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Abstract   

The depleting of water resources and poor nutrient availability during crop growth 

pose significant stress, adversely affecting the vegetative and reproductive growth 

of mustard crops. This stress extends its negative impact to the reproductive stage 

and on oil content. Consequently, morpho-physiological traits were targeted for 

evaluation under varying irrigation frequencies and the application of humic acid 

and sulphur, both individually and in combination, using a split-plot design. The 

results demonstrated that the treatment involving three irrigations (I3) and the 

combination of humic acid and sulphur (T3) were consistently the most effective 

and statistically significant at p = 0.05 for most parameters. The interaction effect of 

these treatments was observed specifically for absolute growth rate (AGR), crop 

growth rate (CGR), relative growth rate (RGR), total number of branches per plant, 

seed yield (kg/ha) and total chlorophyll content (mg/g). Furthermore, I3 exhibited 

the highest percentage increase over the control for parameters such as plant 

height (9.3%), dry matter accumulation (33.5%), number of leaves (65.24%), leaf 

area (24.97%), leaf area index (24.97%), absolute growth rate (36.01%), crop growth 

rate (36.01%), net assimilation rate (23.42%), relative growth rate (15.34%), total 

number of branches (10.85%), seed yield (56.9%) and total chlorophyll content 

(10.85%). Similarly, T3 recorded increases of 12.1%, 31.3%, 22.46%, 12.63%, 

31.93%, 12.41%, 4.02%, 34.17%, 50.70% and 12.75% for these same parameters, 

respectively. This study highlights the significant potential of combining three 

irrigations at critical growth stages with the application of humic acid and sulphur 

to mitigate the adverse effects of water stress on morpho-physiological traits in 

Indian mustard (Brassica juncea (L) Czern). Such interventions demonstrate 

promise in improving growth, yield and physiological performance under induced 

water stress conditions. 
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Introduction   

Mustard (Brassica juncea (L) Czern) is a highly valuable oilseed crop worldwide (1). 

Currently, India contributes approximately 12-13% of global oilseed production, 

while Nepal leads with a contribution of 41.3%. Mustard is a significant source of 

edible oil, rich in essential fatty acids, vitamins and minerals vital for human health 

(2-3). Additionally, it contains S-amino acids, which are crucial for both human 

nutrition and animal feed (4). 

 Irrigation is a critical component during the crop growth period, as it fulfills 

the water requirements necessary for various metabolic activities. Insufficient 
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irrigation, especially at critical growth stages, induces moisture 

stress in mustard crops. This stress triggers the production of 

reactive oxygen species (ROS) at the cellular level, which 

accelerates lipid peroxidation and biochemical alterations. 

These changes weaken the plant's defense mechanisms, 

resulting in stunted morphological growth and reduced crop 

yield (5). In contrast, optimal irrigation scheduling, combined 

with the application of humic acid and sulphur, can significantly 

improve morpho-physiological growth and yield potential (6). 

Additionally, soil nutrient depletion disrupts metabolic 

processes, leading to nutritional deficiencies that adversely 

affect plant performance, such as reduced oil content in 

mustard due to sulphur deficiency. 

 Humic acid, an organic substance, plays a pivotal role in 

enhancing soil properties. It improves soil structure, increases 

water retention, stimulates root growth and enhances nutrient 

availability and microbial activity (7, 8). Moreover, humic acid 

facilitates osmotic adjustment by increasing soluble protein and 

free proline levels and enhancing the activity of antioxidative 

enzymes in plants (9). Sulphur application, on the other hand, is 

essential for protein synthesis, chlorophyll formation, enzyme 

activation, improved nutrient uptake and glucosinolate 

production in mustard crops (10, 11). 

 The combined application of humic acid and sulphur has 

shown promising results in promoting morphological growth 

and biochemical responses in oilseed crops, including soybean, 

olive and flax, under various stress conditions (12-14). Together, 

humic acid and sulphur work synergistically to improve soil 

fertility, enhance plant growth and contribute to sustainable 

agricultural practices by fostering healthier and more resilient 

crops. 

 

Materials and Methods 

A study was conducted to evaluate the impact of irrigation 

strategies in conjucation with the application of humic acid and 

sulphur to optimize the yield potential of Indian mustard 

(Brassica juncea (L) Czern). The research was carried out at the 

Research Farm of Lovely Professional University, during the Rabi 

session of 2022-23 and 2023-24. The pooled data from this study 

are comprehensively presented in the research paper. 

