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Abstract 
The study on nutritional needs of the tree species T. vulgaris, has a great contribution to the formation and 
conduction of plantations, resulting in their choice in terms of the potential that has been demonstrated in the 
comparative trials of fast growing species (more than 0.60 m/year in height) and strong regional demand for 
firewood and coal. The objective of this study was to evaluate the growth of T. vulgaris in response to the 
application of nitrogen, phosphorus and potassium, from the beginning of the establishment until the second year 
after planting. The study was carried out in the municipality of Igarapé-Açu-PA, in a T. vulgaris plantation of 
1.44 ha (14,400 m2), spacing of 2 m × 3 m (plants × lines). The treatments consisted in the use of commercial 
products urea, super triple phosphate and potassium chloride as source of N-nitrogen, phosphorus-P2O5 and 
potassium-K2O respectively, forming 8 treatmentswhich were analyzed using measures repeated in time. 
Treatment with combined doses of nitrogen and potassium contributed to a higher growth in height and diameter 
when compared to plants without fertilization. Fertilization of nitrogen (26.67 g) plus potassium (30 g) 
contributed to a higher planting growth. 

Keywords: fertilization, nutritional demand, silviculture 

1. Introduction 
Tachigali vulgaris L. G. Silva & H. C. Lima, synonym of Sclerolobium paniculatum Vogel, popularly known as 
tachi-branco, comes from South America, with a wide geographic distribution. In Brazil it occurs in the North 
(Pará, Amazonas and Tocantins), the Northeast (Maranhão, Piauí, Ceará and Bahia), the Midwest (Mato Grosso, 
Goiás, Distrito Federal and Mato Grosso do Sul) and Southeast (São Paulo and Minas Gerais) (Carvalho, 1994). 
In order to study the effects of soil fertility on soil erosion, it is important to note that in this case, having stood 
out by the fast growth, high production of biomass and by the wood to be used as energy source. It is a species 
that since the 1940s (Le Cointe, 1947) was already considered with characteristics for the production of firewood 
and charcoal, confirmed later by Paula (1982), and Carpanezzi et al. (1983). 

Although plants adapted to the low availability of nutrients can develop, it is indispensable to adopt soil fertility 
management and correction practices in areas cultivated with tachi-branco, in order to increase the productivity 
of the forest sites or at least maintain it for (Schumacher et al., 2013; Sousa et al., 2016). These management 
practices should take into account the adoption of nutrient sources through mineral or organic fertilization 
(Biagiotti et al., 2017), causing the soil to provide all the nutrients in quantities necessary to obtain the desired 
growth for the plants (Benites et al., 2010). 

For the adequate nutrition of the trees, their demand must be balanced with the supply of nutrients, in time and 
space, because the characteristics and quantity of fertilizers to be applied will depend on the nutritional needs of 
the species used, the fertility of the soil, fertilizer efficiency, economic order factors and water availability (Ryan, 
2010). 
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As a consequence, the importance of carrying out studies involving different doses of fertilization for T. vulgaris, 
aiming to obtain greater productivity and sustainability in forest production, is based on the appropriate 
recommendation of the NPK dose. The objective of this study was to evaluate the growth of tachi-branco, in 
response to the application of nitrogen, phosphorus and potassium, from the beginning of the plantation 
establishment to the second year after planting. 

2. Material and Methods 
The study area is located at the School Farm of the Federal Rural University of Amazonia-UFRA, in the 
municipality of Igarapé-Açu (FEIGA). The municipality of Igarapé-Açu belongs to the mesoregion of the Pará 
Northeast and the Bragantina micro-region. The geographical coordinates of the seat of the municipality are: 
01º07′33″ south latitude and 47º37′27″ longitude west of Greenwich.  

The work was carried out in an one-year old T. vulgaris plantation of 1.44 ha (14,400 m2), implanted on 
February 1, 2016, with a spacing of 2 m × 3 m (plants × lines), as recommended by Souza et al. (2016), totaling 
1,728 plants distributed in lines, in the East-West direction. 

