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Abstract 

    Mustard is a medicinal plant known in various civilizations for its 

distinctive properties. Enhancing the production of primary and secondary 

metabolites in medicinal plants depends on light intensity and irrigation. 

This study evaluated the effects of two levels of light intensity full sun light 

(no shade) and 50% of sunlight (50% of shade) and four levels of irrigation 

(40, 60, 80, and 100 % of field capacity) on the growth, physiology, and 

phytochemical and antioxidant activity of mustard (Brassica juncea) using 

a randomized complete block design with three replications. Results 

showed a significant increase (P ≤ 0.05) in plant height, chlorophyll 

pigments (ab - b - a), stem dry weight, and seed yield at 50% of light 

intensity. Meanwhile, the quantification of total phenolic and flavonoids 

content (TPC and TFC), and 1, 1-diphenyl-2-picrylhydrazyl (DPPH) 

significantly increased under low irrigation levels. Irrigation at 60% 

increased the TPC by 80.32% compared with 100% irrigation. High TPC 

and DPPH activity were observed at 40% irrigation. The RSR was 

significantly affected by high light intensity, increasing by 68.97% under 

full sunlight. Growth and chlorophyll pigments were more affected by light 

intensity than phytochemical compounds, which were more influenced by 

deficient irrigation. Under 50% of sunlight, the mustard plant allocated 

more biomass to the shoot system than to the root. In conclusion, the 

increase in seed yield is linked to optimal levels of lighting. 
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Introduction 

    The water scarcity in Iraq requires substitute drought tolerant crops for food security and 

environment. Mustard (Brassica juncea) is an annual, edible herbaceous plant belonging to 

the cruciferous family, which is widely distributed in Africa, Asia, and Europe. It is 

cultivated in subtropical, semi-arid, and temperate regions due to its short life cycle and low 

water requirement (Li et al., 2022; Piri, 2012). It is widely consumed as food because it is 

rich in vitamins, minerals, fibers, and antioxidant properties and as spice due to its unique 

sharp hot pungent flavor (Park et al., 2019). The benefits of consuming mustard plants are 

related to their high concentration of bioactive components, such as phenols, flavonoids, 

carotenoids, and glucosinols (Sun et al., 2018).                                                      
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    Mustard extract possesses anti-inflammatory, antibacterial, and antiviral properties and is used 

to treat kidney disease, diabetes, and joint pain and reduce the risk of different types of cancer, 

such as breast cancer, stomach cancer, and lung cancer (Oh et al., 2017). The content of 

polyphenol compounds in mustard plants ranges from 3.26 mg GAE/g to 404.33 mg GAE/g (Sun 

et al., 2018). In particular, the polyphenol content is higher in the seeds and leaves than in the 

roots and stems, respectively (Harbaum et al., 2008a). The levels of these health-promoting 

compounds are greatly affected by the growth environment and cultural conditions (Tian and 

Deng, 2020; Li et al., 2022).  

    Light is the least stable (seasonally, diurnally, and spatially) environmental factor that affect 

plant growth, reproduction, survival, and distribution (Feng et al., 2002). Accordingly, light 

differentiation results in morphological adaptation and biomass distribution in plants to improve 

their flexibility and acclimation. The growth, physiology, and development of mustard plants are 

greatly influenced by light intensity (Paradiso and De-Pascale, 2014). Chen et al. (2022) reported 

that germination, photosynthesis rate, nutrient content, and hormones are light-dependent 

characteristics in lettuce and palmer amaranth. Mielke and Schaffer (2010) found a reduction in 

growth and photosynthesis rate under low light conditions. Meanwhile, Myrica rubra grows well 

under low irradiance. Compared with that under high-light environments, the content of leaf 

chlorophyll pigments in plants under low-light environments increases to promote light 

interception (Yang et al., 2007; Mielke and Schaffer, 2010). 

    Brazaitytė et al. (2015), Liu et al. (2022), and Xie et al. (2018) showed that the contents of 

carotenoids, anthocyanins, and polyphenols in mustard plants is significantly affected by light. 

