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Chapter

Responses of Agronomically 
Important Tropical Crops to the 
Application of Brassinosteroid
Juan F. Aguirre-Medina, Jorge Cadena-Iñiguez  

and Juan F. Aguirre-Cadena

Abstract

Brassinosteroids (Br) have been shown to favor the growth and reproduction of 
crops under adverse environmental conditions, which negatively affect their growth 
and production. In order to solve some of the problems in the field with various 
perennial crops, the application of a homobrassinolide (HBr) (CIDEF-4) has been 
investigated under in vitro and ex vitro conditions to evaluate growth at different 
concentrations in Musa spp. L. and Saccharum officinarum L and in the field with 
foliar applications in Theobroma cacao L, Mangifera indica L and Coffea arabica L. to 
evaluate yield and quality of fruits. Morphological and physiological yield com-
ponents were recorded. The results indicate in the in vitro evaluations, increased 
regrowth height and ex vitro differences in growth are improved by increasing the 
number of applications. In cocoa and coffee plants, flowering and yield are influ-
enced. The high concentrations applied did not necessarily increase the crop yield 
or the combination with potassium nitrate. In mango, the quality of the fruits was 
better when applying the HBr alone or in combination with nitrate in fruit firmness, 
and total soluble solids improved.

Keywords: brassinosteroids, growth, quality fruits, yield, biomass

1. Introduction

The brassinoesteroides (Br) are the most active growth-promoting extracts isolated 
from Brassica napus pollen [1]. These are steroidal phytohormones essential for the 
growth, development and adaptation of plants to biotic and abiotic stress [2–5]. 
Regulatory activity seems to be due to the influence of these hormones on metabolic 
processes related to photosynthesis, nucleic acid and protein biosynthesis [6, 7]. It is 
transported from sites of synthesis to sites of distant action and operates at very low 
concentrations [8–10]. These compounds have a wide range of activity in protecting 
plant metabolism when these are under stress conditions and consequently increase 
their yield [11], through de increase la activity within the antioxidant route [12, 13], 
promote membrane polarization and influence tolerance to different stressful environ-
mental conditions [14–17]. These are low and high temperatures [18, 19] and tolerance 
to water stress [20] among others. At the cellular level, they are expressed in elonga-
tion, cell differentiation and genetic modulation [7, 21].
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In agricultural activities, it has been shown that various abiotic stressors for crops 
can be mitigated through the application of hormones, such as brassinosteroids [6]. 
This technology is relevant when considering that agricultural activities each year 
face environmental factors, such as drought and erratic rainfall [22–24], which has 
been the main cause of food insecurity that induces decreased yields [25]. Nowadays 
some Brassinosteroids homologos (HBr) which are similar to natural brassino-
steroids, have been shown to be useful in agriculture [26]. They have been used as 
a strategy to increase growth and yield in various crops in the field and greenhouse 
through their exogenous application, and these have shown enhancement of growth 
and reproduction under adverse conditions [11, 16, 27–29]. In addition, HBRs play 
a fundamental role in flower and fruit development, leaf senescence and abscission 
[30, 31]. They are also proposed in the reproduction of plants in vitro to be added to 
the culture medium in different explants and organs [32] as substitutes for auxins 
and cytokinins [33, 34]. Under these conditions, they can stimulate aerial and radical 
plant growth [35, 36], as noted in rooting, number of leaves and plant height in 
various orchids when added HBr (Cidef-4) to the medium Yasuda [37] and in Cedrela 
odorata L. the number of shoots and leaves is increased by adding the same (Hbr) to 
the Murashige and Skoog medium (MS) [38, 39].

In the greenhouse, biomass, stevioside, rebaudioside and steviol content are 
increased in the Stevia crop compared to the control [40]. In tomato, it is associated with 
the content of lycopene and carbohydrates [41] and in transgenic tomatoes, early flow-
ering and a slight increase in fruit yield and number of fruits per plant were obtained 
[20, 42], fruits and oilseeds [43–45] in addition to enhancing crop quality [46].

2.  Response of agricultural crops to the application of brassinosteroids 
through the increased lab activity

2.1  In vitro reproduction of Musa spp. “big dwarf banana” with brassinosteroid 
and other growth regulators

Banana (Musa spp.) is widely consumed by the world population and in tropical 
regions. It is a daily food in developing countries and its in vitro reproduction often 
has a low multiplication coefficient, high percentage of phenolization in explants 
and low survival [47, 48]. In other cases, abnormal shoots are reported in plants 
with some growth regulators, which are traditionally incorporated into the growing 
medium [33].

In this regard, non-traditional growth regulators, such as HBr, can favor mul-
tiplication processes [18, 49] and improve normal plant growth and development. 
However, by subjecting the explant to an artificial environment for its reproduction. 
It is exposed to stressful conditions, which can be attenuated by HBr and improve 
its reproduction, as happened with the FHIA-21 banana, which favored the forma-
tion of roots in vitro [50].

The in vitro response of Musa spp. cv great dwarf shows morphological changes 
when establishing the apical meristem in MS medium [38] and three growth regula-
tors, 6-bencilaminopurine (BAP), indoleacetic acid (IAA) and homobrasinolide 
(HBr-Cidef-4; Natura del desierto SA de CV, México) in two concentrations 2 and 4 
mgL−1, during 80 days of evaluation with changes of medium every 20 days.

The HBr, in its two concentrations, presents a response similar in the number of 
leaves and roots to those induced with BAP and IAA and statistically different from 
the control (P ≤ 0.05) (Table 1).

The lowest average shoot height was with BAP at the lowest concentration. On 
the other hand, by increasing the concentration, the height was almost doubled. An 
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increase in regrowth height from 0.5 mgL of BAP has been reported [51]. This cyto-
kinin has been widely used in the in vitro regeneration of various plants [52] and 
induces the formation of axillary shoots and adventitious roots of the meristematic 
explant in banana [53] and their efficacy in different banana cultivars has been 
demonstrated in foliar growth [54]. Auxins in in vitro culture induce root formation 
and shoot growth [54, 55]. In the case of HBr, the response was different, that is, 
the inclusion of the two concentrations in the medium induced a similar increase in 
the height of the explant and was superior to the other treatments (P ≤ 0.05) [56]. 
Stems were thicker with HBr and thin with narrow leaves in the control. In Solanum 
tuberosum L. the height of the explants was also increased after 30 days of age, by 
adding 1 mgL-1 of HBr Biobrás-6 to the medium.

Likewise, pronounced effect on the stimulation of proliferation and shoot length 
when HBr (0.2 μM) was added to the MS medium compared to the banana control 
[57]. Robres-Torres [58] add that the application of brassinolide plus benzyladenine 
(BA) in Rubus ideaeus L. did not express dependence in the combination of both 
regulators in the expression of regrowth, but when applying HBr alone, regrowth 
elongation was increased.

The number of leaves is higher when including growth regulators compared 
to the control and they were statistically different (p ≤ 0.5). The inclusion of HBr 
increased the leaf area of Lactuca sativa L. lettuce with the foliar spraying of HBr 
Biobras-16 [59] and with the regeneration of adventitious shoots in cauliflower 
hypocotyls and Spartina [60].

When comparing the induction of the number of roots between the three 
growth regulators, a differential response was found according to the concentra-
tion used and without difference with the application of the concentrations in HBr 
(Cidef-4).

