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ABSTRACT RESUMEN

This study aimed to evaluate the effect of different doses (0, 
10, 20, 30, 40, and 50 t ha-1) of green coconut fiber in growth 
substrate on the early development and physiology of two 
soybean cultivars (Pampeana 40RR and Pampeana 60RR). The 
experiment was carried out in a greenhouse using a completely 
randomized experimental design in a 2×6 factorial arrange-
ment (two genotypes and six doses) with five replicates. Each 
replicate was made up of one plant, totaling 60 experimental 
units. Biometric variables (height, number of leaves, stem 
diameter, leaf area, and dry matter) and physiological variables 
(photosynthesis, stomatal conductance, transpiration, internal 
carbon, water use efficiency, and photosynthetic pigments) were 
evaluated. After obtaining the data 30 d after sowing, the means 
were subjected to an analysis of variance and, when significant 
for the F test, they were subjected to regression analysis and 
comparison of means by the Tukey,s test. Through the regres-
sion analysis, the ideal minimum dose for each variable could 
be calculated. We observed an increase in plant height, stem 
diameter, number of leaves, leaf area, leaf dry mass, stem dry 
mass, and root dry mass of around 51.10%, 31.60%, 52.83%, 
61.78%, 79.65%, 81.52%, and 6.06%, respectively, when we 
compared the values   of the minimum doses with the maximum 
points found in each variable. Regarding the gas exchange, 
cultivar 60 RR was superior to cultivar 40 RR.  In conclusion, 
the green coconut fiber compound had a positive influence 
on the growth and physiology of the cultivars, with the best 
response being obtained at the dose of 30 t ha-1.

El objetivo de este estudio fue evaluar el efecto de diferentes 
dosis (0, 10, 20, 30, 40 y 50 t ha-1) de fibra de coco verde en 
sustrato de crecimiento sobre el desarrollo temprano y la fisio-
logía de dos cultivares de soya (Pampeana 40RR y Pampeana 
60RR). El experimento se llevó a cabo en un invernadero uti-
lizando un diseño experimental completamente al azar en un 
arreglo factorial de 2×6 (dos genotipos y seis dosis) con cinco 
repeticiones. Cada repetición estuvo formada por una planta, 
totalizando 60 unidades experimentales. Se evaluaron variables 
biométricas (altura, número de hojas, diámetro del tallo, área 
foliar y masa seca) y fisiológicas (fotosíntesis, conductancia 
estomática, transpiración, carbono interno, eficiencia en el 
uso del agua y pigmentos fotosintéticos). Después de obtener 
los datos, a los 30 d después de la siembra, las medias fueron 
sometidas a análisis de varianza y, cuando fueron significativas 
según la prueba F, fueron sometidas a análisis de regresión y 
comparación de medias por la prueba de Tukey. A través del 
análisis de regresión, fue posible calcular la dosis mínima ideal 
para cada variable. Se observó un aumento en la altura de la 
planta, el diámetro del tallo, el número de hojas, el área foliar, la 
masa seca de hojas, masa seca de tallo y masa seca de raíces de 
alrededor de 51.10%, 31.60%, 52.83 %, 61.78%, 79.65%, 81.52%, 
y 6.06%, respectivamente, cuando comparamos los valores de 
las dosis mínimas con los puntos máximos encontrados en cada 
variable. En cuanto al intercambio de gases, el cultivar 60 RR 
fue superior al cultivar 40 RR. En conclusión, el compuesto de 
fibra de coco verde influyó positivamente en el crecimiento y 
fisiología de los cultivares, obteniendo la mejor respuesta con 
la dosis de 30 t ha-1.
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Introduction

Soybean (Glycine max (L.) Merrill) is a legume of great 
economic importance and nutritional value. It is part of a 
set of agricultural activities with greater global prominence 

and is the fourth most consumed and produced grain only 
after corn, wheat, and rice (Hirakuri & Lazzaroto, 2014). 
Soybean cultivation has expanded in Brazil as a promising 
crop, with prominence initially in the south and central-
east and later in the north and northeast regions (Barrozo 
& Rosa, 2018; Machado et al., 2018). 
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Some factors are essential for the crop to show good biomet-
ric and physiological development, and consequently, high 
productivity and quality of grains. These factors include 
solar radiation, water availability, and fertilization, with 
the latter being a decisive factor for productive success 
(Sediyama et al., 2012; Taiz & Zeiger, 2013; Tejo et al., 2019). 
However, although mineral fertilization is indispensable, it 
has a high cost. Thus, the use of other sources for nutrient 
supply for plants is becoming increasingly common (Dou-
rado Neto et al., 2012). Adeyeye et al. (2014), in a study with 
soybean, demonstrate that the application of maize stover 
compost and N fertilizer significantly increase plant growth 
(plant height, number of leaves, nodes, and branches). In 
addition, dry matter production and number of fruits per 
plant are also significantly affected by different levels of 
those compounds.

