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ABSTRACT
Coffee is one of the main agricultural commodities in the world. Thus, research aimed at reducing the productive risks of the crop has been increasingly 
encouraged, among which the use of plant hormones stands out. In addition, the objective of this work was to analyze the effect of the application of 
indole-3-acetic acid on the growth, nutrition and gas exchange of young Coffea arabica L plants. The experiment was carried out in the field in the city of 
Alegre, Espírito Santo, Brazil. The experimental design used was randomized blocks, testing the effect of the application of five doses of indole-3-acetic 
acid in young Arabica coffee plants, in four replications. The application of indole-3-acetic acid stimulates the growth rate of the stem diameter at a con-
centration of 60 mg L-1, as well as gas exchange in coffee plants, however it did not favor the increase in the substomatic concentration of CO2 instanta-
neous and intrinsic efficiency in water use and instantaneous carboxylation efficiency. Although the application of EIA was not able to provide direct gains 
in coffee growth during the experimental period, a longer evaluation of the treatments would possibly provide promising results for the coffee crop. The 
multivariate analysis showed that higher doses of auxin have a high relationship with the macronutrients studied.
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1 INTRODUCTION

Although there are several different species, 125 within 
the Coffea genus, reported by Krishnan et al. (2013) only two 
of the main ones are commercially cultivated, corresponding 
to 99% of world production. C. arabica. L (Arabica coffee) 
is responsible for the largest amount of production with 64%, 
and the species C. canephora Pierre v. Conilon (Robusta 
coffee / Conilon) corresponds to 36% (Companhia Nacional 
de Abastecimento - CONAB, 2022). In addition to the fact that 
these two species differ in appearance and origin, they also 
differ widely in the quality and flavor of the drink (Bagyaraj et 
al., 2015; Davis et al., 2011)

Among the species of the Coffea genus, C. arabica L. 
presents an accentuated variation in vegetative growth and 
productive potential (Camargo, 2010), also known as coffee 
bienniality. Some factors have been attributed and studied 
to better understand this variation such as temperature, 
photoperiod, precipitation, competition for photoassimilates 
by fruits, hormonal balance in the plant, among others (Amaral 
et al., 2006; Barros et al., 1997; Ferreira et al., 2021a; Nazareno 
et al., 2003), but large gaps to solve this phenological event in 
coffee culture still remain.

To prevent the variation in vegetative and productive 
growth of coffee plants (bienniality), research using plant 
growth regulators have been increasingly applied (Hatanaka 
et al., 1991; Cavalcante Filho et al., 2018; Mwaniki et al., 
2019; Muliasari et al., 2021). Growth regulators are synthetic 
or natural chemical compounds that can modulate and regulate 
the physiological aspects of plants (Ashikari et al., 2005; Pu 
et al., 2018). In a world where agriculture is increasingly 
vulnerable to climate change (Bunn et al., 2015; Martins et al., 
2018; Moreira et al., 2020) and requering about food demand 
(Food and Agriculture Organization of the United Nations - 
FAO, 2019), studying the action of these growth regulators 
in the development of coffee plants becomes of fundamental 
importance (Khan et al., 2020; Sasi et al., 2021; Buono, 2021)

The action of growth regulators on plant metabolism 
may have the ability to improve the modulation of its growth 
and development (Bacilieri et al., 2016; Santner et al., 2009). 
In coffee plants, studies have shown that the application of 
phytohormones such as giberililin, indole acetic acid, cytokinin 
and zeatin in controlled use is capable of maximizing plagiotropic 
branch growth, number of nodes and rosettes and greater fruit 
harvest. (Mukhtar et al., 2021; Waday et al., 2022; Bacilieri et 
al., 2016; Costa et al., 2009), improving the productivity.
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Coffee growth and productivity may relate to the 
capacity of the growth regulator, indole-3-acetic acid (IAA), has 
in maximizing the photosynthetic capacity of plants; Huan et 
al., 2021; Miao et al., 2018; Zhao et al., 2017), improving the 
absorption of nutrients such as nitrogen and potassium (Liang 
et al., 2022) in plants under adverse stress (Huan et al., 2021).

