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INTRODUCTION

Coffee is one of the most important commodities 
in North Sumatra Province which has 46 000 ha of 
Arabica coffee growing areas, 151 000 coffee farm-
ers (households), and produces 48 000 t of green 
bean of Arabica coffee per year (B P S ,2010). In this 
province, Arabica coffee farms have expanded con-
tinuously since the first cultivation around 120 years 
ago (W a h y u d i  et al., 2016). Although Indonesian 
government introduced eight commercial cultivars to 
this province, many farmers used seeds of local ancient 
and unknown cultivars for cultivations (H u l u p i , 
2004;M a w a r d i  et al., 2008). These facts might lead 
to low productivity (1.02 t ha–1 of green beans) and 

diversity of Arabica coffee genotypes (B P S , 2010). 
Productivity could also be reduced due to coffee berry 
borer (CBB) (M a l a u  et al., 2012).

Global warming is a serious threat to the sustain-
ability of coffee production in the world because it 
leads to changes in temperature, rainfall, and length 
of rainy seasons that do not correspond to the optimal 
needs of coffee plants whereby the optimal temperature 
and rainfall are 20–25°C and 1500–2000 mm/year, 
respectively (W i n s t o n  et al., 2005). Excessive rain 
during blossom reduced production up to 47% and 
excessive dry season reduced production by 27–37% 
(L e o n e l ,  P h i l i p p e , 2007). The population of CBB 
increased by 8.8% with an increase in temperature by 
1°C (G i c h i m u , 2013).
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In North Sumatra Province, the climate has changed 
from six types in the period of 1970–1993 to eight types 
in the period of 1970–2008 due to decreased rainfall 
in wet seasons and increased rainfall in dry seasons 
(S u d r a j a t , 2009). The length of rainy seasons is  

2–10 months. In the wet season rainfall exceeds 200 mm 
per month while the dry season has rainfall less than  
100 mm per month. The average rainfall is1685–3822 mm  
per year. The average temperature in the period  
1970–2017 was 21.8–23.6°C (B M K G , 2017). The 

Table 1. Length of rainy season, length of dry season, minimum rainfall, maximum rainfall, average rainfall, and temperature of climate zones 

Climate  
zone

Districts
Length of rainy 
season (months) 

Length of  
dry season  
(months)

Minimum  
rainfall  

(mm per year)

Maximum  
rainfall  

(mm per year)

Average  
rainfall  

(mm per year)

Average  
temperature (°C)

A1 Humbanghas 10 (March–December) 0 3108 4388 3822 23.3

B1 Simalungun 8 (May–December) 0 2595 3104 2933 23.1

C1 Pakpak Bharat 5 (August–December) 1 1750 3957 2729 22.9

D1 Samosir 4 (August–December) 1 1705 3085 2274 22.5

D2 Dairi 3 (Septeber–November) 2 1749 2409 1911 21.8

E1 North Tapanuli 2 (September–October) 1 1615 2145 1922 23.6

E2 Toba Samosir 2 (September–October) 2 1172 2233 1685 23.6

source: S u d r a j a t , 2009; B M K G , 2017)

                  Table 2. Climate zones, locations (L), genotypes (G), and elevations of the research field

Climatezone A1

L1 (Sub-district Parlilitan 1  
in District Humbanghas)

G1 (Farm 1); 1122 m a.s.l.##) G2 (Farm 2); 1110 m a.s.l.

L2 (Sub-district Parlilitan 2  
in District Humbanghas)

G3 (Farm 3); 942 m a.s.l. G4 (Farm 4); 965 m a.s.l.

Climatezone B1

L1 (Sub-district Dolok Pangaribuan  
in District Simalungun)

G5 (Farm 5); 1061 m a.s.l. G6 (Farm 6); 1116 m a.s.l.

L2 (Sub-district Tanjung Dolok  
in District Simalungun)

G7(Farm 7); 1204 m a.s.l. G8 (Farm 8); 1210 m a.s.l.

Climatezone C1

L1 (Sub-district Kerajaan  
in District Pakpak Bharat)

G9(Farm 9); 897 m a.s.l. G10 (Farm 10); 951 m a.s.l.

