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The management of orthotropic stems modulates the photosynthetic
performance and biomass allocation of productive plants of Arabica coffee1

Due to the possibility of enhancing the physiological responses by modulating the architecture of coffee trees, the
objective of the study was to analyze the leaf gas exchanges and biomass allocation of Arabica coffee cultivated with
different numbers of orthotropic stems. The experiment was carried out in a plantation located in Santa Teresa-ES,
Brazil, cultivated with spacing of 2.5×1.0 m, using the cultivar Catuaí Vermelho IAC44. The gas exchange rates were
monitored along stages of the phenological cycle (2014/2015), following a split-plot scheme, 3×3 (number of orthotropic
stems per plant in three levels: 1, 2 and 3; and the phenological stages in three levels: flowering, fruit formation and
maturation). The allocation of biomass in the plagiotropic branches was also analyzed during the phenological stage
of fruit maturation. The management of the number of orthotropic stems affected the photosynthetic responses and
biomass allocation of coffee trees. Under the studied conditions, cultivating the plants with two orthotropic stems
created conditions which promoted the photosynthetic responses. Keeping more stems promotes the availability of
leaves per amount of produced fruits in the plagiotropic branches, allowing the plant to sustain the production with
less metabolic wearing.
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INTRODUCTION
Recent studies have been exploring alternatives to

manage the growth of orthotropic stems (vertical stems)
of plants of Arabica coffee (Coffea arabica L.) and have
been achieving promising results (Verdin Filho et al., 2016;
Colodetti et al., 2018). Previous results suggested gains
for agribusiness due to decreasing the manpower required
at harvest, increasing crop yield and decreasing biennial
effects (Verdin Filho et al., 2016). In addition to changes
in the canopy architecture with gains in crop yield and
proportion of large grains (Colodetti et al., 2018).

A plantation of Arabica coffee is considered efficient
when the plants are able to continuously form an extensive
canopy system, which allows adequate penetration of
sunlight and enhance the photosynthetic rates, making it

possible to sustain the fruit growth to achieve higher crop
yields. Gains in productivity can be observed in crops
subject to densification, in addition to the possibility of
decreasing production costs, enhancing land use,
increasing the light use efficiency, promoting the
exploration of the soil and increasing the capacity to
absorb water and nutrients (Carvalho et al., 2006).

The crop densification is based on the increase of the
number of plants per area, often making possible, along
with a set of other technologies, to achieve considerable
increases in productivity. Rodrigues et al. (2016) reported
divergent responses in Arabica coffee genotypes
cultivated under denser conditions, where different
cultivars showed high levels of crop yield, lower biennial
effects, biometric changes, among other positive
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agronomic characteristics. Beside the alteration of the
plant spacing, it is also possible to increase the crop
density by increasing the number of orthotropic stems
per plant.

Important considerations should also be raised
regarding the effects of pruning on Arabica coffee plants,
since the ability to change the source/drain relation for
carbohydrates can be used to promote the canopy renewal
and, therefore, in the rejuvenation of the photosynthetic
apparatus (Pereira et al., 2013). If used correctly, the pruning
can favor the formation of new branches and leaves, which
will act directly on the physiological metabolism of plants.
The pruning helps establishing control over the vegetative
growth, as well as increasing the luminosity and aeration
inside the canopy (Sartori et al., 2007).

The search for less expensive ways to manage coffee
crops; in order to explore better the resources and improve
physiological, biometric and productive traits of the
plants; is considerably beneficial to the productive system,
contributing to the sustainability of the activity. In this
context, the cultivation of Arabica coffee using more than
one orthotropic stem per plant is still an important research
object. Scientific data is still incipient regarding the
morpho-physiologic response of plants to this technique.
For this, the objective of this study was to analyze the
leaf gas exchange rates and biomass allocation of Arabica
coffee plants cultivated with different numbers of
orthotropic stems.

MATERIAL  AND METHODS
Characterization of the experimental field

The experiment was developed in a cultivation field,
located in the municipality of Santa Teresa, in the
mountainous region of the Espírito Santo state. The altitu-
de of the site is 740 m and the soil is classified as a red-
yellow Oxisol. The region presents wavy-rugged
topography, with an average annual rainfall of 1,282 mm
and average annual temperature of 21.1 ºC. June is the driest
month of the year, while the wettest month is December.
January is the hottest month of the year, averaging 23.7 °C.
June is the coldest month, averaging 18.5 °C. The region is
located in a zone classified as apt for the cultivation of
Arabica coffee (Pezzopane et al., 2012).