In order to support decision-making regarding fertilizer/treatment applications, soil samples were collected 
randomly throughout the planting area, prior to their implantation, at 0-20 and 20-40 cm depths of the soil, which 
consisted of two composite samples, which were then sent to the laboratory, where they were submitted to 
chemical and physical analysis (Tables 1 and 2). Although the acidity levels according to Table 1 were 
considered high (Raij, 1991), we decided not to add calcareous to correct the soil.  

 

Table 1. Soil chemical characterization of the planting area 
Identification P OM pH K Ca Mg H+Al Al SB T V m 

mg dm-³ g dm-³ CaCl2 --------------------- mmolc dm-³ -------------------- ------- % -------

0-20 2.3 18 4.3 0.4 5 1 38 5 6,9 44.9 15 42.0 

20-40 2.4 15 4.3 0.4 4 1 30 7 6,1 36.1 17 53.4 

 

Table 2. Soil physical analysis of the planting area 

Depth (cm) Clay Silt Total sand Silt + Clay 

---------------------------------- HMFS + NaOH ---------------------------------- 

----------------------------------------- g/kg ----------------------------------------- 

0-20 184 90 726 274 

20-40 225 111 664 336 

Note. Obs: HMFS (sodium hexametaphosphate [Na6(PO3)6]) and NaOH (sodium hydroxide) were the industrial 
dispersants used by the laboratory to determine the physical analysis of the soil. 

 

The treatments followed average doses of fertilizers found in the literature for forest stands such as eucalyptus 
and black acacia (Costa et al., 2012; Schumacher et al., 2013), which consisted in the use of commercial 
products, urea, triple super phosphate and potassium chloride as nitrogen-N, phosphorous-P2O5 and 
potassium-K2O respectively, forming the treatments (Table 3). Those were combined according to the fractional 
factorial arrangement 23 at random, represented by 8 treatments with plots of 4 plants and 4 replications, 
randomly installed at the planting, totaling 128 plants studied. 

 

Table 3. Treatments and their respective dosages of commercial fertilizer in grams per plant 
Treatment/Fertilization Combinations Urea (g) Triple superphosphate (g) Potassium chloride (g) Kg/ha 

T0 Control 0 0 0 0 

T1 N 26.67 0 0 44.5 

T2 P 0 19.56 0 32.6 

T3 K 0 0 30 50 

T4 NP 26.67 19.56 0 44.5 (N) + 32.6 (P) 

T5 NK 26.67 0 30 44.5 (N) + 50 (K) 

T6 PK 0 19.56 30 32.6 (P) + 50 (K) 

T7 NPK 26.67 19.56 30 44.5 (N) + 32.6 (P) + 50 (K)
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The treatments were established one year after the planting of tachi-branco. A cover fertilization was applied, 
just once, around the plants, but 10 cm away from them, considering the dosages in Table 3. 

The diameter and height of the plants used for growth analysis were measured every three months since the 
establisment of the treatments, from June 2017 to June 2018, totaling 5 measurements.  

The diameter of the plants was measured at the DBH (diameter at breast height), that means measured at 1.3 
meter from the ground, using a centimetrical diameter tape. The total height of the plants was measured with a 
ruler graduated in centimeters.  

In order to analyse the plant growth rate in the treatments, the data were submitted to anormality test, then an 
analysis of variance was performed, considering measures repeated in time. Further, gas exchange analyzes were 
performed in order to find out if the applied nutrients were absorbed by T. vulgaris plants. Measurements for gas 
exchange analyzes were performed from 9 am to 11 am between the plants in each treatment, in fully expanded 
and completely mature leaves. An infrared gas analyzer (IRGA Infrared Gas Analizer), model Li-6400 (Li-Cor, 
Biosciences Inc., Nebraska, EUA) was used to determine the Net photosynthetic rate per unit of leaf area (A, 
μmol CO2 m

-2 s-1), the stomatal conductance to water vapor (gs, mol H2O m-2 s-1) and the transpiratory rate (E, 
mmol H2O m-2 s-1). 

3. Results 
3.1 Height 

The treatments nitrogen (t1), phosphorus (t2) and potassium (t3) and the combination of N:K (t5) had significant 
statistical effect for total height of T. vulgaris plants. The time of evaluation did not influence positively on the 
plants growth. The mean growth in the last measurement in each treatment was: t1 (603 cm), t2 (537 cm), t3 
(581 cm), t5 (596 cm), as shown in Table 4.  

