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ABSTRACT
Objective: To evaluate the effect of fertigation and granular fertilizer to the soil interacting with foliar application of 

analogue brassinosteroids in Solanum lycopersicum L.

Design/Methodology/Approach: The treatments were Fertigation (F), Fertigation plus brassinosteroids (F  BR), Granular 

fertilization (FG) and Granular fertilization  brassinosteroids (FG  BRs). A completely randomized design with four 

replicates was used, where one plant from each treatment represented the experimental unit. Plants (45 days-old) were 

sprayed with 2 mg L1 of Brassinosteroid CIDEF-4 and subsequent applications were made every 28 d. Plant height and 

stem diameter were measured 92 d after transplantation, while the yield was obtained by weighing completely red fruits. 

An analysis of variance was performed using the GLM procedure and the Tukey means comparison test (p0.05) with the 

SAS 9.3 program.

Results: Fertigation induced greater plant growth and reproduction of the tomato compared to the granular fertilizer 

with, or without foliar application of the analogue brassinosteroid. Treatments with granulated fertilizers decreased plant 

height by 10.36% and 10.45% compared to fertigation. Tomato yield with granulated fertilization, with or without Br, 

corresponded to 76.6% and 75.80% of what was achieved with Fertigation  Br. 

Study limitations/Implications: The absence of a stressful environment did not favor the application of the analogue 

brassinosteroid.

Findings/conclusions: Fertigation induces greater growth and yield of tomato under field conditions; and environmental 

temperature homogeneity did not favor morphological nor physiological expression of the analogue brassinosteroid. 
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INTRODUCTION 

Water and synthetic chemical fertilizers used in agriculture have become two 

key factors of study due to their influence on growth 

and crop productivity (Wang and Xing, 2017). They are essential inputs to face the seasonal distribution of precipitation, 

which generates drought in certain stages of the cultivation growth and to satisfy the nutritional needs in plants. 
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Fertilization constitutes one of the essential management 

practices for the sustainable management of vegetables 

(Hernández et al., 2009). Drip irrigation has contributed 

to improve the efficient use of water by supplying small 

and frequent amounts of the liquid directly to the root 

zone (Karam et al., 2007; Machado et al., 2003) and 

with fertigation, understanding this as the application 

of chemical fertilizers through irrigation, which supply 

nutrients in quantities and frequency required by the 

specific phenological stage of the crop (Guzmán, 2004). 

The fertigation is a successful technique. However, it is 

essential to solve some nutritional problems in tropical 

regions (Hernández et al., 2009; Bravo et al., 2016). 

Tomato cultivation requires differentiated fertilization for 

each region (Silva et al., 2011) and it is important to update 

the levels of mineral fertilization in tomatoes to make 

their application more efficient, and favor production 

without deterioration of natural resources, facing the 

wide availability of cultivars for planting.

With fertigation, the availability of water and nutrients in 

the root zone is maintained. However, in the aerial part, 

the plants face contrasting environments of increased 

temperature and low humidity, which frequently expose 

the plant to thermal stress (González et al., 2006) and 

in this case, it has been shown that brassinosteroids 

(Br), plant hormones that favor the polarization of the 

cell membrane (Singh and Shono, 2005), and induce 

resistance to biotic and abiotic stresses (Reyes et al., 

2008; Nie et al., 2017), help to improve plant adaptation 

to local conditions. Also, BRs can influence growth when 

exogenous applications are made. In addition, they 

improve crop yield (Nie et al., 2017), as in lettuce (Lactuca 

sativa) (Serna et al., 2012), in fertile trilinear hybrids of Zea 

mays L. (Torres-Ruíz et al., 2007) or increased leaf area, 

as well as increased content of stevioside, rebaudioside 

and steviol in Stevia (Aguirre-Medina et al., 2018), 

particularly in high temperature conditions, hydric, saline 

or other abiotic stress (Núñez et al., 2001). In tomato 

(Solanum lycopersicum L.), BR was associated with the 

production of ethylene, with increasing the content of 

lycopene and carbohydrates (Vardhini and Rao, 2002). 

In transgenic tomatoes, the number of fruits and yield 

was increased, but decreased the individual weight of 

the fruit; likewise, it resulted in early flowering and a 

significant reduction in maturation time (Nie et al., 2017). 

Thus, fertigation and granular fertilization were evaluated 

in tomato cultivation, with/without the foliar application 

of one analogue brassinosteroid in plants of Solanum 

lycopersicum L.

