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Abstract. Nugroho RB, Suwarno WB, Khumaida N, Ardie SW. 2020. Male-sterile induction method in foxtail millet (Setaria italica).
Biodiversitas 21: 4325-4330. Male-sterile induction is one technique that can be used to prevent selfing in self-pollination plants,
especially for plants with small floret. This study aimed to identify an effective male-sterile induction method that can kill pollen while
keeping the stigma receptive in foxtail millet (Setaria italica L. Beauv). The experiment was conducted in a greenhouse at the
Cikabayan Experimental Station and the Biology and Biophysics Seed laboratory, Dept. of Agronomy and Horticulture, IPB University,
Indonesia from October 2018 to February 2019. The experiment consisted of two sub-experiments that were carried out with a split-plot
design with four replications. The male-sterile induction method was the main plot, and the genotype was the subplot. The results from
the first experiment showed that alcohol, warm water, and maleic hydrazide treatments were effective for killing pollen in the upper
panicle and pollination zones. These treatments were also effective in developing unproductive rachis with different effect patterns on
panicles. The results from the second experiment showed that warm water treatment and maleic hydrazide could keep the stigma
receptive. From both experiments, warm water treatment was recommended for male-sterile induction in foxtail millet because it was

effective in killing pollen, inflicting unproductive rachis in the upper panicle and pollination zones, and kept the stigma receptive.
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INTRODUCTION

Preventing natural self-pollination is an initial step in
conducting artificial crossing on self-pollinated plants. At
least there are three methods for preventing natural self-
pollination, namely, (i) emasculation, (ii) cytoplasmic
male-sterile (CMS), and (iii) induction of male-sterile.
Emasculation is the removal of stamens from flowers to
avoid selfing in self-pollinating plants (Acquaah 2012).
Emasculation can be performed on plants with large
flowers, such as tomatoes (Sharma et al. 2019). On the
other hand, emasculation is highly challenging for plants
with tiny flowers or florets such as foxtail millet and other
Setaria species, and it takes a considerable amount of time
and labor (Rizal et al. 2013). Alternative methods are CMS
or male sterile induction.

CMS is a condition of plants with sterile pollen because
of the interaction of the rfrf genotype in the nucleus with a
sterile gene in the cytoplasm (Acquaah 2012). CMS is
caused by mutations in the mitochondrial genome that
interfered with the function of mitochondrial gene for
pollen development and also can originate from natural or
artificial intergeneric or interspecific hybridization and
some plant use protoplast fusion (Lin et al. 2017). In foxtail
millet, CMS line has been developed with artificial
interspecific hybridization from Setaria verticillata x
Setaria italica, but for unknown reason, that line never
used to produce hybrid (Doust and Diao 2017). In other
side, CMS plants in Indonesia is currently available for rice
(Nugraha et al. 2011) and some commercial plant, but not
yet for foxtail millet. Therefore, one possible method for

preventing selfing in foxtail millet is male-sterile induction.

Male-sterile induction is a pollen killing method applied
before anthesis by soaking flowers or florets in warm water
or gametocide chemical (Sharma and Sharma 2005).
Ethanol 57% for 10 minutes applied in the alfalfa flower
was effective for inducing male sterile (Acquaah 2012). In
rice plants, soaking panicles with warm water at 46°C for
2.5 minutes was effective for killing pollen (Aguiar et al.
2017). Male-sterile induction has also been carried out on
green millet by soaking panicle with warm water at a
temperature of 48°C for 3-6 minutes (Jiang et al. 2013) or
with 500 uM maleic hydrazide for 2 minutes (Rizal et al.
2015). Such research has not been extensively conducted
for foxtail millet.

The reason why male-sterile induction proper to be
tested in foxtail millet is potential traits that need artificial
hybridization to combine all the good traits from the
different genotypes. Developing a superior variety of
foxtail millet from artificial hybridization could fix a
nutritional and health issues because it has good nutritional
properties in its grain, such high level of protein,
carbohydrate, high dietary fiber, mineral essential, and
gluten-free (Dhivya et al. 2015; Ambati and Sucharitha
2019; Yin et al. 2019). Besides, its relative tolerance to
drought (Ojha et al. 2018) and salinity stress (Islam et al.
2011) are relatively adaptive in some problematic soil. This
study aimed to determine an effective male-sterile
induction method for foxtail millet. The objective of the
first sub-experiment was to identify treatments that can kill
pollen effectively, and the purpose of the second sub-
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experiment was to identify treatments that can keep pistil
receptive after induction.

