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Introduction 

Garlic (Allium sativum L.), a diploid bulb in the Alliaceae family 

(2n=16), ranks just behind onion in global allium production. It’s 

commercial bulbs perform best under warm days, reduced relative 

humidity and good soil drainage. In higher-latitude regions, garlic 

behaves as a cool-season crop, typically planted in October and 

lifted by late May. The bulbs’ characteristic pungent aroma and 

flavour arise mainly from diallyl-disulphide (1). Biofortification is a 

coordinated strategy to lessen crop-associated micronutrient 

imbalance by supplementing available soil or foliar pools of key 

elements. Though garlic is widely cultivated, subtropical districts 

such as Jammu often report suboptimal yield because soils short-

change the crop on zinc and boron. Researchers have begun 

exploring garlic as a biomarker for edible-element fortification, given 

its documented ability to absorb selenium, zinc and boron after 

targeted foliar applications (2-4). 

 Throughout the last 30 years, intensive cropping has resulted 

in the continual and relentless deployment of high-analysis fertilisers 

devoid integrating micronutrients (5). Research on the agronomic 

biofortification of zinc in garlic under Jammu conditions is of 

necessary concern, as the soil in this region is deficient in zinc and 

boron, also with garlic as a staple crop source (6). Soil administration 

necessitates higher amounts of supplementation to 

satisfy nutrient demand. Foliar supplementation is an efficient 

method of achieving what is needed while also enhancing the rate of 

absorption of nutrients. Agronomic biofortification entails the 

deliberate use of mineral fertilisers or micronutrient solutions on 

crops throughout their growth stages, a crucial approach to enhance 

the nutritional capacity of the crop. A more straightforward method is 

agronomic biofortification and a pragmatic approach to enhancing 

micro-nutrient levels in the short term compared to breeding (7). 

Foliar nutrient supplementation is the most rapid and 

straightforward method to rectify mineral deficiencies. Foliar 

application of fertilisers is an efficient technique, especially when a 

plant s’ soil nutrient absorption is insufficient for optimal growth (8, 9).  
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Abstract  

Despite the well-known benefits of zinc and boron biofortification in improving nutritional content and quality in garlic, there is no established 
optimum application approach for zinc and boron micronutrients under Jammu's subtropical climate. Therefore study was carried out to 

investigate the potential of zinc and boron biofortification in the garlic crop to enhance the nutrient content. The favourable effects of zinc and 

boron on the productivity and qualitative attributes of garlic underscore the necessity to determine a standardized optimal dosage of these 

micronutrients. The SJG-16-01 garlic genotype was utilised to optimize crop output. Sowing was done in the month of October with a spacing 
of 15 × 10 cm. The research comprised 16 treatments, each replicated thrice inside a randomised complete block design (RCBD) during the 

Rabi season of 2022-23. Zinc sulphate and borax were applied as foliar sprays 45 and 60 days after planting, at doses of 0.25, 0.5 and 0.75 %, 

both separately and in conjunction. Vegetative growth data were recorded at various time intervals to study the growth of the crop with the 

application of zinc sulphate and borax. The findings indicated that the application of a combination of zinc sulphate (0.5 %) and borax (0.25 %) 
twice, at 45 and 60 days post-planting, enhanced the growth, production and quality of garlic as represented by cell plot analysis. Vegetative 

growth data were recorded at various time intervals to study the growth of the crop with the application of zinc sulphate and borax. The 

mineral content of zinc and boron was also enhanced with the application of treatments. Nonetheless, the identical treatment concurrently 

improves the productivity and profitability of the crop in the subtropical circumstances of Jammu.  
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 Zinc acts as a cofactor in dozens of enzymes, influencing 