MATERIALS AND METHODS
The experiment was established during the autumn-

winter cycle of 2019 in the Experimental Field of the 

Facultad de Ciencias Agrícolas, Campus IV, located at 

the junction of the coastal road and Huehuetán Station, 

municipality of Huehuetán. The type of climate Aw2 i g, 

which corresponds to tropical warm-humid with rains 

in summer. The average annual rainfall of 2,415 mm 

between the months of May to November. During the 

research, there was no precipitation, and the averages of 

maximum, minimum and mean temperatures were 35.0, 

20.6 and 27.8 °C from November to March.

The soil is of a sandy-loam texture (66.48% sand, 

23.72% silt, 9.80% clay), 1.7% organic matter, electrical 

conductivity of 0.03 dS m1, 6.25 meq 100 g1 capacity 

of cation exchange, pH 5.7, 0.07% of N, P 15.45 mg kg1, 

K 238.0 mg kg1, Ca 704 mg kg1, Mg 157.5 mg kg1 and 

Na 168.0 mg kg1. The cultivar ‘Pony Express’ was used 

for S. lycopersicum (Harris Moran®), of a determined 

early Saladette type, with uniform fruits in size, shape and 

deep red color.

The seeds were germinated in polystyrene trays of 

200 cavities and 25 mL of volume in each cavity in 

Growing Mix® peat-moss as substrate. The transplant 

was carried out 35 d after sowing in the open field by 

means of fertigation, which was applied with a strip 

20 cm apart between drippers, in furrows 0.8 m wide 

and 0.50 m apart between plants. The plants were 

driven to a single stem, removing the lateral shoots. 

Only three bunches per plant were harvested, when 

the fruits were ripe.

In fertigation, the Steiner nutrient solution was used 

(Steiner, 1984) and its base composition was in molc 

m3: 12 NO3
 , 1 H PO2 4

 , 3.5 SO4
2 , 7 K, 2 Mg2 y 4.5 

Ca2 with 5.8 pH and electrical conductivity of 2 dS m1. 

Granulated fertilization was performed by applying deep 

fertilization with 20 g of diammonium phosphate (DAP) 

and subsequently, soil applications were made every 8 d 

with 15 g of urea and 4 g of potassium chloride.

The soluble Brassinosteroid CIDEF-4™ (Natura del 

Desierto, SA. de CV.) with 80% steroidal content and 10% 

active ingredient, 2 mg L1 were sprayed every 28 d to 

the point of dripping per plant.

Four treatments were established: Fertigation (F), 

Fertigation plus brassinosteroid (F  BR), Granular 
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fertilization (GF), and Granular fertilization  

brassinosteroid (GF  BRs). The experiment was 

conducted as a completely randomized design with four 

replicates; one plant from each treatment formed the 

experimental unit.

Variables were, plant height (cm), recorded with a tape 

measure from the root crown to the apical bud; and 

stem diameter, measured at a height of 5 cm from the 

root crown up, with a digital Vernier (Sure Bilt. USA) at 

92 d after transplant. Tomato yield was obtained by 

weighing the fruits per bunch on a digital scale (ADIR, 

model 1676). An analysis of variance was performed 

using the GLM procedure and the Tukey mean 

comparison test (P0.05), using SAS 9.3 program (SAS 

Institute, 2010).

RESULTS AND DISCUSSION
The height and thickness of the stem increased in the 

treatments with fertigation and were statistically different 

from the rest (p0.05) (Table 1). Treatments with 

granulated fertilizers decreased 10.36% and 10.45% when 

compared to the best treatment. Analogue brassinosteroid 

did not show a positive effect in either of the fertilization 

forms. This is attributed to temperature uniformity during 

the study period. Maximum temperature values were 34-

35 °C and the minimum average temperature ranged 

from 19.9 to 20.3 °C.

In another similar sowing, with the application of the 

brassinosteroid BIOBRAS-6, Mazorra and Núñez (2003) 

did not register differences in the length of the stem 

when it was applied to tomato seeds var. Amalia, at two 

concentrations of 0.01 and 0.05 mg L1. In contrast, at 

a 108 M concentration of Brasinosteroid applied to the 

foliage, Hasan et al., (2014) referred increases of 57.56% 

in the length of tomato plant. Vardhini and Rao (2001) 

cited the same result of increasing in plant size (30.57% 

and 33.95%, respectively) when 28-homobrasinolide 

(HBL) and 24-epibrasinolide (EPL) were applied to the 

foliage at 3.0 M concentration (Vardhini and Rao, 2001).

