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Abstract. Plants require nitrogen (N) in various forms to facilitate essential physiological functions.
Nitrate (NO3") is one of the most readily absorbed N forms by plants and is preferred in well-aerated
soils because it can be easily transported within the plant. Ammonium (NH4"), on the other hand, is
utilized especially in waterlogged or acidic soils, where it is directly absorbed by the roots and
incorporated into amino acids. Urea (CH4N20) is another significant N source found in many fertilizers;
it is transformed into NH4" and nitrate in the soil through microbial processes. These diverse forms of
N are crucial for supporting photosynthesis, protein synthesis, and energy production in plants. The
escalating use of ammonium sulphate (NH4)2SO4) as a N source in agriculture prompts a thorough
examination of its impact on crop health and productivity. This study aimed to investigate the NH4"
toxicity on rice (Oryza sativa) plants by administering various dosages (0 mM, 5 mM, 7 mM, 10 mM,
12 mM, and 15 mM) and assessing their effects on plant growth parameters, particularly root-shoot
lengths, root-shoot fresh biomass along with dry weight. Our research utilized a controlled experimental
setup to monitor the growth responses of rice plants to these NH4" concentrations. Results indicated a
clear threshold of tolerance, with adverse effects becoming significant at concentrations starting from 7
mM. At this concentration and higher, there was a noticeable decline in root-shoot lengths, root-shoot
biomass and dry biomass, marking the onset of toxicity symptoms in rice plants. These findings suggest
a critical need for regulated application of (NH4)2SO4 in rice cultivation to avoid detrimental effects on
plant health and yield. The study underscores the importance of establishing safe usage guidelines for
(NH4)2S04 in agriculture, ensuring sustainable farming practices while maintaining crop productivity.
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demersum), leading to reduced plant development [5].
Higher levels of NH4" also result in the increase of
acidic stress. For example, NH4" toxicity is mostly

1 Introduction

The rapid population growth and drastic climate

change are two significant obstacles to achieving
global food security [1]. Crops are significantly
impacted by both biotic and abiotic stressors. Plants
exhibit various biochemical, physiological, and
morphological changes to adapt to stressful situations
[2]. To achieve high crop yields, nitrogenous
fertilizers like urea (CH4N,O), ammonium (NH4"),
and nitrate (NOs") are extensively used in crop
cultivation. Overusing NH4" as the sole N source can
cause many morphological and physiological issues in
plants, ultimately resulting in stunted growth and
reduced production [3]. When NH4" is administered in
the optimum amount, it increases yield, but when it is
applied in large dosages, it causes toxicity, resulting in
changes of cytosolic pH, changes of root structure,
alterations in protein, acidification of apoplast,
accelerated absorption of ammonia, and changes in
phytohormones and oxidative processes [4]. For
instance, the toxicity of NH4* rises with increasing pH
levels in common hornwort (Ceratophyllum

caused by the absorption of NH4" by the enzyme
GLUTAMINE SYNTHETASE 2 (GLN2) located in
the cell plastid, apart from solely by the deposition of
NH4". Arabidopsis thaliana plants produce a high
number of protons through the GLN2 enzyme in the
shoots when exposed to excessive NH," levels, leading
to increased cellular acidity. Elevated NH4* levels not
only increase acidity but also lead to disruption of the
chloroplast membrane, causing enlarged
compartments [6].

Elevated NH4" levels not only harm plant
shoots but also alter the root morphology, such as in
A. thaliana. When a normal nitrate amount is applied,
there is an increment in the lateral root length.
However, with higher NH4" concentrations, branching
in lateral roots increases instead of length.
Interestingly, the simultaneous application of nitrate
and NH4" enhances both the branching and elongation
of lateral roots. The simultaneous application of nitrate
and NH4" has synergistic and complementary effects
on the growth of lateral roots [7]. Visible symptoms of
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NH4" toxicity in plants include stunted root system,
leaf chlorosis, decreased tissue accumulation of
mineral cations, and increased root NH4" fluxes in
hydroponic trials [8]. Experiment conducted on
transcriptome and physiological studies on common
duckweed to investigate the effects of NH4" toxicity.
Their findings revealed that NH4" toxicity can lead to
the formation of reactive oxygen species (ROS),
resulting in oxidative damage and ultimately cell death
in L. minor [9].