The plantation where the experiment was implemented
underwent a low-cut pruning in 2012, and the new shoots
were conducted in order to promote the establishment of
the desired number of orthotropic stems for each experi-
mental plot. The spacing of the crop was standardized at
2.5 × 1.0 m. The cultivar used was Catuaí Vermelho IAC44,
which is widely used in Brazilian coffee plantations. The
fertilization management was carried out according to the
recommendations for Arabica coffee in the Espírito Santo
state (Prezotti et al., 2007), as well as phytosanitary

treatments and cultural practices (Reis & Cunha, 2010).
The plants were cultivated in rainfed system.

Analyses of photosynthetic characteristics

Chlorophyll indexes and gas exchange rates were
monitored in the coffee plants along the phenological
stages of the reproductive cycle (flowering, fruit formation
and maturation of fruits) (Camargo & Camargo, 2001). For
this end, the experiment followed a split-plot (in time)
design, with number of orthotropic stems per plant at three
levels (1, 2 and 3 orthotropic stems) in the parcels, and
phenological phases at three levels (flowering, fruit
formation and maturation of fruits) in the sub-parcels. The
experimental plots were composed of three plants in line,
and were distributed in a randomized block design, with
eight repetitions.

The evaluations occurred in the year 2015, during the
first productive cycle after the establishment of the
treatments. From each plant of the plot, two average
plagiotropic branches were selected, marked and identified
to carry out the evaluations throughout the cycle.

All the measurements were taken in sunny mornings,
between 8:00 and 11:00 hours, on two leaves of each
assigned branch. The leaves were selected between the
third and fourth pair of leaves from the apex of the
plagiotropic branch, sampling fully expanded leaves,
completely mature and without visual signs of occurrence
of any kind of anomaly.

The chlorophyll a index, chlorophyll b index, total
chlorophyll index and ratio of chlorophylls a/b were
evaluated using a portable chlorophyll-meter (ClorofiLOG
FL1030, Falker). The leaf gas exchange rates were
evaluated to estimate the photosynthetic variables, using
a portable infrared gas analyzer (IRGA 6400XT, Licor) to
study the net photosynthetic rate of CO

2
 (A, µmol CO

2
 m-

2 s-1), stomatal conductance (g
s
, mol H

2
O m-2 s-1),

transpiration rate (E, mmol H
2
O m-2 s-1), intercellular CO

2

concentration (C
i
, µmol mol-1). The photosynthetically

active radiation was standardized using an artificial light
source at 1,000 µmol photons m-2 s-1 and CO

2

concentration in the chamber at 420 ppm. The
instantaneous water use efficiency (A/E, µmol mmol-1),
intrinsic water use efficiency (A/g

s
, µmol mol-1) and the

instantaneous carboxylation efficiency (A/C
i
, mol m-2 s-1)

were estimated according to Zhang et al. (2001).

Leafiness and biomass allocation in the
plagiotropic branches

The biomass allocation in the end of the maturation
process was studied following a randomized block design,
with three levels of number of orthotropic stems per plant
(1, 2 and 3 orthotropic stems) and eight blocks. The
evaluations were carried out at the harvest of 2015 and
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each experimental plot was composed of three plants
cultivated in line. The previously tagged plagiotropic
branches, from the photosynthetic evaluations, were
collected and separated into stem, leaves and fruits.

Fully expanded leaves were randomly sampled (20
leaves per sample) to determine the average unitary leaf
area (ULA, cm2), using an area integrator LI-3100 (Li-Cor,
Inc., Lincoln, NE, USA). The total leaf area of   each
plagiotropic branch (PLA, cm2) was also evaluated,
integrating the area of all leaves through the same process,
in order to estimate subsequent variables. The fruits were
counted to determine the number of fruits per plagiotropic
branch (NFR).