L2 (Sub-district Tinada  
in District Pakpak Bharat)

G11 (Farm 11); 836 m a.s.l. G12 (Farm 12); 866 m a.s.l.

Climatezone D1

L1 (Sub-district Pangururan  
in District Samosir)

G13 (Farm 13); 1323 m a.s.l. G14 (Farm 14); 1371 m a.s.l.

L2 (Sub-district Ronggur Nihuta  
in District Samosir)

G15 (Farm 15); 1401 m a.s.l. G16 (Farm 16); 1410 a.s.l.

Climatezone D2

L1 (Sub-district Parbuluan 1  
in District Dairi)

G17 (Farm 17); 1603 m a.s.l. G18 (Farm 18); 1508 m a.s.l.

L2 (Sub-district Parbuluan 2  
in District Dairi)

G19 (Farm 19); 1585 m a.s.l. G20 (Farm 20); 1585 m a.s.l.

Climatezone E1

L1 (Sub-district Siborong-borong  
in District North Tapanuli)

G21 (Farm 21); 1221 m a.s.l. G22 (Farm 22); 1216 m a.s.l.

L2 (Sub-district Sipaholon  
in District North Tapanuli)

G23 (Farm 23); 1100 m a.s.l. G24 (Farm 24); 1083 m a.s.l.

Climatezone E2

L1 (Sub-district Uluan  
in District Tobasa)

G25 (Farm 25); 956 m a.s.l. G26 (Farm 26); 918 m a.s.l.

L2 (Sub-district Sigumpar  
in Tobasa)

G27 (Farm 27); 944 m a.s.l. G28 (Farm 28); 932 m a.s.l.

##) a.s.l. = above sea level
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climate zones of the main districts of Arabica coffee 
production are as follows:District Dairi climate zones 
C1, D1, D2, E1, and E2; North Tapanuli A1, D1, E1, 
and E2; Karo C1, D1, D2, E1, and E2; Simalungun B1, 
C1, D1, D2, E1, and E2; Humbanghas A1, C1, D1, E1, 
and E2; Samosir D1, E1, and E2; Toba Samosir C1, D1, 
D2, E1, and E2; and Pakpak Bharat C1, D1, and E1.

Although climate has changed in this area, in-
formation about the climate change impact on the 
performance of Arabica coffee genotypes found at 
the coffee growing areas in this province has not 
yet been available. Coffee berry borer infestation on 
coffee fruits in Dairi, North Tapanuli, Simalungun, 
and Samosir was 12.8–85.8% (on average 31.5%), 
9.2–40.3% (23.2%), 5.1–45.2% (27.1%), and 6.5–69.9% 
(21.8%), respectively (M a l a u  et al., 2012). However, 
climate zones of the coffee farms that provided these 
data were not mentioned. Hence, the goal of this re-
search was to determine the performance of Arabica 
coffee genotypes found in the coffee growing areas 
in the climate zones of North Sumatra.

maTeRIaL aND meThODS

The districts were chosen considering the level 
of production and the accessibility of location based 
on the climate zones map of North Sumatra (Table 
1) (S u d r a j a t , 2009).Temperature records  for 
1970–2017 were collected from the statistics of the 
districts, the statistics of North Sumatra Province, and 
the Indonesian Agency for Meteorology, Climatology, 
and Geophysics (BMKG) (Table 1) (B M K G , 2017). 
In each climate zone, two locations were selected, and 
in each location, two Arabica coffee farms as genotypes 
were selected (Table 2). Parental plants of the selected 
farms in one climate zone originated from the same 
climate zone in the same district based on information 
provided by the owners of the farms. In each selected 
farm 200–300 plants were grown. Coffee plants were 
6–7 years old, performing shoot of bronze-coloured 
leaves, bearing ripe fruits, with harvest frequency once 
in two weeks. In each farm, 10 plants were selected 
randomly as the source of data. Because CBB females 

Table 3. Mean squares of climate zones, locations, genotypes, and error of phenotypes and soil pH

Parameter Climate zone (df 6) Location (df 7) Genotype (df 14) Error (df 252)

