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Effect of fertilizer levels on performance of mustard 

crop under agroforestry systems 
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Abstract 
The experiment was conducted in the new dusty acre area at the research farm of forestry, Jawaharlal Nehru 
Krishi Vishwavidyalaya, Madhya Pradesh India. This experiment was run on agricultural crop (Indian 
mustard) with two tree system (Gmelina and Dalbergia) under fertilizer treatments, the statistical tool for 
analysis and data interpretation by FRBD (Factorial randomized block design). The first factor were two 
agroforestry system i.e. Gmelina arborea + Mustard and Dalbergia sissoo + Mustard and second were 
three Fertilizer treatments i.e. 75%, 100% and 125% recommended dose of fertilizer (RDF) with four 
replication. The present studied revealed that; field emergence at 14 day after sowing (DAS), Plant height 
(cm) at harvest, Branches plant-1 (numbers), 1000 grain weight, Biological yield (q ha-1), Seed yield (q ha-

1) and Harvest index (%) were Gmelina significant over to Dalbergia factor. moreover second factor was 
fertility level 125% (F3) found significant to other fertility levels (F2 and F1) of parameter of mustard i.e. 
plant population, plant height, silique branches-1, silique Length, number of seed silique-1, 1000 grain 
weight, seed yield and harvest index. The PAR during 30 DAS of mustard the APAR and IPAR were found 
non- significant, 60 and 90 DAS of mustard the APAR and IPAR were found significant and Non–
significant respectively. 
 
Keywords: Agroforestry, fertilizer levels, PAR, productivity etc 

 

Introduction 
Rapeseed and mustard are among the most important oilseeds in India and belong to the 
cruciferous genus of the Crucifera family. There are four oilseed species in Brassica: B. 
compostris (B. canola), B. juncia (Indian mustard), B. napus (winter and spring oilseed rape) 
and B. carinata. Mustard oil demand is forecast to show an average annual increase of 4.3% in 
the same year from 2023 to 2028 (IMARC, 2023) [12], but mustard oil production accounts for 
almost 40% of the total cooking oil production in the country. Mustard is produced throughout 
North India, with a main growing area in Rajasthan (29 lakh tons), Haryana, MP and Gujarat 
(total 20 lakh tons), UP (8.8 lakh tons) and Punjab (FICCI 2023) [7]. This gap between demand 
and production is complemented by quantitative and qualitative improvements. This is achieved 
with a sustainable tool such as an agroforestry system with the right fertilizer according to the 
Recommended dose Fertilizer (RDF). Broadly speaking, agroforestry is a sustainable land 
management system that increases overall production, combines agricultural crops, pole crops, 
and forest plants and/or animals simultaneously or sequentially, and uses management practices 
consistent with local cultural population patterns (Bene et al. 1977) [3]. The use of fertilizers 
(NPK) is more efficient in mustard production (Aulakh et al., 1980 and Rathore et al., 2022) [2, 

3]. The photosynthesis active radiation (PAR) results in greater variation in the frequency of 
daily PAR levels, with shadier locations more often having low PAR levels. These PAR values 
vary in different agroforestry systems. 

 

Materials and Methods 

Study site 
The field experiment was conducted in the New Dusty Acre area at the Research Farm of 
Forestry, Jawaharlal Nehru Krishi Vishwavidyalaya, Madhya Pradesh. 

 

Experimental details 
There are 3 recommended fertilizer rates (RDF) for F1 -75% NPK @ 50:30:30 kg ha-1, F2 -100% 
NPK @ 60:40:40 kg ha-1 and F3 -125% NPK @ 75:50:50 kg ha-1 for mustard (Brassica juncea) 
Pusa Tarak with 30 cm row spacing with 4 repetitions under agroforestry trees with a factor of 
2, i.e. Gmelina arbore and Dalbergia sissoo. The distance between the rows and the trees at 
distances of 2.5 m and 8 m at Gmelina and 5 m and 5 m at Dalbergia. 
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Data recording and analysis 

Recorded observation of mustard growth in different paramet

ers i.e. Plant population (m2), Plant height (cm) at harvest, 

Branches plant-1 (numbers), Silique branches-1, Length of 

silique (cm), Number of seeds silique-1, 1000 grain weight, 

Biological yield (q ha-1), Seed yield (q ha-1) and Straw yield (q 

ha-1), Harvest index (%). 

 

Statistical analysis of data 

Data were subjected to standard analysis of variance using 

factorial randomized block design (FRBD) technique. 

Statistical analysis was performed on one-year data for various 

parameters. The mean treatment effect was compared at a 

significance level of p< 0.05 (Gomez and Gomez 1984) [10]. 

