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Abstract Drought is among the major factors that breeding works for drier coffee growing areas of the

adversely affect coffee production in most parts of
Ethiopia. Hararghe coffee is despite its economic
importance in the world market and in the national
economy of the country; its productivity is very low
primarily because of periodic soil moisture deficit stresses
and many other factors. Therefore, this experiment was
conducted to screen and evaluate Hararghe coffee
genotypes for drought tolerant in response to soil moisture
stresses. A total of nineteen coffee genotypes; fourteen
promising coffee selections and five released varieties
were evaluated for morphological and physiological
drought stress traits using Completely Randomized Design
with three replications. The experiment was conducted at
Mechara Agricultural Research Center in a rain shelter.
Eight pairs of true leaf coffee seedlings were subjected to
two watering regimes (water-stress by withholding
irrigation and well-watered control). The analysis of
variance results revealed significant variation among
coffee genotypes for water deficit stress. Therefore, based
on preliminary observations and visual assessments of
recovery plants, the genotypes were grouped into three
categories of drought tolerance; sensitive, moderately
sensitive and relatively tolerant. However, genotypes from
each category should also be tested for their
morphological, physiological and biochemical responses
to drought in order to identify more tolerant types and
come up with a recommendation for further selection and

country.

Keywords Drought Tolerance, Leaf Shed, Moisture
Deficit, Recovery Rate, Stress Score, Survival Rate

1. Introduction
Drought is an environmental factor that causes water
deficit or water stress in plants (Pinheiro et al., 2005).
Overall, drought and unfavorable temperatures are the
major climatic limitations for coffee production (Da Matta
and Ramalho 2006). These limitations are expected to
become increasingly important in several coffee growing
regions due to the recognized changes in global climate
and also because coffee cultivation has spread towards
marginal lands, where water shortage and unfavorable
temperatures constitute major constraints to coffee yield
(Da Matta and Ramalho 2006; Kimemia, 2010). The
plants are frequently subjected to periods of water stress,
which ultimately leads to reduced growth and productivity
by affecting various physiological and biochemical
processes. However, they have evolved different strategies
to cope with water deficits through avoidance or
postponement of dehydration or stress tolerance (Levitt,
1980; Turner, 1990; Pugnaire et al., 1999). In line with
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this, there exist variations among species or between
genotypes within a species for acquiring different
physiological, morphological and biochemical strategies
for survival and even maintenance of some growth and
physiological processes under stressful conditions (Levitt,
1980; Kozlowski and Pallardy, 1997; Joshi, 1999). Hence,
these adaptive responses are not universal properties of
plants (Nambiar et al., 1982; Volkmar and Woodbury,
1995) and could be used as selection criteria during
screening genotypes for drought tolerance (Sanchez et al.,
1998; Tesfaye, 2005; Tesfaye and Ismail, 2008, Tesfaye et
al., 2013).
Understanding the genetic and physiological bases of
drought tolerance in crop plants is necessary for
developing drought tolerant genotypes through
conventional breeding. In this regard, some works has
been conducted on different crops for morphological and
physiological bases of drought tolerant mechanisms. It
has been reported that differences in mean rate of stress
development (leaf folding or degree of wilting) is
commonly used as an important criteria during screening
of genotypes for drought tolerance (Cutler et al., 1980;
Sloane et al., 1990; Rosario et al., 1992; Lilley and Fukai,
1994). Such a leaf movement, an adjustment of leaf angle
or modification of leaf orientation to reduce the
interception of solar radiation and, thus, decrease leaf
temperature and water loss by transpiration is regarded as
one of the drought avoidance mechanisms evolved in
plants (Levitt, 1980; Ludlow and Muchow, 1990;
Pugnaire et al., 1999; Carr, 2001). On the other hand,
lower rate of stress development (less wilting symptom
and gradual leaf rolling or folding) as a result of
maintenance of turgor has been used as an important
criteria during screening different crop genotypes for
drought tolerance (Rosario et al., 1992; Sloane et al., 1990;
Carter and Rufty, 1992; Cutler et al., 1980; De Datta et al.,
1988; Price et al., 1992; Lilley and Fukai, 1994).
Similarly, stay-green under water stress conditions has
also been used as one of the traits to select corn varieties
for drought tolerance (Kitbamroong and Chantachume,
1992).
Like other crop plants, Arabica coffee is sensitive to
water stress and its growth and yield potential is greatly
affected by seasonal drought. Despite its economic
importance in the world market and in the national
economy of some developing countries like Ethiopia,
productivity of the crop is very low primarily because of
periodic water deficit stresses (Rena et al., 1994; Barros et
al., 1997; Carr, 2001; Tesfaye, 2005; Tesfaye et al., 2013).
In fact, a number of authors, including Melaku (1982),
Yacob et al. (1996) and Kassahun et al. (2008), have
reported the existence of a large diversity among the
genotypes of Arabica coffee with regard to yield potential,
disease resistance and adaptation to different growth
conditions in its center of origin, Ethiopia. However, the
variability has not been studied and documented in