 

Table 4. Height growth (cm) of T. vulgaris according to fertilization treatments: T0-control, T1-nitrogen (N), 
T2-phosphor (P), T3-potassium (K) and their combinations (T4-NP, T5-NK, T6-NP, and T7-NPK) and 
interaction with the time (t) of growth, corresponding to 12 months of experimentation 

Treatments 
Time 

0 1 2 3 4 

T0 (Control) 247a 324a 368a 426a 503a 

T1 (26.67 g urea) *** 307b 403b 465b 534b 603b 

T2 (19.56 g SFT) *** 275bc 357bc 405bc 471bc 537bc 

T3 (30 g KCL) ** 282bcd 374bcd 428bcd 499bcd 581bcd 

T4 (26.67 g urea + 19.56 g SFT) 336e 431e 487e 562e 639e 

T5 (26.67 g urea + 30 g KCL) *** 304ef 407bef 467bef 536bef 596bef 

T6 (19.56 g SFT + 30 g KCL) 333g 441eg 495eg 576g 654g 

T7 (26.67 g urea +19.56 g SFT + 30 g KCL) 315befg 416efg 470befg 531befg 602befg 

Note. Levels of significance, *** 0.1%; ** 1%; 5%. Differente Letters in the same column differ between 
treatments and on the same line differ in time.  

 

4. Diameter 
Of the fertilizer sources that had a positive developmental effect in diameter, only N, P and K, and N:P and N:K 
combinations were statistically significant (Table 5). The development over time to diameter was also similar to 
height, with no statistical significance during the two years and 3 months of analysis, being the difference 
between treatments, visible at the end of the first year of the study implantation. The plants in the in the 
treatments with significant difference had mean diameter of 24.5; 21.0; 23.1; 24.3; 24.8 cm for T1, T2, T3, T4 
and T5 respectively.  
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Table 5. Mean diameter growth (cm) of T. vulgaris in the treatments according to fertilization: T0-control, 
T1-nitrogen (N), T2-phosphor (P), T3-potassium (K) and their combinations (T4-NP, T5-NK, T6-NP, and 
T7-NPK) and interaction with the time (t) of growth, corresponding to 12 months of experimentation 

Treatments 
Time 

0 1 2 3 4 

T0 (control) 8.0 a 11.3 a 13.6 a 17.4 a 20.4 a 

T1 (26.67 g urea) *** 10.2 abc 14.7 abc 17.9 abc 21.5 abc 24.5 abc 

T2 (19.56 g SFT) * 8.1 ab 12.6 ab 14.8 ab 18.1 ab 21.0 ab 

T3 (30 g KCL) *** 9.5 abc 13.6 abc 16.3 abc 20.0 abc 23.1 abc 

T4 (26.67 g urea + 19.56 g SFT) * 11.4 bc 15.9 bc 18.3 bc 21.5 bc 24.3 bc 

T5 (26.67 g urea + 30 g KCL) *** 10.6 bc 15.4 bc 17.9 bc 21.7 bc 24.8 bc 

T6 (19.56 g SFT + 30 g KCL) 11.1 c 16.8 c 19.5 c 23.9 c 27.3 c 

T7 (26.67 g urea +19.56 g SFT + 30 g KCL) 11.3 bc 15.5 bc 17.8 bc 20.8 bc 23.4 bc 

Note. Levels of significance, *** 0.1%; ** 1%; 5%. Different letters in the same column differ between 
treatments and on the same line differ in time. 

 
4.1 Gas Exchange 

The results of gas exchange analyzes showed that fertilizers that had a significant effect on both height and 
diameter promoted a photosynthetic rate of 7.2136 (T1), 8.5293 (T2), 5.5617 (T3) and 16.5654 μmol CO2 m

-2 s-1 
(T5), to which of these, treatment 5 had a higher mean followed by T4, whose fertilization contributed only to 
the growth in diameter. The stomatal conductance and transpiratory rate had similar results for all treatments. 