Rice (Oryza sativa) is a fundamental food
and cereal that supports two-thirds of the total
population, being the crucial provider of livelihood for
many due to its high nutritional and energy values.
Rice is an important provider of fiber, energy,
minerals, vitamins, and various other biomolecules,
making it essential for human sustenance [10]. To get
a high yield and increased output, nitrogen (N) is the
essential fertilizer needed by rice plants [4]. Rice
plants are particularly sensitive to excessive NH4"
concentrations (a form of N fertilizer). NH," toxicity
involves complex physiological, biochemical, and
molecular alterations in the rice plant. High quantities
of NH4* disturb cellular ionic equilibrium, causing an
increase in reactive oxygen species (ROS) that harm
cellular structures and hinder function [11]. Elevated
NH4" levels can impede plant growth, and various
plant species have evolved unique approaches to
enhance NH4" uptake while mitigating its toxic effects
by adjusting root growth. An increased supply of NH4*
limits the elongation of rice roots and causes them to
grow in a spiral pattern. This change in growth pattern
is linked to the acidification of the root environment,
which occurs as a result of higher NH4" absorption
[12]. Higher doses of NH4" also result in decrease in
the fresh weight of the root and shoot of the rice plant
[13].

This study examines the response of rice root and
shoot to several dosages of (NH4),SO4 (a donor of
NH4") to assess its toxicity, so that sustainability of
crops can be achieved by applying optimum doses of
fertilizers such as NH4" along with mitigating its toxic
effects.

2 Materials and methods

2.1 Growth conditions of plant material:

Rice (Oryza sativa L.) seeds were acquired from a
recognized seller in Allahabad, India, underwent
sterilization using 10% (v/v) sodium hypochlorite for
10 minutes and then cleaned with distilled water. Then
the seeds were kept on a damp muslin cloth and stored

in darkness for 2 days to initiate sprouting. The
germinated seedlings were transferred in petri plates
and then to growth chamber (Impact model IIC 129D,
New Delhi). The growing chamber maintained 65-
70% of relative humidity, 300 pmol photons m-2 s-1
of photosynthetically active radiation (PAR), and 26
+1°C temperature, following a 12/12-hour day/night
cycle. Within the growing phase, seedlings were
provided with nutrients of Hoagland's solution. The
Hoagland solution was composed of MgS04.7H,0,
Ca(NO3)2.2H,0, KH,PO4 KNO3 and Fe + EDTA
(F€C13), H3BO3, MIIC13.4H20, ZIISO4.7H20,
Na,Mo004.2H,0 and CuSO4.5H,0 [18]

2.2 Treatments:

(NH4)2SO4 was used as a donor of NH4". Different
concentrations of (NH4),SO4 were given to rice plant
such as Tl (0mM), T2 (5SmM), T3 (7mM), T4
(10mM), TS5 (12mM) and T6 (15mM). Seedlings were
subjected to treatments for 7 days before subsequent
analysis, following the methodology described by
[19]. Each treatment solution, total 40 ml, was
administered per cup. The cups were placed in plant
growth chamber set with 300 pmol photons m—2 s—1
photon flux density, operating on a 12/12-day night
cycle, with a temperature of 26 = 1 °C and 75-80% of
relative humidity for 7 days. To prevent root hypoxia,
the solutions for all treatments were renewed
throughout the experimental period at every 3 days.

2.3 Growth parameters analysis: After
harvesting, plant growth parameters were assessed,
such as:

2.3.1: Root and shoot length: For measuring
primary root length and shoot length of rice,
measuring cm scale was used.

2.3.2 Root-shoot fresh-dry biomass: The root fresh
weight of rice plants was calculated by separating the
plant into shoot and roots, then measuring their
weights with the digital weighing balance. The rice
roots were dehydrated by wrapping them in butter
paper and heating them in an oven at 80°C for 24
hours. Subsequently, their weight was determined
using a digital weighing scale.

