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ABSTRACT 

The present study aimed to evaluate the implication of silicon nutrition on activating physiological 

mechanisms for thermal adjustment and growth of cowpea plants under water restriction. Thus, two 

cowpea genotypes (Xiquexique and Novaera) were grown in plastic posts in a greenhouse and subjected 

to three levels of water stress (control, moderate and severe stress) and two silicon (Si) levels (0 - without 

and 2.0 mmol/L - with Si). In general, the growth data revealed that Xiquexique plants are more tolerant 

to drought than Novaera genotype. However, under moderate drought, Si-treated Novaera plants 

displayed elevated values of leaf area (LF), shoot dry mass (SDM), root dry mass (RDM) and total dry 

mass (TDM) as compared to those from treatments without Si. The superior performance of moderately 

drought-stressed Novaera plants under Si supplementation was attributed to restrict control of leaf 

temperature under water stress. Our findings evidence that silicon counteracts the drought harmful 

effects by promoting thermal adjustment and increasing water stress tolerance in cowpea plants.  
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INTRODUCTION 

Agricultural production has been affected over the years as a result of climate change, 

mainly due to periods with low rainfall, which has become a major challenge for productivity, 

leading to reduction of agricultural yields. Under these conditions, plants have developed 

mechanisms that aim to avoid or minimize the deleterious effects of water deficit, which can 

result in drought resistance and/or tolerance (BIANCHI; GERMINO; SILVA, 2016). 

Drought tolerance is usually achieved when plants activate pathways to maintain 

turgidity and survival, thorough a set of morphophysiological parameters, such as water 

potential, regulation of stomatal conductance, leaf temperature and transpiration, growth and 

thermal adjustment, in order to maintain development and productivity (MATOS et al., 2019). 

Several studies have been conducted to elucidated strategies capable of induce plant 

defense pathways against water deficit. Thus, the proper management of irrigation, as well as 

the use of stress signals and differential fertilization can modulate plant response and defense, 

positively affecting growth and photosynthetic rates, leading to increased crop productivity 

(ROSA, 2020). The silicon (Si) nutrition has been cited as a potential mediator of plant defense, 

capable of mitigating the damage caused by water restriction in the plant and ensuring increased 



 

 

 

productivity. The Si was found to directly influence the physiological processes of lettuce plants 

under water stress, making them more tolerant (FÁTIMA et al., 2019; CÂNDIDO et al., 2020). 

Despite the divergence on Si essentiality, numerous researches have shown beneficial 

effects that reflect an increase in the growth and production of several cultivars, especially when 

submitted to environmental stresses (SANTOS, 2021), such as nutritional deficiency caused by 

the nitrogen absence (BUCHELT, 2019) or water deficit (TEIXEIRA et al., 2020). However, 

the role of Si in activating the cowpea defense against drought is still unknown, as well as there 

are no reports Si nutrition in cultivating plants on semiarid region, neither in terms of water use 

efficiency nor production systems. Thus, the present study aimed to evaluate the effect of silicon 

on thermal adjustment, growth and biomass production of cowpea [Vigna unguiculata (L.) 

Walp.] plants under water restriction conditions.   

 

MATERIAL AND METHODS 

The study was performed in a greenhouse from Federal University of Piauí (UFPI), 

Campus Professora Cinobelina Elvas (CPCE), in the city of Bom Jesus, Piauí, Brazil, from July 

to October 2021. During the experiments, the environmental conditions included a maximum 

temperature of 35 °C and a minimum of 22 °C, and an average air humidity of approximately 

56%. 

 

Cultivation conditions and treatments 

The experiments were carried out in a randomized design, in a 2 × 3 × 2 factorial scheme, with 

four replications, consisting of two cowpea genotypes (Xiquexique and Novaera), three levels 

of water stress [75% field capacity (FC) - control; 60% FC - moderate stress; and 45% FC -

severe stress], and two silicon concentrations (0 – without Si, and 2.0 mmol/L Si - + Si). The 

seeds from cowpea genotypes BRS Xiquexique and BRS Novaera, acquired from the Embrapa 

Meio-Norte germplasm bank, were sowing in plastic pots containing 11 kg of soils from 

experimental area. Drought treatments were applied 14 days after sowing by reducing soil water 

moisture to defined water levels. The harvest was done 28 days after stress imposition 

treatments. 

 

Growth parameters 

During the harvest, the plants material was first separated in shoot (leaf + stem) and root, and 

used to measure the following parameters: leaf area (LF), shoot dry mass (LDM) and root dry 

mass (RDM) and total dry mass (TDM).  

 

Leaf Temperature (LT) 

Throughout the experiment, leaf temperature and thermal images were recorded by using a 

portable infrared thermal camera (FLIRT6 - 267) (GOMES; LIMA; NETO, 2021). 

