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Effect of Irrigation and Antitranspirant on growth and yield of foxtail millet (Setaria italica L.)


ABSTRACT

Foxtail millet (Setaria italica L.) is a drought-tolerant crop, yet its growth and yield are significantly influenced by water availability and moisture stress conditions. The use of optimized irrigation strategies along with antitranspirants can help reduce water loss and improve crop productivity under limited water resources. The field experiment was conducted at Crop Research Farm, Naini Agriculture Institute, Department of Agronomy, Sam Higginbottom University of Agriculture, Technology and Sciences, Prayagraj during Zaid¸ 2025 on sandy loamy soil. The experiment was laid out in Split Plot Design, replicated thrice, consisting of nine treatments i.e.,I1AT0 Irrigation (At 30, 60 DAS) + No Antitranspirant, I1AT1 Irrigation (At 30, 60 DAS) + Kaolin 40g/l (Spray at 20 DAS), I1AT2 Irrigation (At 30, 60 DAS) + Fulvic acid 1.5g/l (Spray at 20 DAS), I2AT0 Irrigation (At 30, 45, 60 DAS) + No Antitranspirant, I2AT1 Irrigation (At 30, 45, 60 DAS) + Kaolin 40g/l (Spray at 20 DAS), I2AT2 Irrigation (At 30, 45, 60 DAS) + Fulvic acid 1.5g/l (Spray at 20 DAS), I3AT0 Irrigation (At 30, 45, 60, 75 DAS) + No Antitranspirant, I3AT1 Irrigation (At 30, 45, 60, 75 DAS) + Kaolin 40g/l (Spray at 20 DAS), I3AT2 Irrigation (At 30, 45, 60, 75 DAS) + Fulvic acid.
1.5g/l (Spray at 20 DAS), 40:20:20 N:P:K kg/ha. The field experiment results revealed that significantly higher plant height (105cm), number of tillers per hill (8.89), plant dry weight (12.55g), panicle length (19.70cm) and number of grains per panicle (1197.04) were observed with the application of four irrigations (I3)that were at 30, 45, 60 and 75 DAS. Whereas with the application of antitranspirant (AT2) fulvic acid 1.5g/l spray at 20 DAS, significantly higher plant height (100.88cm), number of tillers per hill (8.90), plant dry weight (12.49g) was observed and significantly higher panicle length (18.16cm) and number of grains per panicle (1147.87) was observed with the application of antitranspirant (AT1) kaolin 40g/l spray at 20 DAS
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1. Introduction:

Millets are a group of nutrient-rich small-seeded grains, belonging to the family Poaceae (grass) and are classified into two main categories; major millets and minor millets. Pearl millet, sorghum and finger millet are the major millets as they are produced and consumed the most. Foxtail millet, little millet, barnyard millet, kodo millet, and proso millet are the minor millets as they are grown in small scale but are highly nutritious. These nutrient-rich grains, now called as nutri-cereals, are making a quick comeback in the Indian agrarian landscape after decades of neglect (Gowda et al.2021). Their low glycemic index makes them an ideal option for maintaining stable blood sugar levels and managing diabetes. Moreover, their gluten-free nature makes millets suitable for individuals with celiac disease and supports a healthy gut. Embracing millet as a regular part of our diet can lead to enhanced overall well- being and a healthier lifestyle. With their versatility and numerous health advantages, millets undoubtedly deserve a prominent place in our daily food choices (Sidhharth et al.2023). In stressful environments, plants adjust and improve their growth and development by altering their multifarious molecular, cellular, biochemical, and physiological processes (Taramani et al., 2020). Plants can absorb water from water-deficient soil by increasing the content of osmotic regulators. The proline content is closely related to the soil water stress threshold and plant drought resistance (Shao et al., 2006). The beneficial characteristics of foxtail millet include its high fiber value, which helps to support digestion and regulate cholesterol levels. It is also rich in protein. While plant proteins are usually incomplete, lacking certain essential amino acids, this seed is a good source of such proteins. Foxtail millet contains amino acids such as methionine and cysteine, which are limiting in other cereal grains such as wheat, making it a good complementary protein for legumes or animal proteins (Nitya et al. 2017) .
CROPWAT is a decision support tool developed by the Land and Water Development Division of FAO. CROPWAT 8.0 for Windows is a computer program for the calculation of crop water requirements and irrigation requirements based on soil, climate and crop data. In addition, the program allows the development of irrigation schedules for different management conditions and the calculation of scheme water supply for varying crop patterns. CROPWAT 8.0 can also be used to evaluate farmers’ irrigation practices and to estimate crop performance under both rainfed and irrigated conditions (AQUASTAT, 2009). CROPWAT helps users optimize water use efficiency and improve agricultural productivity. It is particularly valuable for farmers, agronomists, and water resource managers aiming to