2.4 Statistical Analysis

We conducted statistical analyses using one-way
analysis of variance (ANOVA) through SPSS 16.0
software, ensuring the data met the criteria for normal
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distribution. Duncan’s multiple range test (DMRT)
was applied at a significance level of P<0.05 to
distinguish variations among treatments. The reported
values represent the means derived from three
independent biological replicates (n=3).

3 Results and discussion

Plant growth parameters were assessed during the
harvest stage of the plant. Different parameters that
were assessed during the experiment were root-shoot
length, fresh biomass of shoot-root, shoot-root dry
biomass. Morphological data show that there was
immense decrease in growth characteristics with the
increment in concentration of (NH4).SOs (Fig 1).
When the dose of 5SmM is given, decrease in root and
shoot length is observed. This decrease further rose
with the increasing concentration of 7mM, 10mM,
12mM and 15mM respectively as compared to control.

Fig. 1. Morphological impact of different concentrations of
(NH4)2S804 on root and shoot of rice plant. T1 (0OmM), T2
(mM), T3 (TmM), T4 (10mM), TS5 (12mM) and T6
(15mM).

3.1 Root length:

Rice root length reduction was observed at rates of
2.7%, 13.5%, 18.9%, 24.3%, and 32.4% for NH4*
concentrations of 5 mM, 7 mM, 10 mM, 12 mM, and
15 mM, respectively, with respect to control (Fig 2).
The findings revealed that up to a concentration of 7
mM, the decrease in rice root length was modest, but
further increases in NH4" concentration led to a
substantial reduction in root length. (NH4)>SO4 has
been documented to exert a toxic impact on plant root
length when used as the sole N source. A parallel
investigation by Jia et al [12] revealed that NH4"
restricts the elongation of rice primary roots. Our
results align with these findings, demonstrating the
consistency of NH4" effects across studies.
Additionally, other NH4" salts, such as those examined
by Guo et al [14], also contribute to the reduction in
root length. Specifically, a 72-hour exposure to NH4Cl
led to a notable dose-dependent decline in length of

root in rice seedlings, further substantiating the
patterns observed in our study. This accumulation of
evidence underscores the consistent impact of NH4* on
root development across different studies.

Root Length (cm per seedling)

o
H T

T1 T2 T3 T4 T5 T6

Fig. 2. Graphical representation of decline in the root length
of rice at several concentrations of (NH4)2SO4. T1 (OmM),
T2 (SmM), T3 (7mM), T4 (10mM), TS (12mM) and T6
(15mM).

3.2 Root Fresh Biomass:

The fresh biomass of rice root exhibited a reduction of
3.7%, 9%, 44.3%, 52.6%, and 81.2% in
correspondence with escalating concentrations of 5
mM, 7mM, 10 mM, 12 mM, and 15 mM, respectively,
with respect to the control (Fig 3). The data indicate
quite modest decrease in fresh weight at
concentrations up to 7 mM, however, further
exceeding concentrations led to a severe reduction.
The toxic effects of (NH4),SO4 are manifested as a
reduction in the fresh weight of roots, primarily due to
the inhibition of primary root length [15] observed
similar outcomes, noting a decrease in root biomass in
seedlings exposed to two concentrations of NH4" (10
mM and 80 mM), which aligns with the findings from
our research. Additionally, a comparative study of N
forms by Coleto et al [16] examined the impacts of
nitrate versus NH4" on root biomass. The results from
this study highlight that NH4 exerts a more deleterious
effect on root biomass compared to the nitrate form,
further underscoring the differential toxicity of N
sources on plant root development.
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Fig. 3. Graphical representation of decline in fresh root
biomass of rice at several concentrations of (NH4)2SOa. T1
(0mM), T2 (5mM), T3 (7mM), T4 (10mM), T5 (12mM) and
T6 (15mM).

