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ARTICLE INFO ABSTRACT

Keywords: Greater use of acid soil has expanded the area under cultivation for soybeans; however,
Acid Soils acid soil is associated with heavy mineral toxicity, including Iron (Fe). This investigation
Germination looked at how well soybean seeds germinated in media containing heavy metal Fe and how
Heavy Metal the pH of the media affected the viability of soybean seeds. This research was conducted
Soybean at the Seed and Plant Breeding Laboratory at the University of Lampung, Indonesia. The
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experimental design was a randomized block design. The first factor was seven soybean
local varieties — Grobogan, Anjasmoro, Derap 1, Detap 1, Dena 1, Deja 1, and Dega 1 —and
the second factor was heavy metal Fe solution pH of 6-7 and 4.5 and without heavy metal
Fe (control). Seed viability in heavy metal Fe medium was assessed using radicle
emergence, germination capacity or percentage, germination speed, number of normal
seedlings, normal seedling hypocotyl length, main root length of regular seedlings, and
normal shoot dry weight. This research found that heavy metal Fe affected soybeans’
seeds’ viability in pH 6-7 and 4.5. The observed data showed that all seeds’ viability
variables in media with heavy metal Fe, both in pH 6—7 and in pH 4.5, differ from the control
media. The seed viability in media heavy metal Fe pH 6-7 was not significantly different
from the control media, but in pH 4.5, the difference is significant. Soybean varieties’
characteristics also influence how heavy metal Fe in different pH affects seed viability.
Overall, Anjasmoro, Deja, Grobogan, and Dega were the types that consistently
demonstrated resistance or adaptation to heavy metal Fe existence, while Dena, Derap,
and Detap are susceptible to heavy metal Fe existence. Seed viability in Iron medium is not
always related to seed physical performance; therefore, before planting soybean in acid
soil, it is recommended to conduct a seed viability test.

How to Cite: Timotiwu, P.B., Agustiansyah, Muslimah, D. (2023). Effect of Iron (Fe) Heavy Metal Content at Different pH
on the Germination of Seven Soybean Varieties in Indonesia. Sains Tanah Journal of Soil Science and Agroclimatology,
20(2): 199-2009. https://doi.org/10.20961/stjssa.v20i2.70802

1. INTRODUCTION

Soybean (Glycine max (L.) Merr.) is a substantial source of
protein for humans and a high-quality animal feed (Karges et
al., 2022) since soybeans contain necessary food
supplements. In the future, as the human population and
awareness of the importance of healthy living are steadily
increasing, a global soybean demand is unavoidable.
Regretfully, soybean and other agricultural items have yet to
keep pace with expected demand. For example, the
Indonesian Statistics Bureau (BPS, 2020) stated that the
soybean Indonesian national product was only 632,300 tons,
while the average need is 3,200,000 tons per year; the gap
should be covered by importing soybeans, which in 2020
reached about 2,475,286 tons. Considering the effect of

climate change, researchers projected that Indonesia’s
soybean production is lower than that stated by the BPS. It is
574,600 tons in 2020 with the current climate conditions and
571,400 tons by 2050 with modest climate change mitigation
efforts (RCP 4.5) and 528,330 tons if there is no significant
mitigation efforts (RCP 8.5) (Table 1) (Fischer et al., 2021). RCP
stands for representative concentration pathways, which is
the term for the quantitative future greenhouse gas
concentration and additional energy taken up by the Earth
system. RCP 2.6 means radiation intensity of 2.6 Wm™2 which
is the lowest scenario level, RCP 4.5 is the middle level, and
RCP 8.5 is the maximum level since there is no mitigation
effort (Nazarenko et al., 2015). Moreover, the area suitable
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for soybean cultivation has remained the same (Nazarenko et
al., 2015). Since soybean is among the 16 major crops grown
worldwide, soybean research to boost their production is still
desperately needed (Pagano & Miransari, 2016). In Indonesia,
besides soybean being an important food, the primary cause
of the demand’s striking growth is the move toward more
industries employing those commodities as raw materials
(Rachmat & Erwidodo, 1996).

Due to the limited reserves of productive agricultural land
to meet national food needs, the Indonesian Agriculture
Ministry must utilize suboptimal land, particularly acid soil. Of
Indonesia’s 189.2 million ha landmass, about 108.8 million ha
includes acidic dry land, with the widest spread in Sumatra,
Kalimantan, and Papua (Mulyani & Sarwani, 2013). The large
acid soil area could be related to heavy precipitation that
caused intense washing of alkaline soil, resulting in 70% of the
land being acidic. Suboptimal land naturally has low
productivity due to internal and external factors. Acid soil (pH
< 5.5) has been used to increase soybean production;
however, acid soil is a global problem to plant production
mainly because soil pH influences the availability of nutrients
and heavy metal level of toxicity makes acid soils often to lack
essential nutrients (Bian et al., 2013; Sintorini et al., 2021).

The Agricultural Research and Development Agency of the
Indonesian Agriculture Ministry has issued some superior
soybean varieties with the hope that the types could
withstand suboptimal land. Some of those superior varieties
with high protein and lipid content are Grobogan, Anjasmoro,
Deja-1, Dega-1, Detap, Dena, and Derap. The Anjasmoro
variety is a large seed category of soybean that is adaptive to
all land agroecosystems, more adaptive than all other
soybeans. This is a new superior variety for tidal marshlands,
a good reason for possible resistance to heavy metal, with
similar characteristics to the Grobogan variety, which grows
well in shallow marshland. Detap 1 seed variety displayed an
outstanding growth rate of 91.67 % at 7 DAP (days after
planting) (Aisah et al., 2020; Endrizal & Jumakir, 2015; Haitami
et al., 2021; William & Saleh, 2016).

The problem in cultivating soybeans in acid soil is that
optimum soybean yields require a pH of at least 6.3. Low pH
will restrict soybean nodulation production and function due
to the toxicity effects of Al and Fe ions (Bakari et al., 2020). At
pH 5.5, soybeans can still produce with severe growth
inhibition, but the obtained results are better at pH 6-6.8.

Overall, the occupancy of fast-growing soybean
significantly increased at alkaline pH (Cruz et al., 2019). For
extending the soybean plantation area, finding a suitable
variety to overcome soil acid problems is necessary. National
soybean productivity, in general, was 1.44 tons.hal; in
contrast, the adapted variety to acid soil had higher
performance than the superior national variety. Research in
the acid soil of Central Lampung resulted in the highest grain
yield shown by soybean line SC5P2P3.5.4.1-5 with 2.51
tons.ha (Kuswantoro, 2014). A seed viability test is necessary
to select those superior varieties to soil pH and heavy metal
Fe resistance, since it is proven that if the adapted variety
could be found, the soybean production is high.
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Certain heavy metal elements such as Cu, Zn, and Fe at
low quantities are necessary for plant growth but become
hazardous in higher amounts. Deficiency or toxicity is caused
by any imbalance of heavy metal solubility plant uptake from
the soil (Ghori et al.,, 2019; Sethy & Ghosh, 2013; Vacha,
2021). Heavy metals have also hampered seed germination
(El Rasafi et al., 2016). High levels of Fe oxides often
characterize subtropical and tropical acid soils. Fe is required
for photosynthesis and chlorophyll production. It has been
hypothesized that Fe may play a key role in regulating NO3~
immobilization in acid forest soils (Jiang et al.,, 2015).
Similarly, nitrification inhibition by large concentrations of
iron from pyrite (FeS;) can also occur. On the other hand, Fe
is highly reactive and poisonous due to the Fenton reaction.
Fe toxicity occurs in soils with high active Fe, hydrogen sulfide,
acidity, and aluminum. Furthermore, Fe toxicity occurs in the
presence of aluminum, regardless of the existence of organic
materials (Haque et al., 2022).

