GROWTH ATTRIBUTES OF RICE VARIETIES AS INFLUENCED BY THE VARIOUS ZINC FERTILITY LEVELS



ABSTRACT
	The present experiment was carried out at College Farm. N. M. College of Agriculture, Navsari Agricultural University, Navsari, Gujarat, India during the kharif season of the year 2023 and 2024 to assess the periodical growth attributes of the rice varieties as influenced due to the various zinc fertility level. The experiment was laid out in FRBD which consisted of two factors namely, two varieties and nine different zinc fertility levels. The result revealed that the various growth parameters observed during the different growth stages were significantly higher for the GR 15 variety as compared to GNR 3 variety. And among the fertility levels, the soil application of ZnSO4 at 25 kg ha-1 and foliar application of ZnSO4 at 1 % at tillering and panicle initiation stage resulted in significantly higher growth parameters i. e., plant height at 40, 60 and 90 DAT, dry matter accumulation at 30, 60 and 90 DAT and total number of tillers per hill at harvest.
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INTRODUCTION
Rice (Oryza sativa L.) stands as one of the most crucial staple crops globally, feeding a significant portion of the world's population, virtually of East and Southeast Asia. It is an edible starchy cereal grain, believed to be originated from the South-East Asia. More than 90 percent of the world’s rice produce comes from mainly Asian countries, principally China, India, Indonesia and Bangladesh. Rice is mainly consumed in the form of popped and puffed rice, instant or rice flakes, canned rice and fermented products are also produced (Anon., 2023). Despite its widespread consumption, rice often lacks essential micronutrients, leading to malnutrition and associated health issues, particularly in regions where rice constitutes a major dietary component. Rice that is processed to remove only the husks, called brown rice, contains about 8 percent protein and small amounts of fats and is a source of thiamine, niacin, riboflavin, iron, and calcium .When white rice forms a major portion of the diet, there is a risk of beriberi, a disease resulting from a deficiency of thiamine and minerals (Rahman et al., 2022). Micronutrient deficiencies have become common and is becoming constraint in crop production in recent days which can be said as the aftermath of green revolution technology. In urge to increase productivity the measures like double-cropping, cultivation of high yielding varieties, injudicious use of inorganic fertilizers and pesticides, improved irrigation facilities and better crop protection measures and modifications in farm equipment (Singh, 2000; Brainerd and Menon, 2014; John and Babu, 2021). More than 50 percent of soils involved in cereal production are found to be deficient in major plant nutrient as well as Zn, this has led to reduction in grain yield as well as deteriorates the nutritional grain quality also (Graham and Welch, 1996; Phattarakul et al., 2012). In India nearly about 49 % of the soil are found to be zinc deficient as estimated after the analysis of 300,000 soil samples which were collected from different states of the country (Shukla et al., 2012). Zinc deficiency is becoming the major constraint especially in rice production. Although rice is low in protein (7-8 %) and micronutrients, it is nutritionally superior to other cereals due to the higher digestion and nutritive value of glutens, which makes up the majority of rice's seed protein (Chattopadhyay et al., 2018). A fast meal may alleviate immediate hunger, but it doesn't address the underlying issue of "hidden hunger", which can only be resolved through nutritionally enriched food. Addressing nutrient deficiencies through conventional breeding or agronomic practices, known as biofortification, which presents a promising avenue for improving the nutritional quality of rice and combating malnutrition. Biofortification is defined as the enhancement of micronutrient levels of staple crops through biological processes, such as plant breeding and genetic engineering (Bouis, 2002; Babu, 2013). Agronomic biofortification is essential not only for cultivars with low genetic efficiency but also for those that have been biofortified through conventional breeding or genetic techniques. While enhanced cultivars are available, the zinc concentration in the grains is also influenced by environmental factors such as temperature, soil type, soil pH, organic matter and the availability of other micronutrients in the soil (Sanjeeva et al., 2020; Peramaiyan et al., 2022). So, appropriate soil management practices crucial for optimizing zinc uptake. Agronomic biofortification is the process of enriching micronutrients in edible portions of the crops through fertilizer application and crop management practices. This approach is potentially cost-effective and highly efficient in addressing micronutrient deficiencies in populations with widespread shortages (Velu et al., 2014; Peramaiyan et al., 2022). Zinc can be applied to rice through various methods, including soil application, seed treatment, foliar sprays, or by immersing seedlings in a zinc fertilizer solution. Typically, zinc applied to rice is absorbed by the plant through its roots or leaves, with the majority of the plant's zinc concentration coming from root-applied zinc (Jiang et al., 2007; Zaman et al., 2018). Foliar application is generally more effective in increasing zinc accumulation in the grains compared to soil application. However, soil application tends to be more effective for boosting overall grain yield (Jan et al., 2016; Zaman et al., 2018). Zinc fertilizers are relatively inexpensive and widely available, making its use as a practical solution for smallholder farmers in low-income countries. Agronomic biofortification of rice varieties with zinc fertilization is a promising approach to combat zinc deficiency, particularly in regions where rice is a major dietary staple.