Because of these problems, the use of organic fertilizers 
appears as an economically viable alternative, besides 
being less harmful to the environment. Organic fertil-
izers are a source of mineral nutrients and contribute to 
improvements in the biological characteristics of the soil 
(Freitas et al., 2012). Among the main organic fertilizers 
used, we can highlight organic compounds originated 
from the composting process as viable alternatives for 
use in agriculture.

Among these compounds, we can find the green coconut 
fiber, which is a by-product of the industrialization of co-
conut water. The fiber is constantly discarded incorrectly, 
causing negative environmental impacts. Therefore, we 
can consider it a prominent environmental liability (Klein, 
2015). When compost is applied to crops in appropriate 
doses, it adds organic matter, improves soil structure and 
water retention, reduces the need for fertilizers and the 
potential for soil erosion (Mattos et al., 2011), contributing 
to the full development of soybean. Scientific advances in 
technologies for soil management, techniques for the cor-
rection of acidity, and balanced fertilization with macro 
and micronutrients allow crops to express their potential 
under the different edaphoclimatic conditions in Brazil 
(Freitas, 2011).

Given the above, we hypothesized that the substrate com-
pound based on green coconut fiber helps in the develop-
ment of soybean plants. Therefore, this research aimed to 
evaluate the influence of the green coconut fiber applied at 
different doses to the substrate on the initial development 
and gas exchange of soybean plants.

Materials and methods

Characterization of the experimental area
This experiment was carried out from August to October 
2019 in a greenhouse covered with 200-micron UV 
plastic that favors the spread of light within the envi-
ronment. The greenhouse belonged to the Phytotechnics 
Department located at Campus do Pici, Federal Univer-
sity of Ceará (UFC), in Fortaleza, Brazil. The maximum 
temperature was 29.4ºC, while the minimum was 16.4ºC, 
and the average relative humidity was around 32%, 
according to data obtained through a data logger (mo-
del U12/012, HOBO®, Marleston, Adelaide, Australia) 
installed in the center of the greenhouse. According to 
Köppen, the local climate is of Aw type, i.e., very hot 
rainy tropical with predominant rains in the summer 
and autumn (Oliveira et al., 2013).

Experimental design and treatments
The experimental design was completely randomized in 
a 2×6 factorial arrangement, with two soybean cultivars 
(Pampeana 40RR and Pampeana 60RR), six doses of com-
post containing crushed green coconut considered as fiber 
(shell + mesocarp + endocarp) (0, 10, 20, 30, 40, and 50 t 
compost ha-1), and five replicates. Each replicate was made 
up of one plant per pot.

Obtaining the compost
The compost used in the experiment was obtained by 
the action of aerobic microorganisms on green coconut 
fiber mixed with poultry manure, in the proportion of 
3:1 (v/v) and arranged under layers in rows of 3 m long, 
1 m wide, and 1 m deep, under an average temperature of 
27.8ºC. The windrows were turned over weekly to assist 
oxygenation and decomposition of the material by the 
microorganisms.

After 7 months, the compost was sieved in a 5 mm mesh 
and placed to dry for 48 h in an oven with forced air circula-
tion (model MA033/1080, Marconi®, Piracicaba, SP, Brazil) 
at 45ºC. Then, it was weighed according to the following 
treatments: control (0 t ha-1), 50 g (10 t ha-1), 100 g (20 t ha-1), 
150 g (30 t ha-1), 200 g (40 t ha-1), and 250 g (50 t ha-1) and 
mixed with the soil (4 kg per pot). For this, the doses were 
estimated using a soil density of 1.25 and a depth of 0.20 
cm. The chemical characteristics of the compound are 
shown in Table 1, according to Silva (2009).
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Plant growth experiments
The soybean seeds were sown in pots coated with plastic 
polyethylene vases containing 4 kg of soil (Red-Yellow 
Argisol) as classified by Lima et al. (2002). The soil was ho-
mogenized with the compost containing the green coconut 
fiber in its respective doses. The chemical characteristics 
of soil fertility are shown in Table 2, according to Silva 
(2009). Thinning was carried out a week after planting, 
leaving only one plant per pot to avoid competition for 
space and light, since inoculation with Bradyrizobium sp. 
had not been carried out.

