International Journal of Biology Sciences 2025; 7(6): 14-16

Inferna'rional Journal of Biology Sciences

ISSN Print: 2664-9926
ISSN Online: 2664-9934
NAAS Rating: 4.82
IJBS 2025; 7(6): 14-16
www.biologyjournal.net
Received: 18-03-2025
Accepted: 24-04-2025

K Ananthi
OilSeeds Research Station,
Tindivanam, Tamil Nadu, India

Sangavi P

Agricultural College and Research
Institute, Vazhavachanur, Tamil
Nadu, India

Jayapradha S

Agricultural College and Research
Institute, Vazhavachanur, Tamil
Nadu, India

Loganayagi S
Agricultural College and Research
Institute, Vazhavachanur, Tamil

Nadu, India

Maheshwari K
Agricultural College and Research
Institute, Vazhavachanur, Tamil

Nadu, India

Nirmaladevi S

Agricultural College and Research
Institute, Vazhavachanur, Tamil
Nadu, India

Gajendrababu S

Agricultural College and Research
Institute, Vazhavachanur, Tamil
Nadu, India

Murali B
Agricultural College and Research
Institute, Vazhavachanur, Tamil

Nadu, India

Sanjeevkumar U

Agricultural College and Research
Institute, Vazhavachanur, Tamil
Nadu, India

Venkatraman N
Agricultural College and Research
Institute, Vazhavachanur, Tamil

Nadu, India

Vijayragul RA
Agricultural College and Research
Institute, Vazhavachanur, Tamil

Nadu, India

Corresponding Author:

K Ananthi

OilSeeds Research Station,
Tindivanam, Tamil Nadu, India

Synergistic effects of silicon and anti-gibberellins on
lodging resistance in cereals

K Ananthi, Sangavi P, Jayapradha S, Loganayagi S, Maheshwari K,
Nirmaladevi S, Gajendrababu S, Murali B, Sanjeevkumar U,
Venkatraman N and Vijayragul RA

DOI: https://www.doi.org/10.33545/26649926.2025.v7.i6a.349

Abstract

Millet farmers face a significant challenge known as lodging, where plant stems break or fall over due
to environmental stresses. This issue results in decreased crop yields, compromised grain quality, and
harvesting complications. To combat this problem, especially in regions susceptible to strong winds,
heavy rainfall or dense crop planting, innovative agricultural solutions are essential. Two promising
approaches have emerged to enhance crop stability: the use of Silicon (Si) and anti-gibberellins (AGs).
The implementation of this dual-treatment strategy has the potential to revolutionize millet production
in areas where lodging is a persistent problem. By promoting stable yields, enhancing grain quality, and
improving adaptability to unpredictable weather conditions, this approach offers a promising solution
for millet farmers facing the challenges of lodging.
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Introduction

Millets play a vital role in dry regions, standing out for their toughness, ability to handle
drought, and high nutrient content. These traits make them key to food security in tough
growing areas (Sharma et al., 2022) ['!. However, millet farmers face a big problem: lodging.
This happens when stems bend or fall due to stress from strong winds, heavy rain, or
crowded planting. Lodging can cut yields by 30-80%, depending on how bad it is and when
it occurs (Wang et al., 2021) ¥, The harm goes beyond lower yields; it also hurts grain
quality, makes harvesting harder, and cuts into farm profits. This poses a major hurdle for
millet growing and stability (Kumar et al., 2022) 1?1,

New farming methods have found two promising tools to fight lodging in cereals: silicon (Si)
and anti-gibberellins (AGs). Silicon has been well-studied for its help in making plants
stronger and better able to handle stress. Studies show that adding silicon can make stems up
to 15-25% stiffer by putting silica in cell walls, which makes the plant's structure thicker and
stronger (Kumar et al., 2020) 12!, This stronger structure helps plants resist bending from
wind or rain, making silicon useful for fighting lodging. Silicon also helps plants take up
nutrients better and use water more efficiently, which further supports plant health and
stability (Wang et al., 2021) 13!,

The use of PGRs provides an effective way for minimising the negative impacts of stress on
agricultural productivity and plant growth. The mix of silicon and anti-gibberellins can
greatly improve the ability of different crops to resist lodging. An increase in silicon content
in rice shoots resulted in thicker cell walls in the stem and larger vascular bundles, leading to
a lower lodging index. Severe storms that lead to lodging can also increase the evaporation of
water from leaves and cause dehydration in plant tissues [Ahmad er al., 2020] 15
Furthermore, this factor also impacts the structure of plant foliage in order to enhance light
absorption, thus enhancing sclerenchyma, vascular tissues, and vascular sheaths, and
preventing lodging in wheat and rice. This micronutrient can be used to promote silicification
and lignification in thick-walled cells, thicken collenchyma cells, and enhance keratinocyte
development and increase cellulose content, thereby boosting lodging resistance in rice.