Applying HBr to plants increases the number of roots. Similar result 
cites [61] when doing repeated foliar sprays with BB-16 (0.05 mgL-1) in 
Cattleya leuddemanniana and Guarianthe skinneri (Bateman), Dressler and 
W. E. Higgins. This same result was obtained with con different orchids, like 
Oncidium sphacelatum Lindl., Trichocentrum andreanum (Cogn.) R. Jiménez 
and Carnevali, Epidendrum stamfordianum Bateman, Guarianthe skinneri 
(Bateman), Dressler and W. E. Higgins, Guarianthe aurantiaca (Bateman 
ex Lindl.) Dressler and W. E. Higgins and Brassavola nodosa (L.) Lindley, in 
Chiapas, México [37].

Treatment (mgL−1) Height (cm.regrowth−1) Number of leaves.regrowth−1 Number of roots

BAP 2.0 3.59 e 11.25 a 5.12 b

BAP 4.0 6.07 bc 11.12 a 7.37 a

AIA 2.0 4.24 de 10.75 a 8.12 a

AIA 4.0 6.07 bc 9.87 ab 6.50 ab

HBr 2.0 7.48 a 10.75 a 7.75 a

HBr 4.0 7.00 ab 10.87 a 7.50 a

Control 5.35 bc 7.62 b 6.50 ab

CV (%) 13.4 16.4 18.4

*Values with different letters within each factor and column are statistically different (p ≤ 0.05). BAP(6-
benzylaminopurine), HBr (Brassinosteroid Cidef-4), IAA (Indolacetic Acid).

Table 1. 
Morphological components in apical meristem explant of Musa spp. cv gran enano in interaction with 
different concentrations of growth regulators during the in vitro multiplication stage.
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2.2  Influence of brassinoesteroid in the acclimation of banana clone Musa spp. 
and Saccharum officinarum

The production of micropropagated plantlets is used nowadays to increase 
new cultivars [62], but there are certain drawbacks in its ex vitro phase that limit 
its widespread use, especially in resisting the stress of transplantation [47, 48]. 
Exogenous application of HBr has been shown in some plants to improve ex vitro 
survival [18].

The application of HBr in its different frequencies of HBr (Cidef-4) with 
4 mgL−1, (6 every 14 days, 3 every 28 days and 2 every 42 days), were efficient in 
inducing the growth of Musa spp. However, the more frequent applications induced 
greater height.

In the case of plant height with the application of HBr every 14 days, it presents a 
statistical difference (p ≤ 0.05) with the rest of the treatments during the four sam-
plings and in all the application frequencies it was superior to the control (Table 2). The 
results suggest an interaction between the concentration and its frequency of applica-
tion, and Mandava [63] adds that the brassinosteroid is more sensitive when the young 

Time (days) Treatments Height (cm) Stem thickness (cm) Number of leaves

14 1. Control 5.53 b* 0.53 a 5.5 ab

2. HBr every 14 days 6.41 a 0.50 a 5.5 b

3. HBr every 28 days 5.95 ab 0.45 a 4.8 b

4. HBr every 42 days 5.60 b 0.51 a 6.0 a

**CV (%) 8.59 10.64 11.46

42 1. Control 10.33 b 0.63 b 6.5 a

2. HBr every 14 days 12.63 a 0.65 b 6.5 a

3. HBr every 28 days 11.06 ab 0.61 b 6.1 a

4. HBr every 42 days 11.25 ab 0.78 a 7.0 a

CV (%) 10.62 7.07 8.25

70 1. Control 10.78 b 0.75 b 7.8 a

2. HBr every 14 days 16.33 a 0.90 a 8.0 a

3. HBr every 28 days 13.71 b 0.80 ab 7.6 a

4. HBr every 42 days 13.83 b 0.86 ab 8.5 a

CV (%) 7.72 8.87 6.65

84 1. Control 15.21 b 0.81 a 8.3 a

2. HBr every 14 days 19.17 a 1.01 a 8.6 a

3. HBr every 28 days 16.33 ab 0.91 a 8.1 a

4. HBr every 42 days 16.08 ab 1.03 a 8.8 a

CV (%) 14.6 17.0 9.2
*Values with different letters within each factor and column are statistically different (p ≤ 0.05). HBr 
(Brassinosteroid 4 mgL−1 de Cidef-4).
**CV = Coefficient of variation. The number of applications. The first 14 days only 1 application in treatment 2. 
Application at 42 days 3 applications in treatment 2, and 1 application treatment 3 and 4. Evaluation at 70 days, 
5 applications treatment 2, 3 application treatment 3 and 1 application treatment 4. Evaluation at 84 days, 6 
applications treatment 2, 3 application treatment 3 and 2 application treatment 4.

Table 2. 
Morphological components of Musa spp. cv “great dwarf” in interaction with different frequencies of HBr 
application (Cidef-4).
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tissues present higher content of auxins and the expression of the growth of the plants 
treated with exogenous HBr can be related to the endogenous plant hormones [18].

Similar results, but with a lower proportion of plant height induction (2%) 
have been reported by Jeyakumar et al. [64] in “robusta” banana when applying a 
foliar HBr at a concentration of 0.2 mg kg−1 at four and 6 months after having been 
planted. On the other hand, Izquierdo et al. [33] mention an increase in plant height 
in banana clone FHI-18 applying by immersion and foliarly before transplantation 
the HBr BB-6. However, Herrera et al. [65] indicate an increase in the height of 
plants in banana cultivation with the application of Br applied every 28 days, com-
pared to the application of every 14 days, which, in our case, was the most frequent 
application and was expressed in the greater height of the regrowth. It is probable 
that the response is associated with the rapid degradation of Br, as indicated by 
Janeczko et al. [44], and the more frequent application, may favor its action for a 
longer time. Application of BR by spraying at specific developmental stages can 
enhance crop yield [66].

In our case, the thickness of the stem and the number of leaves are the variables 
with the lowest morphological expression in the different treatments evaluated and 
they only present statistical differences in two or three of the samplings carried out. 
On the other hand, Izquierdo et al. [33] reported an increase in the number of leaves 
and diameter of the pseudostem in banana with the application of HBr, as in the 
clone FHIA-18, when applying the HBr BB-6.

In potato plants (S. tuberosum L.) they found an increase in stem length, fresh 
biomass and a greater number of minitubers per plant [50].

In the case of the number of leaves, [67] mention a significant increase in the 
number of leaves of shoots of Vriesea plants (Bromeliaceae) when HBr (MH5) was 
applied, improving their quality indicators after 49 days of acclimatization. In our 
case, no differences were expressed between the frequencies of HBr application in 
this variable.

In the physiological components, the application of HBr alone every 42 days 
increased the dry biomass of the shoot and was statistically different (p ≤ .05) to 
the rest of the treatments, but in the root system the biomass allocation was similar 
in all the treatments and no statistical difference (Table 3).

It has been shown that in the mustard plant Brassica juncea (L.) Czern, the yield 
components were increased with the application of 28-homobrassinolide [43]. 
Brassinosteroids likely play a crucial role in modulating plant growth and develop-
ment, which affect crop architecture and yield [7].

In S. officinarum, plants var. CP 72–2086 were used. The height of the plant with 
the frequencies and concentrations evaluated of HBr (Cidef-4) was statistically 
higher than the control (P ≤ 0.05) (Table 4).

