IMPACT OF GROWTH REGULATORS CHLORMEQUAT CHLORIDE AND MALEIC HYDRAZIDE ON MORPHO-PHYSIOLOGICAL PARAMETERS IN RICE (Oryza sativa L.)
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Abstract:
The field experiment was conducted on rice at the wetland farm of S.V. Agricultural College, Tirupati, Andhra Pradesh, during the rabi season. The experiment was laid out in a randomized block design with three replications and seven treatments. The treatments comprised T₁ -Control; T₂ - Maleic hydrazide @ 5000 ppm; T₃ - Maleic hydrazide @ 10,000 ppm; T₄ - Maleic hydrazide @ 15,000 ppm; T₅ - Chlormequat chloride @ 250 ppm; T₆ - Chlormequat chloride @ 500 ppm and T₇ - Chlormequat chloride @ 750 ppm during 2020 -21. Application of plant growth regulators resulted in increased culm diameter, number of leaves plant-1 , root length, specific leaf weight, and chlorophyll content, along with a reduction in specific leaf area.
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INTRODUCTION



Rice (Oryza sativa L.) is one of the most important cereal crops in the world and serves as a primary staple food for more than half of the global population. It is especially vital in Asian countries, where it forms the backbone of daily diets and agricultural economies. In India, rice occupies a prominent position among food grains, being cultivated across diverse agro-climatic regions ranging from irrigated ecosystems to rainfed and upland conditions. It contributes significantly to national food security, employment generation, and rural livelihoods. Beyond its role as a staple food, rice is also important for its nutritional value, providing carbohydrates, moderate amounts of protein, and essential micronutrients. Additionally, rice cultivation supports various allied sectors such as milling, processing, and trade, thereby playing a key role in the overall agricultural economy.
In the coastal areas of Andhra Pradesh, unexpected rainfall and flooding during the crop maturity stage are becoming more common. Their frequency and intensity are likely to increase due to ongoing climate change (IPCC, 2022). Climate change has made these extreme weather events more frequent and severe, putting rice production at risk of yield and quality loss. Excess moisture before harvest often leads to lodging and pre-harvest sprouting, negatively impacting grain quality, seed viability, milling recovery, and market price. Lodging reduces photosynthesis and disrupts the movement of nutrients to developing grains, while pre-harvest sprouting triggers early germination processes that damage grain quality through the breakdown of stored nutrients. These issues result in significant economic losses for farmers, especially in coastal regions where continuous rainfall often delays harvesting.
Introducing seed dormancy in popular non-dormant rice varieties has become an important strategy to reduce pre-harvest sprouting and preserve grain quality in adverse conditions. Seed dormancy is a natural process that stops seeds from germinating even when conditions are favorable, unless certain environmental or physiological needs are met. Seed dormancy in moderate level is helpful in cereal crops because it protects seeds from early germination during wet and humid conditions typical at the time of maturity. Alterations in the balance between the hormones can influence the dormancy status of seeds and their response to unfavourable environmental conditions. Therefore, the use of suitable agronomic practices and growth-regulating compounds may help in enhancing seed dormancy and reducing the incidence of pre-harvest sprouting in rice under humid and rainy conditions. 
Plant growth regulators (PGRs) are widely used in modern agriculture to regulate plant growth, improve yield, and enhance grain quality. They are particularly useful in reducing stem elongation and minimizing lodging in cereal crops. In addition to controlling plant height, PGRs can modify growth patterns and improve productivity (Rajala, 2003). Chlormequat chloride has been reported to improve culm strength, enhance canopy structure, increase chlorophyll content, and promote the efficient translocation of photosynthates to reproductive organs (Li et al., 2025; Ma et al., 2026). Similarly, maleic hydrazide acts as a growth inhibitor by reducing cell division and changing metabolic activities linked to plant growth and seed behavior. Recent studies have also shown that maleic hydrazide may play a role in regulating seed germination and dormancy-related processes through hormonal and biochemical changes (Sha et al., 2024). Therefore, the present study was undertaken to evaluate the effects of maleic hydrazide and chlormequat chloride on the morphological and physiological parameters of rice.
In view of the increasing challenges posed by climate variability in coastal rice ecosystems, the use of growth regulators to induce desirable morphological modifications and improve seed quality has become an important area of research. Therefore, the present investigation was undertaken to evaluate the effects of maleic hydrazide and chlormequat chloride on the morphological and physiological parameters of rice, with special emphasis on their role in improving crop performance and inducing seed dormancy under coastal agro-climatic conditions.
MATERIAL AND METHODS
The field experiment was conducted during the rabi season of 2020–21 at the wetland farm of S.V. Agricultural College, Tirupati, in the Southern Agro-Climatic Zone of Andhra Pradesh, India. The soil was sandy clay loam with a neutral reaction. Nursery was raised using line sowing on prepared beds, and twenty-one-day-old seedlings were transplanted in the main field at two seedlings per hill. The experiment was laid out in a randomized block design with three replications and seven treatments, comprising of T1 - Control, T2 -  Maleic hydrazide @ 5000 ppm, T3 - Maleic hydrazide @ 10,000 ppm, T4 -  Maleic hydrazide @ 15,000 ppm, T5 -  Chlormequat chloride @ 250 ppm, T6 - Chlormequat chloride @ 500 ppm and T7 -  Chlormequat chloride @ 750 ppm applied as foliar spray at the flowering stage. Five plants per treatment in each replication were randomly tagged for recording growth and yield parameters.The collected data were statistically analyzed using analysis of variance as per Panse and Sukhatme (1985), and treatment means were compared using critical difference at the 5% level of significance. The methodology adopted for recording various morphological, physiological parameters is presented below:
Culm diameter (mm)
The culm diameter was measured by using digital vernier caliper for selected five representative samples replication-1 at different intervals.
Number of leaves plant-1
The number of leaves plant-1 was recorded during various intervals of the crop growth stage.
Root length (cm)
Root length of plant was measured from the collar region to the tip of the longest root for five plants in each replication and the means were worked out and expressed in cm plant-1.
Specific leaf area (cm2 g-1)
Employing the formula of Kvet et al. (1971), SLA was calculated by using leaf area and leaf dry weight and expressed in cm2 g-1.