plant growth at several levels. It helps produce tryptophan, the 

amino acid from which the growth hormone auxin is made and it 

anchors ribosomes charged with protein assembly (10). Beyond 

that, zinc participates in making chlorophyll and carbohydrates, 

supports cytochromes that shuttle electrons and keeps DNA, RNA 

and nitrogen-metabolism pathways running smoothly (11). Plants 

take up the element mainly as Zn+2 and rely on it to keep activity 

rates of key enzymes within healthy ranges (12). Plants absorb boron 

primarily in the form of H3BO3, a process that underpins efficient 

sugar transport throughout the vascular system (13). The element is 

additionally involved in cell division and appears to raise calcium 

availability while promoting starch catabolism. Although soil-borne 

boron is taken up quickly, the ion moves very little once inside the 

plant (14). A shortfall, therefore, can hinder the redistribution of 

carbohydrates, nitrogen and starch and restrict protein synthesis 

(15). As a consequence, current agronomic trials have turned to 

targeted biofortification, coupling boron with zinc to enhance garlics’ 

nutritional value.  

 

Materials and Methods 

The study was carried out during the 2022-2023 Rabi season at 

Vegetable Research Farm-I, situated on the main Sher-E-Kashmir 

University of Agricultural Sciences & Technology (SKUAST)-Jammu 

campus. A randomised complete block design (RCBD) with three 

replications was set up, using garlic genotype SJG-16-01 grown in 2 

m x 2 m plots spaced 15 cm between rows and 10 cm within rows. 

SJG-16-01 (SKUAST Jammu Garlic) genotype was collected from the 

Division of Vegetable Science of SKUAST-Jammu, Chatha, Jammu & 

Kashmir. Zinc and boron deficiencies have been documented in the 

soils of Jammu and Kashmir (16, 17). Soil testing before planting 

showed zinc at 0.53 ppm, rated medium and boron at 0.44 ppm, 

rated low, values that match previous regional reports on nutrient 

status. Based on that diagnosis, a range of zinc sulphate and borax 

concentrations was prepared for foliar application. Treatments were 

sprayed at 45 days and again at 60 days after planting, following 

standard timing for garlic in the valley. 

 The experiment utilized a total of 16 treatments: T1 -    control 

(distilled water spray), T2  - ZnSO4 0.25 %, T3 - ZnSO4   0.5 %, T4 - ZnSO4 

0.75 %, T5 - Borax 0.25 %, T6 - Borax 0.5 %, T7 - Borax 0.75 %, T8 - ZnSO4 

0.25 % + Borax 0.25 %, T9 - ZnSO4 0.25 % + Borax 0.5 % , T10 - ZnSO4 

0.25 % + Borax 0.75 % , T11-  ZnSO4 0.5 % + Borax 0.25 % ,T12 - ZnSO4 

0.5 % + Borax 0.5 %, T13 - ZnSO4 0.5 % + Borax 0.75 %, T14 - ZnSO4   0.75 

% + Borax 0.25 %, T15 - ZnSO4 0.75 % + Borax 0.5 %, T16 - ZnSO4 0.75 % 

+ Borax 0.75 %. Micronutrient application occurred at 45 and 60 days 

post-planting, in conjunction with farm yard manure at 20 t/ha and 

nitrogen: phosphorus: potassium at a ratio of 100:50:50 kg/ha.  

 The study examined an extensive array of growth, yield, 

quality and nutritional uptake metrics for garlic subjected to diverse 

foliar treatments of zinc sulfate and borax. The key growth 

parameters (plant height, leaf length, number of leaves, leaf area 

index at 120 days, days to 50 % maturity), yield parameters (neck 

thickness, bulb weight, polar and equatorial diameter, number of 

cloves per bulb, weight of cloves, yield per plot and per hectare) and 

quality parameters (sulphur content, ascorbic acid content, total 

soluble solids, zinc and boron content in bulbs) were studied. The 

quality parameters, such as total soluble solids (TSS), ascorbic acid 

content and sulphur content, were assessed by the method hand 

refractometer (18, 19). Genotypic and phenotypic correlation 

analyses was performed to understand trait associations in garlic, 

also the rank for the treatments was given, highlighting the 

superiority of specific zinc sulphate and borax foliar treatments 

represented in cell plot analysis.  