 

Plant morphology 



 

 

 

At the harvest time, a representative plant from each treatment was used to record 

morphological imagens. 

 

RESULTS AND DISCUSSION 

Leaf area (LF), shoot dry mass (SDM), root dry mass (RDM) and total dry mass (TDM) 

data are shown in figure 1. In general, water stress reduced all analyzed parameters, and the 

effects were intensified with the severity of stress to both genotypes. Under moderate stress 

without Si, the biomass data clearly evidence the higher tolerance of the Xiquexique genotype 

compared to Novaera. However, even without statistical evidence, the addition of Si to the 

growth medium promoted an increase in LF, SDM, RDM and TDM of Novaera genotype under 

moderate stress compared to plants without Si. The growth recovery of Novaera plants 

(considered sensitive to water deficit) supplemented with Si was evident as the values of 

biomass production data were similar to those of Xiquexique genotype under moderate stress. 

Unexpectedly, under severe stress, the studied variables did not show differences between the 

treatments studied (Figure 1), suggesting no contrasting responses of cowpea genotypes under 

very low water availability (OLIVEIRA et al., 2018). 

 



 

 

 

Figure 1 – Leaf area (A), shoot dry mass (SDM, B), root dry mass (MSR, C) and total dry mass 

(TDM, D) of cowpea plants, from Xiquexique and Novaera genotypes, after 28 days of 

imposition to water stress treatments in a greenhouse, in the absence (white columns) and 

presence of silicon (Si) (blue columns) at 2.0 mM. Data represent the mean of four replicates ± 

standard error. 

Figure 2 shows the morphological aspect of cowpea plants at the end of the experiment, 

evidencing the deleterious effects of water stress in plant growth, which resulted in plants with 

abnormal appearance and leaf aspects as compared to control treatments. The images reinforce 

the growth data presented in figure 1, emphasizing that Si-treated moderately-stressed Novaera 

plants presented better performance and morphologically well-developed. Under severe stress, 

even without showing variations in growth data (Figure 1), plants from both genotypes treated 

with Si seemed to be more developed and had a greener appearance than plants without Si 

(Figure 2). This result was probably due to the control of the accumulation of photosynthetic 

pigments mediated by Si, which were fundamental for the higher photosynthetic performance 

and plant growth under drought (OLIVEIRA et al., 2018).  

 

Figure 2 – Visual appearance of cowpea plants, Xiquexique and Novaera genotypes, after 28 

days of imposition to water stress treatments in a greenhouse, in the absence (without Si) and 

presence of silicon (with Si) at 2.0 mm. For all cases, a representative plant from each treatment 

was used to record the images. 



 

 

 

 

In order to associate the biomass accumulation with fluctuations in thermal adjustment, 

thermal images and leaf temperature were recorded in a representative plant of each treatments 

28 days after imposition of water stress (figure 3). Fluctuations in temperature varied according 

to the stress and genotype. Plants exposed to severe water stress showed the highest increases 

in leaf temperature compared to the respective controls, regardless of Si nutrition. The highest 

leaf temperature was recorded in the Xiquexique genotype (50.4 ºC) grown under moderate 

without Si. However, the increases in temperature were smaller when the plants were treated 

with Si, with the lowest values recorded in the moderately stressed plants of the Novaera 

genotype (Figure 3). These data reinforce the beneficial role of Si in the physiological 

adjustment of Novaera plants under moderate drought, most likely due to adjustments in 

stomatal conductance and transpiration, which resulted in the best growth rates as evidenced by 

the dry biomass data (Figures 1 and 2). This temperature regulation was different when plants 

were exposed to severe stress, and Si seemed not to have played a crucial role in thermal 

adjustment under such stressful conditions, regardless of genotype (Figure 3). 



 

 

 

 

Figure 3 – Infrared thermal images and leaf temperature of cowpea plants, Xiquexique and 

Novaera genotypes, after 28 days of imposition to water stress treatments in a greenhouse, in 

the absence (without Si) and presence of silicon (with Si) at 2.0 mM. The records were 

performed on a representative plant of the studied treatments, and the temperature values 

represent the mean leaf temperature of four plants of each treatment. 

 

CONCLUSIONS 

Water deficit severely limits cowpea biomass production; resulting in increased leaf 

temperature, which seem to be associated with low amount of transpired water and inefficiency 

in leaf cooling.  

Silicon mitigates the drought harmful effects on leaf temperature and increases the biomass 

production in cowpea plants from Novaera genotype. 



 

 

 

The Xiquexique genotype exhibits elevate tolerance to drought under normal conditions, but is 

unresponsive to Si treatment.  
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