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				Abstract

				Introduction. Basil (Ocimum basilicum L.) is a little-known crop in the Bolivian highlands as its response to water use efficiency (WUE) in a Walipini-type greenhouses. Objective. To evaluate the behavior of two varieties of basil and the water use efficiency (WUE) in the application of foliar biofertilizer in a Walipini-type greenhouse. Materials and methods. The experiment was installed at the Ventilla Ecological Farm, in the Central Highlands of Bolivia, with an experimental period of 135 days (July 13 to November 25), 2014. A factorial experiment with two factors (varieties: Nufar F1 and Italian Large Leaf) and two levels of foliar biofertilizer (Biol) was used under a completely randomized block design. Results. Through the WUE, specific leaf area, and net assimilation rate relationship, it was observed that basil had a better development in Walipini-type greenhouse (underground greenhouse) since biomass accumulation was not significantly affected. The results showed that the production of basil in this environment using foliar biofertilizer, Biol, differ mainly by the variety rather than by the doses of Biol, showing that Nufar F1 had better development. Conclusion. A significant relationship was observed between Nufar F1 and Italian large Leaf for biomass weight when applying Biol at two different levels. It shows that there does not necessarily have to be a positive and significant relationship between biomass accumulation and WUE, so it is presumed that basil can develops regularly in Walipini-type greenhouses under semi-arid region conditions.

				Keywords: aromatic plant, biomass production, Biol, varieties.

				Resumen

				Introducción. La albahaca (Ocimum basilicum L.) es un cultivo poco conocido en el altiplano boliviano, al igual que su respuesta a la eficiencia de uso del agua (EUA) en invernadero tipo Walipini. Objetivo. Evaluar el comportamiento de dos variedades de albahaca y la eficiencia de uso del agua en la aplicación de biofertilizante foliar 
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				Introduction

				Now a day, there is a huge anthropogenic pressure on natural resources (Zeng & Li, 2021), which come from intense land use (Zhong et al., 2020), or excessive use of fossil fuel causing climate change effects (Lelieveld et al., 2019; Wuebbles & Jain, 2001). It is important to rescue plants with high nutritional qualities, resistant to rough environments, and medicinal qualities (Chen et al., 2018), which combined with organic production, short-cycle, perennial species and produced in controlled environments (Asociación de Organizaciones de Productores Ecológicos de Bolivia, 2002) will be a positive success achievement for food security. Therefore, the use of biofertilizers known as Biol seems necessary to use in intensive productions (Anli et al. 2020; Malusà et al., 2016; Singh et al., 2020). 

				Organic or ecological agriculture does not use chemical products (Meemken & Qaim, 2018), it is about replacing the so-called agrochemical products with organic contributions (Flórez, 2009). The main function of these biofertilizers in the crop production is to activate the strengthening of the nutritional balance (Restrepo Rivera, 2001). Therefore, extracts of soluble powders or organic compounds that have a mix of nitrogen, phosphorus, and potassium (macro and micronutrients), such as biofertilizers known as Biol should be used (Ginandjar, 2019). However, the qualities of the plant must be known for the conditions where it is produced, so it is necessary to know how effective its physiology is in hard but protected environments (Chapman et al., 2012), such as in the Bolivian Highland. This implies identifying the plant development in all its physiological phases in a like-greenhouse environment or Walipini-type greenhouse (Bacarreza, 2018), to know how efficient is the plant in using water (Luque Quispe, 2004; Tesén Gallardo, 2021), or how it reacts to the use of biofertilizers (Aduana Aguilar, 2016; Mamani, 2006). The objective of this research was to evaluate the behavior of two varieties of basil and the water use efficiency (WUE) in the application of two doses of foliar biofertilizer in a Walipini-type greenhouse.

				Materials y methods

				Geographic location

				This study was developed at the Ventilla Ecological Farm, located in the Murillo Province, Municipality of Achocalla, (16° 37’ 36.97 “ S and 68° 10’ 20.48” W), in the Community of Ventilla in the department of La Paz, Bolivia (Montes de Oca, 1997). 

			

		

		
			
				en un invernadero tipo Walipini. Materiales y métodos. El experimento se instaló en la Granja Ecológica Ventilla, en el Altiplano Central de Bolivia, con un periodo experimental de 135 días (13 de julio al 25 de noviembre), 2014. Se utilizó un experimento factorial con dos factores (variedades: Nufar F1 e Italian large Leaf) y dos niveles de biofertilizante foliar (Biol), bajo un diseño de bloques completamente al azar. Resultados. Mediante la relación EUA, área foliar específica y tasa neta de asimilación, se observó que la albahaca tuvo un mejor desarrollo en invernadero tipo Walipini (invernadero subterráneo), ya que la acumulación de biomasa no se vio afectada significativamente. Los resultados mostraron que la producción de albahaca en estos ambientes con biofertilizantes foliares, Biol, difirieron principalmente por la variedad más que por las dosis de Biol, y mostraron que Nufar F1 tuvo mejor desarrollo. Conclusión. Se observó una relación significativa entre Nufar F1 e Italian large Leaf para el peso de biomasa al aplicar Biol en dos diferentes niveles. Se muestra que no necesariamente debe haber una relación positiva y significativa entre la acumulación de biomasa y la EUA, por lo que se presume que la albahaca se desarrolla regularmente en invernaderos tipo Walipini bajo condiciones de región semiárida.