Before planting soybeans in acidic soil, it is essential to
test soybean seeds’ viability and vigor in media containing
heavy metal Fe in various pH levels. Crop production starts
with good seeds since seeds contain the embryo of the plant;
thus, verifying seed viability is crucial (Finch-Savage & Bassel,
2015). The use of high-vigor planting seeds is required for all
crops; poorer yield could be indirectly related to reduced seed
vigor. Seeds of good strength will prevent replanting and the
consequent delay in maturity or decreased productivity. Seed
germination is crucial in determining crop yields, particularly
in dry and semiarid regions, and guarantees crop
sustainability in changing environment (Bezini et al., 2019;
Reed et al., 2022).

This research aimed to investigate soybeans’ ability to
grow in soil containing heavy metal Fe. The study suggests an
assessment of pH and heavy metal Fe pollution effects on the
germination of seven Indonesian local soybean cultivars.

2. MATERIAL AND METHODS
2.1 Research site and soybean varieties

This research was conducted at the Seed and Plant
Breeding Laboratory and the Integrated Laboratory and
Centre of Technology and Innovation at the University of
Lampung, Indonesia, from May to July 2021. Seven varieties
of local soybean were used in this study, including Anjasmoro,
Dena 1, Detap 1, Deja 1, Grobogan, Dega 1, and Derap 1.

2.2 Experimental design

The experimental design was group randomized design (7
x 3) with three replications. The first factor was seven
varieties of local soybeans, and the second factor was
comprised of the pH 6-7 heavy metal Fe solution, pH 4.5
heavy metal Fe solution, and a pH 7 or neutral solution
without heavy metal Fe solution. Each variety used 50 seeds,
350 seeds for the 7 varieties, and 1050 seeds for the 3
replications. To conduct the experiment, Fe solution was first
created using FeCl36H,0 at 0.01 M. The pH of the obtained
solution was adjusted using NaOH (0.01 M) solution to reach
6—7 and 4.5 pH values.
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Table 1. Soybean area and production in Indonesia as predicted with recent climate condition (RCP 2.6), modest climate change
mitigation effort (RCP 4.5), and if there is no significant mitigation effort (RCP 8.5)

Climate scenarios Water sunpl Area (km?) Production x 1000 tons Max potential
pRly yield (kg ha)
Total Vs s VS s

Irrigated 65573  484.82 15537 22673  60.22 5368

RCP 2. 202

CP 2.6 year 2020 rainfed 719.88  553.84  153.90 23571  51.94 4887
Irrigated  655.73 47479  151.03  217.87  58.16 5264

RCP 4. 2

CP 4.5 year 2050 rainfed 719.88  591.02  116.87 25634  39.03 4985
Irrigated 65573  393.46 22441 17831  89.95 5174

RCP 8. 2

CP 8.5 year 2050 rainfed 719.88  507.80  189.11  199.03  61.04 4477

Remarks: VS = very suitable land, S = suitable land
Source: FAO Gaez v4 Data Portal (Fischer et al., 2021)

2.3 Preparation for heavy metal Fe solution

The FeCl;6H,0, 0.01 M solution, was produced by
weighing 0.275 g Fe and adding aqua distillation up to 1000
ml and then stirred until homogenous in the Erlenmeyer flask.
The NaOH 0.01 M solution was developed by weighing 0.275
g of NaOH and adding aqua distillation up to 686 ml and then
stirred until homogenous in the Erlenmeyer tube. The NaOH
solution was added to the heavy metal Fe solution until it
reached pH 6—7 and 4.5 (500 ml and 250 ml, respectively).

2.4. Preparation for seed observation

The planting medium used for this experiment was
perforated plastic trays (25 x 35 x 5 cm) which were put over
the non-perforated tray containing the heavy metal Fe
solution, and then the trays were put on racks arranged as the
block randomized experimental design. The experiment used
hydroponic techniques; seeds that would be germinated
were first disinfected with sodium hypochlorite 0.1% for 3
minutes and then drained and imbibed for 2 hours on running
water, and after that, the seeds were planted on scribbling
paper at 1 x 1 cm. The paper was soaked using FeClz6H,0 pH
6-7, pH 4.5, and control (aqua distillation). The paper was
rolled, put on a seed germination appliance, and observed for
1 day, and then the seedlings were transferred to trays
containing the treatment solutions for 5 days.

2.5. Seed viability parameters

Radicle emergence, germination capacity or percentage,
germination speed, number of normal seedlings, normal
seedling hypocotyl length, main root length of regular
seedlings, and normal shoot dry weight were variables used
to evaluate the viability of seeds in a heavy metal Fe medium.

2.5.1. Radicle Emergence (%)
Radicle emergence is defined as the appearance of a

radicle after breaking through the seed coat (imbibition).

Observations are made from the first to the fifth day and are

expressed in percentage (Eq. 1).

Radicle emergence (%)
X radicle (days 0)

total seeds

X radicle (days 5)
total seeds

)x100
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2.5.2. Germination Percentage (GP)
A germination test determines the percentage of seeds

alive in any seed lot. Germination was determined by

counting the number of seeds germinating normally or

normal seedlings at days 3 and 5 divided by the total seeds

sprouted (Eq. 2).

Germination percentage (%)

_ 2 normal seedlings (days 3 + days 5) l

total seeds

00

2.5.3. Germination Speed (%/etmal)
Germination speed provides a measure of the time course
of seed germination divided to total germinated seeds

expressed in percent (Eq. 3).
ns5

n4
d_4 P T SRASAAALALLLLLLLLLLLLALLLAL
where n = number of germinated seeds and d= number of
days (from days 3 to 5).

Note: etmal stands for estimation time of arrival;
essentially, this is a 24 hours’ time unit which is employed
frequently in seed science.

Germination speed = = +

2.5.4. Vigor Index (VI)

Vigor testing not only measures the percentage of viable
seeds in a sample; it also indicates the capacity of those seeds
to provide healthy seedlings under less than ideal or
unfavorable growing environments similar to those in the
field. In this research, vigor index was obtained from some
normal seedlings on the first observation (Eqg. 4) (Milivojevic¢
et al., 2018).

2 normal seedling on first count
N

Vigor index = ——————  x100 .......
2.5.5. Abnormal Seedlings

Abnormal seedlings are identified based on traits such
seedlings with damaged cotyledon; seedlings with
constriction, splits, and cracks; seedlings with damaged
primary leaves and apical bud; and seedlings with weak and
unbalanced development of the essential structures, e.g.,
injurious hypocotyls and epicotyls and inferior root system.

The abnormal seedling percentage is the percentage of
the observed seeds with abnormal appearance, including
seeds that germinate but then rot at the end of the
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observation day. Abnormal seedlings were tallied on the last
day of observation (the fifth day).

Normal seedlings were considered after 5 days of planting
for growth parameter determination. Indeed, hypocotyl and
root length (cm) were measured at the conclusion of the
study. For dry weight determination (mg), hypocotyls and the
roots from the normal seedlings of each experimental unit
were separated from the cotyledons. Then hypocotyls and
roots were wrapped and individually dried in a Memmert-
type oven at 80°C for 3 x 24 hours or until they reached a
constant dry weight. The hypocotyl length of normal seedling
was measured 5 days after planting. The crown length was
measured from the cotyledon root’s base to the growing
point’s tip. Seedling root length was measured 5 days after
planting. Root length was measured from the root’s base to
the root’s tip.

The hypocotyl and the roots from the normal seedlings of
each experimental unit were separated from the cotyledons.
Then the seedlings were wrapped and dried in a Memmert-
type oven at 80°C for 3 x 24 hours or until their dry weight
remained constant. The weighing was done with an Ohaus-
type analytical or precision balance.

The separated roots of normal seedlings were weighed,
placed in an envelope, and dried in a Memmert-type oven at
80°C for 3 x 24 hours or until the dry weight remained
consistent. The weighing was done with an Ohaus-type
analytical or precision balance.

2.6. Metal content analysis for the soy seed sample

The seed sample was weighed 0.5-1 gram and put in a
deconstruction flask and then filled with 5 ml HNOs 1:1, 5 ml
HCI 1:1, and 5 ml H,0; 30 %. The flask is heated using heavy
metal digester with a temperature of 95 °C for 30 minutes,
and the sample is cooled; then the sample is filtered into a 50
ml measuring flask using Whatman no.41 filter paper and
diluted with ultrapure to the mark of volume measurement
limit. Finally, the metal content of the sample is ready to be
measured using MPAES (microwave plasma atomic emission
spectrometer) Agilent 4210.