Experimental details 

The experiment was organised in a split-plot design (SPD) with 

sixteen possible combinations of irrigation regimes, humic acid 

and sulphur, along with four replications of the RLC-3 variety, 

which was collected from Punjab Agricultural University, Punjab, 

India. Different irrigation strategies i.e. I0, I1, I2 and I3, were 

implemented in the main plot (each main plot covering 100m2), 

while chemical treatments, i.e. T0, T1, T2 and T3, applied in the 

subplot (each subplot covering 25m2). Humic acid, sulphur, 

along with their combination (humic acid + sulphur) were used 

@ 4.86 and 73.57 kg acre-1 respectively in the soil.  

 The experimental field had a sandy loam texture, 

comprising 62.85% sand, 19.1% silt and 12.6% clay, as determined 

by the International Pipette Method. Observations of 

morphological traits were recorded at regular intervals, spanning 

from 30 days to 90 days after sowing (DAS). Phenological traits 

were calculated during two growth periods: 30-60 DAS and 60-90 

DAS.  

Growth analysis 

To evaluate the efficacy of the treatments, morphological 

parameters such as plant height (cm), dry matter accumulation 

(g plant-1), number of leaves, leaf area (cm2 plant-1) and total 

number of branches (plant-1) were recorded by averaging the 

measurement of five plants from each replication. Seed yield 

was recorded by sampling per square meter. Dry matter 

accumulation and leaf area were measured periodically through 

destructive sampling. The leaf area was assessed using a leaf 

area meter (MDL-1000 LICOR) and the data were used to 

compute phenological parameters such as Leaf Area Index (LAI), 

Absolute Growth Rate (AGR), Crop Growth Rate (CGR), Relative 

Growth Rate (RGR) and Net Assimilation Rate (NAR) as per the 

procedure given by (15-18).  

The equations used for the computations are as follows: 

LAI= Total leaf area (cm2) / Total ground area (cm2)              (Eqn. 1) 

AGR= W2-W1 / T2-T1 (g day-1)                               (Eqn. 2) 

CGR = (W2-W1) / (T2-T1)* (1/ Sample area) (g m2 day)                (Eqn. 3) 

RGR = (lnW2-lnW1) / T2-T1) (g g-1 day-1)                                (Eqn. 4) 

NAR =(W2-W1) / (T2-T1)* (lnA2-lnA1) / (A2-A1) (g m2 day)              (Eqn. 5) 

Whereas, 

W1 and W2 represent the total weights of dry matter (g) at times t1 

and t2 respectively 

lnW2-lnW1 represents the natural log of W2 and W1 

A1 and A2 =Leaf Area  

T1 and T2 represent duration or interval  

Total chlorophyll estimation  

The total chlorophyll content was estimated (19). For this, 100 

mg of leaf sample was homogenized with 10 ml of 80 % acetone. 

The homogenized sample was centrifuged at 5000 rpm and the 

aliquot was transferred to a 100 ml volumetric flask. The final 

volume was adjusted to 100 ml using 80% acetone. The optical 

density was measured at 663 and 645nm. The total chlorophyll 

was calculated using the following equation: 

 

 

Whereas, 

D= Intensity at which optical density was recorded 

V= Final volume of the sample 

W= Weight of leaf sample was taken for the estimation of total 

chlorophyll 

Values 20.2 and 8.02 are constant factors. 

 

Statistical  Analysis  

The data collected from the experimental plots were subjected 

to statistical analysis to evaluate the significance of the 

treatments. The data were analyzed using a SPD for two-way 

analysis of variance (ANOVA). Additionally, the data were 

subjected to DMRT at a significance level of p=0.05%.Statistical 

analysis was performed using SPSS software (version 23) as per 

Field (2022). 