The irrigation was performed manually using the water 
retention capacity (WRC) as a reference that was previously 
determined in the laboratory. The WRC was determined as 
described by Souza et al. (2000), considering the difference 
between the weight of the wet soil after saturation and free 
drainage, and the weight of the dried soil.

Water retention capacity was maintained daily in all pots 
by gravimetry, weighing them and replacing the volume of 
water lost by evapotranspiration, using a scale (model3/0, 
Songhe Tools®, São José dos Pinhais, PR, Brazil). Manual 
removal of weed plants was carried out throughout the 
experiment.

Analyzed variables

Biometric variables
During the pre-flowering period 30 d after sowing (DAS), 
plant height (PH), stem diameter (SD), and the number 
of leaves (NL) were measured. We used a measuring tape 
graduated in centimeters to measure the height of the plant 
from the bottom of the stem until the last insertion of the 
leaf. A digital caliper was used to measure the SD at the 
bottom of the stem. The NL was determined based on the 
count of each fully developed leaf.

At the end of the experiment at 30 DAS, the collective 
destruction of the plants was carried out to obtain the dry 
mass of the organs (dry mass of leaves, stems, and roots). 
The leaf area was measured using a surface integrator (LI 
- 3100 Area Meter, Li-Cor Inc., Lincoln, Nebraska, USA).

Shoots and roots were collected, rinsed, packaged in paper 
bags, and transferred to a drying oven (model MA033/1080, 
Marconi®, Piracicaba, SP, Brazil) at 65°C until a constant 
mass was obtained. The vegetative organs were weighed 
using a precision scale (model AL200, Marte®, São Paulo, 
SP, Brazil) for obtaining the respective dry mass. The total 
dry mass of the plants was determined by adding the dry 
mass of the leaves, stem, and roots.

Physiological variables
The analyses of physiological variables were performed 30 
DAS (pre-flowering period). SPAD was used to measure the 
relative chlorophyll index of the last three fully developed 
leaves located in the central leaflet. At the end of the expe-
riment, photosynthetic pigments were also evaluated (con-
tents of chlorophyll a, b, total, and carotenoids in leaves), 
following the methodology described by Wellburn (1994).

The values of chlorophyll a (Chl a), b (Chl b), total (Chl t), 
and carotenoids   were estimated using the following 
equations:

Chl a = (12.47 × A665) – (3.62 × A649) (1)

Chl b = (25.06 × A649) – (6.5 × A655)  (2)

Chl t = (7.15 × A665) + (18.71 × A649)  (3)

Carotenoids =
(1000 × A480 – 1.29 × Ca – 53.78 × Cb)

(4)
220

where A represents the absorbance at a respective wave-
length with values   obtained in µg ml-1 and expressed in 
mg g-1 of dry matter (DM). 

TABLE 1. Chemical characteristics of the green coconut fiber-based compound.

Ca Mg K P S Na Zn Fe Mn Cu pH EC

............... g L-1 ............... ............................. mg L-1 .................................. - dS m-1

2.88 0.89 0.34 0.06 2.13 0.06 0.15 - 0.92 0.2 6.8 2.4

EC - Electric conductivity.

TABLE 2. Soil fertility analysis.

C OM
pH

P K Ca Mg Na Al H+AI BS CEC V ESP EC

g kg-1 mg dm³ mmolc dm³ % dS m-1

7.39 12.75 6.6 102 1.24 20.7 6.6 0.33 - 8.3 28.8 37.1 78 1 0.35

OM - organic matter; BS - base saturation; CEC - cation exchange capacity; ESP - exchangeable sodium percentage; EC - electrical conductivity; V - base saturation.
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The gas exchange analysis was carried out between 08:00 
am and 11:00 am on the third fully expanded leaf using 
an infrared gas analyzer (model LCI, BioScientfic, Great 
Amwell, England). The liquid photosynthetic rate (A, 
µmol CO2 m-2 s-1), stomatal conductance (gs, mol H2O m-2 
s-1), internal CO2 concentration (Ci, µmol CO2 mol-1), and 
transpiration (E, mmol m-2 s-1) were estimated. From the 
A/E ratio, we calculated the water use efficiency (WUE).

