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Abstract

Decreased rice productivity due to high iron concentrations especially in the vegetative phase, this causes the morphological
character of rice to be affected until the metabolic process is disrupted. This study used 6 varieties, namely Batu Tegi, Inpara 9, Situ
Patenggang, Inpara 8, Hawarabunar and Inpago 8, with iron concentrations of 0 and 250 ppm. The seeds were germinated for 3
days, then planted in Kimura B 10% nutrient culture media for 9 days, for 2 weeks then each week the media was changed to 100%
Kimura B solution with the addition of 250 ppm iron concentration which was sampled every week until the 35th day. The results
of the analysis of variance of the variables of plant height and root length showed that the combination Inpara 8-01 was the best
combination and had a significant effect compared to other combinations with an average value of 61.31 cm and 30.77 cm. In the
variable number of leaves the best average value was found in the combination of Batu Tegi-01 and Inpara 9-01 which had a
significant effect compared to other treatments with an average value of 5.87 strands and 9.60 strands, respectively. On the stem dry
weight variable, the combination of Hawarabunar-250 ppm Fe had a significant effect on other treatment combinations with the
highest value of 0.17 g and the lowest value of treatment combination Inpara 9-250 ppm with a value of 0.08 g. Based on the results
of treatment with 250 ppm Fe stress on plant morphological characters, the Hawarabunar variety had the best response in tolerating
Fe stress, while the Batu Tegi variety was the lowest in tolerating Fe stress.
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However, this mechanism can be different for each rice

1. Introduction variety. This is due to differences in the absorption and

The productivity of rice yields that are affected by
high iron concentrations can cause a decrease in
production. Although iron is an essential micronutrient, the
presence of too much iron in the soil can affect plant
growth, causing poisoning. As the main obstacle to the
opening of new paddy fields in tidal and lowland areas in
the basin [1], efforts to increase the development of rice
production on marginal lands are by applying the available
technology more optimally, including the following the use
of superior rice varieties that are resistant to iron poisoning

[2].
The defense mechanism of rice plants against iron
poisoning by morphological and physiological means.

distribution of iron in each plant organ, namely roots, stems
and leaves. In varieties that are more tolerant of iron
poisoning, usually iron will accumulate in the stems and will
be present less in the leaves, compared to varieties that are
more sensitive to iron. In more sensitive varieties, plants do
not have an inhibitory mechanism in the absorption of iron
in different plant organs, this is because the more sensitive
varieties do not have selectivity to their own plant organs

[3].

Varieties that are sensitive to iron poisoning since the
vegetative phase have shown clear symptoms where plant
height growth is disrupted, this is characterized by plants
becoming stunted, which results in stunted development of
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the reproductive phase, which ultimately causes plants to
produce only a few panicles and the grains become hollow
[4]. Other than that disturbed metabolic processes due to
the absorption of excess iron in rice plants can be seen
clearly when the leaves start to rust (bronzing). The rusty
leaves of the rice plant also change their structure to
become stiffer and the color from green to dark brown, with
continuous symptoms, namely the leaves begin to turn
yellow and dry until eventually all parts of the leaves will
turn yellowish and turn dark brown or called rust. In
addition, the process of root development becomes
disrupted and does not develop perfectly. The symptoms of
these changes have shown that the level of iron poisoning
is very severe [5; 6]. If the condition of the rice plant is like
that, it can cause a reduction in rice production from 12-
100% with the condition of the difference in the severity of
iron poisoning and the genotype of rice planted [7; 8].

The use of the right varieties for each existing land,
can make a high increase in rice production, and also enrich
the rice germplasm. This study will test 6 varieties of rice
against iron stress with different concentrations in the
vegetative phase using nutrient culture media.

2. Materials and Methods

The research was carried out in a greenhouse and Plant
Physiology Laboratory, Agronomy Study Program, Faculty
of Agriculture, Sriwijaya University, Indralaya. The
experiments were arranged in a factorial randomized block
design (FRBD) and each had 3 replications, with two
factors. The first factor is iron concentration (K1=0 ppm
and K2=250 ppm) and the second factor is rice varieties
(Batu Tegi (V1), Inpara 9 (V2), Situ Patenggang (V3),
Inpara 8 (V4), Hawarabunar (V5 ) and Inpago 8 (V6), then
continued with the Least Significant Difference Test at the
5% confidence level.