Treatments (g.plant−1)

Shoot Root

Control 2.50 b 0.62 a

HBr every 14 days 2.65 b 0.66 a

HBr every 28 days 2.19 b 0.60 a

HBr every 42 days 3.39 a 0.66 a

**CV (%) 10.63 7.01

Table 3. 
Comparisons of means of physiological variables of the giant dwarf clone of Musa sp. in the process of acclima-
tization with different frequencies of application of an HBr at 84 days after sowing.
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In general, the application frequencies in interaction with the concentrations 
shows a slight increase in plant size as the concentration increased from 1 to 3%. 
The most frequent applications of 14 and 28 days, also present a certain tendency in 
the increase of the height of the plant.

HBr (Brassinosteroid Cidef-4), % CV (coefficient of variation). Letters that are 
not the same indicate statistical difference (Tukey, P ≤ 0.05%). Seventy day Data.

In the cane variety (C0. 86,032), brassinolide induced a positive effect on ex 
vitro plants of stem elongation, leaf formation and adventitious shoots during 
3 weeks, in addition, survival increased as the concentration of brassinolide 
increased [68]. The above effect has been demonstrated by inducing elongation 
and cell division, resulting in growth, thickening and curvature in oat  
coleoptiles [63].

The applications of exogenous brassinoexteroids induce diverse physiological 
responses, in addition to cell expansion, vascular differentiation, reproductive 
development, seed germination, flowering, and fruiting [69, 70].

2.3 Flowering and fruiting response of Theobroma cacao L

Cocoa was used as food, medicine and tribute in Mesoamerican territory [71, 72]. It 
is a crop with wide flowering and low fruiting percentage. This is attributed to envi-
ronmental and hormonal factors.

The application of potassium nitrate alone does not show a positive effect in 
increasing the flowering and fruiting variables in T. cacao L. A similar response 
is cited by García et al. [73] when applying 2% KNO3 in Acca sellowiana [O. Berg] 
Burret and the lack of response assign it to necrotizing effects on flower buds and 
fruits. The differences occurred with the application of HBr alone and in combina-
tion with different concentrations of potassium nitrate.

The increase in flowers was expressed with the application of HBr alone and 
was statistically different from the other treatments (P ≤ 0.05). Combinations with 
KNO3 present a number of flowers similar to the control (Table 5).

T. cacao L sowing 3 × 3 with a shade of Inga micheliana Harms., Pouteria sapota 
(Jacq.) and Tabebuia rosea (Bertol.) A. DC. The values are averages of 5 trees and 4 
branches of 0.5 m per tree after the trunk toward each cardinal point.

Treatments Height (cm) Stem thickness (cm) Number of leaves

Control 90.8 b 6.3 b 11.5 abc

1% HBr every 14 days (5 applications) 112.6 a 7.5 ab 15.1 a

2% HBr every 14 days 117.6 a 7.8 a 10.0 c

3% HBr every 14 days 113.6 a 7.7 a 12.1 abc

1% HBr every 28 days (2 applications) 109.8 a 7.6 a 11.5 abc

2% HBr every 28 days 110.8 a 7.9 a 10.6 bc

3% HBr every 28 days 118.6 a 7.3 ab 11.5 abc

1% HBr every 42 days (1 application) 114.0 a 7.3 ab 12.3 abc

2% HBr every 42 days 112.0 a 7.2 ab 14.1 ab

3% HBr every 42 days 117.8 a 7.3 ab 11.3 abc

**CV (%) 8.59 9.3 17.3

Table 4. 
Morphological components of the yield in Saccharum officinarum in interaction with frequencies and 
concentrations of HBr (Cidef-4).
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The number of flowers increased 40% with the application of HBr and 87% 
when combined with KNO3 at 2% in relation to the control. It is important to 
indicate that the application of HBr was in September, the time when the second 
most important flowering flow begins in T. cacao L in this region, and although no 
detrimental effects were observed in floral structures, the emission was decreased. 
On the other hand, they increased 27% in relation to the control when combining 
HBr plus 6% KNO3, which was applied in November. At this date the night tempera-
ture decreases and fruiting is favored.

On the other hand, the conversion of flowers to small fruits was higher with 
the application of KNO3 and HBr in November and this process continued until the 
formation of fruits, which were statistically different from the rest of the treat-
ments. (P ≤ 0.05). However, the highest number of fruits found is more related to 
the date of application of the treatment at the end of the year, that is, October and 
November. This suggests that the development of the fruit requires the protection 
of HBr to achieve the conversion of Cherelle to fruit, which seems to be a critical 
period. In addition to the above, fruiting demands more photosynthates and HBr 
has been shown to stimulate CO2 assimilation [74, 75]. In other crops, the applica-
tion of HBr has been effective to promote the increase in yield in annual crops  
[10, 76] and perennials as in Passiflora edulis f. flavicarpa applied after flowering 
has appeared [77].

2.4 Application of a brassinosteroid affects quality in ‘ataúlfo’ mango

Currently, there is a decrease in mango yield in the south-southeast of Mexico 
due to various causes attributed to environmental and management factors. 
Current results in plantations are reflected in high floral abortion rates, premature 
fruitlet drop and the presence of parthenocarpic fruits or “nubbins. It is consid-
ered that HBr can promote fruiting [8, 16, 29] by demonstrating the beneficial 
effects of HBr in different crops such as vegetables, legumes, cereals, fruits and 
oilseeds [44, 45, 74], in addition to improving the quality of crops [27, 44, 46, 78] 
and the yield [46].

Mangoes from all treatments were harvested and the values of each variable 
were recorded 12 days after harvest (Table 6).

Treatments Number tree−1

Flowers Opennings Flowers Cherelles Fruits

1) Control 6.5 c** 17.2 b 4.32 bc 1.96 bc

2) 2% de ***KN03 6.3 c 18.1 b 3.50 cd 1.86 bc

3) 1.5% HBr 9.1 a 26.5 a 4.66 b 1.66 bc

4) 1.5% HBr + 2% KN03 5.7 c 18.10 b 3.04 d 1.32 c

5) 1.5% HBr + 4% KN03 7.8 b 16.16 b 4.80 b 2.42 ab

6) 1.5% HBr + 6% KN03 8.3 ab 17.46 b 7.72 a 2.98 a

****CV % 7.9 7.6 10.2 22.8

** The letters that are not equal between the columns indicate significant statistical difference (p ≤ 0.05). ***KN03 
(13N-2P-44K at the rate of 200 g in water 10 l). HBr was applied only at 1.5% in September and in combination 
with KNO3 a, 2, 4 and 6% in September, October and November. The values are averages of 15 weeks of evaluation 
in treatments 1, 2, 3, and 4 that were applied in September. Treatment 5 applied in October with nine samplings 
and treatment 6 applied in November with 4 samplings. **** Coefficient of variation (%).

Table 5. 
Flowering and fruiting of Theobroma cacao L. regional criollo type in response to the applications of 
potassium nitrate and homobrassinolide.
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The spraying of HBr significantly affected (P ≤ 0.05) the firmness of the 
mangoes. The applications of the fruits induced greater firmness in the treatments 
with 2 g ha−1 and 6 g ha−1. The greatest difference was registered in the treatment 
with three applications of HBr. In other crops, such as papayas, they cite an increase 
in the firmness of the fruits when increasing the application of 24-epibrassinolide 
(epiBR) to 1 μM [79].

Total sugars increased by combining HBr plus KNO3 (Table 6) as the amount of 
(HBr) increased. In this regard, the highest value was found in the fruits that were 
sprayed with 2 and 6 g of HBr and it was statistically different from the rest of the 
treatments (P ≤ 0.05). In general, the results express a more consistent response in 
terms of the average sugar content in the treatments applied with potassium nitrate 
and in the HBr treatments (2 and 6 g ha−1).