Statistical analysis
The results of the evaluated variables were subjected to an 
analysis of variance (ANOVA) and to the Shapiro-Wilk 
normality and homogeneity tests. When the variables were 
significant for the F test, they were subjected to a regression 
analysis and comparison of means by the Tukey,s test, using 
the computer program RStudio. We made the graphics 
using SigmaPlot version 11.0.

Results and discussion

Biometric variables
The results of the analysis of variance (Tab. 3) showed that 
for the cultivars tested, only the variables stem diameter 
(SD) and root dry mass (RDM) did not show significant 
responses, while the others showed a significance of 1% 
and 5% probability by the F test. Regarding the dose fac-
tor, all the variables tested were influenced at the level of 
1% probability, showing a highly significant effect on the 
development of soybean plants. Regarding the interaction 
between factors, only the variables plant height (PH) and 
RDM showed significant responses at the 5% probability 
level by the F test.

Regarding the variable plant height (Fig. 1A), two quadratic 
equations were adjusted. We observed that the cultivar 1 

TABLE 3. Summary of the analysis of variance for the variables plant height (PH), leaf area (LA), number of leaves (NL), stem diameter (SD), leaf 
dry mass (LDM), stem dry mass (SDM), and root dry mass (RDM) in two soybean cultivars grown under different doses of green coconut fiber 
organic compound.

SV DF

Medium square

PH LA NL SD LDM SDM RDM 

(cm) (cm²) (mm) --------------------- (g) -----------------------

Cultivar (C) 1 16833.8** 50518** 36.82** 0.20 ns 0.59* 1.22** 0.03 ns

Doses (D) 5 978.9** 86648** 8.86** 1.08** 2.16** 0.47** 0.45**

C x D 5 559.1* 2388 ns 0.37 ns 0.06 ns 0.032 ns 0.03 ns 0.11*

Residue 48 126.2 6103 1.4 0.17 0.09 0.03 0.04

Total 59 - - - - - - -

CV (%)  23.81 24.64 21.07 12.23 21.93 24.71 27.21

SV - source of variation; DF - degree of freedom; C x D - cultivar x doses interaction; CV - Coefficient of variation. *, ** Significant at 5% and 1% by the F test, respectively.  ns - not significant. 

FIGURE 1. A) Plant height and B) stem diameter in two soybean cultivars (Pampeana 60RR and Pampeana 40RR) grown at different doses of com-
post containing green coconut fiber.
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(Pampeana 60RR) showed superiority at all tested doses 
compared to cultivar 2 (Pampeana 40RR). The maximum 
height for the cultivar Pampeana 60RR was 79.35 cm when 
the plants were fertilized with a dose of 27.40 t ha-1, whereas 
the cultivar Pampeana 40RR was 36.33 cm under a dose 
of 29.50 t ha-1. After these doses, there was a reduction in 
the height of the plants, possibly due to a toxic effect, or an 
imbalance of a certain nutrient provided by the compound. 
Making a comparison between the maximum points of the 
two cultivars, we observed an increase of more than 100% 
of the cultivar Pampeana 60RR compared to the cultivar 
Pampeana 40RR. Hence, for this variable, ‘Pampeana 60 
RR’ was highly responsive to the use of a coconut fiber-
based compound.

Regarding the effect of the doses for increasing the stem 
diameter (Fig. 1B), a quadratic equation for the data was 
adjusted, finding a maximum point of 3.67 mm when the 
plant was fertilized with a dose of 32.66 t ha-1. When mak-
ing a comparison with dose 0 that had a maximum point 
of 2.51 mm, there was an increase of 31.60%.

Analyzing these results, we could observe the influence of 
the doses of the compound on plant growth and the differ-
entiation of meristematic cells of the vascular cambium and 
the bark. Oliveira et al. (2018) found similar results when 
working with cherry tomato plants under organic fertiliza-
tion in different cultivation environments. They verified 
an increase in plant height depending on the application 
of fertilizers and the evaluation periods. According to Ca-
margo (2012), the efficient use of organic fertilizers provides 
improvements in the physical, chemical, and biological 
properties of the soil that can assist in the proper growth 
of plants and, consequently, promote better crop yields. 

Araújo et al. (2012) working with sources of organic matter 
in castor bean BRS Energia, report significant results with 
the use of sources of organic matter for the stem diameter.