implement sustainable irrigation practices. The software has been updated to accommodate advancements in agricultural research and climate data, making it a relevant resource in today’s context of increasing water scarcity and climate change (FAO, 2020). Putting 4 years climate data, rainfall data, soil characteristics, and crop type of Prayagraj (U.P) in CROPWAT software, provided irrigation schedule for wheat crop.
Irrigation scheduling is one of the important crop management activities and influences the effective and efficient utilization of water by crops. It simply implies when to irrigate the crop and how much water to apply. It optimizes agricultural production with minimizing yield loss due to water shortage and improving performance and sustainability of any irrigation system through conserving water. Water is needed mainly to meet the evapotranspiration requirements. Evapotranspiration depends on climate. The amount of water lost by evapotranspiration is estimated from climatological data and when ET reaches in a particular level, irrigation is scheduled. The amount of irrigation given is either equal to ET or fraction of ET. Among various recognized criteria of irrigation scheduling, the climatological approaches is very scientific and has been identified widely among the sci22entists and research workers throughout the world. It is well known that evapo-transpiration by a full crop cover is closely associated with the evaporation from an open pan (Dastane, 1967) .
Antitranspirants are chemical substances that slow down transpiration, which lowers water loss from plants by reducing stomata's size and quantity. The plants lose around 98% of the water they acquire through transpiration. According to Sumit et al. (2021), controlling transpiration may aid in maintaining a favourable water balance. Antitranspirants can enhance several plant growth and yield metrics and lessen the negative consequences of this stress. (Grochala et al. 2023).
Aluminum phyllosilicate AL2Si2O5(OH)4 kaolin is a reflectance-type antitranspirant that coats leaves and makes them more reflective. Additionally, by reflecting the radiation, it lowers the temperature and vapor pressure gradient from the leaf to the atmosphere, which in turn lowers transpiration (Aggag et al. 2015). Improved growth parameters, yield components, photosynthetic piments, and carbohydrate constituents are all facilitated by the usage of kaolin during drought. Grain and dry fodder yields are greatly increased when kaolin is used (Kachhadiya et al. 2010).

2. MATERIALS AND METHODS:

In the spring season of 2025, the experiment was conducted in the crop research farm, Naini Agriculture Institute, Department of Agronomy, Sam Higginbottom University of Agriculture Technology and Sciences (SHUATS), Prayagraj (UP). The crop research farm is situated at 25”39”42” N latitude,81”67”56” E longitude and 98m altitude above the mean sea level (MSL). On the right side of river Yamuna, the site is situated. All the facilities require for crop cultivation are available. The soil of the experimental field was sandy loam in texture, nearly neutral in soil reaction (pH 7.6), with an organic carbon level in medium condition (0.87%), medium available N (225 Kg/ha), high in available P (41.8 kg/ha) and medium available K (261.2 kg/ha). The experiment was laid out in Split Plot Design, replicated thrice, consisting of nine treatments i.e.,I1AT0 Irrigation (At 30, 60 DAS) + No Antitranspirant, I1AT1 Irrigation (At 30, 60 DAS) + Kaolin 40g/l (Spray at 20 DAS), I1AT2 Irrigation (At 30, 60 DAS) + Fulvic acid 1.5g/l (Spray at 20 DAS), I2AT0 Irrigation (At 30, 45, 60 DAS) + No Antitranspirant, I2AT1 Irrigation (At 30, 45, 60 DAS) + Kaolin 40g/l (Spray at 20 DAS) I2AT2 Irrigation (At 30, 45, 60 DAS) + Fulvic acid 1.5g/l (Spray at 20 DAS), I3AT0 Irrigation (At 30, 45, 60, 75 DAS) + No Antitranspirant, I3AT1 Irrigation (At 30, 45, 60, 75 DAS) + Kaolin 40g/l (Spray at 20 DAS), I3AT2 Irrigation (At 30, 45, 60, 75 DAS) + Fulvic acid 1.5g/l (Spray at 20 DAS), 40:20:20 N:P:K kg/ha. All agronomic practices are followed in order in the crop period. Experimental data collected were subjected to statistical analysis by adopting Fisher’s method of analysis of variance (ANOVA) as outlined by Gomez and Gomez (1984) Critical Difference (CD) values were calculated wherever the ‘F’ test was found significant at 5 percent level.