Total chlorophyll = {20.2(D 645) + 8.02 (D 663)} 
V 

100 x W 
mg g-1 

(Eqn.6) 
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Results  

Plant height and dry matter accumulation and number of 

leaves 

Plant height and dry matter accumulations were recorded at 60 
and 90 DAS to assess the efficacy of treatments applied to Indian 

mustard. The data presented in Table 1 revealed the irrigation 

and nutrients treatments had a significant effect on the main 

plot and subplot parameters, along their interaction was found 

to be non-significant at (p=0.05%). Results from the main plot i.e. 

irrigation frequency revealed that as the number of irrigations 

increased from I0 to I3, there was a corresponding improvements 

in plant height (PH), dry matter accumulation and the number of 

leaves plant-1 by 13.6, 37 and 61.18%, respectively, at 90 DAS 

compared to the control .In the subplot treatments, T3 (a 

combination of humic acid and sulphur) was found to be the 

most effective compared to individual treatments (humic acid or 

sulphur alone). It resulted in increases of 9.7%, 29.8% and 

23.98% in plant height, dry matter accumulation and the 

number of leaves per plant, respectively, over the control (Table 

1).  

Leaf area and leaf area index (LAI) 

The Leaf Area Index (LAI) represents the total leaf area per plant 

relative to the ground area covered, which reflects the 

morphological growth of the plant. Leaf area and LAI were 

analyzed throughout the crop growth period and statistical 

analysis indicated that both parameters were significant at p= 

0.05 for most intervals, though their interaction was non-

significant (Table 2). Data revealed a gradual increase in total 

leaf area (cm²) up to 60 DAS, with the highest values observed 

under I3 compared to other irrigation treatments. 

Improvements in leaf area and LAI due to I3 were recorded at 

24.97% over the control at 60 DAS. Similarly, T3 (humic acid + 

Treatment Plant height (cm) Dry matter accumulation (g plant-1) Number of leaves plant-1 
Main plot 60 DAS 90 DAS 60 DAS 90 DAS 60 DAS 90 DAS 

Io 111.0b 155.7c 14.9d 29.2d 10.06d 13.23d 
I1 116.8a [5.0%] 167.3b [6.95%] 20.9c [28.9%] 40.8c [28.4%] 16.75c [39.97%] 17.34c [23.78%] 
I2 122.6a [ 9.5%] 180.1a [13.6%] 21.6b [31.1%] 43.0b [32.0%] 21.64b [53.53%] 27.05b [51.14%] 
I3 122.3a [9.3%] 180.2a [13.6%] 22.3a [33.5%] 46.4a [37.0%] 28.93a [65.24%] 34.04a [61.18%] 

CD (p=0.05%) 8.3 9.6 0.28 0.50 1.94 1.67 
Subplot 

T0 109.5d 161.4d 16.0c 32.4d 16.87d 19.48d 
T1 120.6b [9.2%] 173.8b [7.2%] 21.4b [25.2%] 43.0b [24.5%] 20.30b [16.91%] 24.24b [19.61%] 
T2 118.1c [ 7.2%] 169.7c [4.9%] 19.0c [15.9%] 37.7c [14.0%] 18.44c [8.52%] 22.29c [12.60%] 
T3 124.6a [ 12.1%] 178.5a [9.7%] 23.3a [31.3%] 46.2a [29.8%] 21.76a [22.46%] 25.63a [23.98%] 

CD (p=0.05%) 3.0 3.1 0.30 0.45 1.22 1.28 
CD at (p=0.05%) MXS NS NS NS NS NS NS 

Table 1. Treatments on plant height, dry matter accumulation and number of leaves in India mustard [Brassica juncea (L) Czern] 

Note:  

1. I0 =No post sowing irrigation, I1 =One post sowing irrigation, I2 =Two post sowing irrigation, I3 =Three post sowing irrigation (Vegetative + Flowering + Seed 
filling stage)  

2. T0 = Control, T1= Humic acid, T2 = Sulphur, T3 = Humic acid + Sulphur 

3. C. D=Critical Difference 

4. Data presented in parenthesis represent the % increase over control 

5. DAS= days after sowing 

Treatment Leaves area (cm2 plant-1) LAI 

Main plot 30 DAS 60 DAS 90 DAS 30 DAS 60 DAS 90 DAS 

Io 362.97b 1448.01b 842.91c 0.81a 3.22b 1.87c 

I1 365.51a [0.69%] 1820.96a [20.48%] 1207.76b [30.21%] 0.81a [0.69%] 4.05a [20.48%] 2.68b [30.21%] 

I2 365.55a [0.70%] 1879.65a [22.96%] 1302.13ab [35.27%] 0.81a [0.70%] 4.18a [22.96%] 2.89ab [35.27%] 