The concentration of phenol and flavonoids are greatly influenced by abiotic and some biotic 

factors. The increase in phytochemical compounds under high irradiance has a direct effect on 

antioxidant activities due to the positive relationship between them (Ibrahim and Jaafar, 2012). 

Biomass production and phytochemicals are also affected by high or low light intensity. Water 

relations in plants are influenced by temperature, which is closely related to the levels of solar 

radiation. 

    The  climatic change due to low rainfall in semi-arid regions increases the severity of drought 

and reduces the quality and quantity of crops (McKierna  et al., 2014). Under  low moisture 

conditions,  the primary physiological mechanism involves stomatal closure and reduced carbon 

exchange rate  (Mittler, 2002). The  increasing ROS under water deficiency is accompanied by a 

reduction in energy  compounds, such as NADPH (Selmar et al., 2013;  Sehar et al., 2021;  

Seleima. et al., 2021).  

    To resist water scarcity, plants increase the concentration of secondary metabolite compounds, 

such as phenols and flavonoids, to protect their photosynthetic organelles, cell membranes, and 

proteins and mitigate the inhibition of plant growth (Alinian et al., 2016). The concentration of 

genetically controlled secondary metabolites is affected by water deficiency (Mielke and 

Schaffer, 2010; Iqball et al., 2022). In addition, developing the regions affected by climate 

change is the suitable approach to enhance the production and productivity of mustard plants and 
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minimize the risk associated with climate change (Rana, et al., 2020). This study was conducted 

to determine the effect of different levels of solar radiation on the growth, production, phenols, 

flavonoids, and antioxidant activity of mustard plants under deficient irrigation. 

 

Materials and Methods 

    A field experiment was carried out at the research station of the College of Agriculture, Diyala 

University during the 2023 agricultural season to study the effect of four levels of irrigation (40, 

60, 80, and 100% of field capacity) and two levels of solar radiation 100% sunlight, (0% shade) 

and 50% of sunlight, (50% shade), on the growth characteristics and yield of mustard plants. 

Lighting intensity was controlled using 50% shading net of Korean origin. The soil mixture was 

prepared at a ratio of (1 organic matter: 3 transported soil) volume/volume. NPK (20, 20, and 10) 

complex fertilizer was added when preparing the soil.  

Study Parameters 

    The study parameters measured included growth and physiological parameters: chlorophyll 

pigments (a, b, and total chlorophyll a+b), plant height, total stem dry weight, number of 

branches and root-stem ratio (RSR). Leaf chlorophyll content was performed using the method of 

Lichtenthaler and Wellburn (1983). In brief, 0.2 g of leaves (fresh weight) were stored in glass 

vials containing 20 mL of acetone (80%), which were kept in dark for 3–7 days. The absorbance 

of chlorophyll a (A1) was measured at wavelength 662 nm, and that of chlorophyll b (B1) was 

measured at 645 nm. Absorbance was measured using a scanning spectrophotometer Model UV 

3101 PC and calculated using the following formulae:  

Chlorophyll a = 11.75 (A1) − 2.350 (B1) 

Chlorophyll b = 18.61 (B1) − 3.960 (A1). 

    Plant height was measured from the terminal bud of each plant to the top of the growing 

medium in each polybag using a measuring tape. The number of branches was calculated by 

counting the primary branches per plant. For total stem and root dry weight, six plants per 

treatment were harvested, and the stems and roots were dried under sunlight conditions until fully 

dried. The dry weights were determined using an electronic balance. The RSR was calculated 

using the formula: 

Root–stem ratio (RSR) = total root dry weight / total stem dry weight  

 

Phytochemical Constituents 

Total Phenolic and Flavonoid Content 

    The quantification of total phenolic and flavonoids content (TPC and TFC) in mustard seed 

extracts were measured using the Folin–Ciocalteu reagent method (mg GAE/g DW) and 

aluminum chloride colorimetric method (mg CE/g DW), respectively (Kaewseejan and 

Siriamornpun, 2015).  
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Antioxidant Activities  