Table 2. Recapitulation of analysis of variance of seven
soybean variety seeds as impacted by the pH level of
heavy metal Fe media

Variables Treatments
pH Vv PxV

Radicle emergence (%) ok ok ns
Germination (%) *x *x ns
Vigor index (%) *x *x ns
Germination rate (%) * *x ns
Hypocotyl length (cm) ok ok ns
Primary root length (cm) ok ok ns
Hypocotyl dry weight (mg) ** ok *
Root dry weight (mg) * * ns
Abnormal seedlings (%) * *x ns

Remarks: P, pH; V, soybean varieties; ns, not significant at 5%;
*, significant at a 5 %; **, significantata 1 %
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2.7. Statistical analysis

The statistical analysis was done using R program
(https://cran.r-project.org/bin/windows/base/) and
GerminaQuant program (https://cran.r-
project.org/web/packages/GerminaR/vignettes/GerminaQu
ant.html ). When the treatment effect was found significant,
the mean difference was tested using the LSD test at P < 0.05.

3. RESULTS

The recapitulation of the analysis of variance for all
variablesis presented in Table 2. The table demonstrated that
pH level of the heavy metal Fe affected all variables; likewise,
seeds variety characteristics. However, there was no
interaction between pH and seed variety in most of the
variables; interaction between pH and soybean varieties only
existed on seeds’ hypocotyl dry weight variable.

3.1. Effect of pH of Fe media on seed viability variables

Table 3 presented the effect of heavy metal Fe pH level on
seed viability variables including radicle emergence, seed
germination, germination speed, vigor index, hypocotyl
length, root length, and root dry weight of normal seedling
and percentage of abnormal seedlings.

Radicle emergence evaluation showed that in control
media and media with heavy metal Fe at pH of 6-7, no
discernable difference was observed (78% and 76.19%).
While in media with heavy metal Fe at pH of 4.5, the radicle
emergency was significantly reduced (63.42%).

Heavy metal Fe affected the germination. Germination
percentage was lower in heavy metal Fe media compared to
control media without heavy metal Fe. The rate of germination
in heavy metal Fe with a pH of 6-7 was, however, much lower
than in control media (80.96% and 82.57%, respectively). The
lowest percentage of germination was caused by the heavy
metal Fe at pH 4.5 (72.28%). In comparison with the control
media without heavy metal Fe, germination speed was shorter
in the heavy metal Fe media. Comparing heavy metal Fe
medium with pH 6-7 to control media (24.35% and 25.09%,
respectively), no significant difference was seen. The shortest
germination speed, however, was seen in heavy metal Fe
media with pH 4.5 (22.07%) (Table 3).

100 A
90 1 .lv..‘. ..................
80 1 A === control
g 797 —® —FepH6-7
_5 60 1 <eele-- FepH4.5
E 50 -
£ "] YVeortr = 0.9500/ 1+ 71x0313))
o 30 4 YVors.7ere = 0.9451/[1+e'7-275""°'3°5}}
20 A You a5ere = 0.9000/[1+e*7-571("'°-352})
10 -
V] T
] 1 2 3 4 5
Day

Figure 1. Nonlinear germination model of seven varieties of

soybeans on a medium without heavy metal Fe (control) and

contains heavy metal Fe with a pH of 6-7 and 4-5. Based on
germination data (%) (Table 4)
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Table 3. Effect of heavy metal Fe media pH on seed viability variables

Root

Radicle - Germination Lo Hypocotyl Root Abnormal
. Germination Vigor index dry .
pH media  emergence (%) speed (%) length length eight seedlings
(%) (%.etmal?) (em) (em) (%)
(mg)
Control 78.00° 82.57° 25.09° 62.19° 13.64° 8.512 5.08? 3.11°
Fe pH 6-7 76.19° 80.95° 24.35° 58.66° 13.62° 6.94° 5.10° 3.63°
Fe pH 4.5 63.42° 72.28° 22.07° 46.19° 12.43° 5.84¢ 4.66° 4.42°
LSD 0.05 7.50 5.26 2.06 7.32 0.54 0.76 0.35 0.64
Remarks: Two mean values followed by the same letter do not differ based on the 5% LSD test
Table 4. Effect of variety characteristics on seed viability variables
Radicle - Germination . Root Rootdry  Abnormal
. Germination Vigor Hypocotyl . .
Varieties emergence (%) speed index (%) length (cm) length weight seedlings
(%) (%.etmal ™) (em) (mg) (%)
Grobogan 84.22° 83.77° 26.07° 65.33° 13.23b 7.12% 4,81 3.59%¢
Anjasmoro 70.22°¢ 85.11° 26.12° 62.88° 13.88% 7.06%° 5.34% 2.86°
Derap 1 61.77¢ 70.88°¢ 20.94¢ 47.33¢ 12.41% 6.46" 4.76° 4.04%
Detap 1 63.33¢ 69.11°¢ 20.13¢ 43.33¢ 13.58" 5.85¢ 4.60¢ 4.36°
Dena 1 67.33% 77.77%° 22.87% 49.33% 12.94< 7.33% 4.80¢ 4.28°
Deja 1l 82.44° 80.66° 25.45%° 63.33° 14.66° 8.09° 4.90%° 3.29b¢
Dega 1 78.44%° 82.88° 25.27% 58.22% 11.92¢ 7.76° 5.40° 3.61%
LSD 0.05 8.04 3.15 11.19 0.83 1.16 0.54 0.97

Remarks: Two mean values followed by the same letter do not differ based on the 5% LSD test

In addition, the average seed germination rate for seven
soybean types is also described in Figure 1. The control
medium had the highest rate of germination on the first day,
but from the second to the fifth day, the germination rate of
the heavy metal media treatment was greater. While heavy
metal Fe pH 4.5 indicated the lowest germination rate, heavy
metal Fe pH 6-7 tended to match the control. On the first
through third days, media influence is discernable. On the
fourth and fifth days, however, germination rates were fixed,
indicating that media influence had ended.

Vigor index showed significant decrease at heavy metal Fe
media with pH 4.5 (46.19 %), instead of heavy metal Fe media
with pH 6-7 where the vigor index did not significantly change
compared to control media (62.19 % and 58.66 %,
respectively).

Hypocotyl length was shorter in heavy metal Fe media
compared to control media without heavy metal Fe.
Hypocotyl length in heavy metal Fe with pH 6—7 did not show
significant difference from control media (13.64 cm and 13.62
cm, respectively). However, heavy metal Fe with pH 4.5
resulted in the shortest hypocotyl length (12.43 %).

Root length was noticeably shorter in heavy metal Fe
media compared to control media lacking heavy metal Fe
(Table 3). Root length in heavy metal Fe with pH 6-7 was
significantly shorter compared to the control media (8.51 cm
and 6.94 cm, respectively) and root length in heavy metal Fe
with pH 4.5 significantly shorter than in heavy metal Fe with
pH 6-7 (5.84 cm).

Evidently, heavy metal Fe impacted root dry weight of the
typical seedlings. Root dry weight in control media and heavy
metal Fe with pH 6—7 were not significantly different (5.08 mg
and 5.10 mg, respectively). Root dry weight (4.66 mg) was
considerably decreased by the presence of the heavy metal
Fe at pH 4.5.

Heavy metal Fe also affected percentage of abnormal
seedlings. Abnormal seedling percentage was greater in
heavy metal Fe media compared to control media without
heavy metal Fe. However, abnormal seedling percentage was
significantly higher in heavy metal Fe with pH 4.5 (4.42%).

3.2. Effect of variety characteristics on seed viability
variables

Conversely, Table 4 displayed the impact of various seed
variety attributes on seed viability variable as previously
mentioned.