3. RESULT AND DISCUSSION

3.1 Growth parameters

3.1.1 Plant height (cm)

At 75 DAS significantly higher plant height was observed in irrigation I3 and antitranspirant AT2 having 105.88 cm and 100.88cm plant height respectively, that is treatment I3AT2 where irrigation was applied four times that was at 30, 45, 60, 75 DAS along with fulvic acid (1.5g/l) spray at 20 DAS.
In Foxtail millet, irrigation plays a major role in increasing plant height by ensuring adequate water supply for growth. Proper irrigation improves cell division and elongation, leading to taller plants. It also enhances nutrient uptake and photosynthesis, which support overall vegetative growth. In contrast, antitranspirants mainly reduce water loss from leaves by limiting transpiration. They help plants survive under drought or water stress conditions. However, their direct effect on increasing plant height is limited. Thus, irrigation has a stronger and more direct influence on plant height than antitranspirants. The plant height of foxtail millet at the maturity stage on an average 9.62 and 1.9, respectively in a sole stand of pearl millet than in the intercropping system. This might be due to the presence of competition between main crop and the intercrop a solar radiation because of the exhaustive nature of foxtail millet (Moririer et al. 2010).
3.1.2 Number of tillers per hill

At 75 DAS number of tillers per hill were recorded significantly higher in irrigation I3 and antitranspirant AT2 having 8.89 and 8.90 number of tillers per hill, that is treatment I3+AT2 where irrigation was applied four times that was at 30, 45, 60, 75 DAS along with fulvic acid (1.5g/l) spray at 20 DAS.
The number of tillers per hill in foxtail millet is significantly influenced by irrigation because it keeps the soil sufficiently wet during the early stages of development. By promoting cell division and meristem activity, appropriate watering encourages vigorous tiller start. Additionally, it improves the absorption of nutrients, particularly nitrogen, which is necessary for the production of tillers Ansari et al. 2021,

Adequate water availability increases photosynthesis, leading to more assimilates for tiller development. In contrast, antitranspirants reduce transpiration and help conserve water under moisture stress conditions. This can help maintain tiller survival during drought but does not significantly increase tiller number. Excessive use of antitranspirants may restrict gas exchange and reduce growth, thereby limiting tiller formation. Chitokdar et al. (2005)
3.1.3 Plant Dry Weight (g/plant)

At, 75 DAS plant dry weight was found significantly higher in irrigation I3 and antitranspirant AT2 having 12.55g and 12.49g plant dry weight respectively, that is treatment I3+AT2 where irrigation was applied four times that was at 30, 45, 60, 75 DAS along with kaolin 40g/l (Spray at 20 DAS).
In Foxtail millet, irrigation plays a crucial role in increasing plant dry weight by maintaining adequate soil moisture for growth. Well-irrigated plants develop better roots and shoots, resulting in greater total dry weight. In contrast, antitranspirants reduce water loss by forming a film or regulating stomatal closure. This helps conserve moisture under drought conditions and can indirectly support dry matter retention Ghoniemy et al. (2020) . However, excessive use may reduce photosynthesis by limiting gas exchange, thereby lowering biomass accumulation. Under moderate stress, antitranspirants may help maintain dry weight but do not significantly increase it. Therefore, irrigation has a more direct and pronounced effect on dry weight than antitranspirants. The decrease of water 60% IWR, may be due to the deficiency of nutrient absorption which affected vital processes such as photosynthesis stomata close which, leads to reduced cell division. Lichtenthaler et al. (1983)

Table No. 1. Effect of Irrigation and Antitranspirant on growth of Foxtail millet

	
	Growth Attributes

	Factor and Treatments
	Plant height(cm)
	Tillers/ hill (nos.)
	Plant dry weight(g)

	Irrigation
	
	
	