1, 1-Diphenyl-2-Picrylhydrazyl (DPPH) Assay 

    The antioxidant activity of the ethanol extract was measured using the 1, 1-diphenyl-2-

picrylhydrazyl (DPPH) radical (Wong et al., 2006). In brief, 40 µL of plant extract was added to 

0.1 mM of ethanolic DPPH solution (195 µL). After 30 minutes of incubation in the dark at room 

temperature, the absorbance was measured using a spectrophotometer at a wavelength of (515 

nm). The following formula was used to calculate the percentage of inhibition:  

Percent inhibition (%) = [(A515 of control − A515 of sample)/A515 of control] × 100. 

 

Statistical Analysis 

    The treatments were distributed randomly following a randomized complete block design. 

Data were analyzed using ANOVA, and the least significant difference was used for the means 

separated at significance level of 0.05 using SAS 9.4 software (2013). Pearson correlation 

analysis was performed between parameters.  
 

Results and Discussion 

Plant height (cm) 

    Figure 1 shows that the levels of solar radiation and irrigation had a significant effect on the 

height of mustard plants. The plant height recorded at the second level of solar radiation (50%) 

was higher than that at the first level with an increase of 24.7%. Although the highest average 

plant height of 95.22 cm was observed at the fourth level of irrigation, this value did not differ 

significantly from that at the third level. Figure 1 also shows no significant interaction between 

the two factors regarding plant height. 

 

 

  
Figure 1. Effect of shade level (a) and drought stress on plant height (cm) of mustard 
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Total chlorophyll a+b (mg g-1) 

    Total chlorophyll (a+b) was more significantly affected by solar radiation than irrigation 

levels. In the mustard leaves, the total chlorophyll content increased by 97.67% when the level of 

solar radiation was reduced from 100% to 50%. No significant interaction was observed between 

the two factors regarding this trait (Table 1). 

Table 1.  Effects of shade levels and water deficiency on chlorophyll a, chlorophyll b and 

total chlorophyll a+b 

Shade level 

(%) 

Chlorophyll a 

(mg g-1) 

Chlorophyll b 

(mg g-1) 

Total chlorophyll 

a+b (mg g-1) 

0 0.62± 0.01b 0.23 ±0.008b 0.86±0.02b 

50 1.22± 0.04a 0.48 ±0.02a 1.70± 0.06a 

Water 

deficiency 

(%)  

 

100 0.98 ± 0.16a 0.39 ± 0.06a 1.36 ± 0.22a 

80 0.96 ± 0.14a 0.36 ± 0.06a 1.32 ± 0.21a 

60 0.88 ± 0.12a 0.34 ± 0.05a 1.24 ± 0.17a 

40 0.88 ± 0.12a 0.33 ± 0.04a 1.21 ± 0.17a 

S x W ns ns ns 

Means with the same letters in same columns are not significantly different at p˂0.05 (LSD). 
 

Stem dry weight (g plant-1) 

    Figure 2 shows that only solar radiation levels had a significant effect on the average stem 

weight characteristic of mustard plants. The highest average stem dry weight was recorded at the 

Chlorophyll a (mg g-1) 

    Table 1 shows that only solar radiation levels had a significant effect on the chlorophyll (a) 

content of mustard leaves. The lowest average chlorophyll (a) content (0.62) was recorded at the 

first level of solar radiation (full sunlight). This value decreased to 1.22 (49.2%) at the second 

level of solar radiation. Table 1 also shows no significant interaction between the two factors 

regarding this trait. 

Chlorophyll b (mg g-1) 

    Table 1 demonstrates that only solar radiation levels had a significant effect on the chlorophyll 

b (mg) content of mustard leaves. Decreasing the level of solar radiation from 100% to 50% led to 

an increase in chlorophyll (b) content by 108.70%. Table 1 also shows no significant interaction 

between the two factors regarding this trait. 
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second level of solar radiation (50% of sunlight). This value was 44.13% higher than that 

observed at 100% of sunlight. Figure 2 also shows no significant interaction between the two 

factors regarding this attribute. 