The effects of several soybean varieties on the appearance
of radicles were displayed for control media devoid of heavy
metals Fe and for media containing heavy metals Fe with pH
ranges of 6—7 and 4.5. The cultivars Grobogan, Deja 1, Dega 1,
and Anjasmoro demonstrated improved radicle emergence,
with respective radicle emergence rates of 84.22%, 82.44%,
78.44%, and 70.22%. The radicle percentages of the variants
Denal, Detap 1,and Derap 1 are lower, at 67.33%, 63.33%, and
61.77%, respectively.

The seed germination rates for the cultivars Anjasmoro,
Grobogan, Dega 1, and Deja 1 were better and not noticeably
different, at 85.11%, 83.77%, 82.88%, and 80.66%,
respectively. The radicle percentages of the variants Dena 1,
Derap 1, and Detap 1 are lower, at 77.77%, 70.88%, and
69.11%, respectively.

For the germination speed, Anjasmoro (26.12%),
Grobogan (26.07%), Deja 1 (25.45%), Dega 1 (25.27%), and
Dena 1 (22.87%) are some kinds that showed comparable
germination speeds; Derap 1 and Detap 1 had slower
germination speeds, at 20.94 and 20.13%, respectively.

Vigor index was also impacted by numerous factors. The
Grobogan, Deja 1, and Anjasmoro vigor indices, which were
65.33, 63.33, and 62.88%, respectively, did not substantially
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Figure 2. Visualization of roots and hypocotyl of seven soybean varieties affected by media without heavy metal Fe and with
heavy metal Fe media with pH 4.5 and 6-7

differ from one another. Dega 1, Dena 1, Derap 1, and Detap
1 were varieties with low vigor indices, with corresponding
values of 58.22%, 49.33%, and 43.33%.

The hypocotyl length of normal seedlings was
considerably influenced by a variety of features, as shown in
Table 4. Detap 1, Grobogan, and Dena 1 came in second
(13.58, 13.23, and 12.94 cm respectively), followed by Derap
1 and Dega 1 with shorter hypocotyl lengths (12.41 and 11.92
cm) and variants Deja 1 and Anjasmoro with longer
hypocotyls compared to other kinds (14.66 cm and 13.88 cm).

The root length of a typical seedling was determined by a
variety of characteristics. Detap 1 and Derap 1 had the
smallest roots, measuring 6.46 cm and 5.85 cm, respectively.
Deja 1 variety had the largest root (8.09 cm), followed by
Dega 1, Dena 1, Grobogan, and Anjasmoro.

Furthermore, Figure 2 illustrated the effect of Fe on the
hypocotyl and root length of each seed type during
germination. The hypocotyl and root length performances of

SAINS TANAH — Journal of Soil Science and Agroclimatology, 20(2), 2023

Grobogan

the seeds varied. According to Table 4, Deja (located at the
bottom at the picture) had the best seed germination
outcomes since it had the longest hypocotyl and roots. The
Grobogan is the next plant, and it is the fourth in terms of
hypocotyl and root length (top right).

Root dry weight of normal seedlings was greatly impacted
by several factors. The kinds with the best root dry weights
are Dega 1, Anjasmoro, and Deja 1 (5.40, 5.34, and 4.90 mg,
respectively). These are followed by Grobogan, Dena 1, Derap
1, and Detap 1 (4.81, 4.80, 4.76, and 4.60 mg, respectively).

The features of the variety influenced the percentage of
abnormal seedlings. The percentage of aberrant seedlings in
the varieties Detap 1 and Dena 1 was highest (4.36 and
4.28%), followed by Derap 1, Dega 1, and Grobogan (4.04,
3.61, and 3.59%, respectively). The least number of abnormal
seedlings was found in Anjasmoro and Deja, at 2.86% and
3.29%, respectively.
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3.3 Interaction of media pH and soybean varieties

The hypocotyl dry weight variable showed a pH and
variety interaction. Deja 1 and Dega 1 generated the best
hypocotyl dry weights at neutral pH (control) and on heavy
metal Fe medium with pH 6-7 variations, with respective
hypocotyl dry weights of 23.77 and 22 g (control media) and
20.05 and 21.54 g (heavy metal Fe media with pH 6-7). The
weight of the hypocotyl did, however, significantly decrease
in both types at pH 4.5. Both types lacked low pH resistance.
The Grobogan, Anjasmoro, Derap 1, Detap 1, and Dena 1
cultivars, with dry weights of 17.21, 18.97, 18.45, 19.34, and
18.39 g, were more robust at pH 4.5. The weights that were
observed did not differ significantly from the weights at
control media and heavy metal Fe media at pH 6—7. Apiece
variety reacted differently to controls without Fe metal or
neutral pH; the Deja 1 variety had the largest hypocotyl
weight, followed by the Dega 1, Anjasmoro, Dena 1, Grobogan,
and Detap 1 variations, with hypocotyl weights of 23.77, 22,
20.82, 19.27, 18.55, and 17.86 g apiece. The Dega 1 variety
had the highest hypocotyl dry weight in the Fe metal
concentration with a pH of 6-7, followed by the Detap 1,
Anjasmoro, Deja 1, Grobogan, Derap 1, and Dena 1 variations,
with corresponding hypocotyl dry weights of 21.54, 20.83,
20.72, 20.05, 18.96, 18.20, and 16.48 g. In Fe heavy metal
media with pH of 6-7, all varieties except Deja 1 and Degal
produced the same response, i.e., decreased, but the effect
was not significant. Conversely, the Deja 1 and Dega 1
varieties declined notably.

An additional experiment had been done in this research
to support the assertion that heavy metals are capable of
inhibiting soybean germination. This was conducted by
examining the heavy metal Fe content in the soybean seeds
with pH 6-7 and 4.5. The results showed that for seeds
imbibed on control media, the Fe concentration is 149.62
ppm; on heavy metal Fe solution pH 6-7, the Fe concentration
rose to 316.75 ppm, and the maximun was on heavy metal Fe
pH 4.5, 483.15 ppm. Average seed increasing weight after
imbibition processes showed weight among the treatments:
control, heavy metal Fe pH 6-7, and heavy metal Fe pH 4.5
are not much different — 0.2 g.seed?, 0.19 g.seed?, 0.18
g.seed™?, respectively.

4, DISCUSSION

This study found that heavy metal Fe impacted soybeans’
seeds’ viability particularly at pH 4.5. The observed data
showed that all seed viability variables (seed germination,
germination speed, vigor index, hypocotyl length of normal
seedling, root dry weight, and abnormal seedlings) in media
with heavy metal Fe at pH 4.5 showed significant differences.
Soybean seeds demonstrated high viability without heavy
metal Fe solution; indeed, soybean seeds showed
significantly low viability in media Fe with pH 4.5.

From the heavy metal content study, it was clear that
heavy metal Fe toxicities were stronger in lower pH solutions.
Some research concluded that extractable Fe is mainly
influenced by soil pH. High soil pH limits the amount of Fe that
access plants; as pH rises by 1 unit, the amount of Fe®*
considerably decreases because insoluble Fe3* hydroxide
forms (Fageria & Nascente, 2014; Mari et al., 2020; Xu et al.,
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2022). The impact of Fe on germination processes has
appeared since the beginning of germination, the radicle
emergence or radicle protrusion from seed (Ali & Elozeiri,
2017). Water is a fundamental necessity for seed
germination, which is referred to as imbibition. Seventy-eight
percent of the recorded seeds germinated in the control
media, which is water without Fe. Since Fe entered the seed
when the pH was 6—7 and more when the pH was 4.5, the
heavy metal Fe caused the radicle emergence to decrease to
76.19% and to 63.42%, respectively. As stated by Fageria and
Nascente (2014), minimum Fe solubility occurs between pH
7.5 and 8.5, which is the pH range of most calcareous soils. It
can be implied that Fe solution with pH 6-7 intakes by the
seeds is the same as water in control state since Fe solubility
is minimum. Therefore, both solutions (control and heavy
metal Fe pH 6-7) entered the seeds with the same rate as
Louf et al. (2018) found that initial imbibition in soy seeds is
driven primarily by capillary forces and since soy seed is a
single pore scale porous material, the imbibition process in
soy seeds is homogenous.