Thus, considering the hypothesis that the isolated 
application of IAA can provide gains in photosynthetic, 
nutritional and growth capacity of young coffee plants, this 
study aimed to analyze the effect of indole-3-acetic acid 
application on growth, nutrition and gas exchange of young 
plants of Coffea arabica L.

2 MATERIAL AND METHODS

The experiment was executed in the field at the district 
of Celina, municipality of Alegre, Espírito Santo state, Brazil 
(geographic coordinates 20°46’S and 41°37’W). The region 
cultivated with the species Coffea arabica L. has an altitude of 
750 m and annual accumulated precipitation greater than 1200 
mm. The climate of the region, according to Köppen’s climate 
classification (Alvares et al., 2013), is “Aw” type, with rainy 
summer and dry winter, presenting high climatic seasonality 
with seasons of low and high rainfall [from when to when] 
well defined.

To execute the experiment, arabica coffee plants 
of Catucaí 785/15 cultivar were used, newly implanted in 
a non-irrigated condition, in a spacing of 2.1 × 1.0 totaling 
4760 plants per hectare. Before executing the experiment, 
the chemical attributes of the soil were determined (Table 1), 
correcting it, according to the recommendation proposed for 
arabic coffee in the state of Espírito Santo (Lani et al., 2007).

The experimental delineation used was in randomized 
blocks, and the isolated application of five concentrations of 
IAA (0 mg L-1; 0.1 mg L-1; 10 mg L-1; 20mg L-1; 60 mg L-1) 
was investigated in young Arabica coffee plants with four 
replications, and each experimental unit was composed of 
two useful plants. Before the application, the blank test was 
performed, determining 50 mL of syrup per plant.

For the preparation of the growth regulator solution 
(indole-3-acetic acid), the recommendation described by 
Quisen and Angelo (2008) and the concentrations proposed by 
Bacilieri et al. (2016) and Silva Filho et al. (2012). For that, a 
digital scale was used, in which a beaker was weighed and each 

concentration of indole-3-acetic acid (C10H9NO2), 99% pure, 
was weighed. After this procedure, 3 drops of 1M NaOH were 
used for every 10 mg of IAA, totaling 18 drops of 1M NaOH.

After planting, the seedlings underwent an adaptation 
period of 30 days, and were subsequently subjected to treatments 
through the application of the growth regulator. For this, 50 mL 
of the solution containing the AIA were applied per plant at 
sunrise, using a manual backpack sprayer, seeking to reach the 
entire calculated volume of the solution in the coffee leaves. The 
adhering agent SILWET L-77 Ag − registered with the Ministry 
of Agriculture, Livestock and Supply under no. 02696 − was 
used in the preparation of syrup to facilitate the absorption of 
hormones by the plant. 

Weekly, during the phenological phase, corresponding 
to the period of bean formation and vegetative growth (between 
January and April), for a period of 90 days, the length of the 
orthotropic branch (cm) and the plagiotropic branch (cm) 
and also the stem diameter (cm). To evaluate the growth rate 
of orthotropic (GROB) and plagiotropic (GRPB) and stem 
(GBSD) branches, we use the following equation 1:

Table 1:  Soil chemical attributes.

Soil chemical attributes
pH(1) P(2) K(2) Na(2) Ca(3) Mg(3) Al(3) H+Al(4) SB(5) CTC(6) t(7) V(8) m(9)

-----mg/dm3------------ ------------------------ Cmolc / dm3 -------------- -----------%-----------
6.76 5.70 154.0 2.00 0.83 0.15 1.00 9.90 1.37 8.46 10.8 12.15 0.0

 1/ soil-water ratio 1:2.5; 2/ extracted by Mehlich-1; 3/ extracted by KCl; 4/ extracted by Calcium Acetate; 5/ sum of bases; 6/ CTC at pH 7.0; 7/ effective 
CTC; 8/ percentage of base saturation; 9/ percentage aluminum saturation.

