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ABSTRACT 
 

Seasonal water deficit stress is becoming one of the major threats of coffee production in Ethiopia. However, it is 

believed that there is an enormous genetic variability among the indigenous Arabica coffee materials for desirable 

traits, including drought tolerance. In line with this, in a previous study, 24 Arabica coffee genotypes have been 

evaluated based on visual assessment at early stages of growth and grouped in to three categories, as sensitive, 

moderately sensitive and relatively tolerant to drought. As a continuation of the previous preliminary evaluation, this 
experiment was, therefore, carried out on 12 genotypes (cultivar F-59, 75227, Geisha, 7487, 74110xF-59, 741, J-21, 

741xF-59, 74158, 74110, 74112 and 8/85), which were selected from the three categories, to identify some 

physiological aspects associated with drought tolerance. The experiment was conducted using 14 months old seedlings 

of the genotypes subjected to two watering treatments (well-watered control and soil drying by withholding irrigation) 

for 15 days. It was carried out in randomized complete block design with three replications in a rain shelter at Jimma 

Agricultural Research Center, Ethiopia. The water-stressed plots were rewatered for nine days after the soil drying 

period to measure the rate of recovery in leaf relative water content (RWC) and stomatal conductance (gs). 

Accumulation of inorganic solutes (K, Ca and Mg) in coffee leaves was also measured at the end of the soil drying 

period. Results of the experiment showed that there were significant differences among the cultivars for sensitivity to 

water deficit stress as expressed by rate of decline and recovery in leaf RWC and gs. The genotypes also showed 

significant differences in concentration of K, Ca and Mg in their leaves. Some of the cultivars, such as 7487, 74110, 
8/85 and 74112, exhibited both higher rate of accumulation and percent increment in leaf K, Ca and Mg concentration 

as a mechanism of osmotic adjustment in response to soil drying. The rate of decline in leaf RWC during the stress 

period was lower and its recovery after rewatering was faster in these genotypes. Besides, gs of these genotypes also 

completely recovered to the control level just nine days after the commencement of rewatering. Therefore, it was 

concluded that some physiological parameters, such as changes in plant water status, gs and accumulation of inorganic 

solutes could be used to screen Arabica coffee genotypes for drought tolerance. However, these results need to be 

verified under stressful field conditions and supplemented with further studies on some morphological and 

biochemical mechanisms associated with drought tolerance.  
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INTRODUCTION 

 

Arabica coffee (Coffea arabica L.) is one of the 
leading commodities in the world market and plays a 

significant role in the national economy of some 

developing countries like Ethiopia (Cambrony, 1992). 

However, its growth and yield potential is greatly affected 

by seasonal droughts. It has been reported that 

productivity of the crop is very low in most cases, 

primarily because of periodic water deficit stresses (Rena 

et al., 1994; Barros et al., 1997; Carr, 2001; Tesfaye, 

2005; Tesfaye et al., 2013).  

Although plants are frequently subjected to periods of 
drought, which ultimately leads to reduced growth and 

productivity by affecting various physiological and 

biochemical processes, it is believed that they have 

evolved different strategies to cope with water deficits 

through avoidance or postponement of dehydration or 

stress tolerance (Turner, 1990; Pugnaire et al., 1999). In 

line with this, it has been reported that there exist

 
 

Cite This Article as: Gessese TS, 2018. Some physiological aspects of drought tolerance in selected arabica coffee 

(Coffea arabica L.) genotypes as evaluated by early stage response to soil drying. Inter J Agri Biosci, 7(2): 81-90. 

www.ijagbio.com (©2018 IJAB. All rights reserved) 



Inter J Agri Biosci, 2018, 7(2): 81-90. 
 

 82 

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 (Kozlowski and 

Pallardy, 1997; Joshi, 1999). Hence, these adaptive 

responses are not universal properties of plants (Volkmar 

and Woodbury, 1995) and could be used as selection 

criteria during screening genotypes for drought tolerance 

(Sanchez et al., 1998). 
It has been reported that decline in stomatal 

conductance or stomatal closure and changes in the rate of 

decline in plant water status with soil moisture depletion 

are believed to be among the important stress avoidance 

or tolerance mechanisms in plants (Rhizopoulou et al., 

1991; Volkmar and Woodbury, 1995; Abernethy and 

McManus, 1998) and, thus, regarded as sensitive 

indicators of the ability of a genotype to adapt stressful 

conditions (Ismail et al., 1994; Saliendra et al., 1995; 

Tausend et al., 2000a; 2000b). Because of their role in 

osmotic adjustment, the accumulation of compatible 
inorganic ions, such as potassium, in plant tissues under 

water deficit condition has also been considered as one of 

the adaptive mechanisms in drought-tolerant genotypes 

(Volkmar and Woodbury, 1995; Sanchez et al., 1998; 

Pugnaire et al., 1999).  