In a study conducted by Castro et al. (2016), the authors 
find that for capim-palisade there is a linear increase in 
plant height depending on the application of cattle manure. 
Therefore, the higher results for plant height found in our 
research are associated with the availability of nutrients 
provided by the compound used in the experiment, es-
pecially Ca and Mg (growth-related nutrients) (Tab. 1). 
However, higher levels caused physiological disorders that 
hinder the development of the plants, especially for the 
cultivar Pampeana 40 RR. 

For leaf area, the cultivar 60RR showed an average of 
346.08 cm², significantly higher than the cultivar 40RR that 
showed an average value of 288.04 cm². Comparing these 
averages, we observed an increase of 16.78% for the cultivar 
60RR compared to cultivar 40RR (Fig. 2A). Regarding the 
effect of doses on the increase of leaf area, a quadratic equa-
tion for the data was adjusted, finding a maximum point of 
406.16 cm2 when plants were fertilized with a dose of 32.7 
t ha-1 (Fig. 2B). When we compared the dose 0 that showed 
a value of 155.22 cm2, there was an increase of 61.78% in 
the maximum point. This result confirmed the values of 
plant height since there was possible toxicity. Therefore, 
there was a reduction in plant growth for the number of 
leaves emerging, influenced by the application of higher 
doses of the compound. 

The increase in leaf area improves a plant’s capacity to 
harness solar energy to carry out photosynthesis. There-
fore, a higher leaf area will probably increase productivity 
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FIGURE 2. A) Leaf area of   soybean cultivars Pampeana 60RR and Pampeana 40RR B) grown under different doses of compost containing green 
coconut fiber. Values are means of five plants (± standard error). Means followed by the same letters do not differ according to the Tukey's test at 
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since it is directly associated with photosynthetic rates, 
and this, in turn, is directly related to production. In that 
sense, the cultivar Pampeana 60RR again showed increased 
results. It is noteworthy that, although highly responsive 
to fertilization with the compost from green coconut fiber, 
the cultivars demonstrated toxic effects at the two highest 
levels of fertilization. This toxicity may be associated with 
a greater amount of Mn and Cu (Tab. 1).

 The dry mass of leaves of the cultivar 60RR showed an aver-
age of 1.50 g, being superior to cultivar 40RR that showed 
an average of 1.30 g (Fig. 3A). Comparing these averages, 
an increase of 13.34% was seen for the effect of doses on 
the increase of the dry mass of leaves. A quadratic equation 
was adjusted to the data, and we found a maximum point 
of 1.72 g when the plant was fertilized with a dose of 35.00 
t ha-1 (Fig. 3B). When making a comparison with dose 0 
(0.351 g), there was an increase of 79.65%.

Lima et al. (2001) observe a higher dry mass of leaves that 
increase on average 0.3 and 1.1 g per plant. These results 
are directly related to the height of the plant since plants 
may generally have a higher number of leaves to carry out 
photosynthesis and meet the demand for assimilates.

For the dry mass of the stem, we found that the cultivar 
60RR showed an average of 0.87 g, superior to the cultivar 
40RR that showed an average of 0.58 g, representing an 
increase of 33.34% (Fig. 4A). Concerning the effect of doses 
on the increase of the dry matter of the stem, a quadratic 
equation was adjusted to the data resulting in a peak of 
0.99 g when plants were fertilized with a dose of 32.50 t 
ha-1 (Fig. 4B). When comparing with the dose 0 (0.170 g) 
at the maximum point, there was an increase of 82.82%.

We can associate the reduction of several of the variables 
analyzed, such as stem dry mass, leaf dry mass, and leaf 
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area, with the increase of the doses by the values of Zn 
(Tab. 1). Zinc is required in very low amounts by the plants 
(Marschner, 2012), so with the increase in the doses of the 
coconut fiber compound, this amount rose to values that 
caused toxicity in soybean plants that culminated in the 
reduction of plant development, as a whole.

The dry mass distribution in the plant is a variable that al-
lows a discussion about the process of product translocation 
resulting from the photosynthetic process, facilitating the 
understanding of the plant response in terms of productiv-
ity. According to Lima et al. (2010), when evaluating the 
growth of coconut (Cocos nucifera) plants as a function 
of organic fertilization, the dry mass of the stem was sig-
nificantly influenced by the application of organic matter 
combined with mineral fertilizers P and K.