Statistical analysis  

An analysis was conducted for each parameter utilizing SPSS version 

16.0 (SPSS Inc., Chicago, USA). The data were subjected to a two-way 

analysis of variance for RCBD. 

 

Results and Discussion  

Growth parameters 

The maximum plant heights of 35.71 cm, 40.56 cm and 59.53 cm 

were considerably attained with T3 (ZnSO4 0.5 %), as indicated in 

Table 1. Zinc is crucial for nitrogen and auxin metabolism in plants 

Table 1. Influence of foliar spray of zinc sulphate and borax on growth parameters of garlic  

Treatment (s) 
Plant height (cm) Leaf length (cm) Number of leaves LAI at 120 

days 
Days to 50 % 

maturity 70 days 90 days 120 days 70 days 90 days 120 days 70 days 90 days 120  days 

T1 30.93 35.52 52.05 25.25 31.76 46.82 4.87 5.33 6.67 2.27 167.37 
T2 33.39 38.69 58.56 28.68 33.95 49.55 5.80 6.20 7.60 3.41 164.55 
T3 35.71 40.56 59.53 30.51 36.49 51.08 6.07 6.40 7.73 3.86 164.44 
T4 32.90 37.65 57.70 28.05 33.36 48.33 5.73 6.13 7.50 2.97 164.89 
T5 34.02 39.31 59.30 29.30 35.26 50.39 6.00 6.33 7.70 3.71 167.26 
T6 33.14 38.42 58.25 28.48 33.91 48.50 5.53 5.93 7.33 3.08 167.33 
T7 31.64 36.33 55.99 26.88 32.22 47.36 5.47 5.90 7.30 2.54 167.11 
T8 33.26 38.66 58.34 28.54 32.93 49.21 5.20 5.73 7.13 3.13 165.44 
T9 32.95 37.99 57.98 28.37 33.47 48.37 5.33 5.80 7.20 2.89 165.55 
T10 32.79 37.37 57.52 27.94 33.06 48.26 5.27 5.77 7.17 2.77 166.00 
T11 33.40 38.81 58.96 28.70 34.34 49.72 5.60 6.07 7.40 3.43 165.22 
T12 33.12 38.20 58.02 28.44 33.53 48.46 5.13 5.67 7.07 2.89 165.00 
T13 32.51 37.30 56.66 27.79 32.88 47.97 5.07 5.60 7.03 2.63 165.33 
T14 32.61 37.35 57.47 27.88 32.93 48.07 5.40 5.87 7.27 2.77 166.11 
T15 32.15 37.16 56.61 27.66 32.80 47.75 4.93 5.40 6.93 2.52 166.66 
T16 31.93 36.98 56.27 27.43 32.33 47.61 5.00 5.40 7.00 2.48 167.00 
SEm (±) 0.54 0.53 0.82 0.65 0.50 0.63 0.21 0.15 0.15 0.14 1.24 
CD (0.05) 1.56 1.53 2.37 1.87 1.44 1.83 0.61 0.43 0.44 0.42 NS 

T1 - Control (Distilled water spray), T2  - ZnSO4 0.25 %, T3 - ZnSO4 0.5 %, T4 - ZnSO4 0.75 %, T5 - Borax 0.25 %, T6 - Borax 0.5 %, T7 - Borax 0.75 %, T8 - 
ZnSO4 0.25 % + Borax 0.25 %, T9 - ZnSO4 0.25 % + Borax 0.5 %, T10 - ZnSO4 0.25 % + Borax 0.75 %, T11-  ZnSO4 0.5 % + Borax 0.25 %, T12 - ZnSO4 0.5 