  

    Figure 2. Effect of shade level (a) and drought stress on stem dry weight (g) of mustard 

Number of branches per individual plant 

    Figure 3 shows that solar radiation, irrigation, and their interaction did not significantly affect 

the number of branches in mustard plants. The number of branches under the second level of 

solar radiation (50% sunlight) was higher than that under the first level, but the difference was 

not significant. Similarly, the average number of branches per plant (2.23) was the highest at the 

third level of irrigation and the lowest (1.56) at the first level. The difference was also not 

significant.  
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Figure 3. Effect of shade level (a) and drought stress on number of branches per 

plant of mustard 
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Seed yield (g plant-1) 

    Solar radiation and irrigation had significant effect on the seed yield (Figure 4) of mustard 

plants. The average seed yield per plant increased by 25.0% when the level of solar radiation was 

reduced from 100 to 50%. Meanwhile, the average seed yield per plant increased by 62.30% 

when the irrigation level decreased from 100% to 40%. No significant interaction was observed 

between the two factors regarding this trait. 

  

 

Root-stem ratio (RSR) 

    Figure 5 shows that only solar radiation levels had a significant effect on the RSR of mustard 

plants. The highest average RSR (0.49) was recorded at the first level of solar radiation exceeded 

(100% sunlight). This value was 68.97% higher than that measured (0.29) at the second level. 

Figure 5 also shows no significant interaction between the two factors regarding this trait. 

Oil content (%) 

The oil content of mustard plants was affected by different levels of solar radiation and 

irrigation The oil content markedly increased with the increase in solar radiation from 50% to full 

sunlight as presented in Figure 6-A. The reduction in oil content under 100 and 80% of irrigation 

was more significant compared with that under 60 and 40% (Figure 6-B). 
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Figure 5. Effect of shade level (a) and drought stress on Root - stem ratio (RSR) of mustard 

 

  

Figure 6. Effect of shade level (a) and drought stress on oil content (%) of mustard 
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Figure 7: Effect of shade level (a) and drought stress on total phenolic content (TPC) of 

mustard 

Total flavonoid content (TFC) 

    The TFC was not affected by solar radiation. Meanwhile, water deficiency had significant 

effects on the TFC of mustard plants. The TFC of the plant at 40% irrigation increased by 

86.70% and 50.29% compared with that of the plants at 100% and 80% irrigation, respectively. 

No significant differences in TFC were observed under 40% and 60% irrigation (Figures 8-A and 

B). 

 

  
 

Figure 8. Effect of shade level (a) and drought stress on Total flavonoid content (TFC) of 
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Antioxidant activity (DPPH) Assay 

    The 2,2- Diphenyl 1-1- picrylhydrazyl (DPPH) scavenging activity of mustard plants was 

significantly affected by shade levels and water drought stress. The DPPH scavenging activity 

was recorded at 48.29% under full sunlight and 41.88% at 50% of net shade. In addition, the 

highest DPPH scavenging activity was observed at 40% irrigation at 53.18% inhibition, which 

decreased to 23.05 and 23.24% at 100% and 80% irrigation, respectively (Figures 9-A and B). 

  

Figure 9. Effect of shade level (a) and drought stress on antioxidant activity (DPPH) assay 

of mustard 
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Table 2. Correlation coefficient (r) between chlorophyll-a (Chl-a), chlorophyll-b (Chl-b), total chlorophyll (Chl a+b), plant height (Phi), 

total stem dry weight (TSDW), number of branch (N.branch), number of boods (N. boods), seed yield (S. yield), root- stem ratio (RSR), 

Oil percentage (Oil %), total phenolic content (TPC), total flavonoid content (TFC), and 2,2-diphenyl-picrylhydrazyl (DPPH) 

 Chl-

a 

Chl-b Chl 

(a+b) 

Phi TSDW N. 

branch 

N. 