 

Results and Discussion 

The result shown as original research work that were 

explaining by different parameters those are reflected in one by 

one i.e. 

 

Field emergence at 14 DAS 

Data in relation to field emergence at 14 DAS of mustard 

recorded under agroforestry systems were presented in Table 1 

revealed that showed significant variations under systems but 

fertility levels showed non- significant. On an average, field 

emergence of mustard at 14 DAS under Gmelina arborea was 

higher than Dalbergia sissoo. As regards to the systems, 

significantly higher field emergence (88.08 MRL-1) of mustard 

was recorded in Gmelina arborea as compared to Dalbergia 

sissoo (81.67 MRL-1) during the research period. The fertilizer 

levels were non -significant effect on field emergence in 

mustard crops. The highest field emergence was noted as F3 

(109.5 MRL-1) followed by F2 (84.00 MRL-1) and F1 (61.13 

MRL-1) fertilizer levels. the germination rates observed in these 

field experiments it was reported by Chen et al. (2012) [6], 

Wilkins et al. (2001) [37] another result on improvement of seed 

germination and seedling establishment for many field crops 

reported by Khajeh-Hosseini et al., (2003) [14], Sadeghian and 

Yavari (2004) [26] and Singh et al. (2018) [31]. 

 

Plant Population (m2) 

The average plant height of mustard at 30 DAS under Gmelina 

was higher than that under Dalbergia. As regards to the 

difference between systems, a higher plant population of 

mustard was recorded in Gmelina (110.1 m2) compared to 

Dalbergia (107.2 m2) during the year. The fertilizer levels had 

a significant effect on the plant population of mustard during 

the year. The significantly highest populations of 129.5 m2 was 

noted as F3 fertilizer levels as compare to F2 (105.3 m2) and F1 

(91.1 m2) fertilizer levels. These studies shown on interaction 

between density and fertilizer reported by Nelder 1963 [18], 

Buttery 1969 [4] and Tajul et al., (2013) [34]. 

 

Plant height (cm) of mustard crop at Harvest 

On an average, plant height at harvest, mustard in Gmelina 

arborea was higher than in Dalbergia sissoo presented in Table 

No.1, As regards to the systems, significantly higher plant 

heights (134.5 cm) of mustard were recorded in Gmelina 

arborea as compared to Dalbergia sissoo (104.5 cm) during 

the year, The fertilizer levels had significant effects on mustard 

plant height with the significantly highest heights of F3 (133.4 

cm) followed by F2 (113.9 cm) and F1 (111.3 cm). Shoot height, 

leaf area and shoot fresh weight increased with the increasing 

of nitrogenous fertilizer or other fertilizer reported through 

Kumar & Kumar (2008) [15], Rashid et al., (2010) [23], Ghodrat 

et al. (2012) [8] and Shagata et al., (2020) [27]. 

 

Branches plant-1 (numbers) 

The number of branches plant-1 in mustard were regards to the 

systems, significantly higher branches of mustard plant-1 of 

mustard was recorded in Dalbergia sissoo (4.4) as compared to 

Gmelina arborea (3.0). The fertilizer levels had effects on 

branches plant-1 of mustard during non-significant found but 

higher in number noted on F3 followed by F2 and F1 presented 

in Table No.1 the branches plant -1 influences by spacing and 

age of Dalbergia trees as compare to Gmelina trees this impact 

caused lodging effect on mustard crop in this reasons number 

of branches par plant of mustard crop was higher found under 

Dalbergia This phenomenal effect reported by Wu et al., 

(2016) [38] and Wu et al., (2022) [39]. 

 

Silique branches-1 

Silique branches-1 of mustard in Gmelina arborea were higher 

than in Dalbergia sissoo in year. As regards to the systems, 

higher silique branches-1 of mustard was recorded in Gmelina 

arborea (22.7) as compared to Dalbergia sissoo (18.9) during 

the year, Silique branches-1 F3 (24.6) was significantly superior 

noted in fertilizer levels after that F2 (20.1) and F1 (17.7) 

furthermore F2 was at par with F1 during the year. The 

interaction of agroforestry systems F3 levels of fertility proved 

superior to F1 in both systems. While F3 levels of fertility in 

Gmelina gave significantly higher silique of 28.0 it was 

comparatively higher to the same fertility levels in Gmelina 

though the difference between F3 and F2 was significant under 

the Gmelina system, whereas at par found in Dalbergia system 

the data reflected in Table No. 1. The height gain after these 

treatments can be attributed to the combined of inorganic 

fertilizer, ultimately providing the plant with a better 

environment for good growth and development that kinds of 

research reported by Sharma et al., (2017) [28], Singh et al., 

(2018) [31] and Chavan et al., (2021) [5]. 

