
 

 

 

Appendix 

 

Supporting Data Results 

Photosynthesis 

Exposure to drought at vegetative stage significantly reduced the photosynthesis up to 

32% and 17% under Vigna radiata and Lathyrus sativus cultivation respectively.  

Amending the soils with biochar and exposure to drought at vegetative stage 

significantly enhanced the photosynthesis up to 189% in Vigna radiata and up to 239% 

in Lathyrus sativus crops.  Under well-watered condition, amending the soil with biochar 

or FYM enhanced the photosynthesis up to 121%.  

Similarly, exposure to drought at reproductive stage reduced the photosynthesis 

up to 70% in Vigna radiata crops and up to 53% in Lathyrus sativus crops.  Amending 

the soil with biochar significantly enhanced the photosynthesis up to 183% in either of 

the crops the exposed to drought at reproductive stage.  Moreover, FYM as a soil 

amendment significantly enhanced the photosynthesis in both the crops up to 300%.  

Leaf Water Potential 

Exposure to drought at vegetative stage of Lathyrus sativus and Vigna radiata 

significantly reduced the leaf water potential up to 56% and 86% respectively.  

Amending the soils with biochar or FYM mitigated the loss in the leaf water potential up 

to 42% and 25% respectively, except for Vigna radiata soils under the application of 

FYM in both the years.  

During the reproductive stage of both the crops, a significant increase in the leaf 

water potential was noted (up to 50%).  Amending the soil with biochar and FYM 

successfully mitigated the leaf water potential up to 26% and 29% respectively.  
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(b) 

*Different lowercase letters above each column indicate significant differences between treatments at 5% 

level of significance (P≤ 0.05) according to Tukey’s Honestly Significant Difference (HSD) 
 

Figure 7.1: Leaf water potential as affected by application of biochar and FYM as soil amendments and 

drought exposure at (a) vegetative and (b) reproductive stage in year 1. 
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(b) 

 

*Different lowercase letters above each column indicate significant differences between 

treatments at 5% level of significance (P≤ 0.05) according to Tukey’s Honestly Significant 

Difference (HSD) 

 

Figure 7.2: Leaf water potential as affected by application of biochar and FYM as soil 

amendments and drought exposure at (a) vegetative and (b) reproductive stage in year 2. 
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(a) 

 

(b) 

*Different lowercase letters above each column indicate significant differences between treatments at 5% 

level of significance (P≤ 0.05) according to Tukey’s Honestly Significant Difference (HSD) 

 

Figure 7.3: Photosynthesis as affected by application of biochar and FYM as soil amendments and under 

drought at (a) vegetative and (b) reproductive stage in year 1. 
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(a) 

(b) 

*Different lowercase letters above each column indicate significant differences between treatments at 5% 

level of significance (P≤ 0.05) according to Tukey’s Honestly Significant Difference (HSD) 

 

Figure 7.4: Photosynthesis as affected by application of biochar and FYM as soil amendments and under 

drought at (a) vegetative and (b) reproductive stage in year 2. 
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Peroxidase Activity 

Exposure to drought at vegetative stage significantly enhanced the peroxidase activity of 

Vigna radiata and Lathyrus sativus crops up to 225% and 76% respectively.  Amending 

the soils with biochar and FYM mitigated the increased peroxidase activity up to 46% 

and 43% correspondingly.   

Similarly, under drought at reproductive stage an increase in the peroxidase 

activity was documented in Vigna radiata (up to 74%) and Lathyrus sativus (up to 99%).  

Amending the soils with biochar or FYM significantly lowered the enhanced peroxidase 

activity in Vigna radiata (up to 60% and 50% respectively) and Lathyrus sativus (up to 

56% and 37% correspondingly) when exposed to drought at reproductive stage. 

Superoxide dismutase activity 

Drought at vegetative stage significantly enhanced the SOD activity of the crops (up to 

69% and 116% in Vigna radiata and Lathyrus sativus crops, respectively).  Amending 

the soils with biochar or FYM successfully lessened the enhanced SOD activity in Vigna 

radiata (up to 34%) and Lathyrus sativus (up to 34%).  

Similarly, exposure to drought at vegetative stage in both the years of cultivation 

recorded a significant increase in the SOD activity in both the crops (up to 107%).  

Application of biochar or FYM proved to be successful in mitigating the excessive SOD 

activity in Vigna radiata (up to 48% and 45% correspondingly) and Lathyrus sativus (up 

to 47% and 42% respectively) crops.  

Leaf Proline content 

Under drought at vegetative stage, a significant increase in proline content was 

documented in Vigna radiata (up to 42%) and Lathyrus sativus crops (up to 22%).  

