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ABSTRACT 

Lodging, a permanent displacement of stem from its upright position, occurs at the stem leading to tremendous yield 
reduction in grain crops. Inadequate standing power of the crop, as well as extremities such as heavy rain, wind, hail and 
topography of soil, precede crop lodging. Plant height, stem diameter and stem wall thickness contribute in determining 
the susceptibility of plants towards lodging. Significant reduction in lodging leading to Green Revolution was primarily 
through the introduction of dwarfing genes i.e. sd-1 and Rht-1 in rice and wheat. However, studies in the recent past have 
largely focused on various plant growth regulators, nutrients and chemical components effective in lodging resistance. 
Plant growth regulators have been found to be effective in reducing lodging index of cereals. Most growth regulators act 
by reducing cell division and cell elongation in culms of cereals as well as inhibiting gibberellins biosynthesis. The rigidity 
of basal stems primarily depends on carbohydrate components (soluble sugars and starch), cellulose, lignin and 
hemicelluloses. Lignin content was highlighted to be positively and significantly correlated with the rind penetration 
strength, breaking strength of internode, and activities of phenylalanine ammonia-lyase (PAL), peroxidase (POD), 
cinnamyl alcohol dehydrogenase (CAD) and 4-coumarate: CoA ligase (4CL), while it was estimated to be negatively 
correlated with lodging percentage. Application of paclobutrazol has been reported to minimize the risk of lodging, not 
only by manipulating plant height but also by enhancing culm physical strength and lignin accumulation in rice and 
wheat basal internodes. Excessive nitrogen fertilizer significantly decreased the mechanical strength of stalk and the 
lodging resistance by reducing lignin biosynthesis in buckwheat, rapeseed and japonica rice. However, silicon is another 
important structural component associated with the physical strength of culms in cereals attributable to a wider layer of 
sclerenchyma tissues containing the greater amount of cellulose and lignin. It reduced the risks of lodging incidence as 
compared to cultivars with thin-layered mechanical tissues. Future basic and applied researches should be targeted at 
the identification of lodging resistant genes and mechanisms with its subsequent pyramiding into elite cultivars. 
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INTRODUCTION 
Lodging is one of major constraint leading to tremendous yield reduction in grain crops. Lodging is 
defined as a process which induced permanent displacement of stems from its upright position [1]. 
Lodging limits yield potential and reduce grower profits, but it is difficult to control because it is 
multifaceted by numerous factors including wind, rain, topography, soil type, previous crop, crop 
management, and disease. During the era of Green revolution from the 1950s, 1960s, and 1970s 
extraordinary success was made to reduce lodging risk by the introduction of semi-dwarf high yielding 
varieties. These semi-dwarf varieties make plant to response under the excessive doses of fertilizers and 
this was a significant reason for the steady improvement in global cereal grain yields starting in the late 
1960s. Normally, under heavy fertilization, traditional varieties of wheat and rice as anticipated grow 
very tall and therefore, become prone to lodging, which in addition to the population pressure, the 
adverse effect of climate change on global crop productivity also makes it even more necessary to 
increase grain yield. It is projected that global agriculture production must further increase by up to 60-
110 per cent to attain food security by 2050 (United Nations Report, 2012). For these reasons, developing 
higher yielding varieties promises to provide a long-term solution for food security and environmental 
protection but there remain many challenges to realize it. One reason for the difficulties in developing 
higher-yielding cultivars is still due to lodging itself, even after the Green Revolution. Indeed, rice 
breeders have introduced some grain-increasing genes into rice cultivars, but such rice varieties tend to 
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develop larger panicles with more grains than the culm could support, hence, resulting again in lodging 
[2] 
Plant growth regulators are natural or synthetic chemicals known to control many physiological 
processes within plants. There are various reports on the effect of exogenously applied plant growth 
regulators on plant growth and development [3]. Triazoles are a component of plant growth regulators of 
which paclobutrazol (PBZ) is a member. They inhibit gibberellins biosynthesis and as such prominently 
known as plant growth retardants. Paclobutrazol treated plants have a reduced internodal length to give 
stouter stems and an enhanced root growth which provides anchorage. Paclobutrazol has been used to 
reduce shoot growth in rice by Syahputra [4] who found that an application of 400 mg/L at panicle 
initiation was optimum in reducing plant height and culm height, thus increasing bending resistance.  
Si is primarily present in the epidermal cells, which provide structural rigidity to the plant. A noteworthy 
unique feature of silicon is that once it is deposited as a silica gel, it is not redistributed to other parts of 
the plant [5]. Thus, application of Si should be done at the right time to ensure plants realize its potential 
benefit. Nowadays application of Si classification as an essential element and often use in alleviate both 
biotic and abiotic stresses as well as improving crop productivity. Thus the percentage of unfilled grains 
is reduced, yield and yield components fare well in Si-fertilized fields. Thus, for the continuous increase in 
crop yield, it is inevitable to increase lodging resistance by understanding the various physio-biochemical 
processes as well as using novel approaches that will cause further reduction in lodging, which has 
negative effect on crop productivity. Where the Green Revolution has left us and where we need to go 
now? Therefore, in the review, I want to explain, mechanism of lodging resistance associated with 
physiological aspect, dwarfism and then present alternative approaches to improve lodging resistance. 
Mechanism of Lodging Resistance in Crop Plants 
Cereal crops generally exhibit three types of lodging stem lodging, culm bending type and root lodging 
[2]. Stem lodging the meandering over of the stems close to the ground level in cereal crops, whereas root 
lodging is termed as when root fails to uphold tough soil contact or has broken anchorage in the soil. 
Culm breaking-type lodging that more often influencing the lower internodes when there is excessive 
bending pressure at the upper internodes [6] outstanding vegetative growth and excess grains weight. 
Therefore, lodging is mainly influenced by the morphology and quality of the culm. Bending leads to 
breakage of stems, lodging damages vascular bundle which makes them very difficult to harvest the crop 
and can noticeably reduce yield. Root lodging becomes more rigorous in poorly drained soils and results 
in permanent displacement of cereals stem [7]. However, root lodging is not a major concern in 
transplanted rice as transplanting favours the development of a well-established root system. This may, 
however, seriously effect those planted through the direct-seeding system since plants have the tendency 
to develop shallower root systems [2]. 
 Mechanism of dwarfism is one of the most widely accepted important phenomenon improves bending 
type lodging resistance, which is the reason why dwarf varieties show higher lodging resistance. Which 
occurs when plants fail to resist bending pressure, as is often seen in the upper internodes of rice ejected 
by strong winds and rains. Dwarfism in cereals acts to lower the “centre of gravity” of the plant body, 
which decreases the moment of lodging (Figure.1). 