Plant height(PH) (m) 0.052 ns 0.042 ns 0.039** 0.010

Leaf length(LL) (cm) 50.049* 11.517 ns 11.416** 0.715

Leaf width(LWi) (cm) 4.203 ns 2.172 ns 1.944** 0.196

Leaf weight(LWe) (g) 1.492* 0.274 ns 0.146** 0.009

Fruit weight(FWe) (g) 6888.09* 1101.54 ns 786.31** 48.08

Fruit length(FL) (cm) 0.796** 0.088 ns 0.081** 0.025

Fruit diameter(FD) (cm) 0.110* 0.021 ns 0.021** 0.009

Mesocarpthickness(MT) (mm) 0.897* 0.191 ns 0.105** 0.032

Mesocarp pH (MpH) 3.135 ns 2.253 ns 1.921* 0.089

100parchments weight(HPW) (g) 814.82* 167.20 ns 155.71** 8.220

Parchment length(PL) (cm) 0.190* 0.031 ns 0.021** 0.004

Parchment width(PWi) (cm) 0.156** 0.019 ns 0.004 ns 0.003

Parchment thickness(PT) (cm) 0.025* 0.006 ns 0.005* 0.003

100beans weight(HBW) (g) 38.773* 9.164 ns 4.701** 0.805

Bean length(BL) (cm) 0.037 ns 0.013 ns 0.009** 0.003

Bean width(BWi) (cm) 0.012 ns 0.003 ns 0.003** 0.001

Bean thickness(BT) (cm) 0.006 ns 0.002 ns 0.001 ns 0.001

CBB infestation(CBBI) (%) 6146.47* 1077.76 ns 1011.72** 16.31

Soil pH (SpH) 3.587* 0.765 ns 0.681** 0.140

F0.05 3.87 2.77 1.73

F0.01 7.19 4.28 2.15

df = degree of freedom, MS = mean of square, F0.05 = tabular F value at α = 0.05, F0.05 = tabular F value at α = 0.01 

*significant at α = 0.05, **significant at α = 0.01, ns = not significant
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live inside the fruit after boring a hole at dictus or near 
the dictus, a fruit showing the frass on the entrance 
hole was defined as a CBB-infected fruit (Ve g a  et 
al., 2009). All fruits were checked. CBB infestation 
was defined as the ratio of the number of infected 
fruits to the total number of fruits (%). Soil pH was 
measured by using a pH electrode Amtast KS-05. The 
survey was carried out in March 2014. The nested de-
sign used three random factors (Q u i n n ,  K e o u g h , 
2002). The factors were climate zones (Z), location 
(L) nested in Z, and genotype (G) nested in L nested 
in Z. The effect model was:
Yijkl = µ + Zi + Lj(i) + Gk(j(i)) + εl(k(j(i)))
where:
Yijkl = ijklth observation
µ = overall mean
Zi = effect for ith climate zones
Lj(i) = effect for jth location within ith climate zones
Gk(j(i)) = effect for kth genotype within jth location 
within ith climate zones
εl(k(j(i))) = random error

The F-value, tested at α = 0.05 (significant) and  
α = 0.01 (highly significant), was calculated as:
FZ = MSZ/MSL(Z)
FL = MSL(Z)/MSG(L(Z))
FG = MSG(L(Z))/MSError
where:
FZ = F-value among climate
MSZ = mean square of climate
MSL(Z) = mean square of locations within climate
FL = F-value among location within climate
MSG(L(Z)) = mean square of genotype within locations 
within climate
FG = F-value among genotypes
MSError= mean square of error

Means comparisons were conducted with Fisher’s 
least significant difference (LSD)test, and simple cor-
relation coefficients were calculated for significant 
parameters (G o m e z ,  G o m e z , 1984).