In line with this, Yacob et al. (1996) and Kassahun et 

al. (2008) have reported the existence of a large genetic 

diversity in Arabica coffee for yield potential, disease 

resistance and adaptation to different growth conditions in 

its center of origin, Ethiopia. Besides, differences among 

the indigenous coffee materials for morphological, 

physiological and biochemical traits have also been 
reported by several authors (Yacob et al., 1996; Tesfaye, 

2005; Tesfaye and Ismail, 2008; Eyerus, 2017). However, 

the existing variability among the coffee genotypes has 

not been well studied and documented with regard to 

those traits associated with drought tolerance, nor 

exploited to cope with the recurrent drought, which is 

becoming increasingly serious in most coffee growing 

areas of the country. The major objective of this study 

was, therefore, to identify drought tolerant Arabica coffee 

cultivars based on some physiological responses to soil 

drying and determine the mechanisms of tolerance in the 
crop for further use in selection and breeding programs for 

drought prone coffee growing areas in the country. 

 

MATERIALS AND METHODS 

 

The experiment was carried out in a rain shelter at 

Jima Agricultural Research Center (JARC), Ethiopia, to 

identify Arabica coffee (Coffea arabica L.) genotypes 

with some physiological characters related to mechanism 

of tolerance to drought.  

 

Plant materials 

In a previous preliminary observation with visual 

assessment and stress scoring for sensitivity of Arabica 

coffee cultivars to soil drying, 24 genotypes have been 

tested and grouped into three categories (sensitive, 

moderately sensitive and relatively tolerant) (Tesfaye, 

2005). As a continuation of the previous study, this 

experiment was conducted on 12 genotypes (741; 7487; 

74110; 74112; 74158; 75227; Geisha; F-59; 741 x F-59; 

74110 x F-59; J-21 and 8/85), which were selected from 

the three categories.  

Seedlings of the 12 genotypes were raised in standard 

polyethylene pots with two liter capacity. As 

recommended for coffee nursery seedbeds (Tesfaye et al., 

2006), the pots were filled with a well dried and sieved 

fine top soil from the upper 10 cm depth of a forest floor. 

Then, coffee seeds were sown and the potted seed beds 

were mulched and frequently watered right after sowing 
until seedling emergence. After emergence, the seedlings 

were maintained with standard nursery management 

practices (under partial shade with frequent watering) as 

per the recommendation (Tesfaye et al., 2006) until they 

produced ten pairs of true leaves. Then, they were 

evaluated and those with uniform growth performance and 

healthy appearance were selected, transferred to a rain 

shelter and maintained with a uniform management for a 

month and, thereafter, subjected to water stress treatments 

at an age of 14 months. The selected 12 genotypes involve 

cultivars widely grown in the country and those promising 
types. 

 

Treatments and plot arrangement 

The seedlings were subjected to two watering 

regimes (water-stressed by withholding irrigation and 

well-watered control). The treatments were applied for 15 

days and the stressed plots were rewatered when sever 

wilting symptom was observed in most genotypes. 

Variations among the genotypes for some physiological 

mechanisms involved in water stress tolerance were 

evaluated during the 15 days stress period and for nine 

days after frequent rewatering. A randomized complete 
block design with three replications was used to lay down 

the plots. Each replication consisted of 24 plots (12 

genotypes by two watering regimes), with 16 seedlings 

per plot. The spacing between replications, plots and 

seedlings (pots) were 1.00 m, 0.50 m and 0.10 m, 

respectively. 

 

Data collection 

Leaf relative water content  

Relative water content (RWC) of leaves, which is an 

estimate of leaf water potential (LWP) (Sanchez et al., 
1998), was measured using fully expanded leaves sampled 

from the third or fourth node from the apex of the main 

stem or younger plageotropic branches. After measuring 

the fresh weight (right after abscission), the leaves were 

allowed to float on distilled water in a dark at 40C for 24hr 

to determine their turgid weights. Then, the leaves were 

oven-dried at 800C to a constant weight. Finally, leaf 

RWC (%) was calculated as:  

 

RWC = (TW-FW/TW-DW) x 100.  

 

Where, TW was leaf turgid or saturated weight, FW was 
leaf fresh weight and DW was leaf dry weight (Sanchez et 

al., 1998). 

 

Stomatal conductance 

Stomatal conductance (gs) was measured using 

similar leaf samples as used for determination of RWC. It 

was determined with a diffusive porometer (AP-4, Delta T 
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Devices Ltd., Cambridge, UK) right before abscising the 

leaves to measure RWC at noon hours (between 11:00 and 

13:00). 

