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Abstract: The availability of fertile land for agriculture is minima
meet food needs. The problem with cultivating rice on th
deficiencies, plant cell damage, air deficit: *h expands the survival rate, growth
and several agronomic and physiological characteristics under ferr s conditions. The aim is to produce
important information about the effect of iron on the agronomic and physiological characteristics of several rice
varieties cultivated hydmpunical]l.\l: The experiment was carried out in Air Pccili‘1 Lubul Minlurul1. Padang] City,
‘West Sumatra from March to Julf 2022. The two- factor factorial experimentlused alcompletely randoinized
design, with three replications. The first factor was rice variety, namely: Mekonggd Iﬂ'lrg4 Inp'mLZ" and
Inpari .The second factor was ferrous ion content cor ing of three levels, (] 0 nlg kg B¢ (conuol), 75 mg
kg! Fe; and 150 mg kg!. The Mekong variety has the lowest ag and phy ity
compared to the lnpn|1724 27, and 28 varieties in hydroponic cultivation. The highest MDG ploducuon under
ferrous stress conditions in hydroponic cultivation was obtained to lth:l'lpdll aricty, namely 3465 Mg ha™!
with iron contents in grain husks, and rice grains of 35 mg kg™ and 34 Ing kg’@ecﬁvdy.

s a result, marginal land is problematic to
on poisoning which causes nutrient
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The availability of fertile land for agriculture is minimal, as a result, to meet food needs, the available land is
marginal land which is problematic. To be able to utilize these lands, it is necessary to select and engineer plant
varieties that are tolerant and able to adapt well [1]. The main problem in cultivating rice on this land is Fe>*
(ferrous) ion poisoning which causes nutrient deficiencies, plant cell damage, weuelldeﬁcil, and growth barriers.
This resistance increases further when submerged in water, which causes an incredse in ferrous ions which are
toxic, and K, P, Ca, and Zn nutrients are deficient [2;3].

The methods used by researchers to determine the level of tolerance of plant varieties to various stresses include
looking at the ability of plants to form a symbiosis with microorganisms [4:5:6]. agronomic and physiological
plant growth and detoxification mechanisms by organic acids, either by accumulation or exudation [2:4].

Rice germplasnj has very narrow genetic variability for endosperm iron content [7:8], therefore conventional
breeding has fafled to increase endosperm iron content in rice varicties. Genetic engineering approaches are

used for rice biufmliﬁcallimtﬂand these approaches rely on information related to the genetic networks that
control iron absorption, transport, and storage. Plants generally use reduction- or chelation-based mechanisms to
obtain iron from the soil [1:2:9:10:11:12].

Efforts to bind micronutrients such a

can be carried out

ferrous naturally by rice plants tolerant to ferrous si
using the biufmlif'icillimLmelh(xi. These ferrous ions will become part of the rice plant, especially in the rice
grain content [1:13;14].

and control the treatment carried out on experimental rice plants. So hydroponic cultivation makes it easier to

he hydroponic cultivation method makes it easier to fertilize, use water, and maintain

control iron treatment for bl(lf(ll’llﬁckl{l(!l1 activities in rice plants.
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Field testing and breeding into consumer-preferred varieties is necessary to demonstrate the agronomic
resistance and nutritional benefits of high ferrous traits [13]. Therefore, the influence of various levels of ion
stress on plant growth and development requires an in-depth study for iron biofortification|.

Although ferrous ions can cause disturbances in plant metabolic processes, up to a certain Id their effects
can be tolerated by tolerant plants [6;13]. Plant tolerance to these stresses is an important factor for adaptability
[15:16].

Identification of agronomic and physiological characters in plant growth due to increasing ferrous
concentrations in nutrient solutions is an important parameter for selecting genotypes based on their level of
tolerance to ferrous stress [2:9:13:17]. Serious problems in hydroponic rice cultivation with Fero stress will
cause nutrient deficiencies, and damage to' plant cells, causing stunted plant growth [2:10]. These growth
barriers increase, especially in conditions of low solubility of essential nutrients, resulting in a deficiency of K,
P, Ca, and Zn nutrients [4;18].