Therefore, regarding the dry mass of the shoot (dry mass of 
leaves + dry mass of the stem), we observed that the cultivar 
60RR is more responsive to fertilization, demonstrating 
that the organic compound is a material with great poten-
tial in comparison to chemical fertilization. The fact that 
it showed a higher dry mass of the shoot suggests a better 
mechanism for translocation of photo-assimilates and 
greater efficiency of nutrient absorption. The doses close 
to 30 t ha-1 were the ones that provided the highest values 
for this and other growth variables, such as stem diameter, 
leaf dry mass, and leaf area, indicating that in this dose, the 
supply of nutrients, as well as the balance between them, 
is the most appropriate.

Regarding the dry mass of roots (Fig. 5), two quadratic 
equations were adjusted. We observed that the cultivar 
Pampeana 40RR showed higher values up to the dose 
of 30 t ha-1 compared to the cultivar Pampeana 60RR. 

The maximum point of the dry mass of roots found for the 
cultivar 60RR was 0.92 g when the plants were fertilized 
with a dose of 30 t ha-1, while the cultivar 40RR showed an 
average of 0.93 g with the dose of 21.74 t ha-1.

The ideal root system is the one that explores the largest 
volume of soil, allowing the plant to explore a larger soil 
area (Parfitt et al., 2017). The growth of the root system 
of plants is essential for the absorption of nutrients and 
better performance in translocating them to the vegetative 
organs. This can be seen by the results of the growth and 
accumulation of dry matter in the root, especially in the 
cultivar Pampeana 60 RR.

A possible explanation for this decrease in plant growth 
when subjected to higher doses (40 or 50 t ha-1) of compost 
based on green coconut fiber is the number of nutrients 
present in the soil after adding the compost. In practical 
terms, nutrients play important roles in plants; however, 
the necessary amount, especially of micronutrients in the 
soil, is small due to the low requirement of this nutrient 
by crops (Marschner, 2012). So, this greater number of 
micronutrients in the soil with doses from 30 t ha-1 when 
the treatments were applied could have caused the opposite 
effect that culminated in a reduction in most of the growth 
variables evaluated.

Physiological variables
The analysis of variance for the values   of chlorophyll a, b 
and total, and carotenoids is shown in Table 4. Only the 
variable carotenoids showed no significant response, while 
the others showed a 1% significance probability by the F 
test. Regarding the doses factor, only chlorophyll b showed 
no significant response, and the other variables tested were 
influenced at the level of 1% probability. Concerning the 
interaction between factors, only the variable chlorophyll a 
showed a significant response at the level of 1% probability 
by the F test.

For chlorophyll a, two quadratic equations were adjusted, 
finding a maximum point of 4.90 when plants were fer-
tilized with a dose of 41.6 t ha-1 for cultivar 60RR, and a 
maximum point of 6.8 when plants were fertilized with a 
dose of 40.60 t ha-1 for cultivar 40RR (Fig. 6A). For chlo-
rophyll b, the cultivar 60RR showed an average value of 
6.62 which is higher than the cultivar 40RR that showed 
an average value of 4.07. There was an increase of 38.51% 
when comparing these averages (Fig. 6B). 

Regarding total chlorophyll, we found that the cultivar 
60RR showed an average of 11.10. This cultivar obtained 
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higher values compared to the cultivar 40RR that showed 
an average of 7.73. An increase of 30.36% was observed 
when comparing these averages (Fig. 7A). Regarding the 
variable carotenoids, we found that there was no signifi-
cant difference between cultivars. Concerning the effect 

of doses, a quadratic equation for the data was adjusted, 
and we found a maximum point of 1.60 when the plants 
were fertilized with a dose of 33.34 t ha-1. When comparing 
the dose 0 (0.40) with the maximum point, there was an 
increase of 78.02% (Fig. 7B). 

TABLE 4. Summary of analysis of variance for the variables chlorophyll a (Chl a), chlorophyll b (Ch b), total chlorophyll (Chl t), and carotenoids in 
two soybean cultivars grown under different doses of compost containing green coconut fiber.

SV DF
Medium square

Chl a Chl b Chl t Carotenoids

Cultivar(C) 1 40.739** 77.927** 136.688** 0.00138 ns

Doses (D) 5 36.947** 27.07 ns 132.32 ns 1.78**

C x D 5 6.999** 49.6 ns 4.786 ns 0.12 ns

Residue 48 1.358 5.982 4.418 0.16836

Total 59 - - - -

CV (%)  25.35 45.72 22.31 29.55

SV - source of variation; DF - degree of freedom; C x D - cultivar x doses interaction; CV - coefficient of variation. *, ** Significant at 5% and 1% by the F test, respectively.  ns - not significant. 