2.1. Preparation of Planting Media

Preparation of the planting medium, namely nutrient
culture media in a plastic container measuring 25 x 25 15
cm using the Kimura B solution medium (stock solution A,
namely Ammonium Sulfate ((NH4)2.SOs) 48.2 g,
Magnesium Sulfate (MgSO. 7H;0) 134.8 g, Potassium
Nitrate (KNOs; ) 183 g and Potassium Double
Superphosphate (KH2PO, ) 24.8 g, and stock solution B
consists of Calcium Nitrate (Ca (NO3). 2H,0) 86.17 g,
Ferosulfate (FeSO..7H.O) 16 g and Nitrogen Hydro
Chloride (1 N HCI) 42 ml which have been prepared.

2.2. Germination
Germination is carried out for 2 days by placing the

seeds in a moistened cotton tissue, placing the container at
room temperature and avoiding sunlight. Then for one day

the seeds are dried and aired. After that, the seeds that
germinate are selected with good and uniform roots, namely
by looking at the uniformity sprouting of growth, have long
roots and cotyledons, normal and the have grown parts of
the sprouts have grown large, then the seeds are cultured in
Kimura B medium.

Istsampling | | 2nd samplimg 3rd samplmg
A
3 days p Odays —f days — 28days ¥ 33days
100 % Kimura B + 0 ppm
Fe
pHSS
10% 100 %
Germination —| KimuaB | Kinmra B
pHSS pHS.S ‘
100 % Kimura B +250
ppmFe
pH3S

Figure 1. Flow nutrient culture treatment

2.3. Nutrient Solution Culture

Experiments on the tolerance level to iron stress will
be carried out in a greenhouse using the nutrient culture
media that has been prepared. The germinated seeds were
placed on the perforated Styrofoam, placed into a plastic
container / bucket (5 L in size) and aerated and put in 10%
Kimura B solution of 5 L with a pH concentration of 5.5 for
9 days. After 9 days, the water culture medium was changed
to 100% Kimura solution with a constant pH of 5.5 until day
21. On the 21st day the first sampling was carried out. On
the 22nd day, the water culture medium was replaced with a
new 100% Kimura B solution with the addition of an iron
solution with a concentration of 250 ppm with the pH of the
solution being 3.5 and allowed to stand until the 28th day.
On the 28th day, a second sampling was carried out. After
taking the second sampling, namely the 29th day, the water
culture media was replaced with a new 100% Kimura B
solution with the addition of iron solution with a
concentration of 250 ppm with the pH of the solution being
3.5 and allowed to stand until the 35th day and the 3rd
sampling was carried out.

3. Results and Discussion
The high concentration of Fe in this experiment

affected the growth of the rice varieties planted. The results
showed that the growth of rice varieties in the vegetative
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phase showed diversity in morphological characters that
varied in plant height, root length, leaf number, root dry
weight, stem dry weight and leaf dry weight (Table 1). This
can lead to a decrease in rice yields when planted in the
field under inundated stress conditions. Several studies
have shown that Fe poisoning in rice only resulted in 48%
of healthy plants [9], where in Fe-poisoned land the
decrease in rice yield for sensitive varieties could reach
70%, and 30% for tolerant varieties, and for land with very
high levels of Fe toxicity, rice production can achieve a
production reduction of 90%, which means that only 10%
produce healthy plants [9]. These problems can be
overcome by using environmental manipulation, namely
proper cultivation techniques can reduce the negative

effects of high iron concentrations in rice plants that cause
poisoning, for example through water management [11],
balanced fertilization [12; 13], application of organic matter
[14], lime [15], and soil amelioration [16].

Treatment of Fe stress was significantly different to
plant height, root length, number of leaves, and leaf dry
weight, however not significantly different on root dry
weight and stem dry weight (Table 1). It is suspected that
the concentration of Fe stress has an influence on several
parameters of rice plant growth. Although it is an essential
micronutrient, Fe can cause poisoning to plants if it is
absorbed in excess. This can cause a more dominant effect
on plants compared to other nutrients [17].

