle and stem diameter were not correlated with ISC
values (Badaruddin et al., 2017) found that plant height,
leaf angle and stem diameter were not correlated with
yield under stress and normal conditions.

Effect of drought stress on flowering and harvest age, growth,
yield components and yield in 54 lines

Differences in tolerance levels of each S4 line
occurred because the difference in yield (dry seed
weight per plant) obtained under drought stress
conditions and normal conditions was different for each
line. Differences in several other characters also
contributed to the level of tolerance of the lines to
drought stress. The results of the average t-test of each
character under drought stress and normal conditions
and the percentage difference compared to normal
conditions are presented in Table 3.

Table 3 shows that there is a difference between the
average characters in drought stress conditions and
normal conditions based on the t0.05 test. The different
characters are age of anthesis, age of silking, ASI, harvest
age, cob length, cob diameter, dry cob harvest weight
per plant, weight of 1.000 seeds and yield. All growth
variable characters are the same between drought stress
conditions and normal conditions. The percentage
difference in the average varies with a range of values
from 0.00% in leaf angle and stem diameter to 206.35
percent in ASIL Flowering variables in the 54 corn line
that were observed included age of anthesis, age of
silking and ASI. These three characters are influenced by
drought stress (Table 3).

The 54 line tested under drought stress conditions
produced anthesis and silking earlier than under normal
conditions. The same thing was obtained by (Ali-Dinar
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et al., 2021), that male flowers emerged earlier than
under normal conditions. ASI under drought stress
conditions was greater than ASI under normal
conditions, respectively 3.28 and 1.07 (Table 3). (Utami
et al., 2023) also obtained the same thing, that the G7 line
had an ASI of 1.67 under normal conditions and 3.00
under moderate drought stress conditions. Nisfiyah et
al. (2024), obtained that the age of male flowers and the
age of female flowers were influenced by the
combination treatment of seed coating and the level of
drought stress in superior Madura corn plants (MDR-3).
The growth variables measured included plant height,
number of leaves per plant, leaf angle, stem diameter

December 2024, Volume 10, Issue 12, 10255-10262

and leaf area. All of these characters were the same
between drought stress conditions and normal
conditions. According to Jahan et al. (2023); Yan et al.,
(2024), that drought stress affects the rate of
photosynthesis and aging of plant organs. The presence
of mild drought stress in this study did not cause a
difference in the rate of photosynthesis, so that the
average vegetative growth of the two stress conditions
was the same. Muazam et al. (2023) found that the stem
diameter and number of leaves per plant were the same
between drought stress conditions and normal
conditions in local corn from Southeast Sulawesi.

Table 3. The average of all characters of the 54 line under drought stress and normal conditions on dry land and the
results of the t0.05 test and the percentage difference for each character

Observed characters Stress conditions

Age of anthesis (days) 41.26
Age of silking (days) 44.53
ASI (days) 3.28
Harvest age (days) 74.50
Plant height (cm) 180.12
Number of leaves per plant

(strand) 12.59
Leaf angle (0) 28.26
Stem diameter (cm) 1.57
Leaf area (cm?2) 374.34
Cob length (cm) 9.85
Cob diameter (cm) 3.85

Dry harvest cob weight per plant
(8) 79.34

Weight of 1,000 grains (g) 225.98
Yield (dry kernel weight per
plant (g) 42.35

Normal condition

Test Results toos  Percentage difference (%) *

4453 s 7.34
45.60 s 2.35
1.07 S 206.54
76.07 s 2.06
178.90 ns 0.68
ns

12.63 0.32
28.26 ns 0.00
1.57 ns 0.00
373.92 ns 0.11
12.87 23.47
4.55 15.38
128.18 38.10
246.14 8.19
69.60 39.15

Note: *, is the percentage difference in stress and normal conditions compared to normal conditions.

The observed yield components included cob
length, cob diameter, dry harvest cob weight, and
weight of 1.000 seeds. These four characters have higher
values under normal conditions than under drought
stress conditions. Nisfiyah et al. (2024) found that cob
length, cob diameter, and yield were influenced by a
combination of seed coating and drought stress. The
yield of the 54 corn line under drought stress conditions
was lower than under normal conditions with a yield
decrease of 39.15 percent (Sudika et al., 2023) obtained
the same thing, that the length of the cob, the diameter
of the cob, the weight of 1.00 seeds and the yield differed
between mild stress conditions and normal conditions
with a decrease in yield of 32.56-39.86% in tolerant
genotypes and 50.89-88.33% in sensitive genotypes. In
drought stress conditions, there is a decrease in the rate
of photosynthesis, so that less photosynthate is
produced. In addition, there is also an obstacle to the
transport of feedback to the sink. This causes the cob to

be shorter and smaller, the seed size is also smaller, so
the yield is lower.

