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Agronomic performance of coffee in response to framework
pruning in cycles of the “safra zero”
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ABSTRACT

In this paper, we aimed at selecting genotypes of Coffea arabica L. that are responsive to framework pruning, with high productive potential and desirable
agricultural features. We evaluated 18 progenies in the F, generation, 8 of them being from the group Catucai (breeding of seedlings of Red Catuai with
coffee seeds of the Icatu germplasm) and ten descendants from the Timor Hybrid (breeding of the Red and Yellow Catuai with the Timor Hybrid), as well
as two commercial cultivars as control (Tupi IAC 1669-33 and Obatd IAC 1669-20). The experiment was carried out at the experimental field of the Fed-
eral University of Lavras. The coffee was pruned in August 2014 after the sixth crop and once again in August 2016, being two cycles in the “safra zero”
system. The design used was in randomized blocks (RBD) with three repetitions and 20 treatments (18 progenies and two commercial cultivars) totaling
60 experimental plots. We evaluated the area under the progress curve of incidence and severity of leaf rust and cercosporiosis, the productivity (sacs
ha), sieve #16 and over (%), mocha-type grains (%) and apparent specific mass of grains (tonm?3). The genotype 12 (H516-2-1-1-18-1-4) was responsive
to the framework pruning and kept its productivity stable in both pruning cycles, being efficient in such system of crop conduction, besides presenting low

incidence and severity of coffee leaf rust and cercosporiosis and high sieve.

Key words: Timor hybrid; Cercosporiosis; Leaf rust.

1 INTRODUCTION

Coftfee crop is one of the most important Brazilian
commodities, having Brazil figuring as the biggest world
producer and exporter of such a product, as well as its second-
biggest consumer, outstanding in its high influence on the
international agribusiness context. In this sense, this sector
has internalized new production techniques to enhance coffee
production and quality to maintain itself competitive regarding
the global scenario.

One of the main aspects that surround the expansion of
such a crop involves the incidence of pests and diseases, with
a special highlight on the coffee leaf rust (Hemileia vastatrix.
Berk. et Br) and cercosporiosis (Cercospora coffeicola Berk
& Cooke), with losses that float according to their incidence
and severity. These pathogens constitute important coffee
phytosanitary problems, resulting in serious damages such as
defoliation, reduction of productivity and performance and
also in the loss of coffee quality (Souza; Maffia; Mizubuti,
2012; Zambolim, 2016).

In the coffee crop management, one of the most used
practices is pruning, responsible for the maintenance of the
coffee production capacity, and among their types there is the

2020 | Lavras | Editora UFLA | www.coffeescience.ufla.br

framework pruning, the most used one aiming at renewing
the plants production capacity, deleting the non-productive
vegetative tissues and avoiding the closure of the harvest
in cases of dense plantations. (Thomaziello et al., 2000;
Fernandes et al., 2012).

The usage of framework pruning developed a
management system called “safra zero”, which aims at
maintaining the harvest size and eliminating the need of
burdensome crops in low crop years, preferring the use of
pruning cycles after a crop with high pending level (Japiassu et
al., 2010). This system presents a high potential for mountain
region, being recent in the Brazilian coffee crop, with responses
in productivity varying according to the climate of the pruning
year and genotype (Nadaleti et al., 2018).

For the application of this technique, it is essential
to use of the adequate cultivars and the correct management
to enhance the grains productivity in short-term, in more
satisfactory levels than the free-growth plantation (Carvalho
etal., 2013).

Acknowledging the aforementioned, we aimed, in
this paper, at selecting genotypes of Coffea arabica L. that
are responsive to framework pruning, with a high productive
potential jointly with the desirable agricultural features.
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2 MATERIAL AND METHODS

We carried out this research on the experimental field
of the Coffee Crop sector of the Agriculture Department at
the Federal University of Lavras, located in Lavras city, State
of Minas Gerais. Such a city is at 950 meters of altitude, 21°
14’ of Sothern latitude and 44°571 of Western longitude, with
an average temperature of 21 °C and 1067 mm of average
rain precipitation in the agricultural year 2016/2017,
and 23 °C and 940 mm in the agricultural year 2017/2018
(Instituto Nacional de Meteorologia - INMET, 2019). The
testing was implanted in December 2015, in spacing of 3,5m
(between lines) x 0,70m (between plants), corresponding to a
stand of 4.082 plants ha™.