Amending the soil with biochar or FYM significantly lowered the increase in proline 

content in Vigna radiata (up to 23% and 19% respectively) and Lathyrus sativus crops 

(up to 20% and 29% correspondingly). 

Similarly, under drought at reproductive stage, an increase in proline content was 

noted in both the crops (up to 61%).  Amending the soils with biochar or FYM 

significantly mitigated the increased proline content in Vigna radiata crops (up to 36% 
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and 37% correspondingly) as well as Lathyrus sativus crops (up to 31% and 27% 

respectively). 
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(b) 

 

*Different lowercase letters above each column indicate significant differences between treatments at 5% 

level of significance (P≤ 0.05) according to Tukey’s Honestly Significant Difference (HSD) 

 

Figure 7.5: Peroxidase activity as affected by application of biochar and FYM as soil amendments and 

under drought at (a) vegetative and (b) reproductive stage in year 1. 
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  (a) 

  (b) 

*Different lowercase letters above each column indicate significant differences between treatments at 5% 

level of significance (P≤ 0.05) according to Tukey’s Honestly Significant Difference (HSD) 

 

Figure 7.6: Peroxidase activity as affected by application of biochar and FYM as soil amendments and 

under drought at (a) vegetative and (b) reproductive stage in year 2. 
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 (a) 

(b) 

*Different lowercase letters above each column indicate significant differences between treatments at 5% 

level of significance (P≤ 0.05) according to Tukey’s Honestly Significant Difference (HSD) 

 

Figure 7.7: Superoxide dismutase activity as affected by application of biochar and FYM as soil 

amendments and under drought at (a) vegetative and (b) reproductive stage in year 1. 
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(a) 

(b) 

*Different lowercase letters above each column indicate significant differences between treatments at 5% 

level of significance (P≤ 0.05) according to Tukey’s Honestly Significant Difference (HSD) 

 

Figure 7.8: Superoxide dismutase activity as affected by application of biochar and FYM as soil 

amendments and under drought at (a) vegetative and (b) reproductive stage in year 2. 
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(a) 

(b) 

*Different lowercase letters above each column indicate significant differences between treatments at 5% 

level of significance (P≤ 0.05) according to Tukey’s Honestly Significant Difference (HSD) 

 

Figure 7.9: Leaf proline as affected by application of biochar and FYM as soil amendments and under 

drought at (a) vegetative and (b) reproductive stage in year 1. 
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(a) 

(b) 

 

*Different lowercase letters above each column indicate significant differences between treatments at 5% 

level of significance (P≤ 0.05) according to Tukey’s Honestly Significant Difference (HSD) 

 

Figure 7.10. Leaf proline as affected by application of biochar and FYM as soil amendments and under 

drought at (a) vegetative and (b) reproductive stage in year 2. 
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(a) 

(b) 

*Different lowercase letters above each column indicate significant differences between treatments at 5% 

level of significance (P≤ 0.05) according to Tukey’s Honestly Significant Difference (HSD) 

 

Figure 7.11. Leaf protein as affected by application of biochar and FYM as soil amendments and under 

drought at (a) vegetative and (b) reproductive stage in year 1. 
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(a) 

(b) 

*Different lowercase letters above each column indicate significant differences between treatments at 5% 

level of significance (P≤ 0.05) according to Tukey’s Honestly Significant Difference (HSD) 

 

Figure 7.12. Leaf protein as affected by application of biochar and FYM as soil amendments and under 

drought at (a) vegetative and (b) reproductive stage in year 2. 
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Table 7.1: Table showing correlation matrix amongst leaf water potential, photosynthesis, leaf 

proline, POD, and SOD of the crops as affected by drought at vegetative stage and application of 

soil amendments in year 1. 

 

Table 7.2: Table showing correlation matrix amongst leaf water potential, photosynthesis, leaf 

proline, POD, and SOD of the crops as affected by drought at vegetative stage and application of 

soil amendments in year 2. 

 

Table 7.3: Table showing correlation matrix amongst leaf water potential, photosynthesis, leaf 

proline, POD, and SOD of the crops as affected by drought at reproductive stage and application 

of soil amendments in year 1.  

 

Parameters 

Leaf water 

potential Photosynthesis 

Leaf 

proline 

Leaf 

Protein POD SOD 

Leaf water 

potential 

1           

Photosynthesis 0.269 1         

Leaf proline -0.317 -.729** 1       

Leaf Protein 0.005 0.088 -0.598* 1     

POD 0.234 -0.583* 0.727** -0.531 1   

SOD 0.394 -0.548 0.583* -0.344 0.878** 1 

* Correlation is significant at the 0.05 level (2-tailed). 