				Palabras clave: planta aromática, producción de biomasa, Biol, variedades.
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				Agroecological characteristics

				The thermal range of the Bolivian Highland is considered high in winter (variations from 16 °C even up to 25 °C) due to the effect of the intense solar radiation and the absence of clouds; the actual temperatures vary from 8 to 17 °C (Torrez et al., 2013), and temperatures from 18 to 27 °C inside of the Walipini-type greenhouse, which is constructed 1.0 to 2 m under the soil, in the subsoil. The Walipinis are semi-underground greenhouse-type infrastructure that allow the use of wild or small spaces, generating an environment with a microclimate conducive to growing fodder at more than 3,500 meters above sea level (Pérez Mercado, 2012).

				The maximum solar radiation in the region and in the research period varied between 1,435 wm-2 in November and 1,160 wm-2 in July. The daily radiations registered in summer were: the highest between 13:00 and 14:30 (1,300 wm-2 and 1,450 wm-2), the lowest occurred at 7:00 (200 wm-2) and at 17:00 (150 wm-2); in winter, they were: the highest between 13:00 and 14:30 (1,100 wm-2 and 1,200 wm-2), the lowest occurred before 9:00 (150 wm-2) and after 17:00 (150 wm-2) (Montano Saavedra et al., 2020; Viceministerio de Electricidad y Energías Alternativas, 2021).

				Varieties of basil (Ocimum basilicum L.) used

				Nufar F1 (Ocimum basilicum var. nufar) (NF): has a life cycle from 5 to 6 months, it could be transplanted or direct sowed, its transplant time varies from 28 to 30 days, it has 16 cuts within its productive cycle, the harvest start on 45 to 60 days after transplanting. Planting density of 60,000 to 80,000 plants per hectare, it has an average yield of 80 g m-2 per cut, growth rate of 2.5 cm per day approximately, it is adapted from 0 to 2,000 m.a.s.l. (Pushpangadan & George, 2012). In addition, this plant produces high contents of phenolic compounds and antioxidants, comparison to other varieties of basil (Lee et al., 2005).

				Italian large leaf (Ocimum basilicum var. genovese) (ILL): has a life cycle from 4 to 6 months, transplanted or direct sowed, its transplant time varies from 25 to 30 days, it has 14 cuts within its productive cycle, the harvest start 50 days after transplanting. Planting density of 60,000 to 70,000 plants per hectare, it has an average yield of 75 g m-2 per cut; growth rate, 2.5 cm per day approximately, it is adapted wide from 0 to 2,500 m.a.s.l. (Pushpangadan & George, 2012).

				Characteristics of the Biol 

				The Biol’s elaboration was in a 30 L volume biodigester (Restrepo Rivera, 2001). Biol was prepared based on 26 L of water, 6 kg of cattle manure, 1 kg of alfalfa (Medicago sativa), and 0.5 kg of Chancaca (molasses) for the fermentation processes. The fermentation period was 30 days. Chemical analysis of the Biol resulted in a content of 0.046 % of nitrogen, 0.035 % of phosphorus, 0.113 % of potassium, and 0,224 % of organic carbon. For the treatments, this solution was diluted using water in different levels.

				For the application of the biofertilizer doses, a manual metal sprayer and a plastic container were used. After dilution and filtering, the applications were made after 4:00 p.m., over the foliar part of the plants.

				Experimental period

				The experimental period was 135 days from 13 of July (winter) to 25 of November (spring), 2014, with 9 measurements during this period. Four phases for measuring the plant development: 11 days, 28 days, 65 days, and 121 days after sowing, and the harvesting 79 days after transplanting were considered.
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				Measurement of variables

				Nine plants per treatment were used. The number of leaves, and stems, plant height (cm), stem diameter (cm), weight (g), were measured as well as the water use efficiency.

				Leaf surface

				The leaf surface was determined by sampling the leaves of plants that were 25 cm high, thus covering the 40 to 60 days of the plant cycle. The total number of leaves sampled was n = 486, corresponding to 54 leaves sampled per plot and considering a total of 162 measured individually, determining length (L, in cm), width (A, in cm), and leaf area (LA; in cm2). The validation was done with Image J (Gonzalez, 2018).

				Biomass (weight)

				The final evaluation of the growth in green and dry biomass of the plant was determined in nine plants per treatment. The green weight was obtained in the field, and for the dry weight it was obtained in the laboratory, they were dried in an oven at 80 °C until constant mass. 