ReSULTS

The phenotypic diversity of Arabica coffee grow-
ing in coffee farms in the North Sumatra Province of 
Indonesia was found out (Table 3). The genotypes G1, 
G5, and G6 had the heaviest weight of leaves (Table 
4). G6 had the heaviest fruit. G6, G21, G22, and G23 
performed the same heaviest weight of parchment. G1, 
G2, G3, G4, G6, G10, G20, G21, G22, and G23 had 
the same thickness of parchment. G5, G6, and G20 
produced the heaviest beans. The genotypes showed 
asignificant difference in bean length and bean width 
but had the same bean thickness. G13, G19, and G25 

were lesser infected by CBB. G5 and G19 grew in 
higher soil pH. Some plant parameters of the geno-
types correlated significantly or highly significantly 
(Table 5). Fruit weight showed a highly significant 
correlation coefficient with fruit length, fruit diameter, 
mesocarp thickness, parchment weight, bean weight, 
and bean length. Bean weight highly significantly 
correlated with bean length and bean width. CBBI cor-
related significantly and negatively with leaf weight. 
Bean weight and width correlated significantly with 
soil pH. Fruit weight and mesocarp thickness had a 
positive correlation with length of the rainy season, 
minimum rainfall, and average rainfall. Parchment 
weight correlated positively with minimum and aver-
age rainfall. The coffee berry borer infestation (CBBI) 
(y, %) correlated significantly and negatively with 
elevation (x, m a.s.l.), its linear regression equation 
was y = 46.4 – 0.025x.

Climate zones varied significantly in leaf length, 
leaf weight, fruit weight, fruit length, fruit diameter, 
mesocarp thickness, parchment weight, parchment 
length, parchment width, bean weight, CBBI, and 
soil pH. Climate zones A1, B1, C1, D1, D2, and E1 
produced the same weight of fruits, parchments, and 
beans (Table 6). Leaf length, fruit length, and fruit 
diameter had asignificant correlation with the length 
of rainy seasons (Table 7). CBBI (y, %) significantly 
correlated with average temperature (x,°C) with the 
equation of y = –338.2 + 15.5x.

DISCUSSION

In line with this research, significant differences 
in plant height, leaf length, leaf width, fruit weight, 
fruit length, fruit diameter, bean weight, bean length, 
and bean width were shown by various Arabica coffee 
genotypes in coffee farms in Ethiopia (G e s s e s e  et 
al., 2005;K i t i l a  et al., 2011). Fruit weight, bean 
weight, and bean length were shown to be significantly 
different while leaf length, leaf width, bean width, 
and bean thickness were not significantly different 
among genotypes found in Arabica coffee farms in 
Kenya (G i c h i m u , O m o n d i , 2010). Because bean 
weight was shown to have asignificantly positive 
genetic correlation with bean yield of Arabica coffee 
(K i t i l a  et al., 2011), then G5, G6 and G20, having 
the heaviest bean weight (Table 3), might be used as 
seed sources for new cultivation or parental plants in 
the cross breeding program for higher yield. Because 
resistance to CBB was shown to be controlled by 
genes (S e r a  et al.,2010), then G13, G19, and G25 
showing a very low CBBI of 0.93, 0.51, and 0.31%, 
respectively (Table 3), might be considered as seed 
sources for new cultivation or parental plants in the 
cross breeding program for resistance. In line with this 
research, a wide variation of CBBI (5.1–69.9%) was 
shown by the coffee population of the Arabica coffee 
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0.71b-j
0.37