 

Length of silique (cm) 

As regards to the systems, non-significant silique Length (4.64 

cm) of mustard were recorded in Gmelina arborea as compared 

to Dalbergia sissoo (4.55 cm) in the year, Furthermore under 

fertilizer levels silique Length 4.94 was noted as F3 fertilizer 

levels significantly superior to F2 (4.55) and F1 (4.29) during 

the year, but F2 was significant to F1. The interaction under 

agroforestry system fertility levels F3 and F2 was significant to 

F1 under Gmelina and Dalbergia System whereas F3 was at par 

with F2 under Gmelina System and significant in Dalbergia 

System the data presented in Table No.2 Yogesh et al., (2009) 
[40], Ahmed et al., (2019) [1], Shorna et al., (2020) [29], Rana et 

al., (2020) [22] and Chavan et al., (2021) [5]. 

 

Number of Seeds silique-1 

The Table 2 presents data As regards to the systems, the 

number of seed silique-1 non-significant effect on mustard were 

recorded in Dalbergia (12.75) as compared to Gmelina (13.71) 

during year. As regards to the fertilizer levels had a significant 

effect on the number of mustard seeds silique-1 was 

significantly higher in F3 (14.74) fertilizer level among other 

treatments F2 (12.78) and F1 (12.18). Whereas F2 fertilizer level 

was at par with F1 fertilizer level. Furthermore interaction 

between Agroforestry system under Gmelina and Dalbergia 

system the F3 (14.20, 15.30) was significantly superior to F2 

(12.28, 13.28) and F1 (11.74, 12.58) treatments respectively 
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whereas F2 fertilizer level was at par with F1 fertilizer level. 

Mustard yield per plant is severely restricted by the seed 

number per silique Wang et al., (2021) [36], Chavan et al., 

(2021) [5] and Kaur et al., (2023) [13]. 

 

1000 grain weight of mustard 

The table 2 showed that as regard to the system, Gmelina (3.59) 

was significantly superior to Dalbergia (3.04) system based 

1000 grain weight of mustard, moreover regard to Fertilizer 

levels the F3 (4.17) treatments was significantly superior to F2 

(2.94) and F1 (2.83), when that F2 was at par with F1. The 

interaction effect were shown that Gmelina and Dalbergia both 

constant in condition, the 1000 grain weight of F3 (4.38 and 

3.97) was found significantly superior to F2 (3.19 and 2.47) and 

F1 (3.18 and 2.69) when that F2 was at par with F1 respectively 

reported through Kaur et al., (2023) [13]. 

 

Biological yield (q ha-1) 

The table 3 reflected that result of biological yield (q ha-1) i.e. 

as regard to system, Gmelina (19.30) was at par with Dalbergia 

(18.52), moreover regard to Fertility levels the F3 (21.37) was 

significant superior to F2 (18.70) and F1 (16.66), whereas F2 

was at par with F1. The interaction was found non-significant 

this finding reflected in Pal et al., (2008) [19], Kaur et al., (2023) 
[13]. 

 

Seed yield (q ha-1)  

The table 3 presented that result of seed yield (q ha-1) was 

significantly under systems as well as fertility levels i.e. as 

regard to system Gmelina (3.56) was significant to Dalbergia 

(2.75), moreover regard to Fertility levels the F3 (3.49) and F2 

(3.44) were significant superior to F1 (2.53), whereas F3 was at 

par with F2, however the interaction effect on seed yield of 

mustard crop non- significant in systems as well as fertility 

levels. These studies on seed yield was effected by organic, 

inorganic and nutrient substances reported by Giri and 

Schillinger (2003) [9], Yogesh et al., (2009) [40] Ibrahim et al., 

(2020) [11], Shorna et al., (2020) [29] Sreenivasasareddy et al., 

(2021) [33] and Kaur et al., (2023) [13] and seed yield effect by 

PAR (Photosynthetic Active Radiation), more PAR have more 

productivity of crops the Gmelina factor have more productive 

as compare to Dalbergia under systems some researcher 

reported by Wünsche et al. 2000 [21], Rosati et al. 2021 [25]. 

 

Straw yield (q ha-1)  

The table 3 shown that result of straw yield (q ha-1) was non-

significant under systems but significant in fertility levels, the 

F3 (17.88) was significant to F1 (14.13) and at par with F2 

(15.26) when that F2 was at par with F1 whereas interaction 

between system and fertility levels were non-significant that is 

reported by Singh et al. (2014) [32] and Kaur et al., (2023) [13]. 