				Growth rates

				From the leaf surface and the total dry biomass, according to Acosta-Motos et al. (2017) and Barroso (2004) the following indicators were calculated: net assimilation rate (NAR, equation 1), relative growth rate (RGR, equation 2), and specific leaf area (SLA, equation 3), using the following expressions:

					g m2 day-1	(1)	 g g-1 day-1	(2)
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				 m2 g-1	(3)	

				Where:

				M1 and M2: Total dry mass at the beginning and end of the period.

				ML1 and ML2: Leaf dry mass at the beginning and end of the period.

				t2 and t1: Number of days at the beginning and end of the period.

				SF2 and SF1: Total leaf area at the beginning and end of the period.

				Water use efficiency

				In the management of the crop and for avoiding the masked effect of the use of water in the Walipini-type greenhouse, it was irrigated taking into account the need of the plant in its phenological phases. This was done according to Daza Torrez (2018), Daza-Torrez et al. (2017), and Urrutia Cobo (2006), till harvesting at a rate of: a) initial phase: Kc: 0.34, 70 mm; b) growth and development phase: Kc: 0.46, 75 mm; c) maturity phase: Kc: 0.59, 
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				122 mm; d) harvest and senescence phase: Kc: 0.42, 64 mm. For the water use efficiency (WUE) calculation, the relationship of Howel (2001) was used in which the WUE for productive systems can be defined in the equation 4:

				 kg m-3  (4)

				If the production of the crop is expressed in g m-2 and the water is expressed in mm, then the WUE has kg m-3.

				Description of the experimental plot

				Walipini is a semi-underground construction, type of greenhouse; this infrastructure manages to create warmer temperatures inside in comparison to the outside temperature. A Walipini has a depth between 1.80 - 2 m, which creates favorable climatic characteristics and minimal temperature fluctuations. Its ground walls help retain heat and humidity, something that minimizes water consumption, a very scarce resource in the highlands. This system has characteristics that allow intensive production of horticultural products throughout the year (Calle Ramos, 2006). The experimental area of the plot consisted of 40.5 m2, the furrows were made prior to transplanting the seedlings considering a surface per experimental unit of 2.10 cm2. All the treatments were distributed randomly to later establish the basil crop.

				Experimental design 

				The experimental design used in the research was the randomized complete block design with a factorial arrangement of 23. The results were subjected to an analysis of variance (ANOVA) (Federer, 1983); the mean comparison between treatments and varieties was made through the test of Duncan. The spatial arrangement has been arranged in three blocks and six treatments, which gave rise to 18 experimental units. The factors used were the following: 

				Factor A: varieties of basil 

				a1 = Nufar F1 

				a2 = Italian Large Leaf 

				Factor B: Dose of foliar biofertilizer

				b1 = Foliar biofertilizer with 100 % of water and 0 % of Biol (control) 

				b2 = Foliar biofertilizer with 95 % of water and 5 % of Biol

				b3 = Foliar biofertilizer with 75 % of water and 25 % of Biol

				The statistical model used was following Koller et al. (2016) and Federer (1983) and are represented in the equation 5: 

				Yijk = µ + δk + αi + βj + (α β)ij + Єijk (5)

				Where: 

				Yijk	= Any observation or value of the evaluated response variable in an experimental unit of the k-th block that received the combination of the i-th level of A and j-th level of B. 

				µ	= Mean 

				δk	= Effect of k-th block. 

				αi	= Effect of i-th level of A. 
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				βj	= Effect of j-th level of B. 

				(α β)ij= Effect of the interaction between levels i-th of A and j-th of B. 

				Єijk	= Random effect of residuals or experimental error. 

				Features of treatments

				A total of six treatments are sowed in Table 1, originating from the combination of the factors of varieties and doses of foliar biofertilizer with its control.

				The combination of both factors was randomly distributed, considering 35 basil plants in each experimental unit, of which nine were taken into account for evaluation randomly. 

				The independent-samples t-test were done to compare the means between unrelated groups on the same continuous, dependent variables; all relevant graph and data analyzes were performed using Minitab® 17 software (Pennsylvania State University, PA, USA) and MS Excel 2010 (Microsoft, Washington, USA). The normal distribution of the data was determined by the Shapiro-Wilk W test, while the homogeneity of the variances was determined by the Bartlett test. The ANOVA results were considered significant at p<0.05 and p<0.01, as appropriate, and mean comparisons were made using the Tukey HSD test. For the correlation analysis at the significance level (p<0.05) based on the Pearson method. The data analysis combined with bibliographic information also was done.

				Results

				Agroecological conditions

				The agroecological conditions of the Walipinin-type greenhouse is shown in the Table 2 and Figure 1.

			

		

		
			
				Table 1. Organization of the treatments in the Walipini-type greenhouse where the research with basil (Ocimum basilicum L.) was carried out. Ventilla farm, La Paz, Bolivia. 2014.

				Cuadro 1. Organización de los tratamientos en el invernadero tipo Walipini donde se realizó la investigación con albahaca (Ocimum basilicum L.). Granja de Ventilla, La Paz, Bolivia. 2014.