FIGURE 6. A) Chlorophyll a and B) chlorophyll b from soybean cultivars Pampeana 60RR and Pampeana 40RR grown under different doses of 
compost containing green coconut fiber. Values are the means of five plants (± standard error). Means followed by the same letters do not differ 
according to the Tukey's test at 5% probability.
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Chlorophyll a is the pigment used to perform photochem-
istry (the first stage of the photosynthetic process), while 
the other pigments assist in the absorption of light and the 
transfer of radiant energy to the reaction centers. Thus, 
they are called accessory pigments. The main accessory 
pigments also include other types of chlorophylls, such as 
chlorophyll b that is present in higher plants, green algae, 
and some bacteria (Taiz & Zeiger, 2013).

Chlorophyll is one of the main factors related to the 
photosynthetic efficiency of plants and, consequently, to 
growth and adaptability to different environments and 
adverse conditions caused by different types of stress. 
The apparent differences in the color of the plants are 
due to the presence and distribution of other associated 
pigments, such as carotenoids and anthocyanins that al-
ways accompany the chlorophylls. In plants, carotenoids 
are located in the plastids where they are synthesized and 
have a non-enzymatic antioxidant function. Anthocya-
nins are f lavonoid compounds with various functions in 
plants, like defense against abiotic stresses. Therefore, 
these compounds have a fundamental role in combating 
reactive oxygen species (ROS) (Barbosa et al., 2014).

Based on the results obtained, we concluded that for the 
photosynthetic analysis, the cultivar 60RR was more re-
sponsive to the assimilation of photons that reflected its 
photosynthetic metabolism and the greater production of 
photoassimilates and made it metabolically more efficient 
than the cultivar 40RR. The essential role of fertilization 
with residues of green coconut fiber provided nutrients 
and good physical, chemical, and biological conditions so 
that soybean plants could increase the levels of photosyn-
thetic pigments when compared to the treatment without 
fertilization. However, as has been shown, higher doses 
caused negative effects on the physiological development 
of the soybean plant.

In the analysis of variance shown in Table 5, we saw that 
for the cultivar factor, only the variables photosynthesis (A) 
and water use efficiency (WUE) did not show significant 
responses, while the others showed a significance of 1% 
and 5% probability by the F test. Regarding the dose factor, 
only the variable stomatal conductance (gs) did not show 
a significant response. Regarding the interaction between 
factors, only the variables A, gs, and transpiration (E) 
showed significant responses at the level of 1% probability 
according to the F test.

When evaluating the photosynthesis (Fig. 8A) two regres-
sion models were adjusted. For the cultivar 60RR, a qua-
dratic model was adjusted, while for the cultivar 40RR a 
linear model was adjusted. The maximum point found for 
cultivar 60RR was 10.08 when plants were fertilized with a 
dose of 32 t ha-1. For cultivar 40RR, there was an increment 
of 1.83 for each 1 t ha-1 of green coconut fiber that was 
added. When evaluating stomatal conductance (Fig. 8B), we 
adjusted a quadratic equation for cultivar 60RR and found 
a maximum point of 0.28 when the plants were fertilized 
with a dose of 23.13 t ha-1. For the cultivar 40 RR, there was 
an increase of 0.0035 for each 1 t ha-1 added.

For transpiration, we adjusted a quadratic equation and 
found a maximum point of 2.86 when the plants were 
fertilized with a dose of 26.76 t ha-1. For the cultivar 40RR, 
we observed an increment of 0.023 for each increase of 1 
t ha-1. We observed the highest average at the dose of 50 
t ha-1 with a value of 2.8 (Fig. 9A). Regarding the effect of 
doses for internal carbon, a quadratic equation for the data 
was adjusted, finding a minimum point of 276.50 when the 
plants were fertilized with a dose of 39.52 t ha-1. When we 
compared dose 0 (337) with the minimum point, there was 
a reduction of 18.5% (Fig. 9B).

When analyzing the water use efficiency that was adjus-
ted to a quadratic equation to the data, we found a peak 

TABLE 5. Summary of the analysis of variance for the variables photosynthesis (A), stomatal conductance (gs), transpiration (E), internal carbon (Ci), 
and water use efficiency (WUE) in soybean plants grown under different doses of compost containing green coconut fiber.