 

Table 6. Average analysis of gas exchange of plants with fertilization treatments. A (net photosynthetic rate per 
unit leaf area); gs (stomatal conductance to water vapor): E (transpiratory rate) 

Treatments A (μmol CO2 m
-2 s-1) gs (mol H2O m-2 s-1) E (mmol H2O m-2 s-1)

T0 (witness) 3.38 0.35 5.65 

T1 (26.67 g urea) 7.21 0.07 4.15 

T2 (19.56 g SFT) 8.53 0.10 5.50 

T3 (30 g KCL) 5.56 0.08 4.49 

T4 (26.67 g urea + 19.56 g SFT) 4.89 0.08 4.42 

T5 (26.67 g urea + 30 g KCL) 16.57 0.08 4.61 

T6 (19.56 g SFT + 30 g KCL) 12.05 0.09 5.30 

T7 (26.67 g urea +19.56 g SFT + 30 g KCL) 6.72 0.09 5.23 

 
5. Discussion  
5.1 Growth in Height 

T. vulgaris plants showed a growth rate (Figure 1) that promoted increase between time zero and time five of 
296 cm with the application of 26.67 g of urea per plant or 44.5 kg ha-1. As in this study, Ciriello et al. (2014) 
evaluated the effect of nitrogen doses on the initial development and nutrition of Guanandi plants (Calophyllum 
brasiliense Cambèss), native tree species from Brazil, to which they applied five doses of N: 0, 178, 356, 533 
and 711 kg ha-1 of urea, plus the control (without fertilization); they concluded that the dose of urea at 178 kg 
ha-1 at the time of planting is enough to supply the need for nitrogen in the initial growth of guanandi, being 4 
times greater than the amount of fertilizer used in the present study (44.5 kg ha-1 of urea).  

 



jas.ccsenet.

Figure 1. G
26.67 g

plant), p
(T5-applic

 

Fertilizatio
addition o
content of
essential e
(Rodrigue
composed 
addition o
below (Ta
performed

Another fa
fertilizatio
al., 2006).
5.5, Al3+ i
Al3+ in aci
species (E
elucidated
carboxylic
and nucleo
of the cell 
al., 2001; Y
the P, sinc

Potassium
several ph
as a clear 
developme
with an in
application
months co

Potassium
enzymes t
normally f
potassium 
reduction 
less color (

org 

Growth in heig
g of urea per pl
potassium (T3-
cation of 26.67

on with phosph
of nutrients (F
f this element 
element for th
s et al., 2016)
of Ca) may a

of calcium via 
able 1) the low
d by calcareous

actor that may
on is the fact th
 The increased

is in the trivale
id soils range f

Epstein & Bloo
d, however, it i
c groups, phosp
otides (Epstein
division of th

Yamamoto et 
ce this nutrient 

m (K) also had 
ysiological fun
function in th

ent of the plan
ncrease of 78 
n of 140 kg ha

ompared to plan

m (K) is the s
that act in the
found are cons

fertilization f
in apical domi
(Costa et al., 2

ght of T. vulga
lant or 44.5 kg
application of 

7 g of urea + 30
without fer

horus (P) prom
igure 1). This
in soil (2.3 m

he growth of p
. The supply o
also have con
triple superph

wer supply lim
s application. 

y have contrib
hat the tachi-br
d acidity cause
ent ionic form
from 10 to 100
om, 2006). Th
is known that 
phates and sul
n & Blomm, 2
he apical meris
al., 2002). In 
is dislocated i

a high signifi
nctions of plan
he processes o
nts that receiv
cm in relation
a-1 of K2O in s
nts that did no

econd nutrien
e processes of
sidered low (<
fertilizers for 
inance and in 

2017).  