We evaluated 18 progenies in F generation, 8 of them
being from the group Catucai (breeding between cultivars of
the Catuai group with coffee plants of the Icatu germplasm)
and ten descendants of the “Timor Hybrid” (breeding between
the Red and Yellow Catuai with the Timor Hybrid) as well as
two productive and leaf rust resistance commercial cultivars as
witness (Tupi IAC 1669-33 and Obata IAC 1669-20).

We used the completely randomized blocks method
(CRB) as experimental design with three repetitions, with
20 treatments (18 progenies and two commercial cultivars)
totaling 60 experimental plots. Each plot was constituted by
15 plants resulting in an entirely useful plot.

The experiment was held based on the technique
recommendations for the coffee crop, with cultural, nutritional,
and phytosanitary treats according to the need of the plants
(Matiello et al., 2015).

The framework pruning was held on August 2014 after
the sixth crop and once again in August 2016, taking out the
edge part of the coffee plagiotropic branches, maintaining
from 30 to 40 cm of the orthotopic ones. Subsequently, we
held the collar pruning of the orthotropic branch at two meters
high from the ground level, conducting only some growth over
the cutting point.

Before the second framework pruning, the productivity
evaluations were measured in liters of coffee harvested by
the total of fruit detachment by plot, annually by seven crops
(2008/2009 to 2013/2014 and 2015/2016), the latter referring
to the first cycle after the pruning. We obtained the data
from the month of May to July each year, with subsequent
conversion to sacs kg of processed coffee ha'!, according to the
performance of each genotype.

After the second framework pruning, we evaluated the
following agricultural variables: The area under incidence
progress curve (AUIPC) and severity (AUSPC) of the leaf
rust were obtained by biweekly foliar samplings from 03/05 to
14/06, 2018, totaling four evaluations prior to the harvest. The
collects took place in the middle third of the plants, at the 3 or
4% pair of leaves of the plagiotropic branches randomly, in both
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sides of the plant, totaling 30 leaves by plot. The incidence
in percentage was estimated by the number of leaves with
symptoms of leaf rust divided by the total amount of leaves
per plot. To determine the severity, we used the diagram scale,
with six levels of severity: 0 (absence of diseases), 1 (less
than 3% of severity), 2 (from 3 to 6% of severity), 3 (from
6 to 12% of severity), 4 (from 12 to 25% of severity) and 5
(from 25 to 50% of severity). This scale has as reference the
visual evaluation proposed by Capucho et al. (2011). After the
obtaining of results, we determined the AUIPC and AUSPC
according to the equation proposed by Shaner and Finney
1977).

For areas under the incidence progress curve (AUIPC)
and severity (AUSPC) of cercosporiosis, we adopted the
same foliar samplings aforementioned. The incidence was
determined in percentage by the number of leaves with
symptoms of the disease divided by the total number of leaves
in the plot. As for the severity, we used the diagram scale
proposed by Custodio et al. (2011), which has six levels of
severity (%) with intervals of 0.1-3; 3.1-6,0; 6.1-12.0; 12.1-
18.0; 18.1-30.0; 30.1-50.0 of the sick foliar area. After the
obtaining of results, we determined the AUIPC and the
AUSPC.

The harvest took place in the second half of July
2018, by the total fruit detachment in fabric, measured in
liters of harvested coffee and followed by the conversion to
productivity in sacs ha'! of processed coffee according to the
performance of each genotype.

As for the performance, we used samplings of four
litters of coffee harvested by the total fruit detachment,
conditioned in twisted polyethene sacs and sun-drying
oriented until reaching +11,0% of water level. The samplings
were processed and weighted to determine the performance of
each genotype. The physical evaluations on the grains were
carried out stemming from such samplings.

For the sieve #16 and over (%) and mocha-type grains
(%), we selected a sampling with 100 grams of free-impurities
coffee and pieces of grains, using a group of sieves (19/64 to
12/64 for flat grains and 13/64 to 08/64 to mocha-type grains).
We summed the weight value of the grain left in the flat sieve
of size 16/64 and over, as well as summed the weight of the
grains left in the oblong sieves (13, 12, 13, 10, 09, and 08/64)
according to the protocol proposed by Brasil (2003). We
obtained the apparent specific mass using a hectoliter weight
scale with capacity for a liter. The results were shown in ton.
m’.