MATERIALS AND METHODS
	The field experiment was conducted on rice crop in the kharif season for two consecutive years 2023 and 2024 in two different fields of Plot No. 6, Block B, at College Farm. N. M. College of Agriculture, Navsari Agricultural University, Navsari, Gujarat, India. Navsari district falls under South Gujarat Heavy Rainfall zone so due to the plenty of rainfall the rice crop is very suitable in this area. The soil of South Gujarat is 'Deep Black soil' and locally referred to as 'black cotton soil. It was found that the initial soil condition was clayey in texture with slightly alkaline pH (7.68 and 7.83) and normal electrical conductivity (0.43 and 0.46 dS m-2) for the both cropping season of the year 2023 and 2024, respectively. While, the initial nutrient status of soil stated that, available nitrogen (248.24 and 254.89 kg ha-1) and available phosphorus (45.61 and 41.33 kg ha-1) was in medium range while, available potassium (394.48 and 380.65 kg ha-1) was high in range in the year 2023 and 2024, respectively. However, the available micronutrients namely, available zinc (0.52 and 0.55 mg kg-1), iron (7.93 and 7.19 mg kg-1), manganese (5.18 and 5.06 mg kg-1) and copper (1.25 and 1.22 mg kg-1) in 2023 and 2024, respectively. Additionally, the soil Organic carbon was (0.46 and 0.41 %) low in the experimental soil of the two years 2023 and 2024, respectively. The weather conditions during the cropping season of kharif rice were ideal, with moderate temperatures, consistent and plentiful rainfall for enhancing crop yield and healthy rice production.
 	The experimental design so selected was Randomized Block Design with Factorial concept (FRBD). The individual and interaction effect of two factors were studied i. e., Factor A : Two rice varieties (GNR 3 and GR 15) and Factor B : Zinc fertility levels having nine levels of different methods and rate of zinc application namely, F1 : Control (No zinc application), F2 : SA (Soil application) of ZnSO4 at 12.5 kg ha-1, F3 : SA of ZnSO4 at 25.0 kg ha-1, F4 : FA (Foliar application) of ZnSO4 at 0.5 %, F5 : FA of ZnSO4 at 1 %, F6 : SA of ZnSO4 at 12.5 kg ha-1 + FA of ZnSO4 at 0.5 %, F7 : SA of ZnSO4 at 12.5 kg ha-1 + FA of ZnSO4 at 1 %, F8 : SA of ZnSO4 at 25 kg ha-1 + FA of ZnSO4 at 0.5 % and F9 : SA of ZnSO4 at 25 kg ha-1 + FA of ZnSO4 at 1 %. The soil application of zinc was given at time of transplanting whereas, the foliar application was given twice at time of tillering and panicle initiation stage. So, total of eighteen treatment combinations and were replicated three times. The two rice varieties used in the experiment was released by Main Rice Research Station, Navsari Agricultural University, Navsari, Gujarat, India. The common dose of fertilizer 120:60:00 NPK kg ha-1 was given to all the treatments including control treatment too. The nitrogen was applied through urea and phosphorus using SSP fertilizer. Irrigation was not required as there was a plenty of rainfall during the kharif season. Two hand weeding operations were carried out during the cropping season to keep the plots weed free. No serious insect pests and diseases were observed during both the years of experimentation. The seeds of both the rice varieties were first raised in nursery and the 20-22 days old seedling were transplanted in the main field. During the cropping season different growth parameters were recorded periodically from the five plants tagged in the net plot. And the samples for the dry matter accumulation per hill were taken from the destructive sampling area i. e., border row plants.