~14~


https://www.biologyjournal.net/
https://www.doi.org/10.33545/26649926.2025.v7.i6a.349

International Journal of Biology Sciences

Studies that were conducted before proposed that
uniconazole greatly decreased lodging increased stress
levels and enhanced the antioxidant defense mechanism and
maize seed-filling rates [Amin et al. 2018 and Ahmad 2022]
(6. 151 Furthermore, paclobutrazol has the ability to be
chemically administered in order to reduce the possibility of
lodging occurring in cereal crops [Ahmad, 2020] 131, Silicon
boosts the amounts of lignin and cellulose, leading to
improved physical strength in the stem and a greater ability
for rice plants to resist lodging. [Liu et al., 2018] 181, A
recent study analysing multiple sources of data also found
that applying Si fertilizers through broadcasting is more
successful than using foliar spraying to enhance the
resistance of plants to lodging. [Li et al., 2023] '), Applying
silicon-potassium fertilizer can boost the lignin levels in the
second stem node at the base of rice plants, leading to a
notable improvement in their ability to resist lodging. [Xue
et al., 201711, Applying the correct quantity of nano silicon
can help increase the lodging resistance of the second node
of wheat’s basal stem. Paclobutrazol decreased the length
between nodes, the height of the plant, the height of the ear,
the height of the center of gravity, and the rate of lodging.
Furthermore, a greater amount of lignin was stored in the
lower node. [Ahmad et al, 2020] !

Crop lodging: A Comprehensive overview

The permanent removal of a stem from its upright posture is
known as lodging. According to Hu (2022) !'"!, a plant is
deemed to have lodged when its stems topple over and fail
to straighten again. However, lodging has also been defined
as bending at the peduncle’s base. One of the biggest
obstacles to increasing mean yields and improving the
quality of cereal harvests is lodging, which can be caused by
the adoption of tall cultivars, poor nitrogen management, or
unfavourable weather circumstances. Crop lodging
drastically lowers the millets’ capacity for photosynthetic
activity as well as the movement of nutrients, water, and
carbohydrates, which eventually results in a large loss of
yield and a decline in quality (Wu et al., 2020) !, There are
two types of lodging that crop plants might experience: stem
lodging and root lodging. The bending or breaking of the
stem’s basal internodes is referred to as stem lodging. The
morphological and mechanical characteristics of the lower
internodes, including stem diameter, bending strength,
flexural rigidity, and Young’s modulus (which represents
elasticity), are crucial in creating resistance to stem lodging.

Environmental and agronomic determinants of crop
lodging

Illuminating the Risk: Light Intensity and Lodging in
Millets

A critical factor influencing lodging is light intensity. Light
intensity directly affects the photosynthesis process, plant
morphology, and ultimately the plant’s structural strength,
including its resistance to lodging. Major challenge in millet
cultivation is lodging when plants fall or lean, often due to
mechanical forces or environmental stress. A critical factor
influencing lodging is light intensity. Higher light intensity
generally leads to increased photosynthesis, resulting in
enhanced plant growth. However, this can also increase the
plant’s vulnerability to lodging, especially if the plant
develops excessive vegetative growth without adequate
strengthening of the stalks. Kumar et al. (2022) ! in
Agronomy Journal showed that specific pearl millet
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genotypes exhibited greater stem thickness and stronger
basal internodes under high light intensity. These traits
contributed to better lodging resistance. Researchers noted
that improving these genetic traits through breeding
programs could help mitigate the risk of lodging under
intense light conditions. Millets are generally short-day
plants, and their growth responses to light vary based on
photoperiod and light intensity. In regions with high light
intensity, the interaction between light duration and intensity
can also influence plant height and lodging risk. A study by
Xie et al. (2021) 31 published in Plant Science found that
increasing light intensity during the early stages of millet
growth enhanced vegetative development. However,
excessive light during the flowering and grain-filling stages
led to top-heavy plants, increasing the likelihood of lodging.
This effect was more pronounced in early-maturing varieties
that were more sensitive to changes in light quality and
intensity.