				
					Treatment

				

				
					Description

				

				
					Combination

				

				
					Repetitions

				

				
					T1

				

				
					a1b1

				

				
					Nufar variety with 0 % of Biol (only water)

				

				
					3

				

				
					T2

				

				
					a1b2

				

				
					Nufar variety with 5 % of Biol

				

				
					3

				

				
					T3

				

				
					a1b3

				

				
					Nufar variety with 25 % of Biol

				

				
					3

				

				
					T4

				

				
					a2b1

				

				
					Italian Large Leaf variety with 0 % of Biol (only water)

				

				
					3

				

				
					T5

				

				
					a2b2

				

				
					Italian Large Leaf variety with 5 % of Biol

				

				
					3

				

				
					T6

				

				
					a2b3

				

				
					Italian Large Leaf variety with 25 % of Biol

				

				
					3

				

				Walipini is a semi-underground construction, type of greenhouse; this infrastructure manages to create warmer temperatures inside in comparison to the outside temperature. / Walipini es una construcción semienterrada, tipo invernadero; esta infraestructura logra crear temperaturas más cálidas en el interior en comparación con la temperatura exterior.
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				Table 2. Results of the soil analysis of the Walipini-type greenhouse where the research with basil (Ocimum basilicum L.) was carried out. Ventilla farm, La Paz, Bolivia. 2014.

				Cuadro 2. Resultados de los análisis de suelo del invernadero tipo Walipini donde se realizó la investigación con albahaca (Ocimum basilicum L.). Granja de Ventilla, La Paz, Bolivia. 2014.

				
					Parameters 

				

				
					Unit

				

				
					Outcome

				

				
					 Sand

				

				
					%

				

				
					50

				

				
					 Clay

				

				
					%

				

				
					27

				

				
					 Silt

				

				
					%

				

				
					23

				

				
					 Textural class

				

				
					FYA

				

				
					Sandy clay loam

				

				
					 Gravel

				

				
					%

				

				
					9.7

				

				
					 pH

				

				
					-

				

				
					6.8

				

				
					 Electric conductivity

				

				
					dS/m

				

				
					0.17

				

				
					 Base saturation 

				

				
					%

				

				
					98.53

				

				
					 Organic matter

				

				
					%

				

				
					6.39

				

				
					 Total nitrogen

				

				
					%

				

				
					0.28

				

				
					 Assimilable phosphorus

				

				
					ppm

				

				
					254.86

				

				
					 Catin Exchange capacity

				

				
					meq(100g)-1

				

				
					12.22

				

				
					 Calcium

				

				
					meq(100g)-1

				

				
					5.25

				

				
					 Magnesium

				

				
					meq(100g)-1

				

				
					2.87

				

				
					 Sodium

				

				
					meq(100g)-1

				

				
					0.99

				

				
					 Potassium

				

				
					meq(100g)-1

				

				
					2.93

				

				Walipini is a semi-underground construction, type of greenhouse; this infrastructure manages to create warmer temperatures inside in comparison to the outside temperature. / Walipini es una construcción semienterrada, tipo invernadero; esta infraestructura logra crear temperaturas más cálidas en el interior en comparación con la temperatura exterior.

			

		

		
			
				Figure 1. Average temperature measured inside the Walipini-type greenhouse and outside of this infrastructure. Relative humidity measured outside the infrastructure (H°: %). Ventilla Farm, La Paz, Bolivia. 2014.

				Walipini is a semi-underground construction, type of greenhouse; this infrastructure manages to create warmer temperatures inside in comparison to the outside temperature.

				ACT: average temperature, MAX: maximum temperature, MIN: Minimum temperature. 

				Figura 1. Temperatura promedio medida dentro del invernadero tipo Walipini y fuera de esta infraestructura. Humedad relativa medida fuera de la infraestructura (H°: %). Granja de Ventilla, La Paz, Bolivia. 2014.

				Walipini es una construcción semienterrada, tipo invernadero; esta infraestructura logra crear temperaturas más cálidas en el interior en comparación con la temperatura exterior.

				ACT: temperatura media, MAX: temperatura máxima, MIN: temperatura mínima. 
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				Plant growth 

				According to the ANOVA, it was observed that there was a highly significant difference between varieties for days to flowering (DF), also no significant differences between varieties for the number of leaves and plant height (p=0.179 and p=0.181, respectively). However, the variety had a 93.2 % impact on the number of stems (p=0.068), 95.3 % for stem diameter (p=0.047), and 94.5 % for weight (p=0.055). On the other hand, it was observed there no significant differences among the levels of Biol (neither for plant height, stem diameter, weight, number of leaves, and number of stems) (Table 3).

				The response of the application of foliar biofertilizer (Biol) in two varieties of basil has shown that there was a significant difference between Nufar F1 (NF) with 0 % Biol (only water) and Italian Large Leaf (ILL) with 25 % Biol (p<0.05), for the rest of the treatments, showed differences between treatments 1 to 3 and treatments 4 to 5. Likewise, a significant difference was observed between NF with 0% Biol (only water) and ILL with 25 % Biol (p<0.001) for the number of leaves, number of stems, plant height, stem diameter, and the weight of the plant (Table 4).