RESULT AND DISCUSSION
Plant Population
	The data regarding the influence of various treatments of zinc fertilization on plant population of both the varieties of rice i. e. GNR 3 and GR 15 at harvest of both the year 2023 and 2024 as welled as pooled data have been furnished in table 1.The results of the study indicated that neither the variety nor the zinc treatments had significant interference with the plant population at harvest for both the years. The plant population of both the varieties were very similar to each other, with GR 15 variety showing slightly higher plant populations than GNR 3 variety. The numerically maximum plant population was observed in treatment F9 (Soil application of ZnSO4 at 25 kg ha-1 + Foliar application of ZnSO4 at 1 % at tillering and panicle initiation stage) followed by treatment F8 (Soil application of ZnSO4 at 25 kg ha-1 + Foliar application of ZnSO4 at 0.5 % at tillering and panicle initiation stage) however, the least plant population was noted for F1 (Control) treatment for both the years. The interaction effect was also found non-significant for the plant population noted during both the seasons. So, it can be said that the plant population had no significant effect on growth and yield attributes as well as yield of both the rice varieties because statistically non-significant findings were obtained for plant population at harvest for both the years and pooled analysis data also.
Plant Height
	The data presented in Table 2 and graphical representation in Fig. 1 shows the different varietal and zinc fertility levels effect on the plant height recorded periodically at 20, 40, 60 and 90 DAT. It was noticed that the plant height gradually increased across the various growth stages. The plant height recorded at 20 DAT showed no significant difference due to the effect of different varieties and zinc treatment for both the years as well as for the pooled data. However, numerically the plant height of GR 15 (18.01, 17.37 and 17.69 cm) variety was found to be somewhat more than the GNR 3 (17.36, 16.48 and 16.92 cm) variety for the year 2023, 2024 and its pooled data, respectively. According to the zinc fertility levels, numerically the highest plant height was noted for the F9 (SA of ZnSO4 at 25 kg ha-1 + FA of ZnSO4 at 1 %) treatment for both the years and their pooled data. The interaction of variety and zinc fertility levels was also found to be statistically non-significant.
	Among the two rice varieties, the GR 15 variety recorded significantly highest plant height at 40 (38.75, 40.75 and 39.75 cm), 60 (80.03, 81.07 and 80.55 cm) and 90 (104.06, 107.17 and 105.62 cm) DAT during the year 2023, 2024 and for pooled year, respectively. 
From the different zinc treatment, given at varying rate and using two methods, the soil application (SA) as basal dose and foliar application (FA) was given at tillering and panicle initiation stage. The results of plant height measured at 40 DAT (40.97 cm in 2023, 42.44 cm in 2024 and 41.71 cm in pooled) was found to be statistically higher for the F9 (SA of ZnSO4 at 25 kg ha-1 + FA of ZnSO4 at 1 %) treatment and were found at par with treatments F4 (FA of ZnSO4 at 0.5 %), F5 (FA of ZnSO4 at 1 %), F6 (SA of ZnSO4 at 12.5 kg ha-1 + FA of ZnSO4 at 0.5 %), F7 (SA of ZnSO4 at 12.5 kg ha-1 + FA of ZnSO4 at 1 %) and F8 (SA of ZnSO4 at 25 kg ha-1 + FA of ZnSO4 at 0.5 %) treatment (Table 2). 
The F9 (SA of ZnSO4 at 25 kg ha-1 + FA of ZnSO4 at 1 %) treatment acquired significantly maximum plant height at 60 DAT (79.09, 82.12 and 80.60 cm) for the year 2023, 2024 and combined analysis and was statistically equivalent to F6 (SA of ZnSO4 at 12.5 kg ha-1 + FA of ZnSO4 at 0.5 %), F7 (SA of ZnSO4 at 12.5 kg ha-1 + FA of ZnSO4 at 1 %) and F8 (SA of ZnSO4 at 25 kg ha-1 + FA of ZnSO4 at 0.5 %) treatment. While the plant height at 60 DAT for the year 2023 was also on par with F5 (FA of ZnSO4 at 1 %) treatment (Table 2).
For the plant height at 90 (102.91, 104.83 and 103.87 cm) DAT, the F9 (SA of ZnSO4 at 25 kg ha-1 + FA of ZnSO4 at 1 %) treatment was significantly superior and was statistically similar to F6 (SA of ZnSO4 at 12.5 kg ha-1 + FA of ZnSO4 at 0.5 %), F7 (SA of ZnSO4 at 12.5 kg ha-1 + FA of ZnSO4 at 1 %) and F8 (SA of ZnSO4 at 25 kg ha-1 + FA of ZnSO4 at 0.5 %) treatment. However, the plant height at 90 DAT for the year 2023 and 2024 was also at par with F5 (FA of ZnSO4 at 1 %) treatment (Table 2).
The interaction between varieties and zinc fertility levels did not show any difference in the plant height recorded at 40, 60 and 90 DAT as the results were found to be statistically non-significant during the year 2023 and 2024. The interaction effect for pooled year was also non-significant except for the plant height at 90 DAT it was found significant which have been depicted in Table 2. So, for the plant height at 90 DAT was statistically superior for the GR 15 variety in the treatment where combined soil application of ZnSO4 at 12.5 kg ha-1 and foliar application at 1 % (109.18 cm) was given and was equivalent with all the other zinc treatments given to GR 15 variety except the control treatment. 
Different varieties exhibit varying abilities to respond to nutrients, likely due to their genetic makeup and capacity to efficiently utilize zinc was reported by Ghasal (2015) in rice. The combination of soil and foliar applications seems to have a synergistic effect, addressing both the short-term and long-term zinc needs of the plants, ensuring a steady supply throughout the growing season. Zinc also increased the activity of meristic cells and cell elongation. Manasa (2013) in rice found out similar results and indicated that zinc application at different growth stages and especially the foliar feeding positively boosted the physiological processes like photosynthesis by quicker absorption which helped to improve the plant height. The findings of the investigation are similar with the results obtained by Kumar (2014) in rice, Suresh (2015) in rice, Chitnis (2018) in rice, Bharti (2020) in rice and Chhatha et al. (2023) in rice. 
Dry Matter Accumulation per Hill
