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Abstract

This research investigates the effect of boron (B) and spacing on seed production of two commercially 

important radish (Raphanus sativus L.) varieties cultivated in Punjab, India: Arka Nishant and Punjab 

Pasand. Building upon research conducted at Guru Kashi University in the academic year 2023-2024, 

to find out the response of boron treatment (0%, 0.05 mg/l, 0.1 mg/l), spacing (50 cm, 60 cm, 70 cm) 

and their intraction on seed yield of radish cv. Arka Nishant and Punjab Pasand. The experiment was 

conduct in split plot design with three replications. Observations were recorded on highest leaf length 

(Arka Nishant), Maximum Root length (Arka Nishant), Root Girth, Maximum Number of Siliqua per 

plant (Punjab Pasand), Maximum siliqua weight (Punjab Pasand), siliqua length, Maximum (Arka 

Nishant) Average Seed Yield Per hectare, respectively. 

Keywords: Boron, spacing, intraction, seed yield parameters 

1. Introduction

Radish (Raphanus sativus L.) is an open pollinated salad root vegetable belongs to family 

cruciferous with chromosome number 2n = 2x 18. There is self-incompatibility in radish. It 

is an ancient crop native to the eastern Mediterranean and Middle East. In India, it is grown 

over an area of 209 thousand ha with annual production of radish. Radish are annual or 

biennial crops mainly grown for its young tender roots which can be globular, tapering or 

cylindrical, which are eaten raw as a salad or cooked as vegetable. Some radishes grown for 

their seeds and oilseed radishes grown for oil production. They germinate quickly and grow 

rapidly, smaller varieties being ready for consumption within a month while large daikon 

varieties taking several months. Radish is a good source of vitamin C (ascorbic acid) 

containing (15-40 mg/100 g) of edible portion and supplies variety of minerals. Roots are 

also rich in carbohydrate and protein. In addition, it contains various water-soluble vitamins 

(B1, B2, B3, B5, B6, B9, and C) and minerals (calcium, iron, magnesium, manganese zinc, 

potassium, and phosphorous). 

Its consumption prevent constipation, increase appetite and useful for jaundice, liver 

disorders and also useful in urinary complaints and piles. In homeopathy, it is used for 

chronic diarrhea, headache and sleeplessness. It can be useful as companion plants for many 

other crops because their pungent Odor deters such insect pests as aphids, cucumber beetles, 

tomato hornworms and ants. The commonly grown radish varieties are classified broadly 

into two groups European or temperate type and Asian or tropical type. 

Micronutrients, elements required by plants in small quantities, play a critical role in various 

physiological processes, including seed production [Gupta, A.K. 2004] [6]. Boron (B) is an 

essential micronutrient for plant growth and development. It is involved in cell wall 

synthesis, pollen germination, carbohydrate metabolism, and other vital functions [Haworth, 

J. 1977] [7]. Deficiency in boron can significantly impact seed yield and quality in various 

crops [Hedge, D.M. & Mengel, K. 1976] [8]. 

In radish, boron deficiency has been shown to negatively affect seed production. Studies 

have reported a decrease in the number of seeds produced (Siliques per plant and seeds per 

silique), reduced seed size and weight, and impaired seed viability when boron is deficient 

[Huang, L. 2002] [9] 
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Optimizing boron application can potentially address these 

limitations and enhance seed production in radish varieties 

like Arka Nishant and Punjab Pasand. The primary objective 

of this research is to investigate the effect of micronutrient 

boron on seed production parameters of radish varieties 

Arka Nishant and Punjab Pasand grown under Punjab 

conditions. 

 

The specific objectives are 

 To standardize the variety for south-western region of 

Punjab 

 To standardize the Boron and spacing in south-western 

region of Punjab 

 

To standardize the requirement of Boron doses and spacing 

effect for obtaining vegetative growth and seed yield of 

radish varieties (Punjab Pasand and Arka Nishant). 

 

Materials and Methods 
The present research was conducted at the experimental 

sites of Guru Kahi University research farm, Talwandi- 

Sabo (Bathinda) During winter 2023-2024 According to the 

google map, the farm is located at 29057’N latitude and 

7507’E longitude and altitude if 213 meters above sea 

levels. The material used in the research work of radish 

(Raphanus sativus L.) in Arka Nishant and Punjab Pasand. 