				Water use efficiency

				On average, the water use efficiency (WUE) has been 4.3 kg m-3 for NF and 3.2 kg m-3 for ILL. It was established that there are significant differences between NF with 0 % Biol (only water) (4.8 kg m-3) and ILL with 25 % Biol (1.9 kg m-3) (p <0.001) (Figure 2). No differences were observed between means of treatments 2, 3, 4, and 5 (Figure 2). The ANOVA shows that there were no significant differences for the dose (p>0.072) and for the variety (p>0.058), so there was no interaction between both factors (p>0.279).

				Growth rates

				The highest values of the relative growth rate (RGR) observed were on days 24 and 32 after planting, with values for ILL 5 % Biol 0.044 g g-1 day-1 and the same variety with 0 % Biol 0.046 g g-1 day-1. The response that showed values higher during growth was the treatment ILL 5 % Biol (p<0.001) (T5) with a cumulative value of 0.292 g g-1 day-1. This was followed by NF Biol 5 % with a cumulative 0.290 g g-1 day-1, revealing a maximum growth rate at 16 and 24 days, a condition in which the plant had an increased demand for water (Figure 3). 

			

		

		
			
				Table 3. Value of p from the analysis of variance in the experiment with basil (Ocimum basilicum L.) of two varieties under three levels of foliar fertilizer Biol. Ventilla Farm, La Paz, Bolivia. 2014.

				Cuadro 3. Valor de p del análisis de varianza en el experimento con albahaca (Ocimum basilicum L.) de dos variedades bajo tres niveles de fertilizante foliar Biol. Granja de Ventilla, La Paz, Bolivia. 2014.

				
					Source

				

				
					Days to flowering

				

				
					Number of leaves

				

				
					Number of stems

				

				
					Plant height (cm)

				

				
					Stem diameter (cm)

				

				
					Weight (g)

				

				
					Block

				

				
					0.940 

				

				
					0.174

				

				
					0.085

				

				
					0.086

				

				
					0.179

				

				
					0.163

				

				
					Variety

				

				
					0.001

				

				
					0.179

				

				
					0.068

				

				
					0.181

				

				
					0.047

				

				
					0.055

				

				
					Level of Biol

				

				
					0.110

				

				
					0.095

				

				
					0.077

				

				
					0.100

				

				
					0.170

				

				
					0.149

				

				
					Variety*Level of Biol

				

				
					0.419

				

				
					0.759

				

				
					0.732

				

				
					0.513

				

				
					0.424

				

				
					0.349
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				Table 4. Means of the morphological characteristics of two varieties of basil (Ocimum basilicum L.) under three levels of foliar fertilizer Biol. Ventilla Farm, La Paz, Bolivia. 2014.

				Cuadro 4. Medias de las características morfológicas de dos variedades de albahaca (Ocimum basilicum L.) bajo tres niveles de fertilizante foliar Biol. Granja de Ventilla, La Paz, Bolivia. 2014.

				
					Variety

				

				
					Level of Biol

				

				
					Days to flowering

				

				
					Number of leaves

				

				
					Number of stems

				

				
					Plant height (cm)

				

				
					Stem diameter (cm)

				

				
					Weight 

					(g)

				

				
					Nufar F1

				

				
					0

				

				
					6.4 a

				

				
					42.7 a

				

				
					10.8 a

				

				
					32.5 a 

				

				
					0.7 a

				

				
					77.2 a

				

				
					5 %

				

				
					5.9 ab

				

				
					42.1 a

				

				
					10.3 a

				

				
					30.9 a

				

				
					0.6 ab

				

				
					66.7 ab

				

				
					25 %

				

				
					4.7 ab

				

				
					35.1 a

				

				
					8.4 a

				

				
					28.1 a

				

				
					0.6 ab

				

				
					64.3 ab

				

				
					Average

				

				
					5.7

				

				
					40.0

				

				
					9.8

				

				
					30.5

				

				
					0.6

				

				
					69.4

				

				
					Italian Large Leaf

				

				
					0

				

				
					2.5 cd

				

				
					37.0 a

				

				
					9.1 a

				

				
					29.1 a

				

				
					0.6 b

				

				
					58.1 b

				

				
					5 %

				

				
					4.1 bc

				

				
					40.1 a

				

				
					8.5 a

				

				
					30.8 a

				

				
					0.6 ab

				

				
					65.1 ab

				

				
					25 %

				

				
					1.7 d

				

				
					26.1 b

				

				
					4.7 b

				

				
					20.7 b

				

				
					0.5 c

				

				
					32.5 c

				

				
					Average

				

				
					2.8

				

				
					34.4

				

				
					7.4

				

				
					26.9

				

				
					0.5

				

				
					51.9

				

				Different letters within treatment results indicate significant differences at p<0.01. / Las letras diferentes al lado de los resultados indican diferencias significativas, p<0,01.