8.39r-t
6.09c-k

G
21

1.66a-k
10.73i-o

4.54β
1.30y

161.23m
-q

1.49q-u
1.26m

-t
1.12g-o

4.19v-β
59.66ab

1.45a
1.08

0.62ab
13.76f-p

1.01a-c
0.72b-g

0.39
24.85f

5.63r-u
G

22
1.63b-q

13.72z
5.84i-m

1.42rs
164.19l-n

1.63j-p
1.24q-x

1.13g-m
5.19d-l

58.10a-d
1.45ab

1.02
0.61a-g

14.24ef
0.99b-d

0.72b-h
0.38

29.85e
6.03e-m

G
23

1.63b-r
14.75α

6.05c-j
1.16αβ

160.14n-t
1.78b-h

1.28i-s
1.11g-r

5.36a-f
59.87a

1.37d-g
0.99

0.61a-h
13.87e-k

0.92i-s
0.69i-q

0.38
61.87a

6.26c-e
G

24
1.65b-n

11.12h-n
4.96xz

1.37s-x
159.16o-u

1.46r-x
1.25p-w

1.04j-u
5.35a-g

46.70u-w
1.36d-i

0.93
0.56j-u

13.67g-q
0.95e-j

0.70d-l
0.38

44.49b
5.63r-v

G
25

1.48zα
16.01a-c

6.35ab
1.78b-g

145.27z
1.46r-y

1.31d-p
1.01n-w

4.31p-w
42.49x-z

1.22r-x
0.81

0.55k-v
12.95t-x

0.94e-m
0.67n-α

0.36
0.31z-β

5.76o-s
G

26
1.64b-p

14.35c-g
4.95x-α

1.42r-t
145.25zα

1.42u-α
1.24q-y

1.05j-t
4.27r-z

43.84x
1.28k-q

0.82
0.52v-α

12.87t-z
0.92i-t

0.68k-z
0.37

44.47bc
5.96g-p

G
27

1.53w
-z

14.35f-h
5.22r-x

1.40r-u
150.27x

1.44s-z
1.24q-z

1.02j-v
4.40p-u

42.54xy
1.21s-y

0.81
0.53t-z

12.78t-α
0.91k-y

0.69i-r
0.37

36.21d
5.58s-w

G
28

1.67a-g
14.71αβ

5.10s-y
1.40r-v

141.24z-β
1.49q-v

1.17αβ
1.01n-x

4.20u-α
40.65αβ

1.25n-u
0.81

0.51w
-β

12.99t-β
0.91k-z

0.70d-m
0.38

18.32h-j
6.06d-l

LSD
0.05

0.06
0.52

0.27
0.06

4.30
0.10

0.06
0.11

0.19
1.78

0.04
ns

0.03
0.56

0.03
0.02

ns
2.50

0.23
LSD

0.01
0.08

0.69
0.36

0.08
5.65

0.13
0.08

0.15
0.24

2.58
0.05

ns
ns

0.73
0.04

0.03
ns

3.29
0.30

G
 = genotype, PH

 = plant height, LL = leaf length, LW
i = leaf w

idth, LW
e = leaf w

eight, H
FW

 = 100 fruits w
eight, FL = fruit length, FD

 = fruit diam
eter, M

T = m
esocarp thickness, M

pH
 = m

esocarp pH
,  

H
PW

 = 100 parchm
ents w

eight, PL = parchm
ent length, PW

i = parchm
ent w

idth, PT = parchm
ent thickness, H

B
W

 = 100 beans w
eight, B

L = bean length, B
W

i = beand w
idth, B

T = bean thickness,  

C
B

B
I = coffee berry borer infestation, SpH

 = soil pH
, LSD

0.05= least significant difference at α = 0.05, LSD
0.01= least significant difference at α = 0.01, the m

eans follow
ed by com

m
on letter in the sam

e  

colum
n w

ere not significantly different at α = 0.05 level based on Fisher’s LSD
 test, ns = not significant
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Table 6. C
lim

ate zones perform
ance and soil pH

C
lim

ate  
zone

PH
  

(m
)

LL  
(cm

)
LW

i  
(cm

)
LW

e  
(g)

H
FW

  
(g)

FL  
(cm

)
FD

  
(cm

)
M

T  
(m

m
)

M
pH

H
PW

  
(g)

PL  
(cm

)
PW

i  
(cm

)
PT  

(cm
)

H
B

W
  

(g)
B

L  
(cm

)
B

W
i  

(cm
)

B
T  

(cm
)

C
B

B
I  

(%
)