The experiment was laid out in split plot technique with 

three replications of each varieties. The seedlings were 

transplanted on 11oct.2023. The response of boron 

treatment (0%, 0.05 mg/l, 0.1 mg/l), spacing (50 cm, 60 cm, 

70 cm) and their intraction on seed yield of radish cv. Arka 

Nishant. 

Maximum Root length (Arka Nishant), Root Girth, 

Maximum Number of Siliqua per plant (Punjab Pasand), 

Maximum siliqua weight (Punjab Pasand), siliqua length, 

Maximum (Arka Nishant) Average Seed Yield Per hectare, 

respectively. The statistical analysis of data recorded during 

the course of investigation for the all characters was done by 

the analysis of variance methods for split plot technique 

design described by fisher (1925). 

 

Results and Discussion 
Analysis of variance (ANOVA) revealed significant 

differences among spacing and boron of all characters. 

 

Number of leaves per Plant 
A significant variation in spacing was observed on number 

of leaves per plant (Table 1) among the varieties Punjab 

Pasand and Arka Nishant of radish. Maximum number of 

leaves (34.7) at spacing 70 cm in Punjab Pasand and 

Minimum number of leaves (30.8) at spacing 50 cm. 

Number of leaves varied from 30.8 to 34.7. In Arka Nishant 

variety Maximum number of leaves (33.2) at spacing 70cm 

and Minimum number of leaves (29.8) at spacing 50cm. 

Number of leaves varied from 33.2 to 29.8. The Finding are 

confirmed by the findings of. 

A significant variation in boron was observed on number of 

leaves per plant (Table 1) among the varieties Punjab 

Pasand and Arka Nishant of radish. Maximum number of 

leaves 33.7 at boron treatment 0.5 mg/l in Punjab Pasand 

and Minimum number of leaves (31.7) at boron treatment 

0.1 mg/l. Number of leaves varied from 31.7 to 33.7. In 

Arka Nishant variety Maximum number of leaves (32.3) at 

boron treatment 0.05mg/l boron and Minimum number of 

leaves (31.1) at boron treatment 0.1mg/l. Number of leaves 

varied from 31.1 to 32.3. Significant effect of interaction of 

Boron and Spacing was observed for number of leaves 

(Table 1). In Punjab Pasand Maximum number of leaves 

(35.0) at boron and spacing 0.05 mg/l, 70 cm and Minimum 

number of leaves (31) at boron and spacing 0.0 mg/l, 50 cm. 

In Arka Nishant Maximum number of leaves (34) at boron 

and spacing 0.05 mg/l, 70 cm and Minimum number of 

leaves (29.3) at boron and spacing 0.0 mg/l, 50 cm. Number 

of leaves varied from 29.3 to 34. Similar Finding are 

confirmed by the findings of. 

 

Number of siliques per plant 
A significant variation in boron was observed on Number of 

siliques per plant (Table 2) among the varieties Punjab 

Pasand and Arka Nishant of radish. Maximum Number of 

siliques per plant (296.8) at boron treatment 0.05 mg/l in 

Punjab Pasand and Minimum Number of siliques per plant 

(281.4) at boron treatment 0.1gm/l. Number of siliques 

ranged from 281.4 to 

296.8. In Arka Nishant variety Maximum Number of 

siliques per plant (393.3) at boron treatment 0.1mg/l and 

Minimum Number of siliques per plant (322.6) at boron 

treatment 0.05mg/l. Number of siliques ranged from 322.6 

to 393.3. Dursun, A., & Esiyok, D. (2009) [4]. Find the 

physiological parameters of chickpea (Cicer arietinum L.). 

A significant variation in spacing was observed on Number 

of siliques per plant (Table 2) among the varieties Punjab 

Pasand and Arka Nishant of radish. Maximum Number of 

siliques per plant (303.0) at spacing 70cm in Punjab Pasand 

and Minimum Number of siliques per plant (273.2) at 

spacing 50cm. Number of siliques ranged form 273.2 to 

303.0. In Arka Nishant variety Maximum Number of 

siliques per plant (328.4) at spacing 70cm and Minimum 

Number of siliques per plant (310.4) at spacing 50cm. 