 

Leaf potassium, calcium and magnesium content 

Two plants were randomly selected from the central 

row of each plot for the determination of potassium (K), 

calcium (Ca) and magnesium (Mg) concentrations in the 

leaves at the end of the soil drying cycle. Leaves of the 

selected plants were harvested, carefully dried and ground 
using plant tissue sample mill. Then, one gram was taken 

from each sample and ignited in a muffle furnace at 550 
0C to form ash. After cooling, two ml of concentrated HCl 

and one ml of distilled water was added to wet the sample 

and, it was heated to dry. Then, 10 ml of 20% HNO3 was 

added and the sample was heated again in a water bath at 

1000C for one hour and filtered for the determination of 

K, Ca and Mg using atomic absorption spectrophotometer 

(Wilde et al., 1979). 

Leaf RWC and gs were measured every three days 

since the start of treatment application until the end of the 
experiment, while concentrations of K, Ca and Mg were 

measured at the end. Changes in leaf RWC, gs and 

concentration of K, Ca and Mg were calculated as percent 

differences between the well-watered and water-stressed 

plants for each cultivar. All the values measured in 

percentage were transformed using arcsine transformation 

procedure for statistical analysis.  

 

Statistical analysis 

All the measured plant parameters were analyzed 

using the statistical analysis system (SAS) statistical soft 

ware (SAS Institute Inc., Version 9.2) (SAS, 2009). Based 
on the analysis of variance (ANOVA), statistical 

significance of mean differences was determined by least 

significant difference (LSD) test at 0.01 and 0.05 

probability levels. Besides, graphs were plotted using 

Sigma Plot Scientific Graphic System (Jandel Scientific, 

version 1.02) software. 

 

RESULTS  

 

Leaf relative water content 

Leaf relative water content (RWC) significantly 
(P<0.01) decreased with time of water deficit stress and 

the rate of its decline substantially varied among the 

coffee cultivars (Figure 1). In general, leaf RWC 

progressively declined with period of soil drying, and the 

rate of decline was faster at the later than at the early 

stages of the stress. It was observed that water-stressed 

and well-watered plants of cultivar F-59, 74158, 75227, 

8/85, J-21, Geisha and 74112 had similar leaf RWC just 

three days after withholding irrigation, while the rate of its 

decline was relatively consistent throughout the stress 

period for 741, 7487, 74110 and 741xF-59. Leaf RWC 

decreased to less than 50% in 741xF-59, J-21 and Geisha 
just 12 days after withholding water. These cultivars also 

showed higher rate of reduction (64 - 69%) in leaf RWC 

at the end (15 days) of the soil drying cycle (Table 1). 

Nevertheless, the highest rate of decline was recorded for 

J-21, which also showed the lowest value (<30%) at the 

end of the stress period on day 15, while cultivar 74110, 

74110xF-59, 8/85 and 74112 exhibited lower rate of 

decline (42 - 52%) and had higher leaf RWC during the 

drought period (Figure 1) (Table 1). 

Besides, there was also a considerable difference 

among the cultivars for rate of recovery in leaf RWC after 

rewatering. Cultivar 7487, 741xF-59, 74110, 8/85 and 

74112 showed faster and complete recovery just six days 

after the commencement of rewatering, while leaf RWC 

of cultivar F-59, 75227, 741, 74158 and Geisha did not 

completely recover even nine days after frequent 
rewatering (Table 1). On the other hand, the rate of 

increase in leaf RWC just three days after rewatering was 

relatively higher for cultivar 7487, 741 x F-59, 74110, 

8/85 and 74112, but it was consistently lower and gradual 

for F-59, 75227, 741, 74158 and Geisha until nine days 

after the commencement of rewatering (Figure 1). 

 

Stomatal conductance 

Stomatal conductance (gs) significantly (P<0.01) 

decreased with increasing time of soil drying. However, 

the rate of decline in gs was faster during the early than at 
the later stages of stress development. A sharp decline 

three days after withholding water and, then, a gradual 

decrease in gs until the 15th day was observed for cultivar 

F-59, 741xF-59, 741, 74110xF-59, 74112 and 74110, 

while cultivar 75227, 74158, 7487, J-21, Geisha and 8/85 

exhibited a relatively constant rate of decline in gs until 

nine to 12 days after withholding irrigation. On the other 

hand, cultivar 8/85 and 74112 exhibited the highest, but 

Geisha had the lowest gs under well-watered condition. In 

general, all the cultivars exhibited the lowest gs and 

stomata were nearly closed at the end of the soil drying 

period (15 days after withholding irrigation) (Figure 2). In 
line with this, the rate of reduction in gs of all the cultivars 

due to the soil drying treatment ranged between 91.43% 

and 96.77% with the lowest values for J-21 and 74110 and 

the highest for F-59, 75227, 74158 and 7487 (Table 1) 

Besides, the rate of recovery in gs also varied among 

the cultivars. It was observed that gs of 7487, 741xF-59, 

74110, 8/85, J-21 and 74112 nearly completely recovered 

(96 - 98%) to the control level just nine days after the 

commencement of rewatering, while the rate of recovery 

was slower (67-77%) in cultivar 75227, 741, F-59, 74158 

and Geisha (Figure 2) (Table 1).  
 