% + Borax 0.5 %, T13 - ZnSO4 0.5 % + Borax 0.75 %, T14 - ZnSO4 0.75 % + Borax 0.25 %, T15 - ZnSO4 0.75 % + Borax 0.5 %, T16 - ZnSO4 0.75 % + Borax 
0.75 %,  CD - Critical difference, LAI -  Leaf area index 
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  and facilitates plant growth by promoting the synthesis of 

tryptophan, a precursor of the auxin hormone. Similarly, after 70, 90 

and 120 days of planting, leaf lengths of 30.51 cm, 36.49 cm and 

51.08 cm were significantly attained with T3 (ZnSO4 0.5 %), as 

indicated in Table 1, due to improved cell division, chlorophyll 

synthesis and cellular expansion that contribute to increased leaf 

length of the crop. Leaf elongation causes the plant s’ leaves to grow 

longer and taller, reducing water potential levels in the cell wall and 

facilitating water entry to promote cell elongation (20).  

 

 The maximum leaf area index of 3.86 was significantly 

attained at 120 days post-planting with the identical treatment. The 

increase was attributed to the maximum total leaf surface area 

achieved with a greater number of leaves. Zinc in all forms markedly 

enhanced chlorophyll content, a crucial determinant of leaf area 

index (21). Days to 50 % of maturity of garlic were not affected by the 

utilisation of zinc (Zn) and boron (B), where the results were found 

non-significant. The data acquired is reported in Table 1 and the bar 

graph analysis of growth parameters for each variable is depicted in 

Fig.1 below. The box plot analysis of growth parameters as 

influenced by contrasting levels of nutrients is depicted in Fig. 2.  

A B 

C D 

E F 

Fig. 1. Bar-graph analysis of growth parameters of garlic: A. Plant height, B. Leaf length, C. Leaf width, D. Number of leaves, E. Leaf area index, 
F. Days to 50 % maturity.  
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 The enhanced accumulation of photosynthates in the bulbs, 

attributable to a greater number of leaves per plant, caused the 

thickness of the neck to grow, as seen in Table 1. Consequently, it 

suggests improved translocation of carbs from the source to the 

sink. The growth parameter outcomes were consistent with the 

findings of various research (22, 23). 

Yield metrics 

The largest neck thickness reported was 1.04 cm with T12 (ZnSO4 0.5 

% + Borax 0.25 %). This may pertain to enhanced cellular 

proliferation and nitrogen metabolism. Enhanced fertilisation is 

associated with sustained leaf growth, as nitrogen facilitates cell 

division, hence maintaining a broad neck (24). The optimal bulb 

weight (31.00 g) was attained with T12 (ZnSO4 0.5 % + Borax 0.25 %), 

attributable to the function of zinc in enhancing photosynthate 

production in the leaves through augmented photosynthesis, while 

boron facilitates the translocation of photosynthates to the bulb 

(Table 2). Likewise, the same treatment yielded the largest number 

of cloves per bulb (26.30) as well as a 10-clove weight of 11.29 g, as 

indicated in Table 2. This may be ascribed to the augmented 

absorption of micronutrients by the growing cloves, resulting from 

higher photosynthesis and sugar metabolism.  

Fig. 2. Box-plot analysis of growth parameters of garlic: A. Plant height, B. Leaf length, C. Leaf width, D. Number of leaves, E. Leaf area index, 
F. Days to 50 % maturity. 

A B 

C D 

E F 
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 The maximal diameter, comprising a polar diameter of 4.20 

cm and an equatorial diameter of 4.40 cm, was attained using the 

same technique as indicated in Table 2. The augmentation of stored 

carbohydrates resulting from heightened photosynthetic activity 

caused the bulbs’ diameter to grow. The maximum yield of 3.73 kg 

per plot and 74.40 quintals per hectare was achieved with T12 (ZnSO4 

0.5 % + Borax 0.25 %). The boxplot of the dataset is presented below 

as Graph 1. The use of Zn and B enhanced vegetative development 

and yield-related traits, resulting in increased crop output. Zinc is 

crucial for the metabolism of plant starch (25). Boron improved the 

yield by making the transfer easier and concentration of 

photosynthates produced in the leaves to the developing bulb. The 

data acquired from various treatments are presented in Table 2. The 

outcomes were consistent with the findings of various research (13, 

22, 26, 27). Fig. 3 illustrates the bar graph analysis for collection of 

yield metrics for each parameter and the box plot analysis of various 

yield metrics dataset are illustrated below in Fig. 4. 