Table 1. Quantitative parameters consist of plant height, root length, number of leaves, root dry weight, stem dry weight,
and leaf dry weight on 6 varieties observed with treatment O ppm and 250 ppm Fe

Number of

Plant height Root length leaves Root dry Stem dry Leaf dry

(cm) (cm) (strands) weight (g) weight () weight (g)

Rice varieties Concent. Fe Concent. Fe Concent. Fe Concent. Fe Concent. Fe Concent. Fe
Oppm 250 0 250 0 250 0 250 0 250 0 250
ppm ppm ppm ppm_ _ppm ppm_ _ppm ppm ppm ppm  ppm
54,1 36,91 2595 1526 587 087 008 012 010 010 015 011

Batu Tegi c a c a c a a a ab ab b a
55,2 3993 281 1591 960 180 008 008 011 0,08 0,17 0,09

Inpara 9 c ab de a e a a a b a bc a
Situ 52,4 37,11 28,7 1578 847 227 011 009 0,12 0,10 0,17 0,10

Patenggang c a de a d b a a b ab bc a
61,3 39,55 30,77 195 760 193 011 0,12 013 0214 018 0,12

Inpara 8 d ab e b d ab a a b b bc ab
54,1 43,7 24,16 194 767 213 010 013 o011 017 018 0,5

Hawara Bunar c b c b d ab a a b c bc b
56,4 39,79 28,01 16,73 760 000 010 011 013 009 020 0,12

Inpago 8 c ab d a d a a a b ab c ab

Note: Numbers followed by letters in the same column show results that are not significantly different with a 5% confidence level (Least

Significant Difference test

The effect of treatment on varieties showed
significantly different results on root length, number of
leaves, and root dry weight (Table 1). This can be due to
each variety having a different response to the treatment
given, so that it has significantly different results. Tolerant
and intolerant varieties give different responses to Fe
toxicity, this is related to the amount of Fe availability in
the plant growing environment, and how the response of
rice plants to absorb Fe [17].

The 0 ppm Fe treatment had better plant height, root
length, and leaf dry weight than the 250 ppm treatment
(Table 1). This is because in the treatment of 250 ppm Fe
poisoning occurs in the environment where plants grow. Fe
toxicity can affect several agronomic and physiological
characters of plants, causing growth disturbances and
reducing rice yields [18]. Fe poisoning in rice occurs due to

excess in Fe absorption which is influenced by
environmental factors such as high Fe levels, deficiency or
imbalanced nutrients, low pH, poor drainage (flooded) or
sensitive rice varieties [18]. According to [19] in [20]
symptoms of Fe poisoning in plants can be indicated by
decreased plant height, reduced tillers, and reduced plant
chlorophyll count.

The plant height parameters against the treatment
combinations showed that the results were not significantly
different from all other treatment combinations (Table 1).
The highest treatment was found in the Inpara treatment of
8-0 ppm Fe with an average value of 61.31 cm and the
lowest was found in the Batu Tegi-250 ppm treatment
(Figure 2). The highest value is suspected to be the absence
of Fe poisoning so that the response of the variety has the
best plant height. Based on the results of treatment with 250
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ppm Fe stress on plantheight variables, the Hawarabunar growth and development of rice plants caused by the
variety had the best response in tolerating Fe stress, while influence of high Fe inhibits cell division at the growing
the Batu Tegi variety was the lowest in tolerating Fe stress.  point due to disruption of metabolic activity, so that plant
In varieties that have a susceptible response to Fe stress. In  growth becomes stunted and even causes a small number of
varieties that are susceptible to Fe stress, the inhibition of tillers [13].
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Figure 6. Effect of Fe concentration treatment on
weight stem dryness