Subsequently, the plant organs were dried separately,
in laboratory oven with forced air circulation at 65 ºC ± 2
ºC, until the mass reached constant weight. A precision
electronic scale (0.0001 g) was used to determine the dry
mass of each plant organ: stems, leaves (LDM, g) and
fruits (FDM, g). These variables, together with previously
mentioned variables, were used to calculate the specific
leaf area (SLA, cm2 g-1); total biomass of the plagiotropic
branch (TDM, g); leaf area ratio (LAR, cm2 g-1); stem mass
ratio (SMR, %), leaf mass ratio (LMR, %) and harvest

index of plagiotropic branches (HAI, %); the ratio of
available leaf mass per fruit mass (LDM/FDM, g g-1); the
ratio of available leaf mass per fruit (LDM/NFR, g fruit-1);
the ratio of leaf area per fruit mass (PLA/FDM, cm2 g-1);
and the ratio of leaf area per fruit of each plagiotropic
branch (PLA/NFR, cm2 fruit-1). 

Statistical analysis

The data were submitted to analysis of variance and,
in accordance to the presence of significant differences,
the Tukey test was used to study the means (at 5% of
probability). The analyses were performed using the
statistical software Sisvar (Ferreira, 2011).

RESULTS AND DISCUSSION
Leaf gas exchanges and photosynthetic

performance

There was no significant interaction between the effects
of the number of orthotropic stems and phenological stages
for the chlorophyll indexes (a, b, total indexes and a/b ratio),
therefore, the effects of each factor were analyzed separately
(Table 1). Through the individual analysis for each source
of variation, it is observed that no one of the chlorophyll

Table 1: Summary of the analysis of variance for chlorophylls indexes and measurements of leaf gas exchange along the phenological
stages (flowering, fruit formation and maturation) of Arabica coffee cultivated with 1, 2 and 3 orthotropic steams per plant, in Santa
Teresa, Espírito Santo, Brazil, harvest 2015-16

                           Mean square

Chl a Chl b Chl a+b Chl a/b A g
s

Block     6.364ns    18.027ns      30.844ns   0.136ns   1.471ns   0.00015ns

Number of stems (P)     0.256ns      5.876ns        4.476ns   0.070ns   9.227*   0.00210*

Residue a     5.349     13.612     23.186   0.088   2.070   0.00016
Phenological stage (S) 438.153* 1712.238* 3808.931*   1.650* 52.829*   0.02096*

P × S     3.133ns     18.428ns     29.144ns   0.036ns   3.903*   0.00067*

Residue b     3.461     12.379     17.887   0.075   1.453   0.00016

CVa (%)     5.20     12.49       6.51 19.10 17.08 27.74
CVb (%)     4.19     11.91       5.72 17.68 14.31 28.39
Overall mean   44.44     29.55     73.99   1.50   8.42   0.04

Mean square

E A/E A/g
s

C
i

A/C
i

Block   0.063ns     0.701ns       2023.16ns 1398.76ns   0.00009ns

Number of stems (P)   0.595*     0.246ns       5433.32ns 2167.57ns   0.00004ns

Residue a   0.084     2.391       3393.48 1434.44   0.00015
Phenological stage (S)   6.654* 829.029* 2672526.47* 8795.65*   0.00390*

P × S   0.261*   10.355*     25178.83*   236.50ns   0.00012ns

Residue b   0.082     1.662       2412.07   605.88   0.00008

CVa (%) 26.81   15.83           17.40     22.00 24.32
CVb (%) 26.46   13.20           14.67     14.30 18.40
Overall mean   1.08     9.77         334.65   172.17   0.05
*Significant by the F-test and nsnon-significant by the F-test, at 5% of probability. Chlorophyll a index (Chl a), chlorophyll b index (Chl
b), total chlrophyll index (Chl a+b), chlorophyll ratio a/b (Chl a/b), net photosynthetic rate of CO

2
 (A; µmol CO

2
 m-2 s-1), stomatal

conductance (g
s
; mol H

2
O m-2 s-1), transpiration rate (E; mmol H

2
O m-2 s-1), instantaneous water use efficiency (A/E; µmol mmol-1), intrinsic

water use efficiency (A/g
s
; µmol mol-1), Intercellular CO

2
 concentration (C

i
; µmol mol-1) and instantaneous carboxylation efficiency (A/C

i
;

mol m-2 s-1).

Parameter

Parameter
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indexes and ratio varied with the modification of the number
of orthotropic stems. However, along the phenological
stages, it was observed higher index of chlorophyll a, b
and total during the flowering stage, and lower indexes
during the fruit formation (Table 2).