                         SLA = 
Specific leaf weight (g m-2)
The specific leaf weight was determined by using the formula of Pearce et al. (1968) and expressed in g m-2.

SLW = 
Estimation of total chlorophyll content (mg g-1)
The quantitative determination of total leaf chlorophyll content was carried by a spectrophotometer on the youngest, fully expanded leaves. The leaves were washed with distilled water and the water was soaked by blotter paper. Then, the leaves were cut into small pieces with scissors and 100 mg were transferred into test tube containing 10 ml of DMSO (Dimethyl Sulphoxide). The test tube was kept in hot air oven at 60°C for 3-4 hours. Later the sample tubes were taken out of oven and cooled at room temperature and extract was filtered. The absorbance of the chlorophyll solution was measured using a UV-VIS double beam spectrophotometer (Spectrascan 2600, Chemito). The chlorophyll content was expressed in mg g-1 fresh weight (mg g-1 FW) (Ronen and Galun, 1984).
Total chlorophyll was calculated by using following formula:
Total Chlorophyll (mg g-1 tissue) = [20.2 (D645) + 8.02 (D663)] × V/1000 × W
where,
D	=	Optical density at respective wave length
V 	=	Final volume of the supernatant
W	=	Weight of the sample taken in gram

RESULTS AND DISCUSSION
Culm diameter :
Foliar application of plant growth regulators had a significant effect on culm diameter in rice. Among the different treatments, chlormequat chloride at 500 ppm (T₆) showed the highest culm diameter and was statistically similar to the other growth regulator-treated plots. In contrast, the untreated control (T₁) had the lowest culm diameter. 
The increase in culm thickness from growth retardant treatments may be due to reduced stem elongation and a shift in resources towards the structural development of the culm. Growth retardants are known to promote the accumulation of structural materials like cellulose, hemicellulose, lignin, and reserve carbohydrates in stem tissues. This accumulation increases culm thickness and strength. More structural compounds result in stronger and tougher stems, which help them resist lodging in adverse environmental conditions. In addition to this, chloromequat chloride's inhibition of gibberellin-related internodal elongation may have led to a more compact plant structure with stronger stems. Similar results regarding improved stem strength, culm structure, and lodging resistance from growth retardant use were reported by Sudarshna and Gurdeep (2018), Li et al. (2025) in wheat and Ma et al. (2026) in rice and wheat.
Number of Leaves Plant-1
The number of leaves per plant was significantly affected by the foliar application of growth regulators. Higher number of leaves were observed in treatments with chlormequat chloride at 500 ppm (T₆) and maleic hydrazide at 5000 ppm (T₂). These treatments were statistically similar to other treated plots, while the control (T₁) showed the lowest values. 
The increase in number of leaves plant⁻¹ may be result of improved cell division, differentiation, and elongation caused by growth retardants. These growth retardants improved vegetative growth, increased chlorophyl content, and better assimilate partitioning by inhibiting gibberellin production. Chlormequat chloride is known to promote compact canopy growth and enhance physiological efficiency in cereals (Li et al., 2025). Similar positive effects of growth retardants on vegetative growth and agronomic traits, along with increased leaf numbers due to CCC application compared to the control, were reported by Prajapati et al. (2020) and Kumar et al. (2020) in barley.