The data were submitted to the analysis of variance,
using the software ‘Sisvar’ version 5.6 (Ferreira, 2014).
The variables, when significant to the test F (p<0,05), were
compared according to the Scott-Knott test (p<0,05). The data
was submitted to the normality test of Shapiro Wilk and, as
for the variables that do not meet the presumption of normal
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distribution of data, we used the transformation of (X + 0.5)%5,

being the most suitable for this data.

We also used the values of productivity to establish

a ratio between the framework pruning cycles productivity

in the “safra zero” system with the productivities before the

pruning, as it follows:

*  Comparison between the average productivity of the
first biennium of the “safra zero” cycle and the average
productivity before framework pruning;

*  Comparison between the average productivity of the first
and second biennium of the “safra zero” cycle;

e Comparison between the average productivity of the
two biennia of the “safra zero” cycle with the average
productions before framework pruning;

3 RESULTS AND DISCUSSION

For the AULRIPC, four groups were formed, in which
the genotypes 12, 18, 19 (Tupi IAC 1669-33) and 20 (Obata
IAC 1669-20) presented lower incidence values of the coffee
leaf rust (Figure 1). All the mentioned genotypes are offspring
to the germplasm “Timor Hybrid”, which, in its case, has at
least the greatest resistance genes SH5 and SH9 (Bettencourt;
Lopes; Palma, 1992). Besides the already identified genes,
other genes, related to the resistance to leaf rust are likely
present in these genotypes (Varzea; Marques, 2005),
conditioning a higher resistance to the genotypes arisen from
such breeding processes. Other authors also confirmed the
resistance to leaf rust of materials originated from the “Timor
Hybrid” (Paiva et al., 2010; Reis et al., 2018).

The second group was composed by the genotypes
11, 13, and 15, with amplitude from 585 to 925, not differing
significantly among themselves (Figure 1). According to
Botelho et al. (2010) the intermediate incidence of genotypes
is interesting since it is not possible to select genotypes
with horizontal resistance on those free from diseases. The
genotypes with intermediate resistance to the disease probably
present resistance either of the vertical or specific types,
overlapping the manifestation of the horizontal resistance.

Figure 1: Area under leaf rust incidence progress curve
(AULRIPC) in coffee genotypes.

The average numbers followed by the same letter does
not differ among themselves, by the Scott-Knott test, to 5% of
probability.

The third and fourth group were composed by the
genotypes 5, 10, 14, 16, and 17 and by the genotypes 1, 2, 3, 4,
5,6,7, 8, and 9 respectively, with higher values of AULRIPC.

As for the AULRSPC, two groups were formed, in
which the genotypes 1, 4, 5, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19 (Tupi IAC 1669-33) and 20 (Obatd IAC 1669-20),
presented lower values of disease severity (Figure 2). Such
results support those found by Petek et al. (2006), in which the
cultivars Catigua MG1, Sacramento MG1, Araponga MG,
Paraiso H419-1 and MGS Catigua 3 were tolerant to the coffee
leaf rust, which means they presented incidence and, mainly,
severity at intermediate indexes.

Figure 2: Area under leaf rust severity progress curve
(AULRSPC) in coffee genotypes.

The average numbers followed by the same letter does
not differ among themselves, by the Scott-Knott test, to 5% of
probability.

Another important aspect is that a lower severity rate
can indicate horizontal resistance and, according to Campbell
and Madden (1990), in natural conditions of epidemic diseases,
the severity is the component that best differentiates the levels
of horizontal resistance.

The second group was composed by the six following
genotypes, 2, 3, 6,7, 8, and 9, with higher values of AULRSPC,
indicating higher severity of this disease in these materials,
which means a larger damaged foliar area. This higher severity
found in these genotypes may be caused by the advent of new
breeds of the fungi Hemileia vastatrix, as already reported by
Sera et al. (2010) with a resistance gene of the Catucai cultivars
(“Icatu” x “Catuai”), different from the SHS, was completely
ruptured by some kind of breed of Hemileia vastatrix.