The above assertion was supported by Figure 1, which
showed the radicle emergence. On the first day, the control
medium showed the highest germination rate; however, on
the second day, germination rate of heavy metal media Fe pH
6—7 matched the control, while heavy metal Fe pH 4.5 still
indicated the lowest germination rate. From the third day
onward, the radicle germination rate remained constant and
became plateau for both the control and heavy metal Fe with
pH 6-7; this showed that seeds in heavy metal Fe pH 6—7 had
absorbed water the same amount with the control and then
the radicle emergence. The general nonlinear equation is
expressed as Y = a/(1+ e®*9), and this fitted to the event time
model (Ritz et al., 2013). Using data of germination in Table 4,
the equations for each pH treatment were presented in Figure
1. According to the formula, in average radicle emergence fast
on the first day are 76% for both control and the heavy metal
Fe media with pH 6-7 and 54% for media with pH 4.5. On the
second day, all treatments reached the maximum (95% for
both control and the Fe media with pH 6—7 and 87% for media
with pH 4.5) and then became a flat line until the fifth day.
Aung and Masuda (2020) stated that the form of Fe that is
hazardous and absorbed by plants is Fe?*; and Fe?* form
increases at a pH of about 4.5-6 and decreases at pH of >6 (de
Mello Gabriel et al., 2021; Pennisi & Thomas, 2015). These are
reflected in this study; germination on the first 3 days on soil
containing rich heavy metal Fe with pH 4.5 showed that the
number of radicles and germination percentage decreased.
However, at pH 6-7, Fe?* decreased resulting in the amount
of radicle emergence, and the percentage of germination was
not different from the control media (Table 3). In the growth
rate variable and abnormal seedlings, heavy metal Fe pH 4.5
treatment showed the highest percentage of abnormal shoots
compared to the control treatment and heavy metal Fe pH 6—
7 (Table 3). Again, Fe elements will be hazardous if the pH
value is low; Iron content in a solution with a pH of 4.5-6.0
will increase Fe levels in tissues and show symptoms of
poisoning in plants (Asadi-Kavan et al., 2020; Das et al., 2017;
Giilser et al., 2019; Rengel, 2015; Rodrigues Filho et al., 2020).
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Since toxicity of Fe affects the radicle germination, then
the following seed viability will also be impacted: seed
germinating speed, the proportion of germination, decrease
in root growth, and increase in the quantity of abnormal
seedlings (El Rasafi et al., 2016). Excessive Fe even affects
almost all cellular functions, including embryos in seeds,
protein damage, DNA synthesis, and cell division; still, this
study is restricted to seed viability factors. Another feature of
Fe heavy metal poisoning is the thickening of the root base
and the hypocotyls (Figure 2) since Fe accumulated in the
roots. On the medium heavy metal Fe pH 4.5, the growth of
the roots of shoots was shorter, and the color resembled rust.
The root hypocotyl ratio decreased due to heavy metals.
Heavy metal causes structural and morphological alterations
in roots, including non-formation of root hairs, stunted
growth, and browning of the meristematic portion of the
roots (Dey et al., 2019; Nikolic & Pavlovic, 2018). Reviews
related to the effect of heavy metal inhibition had been done
by Lapaz et al. (2022); and Baruah et al. (2019) demonstrated
that Cd and Fe have the greatest effects on wheat
germination. However, the germination of red bean seeds is
only reduced in the presence of Cd, while these seeds seem
to be more tolerant of Fe even at high metal concentrations.

The roots are part of the plant that gets contaminated
initially; therefore, they are more sensitive to metal toxicity
than shoots (Chai et al., 2022; Kuswantoro, 2014; Li et al.,
2016; Rizvi et al., 2020; Shahid et al., 2017; Sultana et al.,
2022). Figure 2 showed that soybean seed germination in an
iron-rich solution resulted in seedlings that were thinner,
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smaller, and of a different color from those that germinated
in an iron-free treatment (control). Additionally, to the
increased level of the heavy metal Fe, the germination
process will be severely hindered (Zielinska-Dawidziak et al.,
2014). As shown in this study, the Fe pH 4.5 treatment factors
of hypocotyl length, root length, and dry weight of the roots
showed the lowest values compared to the control treatment
and the heavy metal Fe pH 6—7 (Table 3). The deadly effect of
Fe3* toxicity is the nonexistence of germination or
suppression of germination, and the damage occurs mainly to
the root area. Mittal et al. (2015) found that contamination of
the metal Fe leads to inhibition of germination and the ratio
of root length to hypocotyledons by 70 + 11.55% and 1.15 +
0.90 cm, respectively. The hypocotyl dry weight variables
showed the interaction between heavy metal Fe and soybean
varieties. The influence of the heavy metal Fe on hypocotyl
elongation and, ultimately, its weight was depending on pH
and soybean varieties. Grobogan, Derap 1, and Detap 1 on pH
6—7 had heavier hypocotyl dry weight compared to control,
while Derap 1 and Detap 1 had heavier hypocotyl dry weight
on pH 4.5 compared to control.

In terms of hypocotyl dry weight, Derap 1 and Detap 1 are
cultivars that were more tolerant to heavy metal Fe both at
pH 6-7 and at pH 4.5 (Table 5). This interaction also indicated
that the prominent soybean varieties’ characteristics also
influenced how heavy metal Fe in different pH affected seed
viability. From this study, soybean cultivars independently
gave different responses in all observation variables.

Table 5. Interaction of media pH and soybean varieties on hypocotyl dry weight

Varieties LSD 5%
Control pH 6-7 pH 4.5

Grobogan 18.55 18.96"%° 17.21%

Anjasmoro 20.827b¢ 20.72%a 18.974

Derap 1 17.86*¢ 18.207« 18.45%

Detap 1 18.497 20.837%b 19.34% 2.18

Dena 1 19,27~ 16.48" 18.39%°

Deja 1 23.77% 20.0572b¢ 19.40°

Dega 1 22.0072b 21.547%b 18.808

Remarks: Two mean values followed by the same letter do not differ based on the 5% LSD test. Upper case refers to horizontal

rows; lower case refers to vertical columns

Table 6. Soybean variety seed characteristics as released by the Indonesia Ministry of Agriculture

. Seed size Weight Hypocotyl Crude protein oil
Varieties

El (mm)? FI (mm)® 100 seeds (g) Color (g.100g?) (g.100g?)
Anjasmoro 1.22+0.08 0.35£0.02 14.81+0.45 Purple 42.27%0.15 18.27+0.67
Dega 1 1.214+0.04 0.391+0.04 19.80+0.45 Purple 37.13£0.60 17.03+0.55
Dejal 1.27+0.06 0.224+0.04 11.20+0.45 Purple 39.63£0.15 17.17+0.32
Dena 1 1.30+0.06 0.30%0.06 16.00+0.00 Purple 37.00£0.98 18.33+£0.90
Derap 1 1.22t+0.10 0.29+0.04 15.60+0.89 Purple 38.8210.39 17.77+0.85
Detap 1 1.22+0.07 0.26x0.07 14.80+0.45 Purple 40.3440.25 15.55+1.45
Grobogan 1.25+0.07 0.2940.06 18.00+0.71 Brown 43.80+0.36 18.47+0.31

Remarks: a, eccentricity index; b, flatness index
Source: (Arifin et al., 2023)
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Different varieties exhibited distinct properties even within
the exact origin means that Indonesian soybean varieties also
have variations in agronomical and morphological
characteristics (Arifin et al., 2023; Zhen et al., 2021). Overall,
Anjasmoro, Deja, Grobogan, and Dega were kinds that
consistently showed resistance or adapted to Fe existence,
while Dena, Derap, and Detap were sensitive to Fe existence.
The seed characteristics of the observed seeds (Table 6)
showed that the main characteristics of those varieties are
relatively similar. Therefore, the seed viability test is essential
to ascertain seeds’ vigor when the seeds experience heavy
metal stress.