I3 368.63a [1.53%] 1930.01a [24.97%] 1327.26a [36.49%] 0.82am [1.53%] 4.29a [24.97%] 2.95a [36.49%] 

CD (p=0.05%) NS 114.06 112.75 NS 0.25 12.05 

Subplot 

T0 284.25d 1635.20c 1021.28d 0.63d 3.63c 2.27c 

T1 399.28b [28.81%] 1804.77b [9.40%] 1212.29b [15.76%] 0.89b [28.81%] 4.01b [9.40%] 2.69b [15.76%] 

T2 331.344c [14.21%] 1767.03b [7.46%] 1158.76c [11.86%] 0.75c [14.21%] 3.93b [7.46%] 2.58b [11.86%] 

T3 447.76a [36.52%] 1871.62a [12.63%] 1287.71a [20.69%] 0.99a [36.52%] 4.16a [12.63%] 2.86a [20.69%] 

CD (p=0.05%) 11.29 49.64 52.78 0.03 0.11 0.12 

CD at (p=0.05%) MXS NS NS NS NS NS NS 

Table 2. Treatments impact on leaves area and LAI in Indian mustard [Brassica juncea (L) Czern] 

Note:  

1. I0 =No post sowing irrigation, I1 =One post sowing irrigation, I2 =Two post sowing irrigation, I3 =Three post sowing irrigation (Vegetative + Flowering + Seed 
filling stage),  

2. T0 = Control, T1= Humic acid, T2 = Sulphur, T3 = Humic acid + Sulphur,  

3. C. D=Critical Difference 

4. Data presented in parenthesis represent the % increase over control 

5. DAS= days after sowing, LAI= leaf area index 

6. As per the alphabets of the Duncan, the same alphabet indicates nonsignificant difference while different alphabets indicate significant differences among 
the treatments. 
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sulphur) showed the best performance among subplot 

treatments, resulting in a 12.63% increase in both leaf area and 

LAI over the control (Fig. 1 and 2). 

Phenological parameters (AGR, CGR, RGR and NAR) 

Phenological parameters such as absolute growth rate (AGR), 

crop growth rate (CGR), relative growth rate (RGR) and net 

assimilation rate (NAR) were evaluated to determine the 

effectiveness of irrigation and chemical treatments. The data 

(Fig. 3-6) demonstrated statistically significant improvements at 

p= 0.05 for both factors. Growth parameters showed a 

consistent increase from I1 to I3 and from T1 to T3 compared to 

I0 and T0, respectively. Among irrigation frequencies, I3 recorded 

the highest values for AGR, CGR, RGR and NAR during 60-90 DAS, 

with respective improvements of 40.34%, 11.84% and 13.89% 

over the control. In subplot treatments, T3 achieved the 

maximum phenological growth, with respective increases of 

28.23%, 7.16% and 13.75% over the control (Table 3). 

Total number of branches and seed yield 

The total number of branches per plant and seed yield (kg ha-¹) 

were measured to evaluate the effectiveness of treatments on 

Indian mustard. Both parameters were found to be statistically 

significant at p= 0.05 for irrigation frequency and chemical 

treatments, with a significant interaction effect as well. Among 

irrigation frequencies, I3 recorded the highest number of 

branches per plant, with a 37.08% increase over the control. 

Similarly, T3 emerged as the most effective among chemical 

treatments, resulting in a 34.17% increase in branches over the 

control. In terms of seed yield, I3 and T3 achieved the highest 

gains, with improvements of 56.93% and 50.70%, respectively, 

over the control (Fig. 7). 

Total chlorophyll content 

Total chlorophyll content was measured to assess the impact of 

irrigation and chemical treatments. Both irrigation frequency 

and chemical treatments significantly influenced total 

chlorophyll content at p= 0.05, with a significant interaction 

effect. Among irrigation frequencies, I3 resulted in the maximum 

increase in chlorophyll content over the control, with 

improvements of 10.85% and 14.83% at 60 DAS and 90 DAS, 

respectively. Similarly, T3 (humic acid + sulphur) exhibited the 

highest chlorophyll content gains, with increases of 12.75% and 

Fig. 1. Treatments impact on leaf area (cm2) plant-1 in Indian mustard [Brassica 
juncea (L) Czern]. 

Fig. 2. Treatments impact on LAI (Leaf Area Index) in Indian mustard [Brassica 

juncea (L) Czern] . 