Quality parameters  

In Table 3, as data depicted that T12 (ZnSO4 0.5 % + Borax 0.25 %) 
produced the greatest ascorbic acid level of 11.60 mg/100 g. 

Micronutrient delivery, participation in enzymatic activities and 

increased organic acid accumulation in the bulbs all contribute to a 

rise in ascorbic acid content, which in turn causes the ascorbic acid 

oxidase enzyme to work more efficiently. The maximum result for 

TSS with the same treatment was 33.00 ºBrix. Zinc is involved in 

carbohydrate metabolism, boron helps with hydrolysis, metabolite 

synthesis and photosynthate translocation to the bulb and complex 

polysaccharides are broken down into simple sugars (28). There 

were no discernible changes in the sulphur content of the bulbs 

when different quantities of zinc and boron were applied. Zinc and 

boron function in tandem; for example, zinc enhances auxin 

synthesis while boron stabilises cell membranes (13, 26, 29). To 

maintain fertiliser availability during crucial growth periods, two 

foliar sprays are applied at 45 and 60 days after planting (DAP). The 

data obtained for various quality parameters in garlic are 

represented below in Table 3. Fig. 5 below illustrates the bar graph 

analysis for the collection of quality parameters for each parameter 

and the box plot analysis of various quality parameters dataset are 

illustrated below in Fig. 6. 

Nutrient uptake by the crop  

The results suggest that the maximum zinc content is found in 

treatment T3 (21.08 kg/ha), in contrast to the control T1 (12.23 kg/ha), 

which exhibited the lowest zinc content. These treatments yield 

enhanced plant growth, disease resistance and bulb development 

relative to treatments with reduced zinc content, attributable to 

superior absorption. Similar results were obtained from previous 

research trials (30). The maximum boron concentration was 

recorded in T5 (32.02 kg/ha), while the minimum was observed in the 

control T1 (12.27 kg/ha). The data acquired from different treatments 

are depicted in Table 3 and Fig. 5; also, the box plot analysis is given 

under Fig. 6. The nutrient uptake outcomes were consistent with the 

findings of various research (13, 31). 

Correlation analysis 

The comprehension of the interrelation of diverse characteristics is 

also substantial as the deciphering of the variation present in the 

research material. The preponderance of providentially significant 

features in agricultural plants depends on one or more characters 

and the extent of a traits’ expression varies based on the articulation 

of other characters and vice versa. Yield is a complex trait that 

depends on multiple characters because, when selection pressure is 

imposed to increase other traits, instantaneous changes occur to the 

economic trait that is not being selected. Therefore, to improve only 

one character, a breeder must take into account other characters. 

Similar results were also found in common with (32). Knowing the 

relationship between the yield and its constituent units is vital since it 

would reveal essential data regarding the correlation of response to 

selection. Joint correlation matrix across all traits under study 

including, plant height, leaf length, leaf width, leaf area index, 

number of leaves; days to 50 % maturity, neck thickness, bulb 

weight, number of cloves, weight of cloves, polar diameter, 

equatorial diameter, yield per plot kg, yield per plot quintal per 

hectare, total soluble solids, ascorbic acid, sulphur content, zinc 

content and boron content given in Table 4.  