5. CONCLUSION

This research finds that heavy metal Fe affected soybean
seeds’ viability both in pH 6-7 and 4.5. All seed viability
characteristics in media with heavy metal Fe, both in pH 6-7
and in pH 4.5, differ from the control media (without the
heavy metal Fe). Soybean can grow in soil containing heavy
metal Fe if the pH is 6—7. Soybean varieties influence the
seeds’ resistance to heavy metal Fe existence. Anjasmoro,
Deja, Grobogan, and Dega were the varieties that consistently
showed resistance or adapted to heavy metal Fe existence.
However, the differences were not shown in the seeds’
physical or chemical properties. The viability test is vital in
investigating seeds’ vigor against heavy metal stress.

Declaration of Competing Interest

The authors declare that no competing financial or
personal interests that may appear and influence the work
reported in this paper.

References

Aisah, A. R., Herawati, N., & Hidayah, B. N. (2020). Growth and
yield of five Indonesian new superior varieties of
soybean in dry climate rainfed rice fields. IOP
Conference Series: Earth and Environmental Science,
457(1),  012054.  https://doi.org/10.1088/1755-
1315/457/1/012054

Ali, A. S., & Elozeiri, A. A. (2017). Metabolic Processes During
Seed Germination. In C. J.-L. Jose (Ed.), Seed Biology
(pp. Ch. 8). IntechOpen.
https://doi.org/10.5772/intechopen.70653

Arifin, H. A,, Arifin, A. G., & Mejaya, M. J. (2023). Relationship
of Phytochemical and Seed Characteristics of
Indonesian Soybean Varieties. Agricultural Science
Digest-A  Research  Journal, 43(2), 220-225.
https://doi.org/10.18805/ag.DF-512

Asadi-Kavan, Z., Khavari-Nejad, R. A., Iranbakhsh, A., & Najafi,
F. (2020). Cooperative effects of iron oxide
nanoparticle (a-Fe203) and citrate on germination
and oxidative system of evening primrose (Oenthera
biennis L.). Journal of Plant Interactions, 15(1), 166-
179.
https://doi.org/10.1080/17429145.2020.1774671

Aung, M. S., & Masuda, H. (2020). How Does Rice Defend
Against Excess lIron?: Physiological and Molecular
Mechanisms [Mini Review]. Frontiers in Plant Science,
11. https://doi.org/10.3389/fpls.2020.01102

207

SAINS TANAH — Journal of Soil Science and Agroclimatology, 20(2), 2023

Bakari, R., Mungai, N., Thuita, M., & Masso, C. (2020). Impact
of soil acidity and liming on soybean (Glycine max)
nodulation and nitrogen fixation in Kenyan soils. Acta
Agriculturae Scandinavica, Section B — Soil & Plant
Science, 70(8), 667-678.
https://doi.org/10.1080/09064710.2020.1833976

Baruah, N., Mondal, S. C., Farooq, M., & Gogoi, N. (2019).
Influence of Heavy Metals on Seed Germination and
Seedling Growth of Wheat, Pea, and Tomato. Water,
Air, & Soil Pollution, 230(12), 273.
https://doi.org/10.1007/s11270-019-4329-0

Bezini, E., Abdelguerfi, A., Nedjimi, B., Touati, M., Adli, B., &
Yabrir, B. (2019). Effect of some heavy metals on seed
germination of Medicago arborea L.(Fabaceae).
Agriculturae Conspectus Scientificus, 84(4), 357-364.
https://acs.agr.hr/acs/index.php/acs/article/view/15
95

Bian, M., Zhou, M., Sun, D., & Li, C. (2013). Molecular
approaches unravel the mechanism of acid soil
tolerance in plants. The Crop Journal, 1(2), 91-104.
https://doi.org/10.1016/j.cj.2013.08.002

BPS. (2020). Statistik Indonesia. Badan Pusat Statistik.
https://bps.go.id

Chai, M., Li, R., Shen, X., Yu, L., & Han, J. (2022). Multiple
heavy metals affect root response, iron plaque
formation, and metal bioaccumulation of Kandelia
obovata.  Scientific  Reports, 12(1), 14389.
https://doi.org/10.1038/s41598-022-14867-7

Cruz, D. R., Leandro, L. F. S., & Munkvold, G. P. (2019). Effects
of Temperature and pH on Fusarium oxysporum and
Soybean Seedling Disease. Plant Disease, 103(12),
3234-3243. https://doi.org/10.1094/pdis-11-18-1952-
re

Das, S., Tyagi, W., Rai, M., & Yumnam, J. S. (2017).
Understanding Fe2+ toxicity and P deficiency
tolerance in rice for enhancing productivity under
acidic soils. Biotechnology and Genetic Engineering
Reviews, 33(1), 97-117.
https://doi.org/10.1080/02648725.2017.1370888

de Mello Gabriel, G. V., Pitombo, L. M., Rosa, L. M. T,,
Navarrete, A. A., Botero, W. G., do Carmo, J. B., & de
Oliveira, L. C. (2021). The environmental importance of

iron speciation in soils: evaluation of classic
methodologies. Environmental Monitoring and
Assessment, 193(2), 63.

https://doi.org/10.1007/s10661-021-08874-w

Dey, S., Kar, S., Regon, P., & Panda, S. K. (2019). Physiology
and Biochemistry of Fe Excess in Acidic Asian Soils on
Crop Plants. 2019, 16(1), 15.
https://doi.org/10.20961/stjssa.v16i1.30456

El Rasafi, T., Nouri, M., Bouda, S., & Haddioui, A. (2016). The
Effect of Cd, Zn and Fe on Seed Germination and Early
Seedling Growth of Wheat and Bean. Ekoldgia
(Bratislava), 35(3), 213-223.
https://doi.org/10.1515/eko-2016-0017

Endrizal, & Jumakir. (2015). Keragaan Dan Produktivitas
Kedelai Dengan Pendekatan PTT Di Lahan Sawah Irigasi
pada Pola Tanam Padi-Padi-Kedelai Di Provinsi Jambi.
Prosiding Seminar Nasional Pengembangan Teknologi


https://doi.org/10.1088/1755-1315/457/1/012054
https://doi.org/10.1088/1755-1315/457/1/012054
https://doi.org/10.5772/intechopen.70653
https://doi.org/10.18805/ag.DF-512
https://doi.org/10.1080/17429145.2020.1774671
https://doi.org/10.3389/fpls.2020.01102
https://doi.org/10.1080/09064710.2020.1833976
https://doi.org/10.1007/s11270-019-4329-0
https://acs.agr.hr/acs/index.php/acs/article/view/1595
https://acs.agr.hr/acs/index.php/acs/article/view/1595
https://doi.org/10.1016/j.cj.2013.08.002
https://bps.go.id/
https://doi.org/10.1038/s41598-022-14867-7
https://doi.org/10.1094/pdis-11-18-1952-re
https://doi.org/10.1094/pdis-11-18-1952-re
https://doi.org/10.1080/02648725.2017.1370888
https://doi.org/10.1007/s10661-021-08874-w
https://doi.org/10.20961/stjssa.v16i1.30456
https://doi.org/10.1515/eko-2016-0017

Timotiwu et al.