The stage of fruit formation occurs in the middle of
the warm season, when periods of intense heat and
irradiation can cause a decrease in chlorophyll indexes
due to an accelerated degradation process (Feller & Keist,
1986). There is a considerable remobilization of reserves
(mainly nitrogenous) during the grain development, being
directed towards the organs with higher metabolic demand
(the fruits), which may explain the decrease in the pigments
of the leaves during this stage. Coffee fruits are able to
drain about 95% of the total of nitrogen absorbed by the
roots of the plants (Amaral et al., 2001), which justifies
the great demand for this nutrient during this phenological
stage. For the ratio of chlorophyll a/b, the highest ratios
were obtained during the stages of fruit formation and
maturation, which occurred due to a more pronounced
decrease in the indexes of chlorophyll b in relation to
chlorophyll a, increasing the values   of this ratio (Table
2). This may indicate that, during these stages, the electron
transfer capacity of the antenna complex was maintained
at the reaction center, in addition to serving as a
photoprotective mechanism to prevent a severe photo-
destruction of chloroplasts (Ottander et al., 1995).

It was observed a significant effect of the interaction
between the number of orthotropic stems and the
phenological stages for characteristics related to
photosynthesis, namely: net photosynthetic rate (A),
stomatal conductance (g

s
), transpiration (E), as well as

instantaneous (A/E) and intrinsic (A/g
s
) water use

efficiencies (Table 1).
From the fruit formation stage, there was a

differentiation in the net photosynthetic rate of CO
2
 (A) in

response to the number of orthotropic stems per plant
and, in addition, it was at this stage and in plants with two
orthotropic stems that largest means for A were observed
(Table 3). These higher rates were expected as this
phenological stage is characterized by the high metabolic
demand for photo-assimilates due to the development of
fruits (Laviola et al., 2007).

For stomatal conductance (g
s
), highest values   were

verified during the stages of fruit formation and
maturation, especially in plants with two orthotropic stems.
However, plants cultivated with three stems presented
similar levels of g

s
 to plants with one or two orthotropic

stems during the fruit formation stage (Table 3). Higher
values   of g

s
 contribute to the photosynthetic rates, as

observed for plants cultivated with two stems, mainly
during the stage of higher metabolic demand (fruit
formation). Lower values of g

s
 are associated with greater Ta
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stomatal resistance and, consequently, with limitations to
the photosynthetic rates of the coffee plants, and this
limitation may cause even more preponderant effects
during a period of active growth (DaMatta et al., 2008;
Silva et al., 2010). In addition, low stomatal conductance
may restrict the diffusion of atmospheric CO

2
 to the

mesophyll, causing a decrease in the supply of this basic
substrate for allocation at the RuBisCO (ribulose 1,5-
bisphosphate carboxylase oxygenase) active sites and,
consequently, decrease the carboxylation rate and
promote the increase of the photorespiration process, by
favoring the activity of RuBisCO as oxigenase (Flexas et
al., 2012; Martins et al., 2014).

The transpiration rates (E) presented similar pattern
to that observed for g

s
, which is expected since E is directly

related to the stomatal opening (Table 3). Thus, the greater
stomatal opening promoted higher photosynthetic rates
and, consequently, greater transpiration. The response
regarding the number of orthotropic stems shows that
coffee trees grown with two stems presented a tendency
of higher leaf gas exchange rates, with beneficial results
over the photosynthetic rates. This result may be caused,
based on the observations described by DaMatta (2004),
due to the formation of a microclimate in the new canopy
configuration of these plants, which may have contributed
to higher A, g

s
 and E values.