Selection of 54 lines for the formation of S5 lines

The selected 54 lines, in addition to considering the
level of tolerance to drought stress, are also based on the
size of the leaf angle and the harvest age of the line. The
requirements for selected lines are that they have a
tolerant category, a leaf angle <350 and a harvest age of
around 70-80 days. The average leaf angle and harvest
age of each 54 line are presented in Table 4.

Table 4. Average leaf angle (0) and harvest age (days) of
each 54 line of corn plants in dry land

Tested strains Leaf angle (%) Harvest age (days)

54.1 28.50 73.50
54.2 28.00 73.00
54.3 31.75 73.00
544 28.00 74.50
54.5 28.25 76.50
54.6 26.50 74.00
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Tested strains Leaf angle (%) Harvest age (days)
54.7 28.75 74.00
54.8 27.50 73.50
S4.9 28.10 74.00
54.10 25.00 74.00
5411 28.25 74.50
S4.12 26.75 74.00
54.13 27.00 74.50
S4.14 29.50 75.00
S4.15 26.50 75.50
S4.16 28.50 75.00
S4.17 29.50 74.00
54.18 27.25 76.00
$4.19 28.25 72.50
54.20 29.75 75.50
54.21 28.25 74.00
54.22 27.00 76.50
54.23 31.75 73.50
S4.24 28.75 75.00
54.25 28.50 75.50
54.26 28.75 76.00
54.27 30.00 76.00
54.28 27.75 74.00
54.29 27.25 73.50

Based on Table 4, all $4 lines that have a tolerance
level in the tolerant category can be determined for use
in making S5 lines. Lines that are tolerant to drought
stress are lines S4.7, S4.15 and S4.24. This is because the
leaf angle of the three lines is less than 35° ranging from
26.500 to 28.750. The average harvest age of all lines is
classified as super genjah ranging from 74.00 -75.50 days
(<80 days).

Conclusion

The tolerance level of S4 lines to drought stress
varies. Three 54 lines were tolerant to drought stress, namely
lines S4.7, S4.15 and S4.24. Nine S4 lines have a fairly tolerant
category, namely lines 54.1, 54.3, 54.8, 54.12,54.13, 54.14, 54.21,
S4.26 and S4.29; the rest are classified as sensitiveLines S4.7,
5415 and S4.24 have tolerance levels classified as
tolerant. Nine 5S4 lines have moderately tolerant levels
classified and the rest are classified as sensitive. The average
flowering, harvest age, yield components and average
yield of 54 lines differ between drought stress conditions
and normal conditions; while the growth variables are
the same between the two conditions. The yield have a
high negative correlation with the ISC value; the weight
of dry cobs harvested per plant has a moderate negative
correlation and the diameter of the cob has a low
negative correlation. Other characters are not correlated
with the ISC value. The length of the cob and the weight
of dry cobs harvested per plant have a high positive
correlation with the yield; while other characters have a
moderate and low positive correlation and some are not

December 2024, Volume 10, Issue 12, 10255-10262

correlated with the results. S4 lines that have the tolerant
categories to drought stress can be used to form S5 lines.

Acknowledgments

The research team would like to thank the Rector of Mataram
University for the funds that have been provided, so that this
research can be carried out according to target. The research
team would also like to thank BP3F and the Dean of the Faculty
of Agriculture, the Chairperson and Secretary of LPPM and
staff for all assistance since the submission of the proposal until
the completion of the final report. May all your good deeds be
rewarded accordingly by God Almighty.

Author Contributions

L. W.S, L G.P. M. A, conceptualized the research idea,
research method, and analyzed the data. . W.Sand D.R. A,,
guided the writing of the review and editing, supervised and
validated the instruments used in the research

Funding
Funding for this research comes from the University of
Mataram.

Conflicts of Interest
The authors declare no conflict of interest.