 
Figure.1 Mechanism for the increased lodging resistance of dwarf rice. Reduced plant height lowers the 

centre of gravity and improves bending-type lodging resistance. This figure was constructed according to 
original papers referred to as [2]. 

 
Culm breaking-type lodging that usually effect the lower internodes when there is excessive bending 
pressure at the upper internodes. This type of lodging is mainly influenced by the morphology and quality 
of the culm [6]. However, recent studies revealed that dwarfism itself also has some inadequate 
characteristics when considering crop productivity and calm strength.  [8] observed that yield loss due to 
lodging does not only depend on the morphology and quality of the culm but also the duration and time of 
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lodging. [9] demonstrated that in rice, lodging stress at the grain filling stage resulted in 2.66 to 
2.71%yield loss. They further observed that this decline was associated with the reduction in seed setting 
rate and 1000-grain weight due to lodging. Similar results have also been observed in maize, where a 
reduction of 25% in grain yield was observed due to lodging. 
Morphological traits and their role in lodging resistance 
Plant height and internodal length 
Total plant height of a  rice plant is an aggregate of panicle length and length of all the internodes above  
ground, called as components of plant height that determines the resistibility of plant against lodging 
Cultivars with long plant height could be more susceptible to lodging, while those with shorter height 
plants sustained against lodging stress [10]. Okuno et al. [11] concluded that the decrease in plant height 
resulted in higher resistance to lodging due to lower centre of gravity and reduced upper fresh weight, 
which subsequently minimize the risks of lodging. A number of studies found positive correlations 
between plant height, number of internodes, and internodal length and lodging index, which concluded 
that these traits are a significant plant character that influences the susceptibility of the plant towards 
lodging. 
The mechanism for the increased lodging resistance of dwarf rice: 
The genes accountable for imparting short stature to rice and wheat used in the Green Revolution were 
identified about 16 years ago. Interestingly, both genes are related to a plant growth hormone, gibberellin 
(GA). Rice sd-1 mutants have loss-of-function mutations in one of the GA-synthesizing genes, namely GA 
20 oxidase2 (GA20ox2) or Semi-Dwarf-1 [12]. On the other hand, the wheat Green Revolution gene 
encodes a DELLA protein, Reduced height-1 (Rht-1), which functions as a suppressor of GA signalling. It is 
noteworthy that only GA-related dwarfing genes contributed to the Green Revolution both for rice and 
wheat, despite the fact that there are a lot of genes involved in stem elongation and that their mutation 
also causes dwarfism. This is mainly due to the unique function of GA as discussed in the literature; that 
is, GA deficiency specifically decreases plant height without any undesirable side effect on other essential 
plant morphology or physiology, which often happens when other dwarfing mechanisms are used(Fig.2). 
 