It is inferred that lower values   of A, g
s
 and E in plants

with one orthotropic stem are attributed to a greater
exposure to climatic factors, mainly high temperature and
low relative humidity, which possibly caused limitations
to g

s
 and E, and resulting in the decreases of A. In plants

Table 3: Measurements of leaf gas exchange along the phenological stages (flowering, fruit formation and maturation) of Arabica
coffee cultivated with 1, 2 and 3 orthotropic steams per plant, in Santa Teresa, Espírito Santo, Brazil, harvest 2015-16

A (µµµµµmol CO
2
 m-2 s-1)  g

s
 (mol H

2
O m-2 s-1)

Flowering Fruit formation Maturation Flowering Fruit formation Maturation

1 7.53 Ab   9.47 Ba 6.65 Bb 0.012 Ab 0.050 Ba 0.049 Ba
2 7.66 Ab 11.31 Aa 8.32 Ab 0.010 Ab 0.075 Aa 0.080 Aa
3 8.40 Aa   9.52 Ba 6.92 ABb 0.011 Ab 0.062 ABa 0.057 Ba

E (mmol H
2
O m-2 s-1) A/E (µµµµµmol mmol-1)

Flowering Fruit formation Maturation Flowering Fruit formation Maturation

1 0.51 Ab 1.08 Ba 1.20 Ba 14.76 Ba 8.77 Ab 5.54 Ac
2 0.44 Ac 1.47 Ab 1.83 Aa 17.41 Aa 7.69 Ab 4.55 Ac
3 0.50 Ab 1.26 ABa 1.43 Ba 16.80 ABa 7.55 Ab 4.84 Ac

A/g
s
 (µµµµµmol mol-1)

Flowering Fruit formation Maturation

1 627.5 Ba 189.4 Ab 135.7 Ab
2 766.0 Aa 150.8 Ab 104.0 Ab
3 763.6 Aa 153.5 Ab 121.4 Ab

Net photosynthetic rate of CO
2
 (A); stomatal conductance (g

s
); transpiration rate (E); instantaneous water use efficiency (A/E); intrinsic

water use efficiency (A/g
s
). Means followed by the same uppercase letter in the column and lowercase letter in the row do not differ by the

Tukey test, at a 5% probability.

Number
of stems

Number
of stems

Number
of stems

with three orthotropic stems, the gas exchanges rates are
close to those observed in plants with one stem. These
lower results can be attributed to the possible occurrence
of self-shading of leaves inside the canopy, causing a
limitation to the photosynthetic apparatus by a decrease
in the amount of photosynthetically active radiation
intercepted by the leaves in the interior of the canopy.
This fact is corroborated by other studies, which affirms
that coffee leaves under shading may present a decrease
in the net photosynthetic rate (DaMatta, 2004; Morais et
al., 2004), even with lower respiratory rates, which can
contribute to achieve a positive energy balance, sufficient
to meet the basic metabolism demands of the plant.

Studies report the formation of a modified microclimate
in coffee plantations intercropped with shading species,
causing the attenuation of climatic stresses, such as
extremes of irradiation and temperature, acting as
protection against environmental factors that could reduce
the efficiency of physiological processes (Pezzopane et
al., 2010; Partelli et al., 2014). The formation of a modified
microclimate allowed the expression of greater
physiological potential for CO

2
 fixation and better

performance of the photosynthetic apparatus, besides the
production of larger fruits and better organoleptic quality
of the produced coffee (Bote & Struik, 2011; Baliza et al.,
2012). This same phenomenon may be partially simulated
by increasing the density of coffee plantation or the
density of the canopy (DaMatta et al., 2007) and, this
canopy densification can be achieved by the modification
of the number of the orthotropic stems per plant, as
explored in the present study.
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Greater water use efficiency, both instantaneous (A/
E) and intrinsic (A/g

s
), occurred at the flowering stage and

for plants cultivated with two or three orthotropic stems
(Table 3). These results make it possible to infer that
Arabica coffee plants cultivated with two or three stems
were able to assimilate more carbon per unit of transpired
water, making them more efficient. This differentiation was
seen in the flowering stage, possibly because it was the
period in which lower variables of stomatal opening and
transpiration rates were observed, but the plants were
still able assimilate considerable amounts of carbon (mainly
observed for plants with two and three stems). These
results for water use efficiencies demonstrate that the
restrictions on stomatal conductance and transpiration
during the flowering stage were more intense than the
restrictions over the rate of carbon assimilation, which
justifies the increased efficiency.

No significant interaction was observed between the
number of orthotropic stem and the phenological stage
for the intercellular CO

2
 concentration (C

i
) and the

instantaneous carboxylation efficiency (A/C
i
) (Table 1).

Studying the isolated effect of each factor, the alteration
of the number of orthotropic stems per plant didn’t cause
significant changes over the C

i
 and A/C

i
 when (Table 4).