(1)
ΔGGR
ΔT



Where: 
GR: Growth rate (cm day-1); ∆G: Variation of branch 

growth (cm); ∆T: Experiment Total time.
After 90 days of the experimental trial, gas exchange 

analyzes were performed on the third pair of leaves selected 
from the plagiotropic branch, which expanded after the 
treatments were applied, and the young leaves (sink leaves) 
were marked at the time of application. Only one sheet per 
repetition (this sheet that had been subjected to the application 
of the hormone) was used to analyze gas exchange.

Gas exchange analyses were performed using the 
infrared gas analyzer (IRGA Li-Cor 6400 XT), obtaining the 
net carbon assimilation rate (A, μmol m-2 s-1); substomatic 
concentration of CO2 (Ci, μmol mol-1); stomatic conductance 
(gs, mmol m-2 s-1); transpiration rate (E, mmol m-2 s-1). From 
these variables, the instantaneous efficiency of water use (A/E, 
μmol mmol-1); estimative of intrinsic efficiency of water use (A/
gs, μmol mol-1); and instantaneous efficiency of carboxylation 
(A/Ci, μmol m-2 s-1) were estimated.
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At the end of the experimental test (120 days after 
planting and 90 days after application of the hormone), 
gas exchange evaluations were performed, selecting a day 
with clear sky, in the morning between 08:00h and 09:00h. 
Photosynthetically active radiation was standardized in 
artificial light saturated with 1000 μmol of photons m-2 s-1 and 
CO2 at a concentration of 400 ppm in the chamber. 

At the end of the experiment, 16 leaves were collected from 
each experimental unit, using the marked leaves, packed in paper 
bags, identified and delivered to the Laboratory of Mineral Nutrition 
of Plants, where they were dried in a greenhouse with forced air 
ventilation at 65 °C until constant weight is reached. Subsequently, 
the samples were individually ground in a Wiley mill to determine 
the foliar nutrient contents as recommended by Silva (2009).

The data were subjected to variance analysis by F test 
and, when significance was verified, the means were compared 
by Dunnett’s test at a level of 5% probability, using software 
SAEG 9.1 (2007). To observe the existing correlation among the 
variables under study, the analysis of the Correlation of Person 
with t-test was executed to assess its significance at the level of 
0.1% (***), 1% (**) and 5% (*) probability. Finally, aiming to 
group the treatments to obtain a joint information of the data, 
the multivariate analysis was performed by the main component 
method, using the scores of the first two main components, 

which explains more than 70% of the total available variation, 
as recommended by Ferreira (2018). Multivariate analyses were 
performed with the aid of R software (R Core Team, 2021).

3 RESULTS

Among the variables investigated by analysis of 
variance (Table 2), 8 out of the 16 characteristics showed no 
significant difference for the concentrations of indole-3-acetic 
acid analyzed, being: nitrogen (N), phosphorus (P), potassium 
(K), calcium (Ca), magnesium (Mg), sulfur (S), growth rate 
of the plagiotropic branch (GRPB) and growth rate of the 
orthotropic branch (GROB).

Table 3 shows that the application of indole-3-acetic 
acid stimulated the growth rate of stem diameter (GRSD) 
at the concentration of 60 mg L-1 (gs), and also the gas 
exchange of coffee plants (Table 3), providing greater stomatic 
conductance at concentrations of 20 mg L-1 and 60 mg L-1. 
We also observed that the highest substomatic concentration 
of CO2 and the highest transpiration rate occurred in the lowest 
concentrations of IAA and higher net assimilation rate of 
CO2 at the concentration of 60 mg L-1. However, this higher 
transpiration did not rebound in lower instantaneous and 
intrinsic efficiency in water use and instantaneous efficiency 
of carboxylation, when compared to the control.