 
Fig. 2 Gibberellin signalling pathway. (a) sd1 mutations affect the activity of GA 20-oxidase (GA20ox), 
which catalyses the conversion of GA53 to GA20 in the biosynthetic pathway to the biologically active 

product, GA1. GA20 is converted to GA1 by the action of GA 3-oxidases (GA3ox). (b) GA action results in 
the degradation of Rht, which functions by suppressing the expression of GA-induced genes and, hence, 

growth. The mutant forms of Rht (Rht-1Bb and Rht-1Db) are not susceptible to GA-induced degradation. 
This figure was constructed according to original papers referred to as Taiz and Zeiger [3]. 
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Fig.3 Proteolysis-dependent and -independent GA signalling models. A The canonical GA signalling model 
illustrating GA-dependent GID1-DELLA complex formation resulting in DELLA recognition and 

ubiquitylation by the SCFSLY1 E3. Polyubiquitylation leads to DELLA proteolysis by the 26S proteasome, 
thereby lifting DELLA repression of GA responses. B, Proteolysis-independent GA signalling in sly1 

mutants occurs when GID1-GA-DELLA complex formation blocks DELLA repression of GA responses 
without DELLA destruction. C, EL1-mediated phosphorylation of DELLA activates DELLA as a repressor of 

GA responses. This figure was constructed according to original papers referred to as Hauvermale et al. 
[14] 

 
CULM WIDTH, STEM PHYSICAL STRENGTH, AND PANICLE WEIGHT IN LODGING RESISTANCE  
Culm diameter and stem wall thickness determine the stem breaking strength of stem. Stem diameter is 
usually higher at basal part of stem and declines towards the upper part of the plant [10]. It has been 
reported that the more is the culm diameter and the higher is the stem wall thickness, the less will be the 
lodging susceptibility [6]. Stem diameter and stem strength are highly associated with leaf sheath length, 
length of the last internode from the ground, and cross-sectional area of the stem [7]. These factors 
contribute significantly to reducing lodging-induced stem buckling. Chang (1964) observed that leaf 
sheaths contribute 30 to 60% in breaking strength of stem. Dong et al. [15] reported that increasing stem 
diameter and thickening of stem wall could be crucial features, which result in reducing lodging and 
improving lodging resistance, Therefore, it is suggested that the selection for lodging-resistant cultivars 
should emphasize larger stem diameter and a wall thickness of basal internodes. The culm wall thickness 
of the second basal internodes resulted from the contribution of both additive and non-additive gene 
effects with a potential for transgressive segregation in the F2 generation [16]. Culm diameter of the 
second basal internodes may result from additive and dominant genes, and the degree of dominance is of 
partial dominance [17]. Generally, it is believed that cereal plants with large panicle or spike size and 
higher panicle weight and the number of grains per panicle/spike may be lodged easily as compared to 
otherwise. Heavier panicles may increase the bending moment of the basal internodes due to slender and 
longer top internodes. Lodging sensitivity is reduced by short panicle neck with a lowered centre of 
gravity, hence resulting in panicle erectness. Plants with erect and semi-erect panicles, as well as short 
panicles, resist lodging more efficiently than the cultivars with curved panicle types. The lowering 
position of panicle increased diameter, and smaller angle of neck-panicle also reduce the lodging 
susceptibility. Though, positive correlation of neck-panicle width with the number of neck-panicle 
vascular bundles was observed [18], neck-panicle angle less than 40°is regarded erect-type panicle [19].  
Starch and soluble sugars are the non-constituent components in culm that plays a considerable role in 
the physical strength of culm. During comparing different maize varieties found that lodging resistance 
corn varieties were due to higher accumulation of carbohydrates and lignin in the stem as compared to 
lodging susceptible varieties. Nonetheless, a non-significant relation was also observed between starch 
contents in stem and lodging resistance [20]. In rice, higher accumulation of carbohydrate contents in 
culm resulted in reduced lodging index and this higher accumulation of carbohydrates increased stiffness 
and bending strength of rice culm [21]. Rice plants with high starch content in culms were more easily 
restored to a normal growth condition when culms were curved by strong winds. [22] have shown that 
locus for pushing resistance in the lower part of the rice plant (prl5) increases the weight of the lower 
stem due to higher carbohydrate contents at maturity and consequently improved lodging resistance. 
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Conclusively, different plant traits play a different role in controlling lodging risk in cereals. These traits 
should be considered in future research to develop lodging-resistant varieties. 