The amount of TSS found in the treatment with potassium nitrate was 18.0°Brix 
and in the treatments where HBr was sprayed three times (2 g ha−1), the value 
fluctuated between 19.8° Brix. An increase in the content of total soluble solids 
without the influence of the concentration of HBr was reported in watermelon [80] 
but a higher content of total soluble solids is confirmed in P. edulis compared to the 
control with the application of HBr [77]. In papayas, the total soluble solids of the 
fruits were increased with the application of HBr [79].

In-plant tissues, exogenous applications of HBr induce ethylene production [81, 
82] and in some fruits such as mango and strawberries, HBr in small amounts may 
not be critical for ripening [83, 84], but exogenous applications they are capable 
of inducing ethylene production [41, 83]. In the Kensington Pride mango variety, 
ethylene production and peak respiration occurred on the fourth day of ripening, 
and although the amount of HBr in the fruit was traces, the exogenous application 
of Epi-BL (45 and 60 ng g−1) promoted fruit ripening [83].

2.5 Flowering and yield response of Coffea arabica cv catimor

C. arabica L. plantations currently face contrasting changes in the amount of 
rainfall and the distribution of rainfall that has decreased their yield. It also interacts 
with internal, hormonal and nutritional factors [85]. The importance of the interac-
tion of the environment in the flowering of fruit trees has been pointed out [86].

The presence of stressors, biotic or abiotic, that affect crop yield under field 
conditions, can be attenuated by applying growth regulators, or, when the warm-
humid temperatures of the tropics do not induce reproductive cell differentiation, 

Time (Days) Treatments Firmness 

(N.frut−1)

Total sugars.

fruit−1

Total soluble solids 

(°Brix.fruit−1)

12 **KNO3 0.61 b* 0.18 b 18.05 b

***HBr(2 g) + KNO3 0.64 ab 0.27 a 19.80 a

HBr (4 g) + KNO3 0.57 b 0.19 b 17.92 b

HBr (6 g) + KNO3 0.70 a 0.25 b 20.07 a

CV % 5.9 7.0 3.5

*Values with the same letter within each factor and column are equal according to Tukey test P ≤ 0.05. CV = 
Coefficient of variation, (1) **Control (2% Potassium nitrate KNO3), (2) *** 2 g of HBr Cidef-4/hectare applied 
on October 16; (3) 4 g of HBr Cidef-4/hectare applied in two equal parts on October 16th and 30th; (4) 6 g of HBr 
Cidef-4 applied in three equal parts on October 16th and 30th and on November 14th.

Table 6. 
Quality variables during ‘Ataúlfo’ mango ripening sprayed at preflowering and preharvest with HBr Cidef-4 
stored at room temperature (22 ± 2°C).



9

Responses of Agronomically Important Tropical Crops to the Application of Brassinosteroid
DOI: http://dx.doi.org/10.5772/intechopen.102600

has been increased by potassium nitrate. Potassium nitrate as a flowering inducer 
and brassinosteroidal steroidal hormone can favor fruit growth in Coffea spp., as in 
Mangifera indica L [87]. The application of HBr (Cidef-4) alone and in combination 
with 1% KNO3 was evaluated.

The number of flowers increased with the application of potassium nitrate plus HBr 
in the lowest concentration and was higher than the rest of the treatments (P ≤ 0.05). 
It represented an increase of 100% in relation to the control. The lowest number of 
flowers was recorded in the control and when only potassium nitrate was applied. 
The HBr applications registered a mean increase in the number of flowers when it was 
applied alone, or in interaction with potassium nitrate, however, the highest values were 
presented when the concentration of 0.5% of HBr was included (Table 7).

The application of 1% KNO3 alone induced flowering similar to the control. On 
the other hand, with the application of the two concentrations of brassinosteroid 
alone, the difference in the number of flowers was 36% in relation to the control.

The growth of the bandola and the number of leaves increased in the treatments 
where only HBr was applied at the two concentrations, or in combination with 
potassium nitrate and the lowest values were with the application of potassium 
nitrate alone and the control.

The application of HBr induces a wide range of responses, including an increase in 
the cellular expansion of the leaves, increased elongation of the stem [14, 15, 28, 88] 
that increase the leaf surface, plant biomass and the yield of various crops [8].

The average number of fruits increased 29% more per band with the 0.5 and 
1% HBr treatments. The combination of 1% KNO3 plus 0.5 and 1% of HBr induced 
similar values to the applications of HBr alone.

In different crops of economic importance, brassinosteroids are characterized by 
stimulating plant growth, increasing the yield of biomass production and accelerat-
ing the ripening of fruits. In addition, they strengthen the resistance of plants to 
pests and abiotic stressors such as drought and sudden changes in temperature [63].

It was discovered that Br promotes tomato yield through improved autophosphory-
lation of SlBRI1, and increased plant expansion, leaf area, fruit weight and number of 
fruit per cluster [10]. Brassinolide (BL), 28-homobrassinolide (28-hBL) and 24-epi-
brassinolide (24-eBL) treatments stimulated both tomato growth and yield [41].

Treatments Number of 

flowers

length of lateral 

branches (cm)

Number of leaves on 

lateral branches

Fruits 

number

Control (water) 13.6 b* 54.3 ab 13.6 ab 37.0 c

HBr (0.5%) 19.0 ab 60.6 ab 15.4 a 44.2 ab

HBr (1.0%) 17.6 b 65.9 a 14.3 ab 52.9 a

KNO3 (1%) 13.8 b 54.1 ab 12.4 ab 29.0 c

HBr (0.5%) + KNO3 (1%) 27.1 a 55.3 ab 14.1 ab 41.1 b

HBr (1%) + KNO3 (1%) 17.8 ab 61.9 ab 14.3 ab 40.8 b

CV % 31.0 22.0 21.7 20.5

*The letters that are not equal between the columns indicate significant statistical difference (Tukey p ≤ 0.05). The 
application of the four treatments was carried out in February: HBr Cidef-4 al 0.5%, HBr Cidef-4 al 1%, KNO3 al 
1%, HBr Cidef-4 al 0.5% + KNO3 al 1%, HBr Cidef-4 al 1%, + KNO3 al 1% + and Control (water application). 
The plantation of C. arabica L. variety Catimor with a shade of Inga micheliana Harms. In each tree, a branch 
was identified toward each cardinal point and in it, an area of 50 cm was indicated, for the taking of variables of 
flowering and fruiting.

Table 7. 
Comparisons of means of the number of flowers, leaves, fruits and length of four bands in Coffea arabica L. 
var. Catimor in response to the application of HBr in interaction with potassium nitrate.
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3. Conclusions

HBr favors the growth of Musa spp. in vitro through regrowth height and 
similarly to BAP and AIA regulators in the number of leaves and roots. In ex vitro 
conditions, there were differences in the growth of Musa spp. and S. officinarum 
between the application frequencies and in general, the increase in the number of 
applications favors this process.

