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Abstract 
 

Water stress is one of the main factors that affect both the growth and productivity of agricultural 

crops. An innovative alternative to improve resistance to this water stress is the application of 

biostimulants. The objective of this work was to evaluate the effectiveness of biostimulants on the 

growth, yield, content, and water use efficiency (WUE) at different levels of water stress in the 

‘Strike’ snap bean plant. The experiment was carried out under greenhouse conditions in Delicias, 

Chihuahua during the August-September period of 2021. A completely randomized experimental 

design was used and the treatments consisted of three types of irrigation: at 100% of field capacity 

(CC, for capacidad de campo), without water stress and at 75 and 50% of CC, in these treatments 

with water deficit, the biostimulants: nanoparticles of zinc oxide plus chitosan, Codasil®, 

Osmoplant®, Stimplex® and salicylic acid, were applied foliarly. The results obtained indicate that 

the best treatment applied was CC75 + nano Zn + chitosan since it favored the greater accumulation 

of biomass, fruit production, water content and the efficiency of water use in snap bean plants cv. 

Strike, which allowed it a better adaptation and tolerance to water stress compared to the treatments 

CC50 + Stimplex® and CC75 + Stimplex®, that probably the negative effects of water stress were 

greater than the benefits of the Stimplex® biostimulant applied. Finally, it is concluded that the 

nanoparticles of zinc oxide plus chitosan was the most efficient biostimulant to relieve and tolerate 

the effects of water stress, so it is considered an innovative alternative to maintain and improve the 

growth and production of the crop against water stress problems. 
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Introduction 
 

The frequency and intensity of drought have increased worldwide and are expected to worsen due 

to global climate change (Bechtold et al., 2018). This is the main factor that reduces crop yields 

and poses a threat to food security (Sytra et al., 2019). To avoid the effects of water deficiency, 

plants present alterations of several essential physiological and biochemical processes that affect 

their development and can limit growth and productivity (Farouk and Amany, 2012). 

 

To counteract the harmful effects of drought on crops, the use of certain compounds with the aim 

of mitigating water stress has been reported, these are the so-called biostimulants, which are 

defined as compounds of organic or inorganic molecules and microorganism, which, usually 

applied in low concentrations externally in the plant, stimulate their growth, development and 

defense against pathogens, but mainly increase stress tolerance (Dalal et al., 2019). 

 

Silicon (Si) is a relevant element in the treatment of stress in plants and is considered a biostimulant 

for its positive effect on the growth and development of different plant species, increasing their 

tolerance to biotic and abiotic stress (Szulc et al., 2019). This element is not considered essential 

for plants but is beneficial for them as it has been seen to improve primary metabolism by 

increasing photosynthesis and nutrient absorption, and secondary metabolism by promoting the 

production of phenolic compounds that favor antioxidant defense (Vega et al., 2019). 

 

There is also the report of the alga Ascophyllum nodosum as an organism with beneficial effects 

for the plant, being applied to crops as a biostimulant to face stress, resulting in a higher 

photosynthetic yield, high levels in the use of water, increasing tolerance to the loss of it (Rosario 

et al., 2021). 

 

Another biostimulant is zinc oxide, which is used for the regulation of plant growth and 

development at different levels and the improvement of tolerance of biotic and abiotic reactions 

(Ma et al., 2015). Hand in hand with the qualities of zinc oxide is the nanotechnology, in recent 

years its use has been of great importance in areas, including agriculture where the 

nanoparticles are commercialized, which, due to their size, offer a better use of agricultural 

inputs as they are used in smaller quantities since their size gives them greater ease of 

penetration through biological membranes and a greater use compared to conventional inputs 

(Razzaq et al., 2016). 

 

A biostimulant used together with zinc oxide nanoparticles (Palacio et al., 2021), is Chitosan, 

which is used to protect plants from oxidative stress and stimulate their growth (Farouk et al., 

2011). This compound is natural, little toxic and biodegradable, its foliar applications resulted in 

greater vegetative growth and an improvement in fruit quality (Ghoname et al., 2010). 