	The dry matter accumulation per hill was recorded periodically at 30, 60 and 90 DAT for both the years 2023 and 2024 as well as their pooled analysis was done statistically which have been displayed in Table 3 and graphically presented in Fig. 2. The result regarding the dry matter accumulation obtained at 30 DAT was found non-significant for the varietal effect for both the years and for pooled data also. However numerically the GR 15 variety (2.81, 2.88 and 2.85 g hill-1) acquired more dry matter accumulation per hill as compared to GNR 3 variety during 2023, 2024 and pooled data, respectively. The different rate and method of zinc application also failed to effect the dry matter accumulation per hill for the year 2023 and 2024. But the pooled data resulted in significantly higher 3.04 g hill-1 dry matter accumulation with the F9 treatment i. e. SA of ZnSO4 at 25 kg ha-1 + FA of ZnSO4 at 1 % twice at tillering and panicle initiation stage remained on par with three other treatments viz., F6 (SA of ZnSO4 at 12.5 kg ha-1 + FA of ZnSO4 at 0.5 %), F7 (SA of ZnSO4 at 12.5 kg ha-1 + FA of ZnSO4 at 1 %) and F8 (SA of ZnSO4 at 25 kg ha-1 + FA of ZnSO4 at 0.5 %) treatment.
	The results pertaining to dry matter accumulation recorded at 60 and 90 DAT indicated that the statistically significant difference due to the various variety factor. The significantly maximum dry matter accumulation per hill were reflected in the V2 (GR 15) variety at 60 (18.32 and 18.45 g hill-1) and 90 (27.56 and 28.44 g hill-1) DAT during the year 2023 and 2024, respectively. The same pattern was observed for the pooled data of dry matter accumulation by GR 15 variety at 60 (18.39 g hill-1) and 90 (28.00 g hill-1) DAT showing higher values than the GNR 3 variety. 
	It can be concluded from the results that among the different zinc fertility level, the SA of ZnSO4 at 25 kg ha-1 + FA of ZnSO4 at 1 % (F9 treatment) attained significantly higher dry matter accumulation per hill at 60 (21.03, 21.50 and 21.27 g hill-1) DAT however, it were statistically similar with SA of ZnSO4 at 25 kg ha-1 + FA of ZnSO4 at 0.5 % (F8 treatment) (19.94, 19.28 and 19.61 g hill-1) during the year 2023, 2024 and pooled data, respectively (Table 3). The dry matter accumulation per hill at 90 DAT showed significant difference due to the various zinc treatments. The result revealed that the F9 treatment i. e., SA of ZnSO4 at 25 kg ha-1 + FA of ZnSO4 at 1 % (32.22, 31.76 and 31.99 g hill-1) recorded significantly higher dry matter accumulation at 90 DAT and were statistically equivalent with F8 treatment i. e., SA of ZnSO4 at 25 kg ha-1 + FA of ZnSO4 at 0.5 % (30.97, 30.87 and 30.92 g hill-1) for both the year 2023, 2024 and pooled data, respectively. During 2024 the dry matter accumulation (29.81 g hill-1) was also on par with the SA of ZnSO4 at 12.5 kg ha-1 + FA of ZnSO4 at 1 % (F7 treatment) (Table 3).
	The different zinc fertility level showed a marked increase in dry matter accumulation at various growth stages as the application rate of ZnSO₄ increased, either when applied as soil or foliar application method as well as when applied in combined form. Based on analysed data of dry matter accumulation at 30, 60 and 90 DAT of the year 2023, 2024 and their pooled data, it was determined that the interaction effect between the variety and zinc fertility levels did not show any significant difference as the interaction was found statistically non-significant.
	Suresh (2015) reports similar results in rice and notes that zinc is an essential nutrient and is required for the synthesis of tryptophan which is a precursor of IAA, which stimulates the plant growth. Zinc also plays key role in increasing physiological process like photosynthesis by increasing chlorophyll production. The results were in affirmed with findings of Manasa (2013) that the rice plant could have responded well to the combine soil and foliar zinc application which also reduces the leaf senescence attributing to the higher dry matter accumulation. The results of this experiment were close related to the finding of Ghasal (2015) in rice, Suresh (2015) in rice, Chitnis (2018) in rice and Bharti (2020) in rice.
Total Number of Tillers per Hill
	The appraisal data of total number of tillers per hill at harvest (Table 1) indicated that the significantly the highest total number of tillers per hill at harvest were recorded for the variety GR 15 i. e., 15.71 in 2023, 16.48 in 2024 and 16.09 in pooled year.  The GNR 3 variety had less number of tiller per hill at harvest than the GR 15 variety. From the nine different treatments of zinc the statistically more number of tillers per hill at harvest were obtained with combination of soil application of ZnSO4 at 25 kg ha-1 and foliar application of ZnSO4 at 1 % (F9 treatment) (16.96, 17.81 and 17.38) but was statistically equal to the tillers obtained in treatment F8 (SA of ZnSO4 at 25 kg ha-1 + FA of ZnSO4 at 0.5 %) treatment (16.57, 17.55 and 17.06) and F7 (SA of ZnSO4 at 12.5 kg ha-1 + FA of ZnSO4 at 1 %) treatment (16.57, 17.55 and 17.06) during the year 2023, 2024 and pooled, respectively. While the results of the tillers per hill at harvest of the year 2023 were also at par with the F6 (SA of ZnSO4 at 12.5 kg ha-1 + FA of ZnSO4 at 0.5 %) treatment (15.75). The interaction effect of the varieties and zinc fertility levels did not influence the total number of tillers per hill at harvest as the results were non-significant for the year 2023, 2024 and pooled.
The probable reasons for the increase number of tillers per hill could be zinc fertilizer applied throughout the cropping season using soil and foliar methods of application. As zinc being vital nutrient in promoting plant growth by increasing various physiological as well as biochemical process similar observations were recorded by Suresh (2015) in rice. It also increases various enzymatic activity which enhances the photosynthetic activity as well as important plays important role in synthesis of tryptophan. The findings are in agreement with Kumar (2014) in rice as it was observed that foliar Zn applied is easily absorbed and transported through phloem and higher nutrient removal are also responsible for higher photosynthates accumulation resulting in higher dry matter accumulation. According to findings of Manasa (2013) in rice the application of ZnSO4 increases the zinc concentration in rhizoshpere which leads to increased number of tillers.The results of the present study are in conformity with the previous experiments conducted by Ghasal (2015) in rice, Chitnis (2018) in rice, Talang (2019) in rice and Bharti (2020) in rice.	
Table 1 : Effect of varieties and zinc fertilization levels on plant population and total number of tillers per hill at harvest of rice
	Treatments
	Plant population (Numbers ha-1) at harvest
	Total number of tillers per hill