The exogenous applications of HBr in T. cacao L, M. indica L. and C. arabica L. 
show variable results. Plant growth is modified as in C. arabica L and flowering is 
influenced as in T. cacao L and C. arabica L. and the yield in both crops. The higher 
concentrations applied did not necessarily increase the crop yield or the combina-
tion with potassium nitrate. The quality of the mango fruits showed variations in 
the concentrations of HBR but it was better alone or in combination with nitrate. 
Under field conditions, we consider it important to identify the dose and timing of 
HBr application in the plant organ of interest, be it flowers, foliage or fruits.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



11

Responses of Agronomically Important Tropical Crops to the Application of Brassinosteroid
DOI: http://dx.doi.org/10.5772/intechopen.102600

References

[1] Mitchell JW, Mandava NB, Worley JF, 
Plimmer JR, Smith MV. Brassins: A new 
family of plant hormones from rape 
pollen. Nature. 1970;225(5237): 
1065-1066. DOI: 10.1038/2251065a0

[2] Nuñez MP, Mazzafera LM, 
Mazorra W, Siqueira J, Zullo MA. 
Influence of brassinosteroid analogue 
on antioxidant enzymes in rice grown in 
culuture medium with NaCl. Biologia 
Plantarum. 2003;47:67-70. 
DOI: 10.1023/A:1027380831429

[3] Sharma P, Bhardwaj R. Effects of 
24-epibrassinolide on growth and metal 
uptake in Brassica juncea L. under 
copper metal stress. Acta Physiologiae 
Plantarum. 2007;29(3):259-263. DOI: 
10.1007/s11738-007-0032-7

[4] Bhardwaj R, Arora N,  
Sharma P, Arora HK. Effects of 
28-homobrassinolide on seedling 
growth, lipid peroxidation and 
antioxidative enzyme activities under 
nickel stress in seedlings of Zea mays L. 
Asian Journal of Plant Sciences. 
2007;6(5):765-772. DOI: 10.3923/
ajps.2007.765.772

[5] Ahammed GJ, Li X, Liu A, Chen S. 
Brassinosteroids in plant tolerance to 
abiotic stress. Journal of Plant Growth 
Regulation. 2020;39:1451-1464. 
DOI: 10.1007/s00344-020-10098-0

[6] Sasse JM. Physiological actions of 
brassinosteroids: An update. Journal of 
Plant Growth Regulation. 2003;22:276-
288. DOI: 10.1007/s00344-003-0062-3

[7] Li J, Jin H. Regulation of 
brassinosteroid signalling. Trends in 
Plant Sciences. 2007;12:37-41. 
DOI: 10.1016/j.tplants.2006.11.002

[8] Núñez M, Mazorra LM. Los 
brasinoesteroides y la respuesta de las 
plantas al estrés. Cultivos Tropicales. 
2001;22(3):19-26 Available at: http://

scielo.sld.cu/scielo.php?script=sci_artte
xt&pid=S0258-59362010000200008

[9] Smith SM, Li C, Li J. Hormone 
function in plants. In: Li J, Li C, 
Smith SM, editors. Hormone 
Metabolism and Signaling in Plants. 
London, United Kingdom: Elsevier; 
2017. pp. 1-38. DOI: 10.1016/
B978-0-12-811562-6.00001-3

[10] Wang S, Liu J, Zhao T, Du C, Nie S, 
Zhang Y, et al. Modification of 
Threonine-1050 of SlBRI1 regulates BR 
signalling and increases fruit yield of 
tomato. BMC Plant Biology. 2019;19(1): 
256. DOI: 10.1186/s12870-019-1869-9

[11] Krishna P. Brassinosteroid-mediated 
stress response. Journal of Plant Growth 
Regulation. 2003;22(4):289-297.  
DOI: 10.1007/s00344-003-0058-z

[12] Yin H, Chen Q, Yi M. Effects of 
short-term heat stress on oxidative 
damage and responses of antioxidant 
system in Lilium longiflorum. Plant 
Growth Regulation. 2008;54(1):45-54. 
DOI: 10.1007/s10725-007-9227-6

[13] Li X, Zhang L, Ahammed GJ, Li ZX, 
Wei JP, Shen C, et al. Nitric oxide 
mediates brassinosteroid-induced 
flavonoid biosynthesis in Camellia 
sinensis L. Journal of Plant Physiology. 
2017;214:145-151. DOI: 10.1016/j.
jplph.2017.04.005

[14] Singh I, Shono M. Physiological and 
molecular efects of 24-epibrassinolide, a 
brassinosteroid on thermotolerance of 
tomato. Journal of Plant Growth 
Regulation. 2005;47(3):111-119. 
DOI: 10.1007/s10725-005-3252-0

[15] Reyes Y, Mazorra LM, Núñez M. 
Aspectos fisiológicos y bioquímicos de la 
tolerancia del arroz al estrés salino y su 
relación con los brasinoesteroides. 
Cultivos Tropicales. 2008;29(4):67-75 
Available at: https://www.redalyc.org/
pdf/1932/193214911012.pdf



Plant Hormones - Recent Advances, New Perspectives and Applications

12

[16] Bajguz A, Hayat S. Effects of 
brassinosteroids on the plant responses 
to environmental stresses. Plant 
Physiology and Biochemistry. 
2009;47:1-8. DOI: 10.1016/j.plaphy. 
2008.10.002

[17] Vriet C, Russinova E, Reuzeau C. 
Boosting crop yields with plant steroids. 
The Plant Cell. 2012;24:842-857. 
DOI: 10.1105/tpc.111.094912

[18] González OJL, Córdova A, 
Aragón CE, Pina D, Rivas M, 
Rodríguez R. Effect of an analogue of 
brassinosteroid on FHIA-18 plantlets 
exposed to thermal stress. InfoMusa. 
2005;14(1):18-20 Available at: https://
eurekamag.com/research/004/ 
118/004118289.php

[19] Núñez VM, Reyes GY, Rosabal AL, 
Martínez GL. Análogos espirostánicos 
de brasinoesteroides y sus 
potencialidades de uso en la agricultura. 
Cultivos Tropicales. 2014;35(2):34-42 
Available at: http://scielo.sld.cu/scielo.
php?script=sci_arttext&pi
d=S0258-59362014000200005

[20] Nie S, Huang S, Wang S,  
Cheng D, Liu J, Lv S, et al. Enhancing 
brassinosteroid signaling via 
overexpression of tomato (Solanum 
lycopersicum) SlBRI1 improves major 
agronomic traits. Frontiers in Plant 
Science. 2017;8:1386. DOI: 10.3389/
fpls.2017.01386

[21] Zhou Y, Xia X, Yu G, Wang J, Wu J, 
Wang M, et al. Brassinosteroids play a 
critical role in the regulation of pesticide 
metabolism in crop plants. Scientific 
Reports. 2015;5:9018. DOI: 10.1038/
srep09018

[22] Serna M, Coll Y, Zapata PJ, 
Botella MA, Pretel MT, Amorós A. A 
brassinosteroid analogue prevented the 
effect of salt stress on ethylene synthesis 
and polyamines in lettuce plants. 
Scientia Horticulturae. 2015;185:105-
112. DOI: 10.1016/j.scienta.2015.01.005

[23] Fariduddin Q, Khanam S, Hasan SA, 
Ali B, Hayat SA, Ahmad A. Effect of 
28-homobrassinolide on the drought 
stress-induced changes in 
photosynthesis and antioxidant system 
of Brassica juncea L. Acta Physiologiae 
Plantarum. 2009;31:889-897. 
DOI: 10.1007/s11738-009-0302-7

[24] Hasan M, Ali Md. A, Soliman MH, 
Alqarawi AA, Abd Allah EF, Fang XW. 
Insights into 28-homobrassinolide 
(HBR)- mediated redox homeostasis, 
AsA–GSH cycle, and methylglyoxal 
detoxification in soybean under 
drought-induced oxidative stress. 
Journal of Plant Interactions. 2020; 
15(1): 371-385. DOI: 10.1080/ 
17429145.2020.1832267