Root length growth was influenced by varietal factors
and Fe stress. Fe stress treatment with varieties had a very
significant effect on root length variables (Table 1). The
longest roots were found in thetreatment of Inpara8-0 ppm
Fe with an average value of 30.77 cm and the lowest value
in the Batu Tegi treatment and 250 ppm (Figure 3). Based
on the results of treatment with 250 ppm Fe stress on root
length variables, the Hawarabunar variety had the best
response in tolerating Fe stress, while the Batu Tegi variety
was the lowest in tolerating Fe stress. It is suspected that the
250 ppm Fe stress treatment inhibited the root growth of
rice plants. Root length growth will be more depressed
where there is no increase in root length with higher Fe
concentrations [21] Fe stress causes the roots to be unable
to develop, hampering the absorption of nutrients, this is a
result of the root surface being coated with iron oxide Fe;O3
which is dark brown to black in color. Under conditions of
severe Fe stress since the early stages of the vegetative
phase, roots age and die more quickly [22].

The parameter number of leaves on the treatment
combinations from the results of the analysis of diversity
showed that the treatment of Fe stress with varieties had a
very significant effect on the number of leaves. ). The
highest number was found in the Inpara 9-0 ppm Fe
treatment with an average value of 9.60 strands and the
lowest amount was found in the V602 treatment (Inpago 8
and 250 ppm) with an average value of 0.00 strands (Figure
4). Based on the results of treatment with a concentration of
250 ppm Fe on the number of leaves, the Hawarabunar
variety had the best response in tolerating Fe stress, while
the Inpago 8 variety was the lowest in tolerating Fe stress.
The decrease in the number of leaves in susceptible varieties
was related to the occurrence of bronzing due to high Fe
stress. In severe conditions, the visible symptoms show the
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Figure 7. Effect of Fe concentration treatment on
leaf dry weight

color of the leaves to become brownish like rust, and cause
the leaves to have a stiff and hard texture [6].

All varietal treatments and Fe stress on root dry
weight parameters were not significantly different from
other treatments. All different treatment combinations had
no significant effect on root dry weight variables (Table 1).
The highest average value was found in the treatment
combination of Hawarabunar-250 ppm Fe, which was 0.13
g, while the lowest value was found in the treatment
combination of Batu Tegi-0 ppm Fe and Inpara 9-0 ppm Fe
with the same value of 0.08 g ( Figure 5). The results of the
diversity analysis showed that the treatment of Fe stress
with varieties had a very significant effect on the stem dry
weight variables (Table 1). Where the combination of stem
dry weight treatment with the highest value was found in
treatment Hawarabunar-250 ppm Fe which was 0.17 g and
the lowest value was in treatment Inpara 9-250 ppm Fe
(Figure 6). As for the leaf dry weight parameter, the results
of the analysis of diversity showed that the Fe stress
treatment with varieties had no significant effect (Table 1).
The treatment combination Inpago 8-0 ppm Fe had the
highest average value of 0.20 g, and the treatment
combination Inpara 9-250 ppm Fe had the lowest average
value of 0.09 g (Figure 7).

Based on the results of treatment with a concentration
of 250 ppm Fe on plant dry weight variables (roots, stems
and leaves), the Hawarabunar variety had a response the
best in tolerating Fe stress, while the Inpara 9 variety was
the lowest in tolerating Fe stress. Fe toxicity in plants has
more effect on plant dry weight and the number of tillers
that are the top part of the plant than the root part of the
plant [20], this is related to the inhibition of the reproductive
process in plants, namely the number of panicles that appear
[23]. The higher the concentration of Fe stress, the lower
the dry weight of roots and shoots. This is related to the
process of photosynthesis and photosynthate storage. When
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the process of respiration and assimilation uses the products
of photosynthesis, the excess of the process will be stored
as a net photosynthesis (net photosynthate) of plants which
ultimately determines the dry weight of roots and shoots
[24].

4. Conclusion

1. Based on the observation of quantitative parameters, the
higher the concentration of Fe solution, the growth of rice
plants in 6 varieties became inhibited.

2. In this study, it was found that the effect of 250 ppm Fe
stress in the vegetative phase on the response of the
morphological characters of 6 varieties, namely the
Hawarabunar variety being the best, followed by the second
Inpara 8 variety, then the third Inpago 8 variety, then the
fourth Batu Tegi variety, and the fifth Situ Patenggang
variety, while the Inpara 9 variety was the last.
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