**Correlation is significant at the 0.01 level (2-tailed). 

Parameters 

Leaf water 

potential Photosynthesis 

Leaf 

proline 

Leaf 

Protein POD SOD 

Leaf water 

potential 

1           

Photosynthesis -0.051 1         

Leaf proline -0.373 -0.322 1       

Leaf Protein 0.376 0.033 -.671* 1     

POD 0.388 -0.397 0.574 -0.196 1   

SOD 0.571 -0.330 0.349 -0.192 .830** 1 

* Correlation is significant at the 0.05 level (2-tailed). 

**Correlation is significant at the 0.01 level (2-tailed). 

Parameters 

Leaf water 

potential Photosynthesis 

Leaf 

proline 

Leaf 

Protein POD SOD 

Leaf water 

potential 

1           

Photosynthesis -0.021 1         

Leaf proline -0.164 -.691* 1       

Leaf Protein 0.042 .793** -.826** 1     

POD .638* -0.112 0.239 -0.327 1   

SOD .812** -0.358 0.330 -0.369 .809** 1 

* Correlation is significant at the 0.05 level (2-tailed). 

**Correlation is significant at the 0.01 level (2-tailed). 
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Table 7.4: Table showing correlation matrix amongst leaf water potential, photosynthesis, leaf 

proline, POD, and SOD of the crops as affected by drought at reproductive stage and application 

of soil amendments in year 2. 

 

 

Leaf Protein Content 

Exposure to drought at vegetative stage significantly reduced the leaf protein content in 

both the crops (up to 60%). Under Vigna radiata cultivation, amending the soils with 

biochar enhanced the leaf protein content up to 9%.  Under Lathyrus sativus cultivation 

amending the soils with biochar or FYM in the first year resulted in increased leaf 

protein content (up to 29%) when exposed to drought at vegetative stage.  In the second 

year of cultivation, amending the soil with biochar as the mitigation strategy against 

drought at vegetative stage led to a decreased leaf protein (13%), whereas, FYM 

increased the same up to 58%. 

Drought at reproductive stage, significantly reduced the leaf protein content in both the 

crops (up to 20%).  In the first year of cultivation, amending the soils with biochar or 

FYM significantly mitigated the reduced the leaf protein (up to 88% and 64% 

respectively) under drought at reproductive stage. However, in the second year of 

cultivation, biochar resulted a decrease in the protein content in both the crops (up to 

7%) but FYM enhanced the leaf protein of Lathyrus sativus by 4% when exposed to 

drought at reproductive stage.  

Interactive effects 

During stress at vegetative stage, in the first year of cultivation, a strong positive 

correlation between SOD activity with proline content (R=0.583, P≤0.05) and peroxidase 

activity (POD) (R=0.878, P≤0.01) was documented. The proline content also had a 

Parameters 

Leaf water 

potential Photosynthesis 

Leaf 

proline 

Leaf 

Protein POD SOD 

Leaf water 

potential 

1           

Photosynthesis -0.348 1         

Leaf proline -0.077 -.608* 1       

Leaf Protein 0.544 0.128 -.739** 1     

POD 0.787** -0.542 0.388 0.110 1   

SOD 0.732** -0.677* 0.540 -0.008 0.905** 1 

* Correlation is significant at the 0.05 level (2-tailed). 

**Correlation is significant at the 0.01 level (2-tailed). 
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strong positive correlation with POD (R=0.727, P≤0.01), but its negative correlation with 

leaf protein was also recorded (R=-0.598, P≤0.05). Moreover, photosynthesis 

documented a negative correlation with proline content (R=-0.729, P≤0.0) and 

peroxidase activity (R=-0.583, P≤0.05). In the second year of cultivation, a strong 

positive correlation of peroxidase and SOD activity (R=0.830, P≤0.01) was recorded, 

along with a negative correlation between leaf protein and proline content (R=-0.671, 

P≤0.05). 

During stress at reproductive stage, exposure to drought at vegetative stage in both the 

years of cultivation, a strong correlation of negative leaf water potential with peroxidase 

activity (up to R=0.787, P≤0.01) and SOD activity (R=0.812, P≤0.01) was documented. 

Moreover, a negative correlation of leaf proline with protein (R=-0.826, P≤0.01) and 

photosynthesis (R=-0.691, P≤0.05) along with a strong positive correlation between SOD 

with POD (up to R=0.905, P≤0.01) was documented. During stress at reproductive stage, 

a strong positive correlation of photosynthesis with leaf protein (R=0.793, P≤0.01) in the 

first year of cultivation and a strong negative correlation with SOD (R=-0.677, P≤0.05) 

in the second year of cultivation was also documented. 
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