[25] Esparza M. La sequía y la escasez de 
agua en México. Situación actual y 
perspectivas futuras. Secuencia. 
2014;89:195-219 Available at: http://
www.scielo.org.mx/pdf/secu/n89/
n89a8.pdf

[26] Zullo MAT, Kohout L, De 
Azevedo MBM. Some notes on the 
terminology of brassinosteroids. Journal 
of Plant Growth Regulations. 2003;39:1-
11. DOI: 10.1023/A:1021802910454

[27] Rao SSR, Vardhini BV, Sujatha E, 
Anuradha S. Brassinosteroids – A new 
class of phytohormones. Current 
Science. 2002;82(10):1239-1245 
Available at: https://www.jstor.org/
stable/24107046

[28] Nemhauser JL, Chory J. Bring it on 
new insights into the mechanism of 
brassinosteroid action. Journal of 
Experimental Botany. 2004;55(395): 
265-270. DOI: 10.1093/jxb/erh024

[29] Chai YM, Ch-Li L, Zhang Q, Xing Y, 
Tian L, Qin L, et al. Brassinosteroid is 
involved in strawberry fruit ripening. 
Journal of Plant Growth Regulation. 
2013;69(1):63-69. DOI: DOI. 10.1007/
s10725-012-9747-6



13

Responses of Agronomically Important Tropical Crops to the Application of Brassinosteroid
DOI: http://dx.doi.org/10.5772/intechopen.102600

[30] Clouse SD. Recent advances in 
brassinosteroid research: From 
molecular mechanisms to practical 
applications. Journal of Plant Growth 
Regulation. 2003;22:273-275. 
DOI: 10.1007/s00344-003-0067-y

[31] Müssig C. Brassinosteroid-promoted 
growth. Plant Biology. 2005;7(2):110-
117. DOI: 10.1055/s-2005-837493

[32] Salgado GR, Cortés RMA, Del 
Río RE. Uso de brasinoesteroides y sus 
análogos en la agricultura. Biológicas. 
2008;10:18-27 Available at: https://exa.
unne.edu.ar/biologia/fisiologia.vegetal/
Brasinoesteroidesyan%C3%A1logosenla
agricultura.pdf

[33] Izquierdo H, González MC,  
Núñez M, Proenza R, Álvarez I. Efectos 
de la aplicación de un análogo 
espirostánico de brasinoesteroides en 
vitroplantas de banano (Musa spp.) 
durante la fase de aclimatización. Cultivos 
Tropicales. 2012;33(1):71-76. Available at: 
http://scielo.sld.cu/scielo.php?pid= 
S0258-59362012000100011&script= 
sci_abstract

[34] Bao-Fundora L, Hernández 
Ortiz RM, Diosdado Salcés E, Román 
Gutiérrez MI, González Arencibia C, 
Rojas Álvarez A, et al. Embriogénesis 
somática de Citrus macrophylla Wester 
con el empleo del Pectimorf® y 
análogos de brasinoesteroides. Revista 
Colombiana de Biotecnología. 
2013;XV(1):192-172 Available at: 
https://www.redalyc.org/
pdf/776/77628609021.pdf

[35] Sirhindi G, Kumar M, Bhardwaj R, 
Kumar S, Pradhan SK. Effect of 
24-epibrassinolide on activity of 
antioxidant enzymes in Brassica juncea 
L. under H2O2 stress. Indian Journal of 
Plant Physiology. 2011;16(1):68-71.  
DOI: 10.1007/s12298-009-0038-2

[36] Vleesschauwer DD, Buyten EV, 
Satoh K, Balidion J, Mauleon R, Choi IR, 
et al. Brassinosteroids antagonize 

gibberellin and salicylate-mediated root 
immunity in rice. Plant Physiology. 
2012;158:1833-1846. DOI: 10.1104/
pp.112.193672

[37] De León RJM, Gálvez López AL, 
Aguirre-Medina JF. Aplicación de 
brasinoesteroide a seis orquídeas para 
crecimiento in vitro. In: Cih-Dzul IR, 
Moreno HA, FFJ C, BVM S, MCE G, 
editors. Alimentación sostenible y retos 
del sistema agroalimentario. Primera 
Edición. Zapopan Jalisco, México: 
Editorial Página Seis, S.A. de C.V; 2018. 
pp. 517-536

[38] Murashige T, Skoog F. A revised 
medium for rapid growth and bioassays 
with tobacco tissue cultures. Physiologia 
Plantarum. 1962;15:437-497. 
DOI: 10.1111/j.1399-3054.1962.tb08052.x

[39] Aguirre-Medina JF, Gálvez 
López AL, De León RJM, Rodas MN. 
Explantes para la obtención de callos 
embriogénicos somáticos en Stevia 
rebaudiana (Bert.). In: Cih-Dzul IR, 
Moreno HA, Cárdenas FFJ, BVM S, MCE 
G, editors. Alimentación sostenible y 
retos del sistema agroalimentario. 
Primera Edición. Zapopan Jalisco, 
México: Editorial Página Seis, S.A. de 
C.V; 2018. pp. 457-476

[40] Aguirre Medina JF, Mina 
Briones FO, Cadena Iñiguez J, Soto 
Hernández RM. Efectividad de 
biofertilizantes y brasinoesteroide en 
Stevia rebaudiana Bert. Agrociencia. 
2018;52(4):609-621 Available at: https://
www.colpos.mx/agrocien/Bimestral/ 
2018/may-jun/art-10.pdf

[41] Vardhini BJ, Rao SSR. Effect of 
brassinosteroids on growth and yield of 
tomato (Lycopersicon esculentum mill.) 
under field conditions. Indian Journal of 
Plant Physiology. 2001;6(3):326-328

[42] Fu FQ, Mao WH, Shi K, Zhou YH, 
Asami T, Yu JQ. A role of 
brassinosteroids in early fruit 
development in cucumber. Journal of 



Plant Hormones - Recent Advances, New Perspectives and Applications

14

Experimental Botany. 2008;59(9):2299-
2308. DOI: 10.1093/jxb/ern093

[43] Hayat S, Ahmad A, Mobin M, 
Fariduddin Q, Azman ZM. Carbonic 
anhydrase, photosynthesis, and seed 
yield in mustard plants treated with 
Phytohormones. Photosynthetica. 
2001;39:111-114. DOI: 10.1023/ 
A:1012456205819

[44] Janeczko A, Biesaga-Koscielniak J, 
Oklestkova J, Filek M, Dziurka M, 
Szarek-Łukaszewska G, et al. Role of 
24-epibrassinolide in wheat production: 
Physiological effects and uptake. Journal 
of Agronomy and Crop Science. 
2010;196:311-321. DOI: 10.1111/ 
j.1439-037X.2009.00413.x

[45] Hayat S, Maheshwari P, Wani AS, 
Irfan M, Alyemeni MN, Ahmad A. 
Comparative effect of 28 
homobrassinolide and salicylic acid in 
the amelioration of NaCl stress in 
Brassica juncea L. Plant Physiology and 
Biochemistry. 2012;53(1):61-68.  
DOI: 10.1016/j.plaphy.2012.01.011

[46] Peng J, Tang X, Feng H. Effects of 
brassinolide on the physiological 
properties of litchi pericarp (Litchi 
chinensis cv. Nuomoci). Scientia 
Horticulturae. 2004;101:407-416.  
DOI: 10.1016/j.scienta.2003.11.012