This study investigated survival rates, growth, and several agronomic and physiological characteri:
ferrous stress conditions. Thelresearch aims to produce important information about the influence of ferrous ions
on the ag) ic and physi il ch istics of several rice varieties cultivated hydroponically].

s under

Materials and Methods

The experiment was carried out in Air Peull‘LLuhu?hnlmu
2023. The experiment was carried out using the hydrbponic
diameter pipe with a water source from irrigation water around the experimental rice

Paldanﬂrcily, ‘West Sumatra from March to July

method using a four

fields. The two-factor fattorial experiment used a completely randomized design, with three replications. The
first factor was rice variety, namely: Mekungr_(t:lnpm 24, lnpdl 27, and Inpari| 28. The second factor was
ferrous ion content consisting of three levels, 0.0 [coulrc)) 75 mg Fe kg and 150 mg Fe kg™'.
Rice seeds are kept for 2 x 24 hours, after they germinate, they are planted in Ihiplduuu;, h(iitups on the
niedia uses
Merck A & B nutrients which contain macro and mi ients. The thi lay-old sprouts were then grown in
a pl
each pmellultslem, there are 15 cups where rice plants can grow. Plants were maintained until 21 days old,

paralon| with a planting distance of 30 x 30 cm. The nutrient solution for hydroponit water culti

cup with holes in the plastic cup with foam on the inside. Three rice seeds were planted in each cup. On

without iron Stress treatment. Iron (FeSOs) treatment is only carried out in the third week after planting and then
the treatment is given every 10 days until the plants are ready to harvest. The nutrient solution was changed
every 14 days, and during the experiment, the nutrient solution was ventilated using an aerator. Harvesting is
done after the leaves and grain of the rice plant are golden yellow with the grains being hard when pressed.

Results and Discussion

The Fe** levels contained in the nutrient solution in hydroponic cultivation used in this experiment have
influenced the growth of all rice varieties. The growth of these rice varieties shows diversity in all observation
parameters (Tables 1, 2, 3, and 4), this occurs because each rice variety has different genetic potential in
responding to stress and the environment [4:8;10;19].

The results of the analysis of agronomic character parameters in several ferro-stressed rice varieties are
presented respectively in Tables 1, 2, 3, and 4. These results show that there is diversity in growth and
production utse\-eml iérro-slrewed rice varieties in all obser’ n parameters such as plant height, numbclLf
leaves, numbi ump:', number ui productive ullu clump- 1 age at flowering, panicle length, num
of grains panic!

:nugﬁhlled g s clump ', weight of 1000 filled grains !
weight of milled dry grain (MBDG) ha'; gral

grain Fe content] This diversity shows
that there are differences in the tolerance of ri

lant adaptation mechanisms to iron stresst
The height of rice plants under ferrous stress cohditions shows differences in the responsiveness of each variety.
The MekonggeLAnd Inpari| 24 varieties caused a decrease in plant height, whereas in the lnpeu'j 27 and 28
varieties, there 'was an increase in plant height with increasing Fero stress. The lnpari28 variety int Fero stress
conditions reached a height of 82 ¢m (+5%) which was the highest compared to

ther varieties, while the

Mek(m::u(1 varicty was the lowest, namely 64 cm ( 7%) This condition also occurre:

parameter; wherem the Mekonggd variety there was
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1). The parameter number of leaves in clump™ in all rice varieties shows an increase in the number of leaves
along with increasing ferrous ion concentration, except for the Mekonggal variety. The lowest number of leaves
was 61 in the Menkon variety and the highest number of leaves in the Inparll 27 variety, namely 95 leaves.
The percentage increase i the number of leaves in the I|1pdE|L24, Inpari 27 an varieties respectively
increased by 2% (2 pieces). 6% (5 pieces), and 14% (11 pietes) comphred to conditibns without stress, while
Meko 1experleuced a decrease by 28% (-24 strands) in conditions of 150 mg kg-1 iron stress (Table 1).
Table l aldo shows that the parameter number of clump™ seedlings nificantly different. In lnp(m\_t tends
to be stable under high ferrous stress, namely 24 tillers, while in the Inpm‘i 27 and 28 varieties thete is 4n
increase in the number of tillers, respectively by 12% (3 stems) and 21% (3 stems) compared to conditions
without ferrous stress, on the c(mlreu‘)Llhe Mekonggal variety experienced a decrease of 22% (-6 stems). In the
ss, the Mekon,
variety had the lowest number of productive tillers, namely only 7-9 stems. Under conditions of ferrous stre:
the Inpm:l 27 and 28 varicties experienced an increase in the number of productive clump™! tillers by 31% (4
stems) while the Inpari] 24 variety tended to be stable with a number of 18 tillers.
In terms of numbej tkws clump™!, all varieties under ferrous stress were significantly different, but the
number of tillers cl Wkonggd\dtcrﬁascd by 22%, while Inpa 2hgended to be stable at high ferrous
stress, namely 24 ullers. Ou the other hand, ]nparj 27, and InpmiL2R showed an increase in the number of tillers
clump!, respectively by 12% and 21%, even under fertous strefs conditions. Differences can be seen in non-