 

Harvest index (%) 

The table 3 presented that result of harvest index (%) was 

significantly under systems as well as fertility levels i.e. as 

regard to system Gmelina (18.68) was significant to Dalbergia 

(15.03), moreover regard to Fertility levels the F3 (18.70) was 

significant superior to F2 (18.55) and F1 (16.66), whereas F2 

was at par with F1, however the interaction effect on seed yield 

of mustard crop non- significant in systems as well as fertility 

levels similar result show by Parvaiz et al., (1983) [20] and 

Tripathi et al., (2010) [35]. 

 

Photosynthetically active radiation (PAR) under Gmelina 

and Dalbergia at 30, 60 and 90 DAS 

A fundamental term in the quantification of light used by plants 

in the photosynthesis process is the fraction of absorbed 

photosynthetically active radiation (APAR), calculated as the 

ratio of absorbed to total incident PAR (IPAR) in a vegetation 

canopy. This variable is widely used in vegetation functioning 

models at a range of spatial scales from the plant to the globe 

as an indicator of the amount of energy available for 

photosynthesis (McCree 1972) [16]. Data on photosynthesis 

active radiation on APAR and IPAR on mustard recorded under 

different systems and fertility levels were presented in Table 4 

and 5.

 
Table 1: Observations obtained at Pre harvest parameter of the mustard crops 

 

Parameters/Treatment 
Field emergence 

(MRL-1) at 14 DAS 
Plant Population (m2) at 30 DAS 

Plant height (cm) of mustard 

crop at Harvest 

Branches plant-1 

(numbers) 

 Gmelina Dalbergia Mean Gmelina Dalbergia Mean Gmelina Dalbergia Mean Gmelina Dalbergia Mean 

F1 (75%RDF) 60.00 62.25 61.13 88.3 94.0 91.1 124.1 98.5 111.3 2.8 3.9 3.3 

F2 (100%RDF) 81.00 87.00 84.00 109.5 101.0 105.3 128.5 99.3 113.9 3.0 4.5 3.7 

F3 (125%RDF) 123.25 95.75 109.50 132.5 126.5 129.5 151.1 115.7 133.4 3.3 4.8 4.0 

Mean 88.08 81.67  110.1 107.2  134.5 104.5  3.0 4.4  

Factors 
Systems 

(A) 

Fertilizer 

(B) 
AXB 

Systems 

(A) 
fertilizer (B) A X B 

Systems 

(A) 

Fertilizer 

(B) 
A X B 

Systems 

(A) 

Fertilizer 

(B) 

A X 

B 

S.Em± 10.13 12.41 17.54 7.0 8.6 12.1 4.8 5.9 8.3 0.3 0.4 0.5 

CD (5%) NS 37.39 52.88 21.1 25.8 36.5 14.4 17.6 24.9 0.9 1.1 1.6 

 
Table 2: Observations obtained at Post harvest parameter of the mustard crops 

 

Parameters/Treatment 
Silique branches-1 Length of silique (cm) Number of Seeds silique-1 1000 grain weight 

Gmelina Dalbergia Mean Gmelina Dalbergia Mean Gmelina Dalbergia Mean Gmelina Dalbergia Mean 

F1 (75%RDF) 18.8 16.7 17.7 4.33 4.26 4.29 11.78 12.58 12.18 3.19 2.47 2.83 

F2 (100%RDF) 21.5 18.8 20.1 4.69 4.42 4.55 12.28 13.28 12.78 3.18 2.69 2.94 

F3 (125%RDF) 28.0 21.3 24.6 4.91 4.97 4.94 14.20 15.28 14.74 4.38 3.97 4.17 

Mean 22.7 18.9  4.64 4.55  12.75 13.71  3.59 3.04  

Factors 
Systems 

(A) 

Fertilizer 

(B) 
A X B 

Systems 

(A) 
Fertilizer (B) A X B Systems (A) fertilizer (B) A X B 

Systems 

(A) 

Fertilizer 

(B) 
A X B 

S.Em± 1.2 1.4 2.0 0.05 0.06 0.08 0.33 0.41 0.58 0.12 0.14 0.20 

CD (5%) 3.5 4.3 6.1 0.15 0.18 0.25 1.01 1.23 1.74 0.35 0.43 0.61 

 

https://www.thepharmajournal.com/


 

~ 740 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 

Table 3: Yield attributing parameter of the mustard crops 
 

Parameters/Treatment 
Biological yield (q ha-1) Seed yield (q ha-1) Straw yield (q ha-1) Harvest index (%) 