SpH

A
1

1.62
15.99 a

6.28
1.80 a

169.22 a-d
1.72 a

1.34 ab
1.17 a-c

4.77
54.27 ab

1.22 c-g
0.87b

0.60 a
13.59 a-e

0.94
0.69

0.36
19.53 a-c

6.01 a-c

B
1

1.58
14.96 ab

5.79
1.79 ab

185.97 a
1.85 ab

1.39 a
1.42 a

4.87
52.54 a-c

1.39 ab
0.86 b-c

0.58a-c
15.90 a

1.00
0.73

0.38
12.35 a-e

6.31 a

C
1

1.66
14.61 a-d

5.45
1.57 a-d

175.22 ab
1.70 a-c

1.34 a-c
1.23 ab

5.08
51.05 a-d

1.30 a-c
0.86 b-d

0.58a-d
13.88 a-d

0.92
0.68

0.35
14.08 a-d

5.44 c-g

D
1

1.63
14.43 a-e

5.81
1.66 a-c

157.21 a-f
1.66 a-d

1.32 a-d
0.96 b-g

5.00
48.70  a-e

1.28 a-e
0.84 b-e

0.57a-e
13.19 a-f

0.92
0.69

0.35
4.29 b-g

5.72 a-f

D
2

1.67
13.35 a-f

5.76
1.37 a-f

170.48 a-c
1.47 a-e

1.28 a-e
1.13 a-d

4.60
48.69 a-f

1.29 a-d
0.84 b-f

0.56a-f
14.38 ab

0.92
0.70

0.37
5.96 b-f

6.23 ab

E1
1.64

12.58 b-g
5.35

1.31 c-g
161.18 a-e

1.59 b-f
1.26 a-f

1.10 a-e
5.02

56.08 a
1.41 a

1.00 a
0.60ab

13.89 a-c
0.97

0.71
0.38

40.27 a
5.89 a-d

E2
1.58

14.85 a-c
5.40

1.50 a-e
145.51 b-g

1.45 b-g
1.24 b-g

1.02 b-f
4.30

42.38 c-g
1.24 b-f

0.81 b-g
0.53c-g

12.90 b-g
0.92

0.69
0.37

24.83 ab
5.84 a-e

LSD
0.05

ns
3.03

ns
0.47

29.67
0.27

0.13
0.39

ns
11.56

0.16
0.12

0.07
2.71

ns
ns

ns
29.35

0.78

LSD
0.01

ns
ns

ns
ns

ns
0.39

ns
ns

ns
ns

ns
0.18

ns
ns

ns
ns

ns
ns

ns

G
 = genotype, PH

 = plant height, LL = leaf length, LW
i = leaf w

idth, LW
e = leaf w

eight, H
FW

 = 100 fruits w
eight, FL = fruit length, FD

 = fruit diam
eter, M

T = m
esocarp thickness, M

pH
 = m

esocarp pH
, H

PW
 = 

100 parchm
ents w

eight, PL = parchm
ent length, PW

i = parchm
ent w

idth, PT = parchm
ent thickness, H

B
W

 = 100 beans w
eight, B

L = bean length, B
W

i = bean w
idth, B

T = bean thickness, C
B

B
I = coffee berry borer 

infestation, SpH
 = soil pH

, Fisher’s LSD
0.05= least significant difference at α = 0.05, LSD

0.01= least significant difference at α = 0.01, the m
eans follow

ed by com
m

on letter in the sam
e colum

n w
ere not significantly 

different at α = 0.05 level based on Fisher’s LSD
 test
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farm found in North Sumatra Province (M a l a u  et 
al., 2012). Contrary to this research result that CBBI 
decreased by 0.025% at an elevation increase by 1 m, 
the research in Puerto Rico showed that higher CBBI 
were found at higher elevation (M a r i n o  et al., 2017).

Because the heavier was the bean weight, the greater 
was the yield (K i t i l a  et al., 2011) and A1, B1, C1, 
D1, D2, and E1 produced the same weight of bean 
(Table 6), the genotypes growing in these climate 
zones might produce bean well even in E1 which has 
two months of wet season and one monthof dry season 
(S u d r a j a t , 2009). The temperature was the decisive 
factor affecting CBBI. This research revealed that 
CBBI increased by 15.5% if the temperature increased 
by 1°C while CBBI was shown to be increased by 
8.5% with a temperature increase by 1°C in the coffee 
farms in Colombia, Kenya, Tanzania, and Ethiopia 
(J a r a m i l l o  et al., 2009).

CONCLUSION

Climate affected the performance of Arabica cof-
fee genotypes. The most important factor affecting 
the phenotypes was the length of rainy season. The 
infestations of coffee berry borer were primarily af-
fected by temperature rather than rain and elevation. 
In the upcoming future research, factorial experiments 
should be carried out to determine the interaction 
between genotypes and climate zones. The genotypes 
G5, G6, and G20 showed the heaviest bean weight, 
while G13, G19, and G25 showed the least coffee 
berry borer infestations. For future research, these 
genotypes might be included in the coffee breeding 
for higher yield and resistance to coffee berry borer.
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