g5

parameters of productive tillers of clump™ with conditions without stress and ferrous

stressed and stressed conditions, this is thought to influence the mechanisms by which plants adapt

morphologically. Meanwhile, the productive tiller parameter of clump” under normal conditions for the

Meko "YKIMety is the lowest, namely only 9 productive tillers, this shows 157% and 143% lower when
compared to the Tnparll 24,Inpiuilz7, and InpaulLQB varieties (Table 1).

significantly affect flowtring time uizlll varieties in stressed or non-stressed conditions,

however, in the ]\-lckunggjr:lriely, there was a tendency t& flower later than other varieties, namely 73 IISTj

The Inpmjrzll variety flowered more quickly in conditions without stress (67 days) and in stressed conditions, il

namely 70 days. In lhi I1pdl}27 variety, th ﬂ()wermg: age is 67 days, both under st

w@ B2 dd)S faster (67 days) compared to without ferrous stress,

Ferrous stress did not

and without

took long
stress, whereas in Inpdul lhe floweri
namely 69 days (Table 1
The differences in the growth of agronomic characters in each rice plant variety subjected to ferrous stress
(Table 1) indicate that these differences indicate the different adaptability of each variety (Figure 1). One
method to overcome this problem is to use plants that are tolerant to environmental stress [4:6;13]. Efforts to
increase plant growth and neutralize the negative effects of ferrous ions are becoming increasingly important for
increasing plant growth, especially in cultivating rice plants on ferro-stressed land. Plants that are tolerant to
environmental stress can adapt morphologically and physiologically [2:6:20], thus enabling plants to grow and
produce well.
The results of the analysis in Table 2 show that there is variation in panicle length taneach rice variety in
response to Fero stress. The shortest panicle length occurred in the Mekonggd variety, Which was similar to
other varieties in both non-stressed and stressed conditions, namely 17-21 cm. The InpelriLch, 27, and 28
varieties did not show any significant difference in panicle length under conditions of stress andl without ferrous
stress (26-28 cm) with the longest panicle of tthlnp(u‘;Pll va.riel)' namely 28 c¢m. In Figure hIL)'ou can see the
differences in plant growth in the rice varieties In dllE 127 (B), Inpm‘iZS (C), and Mekongad (D).
Table 1: The plant height, number| leaves per cls , tillers per'clump, produdtive tillers per clump, dnd
ﬂoweringlage of'several rice varieties in hydroponic ferro treatment

S n I
Fe L(z?;‘el?;a)mon Mekonggﬂ lnpar114 Inpar1 27 lnpar128
Plant Height (cm)
0 69cd 8la T0bed 78abc
75 79abc 82a 80ab 8la
150 64d 80ab 80ab 82a
The Number Leaves (sheet cdlump™)
0 85ab 85ab 90ab 80ab
75 88ab T4be 86ab 84ab
r.‘Eé
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150 6lc 87ab 95a 9lab
The Number Tillers (tillers clump™')

0 27ab 24ab 26ab 23b
75 26ab 21b 26ab 23b
150 21b 24ab 29a 28a

Productive Tillers (tillers clump™!)

0 9be 18a 13ab 13ab
75 Tc 17ab 14ab 14ab
150 Tc 18a 17ab 17ab

Flowering Age (days)

0 Tla 68a 67a 69a
75 70a 68a 67a 69a
150 73a T0a 67a 67a

Row and column numbers followed by the same lower case letters are not significantly different according to
the DNMRTIlest 1%.