Number of siliques ranged from 310.4 to 328.4. 

Significant effect of interaction of Boron and Spacing was 

observed for Number of siliques (Table2). In Punjab Pasand 

Maximum Number of siliques (307.3) at boron and spacing 

0.0 mg/l, 70 cm and Minimum Number of siliques (271.0) at 

boron and spacing 0.0mg/l, 50cm. Number of siliques 

ranged from 271.0 to 307.3. In Arka Nishant Maximum 

Number of siliques (351.6) at boron and spacing 0.0mg/l, 

70cm and Minimum Number of siliques (282.3) at boron 

and spacing 0.1 mg/l, 50cm. Number of siliques ranged 

from 282.3 to 351.6. 

 

Number of seeds per silique 
A significant variation in Boron was observed on Number of 

seeds per silique (Table 3) among the varieties Punjab 

Pasand and Arka Nishant of radish. Maximum Number of 

seeds per silique (2.43) at boron treatment 0.05 mg/l in 

Punjab Pasand and Minimum Number of Number of seeds 

per silique (2.42) at boron treatment 0.0mg/l. Number of 

seeds ranged from 2.42 to 2.43. In Arka Nishant variety 

Maximum Number of seeds per silique (4.87) at boron 

treatment 0.05 mg/l and Minimum Number of seeds per 

silique (4.70) at boron treatment 0.1 mg/l. Number of seeds 

ranged from 4.70 to 4.87. Similar findings were found 

Fernandez- Escobar, R.., Barranco, 2013. 

A significant variation in Spacing was observed on Number 

of seeds per silique (Table 3) among the varieties Punjab 

Pasand and Arka Nishant of radish. Maximum Number of 

seeds per silique (2.46) at spacing 70cm in Punjab Pasand 
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and Minimum Number of Number of seeds per silique 

(2.37) at spacing 50cm. Number of seeds ranged from 2.37 

to 2.46. In Arka Nishant variety Maximum Number of seeds 

per silique (5.02) at spacing 70 cm and Minimum Number 

of seeds per silique (4.63) at spacing 50 cm. 

Significant effect of interaction of Boron and Spacing was 

observed for Number of seeds per silique (Table3). In 

Punjab Pasand Maximum Number of seeds per silique 

(2.47) at boron and spacing 0.1 mg/l, 70cm and Minimum 

Number of seeds per silique (2.36) at boron and spacing 0.0 

mg/l, 50 cm. Number of seeds ranged from 2.36 to 2.47. In 

Arka Nishant Maximum Number of seeds per silique (5.14) 

at boron and spacing 0.0 mg/l, 70cm and Minimum Number 

of seeds per silique (4.62) at boron and spacing 0.0mg/l, 50 

cm. Number of seeds ranged from 4.62 to 5.14. 

 

Average Seed Yield Per hectare 
A significant variation in boron was observed on Average 

Seed Yield Per hectare (kg/ha) (Table 4) among the varieties 

Punjab. 

Punjab Pasand and Arka Nishant of radish. Maximum 

Average Seed Yield Per hectare (157.2 kg/ha) at boron 

treatment 0.0mg/l in Punjab Pasand and Average Seed Yield 

Per hectare (157 kg/ha) at boron treatment 0.05 mg/l. 

Average seed yield ranged from 157 kg/ha to 157.2 kg/ha. 

In Arka Nishant variety Maximum Average Seed Yield Per 

hectare of Radish (161.12 kg/ha) at boron treatment 0.1 mg/l 

and Minimum Average Seed Yield Per hectare (159.7 

kg/ha) at boron treatment 0.0 mg/l. Average seed yield 

ranged from 159.7 kg/ha to 161.12 kg/ha. Similar findings 

were Chen, Y. H., Li, X. P., Wang (2007) [14] and F. M., 

Moreno-Diez, S (2013) [5]. 