Fig. 3. Treatments impact on AGR (Absolute Growth Rate g day-1) in Indian 
mustard  [Brassica juncea (L) Czern]. 

Fig. 4. Treatments impact on CGR (Crop Growth Rate g m2 day-1) in Indian mustard 
[Brassica juncea (L) Czern]. 

Fig. 5. Treatments impact on RGR (Relative Growth Rate g g-1day-1) in Indian 
mustard [Brassica juncea (L) Czern]. 

Fig. 6. Treatments impact on NAR (Net Assimilation Rate g m2 day-1) in Indian 
mustard [Brassica juncea (L) Czern]. 
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18.17% at the respective intervals. The data also indicated a 

slightly higher chlorophyll content at 60 DAS compared to 90 

DAS for all treatment combinations (Fig. 8).  

 

Discussion 

Limited rainfall and poor nutrient status are major factors 

contributing to the yield constraints in mustard cultivation. 

Adequate soil moisture ensures better plant establishment, 

while subsequent morpho-phenological growth, yield and yield 

attributes require both moisture and nutritional support to 

achieve optimal levels. The data presented in Table 1 highlights 

the significance of the treatments applied, where the 

combination of I3 (three levels of irrigation frequency) and T3 

(humic acid and sulphur) resulted in statistically significant 

improvements in morphological traits such as plant height (cm), 

dry matter accumulation (g plant-1), number of leaves (plant-1) 

and leaf area (cm² plant-1) (Fig. 1). A similar findings reported 

enhanced morphological growth with three irrigations applied 

at critical growth stages (20). Additionally, studies demonstrated 

the beneficial effects of humic acid and sulphur, whether applied 

individually or in combination, on morphological growth (21, 

22). 

 Optimal growth of phenological parameters such as Leaf 

Area Index (LAI), Crop Growth Rate (CGR), Relative Growth Rate 

(RGR) and Net Assimilation Rate (NAR) is dependent on several 

factors, including leaf area and dry matter accumulation. The 

data from Tables 2 and 3 indicate significant improvements in 

these parameters under the influence of irrigation frequency and 

chemical treatments, with the I3 and T3 combination emerging 

as the most effective treatment (Figs. 2-7). These findings align 

with the studies that mentions the combination of three 

irrigations with humic acid and sulphur as one of the most 

effective treatments for modulating morpho-phenological 

growth in mustard (23). Similar results were also reported (24-

26). 

 Furthermore, the applied treatments not only improved 

plant height, dry matter accumulation and LAI but also ensured 

optimal leaf area and total chlorophyll content. These factors 

collectively contribute to carbohydrate production through 

photosynthesis (Fig. 8) and support vegetative growth, as shown 

by phenological traits like AGR, CGR, RGR and NAR, which were 

Table 3. Treatments impact on AGR, CGR, RGR and NAR in India mustard [Brassica juncea (L) Czern] 

Treatment AGR (g day-1) CGR (g m2 day-1) RGR (g g-1 day-1) NAR (g m2 day-1) 

Main plot 30-60 DAS 60-90 DAS 30-60 DAS 60-90 DAS 30-60 DAS 60-90 DAS 30-60 DAS 60-90 DAS 

Io 0.44d 0.49d 9.79d 10.62d 0.073d 0.021d 0.012b 0.0095d 

I1 
0.64c 

[31.34%] 
0.66c            

[27.81%] 
14.26c 

[31.34%] 
14.72c 

[27.81%] 
0.084c 

[13.55%] 
0.022c            

[3.58%] 
0.016a 

[21.04%] 
0.0098c 
[3.50%] 

I2 
0.66a 

[33.63%] 
0.71b             

[32.87%] 
14.75b 

[33.63%] 
15.82b 

[32.87%] 
0.085b 

[14.44%] 
0.023b        

[6.32%] 
0.016a 

[22.09%] 
0.0100b

[5.28%] 