 

Salicylic acid is currently considered to be a biostimulant of plant growth (Najafian et al., 2009), 

it is reported to have distinct effects including closing stomata and reducing perspiration (Larqué 

et al., 1978), increase in foliar, root and fruit biomass (Sánchez et al., 2011) and its application has 

also demonstrated adaptive responses in extreme environments, increasing its concentration when 
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plants are subjected to stress conditions (Salinas, 2010). Therefore, the objective of the present 

work was to evaluate the effectiveness of the application of biostimulants in the cultivation of snap 

bean cv Strike subjected to different levels of water stress. 

 

Materials and methods 
 

Crop management 

 

The experiment was carried out at the facilities of the Center for Research in Food and 

Development in Delicias City, Chihuahua, Mexico, during August and September 2021. The 

experiment was established under greenhouse conditions at an ambient average temperature of 30.8 

±4.6 °C. Seeds of snap bean (Phaseolus vulgaris L.) cv. Strike were used, which were grown in 

plastic pots of 13.4 L (two plants per pot) in a substrate mixture composed of vermiculite and 

perlite in a ratio of 2:1. 

 

Each irrigation applied was carried out with a complete nutrient solution composed of 6 mM 

NH4NO3, 1.6 mM K2HPO4, 0.3 mM K2SO4, 4 mM CaCl2, 1.4 mM MgSO4, 5 μM Fe-EDDHA, 2 

μM MnSO4, 0.25 μM CuSO4 and 0.5 μM H3BO3, prepared with purified water with a pH of 6-6.1. 

The levels of the irrigations depended on the water stress to be considered, three levels of irrigation 

were used, a complete irrigation at 100% considering it as control (without water stress), a second 

irrigation at 75% per each liter of nutrient solution applied to the irrigation of 100% only 0.75 L 

was applied, and finally an irrigation at 50% where per each liter applied to the irrigation of 100% 

0.5 L was applied. Five biostimulants were used in the experiment: salicylic acid, Stimplex®, 

Codasil®, Osmoplant® and zinc oxide nanoparticles with Chitosan, each one was applied to the 

plants with irrigations of 75 and 50% and plants were left with these irrigation levels without 

application of biostimulants for their function as a control. 

 

Characterization of biostimulants 

 

Five biostimulants were used in this study; the product Codasil® composed of 20% silicon, 4% free 

amino acids and 11.2% potassium in doses of 2 ml L-1 of H2O (recommended by the manufacturer), 

the product Osmoplant® composed of 6% free amino acids, 2.4% nitrogen and 3.35% potassium in 

doses of 2 ml L-1 of H2O (recommended by the manufacturer) , the product Stimplex® composed 

of Ascophyllum nodosum alga extract as its active ingredient at 0.34%, with a total nitrogen 

formulation 0.1% and soluble potassium (K2O) 4% in doses of 2 ml L-1 of H2O (recommended by 

the manufacturer), another biostimulant was zinc oxide nanoparticles (<50 nm, 99.9%) in doses of 

0.1246 g L-1 of H2O (100 ppm) together with chitosan (Poly-D-glucosamine) in doses of 2 ml L-1 

of H2O and the last compound used as a biostimulant was salicylic acid C7H6O3 in doses of 0.0138 

g L-1 of H2O (0.1 mM). 

 

Experimental design and treatments 

 

Each experimental unit consisted of a pot with two plants, having a total of thirteen treatments 

(Table 1). The biostimulant treatments were applied to the experimental units from 15 days after 

germination and the appearance of the first true leaves, six foliar applications were made, every 

seven days, in the evening, for a period of two months. 
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Table 1. Description of treatments applied. 