Investigating the optimal ratio of anti-Gibberellin and
silicon for lodging resistance

The ideal proportion of anti-gibberellin to silicon for
preventing lodging may differ based on the plant species
and the environment. Generally, anti-gibberellins (like
paclobutrazol) help reduce stem elongation, while silicon
strengthens cell walls and improves structural integrity. The
current results indicate that using 300 mg L™! and 3.5 g kg™
of paclobutrazol can effectively reduce lodging risk by
controlling plant height and improving culm strength and
lignin accumulation in lower internodes. [Chakma ef al,
2021714

Seeds of Maize were immersed in uniconazole solutions at
levels of 0 (SCKO), 25 (SU25), 50 (SU50) and 75 (SU75)
mg kg L. In a different trial, uniconazole was sprayed on the
leaves at levels of 0 (FCKO), 25 (FU25), 50 (FU50) and 75
(FU75) mg L' when the plants had eight leaves. The
findings indicated that uniconazole effectively reduced the
risk of lodging by improving lignin breakdown and
enhancing the physical features of the stem. Uniconazole
greatly enhanced the amount of lignin and the functions of
enzymes involved in lignin formation like phenylalanine
ammonia-lyase, cinnamyl alcohol dehydrogenase, tyrosine
ammonia-lyase, and peroxidase. [Irshad Ahmad et al., 2018]
61 Field trials are essential to identify the most suitable anti-
gibberellin to silicon ratio, like 1:1 or 1:2, for the particular
conditions and plant types.

Comparative analysis of silicon and anti-gibberellin
alone vs. Combination therapy for lodging resistance
Lodging, the bending or breaking of crop stems, is a
significant agricultural issue, particularly for cereals like
wheat and rice, as it can lead to major yield losses. Recent
research has focused on using silicon (Si) and anti-
gibberellin (AG) treatments to enhance lodging resistance.
This comparative analysis evaluates the effects of silicon
and anti-gibberellin (AG) applications individually and in
combination, showing that while each has benefits, their
combined use offers unique advantages in structural
resilience and yield stability.

When applied alone, silicon contributes to lodging
resistance by strengthening cell walls and increasing lignin
content, which reinforces stem rigidity. This is achieved
through enhanced lignin biosynthesis and deposition, which
thickens cell walls and reduces the plant’s susceptibility to
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lodging under adverse environmental conditions (Ji et al.,
2023) 181, Silicon has been shown to improve stem diameter
and mechanical strength, making crops like wheat and
rapeseed less likely to bend or break under heavy winds (Hu
et al., 2022) 191,

On the other hand, anti-gibberellins such as triazoles or
paclobutrazol operate through a different mechanism. These
compounds inhibit gibberellin synthesis, which slows stem
elongation and reduces plant height, thereby lowering the
centre of gravity and making the plant sturdier and more
resistant to lodging. Anti-gibberellins (AG) also influence
hormonal pathways that affect cell division, promoting a
denser and more compact growth form that resists lodging
(Tian, 2018) 181,

Studies have found that a combination therapy of silicon and
anti-gibberellin (AG) treatments can yield synergistic
benefits, offering both the mechanical strength provided by
silicon and the growth control induced by AGs. This dual
approach promotes not only shorter and thicker stems but
also a more robust cell wall structure, thereby enhancing
resistance to external stressors such as heavy rain and strong
winds (Tian et al., 2023) 1", For instance, in rice, this
combination therapy has resulted in a significant reduction
in lodging incidents and an improvement in yield stability,
making it an attractive strategy for high-yield, intensive
farming systems (Li et al., 2023) 191,

In conclusion, while silicon and anti-gibberellins each offer
valuable benefits independently, their combined application
provides a superior strategy for lodging resistance by
leveraging both structural reinforcement and growth
regulation. As environmental conditions continue to
challenge crop resilience, integrated approaches like these
are likely to play a vital role in sustainable agriculture.
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