Reference

Adebayo, M. A., & Menkir, A. (2014). Assessment of
hybrids of drought tolerant maize (Zea mays L.)
inbred lines for grain yield and other traits under
stress managed conditions. Nigerian Journal of
Genetics, 28(2), 19-23.
https:/ /doi.org/10.1016/j.nigjg.2015.06.004

Adee, E., Roozeboom, K., Balboa, G. R., Schlegel, A., &
Ciampitti, I. A. (2016). Drought-Tolerant Corn
Hybrids Yield More in Drought-Stressed
Environments with No Penalty in Non-stressed
Environments. Frontiers in Plant Science, 7.
https:/ /doi.org/10.3389/fpls.2016.01534

Ali-Dinar, H., Mohammed, M., & Munir, M. (2021).
Effects of Pollination Interventions, Plant Age and
Source on Hormonal Patterns and Fruit Set of Date
Palm (Phoenix dactylifera L.). Horticulturae, 7(11),
427. https:/ /doi.org/10.3390/horticulturae7110427

Anshori, M. F,, Musa, Y., Farid, M., Jayadi, M., Padjung,
R., Kaimuddin, K., Huang, Y. C., Casimero, M.,
Bogayong, 1., Suwarno, W. B., Sembiring, H.,
Purwoko, B. S, Nur, A., Wahyuni, W., Wasonga, D.
O., & Seleiman, M. F. (2024). A comprehensive
multivariate approach for GxE interaction analysis
in early maturing rice varieties. Frontiers in Plant
Science, 15, 1462981.
https:/ /doi.org/10.3389/fpls.2024.1462981

Arrones, A., Vilanova, S., Plazas, M., Mangino, G,
Pascual, L., Diez, M. J., Prohens, J., & Gramazio, P.

10260



Jurnal Penelitian Pendidikan IPA (JPPIPA)

(2020). The Dawn of the Age of Multi-Parent
MAGIC Populations in Plant Breeding: Novel
Powerful Next-Generation Resources for Genetic
Analysis and Selection of Recombinant Elite
Material. Biology, 9(8), 229.
https:/ /doi.org/10.3390/biology9080229
Asargew, M. F., Masutomi, Y., Kobayashi, K., & Aono,
M. (2024). Water stress changes the relationship
between photosynthesis and stomatal conductance.
Science of The Total Environment, 907, 167886.
https:/ /doi.org/10.1016/j.scitotenv.2023.167886
Aulia Adeputri, A., Sudika, W., & Malik Yakop, U.
(2024). Level of Resistance of S1 Lines of Corn
Plants to Drought Stress. International Journal of
Science, Technology & Management, 5(3), 502-506.
https:/ /doi.org/10.46729/ijstm.v5i3.1111
Badaruddin, M. F., Efendi, R., Nur, A., & Azrai, D. M.
(2017). Seleksi dan Karakter Sekunder Jagung
Inbrida Toleran Cekaman Kekeringan. Jurnal
Agronomi Indonesia (Indonesian Journal of Agronomy),
45(2), 130.
https:/ /doi.org/10.24831 /jai.v45i2.13179
Bahtiar, Arsyad, M., Salman, D., Azrai, M., Tenrirawe,
A., Yasin, M., Gaffar, A., Sebayang, A., & Ochieng,
P.]. (2023). Promoting the New Superior Variety of
National Hybrid Maize: Improve Farmer
Satisfaction to Enhance Production. Agriculture,
13(1), 174.
https:/ /doi.org/10.3390/ agriculture13010174
Baudron, F., Govaerts, B., Verhulst, N., McDonald, A., &
Gérard, B. (2021). Sparing or sharing land? Views
from agricultural scientists. Biological Conservation,
259, 109167.
https:/ /doi.org/10.1016/j.biocon.2021.109167
Chaikam, V., Molenaar, W., Melchinger, A. E, &
Boddupalli, P. M. (2019). Doubled haploid
technology for line development in maize:
Technical advances and prospects. Theoretical and
Applied Genetics, 132(12), 3227-3243.
https:/ /doi.org/10.1007 /s00122-019-03433-x
Chakrabarty, S. K., Basu, S., & Schipprach, W. (2023).
Hybrid Seed Production Technology. In M. Dadlani
& D. K. Yadava (Eds.), Seed Science and Technology
(pp. 173-212). Springer Nature Singapore.
https:/ /doi.org/10.1007 /978-981-19-5888-5_9
Chang, Y., Xu, C, Yang, H., Zhou, J., Hua, W., Zhang, S,,
Zhong, Q., & Li, B. (2021). Leaf Structural Traits
Vary With Plant Size in Even-Aged Stands of
Sapindus mukorossi. Frontiers in Plant Science, 12,
692484. https:/ /doi.org/10.3389/ fpls.2021.692484
Chen, M., Zhang, T.-L., Hu, C.-G., & Zhang, ].-Z. (2023).
The Role of Drought and Temperature Stress in the
Regulation of Flowering Time in Annuals and