Journal of A

ris plants with
g ha-1), phospha
f 30 g of potass
0 g of potassiu
rtilization-T0, 

moted growth 
s response to 
mg dm-³) acco
plants, and th
of calcium via 
ntributed. Tach
hosphate, sinc
mit (20.0 mm

buted to the de
ranco species 
es reduced ava

m that is toxic 
0 μM, sufficie

he physiologica
this ion is str

lphates; conseq
006). As a con

stem of the roo
addition, the r
in the soil by d

cance in the g
nts such as: en
of opening an
ed fertilization

n to the plants
sandy texture 
t receive fertil

nt most absorb
f photosynthes
< 1.5 mmol dm

supplementat
plant growth, 

Agricultural Sci

192 

h application o
ate (T2-applica
sium chloride p
um chloride pe
throughout the

of 34 cm mor
mineral fertili

ording to the c
heir deficiency

triple superph
hi branco plan
ce the exchang
olc dm-3) and

evelopment of
is tolerant to s

ailability of ph
to plants (Ciam

ent for immedi
al basis of the
rongly associa
quently interac
nsequence, the
ots, resulting i
reduction of th
diffusion (Luko

growth in heig
nzymatic activa
nd stomatal clo
n with potassi
s that did not r
Oxisols, provi

lization (Laclau

bed by plants
sis and respira
m-3), as in this
ion (Benites e
as well as to 

ience

f nitrogen ferti
ation of 19.56 
per plant or 50

er plant or 44.5
e measurement

re than when c
ization with P
classes propos

y is often repo
hosphate (12 to
nts probably s
geable content
d, furthermore,

f the height of
soils with high
hosphorus to p
mporová, 200
iate and severe
e damage caus
ated with many
ct with cell wa
ere is a consid
n a drastic dec

he root system 
owiak et al., 20

ght (Table 4). T
ation, protein s
osure (Silva e
ium, in which 
receive nutrien
ided an increa
u et al., 2009).

, being essen
ation. In tropi
s study (0.4 m
et al. 2010). 
retard fruiting

 
ilization doses
g of triple sup

0 kg ha-1), nitro
5 and 50 kg ha-

t time 

correlated with
P, results from
sed by Raij (1
orted in weath
o 14% of the m
showed marke
t of this eleme
, soil acidity c

f the forest sta
h acidity (Lima
plants. In soils
2). Levels of n
e inhibition of 
ed by Al3+ is 
y oxygen don
alls, plasma m

derable reductio
crease in cell e
affects the ab

016; Frazão et

This fact must
synthesis, phot
t al., 2011). F
the difference

nts, is visible.
ase of 3.7 m in
.  

tial in the act
cal soils the p

mmolc dm-3), re
Their deficien

g and produce 

Vol. 11, No. 9;

s (T1-applicatio
perphosphate p
ogen + potassiu
-1 respectively)

h plants withou
m the low avai
1991), which 
hered tropical 
mineral fertiliz

ed responses to
ent in the soil
correction wa

and that receiv
a, 2004; Olive
 with pH in H
naturally occu

f root growth o
not yet compl
or ligands, suc

membranes, pro
on and/or para
elongation (Ro
sorption, main
t al., 2019). 

t also be prese
tosynthesis, as
Figure 1 show
e in height gro
. In E. saligna
n plant height 

tivation of se
potassium con
equiring the u
ncy may lead 
smaller fruits 

2019 

on of 
per 
um 
) and 

ut the 
ilable 
is an 
soils 

zer is 
o the 
l was 
s not 

ved P 
ira et 

H2O ≤ 
urring 
of the 
letely 
ch as 

oteins 
alysis 
out et 
nly of 

ent in 
 well 
s the 

owth, 
a, the 
at 36 

veral 
ntents 
se of 
to a 
with 



jas.ccsenet.

The combi
fertilizatio
similar res
influenced
for all leve
used to exp
potassium 
4).  

5.2 Diame

Nitrogen f
(Table 5) o
in the tim
experience
example, N
of plants w
nutrient, b
were only 
limiting to
species ob

 

Figure 2. 
g of ure

potas
(T4-ap

(T5-applic

 