				The Biol’s elaboration was in a 30 L volume biodigester (Restrepo Rivera, 2001). / La elaboración del Biol fue en un biodigestor de 30 L de volumen (Restrepo Rivera, 2001).

			

		

		
			
				
					Figure 2. Water use efficiency of three levels of Biol and two varieties of basil (Ocimum basilicum L.) plants after the growing period. Ventilla Farm, La Paz, Bolivia. 2014.

					The Biol’s elaboration was in a 30 L volume biodigester (Restrepo Rivera, 2001).

					Figura 2. Uso Eficiente del Agua de tres niveles de Biol y dos variedades de plantas de albahaca (Ocimum basilicum L.) después del período de crecimiento. Granja de Ventilla, La Paz, Bolivia. 2014.

					La elaboración del Biol fue en un biodigestor de 30 L de volumen (Restrepo Rivera, 2001).
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				However, in the treatment of 25 % Biol for both species, its behavior presented more varied values but that was sustained over time more than in the other treatments. In the day 40 after sowing, the RGR dropped to values of 0.025 g g-1 day-1 for ILL with 25 % Biol and 0.030 g g-1 day-1 for NF with 25 % Biol (Figure 3).

				The treatment that showed the higher value of specific leaf area was NF with 5 % Biol (T2), with an area of 628 m2 g-1, followed by NF 0 % Biol with an area of 601.3 m2 g-1, however, it is denoted that there were no statistical differences between the treatments (p>0.545) (Figure 4).

				The results showed, that rate of assimilation net higher was for the treatment ILL with 25 % Biol (0.085 g m2 day-1), and the lowest was for NF with 0 % Biol (0.021 g m2 day-1), showing a highly significant difference between these two treatments (p<0.001), the differences were influenced by varieties but not by the doses (Figure 5). 

				There was an inversely proportional and negative relationship between the NAR and WUE, and between NAR and SLA. For both relationships, the higher slope observed was for the ILL variety in comparison to NF which was more stable (Figure 4). 

				The NAR and WUE relationship in the ILL variety has higher WUE and SLA than NF variety. The ILL variety shows lower WUE and SLA than the NF variety.

			

		

		
			
				
					Figure 3. Relative growth rate of three levels of Biol and two varieties of basil (Ocimum basilicum L.) plants in all growing period. T1 to T6 refers to Table 1. Ventilla Farm, La Paz, Bolivia. 2014.

					Each symbol represents the mean of 9 plants which represents one treatment. *** Significant at p<0.001. The Biol’s elaboration was in a 30 L volume biodigester (Restrepo Rivera, 2001).

					Figura 3. Tasa de crecimiento relativo de tres niveles de Biol y dos variedades de plantas de albahaca (Ocimum basilicum L.) en todo el período de crecimiento. T1 a T6 se refiere al Cuadro 1. Granja de Ventilla, La Paz, Bolivia. 2014.

					Cada símbolo representa la media de 9 plantas que representa un tratamiento. *** Significativo a p<0,001. La elaboración del Biol fue en un biodigestor de 30 L de volume (Restrepo Rivera, 2001).
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				Figure 4. Specific leaf area and net assimilation rate of three levels of Biol and two varieties of basil (Ocimum basilicum L.) plants. Ventilla Farm, La Paz, Bolivia. 2014.

				Different letters above bars indicate significant differences at p<0.01. The Biol’s elaboration was in a 30 L volume biodigester (Restrepo Rivera, 2001).

				Figura 4. Área foliar específica y tasa de asimilación neta de tres niveles de Biol y dos variedades de plantas de albahaca (Ocimum basilicum L.). Granja de Ventilla, La Paz, Bolivia. 2014.

				Las letras diferentes al lado de los resultados indican diferencias significativas a p<0,01. La elaboración del Biol fue en un biodigestor de 30 L de volumen (Restrepo Rivera, 2001).
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					Figure 5. Relationship between (a) net assimilation rate (NAR) and water use efficiency (WUE) for basil (Ocimum basilicum L.) plants. Relationship between (b) net assimilation rate and specific leaf area (SLA) for basil plants. Ventilla Farm, La Paz, Bolivia. 2014.

					The symbol  shows treatments with Nufar F1 (NF), and symbols  show treatments with Italian Large Leaf (ILL). * Not significant at p<0.001. The Biol’s elaboration was in a 30 L volume biodigester (Restrepo Rivera, 2001).

					Figura 5. (a) Relación entre la tasa de asimilación neta (NAR) y el uso eficiente del agua (WUE) para plantas de albahaca (Ocimum basilicum L.). (b) Relación entre la tasa de asimilación neta y el área foliar específica (SLA) en plantas de albahaca. Granja de Ventilla, La Paz, Bolivia. 2014.

					El símbolo  muestra tratamientos con Nufar F1 (NF), y el símbolo  muestra tratamiento con Italian Large Leaf (ILL). * No significativo a p<0,001. La elaboración del Biol fue en un biodigestor de 30 L de volumen (Restrepo Rivera, 2001).
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				In addition, it is observed that NAR decreases in ILL more than in NF as long as it decreases the proportion of Biol in the treatment. The NAR was high in ILL with 25 % of Biol, and low with 5 % of Biol, but much lower in NF for both cases (one can see the same behavior in Figure 3b). 