Table 2: Summary of the analysis of variance of the variables: net carbon assimilation rate (A), substomatic concentration of CO2 
(Ci), stomatic conductance (gs), transpiration rate (E), instantaneous efficiency of water use (A/E), estimation of the intrinsic efficiency 
of water use (A/gs), instant efficiency of carboxylation (A/Ci), leaf contents of: nitrogen (N), phosphorus (P), potassium (K), calcium 
(Ca), magnesium (Mg), sulfur (S), and the growth rates of the plagiotropic (GRPB) and orthotropic (GROB) branches and stem 
diameter (GRSD) of young Arabica coffee plants subjected to application of different concentrations of indole-3-acetic acid.

MEAN SQUARE
FV GL A gs Ci E A/E A/gs

Block 3 1.308 0.000116 1083.12 0.0275 2.553 279.20
IAA 4 6.824* 0.01631* 15612.49* 0.4404* 26.19* 8605.78*

Error 12 1.516 0.000644 1168.15 0.0408 3.29 572.52
CV 13.78 9.92 19.92 22.12 17.08 17.54

MEAN SQUARE
FV GL A/Ci N P K Ca Mg

Block 3 0.00031 1.344 0.00476 3.4582 0.1382 0.3742
IAA 4 0.00256* 9.817ns 0.00819ns 6.4249ns 1.6983ns 0.1848ns

Error 12 0.0045 15.216 0.0166 7.9868 7.0543 0.4640
CV 34.87 12.92 14.99 26.40 18.47 21.66

MEAN SQUARE
FV GL S GRPB GROB GRSD

Bloco 3 0.0159 0.00037 0.0025 0.00052
IAA 4 0.1862ns 0.0020ns 0.00035ns 0.00193*
Erro 12 0.0243 0.00072 0.001244 0.00033
CV 16.00 9.40 11.25 34.99

* Significant F at 5% probability (P< 0,05) level, ‘‘ns’’ not significant.
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The inverse was also observed in this study (Table 3), 
the lowest stomatic conductance at the concentration of 0.1 mg 
L-1, 10 mg L-1 provided lower substomatic concentration of CO2 

(concentration of 0.1 mg L-1), allowing greater instantaneous 
and intrinsic efficiency in water use and instantaneous 
efficiency of carboxylation, at the lowest concentration of 
IAA (0.1 mg L-1 )), but did not reduce photosynthesis when 
compared with the control (Table 2).

It is noted via an initial analysis the absence of 
significant correlations between the variables phosphorus (P), 
magnesium (Mg) and calcium (Ca) with the other variables 
analyzed (Figure 1). Positive correlations greater than 90% 
among the variables A/gse A/E (97%), A/Cie A/E (93%), 
GRPB and A/ci(95%), gse Ci (92%), gs and E (92%), A and K 

(99%) and A and GRSD (92%), as well as negative correlations 
higher than 90% among the variables Ci and A/gs (-94%), Cie 
and A/E (-96%), gs and A/E (-90%), E and A/E (-91%), gs and 
A/gs(-95%) and S and GROB (-95%). 

In general, Figure 1 shows that, among the most 
accumulated macronutrients in coffee, potassium (K) presented 
the highest number of significant correlation with the other 
variables studied (correlations 85%, 86%, 88% and 99% with 
the variables gs, E, GRSD and A, respectively). Sulfur (S) 
showed a correlation of -95% and -15% with the growth rate 
of the orthotropic branch (GROB) and plagiotropic branch 
(GRPB), respectively, as well as a correlation of only 11% with 
the growth rate of the stem diameter (GRSD). Nitrogen (N) 
showed good correlation with GRPB (94%) and A/E (82%). 

Table 3: Net assimilation rate of CO2 (A, μmol CO2 m-2 s-1), stomatic conductance (gs, mol H2O m-2 s-1), substomatic concentration 
of CO2 (Ci, μmol mol-1), transpiration rate (E, mmol H2O m-2 s-1) instantaneous efficiency(A/E,, μmol mmol-1)and intrinsic in water 
use (A/gs,, μmol mol-1), instantaneous efficiency of carboxylation (A/Ci, μmol m-2 s-1) and growth rate of stem diameter (GRSD, cm 
day-1), of young arabica coffee plants subjected to application of different concentrations of indole-3-acetic acid.