relation to drought tolerance. The combined effects of this
phenomenon have critical impacts on coffee production.
Hararghe coffee is despite its economic importance in
the world market and in the national economy of Ethiopia;
its productivity is very low primarily because of periodic
soil moisture deficit stresses and many other factors.
Despite these facts, there has been little work to examine
the extent and pattern of responses of various C. arabica
genotypes to water deficit in Ethiopia. Furthermore, the
Mechara Agricultural Research Center in collaboration
with Jimma Agricultural Research Center has been
released four Hararghe coffee varieties through selection
from large 1998 Hararghe coffee germplasm collections
without further study in their relation to drought tolerance.
Thus, this study was conducted for the objective to
identify drought tolerant genotypes in response to soil
moisture stress by testing their morphological and
physiological traits that contribute to genotypes’
differences for further breeding program in the study
areas.

2. Materials and Methods
2.1. Experimental Area
An experiment was carried out at Mechara Agricultural
Research Center (McARC) in eastern Oromia. The center
is geographically located at altitude of 1760 m.a.s.l and
receives an average annual rainfall of about 900mm with
monthly mean maximum and minimum temperatures of
26oC and 14oC, respectively.
2.2. Experimental Materials
Ten promising Hararghe coffee selections (H-981/98;
H-980/98; H-622/98; H-618/98; H-858/98; H-856/98;
H-929/98; H-915/98; H-822/98; H-968/98) and four
released varieties by McARC (Arusa; Bultum; Mechara-1
and Mocha) were used and one released variety (74110)
which is high yielding, CBD resistance and widely
adaptable, was also included as a check in the study.
Seeds of those genotypes were collected from the mother
tree planted in 2005 for variety verification plot in the
field at Mechara ARC. The seedlings of each genotype
were raised in polythene tube on standard coffee nursery
with full management practices as per recommendation.
Experimental Procedures and Design
Seven months old and eight true leaves stage of
uniform and healthy grown coffee seedlings from each
coffee genotypes were selected and transferred to a rain
shelter in plastic bucket of 5l capacity. The seedlings were
uniformly managed to ensure maximum rate of their
establishment for a month. The genotypes were tested for
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their responses to soil water deficit in a CRD design with
three replications in two levels (well-watered and water
stressed) of watering regime.
Treatment Arrangement
For making treatment combination, each genotype was
subjected to two watering levels (well- watered as a
control and water stressed by withholding watering). Each
genotype plot contained a total of 12 coffee seedlings, six
(6) seedlings per watering level. In order to make their
uniform and full establishment, the seedlings of each
genotype and watering level were uniformly managed for
30 days. After a month of establishment period, the
seedlings were subjected to the respective watering
treatment for 21 days and then, two seedlings from each
plot were used to measure destructive parameters, while
four seedlings in each water-stressed plot were re-watered
for three weeks to determine the rate of recovery of each
genotype.