Table 2. Influence of foliar spray of zinc sulphate and borax on yield metrics of garlic 

T1 - Control (Distilled water spray), T2  - ZnSO4 0.25 %, T3 - ZnSO4 0.5 %, T4 - ZnSO4 0.75 %, T5 - Borax 0.25 %, T6 - Borax 0.5 %, T7 - Borax 0.75 %, T8 - 
ZnSO4 0.25 % + Borax 0.25 %, T9 - ZnSO4 0.25 % + Borax 0.5 %, T10 - ZnSO4 0.25 % + Borax 0.75 %, T11-  ZnSO4 0.5 % + Borax 0.25 %, T12 - ZnSO4 0.5 

% + Borax 0.5 %, T13 - ZnSO4 0.5 % + Borax 0.75 %, T14 - ZnSO4 0.75 % + Borax 0.25 %, T15 - ZnSO4 0.75 % + Borax 0.5 %, T16 - ZnSO4 0.75 % + Borax 
0.75 %,  CD- Critical difference 

Treatment(s) Neck thickness 
(cm) 

Bulb weight 
(g) 

Polar diameter 
(cm) 

Equatorial 
diameter (cm) 

No. of 
cloves per 

bulb 

10 clove 
weight (g) 

Yield (kg) Yield per 
hectare (q) 

T1 0.88 23.46 3.48 3.62 23.35 9.89 2.83 56.30 
T2 0.96 27.12 3.73 4.17 25.00 10.67 3.27 64.84 
T3 0.98 27.61 3.96 4.24 25.90 11.04 3.30 66.25 
T4 0.90 24.77 3.59 3.78 24.00 9.96 3.00 59.44 
T5 1.00 28.86 4.10 4.28 26.21 11.18 3.47 69.26 
T6 0.99 28.50 4.03 4.26 26.03 11.13 3.40 68.39 
T7 0.95 26.99 3.63 4.15 25.77 10.62 3.23 64.77 
T8 1.02 30.05 3.88 4.30 25.50 10.89 3.60 72.12 
T9 1.01 29.72 3.85 4.29 25.18 10.73 3.57 71.33 
T10 0.94 26.44 3.59 3.96 24.57 10.47 3.20 63.46 
T11 1.04 31.00 4.20 4.40 26.30 11.29 3.73 74.40 
T12 1.03 30.83 3.92 4.38 26.25 10.93 3.70 74.00 
T13 0.93 26.32 3.60 3.90 24.75 10.55 3.17 63.43 
T14 0.91 24.99 3.57 3.81 24.33 10.33 3.03 59.97 
T15 0.92 25.74 3.56 3.89 23.70 10.22 3.10 61.78 
T16 0.89 24.19 3.53 3.69 23.37 10.16 2.90 58.05 
SEm (±) 0.02 0.28 0.09 0.07 0.60 0.29 0.04 0.69 
CD (0.05) 0.05 0.81 0.26 0.19 1.75 0.84 0.12 2.00 
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Fig. 3. Bar-graph analysis of yield metrics of garlic: A. Neck thickness, B. Bulb weight, C. Polar diameter, D. Equatorial diameter, E. Number of 
cloves, F. Yield per plot kg, G. Yield per plot quintal per hectare.  

A B 

C D 

E F 

G 
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Fig. 4. Box-plot analysis of yield metrics of garlic: A. Neck thickness, B. Bulb weight, C. Polar diameter, D. Equatorial diameter, E. Number of 
cloves, F. Yield per plot kg, G. Yield per plot quintal per hectare. 

A B 

C 
D 

E 
F 

G 
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Fig. 5. Bar-graph analysis of quality parameters of garlic. A. Sulphur content, B. Ascorbic acid content, C.  Total soluble solids, D. Zinc content 
and E. Boron content.  

(A) (B) 

(C) (D) 

(E) 
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Fig. 6. Box-plot analysis of quality parameters of garlic: A. Sulphur content, B. Ascorbic acid content, C. Total soluble solids, D. Zinc content,  
E. Boron content. 