	
	2023
	2023
	2023
	2023
	2024
	pooled

	Factor A : Variety (V)

	V1
	155974
	156393
	156183
	13.56
	13.97
	13.76

	V2
	156288
	156539
	156413
	15.71
	16.48
	16.09

	SEm ±
	678
	650
	469
	0.29
	0.32
	0.22

	CD at 5 %
	NS
	NS
	NS
	0.84
	0.93
	0.61

	Factor B : Zinc Fertility Levels (F)

	F1
	155605
	156014
	155810
	11.70
	12.24
	11.97

	F2
	155886
	156187
	156036
	12.73
	13.29
	13.01

	F3
	155988
	156284
	156136
	13.39
	13.86
	13.63

	F4
	156029
	156385
	156207
	13.89
	14.67
	14.28

	F5
	156075
	156546
	156311
	14.87
	15.19
	15.03

	F6
	156147
	156631
	156389
	15.75
	15.66
	15.70

	F7
	156217
	156623
	156420
	16.57
	17.55
	17.06

	F8
	156480
	156724
	156602
	16.57
	17.55
	17.06

	F9
	156752
	156797
	156775
	16.96
	17.81
	17.38

	SEm ±
	1437
	1379
	996
	0.62
	0.69
	0.46

	CD at 5 %
	NS
	NS
	NS
	1.79
	1.98
	1.29

	Interaction

	V x F
	NS
	NS
	NS
	NS
	NS
	NS

	CV (%)
	2.26
	2.16
	2.21
	10.40
	11.07
	10.63

	Year
	-
	NS
	-
	NS

	Y x V 
	Y x F
	Y x V x F
	-
	NS
	-
	NS

	Note : SA : Soil application given as basal dose and FA : Foliar application given at tillering and panicle initiation stage









Table 2 : Effect of varieties and zinc fertilization levels on plant height (cm) at 20, 40, 60 and 90 DAT of rice
	Treatments
	20 DAT
	40 DAT
	60 DAT
	90 DAT

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	Factor A : Variety (V)

	V1 
	17.36
	16.48
	16.92
	35.30
	36.34
	35.82
	66.54
	69.35
	67.95
	86.01
	88.87
	87.44

	V2 
	18.01
	17.37
	17.69
	38.75
	40.75
	39.75
	80.03
	81.07
	80.55
	104.06
	107.17
	105.62

	SEm ±
	0.40
	0.38
	0.28
	0.76
	0.89
	0.58
	1.29
	1.43
	0.90
	1.74
	1.75
	1.09

	CD at 5 %
	NS
	NS
	NS
	2.18
	2.55
	1.63
	3.71
	4.11
	2.53
	5.01
	5.02
	3.06

	Factor B : Zinc Fertility Levels (F)