A B c B
Figure 1: Growth of Iupar1 28 (A), Inpary 27 (B), 1n11ur124 (C), and Mekonggd varieties affected by ferrous ions
in hydroponic cultivation.

The number of grains m‘tih—«u_varieties experiencing ferrous stress increased, the lowest number of
panicles was in the Mekongg. ty. namely 35 panicles in non- stressed conditions but increased to 63 and 44
panicles in ferro-stressed conditions. In ferro- stressed conditions, the number of grains per panicle in the three
varieties (Inpari 24, 27, and 28) was not significantly different, namely 73-74 grains in panicle”, an increase of

46% (23 grains), 3% (2 grains), and 11% (7 5rdins) respectively (Table 2).

The percentage of pithy grain in the Mek vdrlely in stressed and stressed cnndllmns was the lowest
zondition is very

compared to other varieties, namely only 69'% of the number of gra;
different from the IupmlM? and 28 varieties. The Inp(lu T#-and 28 varieties experitnced a decrease of 11%,
and 8% in stressed conditions respectively, whereas IHPML experienced an increase of 2.7% (Table 2).
Table 2: The panicle length, the number of grains per ﬁa‘nd filled grains per panicle of several rice
varieties in hydroponic ferro treatment

Fe Concentration Mekonggﬁ In par1 24 Inpar1 27 In par1 28
(mg ke
Panicle Length (cm)

0 20c 28a 27a 27a
75 17¢ 26ab 26ab 26ab
150 21bc 27a 27a 27a

The Number of Grains
(grains panicle')
0 35e 50de 72ab 66be

2
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75 63bc 58cd 64bc S6cd

150 44de 73a T4a T3a
Percentage of Filled Grains Panicle™! (%)

0 6cd 8lab 73bc 88a

75 9e Tled 65d 80ab

150 8e T2cd 75bc 81lab

Environmental stress, including ferrous ions, causes real crop yield losses. At high concentrations, these stresses
cause cell death, although at moderate levels they trigger adaptive responses [3]. The strategy used by most
higher plant species involves the production of Ferric Chelate Reduclilsiwhich reduces ferric iron (Fe™) to
ferrous iron (Fe**) on the root surface. Dissolved Fe?* ions are transported to root cells by the Iron Regulated
Metal Transporter 1 (IRT 1) transporter. IRT 1 is a member of lhal zinc, iron, and protein regulatory transporter
[7:9:11;12;21;22].
The root dry weight variable is an important indicator to see tolerance to stress and its ability to adapt to acidic
soil. Damage to root cap cells occurs due to Ca deficiency, which plays an important role in the development of
plant cell walls. Intolerant varieties there is a mucus layer which plays a role in absorbing most of the Al in the
rhizosphere] so that the plant avoids root damage. The results of this research show that in rice plants there are
also similar mechanisms of tolerance to environmental stress conditions, such as Fe?* stress. The
mechanism of tolerance to stress occurs internally and externally [6:20]. The exclusion mechanism requires a
method of avoiding inlemiﬂ| water deficit, while the inclusion mechanism requires high tissue tolerance to FCT
stress [4].

Table 3: Weight of rice filled grains per clump, weight of 1.(]0;1:"1116(] grains, and MDG production of several

rice varieties in hydroponic ferrous treatment
Fe U('::;el?gt:’;"o" Mekonggﬂ lnpar114 Inpar1 27 lnpar128
Weight of Filled Grain (g clump™)
0 4,7d 25,3be 32,96 40,7a
75 08¢ 21.8¢ 28.1b 29.1b
150 09e 32.9b 40 S5a 47 9a
Weight of 1,000[ Filled Grains (g)
0 16d bsbe 25be 28ab
15 12e 23be 26ab 25bc
150 l4de 25bc 27ab 30a
MDG Production (Mg ha™)
0 0,397e 2 646bc 1,937d 2,352¢
15 0,391e 1,671d 1,808d 2.091be
150 0,267e 2.470¢ 2.89be 3.465a