 SV DF
Medium Square

A gs E Ci WUE

Cultivar (C) 1 5.624 ns 0.111** 4.177** 2080.5* 0.37 ns

Doses (D) 5 68.241** 0.015 ns 0.595* 6361.9** 8.502**

C x D 5 19.979** 0.036** 1.019** 920.8 ns 0.849 ns

Residue 48 2.225 0.007253 0.2128 408.3 0.428

Total 59

CV (%)  20.33 42.19 20.43 6.86 20.67

SV - source of variation; DF - degree of freedom; C x D - cultivar x doses interaction; CV - coefficient of variation. *, ** Significant at 5% and 1% by the F test, respectively.  ns - not significant. 
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of 3.83 when plants were fertilized with a dose of 39.09 t 
ha-1. When this dose was compared to dose 0 that showed 
a value of 1.47, there was an increase of 61.61 % (Fig. 10).

Gondim et al. (2015) find higher values of stomatal con-
ductance in the presence of mineral fertilization when 
evaluating the effects of doses of manure in the presence 
and absence of mineral fertilization on gas exchange in beet 
plants. These results might be explained by the presence of 
potassium. The rate of net CO2 assimilation, transpiration, 
stomatal conductance, and intercellular CO2 concentration 
are correlated parameters that serve to diagnose physiologi-
cal changes in plants when subjected to adverse conditions 
such as low and high amounts of nutrients (Gondim et al., 
2015).

FIGURE 10. Water use efficiency (WUE) in soybean cultivars Pampeana 
60RR and Pampeana 40RR grown under different doses of compost 
containing green coconut fiber.
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In general, gas exchange data suggest the superiority of 
cultivar 60RR when compared to cultivar 40RR. For net 
photosynthesis rates, the highest values can be correlated 
with the fact that this cultivar had a larger leaf area and a 
higher number of leaves and plant height; all these values   
contribute to better photosynthetic performance. We also 
observed that this same material had a more efficient sto-
matal regulation, a fact observed in Figure 8B for the higher 
values of the stomatal conductance. Therefore, high levels 
of carbon dioxide influx provided higher photosynthetic 
rates.

For the internal concentration of CO2, the cultivar 40RR 
showed lower values. This fact indicated that there was 
greater assimilation of CO2. However, it did not influence 
higher rates of photosynthesis. The cultivar 60RR showed 
higher accumulations of internal carbon, differing from the 
other genetic material. Nevertheless, due to its better physi-
ological responses, it showed greater assimilation of carbon. 
For water use efficiency, the responses to the significant 
effect of doses demonstrated that there was an increase in 
these rates through fertilization with the compost. 

Miyake et al. (2017), when evaluating the substrates and 
nitrogen fertilization in the production of yellow passion 
fruit seedlings, find that the coconut fiber-based substrate 
favored the relative chlorophyll index when compared to 
the commercial substrate Vivatto®, especially from the 
dose of 300 mg dm-3. These results are similar to what 
was found in our study since the use of doses from 10 t 
ha-1 increased this parameter for both soybean cultivars 
tested. Chlorophyll a is responsible for photon capture, 
while chlorophyll b constitutes accessory pigments in the 
photosynthetic apparatus, so they are closely related to the 
photosynthetic process and gas exchange itself. 

Therefore, a possible explanation for the increase, not only 
in the amount of chlorophyll a, but also in gas exchange 
(A, gs, and E) may be associated with an increase in nutri-
ents, especially N and Mg when the plants were subjected 
to higher doses of the green coconut fiber compound. It 
is worth mentioning that cultivar 60RR showed a positive 
response up to a certain dose of organic compost, while 
cultivar 40RR showed linear increases in gas exchange due 
to the increment in the added doses, thus, proving to be 
more nutritionally demanding.

Conclusions

The composition of green coconut fiber positively influ-
enced the biometric and physiological characteristics of the 

soybean cultivars studied, and the recommended dose of 
the compound is 30 t ha-1.

The cultivar Pampeana 60RR is more responsive to fer-
tilization as it showed higher values of height, leaf area, 
number of leaves, diameter of the stem, dry mass of the 
leaves, and dry mass of the stem.

In general, the gas exchange of cultivar Pampeana 60RR 
was higher than the cultivar 40RR, indicating that it shows 
greater adaptability to the climatic conditions of the Brazil-
ian northeast region.
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