	F1 
	16.79
	16.17
	16.48
	31.64
	34.21
	32.92
	65.87
	68.15
	67.01
	86.46
	87.97
	87.22

	F2 
	17.64
	16.87
	17.26
	34.81
	35.13
	34.97
	69.70
	69.65
	69.67
	89.71
	92.62
	91.17

	F3 
	17.98
	17.16
	17.57
	36.29
	36.68
	36.48
	68.72
	71.50
	70.11
	90.27
	93.60
	91.93

	F4 
	16.97
	16.38
	16.67
	35.38
	37.77
	36.57
	70.57
	72.81
	71.69
	90.56
	95.32
	92.94

	F5 
	17.01
	16.16
	16.58
	36.31
	37.92
	37.11
	71.61
	73.18
	72.40
	92.62
	97.65
	95.13

	F6 
	17.68
	17.15
	17.42
	39.13
	40.71
	39.92
	78.09
	78.25
	78.17
	100.50
	103.53
	102.01

	F7 
	17.91
	17.02
	17.46
	38.69
	40.93
	39.81
	77.13
	79.78
	78.46
	100.42
	102.26
	101.34

	F8 
	18.35
	17.57
	17.96
	40.00
	41.13
	40.57
	78.77
	81.42
	80.09
	101.87
	104.41
	103.14

	F9 
	18.83
	17.82
	18.33
	40.97
	42.44
	41.71
	79.09
	82.12
	80.60
	102.91
	104.83
	103.87

	SEm ±
	0.85
	0.81
	0.58
	1.61
	1.88
	1.22
	2.74
	3.03
	1.91
	3.70
	3.70
	2.30

	CD at 5 %
	NS
	NS
	NS
	4.64
	5.41
	3.45
	7.86
	8.71
	5.38
	10.63
	10.64
	6.50

	Interaction

	V x F
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	9.19

	CV (%)
	11.74
	11.67
	11.68
	10.67
	11.97
	11.22
	9.15
	9.87
	8.89
	9.53
	9.25
	8.26

	Year
	-
	NS
	-
	NS
	-
	NS
	-
	NS

	Y x V 
	-
	NS
	-
	NS
	-
	NS
	-
	NS

	Y x F
	-
	NS
	-
	NS
	-
	NS
	-
	NS

	Y x V x F
	-
	NS
	-
	NS
	-
	NS
	-
	NS

	Note : SA : Soil application given as basal dose and FA : Foliar application given at tillering and panicle initiation stage


 


Table 2.a : Plant height (cm) at 90 DAT as influenced by interaction effect of varieties and zinc fertilization levels in the pooled analysis
	
	Plant height at 90 DAT (cm) pooled

	Factor A : Variety
	Factor II : Zinc Fertility Levels

	
	F1
	F2
	F3
	F4
	F5
	F6
	F7
	F8
	F9
	Mean

	V1
	74.54
	78.08
	79.54
	81.31
	84.72
	96.43
	95.59
	98.16
	98.57
	87.44

	V2
	99.89
	104.25
	104.33
	104.57
	105.55
	107.60
	107.09
	108.12
	109.18
	105.62

	Means
	87.22
	91.17
	91.93
	92.94
	95.13
	102.01
	101.34
	103.14
	103.87
	

	
	V
	F
	V × F
	Y × V
	Y × F
	Y × V × F 
	
	
	
	

	SEm ±
	1.09
	2.30
	3.26
	1.54
	3.27
	4.61
	
	
	
	

	CD at 5 %
	3.06
	6.50
	9.19
	NS
	NS
	NS
	
	
	
	

	CV (%)
	     8.26

	Note : SA : Soil application given as basal dose and FA : Foliar application given at tillering and panicle initiation stage


Fig 1 : Effect of varieties and zinc fertilization levels on periodical plant height of riceFig. 4.1 : Effect of varieties and zinc fertilization levels on periodical plant height of rice


Table 3 : Effect of varieties and zinc fertilization levels on dry matter accumulation per hill-1 (g) at 20, 40, 60 and 90 DAT of rice
	Treatments
	30 DAT
	60 DAT
	90 DAT

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	Factor A : Variety (V)

	V1 
	2.68
	2.82
	2.75
	16.02
	16.97
	16.49
	25.99
	27.02
	26.51

	V2 
	2.81
	2.88
	2.85
	18.32
	18.45
	18.39
	27.56
	28.44
	28.00

	SEm ±
	0.05
	0.06
	0.04
	0.33
	0.35
	0.24
	0.51
	0.46
	0.34

	CD at 5 %
	NS
	NS
	NS
	0.95
	1.01
	0.67
	1.46
	1.33
	0.96

	Factor B : Zinc Fertility Levels (F)

	F1 
	2.52
	2.60
	2.56
	13.65
	14.41
	14.03
	22.17
	22.32
	22.24

	F2 
	2.56
	2.68
	2.62
	14.86
	15.72
	15.29
	23.32
	24.92
	24.12

	F3 
	2.62
	2.74
	2.68
	15.63
	17.20
	16.42
	24.77
	26.24
	25.51

	F4 
	2.69
	2.82
	2.75
	16.46
	16.18
	16.32
	25.47
	27.22
	26.34

	F5 
	2.75
	2.84
	2.80
	17.70
	17.61
	17.66
	26.77
	27.90
	27.34

	F6 
	2.78
	2.90
	2.84
	17.35
	18.48
	17.92
	26.84
	28.55
	27.70

	F7 
	2.84
	2.97
	2.90
	17.90
	19.02
	18.46
	28.42
	29.81
	29.12

	F8 
	2.96
	3.04
	3.00
	19.94
	19.28
	19.61
	30.97
	30.87
	30.92

	F9 
	3.02
	3.06
	3.04
	21.03
	21.50
	21.27
	32.22
	31.76
	31.99

	SEm ±
	0.12
	0.12
	0.08
	0.70
	0.74
	0.50
	1.08
	0.98
	0.72

	CD at 5 %
	NS
	NS
	0.23
	2.02
	2.14
	1.42
	3.11
	2.81
	2.04

	Interaction

	V x F
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	CV (%)
	10.31
	10.05
	10.07
	10.04
	10.28
	10.00
	9.89
	8.65
	9.18