A significant variation in spacing was observed on Average 

Seed Yield Per hectare (kg/ha) (Table 4) among the varieties 

Punjab Pasand and Arka Nishant of radish. Maximum 

Average Seed Yield Per hectare (159.03 kg/ha) at spacing 

70cm in Punjab Pasand and Average Seed Yield Per hectare 

(155.28kg/ha) at spacing 50cm. Average seed yield ranged 

from 155.28 kg/ha to 159.03 kg/ha. In Arka Nishant variety 

Maximum Average Seed Yield Per hectare of Radish 

(163.11kg/ha) at spacing 70cm and Minimum Average Seed 

Yield Per hectare (158.44 kg/ha) at spacing 50 cm. Average 

seed yield ranged from 158.44 kg/ha to 163.11 kg/ha. 

Significant effect of interaction of Boron and Spacing was 

observed for Average Seed Yield Per hectare (kg/ha) (Table 

4). In Punjab Pasand Maximum Average Seed Yield Per 

hectare (160.4 kg/ha) at boron and spacing 0.05 mg/l, 70 cm 

and Minimum Average Seed Yield Per hectare (154.3 

kg/ha) at boron and spacing 0.05 mg/l, 50 cm. Average seed 

yield ranged from 154.3 kg/ha to 160.4 kg/ha. In Arka 

Nishant Maximum Average Seed Yield Per hectare (163.6 

kg/ha) at boron and spacing 0.0 mg/l, 70cm and Minimum 

days to Average Seed Yield Per hectare (156.6 kg/ha) at 

boron and spacing 0.0 mg/l, 50 cm. Average seed yield 

ranged from 156.6 kg/ha to 163.6 kg/ha. 

 

Table 1: The effect of Boron and spacing on number of leaves of radish (Raphanus sativus L.) varieties Punjab Pasand and 

Arka Nishant 
 

Punjab Pasand (V1) Arka Nishant(V2) 

 (Spacing 50cm)B1 
(Spacing 

60cm)B2 

(Spacing 

70cm)B 3 
Mean A 

(Spacin g 

50cm)B 1 

(Spacin g 

60cm)B 2 

(Spacin g 

70cm)B 3 
MeanA 

A1(0.0mg/l) 31.000 33.333 34.667 33.000 29.333 31.667 33.000 31.333 

A2(0.05mg/l) 32.333 33.333 35.667 33.778 30.667 32.333 34.000 32.333 

A3(0.1mg/l) 29.333 32.000 34.000 31.778 29.667 31.000 32.667 31.111 

Mean B 30.889 32.889 34.778  29.889 31.667 33.222  

 

Table of SEM, SED and C.D. 
 

Factors C.D. SE(d) SE(m) 

Factor(A) 0.409 0.143 0.101 

Factor(B) 0.565 0.257 0.181 

Factor(B)at same level of A N/A 0.444 0.176 

Factor(A)at same level of B N/A 0.390 0.276 
 

Factors C.D. SE(d) SE(m) 

Factor(A) N/A 0.380 0.268 

Factor(B) 0.469 0.213 0.150 

Factor(B)at same level of A N/A 0.369 0.465 

Factor(A)at same level of B N/A 0.484 0.34 

 
Table 2: The effect of Boron and spacing on Number of siliques per plant of radish (Raphanus sativus L.) varieties Punjab Pasand and Arka 

Nishant 
 

Punjab Pasand (V1) Arka Nishant(V2) 

 
(Spacing 50 cm) 

B1 

(Spacing 60 cm) 

B2 

(Spacing 70 cm) 

B3 

Mean 

A 

(Spacing 50 cm) 

B1 

(Spacing 60 cm) 

B2 

(Spacing 70 cm) 

B3 

Mean 

A 

A1(0.0mg/l) 271.000 292.000 307.333 290.111 332.000 341.333 351.667 341.667 

A2(0.05mg/l) 282.333 302.667 305.667 296.889 317.000 323.333 327.667 322.667 

A3(0.1mg/l) 266.333 282.000 296.000 281.445 282.333 291.667 306.000 293.333 

Mean B 273.222 292.222 303.000  310.445 318.778 328.445  
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TABLE of SEM,SED and C.D. 
 