For AUCIPC, two groups were formed. The first group
consisted of genotypes 4, 12, 13, 14, 15, 16, 17 and 18 which
presented lower values for AUCIPC (Figure 3). In some work
carried out by Botelho et al. (2017), they observed the genetic
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variability for resistance to cercosporiosis, evaluating accesses
to active germplasm banks and, according to the authors,
experimental repetitions at different moments of the year can
increase the selection reliability.

The average numbers followed by the same letters do
not differ among themselves, through the Scott-Knott test, to
5% of probability.

The second group presented higher values of AUCIPC,
being composed by the genotypes 1, 2, 3,5,6,7,8,9,10, 11, 19
(Tupi IAC 1669-33) and 20 (Obatao IAC 1669-20) (Figure 3).
Patricio et al. (2011) reported that there is no relation between
the resistance to leaf rust and the resistance to cercosporiosis,
once materials such as Obatd IAC 1669-20 and “Timor
Hybrid”, both resistant to leaf rust, did not present resistance
to cercosporiosis, confirming the results of this work.

Figure 3: Area under cercosporiosis incidence progress curve
(AUCIPC) in coffee genotypes.

As for the AUCSPC, there was no significant difference
between genotypes (Figure 4). These data support Gomes et al.
(2015) who did not find a significant effect to the cercoporiosis
in the selection of breeding progenies between the cultivars of
the Icatu and Catuai coffee.

Figure 4: Area under cercosporiosis severity progress curve
(AUCSPC) in coffee genotypes.
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The average numbers followed by the same letter do
not differ among themselves, by the Scott-Knott test, to 5% of
probability.

For the percentage of sieve #16 and over, six groups
formed where we highlight the genotypes 6, 11, 13, 14, 15,
and 18 with higher values, varying from 72.9% to 76.6%
(Table 1). The high percentage of bigwig grains indicate
nice conditions of nutritional and sanitary management in all
stages of fruit filling, besides having a higher potential of
value aggregation to coffee commercialization (Nadaleti et
al., 2018).

The other groups, except the three latter, presented
satisfactory values of grains left in the sieves #16 and above.
These values are similar to those found by Carvalho et al.
(2012), in which they observed percentages of sieve #16 and
above in the span from 51.0% to 68.7%.

According to Ferreira et al. (2013), the larger the grains
are, the more uniform the plot is to be processed, influencing
directly in the physical aspect of the product, being desirable
in the usage of espresso coffee machines, for one, in which the
toasted grains are exposed to the consumer.

In what concerns the percentage of mocha-type
grains, we noted that there was a formation of 8 groups, two
groups of the genotypes 4, 5, 7, 11, and 19 presented lower
percentages of mocha-type grains varying from 3.5 to 7.0%
(Table 1). For the production of certified seeds, the criteria
for standardization indicates maximum tolerance of 12% of
mocha seeds (Carvalho et al., 2013; Paiva et al., 2010). Thus,
only the genotypes belonging to group five (genotypes 1, 2,
and 12) and the genotype 17 belonging to group 6 presented
values above the maximum allowed.

According to Nadaleti et al. (2018), even though the
mocha-type grain is not considered a physical defect in the
methodology of physical classification, it is still a defect for
the coffee enhancers, for there is only the formation of a seed
in the fruit, resulting in a low performance of the processed
coffee. We must emphasize that, according to Silva et al.
(2016), the pruning does not contribute to the increase in the
percentage of mocha-type grains.

As for the apparent specific mass, the evaluated
genotypes presented values from 0.57 to 0.60 ton./m?, no
significant difference was observed between them (Table 1).