MATERIALS AND METHODS

Two genotypes of foxtail millet from the Indonesian
Cereals Research Institute (ICERI) were evaluated, i.e.,
ICERI-5 and ICERI-6. These genotypes have a relative
tolerance to salinity and drought stress, early harvest time
(64 days after planting/ DAP), and short stature (<100 cm)
(Ardie et al. 2015; Lapuimakuni et al. 2018; Widyawan et
al. 2018), and therefore are potential for breeding. The
male-sterile induction could be easily applied to these
genotypes because of their short stature.

The study was conducted in a greenhouse at the
Cikabayan Experimental Station and Seed Biology and
Biophysics Laboratory, Dept. of Agriculture and
Horticulture, IPB University, from November 2018 to
February 2019. Growing media consisted of a mixture of
soil and sand with a volume ratio of 1:1 and a pH of 6.5 in
a pot. Fertilizer consisted of urea, SP-36, and KCI at a ratio
of 1: 0.75: 1 g per pot.

This study consisted of two sub-experiments. The first
sub-experiment was the treatment of male-sterile in
panicles without trimming and sibbing, and the second sub-
experiment is the treatment of male-sterile in panicles
which had been trimmed at the upper and lower zone of
panicles and followed by sibbing (Figure 1.A). Induction
was carried out on the second day of the large floret stage
in the pollination zone or the fourth day after panicle
initiation (Nugroho et al. 2020, unpublished). Sibbing in
the second sub-experiment was carried out when anthesis
had occurred after male-sterile induction.

Upper panicle

Unproductive
rachis

Productive
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Each experiment was arranged in a split-plot design
with four replications. The main plot was male-sterile
induction (Table 1), and the subplot was genotype. Traits
observed on the first sub-experiment were (i) sterile pollen
(%), counted from the total of sterile pollen per total pollen
from one floret each panicle zone (Figure 1.C); (ii) the
length of the panicle with full seeded (%), measured from
the length of panicle with full seed per total length of
panicle multiplied by 100; (iii) the length of the panicle
with 50% seeded (%), measured from the length of panicle
with 50% seed per total length of panicle multiplied by
100; (iv) the length of the panicle with few seeded (%),
measured from the length of panicle with few seeds per
total length of panicle multiplied by 100; (v) unproductive
rachis (%), counted from the rachises below 50% seeded
per total rachises multiplied by 100 (Figure 1.B); and (vi)
the area of the floret or seed (mm?), measured on the entire
surface of the floret with the help of ImageJ software ver.
1.52a each panicle zone. Evaluated traits on the second
sub-experiment were (i) sterile pollen (%); (ii) productive
rachis (%), counted from the rachises with 50-100% seeded
per total rachises multiplied by 100 (Figure 1.B); (iii) the
area of floret or seed (mm?).

Table 1. Treatment of male-sterile induction for foxtail millet

Treatment Reference
Control -
Induction with alcohol (70%) for 5 Acquaah (2012);
minutes Rather et al. (2016)
Induction with warm water (48 °C) for 3 Jiang et al. (2013)
minutes

Induction with maleic hydrazide (500
pM) for 2 minutes

Rizal et al. (2015)

Lower
panicle zone

Pollination zone

Fertile
pollen

Sterile
pollen

Figure 1. A. Panicle zone in foxtail millet; bar = 10 cm, B. Rachis condition; bar =5 mm, C. Pollen condition; bar 20 pm
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The observation of pollen was carried out between
05.00-06.00 am on the anthesis floret. The destruction of
the florets and reproductive organs was carried out with a 2
x magnification binocular microscope (Olympus). Pollen
staining was carried out with a 1% I:KI solution and
observed under an optical microscope (Olympus) with the
magnification of 40 x. Dark and rounded pollen is fertile,
while the shrunk and wrinkled pollen are sterile (Waheed et
al. 2013). Analysis of variance and the least significant
difference (LSD) test were conducted using the STAR
software ver. 2.0.1.