Pertanian,
https://jurnal.polinela.ac.id/PROSIDING/article/view/
548

Fageria, N. K.,, & Nascente, A. S. (2014). Chapter Six -
Management of Soil Acidity of South American Soils
for Sustainable Crop Production. In D. L. Sparks (Ed.),
Advances in Agronomy (Vol. 128, pp. 221-275).
Academic Press.
https://doi.org/https://doi.org/10.1016/B978-0-12-
802139-2.00006-8

Finch-Savage, W. E., & Bassel, G. W. (2015). Seed vigour and
crop establishment: extending performance beyond
adaptation. Journal of Experimental Botany, 67(3),
567-591. https://doi.org/10.1093/jxb/erv490

Fischer, G., Nachtergaele, F., Van Velthuizen, H., Chiozza, F.,
Franceschini, G., Henry, M., Muchoney, D., &
Tramberend, S. (2021). Global agro-ecological zones
v4—-model documentation. Food & Agriculture Org.
https://doi.org/10.4060/cb4744en

Ghori, N. H., Ghori, T., Hayat, M. Q,, Imadi, S. R., Gul, A., Altay,
V., & Ozturk, M. (2019). Heavy metal stress and
responses in plants. International Journal of
Environmental Science and Technology, 16(3), 1807-
1828. https://doi.org/10.1007/s13762-019-02215-8

Gilser, F., Yavuz, H. I., Gokkaya, T. H., & Sedef, M. (2019).
Effects of iron sources and doses on plant growth
criteria in soybean seedlings. Eurasian Journal of Soil
Science, 8(4), 298-303.
https://doi.org/10.18393/ejss.582231

Haitami, A., Indrawanis, E., Ezward, C., & Wahyudi, W. (2021).
Tampilan agronomi beberapa varietas unggul kedelai
(Glycine max L.) di tanah ultisol kabupaten Kuantan
Singingi. Menara lImu, 15(1).
https://doi.org/10.31869/mi.v15i1.2453

Haque, A. F. M. M., Rahman, M. A,, Das, U., Rahman, M. M.,
Elseehy, M. M., El-Shehawi, A. M., Parvez, M. S., &
Kabir, A. H. (2022). Changes in physiological responses
and MTP (metal tolerance protein) transcripts in
soybean (Glycine max) exposed to differential iron
availability. Plant Physiology and Biochemistry, 179, 1-
9. https://doi.org/10.1016/j.plaphy.2022.03.007

Jiang, X, Xin, X., Li, S., Zhou, J., Zhu, T., Miiller, C., Cai, Z., &
Wright, A. L. (2015). Effects of Fe oxide on N
transformations in subtropical acid soils. Scientific
Reports, 5(1), 8615.
https://doi.org/10.1038/srep08615

Karges, K., Bellingrath-Kimura, S. D., Watson, C. A., Stoddard,
F. L., Halwani, M., & Reckling, M. (2022). Agro-
economic prospects for expanding soybean
production beyond its current northerly limit in
Europe. European Journal of Agronomy, 133, 126415.
https://doi.org/10.1016/j.eja.2021.126415

Kuswantoro, H. (2014). Relative growth rate of six soybean
genotypes under iron toxicity condition. International
Journal of Biology, 6(3), 11-17.
https://doi.org/10.5539/ijb.v6n3p11

Lapaz, A. d. M., Yoshida, C. H. P., Gorni, P. H., Freitas-Silva, L.
d., Araujo, T. d. O., & Ribeiro, C. (2022). Iron toxicity:
effects on the plants and detoxification strategies.

208

SAINS TANAH — Journal of Soil Science and Agroclimatology, 20(2), 2023

Acta Botanica Brasilica, 36.
https://doi.org/10.1590/0102-33062021abb0131

Li, G., Kronzucker, H. J., & Shi, W. (2016). Root developmental
adaptation to Fe toxicity: Mechanisms and
management. Plant Signaling & Behavior, 11(1),
el117722.
https://doi.org/10.1080/15592324.2015.1117722

Louf, J.-F., Zheng, Y., Kumar, A., Bohr, T., Gundlach, C,,
Harholt, J., Poulsen, H. F., & Jensen, K. H. (2018).
Imbibition in plant seeds. Physical Review E, 98(4),
042403.
https://doi.org/10.1103/PhysRevE.98.042403

Mari, S., Bailly, C., & Thomine, S. (2020). Handing off iron to
the next generation: how does it get into seeds and
what for? Biochemical Journal, 477(1), 259-274.
https://doi.org/10.1042/bcj20190188

Milivojevi¢, M., Ripka, Z., & Petrovi¢, T. (2018). ISTA rules
changes in seed germination testing at the beginning
of the 21st century. Journal on processing and energy
in agriculture, 22(1), 40-45.
https://doi.org/10.5937/JPEA1801040M

Mittal, N., Vaid, P., & Avneet, K. (2015). Effect on amylase
activity and growth parameters due to metal toxicity
of iron, copper and zinc. Indian Journal of Applied
Science, 5(4), 662-664.
https://www.worldwidejournals.com/indian-journal-
of-applied-research-
(IJAR)/fileview/April_2015_1429517051__203.pdf

Mulyani, A., & Sarwani, M. (2013). Karakteristik dan potensi
lahan sub optimal untuk pengembangan pertanian di
Indonesia. Jurnal Sumberdaya Lahan, 7(1), 47-55.
https://repository.pertanian.go.id/server/api/core/bi
tstreams/03e30be9-3460-4ff5-9fb9-
9545f4bc8789/content

Nazarenko, L., Schmidt, G. A., Miller, R. L., Tausnev, N., Kelley,
M., Ruedy, R., Russell, G. L., Aleinov, I., Bauer, M.,
Bauer, S., Bleck, R., Canuto, V., Cheng, Y., Clune, T. L.,
Del Genio, A. D., Faluvegi, G., Hansen, J. E., Healy, R. J.,
Kiang, N. Y., Koch, D., Lacis, A. A., LeGrande, A. N.,
Lerner, J., Lo, K. K., Menon, S., Qinas, V., Perlwitz, J.,
Puma, M. J,, Rind, D., Romanou, A., Sato, M., Shindell,
D. T, Sun, S., Tsigaridis, K., Unger, N., Voulgarakis, A.,
Yao, M.-S., & Zhang, J. (2015). Future climate change
under RCP emission scenarios with GISS ModelE2.
Journal of Advances in Modeling Earth Systems, 7(1),
244-267. https://doi.org/10.1002/2014MS000403

Nikolic, M., & Pavlovic, J. (2018). Chapter 3 - Plant Responses
to Iron Deficiency and Toxicity and Iron Use Efficiency
in Plants. In M. A. Hossain, T. Kamiya, D. J. Burritt, L.-S.
Phan Tran, & T. Fujiwara (Eds.), Plant Micronutrient

Use Efficiency (pp. 55-69). Academic Press.
https://doi.org/10.1016/B978-0-12-812104-7.00004-
6

Pagano, M. C., & Miransari, M. (2016). 1 - The importance of
soybean production worldwide. In M. Miransari (Ed.),
Abiotic and Biotic Stresses in Soybean Production (pp.
1-26). Academic Press. https://doi.org/10.1016/B978-
0-12-801536-0.00001-3


https://jurnal.polinela.ac.id/PROSIDING/article/view/548
https://jurnal.polinela.ac.id/PROSIDING/article/view/548
https://doi.org/https:/doi.org/10.1016/B978-0-12-802139-2.00006-8
https://doi.org/https:/doi.org/10.1016/B978-0-12-802139-2.00006-8
https://doi.org/10.1093/jxb/erv490
https://doi.org/10.4060/cb4744en
https://doi.org/10.1007/s13762-019-02215-8
https://doi.org/10.18393/ejss.582231
https://doi.org/10.31869/mi.v15i1.2453
https://doi.org/10.1016/j.plaphy.2022.03.007
https://doi.org/10.1038/srep08615
https://doi.org/10.1016/j.eja.2021.126415
https://doi.org/10.5539/ijb.v6n3p11
https://doi.org/10.1590/0102-33062021abb0131
https://doi.org/10.1080/15592324.2015.1117722
https://doi.org/10.1103/PhysRevE.98.042403
https://doi.org/10.1042/bcj20190188
https://doi.org/10.5937/JPEA1801040M
https://www.worldwidejournals.com/indian-journal-of-applied-research-(IJAR)/fileview/April_2015_1429517051__203.pdf
https://www.worldwidejournals.com/indian-journal-of-applied-research-(IJAR)/fileview/April_2015_1429517051__203.pdf
https://www.worldwidejournals.com/indian-journal-of-applied-research-(IJAR)/fileview/April_2015_1429517051__203.pdf
https://repository.pertanian.go.id/server/api/core/bitstreams/03e30be9-3460-4ff5-9fb9-9545f4bc8789/content
https://repository.pertanian.go.id/server/api/core/bitstreams/03e30be9-3460-4ff5-9fb9-9545f4bc8789/content
https://repository.pertanian.go.id/server/api/core/bitstreams/03e30be9-3460-4ff5-9fb9-9545f4bc8789/content
https://doi.org/10.1002/2014MS000403
https://doi.org/10.1016/B978-0-12-812104-7.00004-6
https://doi.org/10.1016/B978-0-12-812104-7.00004-6
https://doi.org/10.1016/B978-0-12-801536-0.00001-3
https://doi.org/10.1016/B978-0-12-801536-0.00001-3

Timotiwu et al.