				Discussion

				There were no significant differences between Nufar F1 (NF) and Italian Large Leaf (ILL), primarily for the number of leaves and plant height; however, the ILL variety had a better response in the days to flowering (with 25 % of Biol) and the NF variety had a better response at the final weight (with 5 % of Biol). The plant growth results are similar to those mentioned by Colorado et al. (2013) referring with the agronomic management regularity, where the basil reached a plant heights between 35.5 and 37.5 cm (in the present research an average of 30.5 cm for NF and 26.9 cm for ILL were found). In the same period as in this research, an average of 45 leaves per plant was found for Ramírez-Quimbayo et al. (2001), while in this research an average of 40 leaves for NF and 34 leaves for ILL was found. 

				Other authors observed in experiments with Ocimum basilicum L. that there were no differences in its growth parameters between most of the treatments with foliar fertilizers imposed against the control: Kwiatkowski and Juszczak (2011) for plant height, Alhasan et al. (2021) for the number of leaves per plant, Alhasan et al. (2020) in stem diameter, and Al-mansour et al. (2017) on the weight of the plant. 

				Although responses for applying Biol on the development of growth of basil in the present research have coincidences with other findings in similar ecosystems, low response interaction between the variety factor and the dose factor is assumed has due to the construction characteristics of the Walipini. High temperatures inside of Walipini-type greenhouse (up to 25.1 °C within 17 °C against the outside on average), could have an effect on plant development (Figure 1); thus, the height of plants was reduced for treatments with 25 % Biol and showing the same heights all period in treatment with 5 % Biol but only for the ILL variety. These results coincide with Yépez-Hernández et al. (2016), who found that the application of nitrogen above the required doses and extreme external conditions for plant growth, such as high temperature and the water deficit, could affect negatively the plant growth development. 

				For final weights and stem diameter of basil, which treatments were not statistically different, low yields were found in the application of Biol, which shows no interaction between the levels of Biol, similar responses were found by Matsumoto et al. (2013). In this respect, the nitrogen content of the Biol used and the plasticity of the variety ILL, may have influenced the similarity of responses of the studied parameters. Bioles of similar characteristics, 0.0196 % Biol of bovine ruminal origin (Peñafiel & Ticona, 2015), 0.05 % Biol and 0.09 % manure Biol with 45 days of decomposition (Cabos Sánchez et al., 2019) have shown similar behaviors.

				The water use efficiency (WUE) was affected by both the type of variety and the dose of Biol. So, it is assumed that this response has been given by the best assimilation in both varieties with 5 % Biol. It seems that this level gives the highest nitrogen availability to this plant (4.27 kg m-3 in NF and 4.34 kg m-3 for ILL). Although this value is similar to those reported by Goldani et al. (2021), Howell (2001), and Borivoj et al. (2017) on a dry basis, the highest value of this parameter was for ILL with 5 % of Biol (5.54 kg m-3), followed by 5.44 NF with 0 % of Biol (5.44 kg m-3), and of NF with 5 % of Biol (5.08 kg m-3), which indicate that both varieties respond differently to the use of water. Since the dose of 0 % and 25 % of Biol has a lower WUE in 36 % in the ILL variety compared to NF. Agreeing with Goldani et al. (2021) who obtained lower values in control treatments (6.25, 4.46, 5.36 kg m-3). Furthermore, it is known that the N is essential for cell division and thus, for plant growth. The application of a greater volume of Biol was not reflected in the WUE. According to Ferreira et al. (2015), they do not recommend the use of high doses of N when making a single cut of basil plants. 
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				Whereas plant growth is a function of environmental parameters, the effect there of is cumulative. It is expected that the plant develops best in optimal conditions of temperatures (Walters & Currey, 2019), with optimal light concentrations (Solis-Toapanta & Gomez, 2019), with optimal water consumption and nutrient availability (Solis-Toapanta et al., 2020). When the system becomes stressed, whether, because of high temperatures or depleted soils, with low contents of organic matter, and therefore, low water storage capacity, the RGR values are low. The decrease in RGR values is normal in the last phases of the plant when successive cuts have been made. The RGR of the present research has varied from 0.027 to 0.022 g g-1 day-1 similar to those found by Ferreira dos Santos et al. (2019), in whose research they found that RGR decreased as basil was exposed to a greater number of stressors. Likewise, Walters and Currey (2019) found that basil exposed to temperatures higher than 28 °C lowered its RGR, concluding that this plant is sensitive to low and high temperatures. Also the basil responded negatively to high radiation exposures and high temperatures, as well as for periods in which the plant was subjected to stress such as the harvest period (RGR of 0.074 to 0.02 g g-1 day-1) (Vasquez et al., 2013). 