At a Pinus
nitrogen in
applied did
was 140 kg

As for hei
plants, inc

The calciu
have contr
a higher d
the control

The applic
increment 
citriodora 

org 

ination of nitro
on in relation to
sults for Euca

d the initial gro
els studied. Th
press the poten
application is 

eter Growth 

fertilization tre
of the tachi-br

me five. Native
es, but these ca
Nascimento et
with no nitrog

being the diam
possible to ob

o the growth o
beys the decrea

Growth in dia
ea per plant or 
sium (T3-appl
pplication of 2
cation of 26.67

s taeda planta
n a harmful wa
d not differ sta
g ha-1 of N, hig

ight, phosphor
reasing 1 cm m

um supply via 
ributed to the p

diameter growt
l (Costa et al., 

cation of pota
of 3 cm in rel
planting at 6,

ogen and potas
o the control c
alytpus globul
owth of the see
he height, cons
ntial of develo
fundamental f

eatment (26.67
ranco plants, b
e species prese
an be used to g
t al. (2014) det
gen applicatio

meter less affec
bserve from the
f jatobá plants

asing order of: 

ameter of T. vu
44.5 kg ha-1), p
lication of 30 g
6.67 g urea + 

7 g of urea + 30
without

ation, evaluated
ay did not infl
atistically from
gher than that 

rus fertilization
more than thos

triple superph
positive effect
th, with a max
2012).  

ssium (K) pro
ation to the co
, 9, 12 and 24

Journal of A

ssium (N:K) p
corresponding 
lus seedlings, 
edlings, being 
sidered a morp

opment, both in
for obtaining p

7 g of urea) ha
being visible in
ent different n
guide studies w
termined that f
n showed red
cted by the ef
e 70th day. Th
s, suggesting t
N > P > K. 

ulgaris plants u
phosphate (T2
g of potassium
19.56 g SFT o
0 g of potassiu
t fertilization-T

d at five years
luence the diam

m each other in
used in the pre

n (T2-19.56 g 
se plants witho

hosphate (12 to
t of P. In Euca

ximum value o

omoted growth
ontrol. Biagiott
4 months after 

Agricultural Sci

193 

romoted a 93c
to the last mea
concluding th
an important 

phological cha
n the field and 
planting of tac

ad a highly sig
n Figure 2, wit
nutritional req
with little studi
for jatobá (Hy

ductions of 21
ffects of short-
hese authors al
that the nutritio

under doses of 
2-application o

m chloride per p
or 44.5 + 32.6 k
um chloride pe
T0, over the m

s of age, Moro
meter developm

n terms of tree 
esent study. 

SFT) contribu
out addition of 

o 14% of the m
alyptus camald
f 5.6 cm at a P

h in diameter 
ti et al. (2017) 
planting, obs

ience

cm increase in 
asurement (Fig

hat fertilization
factor in the p

aracteristic of q
in nurseries, i

chi-branco of b

gnificant effect
th an increase 

quirements, wh
ied essences am

ymenaea courb
% in relation 
-term nutrition
so observed th
onal requireme

f nitrogen fertil
of 19.56 g of su
plant or 50 kg h
kg ha-1, respec
er plant or 44.5
easurement tim

o et al. (2014) 
ment. The auth
diameter incre

uted to growth
f nutrients (Figu

mineral fertiliz
dulensis trees, 
P application d

of the plantat
studying pota
erved that at 1

height of the p
gure 1). Jesus 
n, with nitrog

plant growth in
quality and vig
in this way, bo
better silvicultu

t on the develo
of 4 cm in rel

hich make it d
mong them the

baril L.) the di
to individuals

nal suppression
hat N was the m
ent for the ma

 
lization (T1-ap
uperphosphate 
ha-1), nitrogen

ctively), nitroge
5 and 50 kg ha-

me 

observed that
hors concluded
ease, and the h

h in diameter o
ure 2).  

zer is compose
phosphate fert
dose of 120 kg

tion (Figure 2)
assium fertiliza
12 months the

Vol. 11, No. 9;

plants that rece
et al. (2016) f

gen and potass
n the seedling 
gor of seedling

oth the nitrogen
ural quality (F

opment in diam
ation to the co
difficult to tra
e tachi branco
iameter of the 
s that received
n, these reduc
macronutrient 

acronutrients o

pplication of 26
or 32.6 kg ha-

n + phosphorus
en + potassium
-1 respectively)

t the applicatio
d that the rate 
ighest dose ap

of the tachi-br

ed of Ca) may
tilization prom
g ha-1 in relati

) contributing 
ation in a Cory
ere was a quad

2019 

eived 
found 
sium, 
stage 
gs, is 
n and 
igure 

meter 
ontrol 
nsfer 

o. For 
stem 
d the 

ctions 
most 
f this 

6.67 
-1), 
s 
m 
) and 

on of 
of N 
plied 

ranco 

y also 
moted 
on to 

with 
mbia 

dratic 



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 9; 2019 

194 

effect of treatments and maximum growth (5.98 cm) was estimated with the dose of 62 kg ha-1 of K2O. At 24 
months, there was no effect of treatments, concluding that up to 12 months of age, growth and biomass 
production of C. citriodora were favored by potassium fertilization.  