Gmelina Dalbergia Mean Gmelina Dalbergia Mean Gmelina Dalbergia Mean Gmelina Dalbergia Mean 

F1 (75%RDF) 17.91 15.41 16.66 2.81 2.25 2.53 15.10 13.16 14.13 15.79 14.93 15.36 

F2 (100%RDF) 18.41 18.99 18.70 3.88 3.01 3.44 14.53 15.99 15.26 21.30 15.81 18.55 

F3 (125%RDF) 21.57 21.16 21.37 3.99 2.98 3.49 17.58 18.17 17.88 18.93 14.34 16.63 

Mean 19.30 18.52  3.56 2.75  15.74 15.77  18.68 15.03  

Factors 
Systems 

(A) 

Fertilizer 

(B) 
A X B 

Systems 

(A) 

Fertilizer 

(B) 
A X B systems(A) fertilizer (B) A X B 

Systems 

(A) 
fertilizer (B) A X B 

S.Em± 0.82 1.00 1.42 0.18 0.22 0.30 0.87 1.06 1.50 1.15 1.40 1.99 

CD (5%) 2.47 3.03 4.28 0.53 0.65 0.92 2.61 3.20 4.52 3.46 4.23 5.98 

 
Table 4: PAR (Photosynthetically active radiation) under Gmelina and Dalbergia at 30 and 60 DAS 

 

Factor / Treatments 

30 DAS 60 DAS 

APAR IPAR APAR IPAR 

Gmelina Dalbergia Mean Gmelina Dalbergia Mean Gmelina Dalbergia Mean Gmelina Dalbergia Mean 

F1 (75%RDF) 747.8 737.8 742.8 790.8 790.0 790.4 1167.5 536.8 852.1 1254.3 578.0 916.1 

F2 (100%RDF) 730.8 655.0 692.9 785.5 703.0 744.3 1223.8 526.8 875.3 1285.8 575.8 930.8 

F3 (125%RDF) 700.3 696.5 698.4 740.3 773.0 756.6 1152.0 505.5 828.8 1229.3 552.0 890.6 

Mean 726.3 696.4  772.2 755.3  1181.1 523.0  1256.4 568.6  

 System (A) Fertilizer (B) A X B 
System 

(A) 

Fertilizer 

(B) 

A X 

B 

System 

(A) 

Fertilizer 

(B) 

A X 

B 

System 

(A) 

Fertilizer 

(B) 

A X 

B 

S.Em± 27.6 33.7 47.7 25.7 31.5 44.6 55.9 68.5 96.9 56.7 69.5 98.3 

CD (5%) 83.1 101.7 143.9 77.5 95.0 134.3 168.6 206.5 292.0 171.0 209.4 296.2 

 
Table 5: PAR (Photosynthetically active radiation) under Gmelina and Dalbergia at 90 DAS 

 

Factor / Treatments 

90 DAS 

APAR IPAR 

Gmelina Dalbergia Mean Gmelina Dalbergia Mean 

F1 (75%RDF) 684.3 337.0 510.7 755.0 388.3 571.7 

F2 (100%RDF) 719.0 377.7 548.3 892.0 416.7 654.3 

F3 (125%RDF) 619.3 434.5 526.9 790.3 479.2 634.8 

Mean 674.2 383.1  812.4 428.1  

 System (A) Fertilizer (B) A X B System (A) Fertilizer (B) A X B 

S.Em± 43.7 53.5 75.7 42.8 52.5 74.2 

CD (5%) 131.7 161.3 228.1 129.1 158.2 223.7 

 

At 30, 60 and 90 DAS  

The Table No.4. is presented that the systems and fertility 

levels at 30 DAS of mustard the APAR and IPAR were found 

non- significant, when that the highest APAR and IPAR on 

systems were recorded in Gmelina (726.3 and 772.2 mol m-2 d-

1) and lowest APAR and IPAR were recorded in Dalbergia 

(696.4 and 755.3 mol m-2 d-1) respectively. Whereas the highest 

APAR and IPAR on fertility levels were recorded in F1 (742.8 

and 790.4 mol m-2 d-1) and list in F2 (692.9 and 744.3 mol m-2 

d-1) respectively. moreover systems and fertility levels, at 60 

DAS of mustard the APAR and IPAR were found significant 

and Non–significant respectively, when that APAR and IPAR 

on system significantly superior were recorded in Gmelina 

(1181.1 and 1256.4 mol m-2 d-1) to Dalbergia (523.0 and 568.6 

mol m-2 d-1) respectively. Whereas, the highest APAR and 

IPAR on fertility levels were recorded in F2 (875.3 and 930.8 

mol m-2 d-1) respectively. Besides systems and fertility levels at 

90 DAS of mustard the APAR and IPAR were found 

significant and Non–significant respectively, when that APAR 

and IPAR on system significantly superior were recorded in 

Gmelina (674.2 and 812.4 mol m-2 d-1) to Dalbergia (383.1 and 

428.1 mol m-2 d-1) respectively. Whereas, the highest APAR 

and IPAR on fertility levels were recorded in F2 (548.3 and 

654.3 mol m-2 d-1) respectively that is presented in Table No.5. 