				The specific leaf area (SLA) found in the plants was not significantly different for all the treatments. Although the SLA coincides with those found by Ferreira et al. (2019) with areas between 450 to 1000 m2 g-1. When plants are exposed to high light intensities (i.e. 1300 w m-2), these grow very slowly and therefore affecting the SLA (Caliskan et al., 2009) (as also found by Andressen et al., 2007). 

				The net assimilation rate (NARs) have been higher for ILL than for NF. As this index is related to the SLA; however, apparently, the higher specific surface does not seem to indicate a higher WUE. Many authors mention that the whole WUE is defined by the balance between the total production of biomass of the plant and the total water consumption. The water transpired, therefore, depends on the structure and growth of aerial parts (leaf angle related to the incoming irradiance and shoot position). This structure determines the interception of light by the plant or the energy charge by transpiration (Escalona et al., 2003) which are essential for the WUE. Furthermore, WUE is dependent on water losses during non-assimilatory periods (cuticular and nocturnal transpiration) (Caird et al., 2007), and also depends on respiration in leaves, stems, and roots throughout the day. And consequently, it is expected that there will not be a direct relationship between NAR and SLA, which is directly related to biomass production (Blum, 2009). Given this type of relationship, for the research results, no significant relationships between WUE and the NAR where be found (Podlaski et al., 2017). Consequently, it is assumed that the soil conditions and the external conditions of the arid zone (Nicotra & Davidson, 2010) have affected this low correlation. Hence, the WUE can be used as an indicator of this plant, showing the potential to adapt in semi-arid regions, zones with less annual rainfall, and low water content in the soil profile; it can be a potential species to adapt to climate change conditions, as also mention by Yan et al. (2015). This behavior of this plant in the Walipini-type greenhouse shows also that biomass accumulation and water loss by transpiration play an important role in crop yield, regardless of the variety, therefore it is necessary to study also the efficiency of water uptake and the structural limitations of stomata on the photosynthesis processes.

				Conclusions

				The Nufar F1 variety had a better response to the application of two doses of foliar biofertilizer, due to its better response to productivity in Walipini type of greenhouse compared to the Italian Large Leaf variety.

				The variety that showed the highest average for all measured variables was Nufar F1, which obtained high values compared to the Italian Large Leaf variety, showing that the varieties behave differently.

				The treatment with which the best development of the measured parameters was for the Nufar F1 without Biol (0 % of Biol, only water). Conversely, the variety that achieved a regular development of the measured parameters was for the Italian Large Leaf variety with a dose of 25 % of Biol.
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				The Nufar F1 variety presented higher WUE concerning the WUE of the Italian Large Leaf, the WUE is similar for both varieties but only at 5 % of the Biol. In doses of 0 % and 25 % in NUFAR F1 it is higher than in Italian Large Leaf.

				Through the WUE, SLA, and NAR relationship, it was observed that basil has better development in Walipini- type greenhouse in semi-arid zones since the accumulation of biomass seems not to be affected significantly.

				Since a significant relationship was observed between Nufar F1 and Italian large Leaf for biomass weight applying BIOL at two different levels, it is shown that there should not necessarily be a positive and significant relationship between biomass accumulation and WUE, so it is presumed that basil can develops regulary in Walipini-type greenhouse for semiarid region conditions.
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Effects of foliar biofertilization on the Water Use Efficiency in different
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Abstract

Introduction. Basil (Ocimum basilicum L.) is a little-known crop in the Bolivian highlands as its response to
water use efficiency (WUE) in a Walipini-type greenhouses. Objective. To evaluate the behavior of two varieties
of basil and the water use efficiency (WUE) in the application of foliar biofertilizer in a Walipini-type greenhouse.
Materials and methods. The experiment was installed at the Ventilla Ecological Farm, in the Central Highlands
of Bolivia, with an experimental period of 135 days (July 13 to November 25), 2014. A factorial experiment
with two factors (varieties: Nufar F1 and Italian Large Leaf) and two levels of foliar biofertilizer (Biol) was used
under a completely randomized block design. Results. Through the WUE, specific leaf area, and net assimilation
rate relationship, it was observed that basil had a better development in Walipini-type greenhouse (underground
greenhouse) since biomass accumulation was not significantly affected. The results showed that the production of
basil in this environment using foliar biofertilizer, Biol, differ mainly by the variety rather than by the doses of Biol,
showing that Nufar F1 had better development. Conclusion. A significant relationship was observed between Nufar
F1 and Italian large Leaf for biomass weight when applying Biol at two different levels. It shows that there does
not necessarily have to be a positive and significant relationship between biomass accumulation and WUE, so it is
presumed that basil can develops regularly in Walipini-type greenhouses under semi-arid region conditions.

Keywords: aromatic plant, biomass production, Biol, varietics.

Resumen

Introduccién. La albahaca (Ocimum basilicum L.) es un cultivo poco conocido en el altiplano boliviano, al
igual que su respuesta a la eficiencia de uso del agua (EUA) en invernadero tipo Walipini. Objetivo. Evaluar el
comportamiento de dos variedades de albahaca y la eficiencia de uso del agua en la aplicacién de biofertilizante foliar
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