Treatment 
Irrigation dose (%) at field 

capacity 
Biostimulant/dose 

CC100 100 None 

CC75 75 None 

CC75 + NPOZn + Chitosan 75 
Zinc oxide nanoparticles with 

Chitosan/100 ppm, 100 ppm 

CC75 + Codasil 75 Codasil®/commercial dose 

CC75 + Osmoplant 75 Osmoplant®/commercial dose 

CC75 + Stimplex 75 Stimplex®/commercial dose 

CC75 + AS 75 Salicylic acid/0.1 mM 

CC50 50 - 

CC50 + NPOZn + Chitosan 50 
Zinc oxide nanoparticles with 

Chitosan/100 ppm, 100 ppm 

CC50 + Codasil 50 Codasil®/commercial dose 

CC50 + Osmoplant 50 Osmoplant®/commercial dose 

CC50 + Stimplex 50 Stimplex®/commercial dose 

CC50 + AS 50 Salicylic acid/0.1mM 

 

Plant sampling 

 

At 60 days after germination, when the plants reached their physiological maturity , they were 

sampled for their analysis. The plants were divided into the aerial and root parts, then weighed, 

then washed, first with running water and then twice with distilled water, followed by total 

drying. 

 

Vegetal analysis 
 

Aerial biomass 

 

The aerial biomass was evaluated considering the organs of leaves, stems and fruits of the plant, 

for the calculations, the fresh and dry mass of the plant was considered. To quantify the weight, an 

analytical balance (AND HR-120, San José, California, USA) was used. Aerial biomass was 

expressed in grams of dry mass. 

 

Root biomass 

 

The root biomass was evaluated considering only the root of the plant, for the calculations , the 

fresh and dry mass of the root was considered. To quantify the mass, an analytical balance 

(AND HR-120, San José, California, USA) was used. Root biomass was expressed in grams of 

dry mass. 
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Pod production 

 

The yield of the plant was expressed as the average weight of the pods per plant and was expressed 

in grams of fresh mass. 

 

Water content in the plant 

 

The water content in the plant was obtained by calculating the difference between fresh mass and 

dry mass (Kochhar and Gujral, 2020). 

 

Water use efficiency 

 

Water use efficiency (WUE) was obtained by dividing the mass of dry matter harvested (grams of 

dry mass per treatment) by the total volume of water applied in each treatment (Trejo, 2006). 

 

Statistical analysis 

 

An analysis of variance of simple classification was performed, with a mean separation test by 

means of the Tukey method using the SAS 9.4 statistical package. 

 

Results and discussion 
 

Aerial biomass 

 

The accumulated biomass content is one of the most important variables to indicate the correct 

functioning of the plant (Sánchez et al., 2016). In the present study, significant differences were 

found in the aerial biomass (Figure 1), with the treatment CC75 + NPOZn + Chitosan standing out 

with an increase of 82% compared to the treatment CC50 + Stimplex, which had the lowest values 

of aerial biomass. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Effect of the application of biostimulants on the production of aerial biomass in snap bean 

plants cv Strike under water stress conditions. Means with equal letters do not differ according 

to the Tukey test (p< 0.005). 
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Various previous works have indicated the use of zinc oxide nanoparticles as a viable source for 

biomass production. Palacio et al. (2021) reported that the use of zinc oxide nanoparticles with 

chitosan in snap bean cv Strike promoted the higher production of biomass. Burman et al. (2013) 

applied zinc oxide nanoparticles in the chickpea culture, where they reported a biomass increase 

of 22.8% with respect to their control. Both works coincide with the results obtained in the 

production of biomass of the present work, attributing to the use of zinc oxide nanoparticles with 

chitosan to achieve a better production of biomass despite the conditions of water stress. 

 

Root biomass 

 

The results regarding this variable indicated that the treatment without application of biostimulant 

with irrigation at 75% of its field capacity (CC75) was the one that statistically stands out with 

respect to the other treatments, having an increase of 89% compared to the treatment CC50 + 

Stimplex®, which was the one that had the lowest values with respect to the production of root 

biomass (Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Effect of the application of biostimulants on the production of root biomass in snap bean 

plants cv Strike under water stress. Means with equal letters do not differ according to the 

Tukey test (p< 0.005). 
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point out that in periods with water deficits, this activity is higher when tillage is not done. 