3. Data Collected
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number of leaves, leaves area; stem girth, growth rate, and
number of wilted seedlings and percentage of rolled
leaves were recorded from two seedlings in the central
part of each plot. Leaf area was calculated using the
method developed by Yakob et al. (1993) as follows:
LA = L x B x K

Where; LA = Leaf area (cm2), L = Leaf length (cm), B
= Maximum leaf breadth (cm) and K = Correction factor
= 0.7
Destructive growth parameters: destructive plant
growth parameters such tap root length (cm) and root
volume (ml were recorded by uprooting two randomly
selected seedlings from the central rows of each plot. Root
volume of the selected seedlings was measured using
displacement method (volume of water displaced by roots
of a plant when the whole root system below the collar
level is submerged in a 500ml graduated cylinder filled
with 300 ml tap water) immediately after harvesting and
careful washing to remove all soil particles.
Recovery Rate:

After 21 days of water stressed seedlings in the stressed
plots were re-watered at two days interval for three weeks
and the number of dead plants and number of plants
producing new growths (flushes of buds and new leaves).
Stress scoring: Sensitivity of coffee genotypes to soil
Survival rate, rate of leaf shade, or died were counted to
moisture deficit was assessed visually at two days
estimate genotypic differences in rate of recovery from the
intervals since the first wilting symptom was observed
soil drying or water stress treatment. Rate of survival was
(after seven days). The degree of leaf folding or wilting
determined 15 days after frequent re-watering by counting
was scored at morning (7:00 - 8.00 am) and noon
the number of alive and dead plants per plot, while extent
(12:00-1:00 pm) hours, using 1 to 5 scoring scales (Figure
of leaf shedding was calculated based on the average
1); 1 indicating all leaves green and turgid, 2: most leaves
number of leaves maintained by plants prior to and at the
still turgid except the youngest which show leaf folding, 3:
end of the water stress treatment.
all leaves wilt and/or show leaf folding (symptoms of
senescence evident), 4: most leaves (specially the older
ones) turning pale green and showing severe wilting or Physiological parameters:
folding and 5: all leaves turning brown and dry, mostly
Three leaves were detached from the plant and
drooping (Rosario et al., 1992).
immediately weight of each leaf was taken to get fresh
weight (FW), each leaf was soaked in distilled water in
the bucket and kept in bucket at 5oC for 24 hours and
re-weighed to get turgid weight/saturated (TW) and
finally oven dried at 70oC for 24 hours and weighed to get
the dry weight (DW). Relative water content of leaf
(RWCL) was calculated using the following formula:
The following morphological and physiological data
was collected:

RWCL =

(FW − DW)
X 100
(TW − DW)

Leaf thickness (LT) was calculated as leaf dry weight
divided by leaf area (LT = Wd/LA) (Bowyer and Danson,
2004).
Figure 1. Method of stress scoring and the corresponding 1-5 scale
score values for visual assessment and screening Arabica coffee
genotypes for drought tolerance in a rain shelter

Non-Destructive Growth Parameters: plant height,

Specific leaf area (SLA)
SLA =

LA
LDW
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Where: SLA = Specific leaf area; LA = Leaf area;
LDW = Leaf dry weight
Data Analysis
The collected data were statistically analyzed using
GenStat software 15th edition and whenever the ANOVA
shows a significant difference between means Fisher’s
Protected Least Significant Difference was performed.

4. Results and Discussion
Stress Scoring
The analysis of variation shows that there was a

significant difference observed among the genotype for
the mean stress score (Table 1). About seven coffee
genotypes; H-968/98, H-980/98, H-822/98, H-739/98,
H-674/98, H-929/98, and H-915/98 were significantly
sensitive to soil moisture deficit for the stress period of 21
days. However, the lower stress score values for rate of
leaf folding (wilting) was recorded from H-981/98,
H-858/98, H-856/98, H-622/98, H-823/98 and H-618/98
genotypes (Table 1). Furthermore, H-981/98 coffee
genotype had significantly low stress value in the morning
(Figure 2) and noon (Figure 3) under both well-watered
and water stress condition. The significant difference
observed among Hararghe coffee genotypes for soil
moisture deficit is good indicator for the existence of
exploitable genetic variability for the improvement of the
genotypes.