Concentration IAA A gs Ci E A/E A/gs A/Ci GRSD
0 mg L-1 8.33 0.066 153.10 0.824 10.17 127.04 0.055 0.0426

0.1 mg L-1 8.84ns 0.043* 87.32* 0.622ns 14.24* 203.30* 0.086* 0.0616
10 mg L-1 7.17ns 0.045* 152.93ns 0.606ns 11.89ns 161.57ns 0.057ns 0.02544
20 mg L-1 9.79ns 0.103* 247.35* 1.345* 7.54ns 95.24ns 0.040ns 0.0541
60 mg L-1 10.55* 0.111* 217.21* 1.171* 9.29ns 94.97ns 0.049ns 0.0831*

* significant in relation to the control (without Application of IAA), at 5% probability by Dunnett’s test ns no significant.

Figure 1: Estimates of Pearson correlation of variables: net carbon assimilation rate (A), substomatic concentration of CO2 (Ci), 
stomatic conductance (gs), transpiration rate (E), instantaneous efficiency of water use (A/E), estimation of the intrinsic efficiency 
of water use (A/gs), instant efficiency of carboxylation (A/Ci), leaf contents of: nitrogen (N), phosphorus (P), potassium (K), 
calcium (Ca), magnesium (Mg), sulfur (S), and the growth rates of the branches plagiotropic (GRPB), orthotropic (GROB) and 
stem diameter (GRSD) of young Arabica coffee plants subjected to application of different concentrations of indole-3-acetic acid. 
Significant by t test at 5% (*), at 1% (**) and at 0.1% (***).
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The analysis of main components in Figure 2 shows 
that, the first two components were able to explain 74.3% of 
the total data variation. This variation was able to provide 
the formation of three distinct groups of the treatments 
studied (Figure 2a), the first group was formed by the 
treatment referring to the control treatment (0 mg L-1), the 
second by intermediate concentrations (0.1mg L-1 and 10 
mg L-1) and the third group by the highest concentrations 
(20 mg L-1 and 60 mg L-1).

The formation of the first group (Figure 2a) possibly 
occurred due to its good association with the variables sulfur 
(S) and magnesium (Mg), the second group with the variables 
net carbon assimilation rate (A), potassium (K), substomatic 
concentration of CO2 (Ci), transpiration rate (E), stomatic 
conductance (gs) and intermediate association with stem 
diameter growth rate (GRSD), calcium (Ca) and orthotropic 
branch growth rate (GROB). The third group presented a good 
association with the variables, estimation of the instantaneous 
efficiency of water use (A/E), estimation of the intrinsic 
efficiency of water use (A/gs), and instantaneous efficiency of 
carboxylation (A/Ci), nitrogen (N), phosphorus (P) and growth 
rate of the plagiotropic branch (GRPB).

4 DISCUSSION

Some cultural practices are capable of maximizing 
biomass growth and accumulation in cultivated plants, and 
the use of indole-3-acetic acid may be included (Ferreira et 
al., 2021a; Huan et al., 2021; Li et al., 2019a; Ribeiro et al., 
2019; Yao et al., 2019). In general, the application of IAA in 
plants stimulates growth due to the induction of cell division 
and stretching (Blum, 2009; Zou et al., 2018).

This study showed that the hormone application 
did not promote significant gains in the growth of the 
orthotropic and plagiotropic branches, as observed in 
the Dunnett’s test (Table 2). This fact can be justified by 
using the concentration of exogenous auxin used in the 

experiment (Huan et al., 2021). According to Wu et al. 
(2017), a low auxin concentration can promote an increase 
in plant growth, as observed in this study for stem diameter 
(Table 3). However, the use of high concentrations of auxin 
can provide significant gains or even inhibit plant growth 
(Liu et al.; 2018; Ye et al., 2019).