Treatment (s) 
Sulphur content 

(mg/100g) 
Ascorbic acid content 

(mg/100g) 
TSS (ºB) 

Zinc content                 
(kg/ha) 

Boron content             
(kg/ha) 

T1 4.67 10.00 29.00 12.23 12.27 
T2 5.20 10.32 30.73 19.44 13.47 
T3 5.33 10.75 31.00 21.08 13.00 
T4 5.27 10.17 29.40 18.20 12.40 
T5 4.83 11.01 32.00 12.77 32.02 
T6 4.77 11.01 31.97 12.57 30.20 
T7 4.67 10.83 31.70 12.93 28.83 
T8 4.97 11.29 32.51 13.13 14.23 
T9 5.03 11.16 32.33 14.07 15.00 
T10 5.13 10.32 31.07 15.10 17.67 
T11 5.10 11.60 33.00 13.50 18.50 
T12 5.13 11.51 32.74 14.37 20.63 
T13 5.20 10.98 30.66 15.43 21.63 
T14 5.00 10.23 30.73 13.93 22.37 
T15 4.93 10.23 29.48 14.63 24.60 
T16 4.87 10.08 29.23 16.00 27.60 
S.Em (±) 0.16 0.26 0.37 0.20 0.62 
CD (0.05) NS 0.74 1.06 0.58 1.78 

Table 3. Influence of foliar spray of zinc sulphate and borax on quality parameters of garlic and nutrient uptake by the crop after harvest 

T1 - Control (Distilled water spray), T2  - ZnSO4 0.25 %, T3 - ZnSO4 0.5 %, T4 - ZnSO4 0.75 %, T5 - Borax 0.25 %, T6 - Borax 0.5 %, T7 - Borax 0.75 %, T8 - 
ZnSO4 0.25 % + Borax 0.25 %, T9 - ZnSO4 0.25 % + Borax 0.5 %, T10 - ZnSO4 0.25 % + Borax 0.75 %, T11 -  ZnSO4 0.5 % + Borax 0.25 %, T12 - ZnSO4 0.5 

% + Borax 0.5 %, T13 - ZnSO4 0.5 % + Borax 0.75 %, T14 - ZnSO4 0.75 % + Borax 0.25 %, T15 - ZnSO4 0.75 % + Borax 0.5 %, T16 - ZnSO4 0.75 % + Borax 
0.75 %,  TSS - Total soluble solids, CD - Critical difference, NS - Non significant 

A B 

C D 

E 
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Phenotypic correlation of yield per hectare with other traits 

The yield per hectare demonstrated a highly substantial and 

favourable phenotypic correlation, as shown in Table 4, with 

number of cloves (0.987), equatorial diameter (0.521), polar diameter 

(0.725), weight of cloves (0.371), bulb weight (0.304), number of 

leaves (0.393) and plant height (0.437). Additionally, yield per hectare 

was positively and insignificantly correlated with 0.236 for neck 

thickness, 0.064 for days to 50 % maturity, 0.148 for leaf area index, 

0.175 for leaf width and 0.095 for leaf length. The yield parameter 

outcomes were consistent with the findings of various research (33). 

Association between the other traits 

The zinc concentration has a highly substantial and favourable 

phenotypic association with sulphur content (0.288), weight of 

cloves (0.3527), bulb weight (0.285), neck thickness (0.393), leaf area 

index (0.310) and leaf width (0.299). The positive also insignificant 

parallelism of zinc content with ascorbic acid (0.081) and total 

soluble solids (0.006). The boron concentration exhibited a positive 

though non-significant association with all the characters under 

study except for the weight of cloves (-0.296), for which it shows a 

negative and significant correlation. Sulphur content shows high 

significant and positive phenotypic correlation with ascorbic acid 

(0.537), total soluble solids (0.479), yield per hectare (0.524), 

equatorial diameter (0.454), polar diameter (0.285), weight of cloves 

(0.285), number of cloves (0.304), days to 50 % maturity (0.301), leaf 

area index (0.321), leaf width (0.434) and plant height (0.457). It 

showed positive and insignificant correlation with bulb weight 

(0.270), neck thickness (0.167), number of leaves (0.196) and leaf 

length (0.117). 