 

These results and observations agree with the present results, where the treatment CC75 (irrigation 

at field capacity at 75%) has a significant increase compared to the other treatments, which allows 

us to point out that the water stress applied to the treatment promotes root growth due to the 

physical and water conditions of the soil, in this case substrate. 
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Pod production 

 

Significant differences were found in the production of pods due to the effect of the biostimulants 

applied, it is observed in Figure 3, with the treatment CC75 + Nano Zn + Chitosan standing out 

with the highest production of pods compared to the treatments CC75 + Stimplex® and CC50 + 

Stimplex®, which had the lowest values of pod production. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Effect of the application of biostimulants on the production of fruits in snap bean plants cv 

Strike under water stress. Means with equal letters do not differ according to the Tukey test (p< 

0.005). 
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acids (Lonite®) on the yield of the rice culture (Oryza sativa L.), reported results where it is 

observed that the best yield was obtained using the two products together, the same as with the 

work of Sánchez (2019) in corn (Zea mays L.), he reported better values using Stimplex with a 

product together. 

 

Due to the nature of the alga, it could be considered that its qualities as a biostimulant against water 

stress are of resistance, but not of production, to analyze the quality of the alga other parameters 
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Water content in the plant 

 

In the present study, significant differences were found in the water content in the plant due to the 

effect of the application of biostimulants (Figure 4), with the treatment CC75 + Nano Zn + Chitosan 

standing out with the highest water contents compared to the treatments CC75 + Stimplex® and 

CC50 + Stimplex®, which had the lowest foliar water contents. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Effect of the application of biostimulants on the water content in aerial organs in snap bean 

plants cv Strike under water stress. Means with equal letters do not differ according to the 

Tukey test (p< 0.005). 

 

Medrano et al. (2007) reports that the water content in the plant has a relationship with its optimal 

yield, since it influences as a positive correlation, the more water is available, despite the 

environmental resources, the plant has greater size, yield, they mention that for the good water 

content in the plant, external factors such as temperature, light hours and the availability of 

nutrients influence, however, they mention that having an optimal availability of water, the plant 

overcomes obstacles such as the previous ones and achieves the ideal uptake for its development. 

These results are comparable to those presented in this work, since the production of aerial biomass 

in the outstanding treatments coincides with the highest values of the analysis of the water content, 

which would be the treatment CC75 + NPOZn + Chitosan. 

 

With respect to the root water content, significant differences were found due to the effect of the 

biostimulants applied, it is presented in Figure 5, with the treatment CC75 + Nano Zn + Chitosan 

standing out with the highest root water content compared to the treatments CC75 Stimplex® and 

CC50 Stimplex®, which had the lowest root water contents, behaving similarly to the foliar water 

content (Figure 4). 
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Figure 5. Effect of the application of biostimulants on the root water content in snap bean plants cv 

Strike under water stress. Means with equal letters do not differ according to the Tukey test (p< 

0.005). 

 

Water use efficiency (WUE) 

 

The WUE was expressed in g of pod production between the L of water applied, the treatment with 

field capacity of 100% was applied 31.5 L in total during the 60 days of cultivation, the treatments 

with irrigation doses of 75% was applied 23.63 L in total and the treatments subjected to an 

irrigation of 50% were applied 15.75 L. In the present study, significant differences were found in 

the WUE due to the effect of the biostimulants applied (Figure 6), with the treatments CC75 + 

Stimplex® and CC75 + Nano Zn + Chitosan standing out with the greater WUE compared to the 

treatments CC75 Stimplex® and CC50 Stimplex®, which had the lowest WUE, behaving similarly 

to the water content in the plant (Figure 4 and 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6. Effect of the application of biostimulants on water use efficiency (WUE) in snap bean plants 

cv Strike under water stress. Means with equal letters do not differ according to the Tukey test 