[47] Azofeifa A. Problemas de oxidación 
y oscurecimiento de explantes 
cultivados in vitro. Agronomía 
Mesoamericana. 2009;20(1):153-175 
Available at: http://www.mag.go.cr/
rev_meso/v20n01_153.pdf

[48] Aragón C, Carvalho L, González J, 
Escalona M, Amancio S. Ex vitro 
acclimatization of plantain plantlets 
micropropagated in temporary 
immersion bioreactor. Biologia 
Plantarum. 2010;54(2):237-244.  
DOI: 10.1007/s10535-010-0042-y

[49] Ali B, Hayat S, Fariduddin Q, 
Ahma A. 24-Epibrassinolide protects 

against the stress generated by salinity 
and nickel in Brassica juncea. 
Chemosphere. 2008;72(9):1387-1392. 
DOI: 10.1016/j.chemosphere.2008. 
04.012

[50] Jiménez FA, Ramírez D, 
Agramonte D. Use of Biobras-6 in 
micropropagation of ‘FHIA-21’. 
InfoMusa. 2004;13(1):4-6 Available at: 
https://www.bioversityinternational.
org/fileadmin/_migrated/uploads/
tx_news/Infomusa__La_revista_
internacional_sobre_bananos_y_
pl%c3%a1tanos_966.pdf

[51] Ferdous MH, Masum BAA, 
Mejraj H, Taufique T, Jamal UAFM. BAP 
and IBA pulsing for in vitro 
multiplication of banana cultivars 
through shoot-tip culture. Journal of 
bioscience and agriculture. Research. 
2015;03(02):87-95. Available at: www.
journalbinet.com/jbar-journal.html

[52] Ali MR, Mehraj H, Uddin JAFM. 
Kinetin (KIN) and Indole-3-acetic acid 
(IAA) on in vitro shoot and root 
initiation of tuberose. International 
Journal Sustainable Agricultural 
Technology. 2014;10(8):1-4 Available at 
SSRN: https://ssrn.com/abstract= 
3599034

[53] Madhulatha P, Anbalagan M, 
Jayachandran S, Sakthivel N. Influence 
of liquid pulse treatment with growth 
regulators on in vitro propagation of 
Banana (Musa spp. AAA). Plant Cell, 
Tissue and Organ Culture. 2004;76:189-
192. DOI: 10.1023/B:TICU.0000007291.
31439.6c

[54] Buah JN, Danso E, Taah KJ, 
Abole EA, Bediako EA, Asiedu J, et al. 
The effects of different concentrations 
cytokinins on the in vitro multiplication 
of plantain (Musa sp). Biotechnology. 
2010;9(3):343-347 Available at: https://
scialert.net/abstract/?doi=biot
ech.2010.343.347

[55] North J, Ndakidemi P, Laubscher C. 
Effects of antioxidants, plant growth 



15

Responses of Agronomically Important Tropical Crops to the Application of Brassinosteroid
DOI: http://dx.doi.org/10.5772/intechopen.102600

regulators and wounding on phenolic 
compound excretion during 
micropropagation of Strelitzia Reginae. 
International Journal of Physical 
Sciences. 2012;7(4):638-646.  
DOI: 10.5897/IJPS11.786

[56] Hernández RM, Moré O, Núñez M. 
Empleo de análogos de brasinoesteroides 
en el cultivo in vitro de papa (Solanum 
tuberosum L.). Cultivos Tropicales. 
1999;20(4):41-44 https://www.redalyc.
org/pdf/1932/193230162005.pdf

[57] Nassar AH. Effect of 
homobrassinolide on in vitro growth of 
apical meristems and heat tolerance of 
banana shoots. International Journal of 
Agriculture & Biology. 2004;6(5):771-
775 Available at: https://eurekamag.
com/research/004/122/004122682.php

[58] Robres-Torres E, López-Medina J, 
Rocha-Granados MC. La elongación de 
brotes adventicios de frambuesa (Rubus 
ideaus L.) es influenciada por 
brasinosteroides. Revista Mexicana de 
Ciencias Agrícolas. 2015;6(5):991-999. 
Available at: https://www.redalyc.org/
pdf/2631/263139893006.pdf

[59] Terry AE, Ruiz PJ, Tejeda PT, Dra SC, 
Reynaldo EI, Díaz de Armas MM. 
Respuesta del cultivo de la lechuga 
(Lactuca sativa L.) a la aplicación de 
diferentes productos bioactivos. Cultivos 
Tropicales. 2011;32(1):28-37. Available at: 
http://scielo.sld.cu/scielo.php?pid= 
S0258-59362011000100003&script=sci_
arttext&tlng=pt

[60] Cortes PA, Terrazas T, Colinas 
León T, Larque-Saavedra A. 
Brassinosteroid effects on precocity and 
yield of cladodes of cactus pear 
(Opuntia ficus-indica L. mill). Scientia 
Horticulturae. 2003;97:65-73.  
DOI: 10.1016/S0304-4238(02)00080-8

[61] Suárez L. Efecto que ejercen las 
aspersiones foliares de una mezcla de 
oligogalacturónidos (Pectimorf) y la 
formulación a base de un análogo de 

brasinoesteroides (Biobras-16) en dos 
especies de orquídeas (Cattleya 
leuddemanniana y Guarianthe skinneri). 
Cultivos Tropicales. 2007;28(4):87-91 
Available at: https://www.redalyc.org/
pdf/1932/193217894014.pdf

[62] Raut S, Ranade S. Diseases of 
Banana and their management. In: 
Naqvi SAMH, editor. Diseases of Fruits 
and Vegetables: Volume II. Dordrecht: 
Springer; 2004. pp. 37-52.  
DOI: 10.1007/1-4020-2607-2_2

[63] Mandava NB. Plant growth-
promoting Brassinosteroids. Annual 
Review of Plant Physiology and Plant 
Molecular Biology. 1988;39(1):23-52. 
DOI: 10.1146/annurev.pp.39.060188. 
000323

[64] Jeyakumar P, Kumar N, Kavino M. 
Physiological response of banana cv. 
Robusta (AAA) to foliar applied plant 
growth regulators on productivity. 
Madras Agricultural Journal. 
2003;90(10-12):702-706

[65] Herrera AJ, Aguirre-Medina JF, 
Gálvez AL, Ley de Coss A, Martínez M. 
Efecto de reguladores de crecimiento en 
la reproducción in vitro de Musa spp cv 
gran enano. AGROproductividad. 
2017;10(9):20-25 Available at: http://
www.colpos.mx/wb/index.php/
agroproductividad#.WnoBa1TibIU

[66] Li Q-F, Lu J, Zhou Y, Wu F, Tong 
H-N, Wang J-D, et al. Abscisic acid 
represses rice lamina joint inclination by 
antagonizing brassinosteroid 
biosynthesis and signaling. 
International Journal of Molecular 
Sciences. 2019;20(19):4908.  
DOI: 10.3390/ijms20194908

[67] Capote I, Escalona M, Gradaille MD, 
Pina D, González JL, Aragón C. Efecto 
del análogo de Brasinoesteroide (MH5) 
en la aclimatación de los brotes de 
Vriesea propagados en sitemas de 
inmersión temporal. Revista Ciencia y 
Tecnología. 2009;2(1):29-33 Available 