Fruit yield

Differences in yield were mainly due to the contribution 

of nutrients and the method of application. In fertigation, 

more nutrients were provided for the better development 

of plants compared to granular fertilization. There were 

highly significant differences (p0.05) in fruit yield 

attributed to the treatments. The yield with GF  BR 

and GF correspond to 76.6% and 75.80% of what was 

achieved with F  BR (Table 1). The difference in yield 

between the two forms of fertilization is attributed to 

the ample supply of nutrients that fertigation provides in 

comparison to granular NPK fertilization; and according 

to Sainju et al. (2003) nutrient concentration in the 

tomato cultivation influences the yield.

Authors such as Dabire et al. (2016) stated, by comparing 

organic fertilization with mineral fertilization on S. 

lycopersicum var. Mongal F1, that there was no significant 

effect on the chemical compounds contained in the fruit, 

with the mineral application. The absence of response 

in tomato yield to the application of the Brassinosteroid 

CIDEF-4 is related to the absence of an environmental 

temperature stress, which was otherwise expected, 

due to the recurrent increase in temperature that has 

characterized the region in recent years, which induces 

flower drop. However, other reported results are 10.32% 

increment in yield when the signaling gene BRI1 is used 

(Nie et al., 2017). It was also indicated that the use of 

HBL (28-homobrassinolide) and EBL (24-epibrassinolide) 

increased yield in tomato varieties K-25 (49.12%; HBL 

and 52.63%; EBL) and Sarvodaya (34.38%; 

HBL and 41.67%; EBL) (Hassan et al., 

2014). Similarly, the foliar application of 

brassinolide, 28-homobrasinolide and 

24-epibrasinolide in 3.0 M concentration 

increased fruit yield by 53.98%, 70.15% and 

67.37%, respectively (Vardhini and Rao, 

2001).

In relation to homobrassinolide, and 

according to Hernández-Silva and García-

Martínez (2016), they do not have much 

effect on plant growth when growing 

conditions are optimal. Although BRs 

Table 1. Yield, plant height and stem thickness (at 92 das*) of Pony Express tomato 
plants.

Treatment Yield (kg plant1) Plant height (cm) Stem diameter (cm)

F  Br   1.24 aZ 114.35 a 0.90 a

F 1.25 a 115.27 a 0.90 a

GF  Br 0.95 b 102.50 b 0.82 b

GF 0.94 b 102.40 b 0.82 b

YHMSD 0.4 9 3.14 0.06

XCV (%) 2.1 2 1.38 3.70

ZDifferent letter values, within columns, are statistically different (Tukey, p0.05); 
YDMSH  Honest minimum significant difference; XCV  Coefficient   of   variation; F 
 Br  fertigation plus brassinosteroid; F  fertigation; GF  Br  Granular fertilization 
plus brassinosteroid; GF  Granular fertilization. *(das) days after sowing.
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are considered a kind of hormone with great potential 

to increase the yield of crops (Vriet et al., 2012), foliar 

application of BRs aims to improve plant response to 

stress, since BR promote resistance in plants against 

low temperature and low light, increasing fresh and dry 

weight, and maintaining photosynthetic activity (Shu et 

al., 2016); generating basic thermic tolerance in pollen 

germination (Sing and Shono, 2005) and accumulating 

ethylene under salt stress (Zhu et al., 2016).

Authors such as Corbera and Nunez (2004), by 

evaluating analogue brassinosteroid Bb-6 on Glycine 

max, inoculated with Bradyrhizobium japonicum and 

arbuscular mycorrhizal fungus, mentioned that the 

variables, plant and weight of 100 seeds were little 

influenced by the application of mycorrhiza or the co-

inoculation with Bradyrhizobium strain; likewise, with the 

application of the analogue brassinosteroid.

Regarding the fertilization method, fertigation increased 

tomato yield in 21.7%, 10.5% and 25.3% and it was 

associated with a greater number and size of fruits 

per plant, compared to the direct application of solid 

fertilizers to the soil (Badr et al., 2010; Hebbar et al., 2004; 

Shedeed et al., 2009). In okra (Abelmoschus esculentus), 

under fertigation, there was an increase of 25.21% and 

16.5% in two production cycles, saving 40% of fertilizers 

compared to the traditional method (Patel and Rajput, 

2004).

Fruit weight

The fruit weight showed highly significant differences 

(p0.05) in the three bunches evaluated. In fertigation 

treatments, a higher fruit weight was observed, as 

compared to treatments with granulated fertilizer 

(Table 2).

It is evident that the form of fertilization 

induces greater growth of the tomato and 

affects yield directly. Kumar et al. (2013) and 

Zhang et al. (2010) cited differences with 

the application of different levels of fertilizer 

in the Azad T-6 tomato variety.

CONCLUSIONS
Fertigation induces greater growth and 

yield in tomato at field condition. The 

homogeneity of ambient temperatures did 

not favor the expression of the analogue 

brassinosteroid.
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