(p< 0.005). 
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WUE involves different plant processes, both physiological and metabolic. Regarding the 

physiological ones, the levels of water use depend on the production of biomass, on the 

availability found in the soil, its storage capacity, the density, and depth of the root system 

directly influence, other factors mentioned above depend on this. Faced with the problem of 

water stress, the plant employs constitutive behaviors of the species (adaptations), such as the 

synthesis of abscisic acid, the decrease in stomatal conductance, which in turn leads to 

limitations of photochemical reactions, in the Calvin cycle and the transport of assimilates 

(Medrano et al., 2007). 

 

It can be seen in Figure 6 that the treatments under irrigation of CC 75% with application of 

biostimulants (CC75 + Stimplex® and CC75 + Nano Zn + Chitosan) are the ones that have better 

efficiency in terms of the use of irrigation water compared to the treatments CC50% with 

application of biostimulants, especially the treatments CC75 Stimplex® and CC50 Stimplex®, 

which are less efficient in the use of water, because they are subject to greater water stress and 

the mechanisms used are not sufficient to tolerate such stress; that is, they use their physiological 

and metabolic processes to survive as a basic measure for resistance to the detriment of biomass 

accumulation and pod production. 

 

Previous studies have shown that the application of biostimulants play an important role in 

tolerance to water stress (Colla and Rouphael, 2015). In the present study, the treatment of CC75 

+ Nano Zn + Chitosan was the one that improved the accumulation of biomass, production of 

pods, water content in the plant, as well as the efficiency of water use in snap bean plants cv. 

Strike, compared to the treatments CC50 + Stimplex® and CC75 + Stimplex®, which had the 

lowest values and were therefore the least effective treatments in tolerating water stress.  

 

The explanation of why the treatment CC75 + Nano Zn + Chitosan was better than the 

treatments CC50 + Stimplex® and CC75 + Stimplex® could be due to the physiological and 

biochemical mechanisms and responses related to tolerance to water stress. In the case of 

physiological responses, these involve: 1) loss of turgor and osmotic adjustment; 2) reduced 

transpiration rate due to stomatal closure (low stomatal conductance); 3) reduced internal CO2 

concentration; 4) reduced photosynthetic rate; and 5) reduction in growth (Onaga and Wydra, 

2016). 

 

With respect to biochemical responses, these include: i) decrease in photochemical efficiency; 

ii) decrease in Rubisco activity; iii) accumulation of metabolites such as glutathione, proline, 

glycine betaine and polyamines; iv) increase in antioxidant enzymes: and v) decrease in the 

accumulation of reactive oxygen species (Onaga and Wydra, 2016). It is considered that, in the 

case of the best treatment applied, such is the case of CC75 + Nano Zn + Chitosan, it was probably 

favored in the physiological and biochemical responses, which allowed it a better adaptation and 

tolerance to water stress compared to the treatments CC50 + Stimplex® and CC75 + Stimplex®, 

that the negative effects of water stress were probably greater than the benefits of the Stimplex® 

biostimulant applied. 
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Conclusions 
 

The results obtained indicate that the best treatment applied was CC75 + Nano Zn + Chitosan 

since it favored the greater accumulation of biomass, fruit production, water content and water 

use efficiency in snap bean plants cv. Strike, which allowed it a better adaptation and tolerance 

to water stress compared to the treatments CC50 + Stimplex® and CC75 + Stimplex®, that the 

negative effects of water stress were probably superior to the benefits of the Stimplex® 

biostimulant applied. Finally, it is concluded that the nanoparticles of zinc oxide plus chitosan 

was the most efficient biostimulant to relieve and tolerate the effects of water stress, so it is 

considered an innovative alternative to maintain and improve the growth and production of the 

crop against water stress problems. 
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