Table 1. Mean stress score values for coffee genotypes under water-stressed (WS) condition on different days from start of treatment application till
21 days
Genotypes
H-618/98

Days from start of treatment
Day 8

Day 11

Day 14

Day 17

Day 20

1.13

1.41

1.87

2.15

3.09

Mean
1.93

H-622/98

1.14

1.56

1.95

2.29

3.02

1.99

H-674/98

1.61

1.68

2.23

2.30

3.61

2.29

H-739/98

1.28

1.66

1.93

2.53

3.65

2.21

H-822/98

1.23

1.67

2.26

2.58

3.78

2.30

H-823/98

1.05

1.53

1.87

2.13

3.08

1.93

H-856/98

1.23

1.34

1.59

1.94

3.00

1.82

H-857/98

1.41

1.80

2.32

2.54

3.41

2.30

H-858/98

1.34

1.42

1.64

1.71

2.71

1.76

H-915/98

1.41

1.91

2.27

2.53

3.57

2.34

H-929/98

1.12

1.56

2.21

2.53

3.60

2.21

H-968/98

1.05

1.30

1.88

2.27

3.81

2.06

H-980/98

1.43

1.93

2.10

2.41

3.79

2.33

H-981/98

1.04

1.09

1.36

1.58

2.53

1.52

74110

1.12

1.46

1.99

2.34

3.26

2.04

Mean

1.25

1.56

1.96

2.25

3.33

2.07

C.V (%)

19.00

28.80

27.50

5.80

21.00

21.50

LSD (0.05)

0.39

0.75

0.90

0.97

1.16

0.74
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Figure 2.

Figure 3.
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Morning stress score value for coffee genotypes under water-stressed (WS) condition on different days from start of treatment application

Noon stress score value for coffee genotypes under water-stressed (WS) condition on different days from start of treatment application

Growth parameters of coffee plants under soil moisture
deficit
The results of analysis of variance showed significant
difference among genotypes for sensitivity to water deficit
stress period of 21 days for growth parameters (Table 2).

Accordingly, the highest plant height, larger girth and
number of leaf were recorded from H-981/98 genotypes.
Therefore, H-981/98 coffee genotype was more tolerant to
water stress followed by H-980/98 genotypes than the rest
of coffee genotypes (Table 2).
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Table 2. Early plant growth parameters of the coffee seedlings subjected to 21 days of water deficit stress
Plant height (cm)

Girth (mm)