	I1
	87.49
	8.84
	11.90

	I2
	99.49
	8.58
	12.31

	I3
	105.88
	8.89
	12.55

	F-Test
	S
	S
	S

	SEm±
	2.42
	4.49
	0.76

	CD (P=0.05)
	9.51
	1.81
	2.99

	Antitranspirant
	
	
	

	AT0
	94.65
	8.56
	12.11

	AT1
	97.33
	8.87
	12.16

	AT2
	100.88
	8.90
	12.49

	F-Test
	S
	S
	S

	SEm±
	4.24
	0.37
	0.58

	CD (P=0.05)
	13.07
	1.15
	1.78

	Interaction
	
	
	

	F-Test
	S
	S
	S

	SEm±
	6.70
	0.82
	0.90

	CD (P=0.05)
	20.09
	2.47
	2.71


* I1 - 2 Irrigations (30 and 60 DAS); I2 - 3 Irrigations (30, 45 and 60 DAS); I3 - 4 Irrigations (30, 45, 60 and 75 DAS); AT0 - No Antitranspirant; AT1 - Kaolin (40g/l); AT2 - Fulvic acid (1.5g/l)

3.2 Yield attributes

3.2.1 Panicle length

The highest panicle length was recorded in irrigation I3 and antitranspirant AT1, having 19.70cm and 18.16cm panicle length, respectively, that is treatment I3AT1 where irrigation was applied four times at 30,45,60,75 DAS along with kaolin 40g/l (Spray at 20 DAS).
In Setaria italica, irrigation plays a crucial role in determining panicle length by ensuring adequate soil moisture during critical growth stages, especially panicle initiation and flowering, which support cell division, elongation, and assimilate translocation to developing panicles. Water stress at these stages can significantly reduce panicle size and overall yield.[image: ]Blum A. (1988), Kramer P. J. (1983). Antitranspirants, such as kaolin or phenylmercuric acetate, help conserve plant water by reducing transpiration losses, thereby maintaining better plant water status under limited moisture conditions. This improved hydration supports physiological processes and indirectly enhances panicle elongation. When used together, proper irrigation scheduling and antitranspirant application improve water-use efficiency, reduce drought stress, and contribute to better development of yield attributes like panicle length., Taiz et al. (2017)
3.2.2 Grains per panicle

The highest number grains per panicle was recorded in irrigation I3 and antitranspirant AT1 having 1197.40 and 1147.87 grains per panicle respectively, that is treatment I3AT1 where irrigation was applied four times at 30,45,60,75 DAS along with Fulvic Acid (1.5g/l) spray at 20DAS.
Grains per panicle is highly responsive to irrigation because adequate moisture during flowering improves pollination and grain setting, reflecting greater vegetative growth under sufficient water. Under rainfed (stress) conditions, traits like grains per panicle decline more sharply than panicle length. Indicate that grains per panicle and seed yield are key selection criteria for drought tolerance. Overall, grains per panicle are most useful indicators for irrigation response. Jat and Gautam (2000)

Table No. 2. Effect of Irrigation and Antitranspirant on yield attributes of Foxtail millet

	
	Yield Attributes

	Factor and Treatments*
	Panicle length (cm)
	Grains/panicle (nos.)

	Irrigation
	
	

	I1
	14.72
	1073.09

	I2
	19.10
	1163.47

	I3
	19.70
	1197.04

	F-Test
	S
	S

	SEm±
	0.21
	8.33

	CD (P=0.05)
	0.82
	32.70

	Antitranspirant
	
	

	AT0
	17.25
	1147.04

	AT1
	18.16
	1147.87

	AT2
	18.11
	1138.69

	F-Test
	S
	S

	SEm±
	0.21
	14.09

	CD (P=0.05)
	0.82
	43.40

	Interaction
	
	

	F-Test
	S
	S

	SEm±
	1.32
	40.35

	CD (P=0.05)
	3.95
	120.34


* I1 - 2 Irrigations (30 and 60 DAS); I2 - 3 Irrigations (30, 45 and 60 DAS); I3 - 4 Irrigations (30, 45, 60 and 75 DAS); AT0 - No Antitranspirant; AT1 - Kaolin (40g/l); AT2 - Fulvic acid (1.5g/l)

CONCLUSION

This is concluded from the study that in Foxtail millet with the application of Irrigation (At 30, 45, 60, 75 DAS) along with Kaolin 40g/l (Spray at 20 DAS) that is treatment I3AT1 has recorded highest yield attributes.
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