This demonstrates that the net photosynthetic rate of
carbon was compatible with the concentration of CO

2
 that

entered the substomatic chambers regardless of the
management of orthotropic stems.

As for the phenological stages, it was observed that
the highest concentration of CO

2
 occurred during the

maturation of the fruits (Table 4), which can be related to
the greater degree of stomatal opening, but lower rates of
carbon assimilation (Table 3), favoring the gas flow and
accumulation of CO

2
 in the substomatic chamber. However,

it was observed that the lower instantaneous carboxylation
efficiency also occurred at this phenological stage (Table
4), which demonstrated that even if there was greater
availability of substrate for photosynthesis (CO

2
), higher

fixation rates of this substrate in the photosynthetic cycle
was not achieved.

Leafiness and biomass allocation in the
plagiotropic branches

Through of the analysis of variance, there was no
statistical difference among different numbers of
orthotropic stems per plant for the unitary leaf area (ULA),
the specific leaf area (SLA) and total biomass of the
plagiotropic branches (TDM) (Table 5).

The development of greater leaf area per unit of dry
mass of the plagiotropic branch was observed in plants
cultivated with two or three orthotropic stems (Figure
1C). This is also an indication that the plants with two
and three stems formed a canopy with larger leaf area forTa

bl
e 

4:
 In

te
rc

el
lu

la
r C

O 2 c
on

ce
nt

ra
tio

n 
(C

i) 
an

d 
in

st
an

ta
ne

ou
s 

ca
rb

ox
yl

at
io

n 
ef

fic
ie

nc
y 

(A
/C

i) 
al

on
g 

th
e 

ph
en

ol
og

ic
al

 s
ta

ge
s 

(f
lo

w
er

in
g,

 fr
ui

t f
or

m
at

io
n 

an
d 

m
at

ur
at

io
n)

 o
f 

A
ra

bi
ca

 c
off

ee
 c

ul
tiv

at
ed

w
ith

 1
, 

2 
an

d 
3 

or
th

ot
ro

pi
c 

st
ea

m
s 

pe
r 

pl
an

t, 
in

 S
an

ta
 

Te
re

sa
, 

E
sp

ír
ito

 S
an

to
, 

B
ra

zi
l, 

ha
rv

es
t 

20
15

-1
6

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

 
C

i (
µµµµ µm

ol
 m

ol
-1
)

   
   

   
   

   
   

   
   

   
   

   
   

  A
/C

i (
m

ol
 m

-2
 s

-1
)

N
um

be
r 

of
 s

te
m

s
M

ea
n

P
he

no
lo

gi
ca

l 
st

ag
e

M
ea

n
N

um
be

r 
of

 s
te

m
s

M
ea

n
P

he
no

lo
gi

ca
l 

st
ag

e
M

e
a

n

1
1

6
1

.9
 a

F
lo

w
er

in
g

1
5

8
.5

 b
1

0
.0

4
9

 a
F

lo
w

er
in

g
0

.0
5

0
 b

2
1

8
0

.6
 a

F
ru

it 
fo

rm
a

tio
n

1
6

4
.0

 b
2

0
.0

5
0

 a
F

ru
it 

fo
rm

a
tio

n
0

.0
6

2
 a

3
1

7
4

.0
 a

M
a

tu
ra

tio
n

1
9

4
.0

 a
3

0
.0

4
8

 a
M

a
tu

ra
tio

n
0

.0
3

8
 c

M
e

a
n

s 
fo

llo
w

e
d

 b
y 

th
e

 s
a

m
e

 l
e

tt
e

r 
in

 t
h

e
 c

o
lu

m
n

 d
o

 n
o

t 
d

if
fe

r 
b

y 
th

e
 T

u
ke

y 
te

st
, 

a
t 

a
 5

%
 p

ro
b

a
b

ili
ty.



460 Tafarel Victor Colodetti et al.

Rev. Ceres, Viçosa, v. 67, n.6, p. 454-463, nov/dec, 2020

the interception of photosynthetic radiation, which can
also increase the occurrence of self-shading due to the
larger total number of branches. However, it is perceived
that this morphophysiological modification was
beneficial for the canopy of plants cultivated with two
stems, justified by the results of leaf gas exchange rates;
and, in a way, excessive and deleterious for plants with
three stems, given the lower photosynthetic rates
observed for these plants.