 

Conclusion 

Our present investigation reflect the performance of 3 fertility 

levels and the mustard parameter higher performers under 

fertility F3 (125% @ 60:50:50 NPK) for  field emergence, Plant 

Population, plant height at harvest, branches plant-1 , Silique 

branches-1, Length of silique, number of seed silique-1, 1000 

grain weight of mustard, Straw yield, Harvest index. Gmelina 

(726.3 and 772.2 mol m-2 d-1) and lowest APAR and IPAR were 

recorded in Dalbergia (696.4 and 755.3 mol m-2 d-1) 

respectively. Whereas the highest APAR and IPAR on fertility 

levels were recorded in F1 (742.8 and 790.4 mol m-2 d-1) and 

list in F2 (692.9 and 744.3 mol m-2 d-1) respectively and 90 DAS 

APAR and IPAR on system significantly superior were 

recorded in Gmelina (674.2 and 812.4 mol m-2 d-1) to Dalbergia 

(383.1 and 428.1 mol m-2 d-1) respectively. The recommended 

doses of different fertility levels the best fertility levels is F3. 

 

Acknowledgement 

First and foremost, immense pleasure and profound sense of 

gratitude, I take this opportunity to express my heartfelt & 

sincere thanks to my esteemed supervisor Dr. R. Bajpai 

Department of Forestry, JNKVV Jabalpur (M.P.) for 

suggesting this problem, inspiring guidance, over whelming 

help and candid suggestions during the course of investigation 

and completing this dissertation. I am highly indebted to the 

members of my Advisory Committee, Dr. M.K. Awasthi 

Professor, Department of Soil and water conservation, and Dr. 

R.B. Singh, Professor and Head, Department of Mathematics 

and Agricultural Statistics and Dr. P.S. Kulhare, Department of 

soil science and agricultural chemistry, JNKVV Jabalpur for 

https://www.thepharmajournal.com/


 

~ 741 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 

their discerning comments, critical suggestion, impeccable and 

benevolent guidance. I also pleasure to AICRP for given 

resource for successful completion of research trial during the 

period of this investigation. 

 

Declarations 

Ethics approval: The plant materials (Mustard variety-Pusa 

Tarak) used for our research work was provided by the 

Department of Forestry JNKVV, Jabalpur and All local, 

national, or international guidelines and legislation were 

followed on this study for the production of mustard crop. 

 

Consent to participate 

It is not applicable for our research paper. 

 

Availability of data and materials 

The data can be made available for other researchers after 

requested from Corresponding author.  

 

Competing interests 

There are no conflict for our research work on the 

site/institutions or agency. 

 

Funding 

The Funding was not applicable.  

 

Authors' contributions 

The correspondent author (Ajay Kumar Shah) was done the 

trial under Ph.D. research work in JNKVV, Jabalpur. The last 

author (Anil Kumar Kori) was helping in the research work and 

analysis of row data. The third author (R. Bajpai) was guided 

for this research work. 

 

References 

1. Ahmed KK, Karmakar B, Ahmed B, Akter S, Islam MS. 

Yield and Yield Attributes of Short Duration Mustard as 

Influenced By Nutrient Rates Bangladesh Agron. J. 

2019;22(2):129-138. 

2. Aulakh M, Pasricha N, Sahota N. Yield nutrient 

concentration and quality of mustard crops as influenced 

by nitrogen and sulphur fertilizers. The Journal of 

Agricultural Science. 1980;94:545-549.  

10.1017/S0021859600028549. 

3. Bene JG, Beall HW, Cole A. Trees, Food and People, 

IDRC, Ottawa, Canada; c1977. 

4. Buttery BR. Effects of plant population and fertilizer on 

the growth and yield of soybeans Can. J Plant Sci. 

1969;49:659-673. 

5. Chavan NR, Ghotmukale AK, Karpe PJ. Growth and yield 

attributes and yield of mustard (Brassica Juncea L.) as 

influenced by different nutrient sources The Pharma 

Innovation Journal. 2021;10(12):1584-1587. 