In work conducted by Huan et al. (2021) analyzing 
the effects of indole-3-acetic acid on the growth and 
absorption characteristics of selenium of Cyphomandra 
betacea seedlings, it was observed that at maximum 
concentrations of 60 mg L-1 auxin, it was able to provide 
gains in Cyphomandra betacea biomass. Although it was 
not possible to observe gains in biomass with the increase 
in IAA concentration in this study, the concentration of 60 
mg L-1 provided the best responses to the net assimilation 
rate of CO2 (A) (Table 3), and was also well associated with 
growth variables (GRSD, GRPB, GRPB) when analyzed in 
a multivariate form (Figure 2).

As highlighted in the literature, the multivariate 
study of the set of variables can provide reliable biological 
information about the responses to the text treatments even 
when the set of variables does not show a significant univariate 
response (Barbosa et al., 2019; Barbosa et al., 2020; Ferreira, 
2018; Ferreira et al., 2021b), making it feasible to keep these 
variables for more refined analyses.

Literature emphasized that the application of IAA can 
improve the photosynthetic efficiency of plants (Ahmad et 
al., 2001; Hayat et al., 2009; Huan et al., 2021; Miao et al., 
2018; Zhao et al., 2017). Since photosynthesis is essential 
for plant development and growth, while the entire biomass 
production process depends on this activity, this increase in 
biomass is associated with high stomatic conductance, as 
well as greater fixation of CO2 (Blum, 2009). Likewise, we 
can assume that although the application of IAA could not 
provide direct gains in coffee growth during the trial period, a 
longer evaluation of the treatments would provide promising 
results for coffee culture.

Figure 2: Dispersion diagram (a) and contribution of variables (b) in relation to the first two main components related to the 
application of different concentrations of indole-3-acetic acid in young arabica coffee plants.
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The interference of auxin in gas exchange was already 
reported in some studies. Ahmad et al. (2001), when they 
used different forms of auxin, investigated a higher rate of net 
assimilation and efficiency of carboxilation, ensuring greater 
vegetative growth and Brassica juncea Czern & Coss cv. 
species Varuna seeds. Similarly, auxin application promoted 
higher stomatic conductance, internal CO2 concentration, 
efficiency in the use of water, transpiration rate and net 
photosynthetic rate, which favored the yield of Cicer arietinum 
L seeds (Hayat et al., 2009). However, answers regarding 
the effect of the application of auxin in coffee are still very 
restricted and need further investigation.

However, auxin can influence gas exchange, which 
consequently can affect the growth and development of this 
plant (Albacete et al., 2014). Thus, although the concentration 
0.1 mg L-1 presented liquid assimilation rate equal to the control 
the variable related responses of instantaneous efficiency 
(A/E, μmol mmol-1) and intrinsic in the use of water (A/gs, 
μmol mol-1) and instantaneous efficiency of carboxylation, 
showing that the implementation of IAA can improve the 
growth modulation in coffee plants, even when plants are not 
subjected to environmental stresses.

In fact, the result obtained for the variable growth 
of branches was already expected, since the formation of 
branches is regulated by the complex interaction of plant 
hormones, including cytokinin and auxin (Taiz et al., 2017). 
This result corroborates with Bacilieri et al. (2016), in which 
the application of hormone consisting of auxin, cytokinin 
and gibereline promoted an increase in the length of the 
plagiotropic branch of Arabica coffee.

As highlighted by Huan et al. (2021), the application of 
IAA in plants may affect the absorption of some nutrients. This 
statement was not directly observed in this study. However, it 
is possible to observe by the analysis of main components that 
the treatments related to the application of the different doses of 
IAA provided a differentiated association with micronutrients in 
coffee (Figure 2). In general, it is possible to highlight that the 
association of the group formed by the highest concentrations 
of IAA with nitrogen and phosphorus occurred due to the action 
that the IAA has in improving plant photosynthesis.