RESULTS AND DISCUSSION

The purpose of male-sterile induction is to inhibit the
development or sterilize the pollen grain for preventing
selfing but does not disturb stigma receptivity. In the first
sub-experiment, alcohol, warm water, and maleic
hydrazide treatments were effective for killing pollen in the
upper panicle zone and the pollination zone identified by
color and shape after stained with 1,KI (Figure 2.A; Table
2). 1Kl is able to identify viability levels of pollen-based
on starch level accumulation because it can bind the
amylose with which turn dark blue color at the final
reaction (Ulfah et al. 2016). Starch start accumulates at two
days before anthesis in ICERI-5 and ICERI-6 foxtail millet
genotypes and fully accumulated when anthesis (Nugroho
et al. 2020, unpublished). The starch act as pollen
metabolism factor that can be converted into sucrose for
osmotic regulation or as the source of pollen energy that
will be used for germination and help pollen pierce through
the transmitting track to ovule, but it will be degraded
when pollen damaged (Oliveira et al. 2015). In the present
study, pollen staining method with 1,KI widely used for
various plant such rice (Waheed et al. 2013), lipstick
flower (Ulfah et al. 2016), tea (Kumarihami et al. 2016),
Cherimoya (Matsuda et al. 2016), Momordica species
(Rathod et al. 2018), etc.

Died pollen affected the number of seeds in each rachis.
All treatments were effective in producing unproductive
rachis with different patterns (Figure 2.B; Tables 2 and 3).
Alcohol treatment resulted in a pattern of few seeds in the
upper panicle zone, 50% seeds in the pollination zone, and
few seeds in the lower panicle zone. Warm water treatment
resulting in few seeds in the upper panicle and the upper
half of the pollination zone, and 100% seeds in the other
half of pollination zone and lower panicle zone. Maleic
hydrazide produced 50% seeds in the upper panicle and
pollination zone, and 100% seeds in the lower panicle
zone.

Lower panicle zone could have 100% seeds because it
might escape from the treatment, i.e., the reproductive
organs had not formed yet when the induction treatment
was applied. Trimming the lower panicle zone before
inducting is recommended to prevent escaping and
pollinating the pollination zone. On the other hand,
induction with warm water might cause pollination failures
in the upper panicle zone and half upper pollination zone,
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so the seeds were not produced. Floret from the lower half
of the pollination zone formed to be a seed. The pollen
might come from the lower panicle zone, indicated by the
lower half of the pollination zone took longer time to be
pollinated than the lower panicle zone. Typically, the
development of floret or seed in foxtail millet starts from
the upper zone downward. However, the lower half of the
pollination zone induced by warm water was an exception:
it took longer to be pollinated than the lower panicle zone.
Logically, if the lower half of the pollination zone escaped
from the induction, then this zone should be pollinated
faster than the lower panicle zone. Besides, alcohol
treatment just prevents seed form from the upper panicle
zone of the ICERI-6 genotype (Table 3).

The second sub-experiment showed the effectiveness of
alcohol and maleic hydrazide in Kkilling pollen in the
pollination zone after trimming, followed by warm water
treatment (Figure 3.A; Table 4). Sibbing with pollen from a
donor plant helped pollination to occur, which was shown
by the number of productive rachises and seeds formed in
all treatments (60-100%), except for alcohol treatment
(lower than 20%) (Figure 3.B; Table 4). The results
indicated that the induction treatments of warm water and
maleic hydrazide kept stigma receptive, as reported by
Jiang et al. (2013) and Rizal et al. (2015). Seed formation
failure can be due to panicle damage following the alcohol
treatment (Figure 3.C; Table 4). The toxic effect of alcohol
is well known for many years, especially when directly hit
the plant (Maricle et al. 2014). Alcohol can degrade carbon
chains and interrupt enzymatic activity in plants when
alcohol was absorbed through the scar from trimming,
resulting in tissue damage in panicles, including the stigma.