6. Chen K, Fessehaie A, Arora R. Dehydrin metabolism is 

altered during seed osmopriming and subsequent 

germination under chilling and desiccation in Spinacia 

oleracea L. cv. Bloomsdale: Possible role in stress 

tolerance. Plant Science. 2012;183:27-36. 

7. FICCI Mustard oil report https://www.techno-

preneur.net/technology/project-

profiles/food/mustard.html#:~:text=Mustard%20oil%20a

ccounts%20for%20almost,8.8%20lakh%20tonnes)%20an

d%20Punjab%20; 2023. 

8. Ghodrat V, Rousta MJ, Tadaion MS, Karampour A Yield 

and yield components of corn (Zea mays L.) in response to 

foliar application with indole butyric acid and gibberellic 

acid. American-Eurasian Journal of Agricultural & 

Environmental Sciences. 2012;12(9):1246-1251. 

9. Giri GS, Schillinger WF. Seed priming winter wheat for 

germination, emergence and yield. Crop Science. 

2003;43:2135-2141. 

10. Gomez KA, Gomez AA Statistical procedures for 

agricultural research. International Rice Research 

Institute, John Wiley and Sons; c1984. 

11. Ibrahim L, Kadigi JWR, Khamaldin D Mutabazi, Philip 

D, Sixbert KM, Mbungu W, et al. The effect of nitrogen-

fertilizer and optimal plant population on the profitability 

of maize plots in the Wami River sub-basin, Tanzania: A 

bio-economic simulation approach Agric Syst; c2020. 

DOI: 10.1016/j.agsy.2020.102948. 

12. IMARC India Mustard Oil Market Industry Trends, Share, 

Size, Growth, Opportunity and Forecast 2023-2028 Report 

ID: SR112023A2404.2023;  

https://www.imarcgroup.com/india-mustard-oil-market 

13. Kaur G, Verma K Effect of Integrated Nutrient 

Management on Mustard Crop (Brassica Juncea L.) Plant 

Archives. 2023;23(1):234-238. 

14. Khajeh-Hosseini M, Powell AA, Bingham IJ. The 

interaction between salinity stress and seed vigor during 

germination of soybean seeds. Seed Sci Technol. 

2003;31(3):715-725. 

15. Kumar A, Kumar S. Crop growth rate and developmental 

characteristics of Indian mustard varvardan to varying 

levels of nitrogen and sulphur. Indian Journal of 

Agricultural Research. 2008;42(2):112-115. 

16. McCree KJ. The action spectrum, absorptance and 

quantum yield of photosynthesis in crop plants. Agric 

Meteorol. 1972;9(3-4):191-216. 

17. Mir MR, Mobin M, Khan NA, Bhat MA, Lone NA, Bhat 

KA, et al. Effect fertilizers on yield characteristics of 

mustard (Brassica Juncea L. Czern & Coss) Journal of 

Phytology. 2010;2(10):20-24. 

18. Nelder JA. Yield-density relations and Jarvis’s lucerne 

data. J Agr. Sci. 1963;61:427-429. 

19. Pal Y, Singh RP, Sachan RS and Pandey PC. Effect of 

integrated nutrient management practices on yield, 

nutrient uptake and economics of mustard (Brassica 

Juncea L.) grown in rice-mustard cropping system. 

Pantnagar Journal of Research. 2008;6(2):199-204. 

20. Parvaiz MA, Afridi MMRK, Samiullah IA, Ashfaq N, 

Alvi MS. Effect of phosphorous on the growth and yield 

characteristics of mustard. Crop Physiology and Ecology. 

1983;8:36-40. 

21. Wünsche JN, Lakso, AN. The relationship between leaf 

area and light interception by spur and extension shoot 

leaves and apple orchard productivity. Hort Science. 

2000;35:1202-1206. 

22. Rana K, Parihar M, Singh JP, Singh RK. Effect of sulfur 

fertilization, varieties and irrigation scheduling on growth, 

yield, and heat utilization efficiency of Indian mustard 

(Brassica Juncea L.). Communications in Soil Science and 

Plant Analysis. 2020;51(2):265-275. 

23. Rashid MM, Moniruzzaman M, Masud MM, Biswas PK, 

Hossain MA. Growth parameters of different mustard 

(Brassica campestris L) varieties as effected by different 

levels of fertilizers. Bull. Inst. Trop. Agr., Kyushu Univ. 

2010;33:73-81. 

24. Rathore S, Babu S, Singh V, Shekhawat K, Singh R, 

Upadhyay P, et al. Sulfur Sources Mediated the Growth, 

https://www.thepharmajournal.com/


 

~ 742 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 

Productivity, and Nutrient Acquisition Ability of Pearl 

millet-Mustard Cropping Systems. Sustainability. 