Regarding the biomass of plagiotropic branches, no
statistical differentiation was observed for the TDM
among plants cultivated with different numbers of
orthotropic stems (Figure 1D). However, there was
significant change in the mass ratios and it was possible
to verify a larger allocation of dry biomass in the stems
of plagiotropic branches (SMR) of plants with one and
three orthotropic stems (Figure 1E); greater proportion
of leaf biomass in plagiotropic branches (LMR) of plants
with two or three orthotropic stems (Figure 1F); and
higher proportion of biomass allocated in the fruits (HAI)
for plants with one single vertical stem (Figure 1G). This
latter result can be used to explain the occurrence of
depletion in plants with one orthotropic stem, as result
from the exhaustion of the plant in order to sustain the
demand of a large proportion of fruits in relation to the
development of the rest of the plagiotropic branch. This
depletion is caused by the increased strength of the main
metabolic sink (high HAI) and decrease of the tissues
that are metabolic source (LMR). Based on these results,
it can be observed that the plants with one stem

presented greater investment to accumulate biomass on
the fruits, whereas plants with two and three vertical
stems invested relatively more in the growth of their
leaves, however, keeping the overall fruit production of
the coffee tree due to the larger number of branches
available to sustain it. Almeida (2015) also found higher
HAI and lower LMR and SMR in plant of Arabica coffee
due to the increase in plant spacing, as well as a decrease
in the leaf area ratio available to sustain the formation of
fruits. This author correlated these results with the
possible decrease of the longevity of the coffee crop, as
well as the increase effect of the bienniality.

Plants cultivated with two or three orthotropic stems
presented larger leafiness available to sustain the
production of fruits, independently of the studied
parameter (Figure 2A, 2B, 2C, 2D). Thus, the management
of the plants with more than one orthotropic stem was
able to condition the plants to produce fruits without
exhausting the organs which are sources of photo-
assimilates (leaves), presenting overall greater quantity,
area and proportion of these organs. Because of this
behavior, it is less likely that plants with two or three
orthotropic stems will suffer depletion to the point of
compromising the productivity of the next reproductive
cycle. All this leads to the assumption that the crop
bienniality should be less pronounced in plants with two
or three orthotropic stems, due to their results for leaf/
fruit ratio, growth and leaf gas exchange rates. Rodrigues
et al. (2016) reported the relationship between lesser
biennial effects and larger leaf areas available for fruit

Table 5: Summary of the analysis of variance for leafiness and biomass allocation in the plagiotropic branches of Arabica coffee
cultivated with 1, 2 and 3 orthotropic steams per plant, in the phenological stages of fruit maturation, in Santa Teresa, Espírito Santo,
Brazil, harvest 2015-16

                        Mean square

ULA SLA LAR TDM SMR LMR

Block 109.25ns 168.03ns   5.08ns 15.66ns   0.45ns   6.55*

Number of stems   46.87ns 269.01ns 80.86* 91.21ns   6.61* 36.62*

Residue   65.58 107.73   4.42 53.22   1.12   1.77

CV (%)   18.83     8.65 13.70 16.41   7.92 10.41
Overall mean   43.00 120.03 15.34 44.44 13.37 12.79

Mean square

HAI PLA/FDM PLA/NFR LDM/FDM LDM/NFR

Block   7.20*   14.54ns   1.96ns   0.0016*   0.0004ns

Number of stems 21.55* 172.59* 41.88*   0.0081*   0.0019*

Residue   1.66   10.20   1.76   0.0004   0.0001

CV (%)   1.75   15.28 14.56 11.52 16.08
Overall mean 73.84   20.90   9.13   0.17   0.08
*Significant by the F-test and nsnon-significant by the F-test, at 5% of probability. Unitary leaf area (ULA; cm2), specific leaf area (SLA;
cm2 g-1), leaf area ratio (LAR; cm2 g-1), total biomass of the plagiotropic branch (TDM; g), stem mass ratio (SMR; %), leaf mass ratio (LMR;
%), harvest index of plagiotropic branches (HAI; %), ratio of available leaf area per fruit mass (PLA/FDM; cm2 g-1), ratio of available leaf
area per fruit of each plagiotropic branch (PLA/NFR; cm2 fruit -1), ratio of available leaf mass per fruit mass (LDM/FDM; g g-1) and the ratio
of available leaf mass per fruit (LDM/NFR; g fruit-1).