Plant Hormones - Recent Advances, New Perspectives and Applications

16

at: https://dialnet.unirioja.es/servlet/
articulo?codigo=4054769

[68] Chavana CS, Chavana SS, 
Velhala RS, Patila AG, Deshmukhb LP, 
Bapat VA. Effect of Brassinolide on 
Invitro growth of sugarcane Co 86032 
(Saccharum spp.). In: AIP Conference 
Proceedings 1989. American Institute of 
Physics; 2018. p. 030004. Published by 
the. DOI: 10.1063/1.5047722

[69] Cao S, Xu Q, Cao Y, Qian K, An K, 
Zhu Y, et al. Loss-of-function mutations 
in DET2 gene lead to an enhanced 
resistance to oxidative stress in 
Arabidopsis. Physiologia Plantarum. 
2005;123(1):57-66. DOI: 10.1111/ 
j.1399-3054.2004.00432.x

[70] Montoya T, Nomura T, Yokota T, 
Farrar K, Harrison K, Jones JGD, et al. 
Patterns of dwarf expression and 
brassinosteroid accumulation in tomato 
reveal the importance of brassinosteroid 
synthesis during fruit development. The 
Plant Journal. 2005;42(2):262-269.  
DOI: 10.1111/j.1365-313X.2005.02376.x

[71] Estrada-Lugo EIJ. El códice 
Florentino, su información 
etnobotánica. Chapingo, Edo. De 
México. México: Ed. Colegio de 
Posgraduados; 1989. p. 399

[72] Ogata N. El cacao. Biodiversitas. 
2007;72:1-5 Available at: http://
infocafes.com/portal/wp-content/
uploads/2016/01/biodiv72art1.pdf

[73] García OJ, Yiovani Duéñez E, 
Fischer G, Chaves B, Quintero OC. Fruit 
set response of pineapple guava (Acca 
sellowiana [O. berg] Burret) to 
potassium nitrate, potassium phosphate 
and ethephon. Agronomía Colombiana. 
2008;26(2):217-225. Available at: 
https://www.researchgate.net/
publication/256474809_El_
cuajamiento_de_frutos_de_feijoa_Acca_
sellowiana_O_Berg_Burret_en_
respuesta_a_nitrato_de_potasio_
fosfato_de_potasio_y_ethephon

[74] Hayat S, Ahamad A,  
Mobin M, Hussain A, Fariduddin Q. 
Photosynthetic rate, growth and yield of 
mustard plants sprayed with 
28-homobrassinolide. Photosynthetica. 
2000;38(3):469-471. DOI: 10.1023/ 
A:1010954411302

[75] Gomes M, Lagôa A, Machado E, 
Medina CL. Abscisic acid and indole-3-
acetic acid contents in orange trees 
infected by Xylella fastidiosa and 
submitted to cycles of water stress. Plant 
Growth Regulation. 2003;39:263-270. 
DOI: 10.1023/A:1022854405898

[76] Zullo TMA, Adam G. 
Brassinosteroid phytohormones - 
structure, bioactivity and applications. 
Brazilian Journal of Plant Physiology. 
2002;14(3):143-181 Available at: https://
www.scielo.br/j/bjpp/a/jt9wVShx5fgHC
FbxhBhRFPn/?lang=en&format=pdf

[77] Gomes MMA, Campostrini E, 
Rocha Leal N, Pio Viana A, Massi 
Ferraz T, Siqueira LN, et al. 
Brassinosteroid analogue effects on the 
yield of yellow passion fruit plants 
(Passiflora edulis f. flavicarpa). Scientia 
Horticulturae. 2006;110(3):235-240. 
DOI: 10.1016/j.scienta.2006.06.030

[78] Ali B, Hayat S, Ahmad A. 
28-Homobrassinolide ameliorates the 
saline stress in chickpea (Cicer arietinum 
L.). Environmental and Experimental 
Botany. 2007;59(2):217-223.  
DOI: 10.1016/j.envexpbot.2005.12.002

[79] Mazorra LM, Oliveira MG, 
Souza AF, Da silva WB, Dos 
Santos GM, Almeida Da silva LR, 
Gomez da Silva M, Bartoli CG, De 
Oliverira GJ. Involvement of 
brassinosteroids and ethylene in the 
control of mitochondrial electron 
transport chain in postharvest papaya 
fruit. Theoretical and experimental 
Plant Physiology 2013; 25(3): 223-230. 
Available at: https://www.scielo.br/j/
txpp/a/WPfhpZKG43X7cnpszJsh7Nw/
?format=pdf&lang=en



17

Responses of Agronomically Important Tropical Crops to the Application of Brassinosteroid
DOI: http://dx.doi.org/10.5772/intechopen.102600

[80] Susila T, Reddy SA, Rajkumar M, 
Padmaja G, Rao P. Effects of sowing 
date and spraying of brassinosteroid on 
yield and fruit quality characters of 
watermelon. World Journal of 
Agricultural Sciences. 2012;8(3):223-
228 Available at: https://www.idosi.org/
wjas/wjas8(3)12/1.pdf

[81] De Grauwe L, Vandenbussche F, 
Tietz O, Palme K, Van Der Straeten D. 
Auxin, ethylene and brassinosteroids: 
Tripartite control of growth in the 
Arabidopsis hypocotyl. Plant and Cell 
Physiology. 2005;46(6):827-836.  
DOI: 10.1093/pcp/pci111

[82] Arteca RN, Arteca JM. Effects of 
brassinosteroid, auxin, and cytokinin 
on ethylene production in Arabidopsis 
thaliana plants. Journal of Experimental 
Botany. 2008;59(11):3019-3026.  
DOI: 10.1093/jxb/ern159

[83] Zaharah SS, Singh Z, Symon GM, 
Reid JB. Role of brassinosteroids, 
ethylene, abscisic acid, and indole-3-
acetic acid in mango fruit ripening. 
Journal of Plant Growth Regulations. 
2012;31:363-372. DOI: 10.1007/
s00344-011-9245-5

[84] Symons GM, Chua YJ, Ross JJ, 
Quittenden LJ, Davies NW, Reid JB. 
Hormonal changes during non-
climacteric ripening in strawberry. Journal 
of Experimental Botany. 2012;63: 
4741-4750. DOI: 10.1093/jxb/ers147

[85] Azcón-Bieto J, Talón M. 
Fundamentos de Fisiología Vegetal. 
Madrid España: Editorial 
Interamericana McGraw-Hill; 
2008. p. 669

[86] Davenport T. Reproductive 
physiology of mango. Brazilian Journal 
of Plant Physiology. 2007;19(4):363-376 
Available at: https://www.scielo.br/j/
bjpp/a/M3wyHvkcRMyrBrkTrzvzjyz/?f
ormat=pdf&lang=en

[87] Aguirre-Medina JF, Hernández- 
quívez A, Arévalo-Galarza L, Ley De 

Coss A, Gehrke-Velez MR. Application of 
a steroidal hormone affects fruit yield 
and quality in ‘Ataúlfo’ mango (Mangifera 
indica L.). Indian Journal of Horticulture. 
2015;5(3/4):86-92. Available at: https://
www.indianjournals.com/ijor.aspx?targe
t=ijor:ihj1&volume=5&issue=3and4&a
rticle=006

[88] Hu Y, Bao F, Li J. Promotive effect of 
brassinosteroids on cell division involves 
a distinct CycD3-induction pathway in 
Arabidopsis. Plant Journal. 2000;24(5): 
693-701. DOI: 10.1046/j.1365-313x. 
2000.00915.x