Number of leaf

Number of node

Genotypes

Water
stressed

Well
watered

Water
stressed

Well
watered

Water
stressed

Well
watered

Water
stressed

Well
watered

H-618/98

32.30 a

39.33 abc

4.91 ab

5.97 bc

11.17

17.33

10.17

10.67

H-622/98

41.93 b-e

42.95 b-e

5.06 abc

5.83 bc

14.83

22.50

10.00

10.33

H-674/98

41.66 b-e

43.12 b-e

5.30 abc

5.56 b

14.50

17.67

9.83

14.33

H-739/98

40.10 a-e

40.50 a-d

5.28 abc

5.13 ab

11.33

23.83

10.33

11.33

H-822/98

42.22 cde

45.33 de

4.83 ab

5.38 b

15.33

23.17

9.67

11.00

H-823/98

37.75 a-d

37.00 a

5.48 a-d

5.03 ab

13.25

17.33

9.87

11.33

H-856/98

33.83 ab

37.65 ab

4.94 ab

5.10 ab

13.33

17.00

9.50

10.00

H-857/98

34.23 abc

41.22 a-d

5.37 abc

5.19 ab

12.50

19.17

9.17

9.83

H-858/98

34.20 abc

38.77 abc

4.71 a

4.94 a

14.00

14.17

10.17

11.17

H-915/98

36.07 a-d

40.22 a-d

4.74 a

5.34 b

13.00

19.50

10.00

11.00

H-929/98

39.42 a-e

39.97 a-d

5.94 bcd

5.80 bc

16.67

17.33

10.17

10.00

H-968/98

42.92 de

43.78 cde

6.72 d

6.88 c

14.50

19.50

10.50

11.50

H-980/98

43.30 de

44.42 cde

5.92 bcd

5.97 bc

13.83

20.67

9.67

13.33

H-981/98

46.42 e

48.03 e

6.11 cd

6.18 bc

14.00

25.33

9.67

11.33

74110

35.72 a-d

40.75 a-d

5.14 abc

6.03 bc

17.33

25.33

9.83

10.17

Mean

38.80

41.54

5.36

5.56

3.99

19.99

9.89

11.16

LSD (5%)

8.25

5.92

1.18

1.26

5.96

7.16

1.80

3.27

CV %

12.80

8.50

13.00

13.60

25.10

21.50

10.90

17.60

Tap root length and root volume
Table 3. Tap root length and root volume as affected by soil moisture
deficit after 21 days of stress period
Tap root length (cm)

Root volume (ml)

There was significant differences among coffee
genotypes for sensitivity to water deficit stress, for tap
root length. However, non-significant differences for root
volume (Table 3). Tap root length was significantly
affected by water stress period of 21 days with the longest
(23.87 cm) tap root length recorded from genotype
H-857/98. While the lowest (14.37cm) tap root length was
recorded from H-915/98 coffee genotype. This indicates
that plant water stress developed more slowly in the
drought-tolerant genotypes than in the drought-sensitive
genotypes. In agreement with this finding, studies on
Robusta coffee showed deeper root system (Pinheiro et al.,
2005) and larger root dry mass in drought tolerant clones
than in drought sensitive ones (DaMatta and Ramalho,
2006).

Accessions

Water
Stressed

Well
Watered

Water
Stressed

Well
Watered

H-618/98

17.97 a-d

23.42

8.50

11.50

H-622/98

15.13 ab

18.43

9.33

19.67

H-674/98

18.57 a-e

20.98

8.67

19.00

H-739/98

16.3 abc

18.17

8.33

21.33

H-822/98

16.97 a-d

15.09

8.33

15.33

H-823/98

21.67 de

21.07

9.17

15.17

H-856/98

15.73 abc

21.03

8.00

16.17

H-857/98

23.87 e

19.43

8.83

12.17

H-858/98

21.07 cde

22.92

5.33

9.33

Relative Water Content of leaf

H-915/98

14.37 a

16.97

7.17

12.17

H-929/98

19.17 a-e

21.48

7.83

16.33

H-968/98

15.63 ab

18.43

8.33

14.83

H-980/98

17.97 a-d

21.48

9.83

18.50

H-981/98

20.03 b-e

16.55

10.00

14.83

74110

19.30 a-e

18.93

4.67

7.50

Mean

18.25

9.63

8.16

14.92

LSD (5%)

5.35

5.02

5.39

8.86

CV %

17.6

15.3

39.6

35.6

The present study revealed that there was no significant
difference among genotypes for relative leaf water
contents. From the result, all the coffee genotypes showed
an average relative water content ranging from 34%
(H-980/98) – 57.77% (H-857/98) under water stress
(Table 4). The lower rate of stress development coupled
with higher plant water status (as the case with genotypes
H-857/98 and H-929/98) or lower value for both
parameters (such as in genotype in accession H-981/98)
could be attributed to some drought tolerance mechanisms
such as osmotic adjustment, which maintain turgidity of
leaves, despite the water stress (Tesfaye, 2005). On the

Universal Journal of Agricultural Research 8(6): 223-232, 2020

229

other hand, maintenance of plant water status at higher
level with relatively severs leaf folding and wilting
symptoms could also be regarded as one of the drought
avoidance strategies in crop plant (Wiersma and Christie,
1987; Davies et al., 2000, Tesfaye 2005; Tesfaye and
Ismail, 2008).