	Year
	-
	NS
	-
	NS
	-
	NS

	Y x V 
	-
	NS
	-
	NS
	-
	NS

	Y x F
	-
	NS
	-
	NS
	-
	NS

	Y x V x F
	-
	NS
	-
	NS
	-
	NS

	Note : SA : Soil application given as basal dose and FA : Foliar application given at tillering and panicle initiation stage


 

  
Fig 2 : Effect of varieties and zinc fertilization levels on periodical dry matter accumulation per hill-1 of rice


CONCLUSION
On the basis of results obtained from the study on agronomic biofortification of rice varieties with zinc fertilization it can be concluded that the GR 15 variety outperformed GNR 3 variety in terms of growth attributes. From the zinc fertility levels, the soil application of ZnSO4 at 25 kg ha-1 and foliar application of ZnSO4 at 0.5 % twice at tillering and panicle initiation resulted in higher growth attributes.

REFERENCES
Anonymous (2023a). Britannica, The Editors of Encyclopaedia. "rice". Encyclopedia Britannica. Retrieved from https://www.britannica.com/plant/rice. Accessed 27 February 2023.
Babu, R. V. (2013). Importance and advantages of rice biofortification with iron and zinc. Journal of the International Crop Research Institute for the Semi-Arid Tropics Agricultural Research, 11: 1-6.
Bouis, H. E. (2002). Plant breeding: a new tool for fighting micronutrient malnutrition. The Journal of Nutrition, 132 (3): 491-494.
Brainerd, E. and Menon, N. (2014). Seasonal effects of water quality: The hidden costs of the Green Revolution to infant and child health in India. Journal of Development Economics, 107: 49-64.
Chattha, M. B.; Qurban, A. L. I.; Subhani, M. N.; Ashfaq, M.; Ahmad, S.; Iqbal, Z.; Muhammad, I. J. A. Z.; Anwar, M. R.; Aljabri, M. and Hassan, M. U. (2023). Foliar applied zinc on different growth stages to improves the growth, yield, quality and kernel bio-fortification of fine rice. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 51 (2): 1-14.
Chattopadhyay, K.; Sharma, S. G.; Bagchi, T. B.; Sarkar, S.; Marandi, B. C.; Pradhan, S. K.; Mukherjee, A. K.; Bose, L. K.; Ghosh, A.; Poonam, A. and Singh, O. N. (2018). High-Protein Rice for Nutritional Security: Genesis and Impacts. NRRI Research Bulletin No. 15, ICAR-National Rice Research Institue, Cuttak, Odisha, India, pp. 1-26.
Chitnis, S. S. (2018). Effect of zinc fertilization on productivity of direct-seeded upland rice varieties. Thesis Ph.D. (Agri.), Division of Agronomy ICAR-Indian Agricultural Research Institute, New Delhi, India.
Ghasal, P. C. (2015). Response of rice (Oryza sativa) and wheat (Triticum aestivum) varieties to zinc application. Thesis Ph.D. (Agri.), Division of Agronomy, ICAR-Indian Agricultural Research Institute, New Delhi, India.
Graham, R. D. and Welch, R. M. (1996). Breeding for staple food crops with high micronutrient density. International Food Policy Research Institute, 3 p.
Jan, M.; Anwar-ul-Haq, M.; Tanveer-ul-Haq, A. A. and Wariach, E. A. (2016). Evaluation of soil and foliar applied Zn sources on rice (Oryza sativa L.) genotypes in saline environments. International Journal of Agriculture and Biology, 18 (3): 643-648.
Jiang, W.; Struik, P. C.; Lingna, J.; Van Keulen, H.; Ming, Z. and Stomph, T. J. (2007). Uptake and distribution of root‐applied or foliar‐applied 65 Zn after flowering in aerobic rice. Annals of applied biology, 150 (3): 383-391.
John, D. A. and Babu, G. R. (2021). Lessons from the aftermaths of green revolution on food system and health. Frontiers in sustainable food systems, 5 (644559): 1-6.
Kumar, K. (2014). Effect of zinc management and varieties on yield and zinc biofortification in rice (Oryza sativa L.). Thesis Ph.D. (Agri.), Institute of Agricultural Sciences, Banaras Hindu University, Varanasi, India.
Manasa, R. D. (2013). Bio-fortification of rice grain through zinc nutrition. Thesis Ph.D. (Agri.), Acharya N. G. Ranga Agricultural University, Bapatala, India.
Peramaiyan, P.; Craufurd, P.; Kumar, V.; Seelan, L. P.; McDonald, A. J.; Kishore, A. and Singh, S. (2022). Agronomic biofortification of zinc in rice for diminishing malnutrition in South Asia. Sustainability, 14 (13): 7747 p.
Phattarakul, N.; Rerkasem, B.; Li, L. J.; Wu, L. H.; Zou, C. Q.; Ram, H.; Sohu, V. S.; Kang, B. S.; Surek, H.; Kalayci, M.; Yazici, A.; Zhang, F. S. and Cakmak, I. (2012). Biofortification of rice grain with zinc through zinc fertilization in different countries. Plant and Soil, 361 :131-141.
Rahman, J. S.; Chughtai, M. F. J.; Khaliq, A.; Liaqat, A.; Pasha, I.; Ahsan, S.; Tanweer, S.; Saeed, K.; Siddiqa, A.; Mehmood, T.; Ali, A.; Shoaib, A.; and Sameed, N. (2022). Rice: A potential vehicle for micronutrient fortification. Clinical Phytoscience, 8 (1): 1-14.
Sanjeeva Rao; D., Neeraja, C. N.; Madhu Babu, P.; Nirmala, B.; Suman, K.; Rao, L. V.; Surekha, K.; Raghu, P., Longvah, T.; Surendra, P.; Rajesh Kumar, Ravindra Babu, V. and Voleti, S. R. (2020). Zinc biofortified rice varieties: challenges, possibilities, and progress in India. Frontiers in Nutrition, 7 (26): 1-13.
Shukla, A. K.; Behera, S. K.; Rao, A. S. and Singh, A. K. (2012). State wise micro and secondary nutrients recommendations for different crops and cropping systems. Research Bulletin No. 1/2012, Bhopal: Indian Institute of Soil Science.
Singh, R. B. (2000). Environmental consequences of agricultural development: a case study from the Green Revolution state of Haryana, India. Agriculture, Ecosystems and Environment, 82 (1-3): 97-103.
Suresh, S. M. (2015). Biofortification of zinc and iron on growth, yield and quality of rice. Thesis Ph.D. (Agri.), Institute of Agricultural Sciences, Dharwad, India.
Talang, W. (2019). Bio fortification of rice (Oryza sativa) with zinc under organic and integrated nutrient management practices. Thesis Ph.D. (Agri.), Department of Soil Science and Agricultural Chemistry, College of Agriculture, Padannakkad, Kasorgad, Kerala, India.
Velu, G.; Ortiz-Monasterio, I.; Cakmak, I.; Hao, Y. and Singh, R. Á. (2014). Biofortification strategies to increase grain zinc and iron concentrations in wheat. Journal of cereal science, 59 (3): 365-372.
Zaman, Q. U., Aslam, Z., Yaseen, M., Ihsan, M. Z., Khaliq, A., Fahad, S., Bashir, S.; Ramzani, P. M. A. and Naeem, M. (2018). Zinc biofortification in rice: leveraging agriculture to moderate hidden hunger in developing countries. Archives of Agronomy and Soil Science, 64 (2): 147-161.