Parameter

Parameter
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formation, studying several genotypes of Arabica coffee
subjected to the densification of the crop.

The lower leaf/fruit ratio indicates a prioritization of
the development of fruits in detriment of the development
of vegetative structures, mainly due to the fact that fruits
are stronger metabolic sinks (Chaves et al., 2012). This
behavior often leads to a negative effect over the yield of
the subsequent cycle. This probable impoverishment
contributes greatly to the development of biennial
production cycles (DaMatta et al., 2007).

It has been reported that a leaf/fruit ratio of about 20
cm2 of leaf area is required to support the adequate
formation of a fruit, without restricting the vegetative
growth (Cannell, 1985). However, for highly productive
genotypes, which form plants with large numbers of fruits,

this relationship may be considerably lower (DaMatta et
al., 2008). In these conditions, the stimuli of the fruits
formation increases the photosynthetic rates, as observed
for coffee plants subjected to manipulation of their
leafiness (DaMatta et al., 2008).

It is believed that in field conditions, this increase in
photosynthetic rates occurs to support the demand for
photo-assimilates of the growing fruits, when the leaf/
fruit ratio is lower (DaMatta et al., 2008), as observed for
treatments with two and three orthotropic stems (higher A
rates and values of PLA/NFR values   below 20 cm2 per
fruit). It is possible that these lower values   of PLA/NFR
were supplied by the increases in leaf gas exchange and
did not cause detrimental effects over to vegetative
growth.

Figure 1: Unitary leaf area (A), specific leaf area (B), leaf area ratio (C), total dry matter of plagiotropic branches (D), stem mass ratio
(E), leaf mass ratio (F), and harvest index (G) of plants of Arabica coffee cultivated with 1, 2 and 3 orthotropic steams, in Santa Teresa,
Espírito Santo, Brazil, harvest 2015-16 (Bars topped by the same letter do not differ by the Tukey test, at a 5% probability).
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Figure 2: Ratios of leaf area per fruit mass (A), leaf area per fruit (B), leaf mass per fruit mass (C), and leaf mass per fruit (D) of
plants of Arabica coffee cultivated with 1, 2 and 3 orthotropic steams, in Santa Teresa, Espírito Santo, Brazil, harvest 2015-16 (Bars
topped by the same letter do not differ by the Tukey test, at a 5% probability).

 However, for plants conducted with one single
orthotropic stem, the decrease in the PLA/NFR ratio was
more pronounced, and no increase in the photosynthetic
rates was observed. This condition can considerably
compromise the vegetative growth, due to the
competition with the fruits for photo-assimilates, which
creates a condition that favors the plant depletion. Cha-
ves et al. (2012) reported that decreasing the ratio
between the leaf area and the number of fruits of the
plagiotropic branches caused a decrease in the growth
and fruit production, also causing increase in the
occurrence of death of plagiotropic branches, which may
be evidence of excessive competition between vegetative
and reproductive growth.

An adequate relation between leaves and fruits is
desirable to the sustainability of the crop, allowing the
coffee trees to be capable of sufficiently supplying the
metabolic demands of fruits and vegetative structures alike
and, thus, support high yields (Alves, 2008). Otherwise, if
there is not a considerable increment in the leaf area until
the end of the fruit formation, the competition between
vegetative and reproductive growth may enhance the
negative effects of biennial production cycles (Laviola et
al., 2007).

It is worth mentioning that Catuaí cultivars may
exhibit early depletion due to the high metabolic
demand of their high fruit loads (Alves, 2008). This
characteristic may had been minimized due to the stem
management used in this study, as demonstrated by
the results obtained using more than one orthotropic
stem per plant.

CONCLUSIONS
The management with more orthotropic stems per plant

of Arabica coffee is capable of promoting the
photosynthetic rates and modulating the allocation of
biomass destined to each organ.

Cultivating the plants of Arabica coffee with two
orthotropic stems, under the studied conditions, creates
conditions which may promote the photosynthetic rates.

The management of the Arabica coffee with more than
one stem promotes an increase in the proportion of leaves
available in relation to the amount of fruit to be exported,
which makes it possible to sustain the production of fruits
with less metabolic wearing.
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