 Ascorbic acid shows high significant and positive phenotypic 

parallelism with total soluble solids (0.336), yield per hectare (0.293), 

equatorial diameter (0.491), polar diameter (0.439), number of cloves 

(0.605), bulb weight (0.358), days to 50 % maturity (0.318), leaf area 

index (0.513), leaf width (0.511) and plant height (0.286). Total soluble 

solids shows highly significant and positive phenotypic correlation 

with yield per hectare (0.521), equatorial diameter (0.744), polar 

diameter (0.443), weight of cloves (0.399), number of cloves (0.402), 

bulb weight (0.322), leaf length (0.290) and plant height  (0.404). It 

showed positive and non-significant correlation with neck thickness 

(0.110), days to 50 % maturity (0.027), number of leaves (0.168), leaf 

area index (0.172) and leaf width (0.163). Plant height shows a highly 

significant and positive phenotypic correlation with leaf length 

(0.661), leaf width (0.318), leaf area index (0.464) and number of 

leaves (0.500). Research indicates that similar results were noticed 

from the research trial (33). 

Genetic correlation of yield per hectare with other traits 

The genotypic correlation coefficient quantifies the genetic link 
between characters, assisting in the identification of both the more 

critical and less critical traits to be taken into account in plant-

breeding efforts (34). Research indicates that similar results were 

noticed from the research trial (33). Table 4 indicates that the 

genotypic correlation coefficients were predominantly greater in 

magnitude than the corresponding phenotypic coefficients, inferring 

that the various traits under study had inheritable associations and 

that the phenotypic expression of correlation was diminished by the 

effect of external factors and treatments. The characteristics 

exhibiting high phenotypic associations also demonstrate significant 

genotypic correlations with yield per hectare.  

Cell plot analysis 

In the cell plot analysis, the treatments were ranked based on 

comparative weightage to the traits recorded (Fig. 7). Treatment T12 

(ZnSO4 0.5 % + Borax 0.25 %), which is the most effective in terms of 

number of cloves (NOC), maximum neck thickness (NT), bulb weight 

(BW), yield per plot kg (YPPKG) and yield per plot quintal per hectare 

(YPPQH) was ranked higher in cell plot analysis which can be 

decipher from red cell color of plot. Colours ranging from dark green 

to pale green also reveal moderate levels for each treatment. The cell 

plot shows that treatment T3 (ZnSO4 0.5 %) had the lowest value for 

days to 50 % maturity (DTFM), but there was no significance for bulb 

weight (BW) and boron content (B). The ranking of treatments in 

 

Fig. 7. Cell plot analysis of different treatments given to garlic for various traits under study. 
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relation to other features might be seen in this way as also 

represented (35). 

 

Conclusion  

This experiment indicates that a medium dosage of zinc sulphate 

and a low quantity of borax applied as a foliar spray significantly 

enhanced the growth, production and quality of garlic when 

administered at 45 and 60 days post-planting. A notable 

enhancement during the vegetative phase of garlic was associated 

with 0.5 % zinc sulphate. The production and quality metrics of garlic 

were greatly improved with the combined treatment of zinc 

sulphate at 0.5 % and borax at 0.25 %, with the exception of maturity 

and sulphur content in garlic. It may be extrapolated that when 

concentration increases, yield decreases; hence, suboptimal 

concentrations should be utilised to enhance production. The 

outcomes are consequently more advantageous for farmers, 

enhancing quality and maximising potential while alleviating 

nutritional deficits. The foliar spraying strategy utilised improved the 

nutritional status of the crop by biofortification. 
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