boods 

S. yield RSR Oil TPC TFC DPPH 

Chl-a - 0.91*

* 

0.99** 0.71 

** 

0.61 

** 

0.13 

ns 

0.56 

** 

0.32 

ns 

-0.86 

** 

-

0.42

* 

-0.17 

ns 

-0.27 

ns 

-0.54 

ns 

Chl-b  - 0.97 

** 

0.65 

** 

0.53 

** 

0.15 

ns 

0.44 

* 

0.22 

ns 

-0.84 

** 

-

0.47

* 

-0.16 

ns 

-0.28 

ns 

-0.54 

** 

Chl 

(a+b) 

  - 0.72 

** 

0.61 

** 

0.14 

ns 

0.51 

** 

0.30 

ns 

-

0.86*

* 

-

.043

* 

-0.15 

ns 

-0.27 

ns 

-0.53 

** 

PHi    - 0.82 

** 

0.46 

* 

0.79 

** 

0.69 

** 

-

0.71*

* 

0.14 

ns 

0.33 

ns 

0.30 

ns 

-0.02 

ns 

TSDW     - 0.40 

ns 

0.76 

** 

0.72 

** 

-

0.62*

* 

0.24 

ns 

0.15 

ns 

0.20 

ns 

-0.09 

ns 

N. 

branch 

     - 0.56 

** 

0.49 

* 

-0.18 

ns 

0.51 

* 

0.58 

** 

0.37 

ns 

0.18 

ns 

N. 

boods 

      - 0.75 

** 

-0.52 

** 

0.36 

ns 

0.38 

ns 

0.44 

* 

-0.09 

ns 

Seed 

yield 

       - -0.29 

ns 

0.57 

** 

0.39 

ns 

0.62 

** 

0.10 

ns 

RSR         - 0.43 

ns 

0.9ns 0.20 

ns 

0.56 

** 

Oil          - 0.62 

** 

0.79 

** 

0.62 

** 

TPC           - 0.68 

** 

0.47 

* 

TFC            - 0.57 

** 

DPPH             - 

** Correlation is significant at the 0.01 level                       * Correlation is significant at the 0.05 level 
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    Figures 1–5 indicate that reducing solar radiation from full sunlight (0% shade) to 50% 

sunlight led to a significant increase in plant height, content of photosynthetic pigments 

(chlorophyll-a, chlorophyll-b, and total chlorophyll a+b), and stem dry weight. By contrast, 

decreasing irrigation from 100% to 40% had no significant effect on the above characteristics of 

mustard plants. As a physiological response to low light condition, the increase in plant height 

with the decreased solar radiation from full sunlight (no shade) to 50% sunlight aims to promote 

light interception. Meanwhile, the reduction in chlorophyll pigments under high irradiance in 

mustard plants could be due to excessive light. Under high light intensity, photosynthesis organs 

(such as chloroplast) absorb excessive light energy that deactivates or impairs chlorophyll 

(Labrooy et al., 2016). The reduction in stem dry weight under full sunlight may be related to the 

low growth caused by diminished chlorophyll pigments. The reduction in water evaporation and 

leaves temperature under 50% shade influences enzymes activities, carbon exchange rate and 

biomass accumulation (Ahmed et al., 2021). This result is in agreement with previous studies 

(Liu, et al., 2022; Gerovac et al., 2016). Similarly, the highest content of chlorophyll pigments 

recorded under light deficiency led to an increase light absorption (Samuolienė et al., 2013; 

Weiguo et al., 2012). 

    In this study, solar radiation and water drought stress significantly affected the number of pods 

and seed yield per plant. Meanwhile, water drought stress showed no significant effect on the 

number of branches per plant. The value under high shade level (38.12%) increased by 25.0% 

compared with that under full sunlight, and the value at 60% irrigation increased by 62.30% and 

57.14% compared with those under 100% and 80%, respectively. A positive correlation was 

observed between the number of pods and seed yield. This increment was related to the large 

amount of photosynthesis pigments, which enhance photosynthesis rate and biomass 

accumulation. These results are consistent with the findings of Bote et al. (2018), who found that 

high levels of solar radiation weaken or disrupt the photosynthesis systems in plants. In addition, 

the growth and physiological characteristics were more sensitive to light intensity than irrigation. 