Alcohol male-sterile induction was an effective
treatment for killing pollen for foxtail millet and also well
known for grass family such rice (Rather et al. 2016),
sugarcane (Soeprijanto and Sukarso 1989) and also for
legume family such Alfalfa (Acquaah 2012). Pollen is
composed of protein, fat, starch, etc. The protein, in
general, is prolamin which is soluble in alcohol. Otherwise,
the stigma is protected by glandular cells with an epidermis
saved from alcohol (Soeprijanto and Sukarso 1989). But, in
the second sub-experiment, trimming done before
treatment, it causes a bad effect for the panicle (including
stigma). For the next, trimming should be done after
alcohol treatment and no more alcohol should be ensured in
the panicle before trimming by the researcher. Also, the
researcher should make sure there is no scar in the panicle
before doing alcohol treatment.

Rizal et al. (2015) and Sharma and Sharma (2005)
confirmed that maleic hydrazide which was classified as an
antiauxin efficient in suppressing the pollen viability
without disrupting stigma. That gametocide can kill 100%
pollen in green millet, but some pollen were suspected of
escaping from the treatment in foxtail millet so that the
chances of self-pollination was still high. Optimization of
the concentration or treatment time length or repeated
application should be an alternative way to take advantage
of maleic hydrazide for inducing male-sterile in foxtail
millet.
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Pollen after treatment from first sub-experiment
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Figure 2. A. Pollen after treatment from first sub-experiment; *: full seeded in lower half of pollination zone (square marked area); bar
=20 um, B. Panicle and rachis after treatment from first sub-experiment; T: treatment; PZ: panicle zone; UPZ: upper panicle zone;
PZ: pollination zone; LPZ: lower panicle zone; FS: full seeded; 50%S: 50% seeded; FeS: few seeded; panicle bar =5 cm; rachis
bar =5 mm

Table 2. Sterile pollen, unproductive rachis, and length of the panicle with full seeded from first sub-experiment

Treatment Sterile pollen (%) Unproductive rachis Length of full panicle
Upper panicle zone Pollination zone (%) (%)
Control 9.43b 9.90c 0.00 b 100.00 a
Alcohol 96.83 a 94.15a 59.16 a 27.15bc
Warm water 78.55a 92.84 ab 62.77 a 48.23 b
Maleic hydrazide 84.83a 78.16 b 42.49a 24.87 ¢

Note: Means in the same column followed by the same letter are not significantly different based on LSD at 0.05 level

Table 3. Length of the panicle with 50% and few seeded, and floret or seed area from first sub-experiment.

Length of the panicle with 50% Length of the panicle with few Floret or seed area in the upper
Treatment seeded (%) seeded (%) panicle zone (mm?)
15 16 15 16 15 16
Control 0.00c 0.00b 0.00b 0.00b 4.13a 43la
Alcohol 63.35b 13.43b 12.38b 59.18 a 430a 3.58b
Warm water 0.00c 0.00b 56.75 a 46.67 a 3.47b 3.40b
Maleic hydrazide 75.21a 75.69 a 0.00 b 0.00 b 4.02a 4.20a

Note: I5: ICERI-5; 16: ICERI-6; means in the same column followed by the same letter are not significantly different based on LSD at
0.05 level
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Figure 3. A. Pollen after treatment from second sub-experiment; bar = 20 um, B. Panicle and rachis after treatment from second sub-
experiment; T: treatment; FS: full seeded; 50%S: 50% seeded; FeS: few seeded; panicle bar =5 cm; rachis bar =5 mm, C. Floret or
seed after treatment from second sub-experiment; bar = 1 mm

Table 4. Sterile pollen, productive rachis, and floret or seed area This study showed that warm water treatment was the
from second sub-experiment. best male-sterile induction treatment for foxtail millet
because it can Kill pollen while keeping the stigma

Sterile Productive T loretor receptive (Table 2 and 4) by depositing starch on pollen

Treatment o ien06)  rachis 6)  Scedarea before anthesis so that it can prevent self-pollination in the
Control 183¢C 100003 (zlsza) upper panicle and 'ghe poIIinati_or) zone. In additic_;n, th!s
Alcohol 97.79 a 18.43 ¢ 3.05b method can keep stigma receptivity because the stigma is
Warm water 81.69 b 61.62 b 4282 more tolerant to a higher temperature than the pollen
Maleic 92.96 a 77.11ab 413a (Aguiar et al. 2017). This treatment was relatively easy to
hydrazide apply, cheap, and eco-friendly which the waste does not

Note: Means in the same column followed by the same letter are  contain synthetic chemicals.
not significantly different based on LSD at 0.05 level
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