Pennisi, S. V., & Thomas, P. A. (2015). Essential pH
management in greenhouse crops. University of
Georgia Extension.
https://secure.caes.uga.edu/extension/publications/f
iles/pdf/B%201256_8.PDF

Rachmat, M., & Erwidodo. (1996). Pendugaan Permintaan
Impor Komoditi Kedele dan Gandum Indonesia. Jurnal
Agro Ekonomi, 13(1), 43-60.
https://repository.pertanian.go.id/server/api/core/bi
tstreams/d9f17f87-d83e-4982-b4d0-
7adc246a392d/content

Reed, R. C.,, Bradford, K. J., & Khanday, I. (2022). Seed
germination and vigor: ensuring crop sustainability in
a changing climate. Heredity, 128(6), 450-459.
https://doi.org/10.1038/s41437-022-00497-2

Rengel, Z. (2015). Availability of Mn, Zn and Fe in the
rhizosphere. Journal of soil science and plant nutrition,
15, 397-409. https://doi.org/10.4067/50718-
95162015005000036

Ritz, C., Pipper, C. B., & Streibig, J. C. (2013). Analysis of
germination data from agricultural experiments.
European Journal of Agronomy, 45, 1-6.
https://doi.org/10.1016/j.eja.2012.10.003

Rizvi, A., Zaidi, A., Ameen, F., Ahmed, B., AlKahtani, M. D. F.,
& Khan, M. S. (2020). Heavy metal induced stress on
wheat: phytotoxicity and microbiological management
[10.1039/DORA05610C]. RSC Advances, 10(63), 38379-
38403. https://doi.org/10.1039/DORA05610C

Rodrigues Filho, J., Borges Corte, V., Tereza de Almeida Leite
Perin, I., Reis dos Santos, C., & Waichert da Silva, R.
(2020). Efeitos da toxicidade por ferro na germinagdo
e crescimento inicial de Carica papaya L. Scientia
Plena, 16(10).
https://doi.org/10.14808/sci.plena.2020.101201

Sethy, S. K., & Ghosh, S. (2013). Effect of heavy metals on
germination of seeds. J Nat Sci Biol Med, 4(2), 272-275.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC378
3763/

Shahid, M., Dumat, C., Khalid, S., Schreck, E., Xiong, T., & Niazi,
N. K. (2017). Foliar heavy metal uptake, toxicity and
detoxification in plants: A comparison of foliar and
root metal uptake. Journal of Hazardous Materials,

209

SAINS TANAH — Journal of Soil Science and Agroclimatology, 20(2), 2023

325, 36-58.
https://doi.org/10.1016/j.jhazmat.2016.11.063
Sintorini, M. M., Widyatmoko, H., Sinaga, E., & Aliyah, N.
(2021). Effect of pH on metal mobility in the soil. /IOP
Conference Series: Earth and Environmental Science,
737(1), 012071. https://doi.org/10.1088/1755-
1315/737/1/012071

Sultana, R., Tanvir, R. U., Hussain, K. A., Chamon, A. S., &
Mondol, M. N. (2022). Heavy Metals in Commonly
Consumed Root and Leafy Vegetables in Dhaka City,
Bangladesh, and Assessment of Associated Public
Health Risks. Environmental Systems Research, 11(1),
15. https://doi.org/10.1186/s40068-022-00261-9

Vacha, R. (2021). Heavy Metal Pollution and Its Effects on
Agriculture. Agronomy, 11(9), 1719.
https://doi.org/10.3390/agronomy11091719

William, E., & Saleh, M. (2016). Tampilan kedelai varietas
Grobogan, lawit, Dan Menyapa di Kebun Percobaan
Banjarbaru Prosiding Seminar Nasional Lahan Basah,
Universitas Lambung Mangkurat.
http://lppm.ulm.ac.id/id/wp-
content/uploads/2017/10/SNLB-1602-913-915-
William-Saleh.pdf

Xu, D., Shen, Z., Dou, C., Dou, Z., Li, Y., Gao, Y., & Sun, Q.
(2022). Effects of soil properties on heavy metal
bioavailability and accumulation in crop grains under
different farmland use patterns. Scientific Reports,
12(1), 9211. https://doi.org/10.1038/s41598-022-
13140-1

Zhen, X., Gao, F., Li, X., Liu, Z., Zhao, J., Li, Y., Wang, Y., Li, Y.,
Wang, Z., Lai, H., Pan, X., & Yang, D. (2021). Responses
of hypocotyl growth and seedling emergence with
respect to soil sowing depth stress in peanut (Arachis
hypogaea L.). Archives of Agronomy and Soil Science,
67(4), 519-535.
https://doi.org/10.1080/03650340.2020.1737856

Zielinska-Dawidziak, M., Hertig, |., Staniek, H., Piasecka-
Kwiatkowska, D., & Nowak, K. W. (2014). Effect of Iron
Status in Rats on the Absorption of Metal lons from
Plant Ferritin. Plant Foods for Human Nutrition, 69(2),
101-107. https://doi.org/10.1007/s11130-014-0413-1


https://secure.caes.uga.edu/extension/publications/files/pdf/B%201256_8.PDF
https://secure.caes.uga.edu/extension/publications/files/pdf/B%201256_8.PDF
https://repository.pertanian.go.id/server/api/core/bitstreams/d9f17f87-d83e-4982-b4d0-7adc246a392d/content
https://repository.pertanian.go.id/server/api/core/bitstreams/d9f17f87-d83e-4982-b4d0-7adc246a392d/content
https://repository.pertanian.go.id/server/api/core/bitstreams/d9f17f87-d83e-4982-b4d0-7adc246a392d/content
https://doi.org/10.1038/s41437-022-00497-2
https://doi.org/10.4067/S0718-95162015005000036
https://doi.org/10.4067/S0718-95162015005000036
https://doi.org/10.1016/j.eja.2012.10.003
https://doi.org/10.1039/D0RA05610C
https://doi.org/10.14808/sci.plena.2020.101201
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3783763/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3783763/
https://doi.org/10.1016/j.jhazmat.2016.11.063
https://doi.org/10.1088/1755-1315/737/1/012071
https://doi.org/10.1088/1755-1315/737/1/012071
https://doi.org/10.1186/s40068-022-00261-9
https://doi.org/10.3390/agronomy11091719
http://lppm.ulm.ac.id/id/wp-content/uploads/2017/10/SNLB-1602-913-915-William-Saleh.pdf
http://lppm.ulm.ac.id/id/wp-content/uploads/2017/10/SNLB-1602-913-915-William-Saleh.pdf
http://lppm.ulm.ac.id/id/wp-content/uploads/2017/10/SNLB-1602-913-915-William-Saleh.pdf
https://doi.org/10.1038/s41598-022-13140-1
https://doi.org/10.1038/s41598-022-13140-1
https://doi.org/10.1080/03650340.2020.1737856
https://doi.org/10.1007/s11130-014-0413-1

	1. INTRODUCTION
	2. MATERIAL AND METHODS
	2.1 Research site and soybean varieties
	2.2 Experimental design
	2.3 Preparation for heavy metal Fe solution
	2.4. Preparation for seed observation
	2.5. Seed viability parameters
	2.5.1. Radicle Emergence (%)
	2.5.2. Germination Percentage (GP)
	2.5.3. Germination Speed (%/etmal)
	2.5.4. Vigor Index (VI)
	2.5.5. Abnormal Seedlings

	2.6. Metal content analysis for the soy seed sample
	2.7. Statistical analysis

	3. RESULTS
	3.1. Effect of pH of Fe media on seed viability variables
	3.2.  Effect of variety characteristics on seed viability variables
	3.3 Interaction of media pH and soybean varieties

	4. DISCUSSION
	5. CONCLUSION
	Declaration of Competing Interest
	References