The combination of N:P and N:K fertilizer sources were significant at 5 and 0.1% of error probability, 
respectively (Figure 2). This may have occurred because of the synergistic effect of the interaction of such 
nutrients. This represented a growth in diameter of 4 cm for the treatment with N:P and 5 cm for the treatment 
N:K in the last measurement (12 months) higher than the control (Figure 2), being the fertilization with N:K 
better among them.  

P deficiency reducing N absorption has been observed in some studies. Santos et al. (2015) evaluated the 
efficiency of nitrogen fertilization by genotypes of tree cotton under phosphorus application, observed that 
genotypes grown in low P supply had higher leaf N concentration, indicating a synergism ratio between N and P. 
This corroborates with the present study, since the interaction between nitrogen and phosphorus was positive for 
the growth in diameter of the plants (Figure 2). The P interferes in the absorption of N indirectly, through the 
reduction of the leaf area (Santos et al., 2015). The leaf area is closely related to N absorption, because the larger 
the leaf area, the higher the transpiration rate, which in turn increases the flow of water absorbed by the plant, 
which directly influences the nutrients from soil to the root surface, being significant for N (Bonfim-Silva & 
Monteiro, 2010; Han et al., 2015). 

The treatment with nitrogen and potassium fertilization promoted a higher diameter growth of T. vulgaris. In 
soils with high K contents, N stimulates vegetative growth, increasing the K content in the aerial part of the 
plants and consequently, the utilization of the nutrient reserves in the soil solution. Potassium plays a key role in 
the functioning of the enzymes necessary for the growth and development of the plant; it also helps in the 
absorption of nitrogen, which results in better vegetative growth (Debbarma et al., 2017). 

In eucalyptus plantations in sandy lands the highest responses to nitrogen and potassium fertilization occurred in 
the first year of tree growth, with application of 4.3 and 20 kg ha-1 of the respective nutrients, suggesting that the 
number of N and K applications may be reduced after planting for establishment of commercial plantations 
without adversely affecting productivity and deeper drainage losses (Silva et al., 2013). Jesus et al. (2016) 
studying the growth and chemical composition of the essential oil of Eucalyptus globulus seedlings fertilized 
with nitrogen and potassium found similar results, concluding that fertilization with nitrogen and potassium 
influenced the initial growth of the seedlings, increasing in 72% the diameter of the plants that received NK 
fertilization in relation to the control. 

5.2 Gas Exchange 

The results of the gas exchange analyzes (Table 6) are mainly explained, because the nitrogen and potassium are 
present in the photosynthetic process. N is involved in carbon assimilation due to the enzymes involved in the 
carbon sequestration process (Marschner, 2012). N is required for the synthesis of chlorophyll, which in turn 
participates in the measurement of the efficiency of photochemical reactions of photosynthesis as the primary 
receptor molecule of electrons in photosystem II after the oxidation of water mediated by light; the flow of these 
electrons between photosystems I and II on the thylakoid membrane; thermal dissipation within the PSII and the 
quantum efficiency of electron transfer for the formation of the NADPH, ATP and Fdr reductant used in the 
assimilation of CO2 in the biochemical phase of photosynthesis (Rohácek, 2002; Baker, 2008).  

Gomes (2012) evaluated the effect of fertilization and acidity correction on homogenous planting of Bertholletia 
excelsa H.B. and concluded that nitrogen fertilization showed direct reflexes, with increases on the nutritional 
status of young plants of B. excelsa, however, there were no differences among the treatments for photosynthesis, 
transpiration rates and stomatal conductance. This result was opposite to results of the present study, where T5 
treatment (26.67 g urea + 30 g KCL per plant) had a higher photosynthetic rate (Figure 3). 
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