 
NUTRIENTS IN THE MECHANISM OF LODGING RESISTANCE  
Role of nitrogen, phosphorus and potassium 
Application of nitrogen found to be effective in reducing lodging index of cereals; however, their 
concentration is of concern. The higher dose of N increased the vegetative growth, which resulted in 
higher lodging index and caused a significant increase in different morphological characters of plants that 
contribute towards lodging. However, more pronounced effects of N are well observed in shoot growth as 
compared to root growth and consequently increased shoot to root ratio; thus, it is highly susceptible to 
lodging. It is well documented that N fertilizer application at higher dose increased plant height and 
gravity centre height while reduced culm diameter associated with reduced culm wall thickness, thus 
resulting in higher lodging index in rice plants. Furthermore, N also influences the development of basal 
internodes by increasing upper plant canopy development and thus reduces light interception and 
absorption. Higher development of upper canopy reduced basal internodes development, and less light 
interception resulted in the occurrence of eyespot disease, which also resulted in lodging [23]. Elongation 
of the lower internodes was entirely due to shading, whereas reductions in stem diameter, wall width, 
and lignification resulted from a combination of shading and a direct nitrogen effect. Zhang et al. [20] 
reported that the lodging index of rice was amplified from 62.7 to 91.5% with increasing N from 0 to 300 
kg N per hectare. They found higher lodging index in this cultivar was because of higher plant height, dry 
matter of upper three leaves, and fresh weight and dry weight per unit length of culm in response to 
higher N application. In wheat, higher N reduced physical strength of culm because of reduced culm 
diameter, culm wall thickness, lignin content, cellulose content, and C/N ratio of basal culm [24]. The 
excessive amount of N always reduced breaking strength due to reduced culm dry weight, calm strength, 
leaf sheath in basal internodes, culm wall thickness, and culm diameter in rice [20], wheat [7], barley [25], 
and oats and rye. In addition to N amount, the timing of N application also influences the lodging index of 
cereals. For instance, a significant increase in lodging index was observed in wheat when N was applied 
before the onset of culm elongation while no significant effect after anthesis. In oat, it was found that N 
application before stem elongation led to reduced lodging as compared to the application after stem 
elongation. The cause of these effects may be due to that higher N reduced lignin contents in 
sclerenchyma tissue with the concomitant decline in sclerenchyma cell wall thickness. 
Though phosphorus (P) and potassium (K) have a less pronounced effect, they contribute to lodging 
resistance to some extent. Similarly, the deficiency of phosphorus (P) causes a reduction of culm wall 
thickness and physical strength, but adequate P fertilization causes lodging as a result of the increased 
weight and density of the plants. An increased application of P has been reported to increase lodging in 
wheat and in oat. Phosphorus did not increase lodging in wheat on P-deficient soil and compared to oat. 
Produces culm breaking strength and stronger roots and thus decreases lodging; nonetheless, P in 
excessive amount decreased stem strength by increasing the length and diameter of internodes at the 
base of wheat plants. Additionally, P also interferes with N contents and thus influences lodging in cereals. 
Mulder [26] found that P excessiveness resulted in higher N contents and reduced lignin contents in 
wheat culm with the concomitant reduction in the ratio of mechanical tissues to proteinaceous ones. This, 
therefore, suggested that P played a significant role in lodging and proper management can avoid lodging 
in cereals. Potassium (K) deficiency causes a reduction of length, diameter, and the wall thickness of 
culms, and plants show more brittle culms than under adequate K fertilization, but in a number of cases, 
adequate K fertilization causes more lodging than K deficiency. Zhang et al. [20] found a significant and 
positive correlation between total K contents in calm and physical strength, which clearly indicated the 
role of K in plant physical strength. Bhiah et al. [27] found K application significantly reduced lodging 
index in rice. They also found that rice plant that received less amount of K exhibited poor root 
proliferation and thin cell walls as compared to rice plants supplied by sufficient amount of K. This is 
because K can promote lignification in thick-walled cells, thicken collenchyma cells, and improve 
keratinocyte growth and increase cellulose content [20]. Similarly, a study also showed that inadequacy 
of K in soil resulted in reduced stem strength and diameter decreased tiller number and plant height and 
growth, and thus increased lodging.   
Application of silicon  
Silicon (Si) is an important trace element that plays a crucial role in the array of plant processes and 
contributes to plant structural composition at the cellular level. Si contents can be accumulated up to 10% 
in the shoot on a dry weight basis in rice. Rice accumulated Si in the form of silicic acid or amorphous 
silica in very specialized cells in the cell wall. Recently, it has been found in rice that Si also is bound to 
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wall matrix molecules of plant parts especially culm and this may enhance the stability and integrity of 
cell walls [28]. Si deposition in cereals in the form silica gel may stiffen the culm and leaves. Si in Young’s 
modulus of the cell wall was much higher as compared to rice plants that received no Si, and the 
difference became small after removal of pectin and hemicelluloses. This has clearly explicated the role of 
Si in protecting the cereal plants as a mechanical barrier by hardening the cell walls. Si, being an 
important biological element, not only increases plant physical strength but also plays an important role 
in numerous physiological function, thus increasing the ability of the plant to resist against lodging. In 
sorghum, Hattori et al. [29] reported that Si significantly increased plant dry matter and nutrient 
assimilation rate and photosynthesis rate, thus resulting in decreased lodging index. Silicon is often used 
to toughen and protect plants from biotic and abiotic stresses. Deposition of Si in plant tissues enhances 
the rigidity and stiffness of the plant as a whole. Silicified cells provide the much-needed strength to the 
culm to resist breaking. Lignin plays important roles in cell wall structural integrity, stem strength, 
transport, mechanical support, and plant pathogen defence. The aim of this review is to resolve the effects 
of Si on the formation of microstructure and regulation of cinnamyl alcohol dehydrogenase (CAD), a key 
gene responsible for lignin biosynthesis. Silicon treated rice plants showed an increase in lignin content, 
silicon content, and formation of silicified microstructures [30].   Si in the presence of other nutrients such 
N or K also improves lodging resistance by contributing to a number of anatomical structures and 
chemical compositions of cereals. It was reported that even at higher N level, Si imparted more strength 
to calm and increased the braking force by increasing the number of silicated cells and Si content in stalks 
even at higher levels of nitrogen. Silica deposited in these plant sections also contributes to an increase in 
the mechanical strength of a culm. A sufficient supply of Si has an effect on haulm stability and lodging 
susceptibility. An adequate availability of Si in soil has positive effects on the culm stability and decreases 
the lodging risk for rice plants. Additionally, Si also improves leaf angle and makes it more erect to 
harvest more light and to reduce shading effect on lower leaves. Si accretion in rice increased the 
thickness of the epidermal cell wall. Si increases culm strength by increasing lignification and silicification 
in cells and cellulose contents, thickening of collenchyma cells, and improving keratinocyte growth [20]. 
Application of silicon fertilizer in rice, the culm diameter was bigger, mechanical strength was increased, 
and the lodging resistance was improved. This can be inferred that Si is an important element in order to 
improve lodging resistance. It enhances the mechanical strength of culm by strengthening and thickening 
numerous anatomical structures in culm and leaves of cereals [30]. Therefore, there is a great significance 
for applying Si fertilizer to improve lodging resistance.  