Considering the productivity values before the pruning
management, the genotypes 1, 2, 6, 14, 15, 19 (Tupi IAC
1669-33) and 20 (Obatd IAC 1669-20) outstood among all,
with their productivity values varying from 39.5 to 50.5 sacs
ha'! (Table 2). Yet, regarding their average productivity in the
first biennium under the “safra zero” system, the values varied
from 18.4 to 40.8 sacs ha!, with a general average of 33.8 sacs
ha! and formation of two groups. The first group is composed
of 14 genotypes with productivity varying from 32.4 to 40.8
sacs ha'l.
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Such data are similar to those found by Carvalho et
al. (2013), in which the progenies evaluation of the Yellow
Catuai IAC 2077-1-2-12-70 and Mundo Novo [AC 515-20 in
the first year after the framework pruning, obtained average
productivity of 70.95 sacs ha'. Nevertheless, the “safra
zero” system consists of eliminating a burdensome crop and,
thus, this first harvest after the framework pruning must be
divided by the biennium to enable a comparison of average
production;

When we compare the average productivity in the first
biennium under the “safra zero” system to the average prior to
the pruning, we perceive that the genotypes 4, 9, 12, 16, 17,
18, and 19 (Tupi IAC 1669-33) outstood, presenting a ratio
higher than 100%, emphasizing their responsiveness to the
framework pruning.

These data support Reis et al. (2018), who also found
higher values in response to the pruning for the Tupi IAC
1669-33, Yellow Catucai 20/15, Araponga MG1 and Acaud
Cultivars, these demonstrating efficiency to the “safra zero”
system, for they presented a lower vegetative growth during
their reproductive development.

Regarding the average productivity of the
second biennium of the “safra zero” system, two groups
formed, emphasizing 10 genotypes that presented higher
productivities, varying from 27.0 to 37.8 sacs ha'!. Comparing
the average productivity obtained to the one observed
in the first cycle of the “safra zero” system, the genotype
12 outstood presenting a ratio of 100%, highlighting its
adaptation and responsiveness to the framework pruning
cycles, with stability in productivity.

The other genotypes presented average numbers in
the second biennium after the pruning in the “safra zero”
system lower than the average of the first cycle, since the
average ratio was of 78%. These results coincide with other
authors who affirm that the pruning, in a general manner,
does not increase the productivity (Silva et al., 2016;
Fernandes et al., 2012; Japiasst et al., 2010). However,
according to Nadaleti et al. (2018), we must consider that
this pruning system eliminates the workforce costs with
the harvest in alternated years, whereas such a practice has
great participation in the final cost of the process coffee
sacs.

Table 1: Averages for the percentage of mocha-type grains (Mocha), percentage of sieve #16 and above (16 ab) and specific

apparent mass (SAM) of the coffee genotypes.

Genotypes Mocha 16 ab SAM
1 (Red Catucai 20/15-MS pl 01) l4.1e 37.1h 0.61a
2 (Red Catucai 20/15-MS pl 02) 134e 35.0h 0.57 a
3 (Red Catucai 20/15-MS pl 03) 98¢ 525f 0.57 a
4 (Yellow Catucai 24/137-MS pl 01) 55a 62.1d 0.61a
5 (Yellow Catucai 24/137-MS pl 02) 5.0a 63.1d 0.57 a
6 (Yellow Catucai 24/137-MS pl 03) 750 73.9a 0.58 a
7 (Yellow Catucai 24/137-MS pl 04) 6.0a 70.0 b 0.57 a
8 (Yellow Catucai 24/137-MS pl 05) 75b 594e 0.58 a
9 (H516-2-1-1-18-1-1) 11.1d 70.4 b 0.57a
10 (H516-2-1-1-18-1-2) 8.4b 65.1c 0.57a
11 (H516-2-1-1-18-1-3) 35a 75.6 a 0.57a
12 (H516-2-1-1-18-1-4) 13.9¢ 64.7c 0.58a
13 (H516-2-1-1-18-1-5) 8.1b 76.6 a 0.60a
14 (H419-3-4-5-2-1-1) 11.6d 743 a 0.57a
15 (H419-3-4-5-2-1-2) 98¢ 729 a 0.58 a
16 (H419-3-4-5-2-1-3) 103 ¢ 67.0c 0.58 a
17 (H419-3-4-5-2-1-4) 20.7 f 63.4d 0.62 a
18 (H419-3-4-5-2-1-5) 104 ¢ 75.0 a 0.60 a
19 (Tupi IAC 1669-33) 7.0a 66.0 ¢ 0.59a
20 (Obata TAC 1669-20) 12.0d 40.1¢g 0.60 a
Average 9.8 63.2 0.6
VC% 13.02 2.98 4.46

The average numbers followed by the same letter in the column do not differ among themselves, by the Scott-Knott test, to 5% of probability.
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Table 2: Averages of the average productivity prior to the framework pruning (PMAE); average productivity of the first biennium
of the “safra zero” system (PM15B); average productivity of the second biennium in the “safra zero” system (PM2"B); average
productivity in the two biennia in the “safra zero” system (PM2"B), ratio between PM1"B and PMAE (R1%); ratio between PM2™B
and PM''B (R2%) and ratio between PM2B and PMAE (R3%) of the coffee genotypes.