I3 
0.69a 

[36.01%] 
0.80a          

[40.34%] 
15.29a 

[36.01%] 
17.81a 

[40.34%] 
0.086a 

[15.34%] 
0.024a 

[11.84%] 
0.016a 

[23.42%] 
0.0110a

[13.89%] 
CD (p=0.05%) 0.0092 0.0115 0.21 0.26 0.0006 0.0003 0.00062 0.0009 

Subplot 

T0 0.49d 0.58d 10.80d 12.18d 0.0805c 0.022d 0.014c 0.0093b 

T1 
0.65b 

[25.68%] 
0.72b         

[23.83%] 
14.54b 

[25.68%] 
15.98b 

[23.83%] 
0.083a          

[3.09%] 
0.023b         

[4.74%] 
0.016b 

[10.42%] 
0.0107a

[12.53%] 

T2 
0.58c 

[16.15%] 
0.62c           

[12.06%] 
12.88c 

[16.15%] 
13.85c 

[12.06%] 
0.082b        

[1.30%] 
0.0224c 

[1.69%] 
0.015ab  
[6.64%] 

0.0095b

[2.13%] 

T3 
0.71a 

[31.93%] 
0.76a         

[28.23%] 
15.87a 

[31.93%] 
16.97a 

[28.23%] 
0.084a         

[4.02%] 
0.024a        

[7.16%] 
0.0159a

[12.41%] 
0.0108a 

[13.75%] 
CD (p=0.05%) 0.0095 0.0112 0.21 0.25 0.0009 0.0004 0.00047 0.0004 

CD at (p=0.05%) MXS NS 0.022 NS 2.35 0.0019 0.0007 NS NS 

Note:  

1. I0 =No post sowing irrigation, I1 =One post sowing irrigation, I2 =Two post sowing irrigation, I3 =Three post sowing irrigation (Vegetative + Flowering + Seed 
filling stage),  

2. T0 = Control, T1= Humic acid, T2 = Sulphur, T3 = Humic acid + Sulphur,  

3. C. D=Critical Difference 

4. Data presented in parenthesis represent the % increase over control 

5. DAS= days after sowing, AGR= Absolute growth rate, CGR= Crop growth rate, RGR= Relative growth rate, NAR= Net assimilation rate 

6. As per the alphabets of the Duncan, the same alphabet indicates nonsignificant difference while different alphabets indicate 

Fig. 7. Treatments impact on the total number of branches and seed yield kg 
ha-1 in Indian mustard [Brassica juncea (L) Czern]. 

Fig. 8. Treatments impact on total chlorophyll (mg g-1) in Indian mustard 
[Brassica juncea (L) Czern]. 
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significantly better in the treatment groups compared to the 

control sets of I0 and T0 (Fig. 3-6). 

 The application of optimum irrigation in combination 

with humic acid and sulphur plays a vital role in bridging the gap 

between soil and plant by facilitating the supply of moisture and 

nutrients (27, 28). The role of humic acid in improving soil 

properties, such as aggregation, aeration, water holding 

capacity (WHC) and ion availability, is well established. These 

improvements collectively enhance water and nutrient uptake, 

which are crucial for biomass accumulation in plants (29, 30). 

Similarly, sulphur has been recognized for its ability to improve 

oil content in oilseed crops, particularly mustard. It interacts 

with plant metabolites to mitigate moisture stress, fulfilling the 

sulphur requirements while facilitating the synthesis of 

numerous sulphur-containing compounds. These compounds 

enhance the plant's ability to improve yield attributes (31-34). 

 

Conclusion 

This study focused on analyzing the efficacy of irrigation 

scheduling and chemical treatments applied in Indian mustard 

to optimize morpho-phenological growth, yield attribute and 

seed yield. The findings of the study suggested that individual 

and combined effects of three irrigations at a critical stage of 

Indian mustard (I3) and combinations of humic acid and sulphur 

(T3) expressed their potential to modulated morpho-

phenological growth such as PH (cm), dry matter accumulation 

(g plant-1), leaf area (cm2 plant-1), LAI, AGR (g day-1) CGR (g m2     

day-1), RGR (g g-1 day-1) and NAR (g m2 day-1), subsequently, it also 

influences the total number of the branch (plant-1), chlorophyll 

content (mg g-1) thereby the highest seed yield of Indian mustard 

was achieved. Moreover, both the chemicals humic acid and 

sulphur act synergistically at the biochemical level and 

coordinate with metabolites to regulate the supply of moisture 

and nutrients to the plants. Therefore, it may be suggested that 

the use of three irrigation in combination with humic acid and 

sulphur might be auxiliary to boost the yield of Indian mustard 

by optimizing the morpho-phenological traits. 
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