 
THE APPLIANCE OF PLANT HORMONES 
Plant growth regulators are chemically synthetic compounds that are used to reduce plant height and 
other lodging associated plant traits. These regulators reduced cell division and also cell elongation 
particularly in culms of cereals. Further, the magnitude and nature of lodging can be modified by applying 
growth regulators or inhibitors. These plant growth regulators are classified on the basis of their specific 
function. Some regulators are employed to inhibit gibberellic acid biosynthesis pathway, while some are 
applied to produce more ethylene. Ethephon is the most commonly used ethylene-releasing compound 
used on cereals. Chlormequat chloride, mepiquat chloride, and trinexapac-ethyl block gibberellic acid 
biosynthesis and thus help in controlling lodging in cereals. Application of growth inhibitors, like 
ethephon (2-chloroethyl phosphonic acid) or chlormequat chloride (CCC), was reported to be useful in 
decreasing plant height and subsequently reducing lodging. However, it was observed that ethephon did 
not provide complete lodging control but increased grain yields by 5–21% depending upon the genotype 
and lodging severity. Further, 6% wheat grain yield increment due to the application of ethephon (0.56 kg 
ha−1). Ethephone is suggested to be involved in thickening the stem, which ultimately controlled the 
lodging. Paclobutrazol (PBZ) a plant growth retardant that reduces internode elongation. Presence of 
trichomes, silica cells, and silica bodies was detected in silicon-treated plants. Transcripts of the CAD gene 
was also upregulated in these plants. Besides, phloroglucinol staining showed the presence of lignified 
vascular bundles and sclerenchyma band. 
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Fig.3 Simplified scheme of biosynthetic steps involved in GA biosynthesis and points of inhibition by plant 