(Table 4). The significant difference observed among
coffee genotypes for leaf area and leaf specific area have
been reported by some authors. DaMatta and Ramalho
(2006) reported coffee genotypes have been found to
differ in drought adaptation mechanisms such as stomata
control and soil water extraction efficiency.

Leaf Area and Specific Leaf Area

Rate of Recovery Plant After Stressed

There were significant differences among coffee
genotypes on sensitivity to water stress, as evaluated by
mean values of visual Specific Leaf Area. Leaf area and
specific leaf area of coffee genotypes fell in the range
between 73.88 and 44.12 to 1.07 and 27.36, respectively.
Two genotypes; H-822/98 and H-981/98 had exhibited
low specific leaf area. Whereas the highest mean value of
specific leaf area was recorded from H-823/98
andH-622/98 genotypes (Table 4). Similarly low mean
value of leaf area had recorded in H-980/98 genotype,
while the highest mean value of leaf area had observed
from 74110 varieties followed by H-739/98 genotype

It was observed that there was significant difference
between the coffee genotypes for rate of recovery after
rewarding. Generally, all the genotypes recovered well
except three genotypes; H-822/98, H-968/98 and
H-980/98 after resuming irrigation (Table 4). In line with
this Moore (1987) has reported that plant recovery ability
after drought is more important than drought tolerance.
This observation is also in agreement with the finding of
Sundara (1987), who reported that recovery can be rapid,
with normal growth resumed, if moisture stress has not
adversely affected plant biomass and root growth.

Table 4. Means of relative water content (RWC), leaf area (LA), specific leaf area (SLA), Rate of leaf shade (RLSH), Rate of recovery plant (RRP)
of coffee genotypes under water stress (WS) conditions
Genotypes

RWCL

LA

SLA

RRP

RLSH

H-618/98

54.92

64.02 a

18.98 ab

23.96 abc

82.58 a

H-622/98

49.90

60.80 a

27.36 a

27.08 abc

79.97 ab

H-674/98

52.89

64.16 a

14.10ab

21.08 abc

54.99 abc

H-739/98

53.31

68.42 a

14.14 ab

15.13 abc

71.38 abc

H-822/98

42.16

62.16 a

7.65 b

5.75 c

37.15 c

H-823/98

54.42

65.69 a

25.34 a

17.25 abc

40.79 bc

H-856/98

50.3

64.45 a

17.70 ab

24.50 abc

38.63 c

H-857/98

57.77

58.92 ab

24.35 a

16.71 abc

56.89 abc

H-858/98

53.75

58.63 ab

19.48 ab

35.42 a

51.42 abc

H-915/98

54.35

59.62 a

21.51 ab

16.67abc

72.74 abc

H-929/98

54.49

64.05 a

22.65 ab

15.63abc

61.35 abc

H-968/98

55.45

63.12 a

23.13 a

4.71 c

49.42 abc

H-980/98

34.32

44.12 b

16.72 ab

7.33 bc

89.86 a

H-981/98

57.44

61.69 a

1.07b

29.21 ab

80.61 ab

74110

53.88

73.88 a

22.69 ab

26.63 abc

59.32 abc

Mean

52.34

62.25

19.27

19.14

11.03

CV (%)

22.25

14.79

47.73

71.93

59.56

Note: RWCL relative water content of leaf, LA leaf area, SLA specific leaf area, RLSH Rate of leaf shade, RRP Rate of recovery plant
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5. Conclusions and Recommendation
Generally, the study results indicated the presence
variation among Arabica coffee genotypes for sensitivity
to water stress. Based on preliminary observations and
visual assessments of recovery plants, the genotypes were
grouped into three categories of drought tolerance;
sensitive, moderately sensitive and relatively tolerant.
Accordingly, two coffee genotypes; H-981/98 and
H-858/98 showed superior for water stress tolerance than
other genotypes and varieties. Therefore, genotypes from
each category should also be tested for their
morphological, physiological and biochemical responses
to drought in order to identify more tolerant types and
come up with a recommendation for further selection and
breeding program for drier coffee growing areas.
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