As highlighted by Li et al. (2019b) and Miao et al. (2018) 
gains in photosynthesis associated with IAA application occur 
due to the higher chlorophyll synthesis by the plant, since the 
addition of IAA regulates the gene expression of the plant 
involved in the synthesis of photosynthetic pigments, thus 
increasing the leaf contents of chlorophyll (Li et al., 2019b; 
Huan et al., 2021).  Thus, for future work, the evaluation 
of photosynthetic tissues of plants may provide relevant 
information to understand the IAA response in the physiology 
and growth of coffee plants.

Nitrogen is one of the main constituent nutrients of 
the chlorophyll molecule (Taiz et al., 2017) and its demand 

in the coffee plant is relatively high (Bohóquez et al., 2021; 
Machado et al., 2016; Partelli et al., 2007; Zabini et al., 2021), 
because Nitrogen, jointly with phosphorus, participates in the 
structures of proteins and other organic compounds important 
for plant growth (Marschner, 2012; Martinez et al., 2020; Taiz 
et al., 2017; Zabini et al., 2021).

Moreover, although no significant univariate effect 
of these nutrients was observed with the application of IAA, 
the multivariate behavior demonstrates that higher doses of 
auxin has high relation to these nutrients. We could observe 
that potassium had high correlation with gas exchange 
variables (Figure 1) and good association with intermediate 
Concentrations of IAA (Figure 2).

Potassium participates in the activation of several enzymes 
associated with respiration and photosynthesis (Marschner, 
2012; Taiz et al., 2017). Since the intermediate concentrations 
(0.1 mg L-1 and 10 mg L-1) presented the best results for the 
parameters of instantaneous and intrinsic efficiency in water use 
and instantaneous efficiency of carboxylication (Table 3), this 
result for potassium was expected.

We can also observe a correlation of 99% between the 
rate of liquid assimilation of CO2 (A) and potassium (K) (Figure 
1). Potassium is one of the minerals that act fundamentally in 
the osmotic control of the stomatic opening, which can help in 
the control and stomatic closure, interfering in the efficiency 
of carboxylation in the auxin designs used (Marschner, 2012; 
Taiz et al., 2017). Since the control of closure and opening of 
stomates are the main mechanisms of control of gas exchange 
in terrestrial plants (Tatagiba et al., 2008).

Thus, the application of IAA promoted the growth of 
the stem diameter with direct effect on leaf gas exchanges. 
We assume that these alterations in gas exchange levels may 
have occurred by two paths. The first would be related to a 
possible reduction of the source and drain relationship in the 
plant, derived from the potential that IAA has in increasing the 
root surface of plants (Taiz et al., 2017), this development in 
the root system would provide an increase in the potential for 
water and nutrient absorption, which consequently could be 
associated with lower water and nutritional stresses by plants, 
which could provide an increase in gas exchanges (Ronchi et 
al., 2015; Taiz et al., 2017; Tatagiba et al., 2008).

The second path would be associated, as previously 
mentioned, to the improvements provided by auxins in the 
genic modulation of plants associated with the production 
of photosynthetic pigments (Huan et al., 2021). The increase 
of these photosynthetic pigments, associated with a greater 
efficiency of the root system (Taiz et al., 2017), may be 
associated with changes in gas exchange levels in plants 
supplemented with auxins. Thus, the application of auxin 
presents potential to reduce drastic falls in the vegetative 
growth of coffee as well as tends to improve the nutritional 
and physiological balance of coffee plants.
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5 CONCLUSION

The application of indole-3-acetic acid stimulates the 
growth rate of the stem diameter at a concentration of 60 mg 
L-1, as well as gas exchange in coffee plants, however it did 
not favor the increase in the substomatic concentration of 
CO2 instantaneous and intrinsic efficiency in water use and 
instantaneous carboxylation efficiency. 

Although the application of EIA was not able to provide 
direct gains in coffee growth during the experimental period, 
a longer evaluation of the treatments would possibly provide 
promising results for the coffee crop.

The multivariate analysis showed that higher doses of 
auxin have a high relationship with the macronutrients studied.
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