Genotypes PMAE PMI1*B R1% PM2"B R2 % PM2B R3%
1 (Red Catucai 20/15-MS pl 01) 47.6 a 35.7a 75 340a 95 348a 73
2 (Red Catucai 20/15-MS pl 02) 419 a 27.1b 65 20.8b 77 2390 57
3 (Red Catucai 20/15-MS pl 03) 354b 30.2b 85 23.0b 76 26.6 b 75
4 (Yellow Catucai 24/137-MS pl 01) 36.4b 37.7a 104 1840 49 280D 77
5 (Yellow Catucai 24/137-MS pl 02) 37.2b 339a 91 10.8b 32 2230 60
6 (Yellow Catucai 24/137-MS pl 03) 39.5a 324a 82 1540 48 239b 61
7 (Yellow Catucai 24/137-MS pl 04) 299b 28.7b 96 16.0 b 56 2240 75
8 (Yellow Catucai 24/137-MS pl 05) 36.3b 348a 96 25.4b 73 30.1b 83
9 (H516-2-1-1-18-1-1) 353b 40.8 a 115 27.0a 66 339a 96
10 (H516-2-1-1-18-1-2) 37.2b 184D 49 233b 127 20.8b 56
11 (H516-2-1-1-18-1-3) 355b 2850 80 282a 99 283 Db 80
12 (H516-2-1-1-18-1-4) 32.6b 37.8a 116 37.8a 100 37.8a 116
13 (H516-2-1-1-18-1-5) 36.1b 345a 95 30.7a 89 326a 90
14 (H419-3-4-5-2-1-1) 40.1a 383a 96 27.7a 72 33.0a 82
15 (H419-3-4-5-2-1-2) 43.6a 34.1a 78 329a 96 335a 77
16 (H419-3-4-5-2-1-3) 34.0b 343a 101 294 a 86 31.8a 94
17 (H419-3-4-5-2-1-4) 2490 2990 120 23.7b 79 26.8b 108
18 (H419-3-4-5-2-1-5) 36.1b 438 a 121 364a 83 40.1a 111
19 (Tupi IAC 1669-33) 395a 40.6 a 103 37.8a 93 392a 99
20 (Obata IAC 1669-20) 50.5a 348a 69 2140 61 28.1b 56
Average 37.5 33.8 92 26.45 78 30.1 81
VC% 14.81 17.51 - 33.82 - 20.11 -

The average numbers followed by the same letter in the column do not differ among themselves, by the Scott-Knott test, to 5% of probability.

In their research, Barros et al. (2004) found satisfactory ~ that the main damage caused by the leaf is defoliation,
values for the comparison of the harvest cost of a crop with  reducing severely the active photosynthetic area and, as
expected productivity of 80 sacs ha! every other year, in both  result, the reduction in production of photoassimilates and
the traditional and “safra zero” systems. They concluded that ~ other plants stock substances, which are essential to the
the cost of harvest operations for the “safra zero” system POst-pruning growth.
represented approximately 56% of the value spent in the
traditional system. 4 CONCLUSIONS

When we take into account the average productivity
of the two biennia in the “safra zero” system, nine genotypes
presented better productivities, varying from 31.8 to 40.1
sacs ha'. Among them, the genotypes 12, 17, and 18
outstood for presenting a ratio higher than 100% when
compared to the average productivity obtained prior to the
first pruning, expressing that the materials are responsive to

The genotype 12 (H516-2-1-1-18-1-4) was responsive
to the framework pruning and kept its productivity stable in
both pruning cycles, being efficient in such system of crop
conduction, besides presenting low incidence and severity of
coffee leaf rust and cercosporiosis and high sieve.
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