December 2024, Volume 10, Issue 12, 10255-10262
Perennials. Agronomy, 13(12), 3034.
https:/ /doi.org/10.3390/ agronomy13123034
Chiango, H., Figueiredo, A., Sousa, L., Sinclair, T., & Da
Silva, J. M. (2021). Assessing drought tolerance of
traditional maize genotypes of Mozambique using
chlorophyll fluorescence parameters. South African
Journal of Botany, 138, 311-317.
https:/ /doi.org/10.1016/j.sajb.2021.01.005
Duruflé, H., Balliau, T., Blanchet, N., Chaubet, A.,
Duhnen, A., Pouilly, N., Blein-Nicolas, M., Mangin,
B., Maury, P., Langlade, N. B., & Zivy, M. (2023).
Sunflower Hybrids and Inbred Lines Adopt
Different Physiological Strategies and Proteome
Responses to Cope with Water Deficit. Biomolecules,
13(7), 1110.
https:/ /doi.org/10.3390/biom13071110
Ishimaru, T., Sasaki, K., Lumang]las, P. D., Leo U. Cabral
, C., Ye, C, Yoshimoto, M., Kumar, A., & Henry, A.
(2022). Effect of drought stress on flowering
characteristics in rice ( Oryza sativa L.): A study
using genotypes contrasting in drought tolerance
and flower opening time. Plant Production Science,
25(3), 359-370.
https:/ /doi.org/10.1080/1343943X.2022.2085589
Jahan, E., Sharwood, R. E., & Tissue, D. T. (2023). Effects
of leaf age during drought and recovery on
photosynthesis, mesophyll conductance and leaf
anatomy in wheat leaves. Frontiers in Plant Science,
14, 1091418.
https:/ /doi.org/10.3389/£pls.2023.1091418
Labroo, M. R,, Studer, A. J., & Rutkoski, J. E. (2021).
Heterosis and Hybrid Crop Breeding: A
Multidisciplinary Review. Frontiers in Genetics, 12,
643761.
https://doi.org/10.3389/fgene.2021.643761
Li, H., Lv, G, Jiang, L., & Wang, J. (2021). Scale Change
and Correlation of Plant Functional Characteristics
in the Desert Community of Ebinur Lake.
Sustainability, 13(9), 4983.
https:/ /doi.org/10.3390/su13094983
Liang, M., Xiao, S., Cai, ], & Ow, D. W. (2019).
OXIDATIVE STRESS 3 regulates drought-induced
flowering through APETALA 1. Biochemical and
Biophysical Research Communications, 519(3), 585-
590. https:/ /doi.org/10.1016/j.bbrc.2019.08.154
Lopes, U. V., Pires, J. L., Gramacho, K. P., & Grattapaglia,
D. (2022). Genome-wide SNP genotyping as a
simple and practical tool to accelerate the
development of inbred lines in outbred tree species:
An example in cacao (Theobroma cacao L.). PLOS
ONE, 17(10), e0270437.
https:/ /doi.org/10.1371/journal.pone.0270437
Marinus, W., Van De Ven, G. W., Descheemaceker, K.,
Vanlauwe, B., & Giller, K. E. (2023). Farmer

10261



Jurnal Penelitian Pendidikan IPA (JPPIPA)

responses to an input subsidy and co-learning

program: Intensification, extensification,
specialization, and diversification? Agronomy for
Sustainable Development, 43(3), 40.

https://doi.org/10.1007 /s13593-023-00893-w

Muazam, A., Widyayanti, S., & Daryono, B. S. (2023).
Yield of Sorghum bicolor (L.) Moenh Genotypes in
A Plastic Mulch Planting System in Gunungkidul.
Jurnal Biodjati, 8(2), 316-326.
https://doi.org/10.15575/biodjati.v8i2.28840

Nandhini, K., Saraswathi, R., & Premalatha, N. (2022).
Identification of drought tolerant entries based on
stress tolerant indices and physiological traits in
RIL population of cotton (Gossypium hirsutum).
Crop Design, 1(2), 100014.
https:/ /doi.org/10.1016/j.cropd.2022.100014

Nisfiyah, L., Rahman, F. A., & Supriyadi, S. (2024a).
Pengaruh Pelapisan Benih (Seed Coating) Dan
Cekaman Kekeringan Terhadap Pertumbuhan Dan
Hasil Tanaman Jagung (Zea mays L.). Jurnal Tanah
Dan Sumberdaya Lahan, 11(1), 39-48.
https://doi.org/10.21776/ub.jtsl.2024.011.1.5

Ren, H., Liu, M., Zhang, J., Liu, P, & Liu, C. (2022).
Effects of agronomic traits and climatic factors on
yield and yield stability of summer maize (Zea
mays L) in the Huang-Huai-Hai Plain in China.
Frontiers in  Plant  Science, 13, 1050064.
https://doi.org/10.3389/{pls.2022.1050064