2022;14. 10.3390/su142214857. 

25. Rosati A, Marchionni D, Mantovani D, Ponti L, Famiani 

F. Intercepted Photosynthetically Active Radiation (PAR) 

and Spatial and Temporal Distribution of Transmitted 

PAR under High-Density and Super High-Density Olive 

Orchards. Agriculture. 2021;11(4):351.  

https://doi.org/10.3390/agriculture11040351 

26. Sadeghian SY, Yavari N. Effect of water-deficit stress on 

germination and early seedling growth in sugar beet. J 

Agron Crop Sci. 2004;190(2):138-144. 

27. Shagata IS, Md. Polash AS, Md. Moshtari AS, Mou A, 

Md. Hakim A, Biswas A, et al. Effects of nitrogenous 

fertilizer on growth and yield of Mustard Green Tropical 

Plant Research. 2020;7(1):30-36. 

28. Sharma JK, Jat G, Meena RH, Purohit HS, Choudhary RS. 

Effect of vermicompost and nutrients application on soil 

properties, yield, uptake and quality of Indian mustard 

(Brassica juncea). Annals of Plant & Soil Research. 

2017;19(01):17-22. 

29. Shorna SI, Mohammed ASP, Arif S, Moshtari AM, Abdul 

H, Akash B. Effects of nitrogenous fertilizer on growth 

and yield of Mustard Green. Tropical Plant Research. 

2020;7(1):30-36. 

30. Singh P, Punia RC, Mor VS, Kumar S. Effect of Natural 

Ageing and Seed Priming on Field Emergence of Indian 

Mustard [Brassica Juncea L. (Czern & coss)] Int. J Curr. 

Microbiol. App. Sci. 2020;7(3):3227-3236. 

31. Singh S, Singh M. Influence of nitrogen and sulphur 

application on growth, yield attributes, yield and quality of 

mustard (Brassica Juncea L.) in Bundelkhand region. 

International Journal of Fauna & Biological Studies. 

2018;5(02):83-85. 

32. Singh V, Choudhary S, Verma VK, Srivastava AK Mohd. 

A, Thaneshwa. Studies on integrated nutrient management 

on mustard Brassica Juncea (L.) Czern and Cosson, 

International Journal of Agricultural Sciences. 

2014;10(2):667-670. 

33. Sreenivasasareddy A, Chaurasia AK. Effect of Organic 

and Inorganic Seed Treatments on Plant Growth and Yield 

in Mustard (Brassica Juncea L.) Biological Forum: An 

International Journal. 2021;13(1):196-199. 

34. Tajul MI, Alam MM, Hossain SM, Naher K, Rafii MY, 

Latif MA. Influence of plant population and nitrogen-

fertilizer at various levels on growth and growth efficiency 

of maize. Scientific World Journal; c2013. p. 193018. 

DOI: 10.1155/2013/193018. PMID: 24163615; PMCID: 

PMC3791691. 

35. Tripathi MK, Chaturvedi S, Shukla DK, Mahapatra BS. 

Yield performance and quality in Indian mustard (Brassica 

Juncea L.) as affected by integrated nutrient management. 

Indian Journal of Agronomy. 2010;55(2):138-142. 

36. Wang G, Zhang X, Huang W, Xu P, Lv Z, Zhao L, et al. 

Increased seed number per silique in Brassica Juncea by 

deleting cis-regulatory region affecting BjCLV1 

expression in carpel margin meristem. Plant Biotechnol J. 

2021;19(11):2333-2348. DOI: 10.1111/pbi.13664. 

37. Wilkins DE, Wysocki DJ, Siemens MC Effect Of 

Fertilizer Placement And Soil Water On Emergence Of 

Yellow Mustard Reprinted from 2001 Columbia Basin 

Agricultural Research Annual Report. Spec. 

2001;1026:77-83 

38. Wu W, Ma B. A new method for assessing plant lodging 

and the impact of management options on lodging in 

canola crop production. Sci. Rep. 2016;6:31890. 

https://doi.org/10.1038/srep31890 

39. Wu W, Shah F, Ma B. Understanding of crop lodging and 

agronomic strategies to improve the resilience of rapeseed 

production to climate change. Crop and Environment. 

2022;1(2):133-144. 

40. Yogesh K, Joy D, Zade KK, Dixit PM, Rahul K. Effect of 

nitrogen, phosphorus and sulphur fertilization on growth 

and yield of mustard (Brassica junceae Coss). 

International Journal of Agricultural Sciences. 

2009;5(2):396-398. 

https://www.thepharmajournal.com/