The RSR at high light intensity (100% sunlight or no shade) was 68.97% higher than that under 

50% shade. Under excessive light conditions, mustard plants reduce the size of aerial part (shoot 

system) or allocate more biomass to the root system than the shoot system for survival, thereby 

reducing the plant’s yield. On the contrary, plants under low light intensity (50%) allocate more 

biomass to the shoot system than the root system, producing many photosynthesis pigments and 

improving plant growth and yield. These results are consistent with previous findings (Bote et 

al., 2018; Yang et al., 2018).  

    Figure 6 indicates that shade levels and water drought stress had significant effects on mustard 

seed oil content. The highest oil content was produced under 50% sunlight and 60% irrigation. 

This study also showed that water drought stress had a significant effect on the TPC and TFC of 

mustard plants. The TPC at 60% irrigation increased by 80.32% and 27.21% compared with 

those under 100% and 80% irrigation, respectively. Similarly, the TFC at 40% irrigation 

increased by 29.96% and 30.28% compared with those under 100% and 80% irrigation, 

respectively. Opposite to the growth and physiological characteristics, the phytochemical 
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compounds (TPC and TFC) are more affected by water stress than light intensity. In addition, the 

antioxidant activity (DPPH) under full sunlight was 15.31% higher than that under 50% of 

sunlight. Meanwhile, the antioxidant activity under 40% irrigation was 86.70% and 50.29% 

higher than that under 100% and 80% irrigation, respectively. A positive correlation (r= 0.47 and 

0.57) was found among DPPH, TPC, and TFC (Table 2). The increase in phytochemicals and 

antioxidants under abiotic stress aims to protect mustard plant tissues from ROS. This result is in 

line with previous findings (Park et al., 2019; Iqbal et al., 2021; Ahmed et al., 2021).  

    Shade levels and water drought stress had a significant effect on yield. Plant height and yield 

were significantly superior under irrigation at 40 and 60% of field capacity. These results are 

consistent with the findings of Xiong et al. (2019), who found that excessive irrigation or 

incomplete irrigation decreases yield compared with moderate irrigation. By contrast, Piri and 

Naserin (2020) proved that the mustard plant’s need for water is only one or two irrigations 

during the winter growing season, and some mustard varieties gave the highest yields under 

deficient irrigation. Another study showed no significant differences in onion yield at irrigation 

levels of 100 and 75%, and the 25% irrigation water that was saved can be used to increase the 

cultivated area and thus increase production (Piri and Naserin, 2020). The decrease in yield at 

100% and 80% irrigation is due to the inability of mustard plants to benefit from moisture and 

nutrients dissolved in the soil solution, which negatively affects the exchange of carbon dioxide 

due to waterlogging. These results are consistent with the findings of Srivastava et al. (2022), 

who found a decrease in the exchange of carbon dioxide gas and the absorption of nutrients by 

mustard plants in waterlogged soils. No differences were observed between the mustard plants at 

100% and 80% irrigation levels, as they experience the same conditions due to the plant’s 

inability to benefit from moisture at these levels of irrigation. 

Conclusions 

    Identifying appropriate environmental conditions is crucial to improve the quantity and quality 

of mustard plants with high nutritional and medicinal value. Light intensity and irrigation 

significantly affected the growth, yield, phytochemicals, and antioxidant activity. The highest 

seed yield was recorded at 50% of sunlight (50% shade) and 60% irrigation, and the highest 

antioxidant activity was observed at full sunlight and 40% irrigation. These results showed the 

ability of mustard plants to produce a high yield under the lowest percentage of irrigation, 

allowing to save large amounts of water during seasons of water scarcity. Further study is 

warranted to investigate different agriculture practices, such as organic and inorganic fertilizer, 

swing data, and plant density to achieve high phytochemical content and biomass yield.  
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