Shojaei, S. H., Mostafavi, K., Omrani, A., Illés, A, Bojtor,
C., Omrani, S., Mousavi, S. M. N., & Nagy, J. (2022).
Comparison of Maize Genotypes Using Drought-
Tolerance Indices and Graphical Analysis under
Normal and Humidity Stress Conditions. Plants,
11(7), 942.
https:/ /doi.org/10.3390/ plants11070942

Sudika, I. W., & Anugrahwati, D. R. (2021). Perbaikan
Sudut Daun Populasi Komposit Tanaman Jagung
Melalui Hibridisasi Dengan Varietas Hibrida.
Jurnal Sains Teknologi & Lingkungan, 254-266.
https:/ /doi.org/10.29303 /jstl.v0i0.261

Sudika, I. W., Soemeinaboedhy, I. N., & Sutresna, I. W.
(2023). Genetic diversity and gain quantitative
characters of maize from index-based selection at
two dry lands in Lombok, Indonesia. Biodiversitas
Journal of  Biological Diversity, 24(1).
https:/ /doi.org/10.13057 /biodiv/d240102

Sudika, I. W., Sutresna, I. W., & Anugrahwati, D. R.
(2022a). Estimation of Genetic Variance and
Heritability of F2 Populations of Corn Plants in Dry
Land.  Jurnal  Penelitian  Pendidikan  IPA,
8(Speciallssue), 117-123.
https:/ /doi.org/10.29303 /jppipa.v8iSpeciallssue.2
481

December 2024, Volume 10, Issue 12, 10255-10262

Sudika, I. W., Sutresna, I. W., & Anugrahwati, D. R.
(2022b). Estimation of Genetic Variance and
Heritability of F2 Populations of Corn Plants in Dry
Land.  Jurnal  Penelitian  Pendidikan  IPA,
8(Speciallssue), 117-123.
https:/ /doi.org/10.29303 /jppipa.v8iSpeciallssue.2
481

Syahruddin, K., Azrai, M., Nur, A., Abid, M., & Wu, W.
Z. (2020). A review of maize production and
breeding in Indonesia. IOP Conference Series: Earth
and Environmental Science, 484, 012040.
https://doi.org/10.1088/1755-1315/484/1/012040

Taber, K. S. (2018). The Use of Cronbach’s Alpha When
Developing and Reporting Research Instruments in
Science Education. Research in Science Education,
48(6), 1273-1296. https:/ /doi.org/10.1007/s11165-
016-9602-2

Utami, D. W., Maruapey, A., Maulana, H., Sinaga, P. H.,
Basith, S., & Karuniawan, A. (2023). The
Sustainability Index and Other Stability Analyses
for Evaluating Superior Fe-Tolerant Rice (Oryza
sativa  L.).  Sustainability,  15(16),  12233.
https://doi.org/10.3390/su151612233

Walne, C. H., Thenveettil, N., Ramamoorthy, P.,
Bheemanahalli, R., Reddy, K. N., & Reddy, K. R.
(2024). Unveiling Drought-Tolerant Corn Hybrids
for Early-Season Drought Resilience Using
Morpho-Physiological Traits. Agriculture, 14(3),
425. https:/ /doi.org/10.3390/ agriculture14030425

Yan, G, Liu, H,, Wang, H., Lu, Z., Wang, Y., Mullan, D.,
Hamblin, J, & Liu, C. (2017). Accelerated
Generation of Selfed Pure Line Plants for Gene
Identification and Crop Breeding. Frontiers in Plant
Science, 8, 1786.
https:/ /doi.org/10.3389/fpls.2017.01786

Yan, W, Lu, Y., Guo, L, Liu, Y., Li, M., Zhang, B., Zhang,
B., Zhang, L., Qin, D., & Huo, J. (2024). Effects of
Drought Stress on Photosynthesis and Chlorophyll
Fluorescence in Blue Honeysuckle. Plants, 13(15),
2115. https:/ /doi.org/10.3390/ plants13152115

Zhang, W., Shi, H., Zhou, Y., Liang, X., Luo, X., Xiao, C,,
Li Y. Xu, P, Wang, J., Gong, W., Zou, Q., Tao, L.,
Kang, Z, Tang, R, Li, Z., Yang, J., & Fu, S. (2022).
Rapid and Synchronous Breeding of Cytoplasmic
Male Sterile and Maintainer Line Through
Mitochondrial DNA  Rearrangement Using
Doubled Haploid Inducer in Brassica napus.
Frontiers in  Plant  Science, 13, 871006.
https:/ /doi.org/10.3389/fpls.2022.871006

10262