3.3 Root Dry Biomass:

The root dry biomass of rice decreased by 4.2%,
14.2%, 42.8%, 50%, and 64.2% at concentrations of 5
mM, 7mM, 10 mM, 12 mM, and 15 mM, respectively,
relative to the control (Fig 4). The results demonstrate
that the decrease in root dry weight was minimal at
concentrations up to 7 mM, however, an increase
beyond this concentration led to a substantial decline
in the dry biomass of the rice roots. The harmful
impact of (NH4)2SO4 results in a decrease in root dry
weight due to the suppression of primary root length
and a loss in root dry weight. Studies conducted by
Zhou et al [15] and Jia et al [12] show that higher
levels of NH4" (10 mM and 80 mM) result in a
reduction in the root dry weight of rice plants.
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Fig. 4. Graphical representation of decline in dry root
biomass of rice at several concentrations of (NH4)2SOa. T1
(0OmM), T2 (5mM), T3 (7mM), T4 (10mM), T5 (12mM) and
T6 (15mM).

3.4 Shoot length:

Reductions in shoot length of rice plants were
observed as 3.8%, 12.9%, 15.5%, 22% and 24.6% at
concentrations of 5 mM, 7 mM, 10 mM, 12 mM, and
15 mM, respectively, in comparison to the control (Fig
5). The data indicates a slight decrease in shoot length
at concentrations up to 7 mM; beyond this
concentration, there was a significant decline in shoot
length. Earlier research has demonstrated NH4"
toxicity, resulting in reduced shoot development and
chlorophyll content, as well as increased leaf necrosis
with higher concentrations of NH4" (control, 30uM,
and 120uM) [17].
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Fig. 5. Graphical representation of decline in the shoot
length of rice at different concentrations of (NH4)2SO4. T1

(0mM), T2 (5mM), T3 (7mM), T4 (10mM), T5 (12mM) and
T6 (15mM).
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3.5 Shoot Fresh Weight:

The shoot fresh weight of rice exhibited declines of
5%, 9.3%, 33.7%, 40.4%, and 43.4% at increasing
concentrations of 5 mM, 7 mM, 10 mM, 12 mM, and
15 mM, respectively, compared to the control (Fig 6).
The results demonstrated that the reduction in shoot
fresh weight was negligible up to a concentration of 7
mM, whereas concentrations exceeding this threshold
resulted in a severe decline in shoot fresh weight.
Previous research has indicated negative effects of
NH4" in comparison to other N forms. A study by
Coleto et al [16] found that NHs" had a more
detrimental influence on shoot biomass than nitrate
when provided at varying amounts. Therefore, their
findings align with our results in a comparable
manner.
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Fig. 6. Graphical representation of decline in fresh shoot
biomass of rice at several concentrations of (NH4)2SOa. T1
(0OmM), T2 (5mM), T3 (7mM), T4 (10mM), T5 (12mM) and
T6 (15mM).
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3.6 Shoot dry weight:

The dry weight of rice shoots declined by 5.5%,
16.6%, 33.3%, 33.3%, and 38.8% at concentrations of
5 mM, 7 mM, 10 mM, 12 mM, and 15 mM,
respectively, compared to the control. The results
indicate that up to a concentration of 7 mM, the decline
in shoot dry weight was slight, however, a further
increase in concentration resulted in a significant
reduction.
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Fig. 7. Graphical representation of decline in dry shoot
biomass of rice at several concentrations of (NH4)2SOa. T1
(OmM), T2 (SmM), T3 (7mM), T4 (10mM), T5 (12mM) and
T6 (15mM).

4 Conclusion

The conclusion of the study underscores the negative
impacts of high doses of NH4", specifically
(NH4)2SO4, on the development and growth of rice
plants. It highlights that excessive NH4" can inhibit
various physiological and developmental processes
within the plant, which are crucial for optimal growth
and productivity. The recommendation to use an
optimal dose of 7 mM of (NH4),SO4 in future
experiments is based on observations from the study
that this concentration begins to negatively impact
plant development characteristics such as root length,
shoot growth, and overall biomass. The choice of 7
mM is significant as it represents a threshold at which
the initial signs of toxicity become apparent, making it
a critical concentration for detailed examination in
further studies. This approach facilitates a deeper
understanding of how NH4" interferes at cellular and
molecular levels, which could lead to strategies for
mitigating its negative effects in agricultural settings.
The study’s findings and recommendations are crucial
for developing management practices that ensure the
health and productivity of rice crops, particularly in
regions where fertilizer application needs to be
optimized to avoid detrimental levels of NH4™.
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