growth retardants. 

 
Uniconazole is another plant growth retardant that can inhibit stem and coleoptile elongation and thus 
can decrease plant height. Uniconazole obstructs brassinosteroid and gibberellin biosynthesis by 
attaching to cytochrome P450 monooxygenase. Uniconazole plays a significant role in increasing basal 
diameter and reducing plant height and thus can reduce lodging. In maize, uniconazole reduced the plant 
height by decreasing endogenous gibberellin, which reduced cell length, even number of nodes was not 
reduced [31]. In common buckwheat, similar results have also been observed and reported that 
uniconazole reduced the plant height, culm fresh weight, lodging percentage, and lodging index [24].  
Paclobutrazol is another growth regulator that can be used to avoid plant lodging. Peng et al. [32] found 
that treatment with paclobutrazol considerably reduced plant height and also the length of second basal 
internodes. Moreover, they also found that paclobutrazol reduced lodging index by increasing the number 
of plant traits that play an important role in lodging avoidance. A significant increase in culm diameter, 
culm wall thickness, and lignin accumulation in the second internode was also observed due to the 
application of paclobutrazol.  Kamran et al. [30] found that paclobutrazol treatments, 200 mg L-1 resulted 
in the accumulation of much higher lignin contents. The increased lignin accumulation is attributed to the 
higher activities of phenylalanine ammonia-lyase, cinnamyl alcohol dehydrogenase, tyrosine ammonia-
ltase and 4- coumarate enzymes. A significant correlation was reported between lignin contents and 
lodging resistance index to suggest that the lignin accumulation is closely associated with lodging 
resistance of wheat, and an increase in the lignin accumulation will strengthen the lodging resistance 
ability of wheat. Likewise, chlormequat also reduces the material strength of culm and Young’s modulus 
of wheat. On the other hand, chlormequat application significantly shortened the spike (4.5%), culm 
(12.6%), and spike plus culm length (11.9%) compared with the controls. Chlormequat application 
reduced the plant height of barley, wheat, and oat by 2.4–17.8, 3.3–14.5, and 26.2–34.4%; however, the 
rate of reduction was cultivar specific. Chlormequat inhibits biosynthesis of gibberellic acid in plants, thus 
responsible for increases in culm length during the time of shoot extension.      
Conclusion 
Until now, many types of research have been done on lodging resistance in crop plants. However there we 
are not able enabled to understand well-developed lodging mechanism in cereals. From the various case 
studies, we found that numbers of morphological, physio-biochemical as well molecular aspects 
influenced by the adverse environmental conditions. Interestingly these effects were related to not only 
reducing plant height but also increasing the physical strength of stem and in culm of cereals. 
Additionally, the magnitude of stem strength changed with the change in any management option like 
nutrient application and application of the plant growth retardants. This means that certain types of 
management would be expected to reduce one type of lodging more than the other lodges.  From the 
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various reviewed, it has been shown that plant height is not only a primary plant trait, but traits like stem 
wall thickness and internodal length also contribute to lodging resistance in cereals. Cellulose, 
hemicellulose, and lignin and carbohydrate contents improve the physical strength of plant and thus 
contribute significantly to lodging resistance. Further, this review revealed that there is a noticeable 
genotypic variation in different plant characteristics that determine the lodging-induced damages in 
cereals. For this, abrupt assessment techniques must be developed. These may be via the identification of 
genetic marker sort through the development of novel instrumentation for rapidly measuring stem and 
anchorage strength. Different agronomic approaches such as tillage system, sowing time, seeding rate, 
nutrient application, and plant growth regulator/retarder can also reduce lodging risk, and thus, further 
research should investigate the effect to obtainable plant growth regulators on stem physical strength as 
well as focusing on discovering new growth-regulating chemicals that strengthen these traits and site-
specific crop husbandry practices. 
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