Root Length (cm)
Root length increased with crop age and was significantly affected by foliar application of growth regulators. The highest root length was noted with chlormequat chloride at 500 ppm (T₆), while the control (T₁) had the lowest root length. The improved root growth from growth retardant treatments may be due to the inhibition of gibberellic acid (GA₃) production. 
This results in reduction of shoot elongation and more assimilates directed toward root development. Chlormequat chloride is known to improve root development, physiological efficiency, and stress tolerance in cereals by regulating gibberellin production (Pirasteh-Anosheh et al., 2021; Li et al., 2024). The improved root growth from using growth retardants may also relate to increased efficiency in water and nutrient uptake and more carbohydrates allocated to below-ground plant parts. Similar improvements in root growth and biomass accumulation from antigibberellin growth regulators were reported by Das et al. (1989), Rajala and Peltonen-Sainio (2001), Kaur et al. (2015) and Vazayefi et al. (2023).
Specific Leaf Area (SLA) (cm2 g-1)
Specific leaf area (SLA) decreased progressively with crop age, with a slight increase observed towards maturity. Foliar application of plant growth regulators significantly influenced SLA, with the control (T₁) recording the highest value, while growth regulator treatments showed comparatively lower SLA, with T₂ and T₆ registering the minimum values. 
The reduction in SLA under growth regulator treatments may be attributed to improved leaf thickness and structural development, resulting from the inhibition of gibberellin-mediated cell elongation. Growth retardants were reported to enhance photosynthetic efficiency and dry matter accumulation. These findings were in agreement with Carvalho et al. (2016), Li et al. (2024) in wheat and Ananthi et al. (2025) in proso millet who reported decreased SLA with growth regulator application.
Specific Leaf Weight (SLW) (g m-2)
Specific leaf weight (SLW) increased as the crops grow, but it showed a slight decline at maturity. The foliar application of plant growth regulators had a significant impact on SLW. Chlormequat chloride at 500 ppm (T₆) recorded the highest values, followed by maleic hydrazide at 5000 ppm (T₂), while the control group (T₁) exhibited the lowest SLW. 

The increase in SLW under the treatments with growth regulators suggests that leaf thickness was enhanced, likely due to a denser arrangement of mesophyll and bundle sheath cells. This structural modification may lead to improved CO₂ reassimilation, enhanced photosynthetic efficiency, and greater dry matter accumulation. Similar findings concerning increased specific leaf weight, decreased leaf area, improved leaf morphology, and enhanced physiological efficiency due to chlormequat chloride application have been documented by Singh et al. (2019) in rice, Li et al. (2024) in wheat and Ananthi et al. (2025) in proso millet
Chlorophyll Content (mg g-1)
Chlorophyll content was significantly influenced by foliar application of plant growth regulators. Among the treatments, chlormequat chloride @ 500 ppm (T₆) recorded the highest chlorophyll content, followed by maleic hydrazide @ 5000 ppm (T₂), whereas the control (T₁) and higher concentration of chlormequat chloride (T₇) showed comparatively lower values.
The increase in chlorophyll content under chlormequat chloride treatments may be attributed to delayed chlorophyll degradation, increased chlorophyll biosynthesis, and improved photosynthetic efficiency due to from inhibition of gibberellin-mediated stem elongation. Growth retardants are known to improve canopy compactness and assimilate partitioning, thereby increasing physiological efficiency in cereals. Similar findings regarding increased chlorophyll content due to chlormequat chloride application were noted by Shraddha et al. (2019), Li et al. (2024) in wheat, Abdelmegeed and ElShamey (2022) in rice, and Ananthi et al. (2025) in proso millet. Vazayefi et al. (2023) also reported improved chlorophyll concentration and physiological performance under chlormequat chloride treatments.
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	S.No.
	Treatments
	Culm diameter (mm)
	Number of leaves plant-1
	Root length (cm)
	Specific leaf area
 (cm2 g-1)
	Specific leaf weight 
(g m-2)
	Chlorophyll content 
(mg g-1)

	1 
	T1: Control
	4.27
	48.67
	17.04
	213.39
	51.91
	1.38

	2
	T2: Maleic hydrazide @ 5000ppm
	6.01
	62.00
	26.01
	209.12
	58.94
	2.17

	3
	T3: Maleic hydrazide @ 10,000ppm
	5.75
	55.67
	22.95
	209.59
	55.84
	1.61

	4
	T4: Maleic hydrazide @ 15,000ppm
	5.68
	56.33
	22.49
	210.74
	56.28
	1.79

	5
	T5: Chlormequat chloride @ 250ppm
	5.94
	56.33
	22.52
	211.36
	55.63
	1.95

	6
	T6: Chlormequat chloride @ 500ppm
	6.09
	62.00
	26.15
	208.99
	59.04
	2.24

	7
	T7: Chlormequat chloride @ 750ppm
	5.87
	57.00
	23.26
	212.38
	56.17
	1.50

	
	Mean
	5.82
	56.86
	22.91
	210.79
	56.25
	1.80

	
	CD (p=0.05)
	0.93
	6.85
	3.81
	27.38
	9.85
	0.14

	
	SE(m)±
	0.31
	2.28
	1.27
	9.13
	3.29
	0.04


Table 1. Impact of Chlormequat chloride and maleic hydrazide on morpho-physiological parameters of rice


image1.wmf
2

Leaf area (cm)

Leaf dry weight (g)


oleObject1.bin

image2.wmf
2

Leaf dry weight (g)

Leaf area (m)


oleObject2.bin