Factors C.D. SE(d) SE(m) 

Factor(A) 0.517 0.181 0.128 

Factor(B) 0.916 0.416 0.294 

Factor(B)at same level of A 1.627 0.720 0.222 

Factor(A)at same level of B 1.390 0.615 0.435 
 

Factors C.D. SE(d) SE(m) 

Factor(A) 1.306 0.458 0.324 

Factor(B) 0.734 0.333 0.236 

Factor(B)at same level of A 1.454 0.577 0.561 

Factor(A)at same level of B 1.655 0.657 0.465 

 
Table 3: The effect of Boron and spacing on Number of seeds per silique of radish (Raphanus sativus L.) varieties Punjab Pasand and Arka 

Nishant 
 

Punjab Pasand (V1) Arka Nishant(V2) 

 
(Spacing 50 

cm) B1 

(Spacing 60 cm) 

B2 

(Spacing 70 cm) 

B3 

Mean 

A 

(Spacing 50 cm) 

B1 

(Spacing 60 cm) 

B2 

(Spacing 70 cm) 

B3 

Mean 

A 

A1(0.0 mg/l) 2.361 2.439 2.463 2.421 4.623 4.657 5.143 4.808 

A2(0.05 mg/l) 2.378 2.417 2.476 2.424 4.640 4.857 5.130 4.876 

A3(0.1 mg/l) 2.395 2.441 2.456 2.430 4.643 4.680 4.797 4.707 

Mean B 2.378 2.432 2.465  4.636 4.731 5.023  

 

Table of SEM, SED and C.D. 
 

Factors C.D. SE(d) SE(m) 

Factor (A) 0.001 0.000 0.000 

Factor (B) 0.002 0.001 0.001 

Factor (B) at same level of A 0.004 0.002 0.001 

Factor (A )at same level of B 0.003 0.001 0.001 
 

Factors C.D. SE(d) SE(m) 

Factor(A) 0.082 0.029 0.020 

Factor(B) 0.059 0.027 0.019 

Factor(B)at same level of A 0.113 0.047 0.035 

Factor(A)at same level of B 0.116 0.048 0.034 

 
Table 4: The effect of Boron and spacing on Average Seed Yield Per Acre of radish (Raphanus sativus L.) varieties Punjab Pasand and Arka 

Nishant 
 

Punjab Pasand (V1) Arka Nishant(V2) 

 
(Spacing 50 

cm) B1 

(Spacing 60 

cm) B2 

(Spacing 70 cm) 

B3 
Mean A 

(Spacing 50 

cm) B1 

(Spacing 60 

cm) B2 

(Spacing 70 

cm) B3 
Mean A 

A1(0.0mg/l) 155.400 157.233 159.233 157.289 156.667 159.000 163.667 159.778 

A2(0.05mg/l) 154.300 156.367 160.400 157.022 158.667 161.000 163.000 160.889 

A3(0.1mg/l) 156.167 158.167 157.467 157.267 160.000 161.000 162.667 161.222 

Mean B 155.289 157.256 159.033  158.444 160.333 163.111  

 

Table of SEM, SED and C.D. 
 

Factors C.D. SE(d) SE(m) 

Factor(A) N/A 0.074 0.053 

Factor(B) 0.122 0.056 0.039 

Factor(B)at same level of A 0.242 0.096 0.091 

Factor(A)at same level of B 0.272 0.108 0.077 
 

Factors C.D. SE(d) SE(m) 

Factor(A) N/A 0.979 0.692 

Factor(B) 1.009 0.458 0.324 

Factor(B)at same level of A 2.106 0.793 1.199 

Factor(A)at same level of B 3.116 1.174 0.830 

 

Conclusion 
The comparative analysis of Punjab Pasand and Arka 

Nishant varieties across various parameters reveals 

significant differences in their agronomic traits. In terms of 

leaf characteristics, Punjab Pasand generally exhibits larger 

sizes compared to Arka Nishant. However, Arka Nishant 

demonstrates superior root length and girth, particularly in 

category 0.1mg/l boron. Siliqua traits vary between the two 

varieties, with Punjab Pasand often showing higher numbers 

and weights per plant. Conversely, Arka Nishant tends to 

produce longer siliquas. Flowering times are relatively 

similar, though Arka Nishant tends to flower slightly later. 

When considering seed yield, Arka Nishant consistently 

outperforms Punjab Pasand, especially in category 70cm 
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spacing. Overall, while Punjab Pasand excels in certain 

traits like leaf size and siliqua numbers, Arka Nishant 

demonstrates better performance in root characteristics and 

seed yield, making it a favorable choice for cultivation in 

various conditions. 
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