Row and column numbers followed by the same lower case letters are not significantly different according to
the DNMRT]test 1%.
The results df the analysis of the parameters for the weight of rice grain clump™, the weight of 1,000 grains, and
the production of MDG clump™ in the four rice varieties are presented in Table 3. This table shows that there is
variation in the weight parameters of rice grain clump™! in all rice varieties. The lnp;lrjd24 variety's weight under
stress conditions of 75 mg kg! Fe decreased by 37% (-7 grams), but under stress conditions of 150 mg kg™' Fe
its weight only decreased by 5% (-1 gram), namely 18 grams. A different thing happened to the Inpa:"iZ'l and 28
varieties, where under stress conditions of 150 mg kg™ Fe, each variety increased its grain weight réspectively
by 479 (7 grams), and 44% (8 grams) but at si 75 mg kg Fe weight decreased. In the 1,000 grains weigh
\L:’Z?, and I“ijl 28 experienced an increase in lhiweight of 1,000
‘hile Inparkl 24 weighed 25 grams in Ih1 stresset]l and unstressed
- ——

parameters of the Mekon, variety, Inpa

grains by 14%, 8%, and 7% respectively,
conditions.
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Table 4: Ferro content of grain husks and rice grains of several rice varieties in hydroponic ferro treatment

Fe Concentration Mekongga| [npar124 lnpar127 lnpar128
(mgke'!)
Grains Husks Fe Content
(mg ke'!)
0 21b 39ab 30ab 35ab
75 18b 29b 35ab 28b
150 5la 30ab 20b 35ab
Rice Grains Fe Content (mg kg™')

0 27abe 15¢ 22abc 45a

75 28abc 34a 23abc 19bc
150 22abc 32ab 22abc 34a

The ferrous content absorbed by each rice variety and translocated to the grain husk and rice grains showed

differences. The Mekongga| variety under stress conditions absorbed the highest amount of ferrous, namely 51
mg kg, an increase of 143% compared to without stress. This condition is different from other varieties, where
in stressful C()I]dlli(!I11 the InpiulkZAi, 27, and 28 varieties reduce the amount of ferrous uptake, respectively by
23% (-9), 33% (-10),'and 35% YO). The ferrous content in rice grains in the Mek()nggilvariely in conditions
without stress (27 mg kg') is lower than in stressed conditions, namely 22 mg kg™', likéwise in the lnpari\ZS\
variety from 45 mg kg™ it decreases to 34 mg kg™!, while the Inpar ariety in both conditions remained 22
mg kg'!. A different thing happened to the Inpm‘i\Zﬂ»\variely where in conditions without stress, the ferrous
content was 15 mg kg, and after stress occurred it increased to 32 mg kg™, The iron content in rice grains of all
varieties cultivated hydmp(mic‘:llly\&\much higher when compared to the iron content in rice grains on the
market, which is around 2-3 mg kg but generally does not contain iron [7:9:23].

Rice varicties adapt to ferrous stress in the vegetative and generative phases which lies in their ability to regulate

iron distribution patterns. In the internal mechanism, the adaptation process occurs through regulation of ferrous
absorption and translocation. This method requires high tissue tolerance to ferrous stress, while the external
mechanism requires the avoidance of high iron concentrations in the tissue [1:9].

High levels of iron in susceptible varieties indicate that the plant is poisoned. Potassium deficient plants are
often high in iron and show severe symptoms of toxicity. This shows that the screening method can be applied
to select rice plants tolerant to iron stress. The ability to adapt can influence nutrient status, which plays arole in
influencing the tolerance of rice plants to iron stress [2:10:24]. Tolerant rice plants can grow well even in ferro-
stressed conditions.

Conclusion
Rice plants that are tolerant to ferrous stress (Fe™) show better growth in agronomic and physiological

characteristi

s compared to sensitive varieties. The Mekunggt ce variety has the lowest agronomic and
1 to the Illpill'1 24,27, and 28 Varieties in hydroponic cultivation. The ability

physiological adaptability

to adapt to ferrous stress can be seen in the ds of ag ic and physiological characters. The highest
MDG production under ferrous stress conditions was 3,465 Mg ha™' in the Inpari 28 variety in hydroponic
cultivation with iron levels in grain husks and rice grains of 35 mg kg' and 34 mg kg respectively.
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