20 DAT	V₁	V₂	F₁	F₂	F₃	F₄	F₅	F₆	F₇	F₈	F₉	16.920000000000002	17.690000000000001	16.48	17.260000000000002	17.57	16.670000000000002	16.579999999999998	17.420000000000002	17.46	17.96	18.329999999999998	40 DAT	V₁	V₂	F₁	F₂	F₃	F₄	F₅	F₆	F₇	F₈	F₉	35.82	39.75	32.92	34.97	36.479999999999997	36.57	37.11	39.92	39.81	40.57	41.71	60 DAT	V₁	V₂	F₁	F₂	F₃	F₄	F₅	F₆	F₇	F₈	F₉	67.95	80.55	67.010000000000005	69.67	70.11	71.69	72.400000000000006	78.17	78.459999999999994	80.09	80.599999999999994	90 DAT	V₁	V₂	F₁	F₂	F₃	F₄	F₅	F₆	F₇	F₈	F₉	87.44	105.62	87.22	91.17	91.93	92.94	95.13	102.01	101.34	103.14	103.87	Treatments


Plant height (cm)




30 DAT	V₁	V₂	F₁	F₂	F₃	F₄	F₅	F₆	F₇	F₈	F₉	2.75	2.85	2.56	2.62	2.68	2.75	2.8	2.84	2.9	3	3.04	60 DAT	V₁	V₂	F₁	F₂	F₃	F₄	F₅	F₆	F₇	F₈	F₉	16.489999999999998	18.39	14.03	15.29	16.420000000000002	16.32	17.66	17.920000000000002	18.46	19.61	21.27	90 DAT	V₁	V₂	F₁	F₂	F₃	F₄	F₅	F₆	F₇	F₈	F₉	26.51	28	22.24	24.12	25.51	26.34	27.34	27.7	29.12	30.92	31.99	Treatments


Dry matter accumulation (g per hill)