Leaf potassium, calcium and magnesium content 

The concentration of potassium (K), calcium (Ca) and 

magnesium (Mg) significantly (P<0.01) increased in 

leaves of water-stressed plants. Differences among the 

cultivars were also highly significant (P<0.01) for 

accumulation of the inorganic ions in response to the soil 

drying treatment. It was observed that cultivar 74110, 

8/85 and 74112, followed by J-21, 741xF-59, 74110xF-59 

and 7487, had higher, while F-59, 75227, 741, 74158 and 

Geisha accumulated lower K at the end of the drought 

period. The concentrations of Ca and Mg were higher in 
the leaves of stressed 74110, 8/85 and 74112 plants. 

Cultivar 7487 also showed higher level of leaf Ca and Mg. 

Similarly, the level of Ca was higher for cultivar 

74110xF-59 under water stress condition. However, the 

accumulation of both Ca and Mg was lower in F-59, 

74158 and Geisha (Figure 3).  
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Fig. 1: Leaf relative water content (RWC) of Arabica coffee cultivars as affected by soil drying and rewatering (open symbols 
represent water-stressed and closed symbols well-watered plants). Bars indicate standard errors of means of each three replications. 

 
The rate of increase in the concentration of leaf K in 

water-stressed plants over the well-watered counter parts 

was significantly higher for cultivar 8/85 and 74110, 
followed by 74112 and 7487, but it was lower for F-59, 

75227 and 741. Cultivars 8/85, followed by 74112, 7487 

and 74110, also showed higher rate of increment in leaf Ca 

due to water deficit stress, while the value of leaf Mg was 

significantly higher for 74110, followed by J-21 (Table 2). 

 
DISCUSSION 

 

Leaf relative water content 

Leaf relative water content (RWC) significantly 

declined with prolonged period of soil drying, and the rate 

of decline also varied among the coffee cultivars. 

Variations among the cultivars for the rate of decline in 

leaf RWC on different days after withholding irrigation 

may explain genetic difference among them for the level 

of drought tolerance (Tesfaye, 2005). These results were 
also quite in agreement with the findings of Tesfaye and 

Ismail (2008) on Arabica coffee seedlings and Lima et al. 

(2002) and Tesfaye et al. (2013) on pot-grown plants of 

both drought-sensitive and tolerant Robusta coffee clones, 

where leaf water potential (LWP) has decreased to -3.0 

MPa six to 11 days after withholding irrigation. Similarly, 

it has been reported that leaf RWC significantly declined 

with a substantial decrease in soil moisture content as the 

duration of water stress progressed in rice and peanut 

(Adam and Barakbah, 1990), in evergreen sclerophyll 

species (Rhizopoulou et al., 1991), in durian plants 
(Ismail et al., 1994) and in potted Arabica (Tesfaye, 2005) 

and Robusta coffee seedlings (Tesfaye et al., 2013).  
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Fig. 2: Stomatal conductance (gs) of Arabica coffee cultivars as affected by soil drying and rewatering (open symbols represent water-

stressed and closed symbols well-watered plants). Bars indicate standard errors of means of each three replications. 

 

Considerable reduction in LWP due to partial root 
zone drying (PRD) has also been reported for grapevines 

(de Souza et al., 2003; dos Santos et al., 2003), pepper 

(Hawa, 2003; Dorji et al., 2005), common bean (Wakrim 

et al., 2005) and Arabica coffee (Tesfaye et al., 2008). On 

the other hand, leaf RWC of coffee cultivar F-59, 75227, 

J-21, Geisha, 74112, 74158 and 8/85 was similar to that of 

the control plants, but it decreased sharply in water-

stressed plants of 7487 and 741xF-59 three days after 

withholding water. Consistent with these results, the 

findings of Adam and Barakbah (1990) on banana, rice 

and peanut; Rhizopoulou et al. (1991) on four evergreen 
sclerophylls; Ismail et al. (1994) on two durian clones; 

Loewenstein and Pallardy (1998a; 1998b) on different 

temperate deciduous angiosperms, Tausend et al. (2000a; 

2000b) and Tesfaye (2005) on various Arabica coffee 

cultivars have shown that the rate of decline in LWP 

during water stress period greatly varies with species or 

genotype within species (whether drought-sensitive or 

tolerant). As will be discussed in the next section, 

differences among the coffee cultivars for the rate of 
decline in leaf RWC could also be associated with 

variations in other physiological responses to water stress, 

such as rate of reduction in stomatal conductance (gs) and 

accumulation of inorganic solutes due to osmotic 

adjustment.  

On the other hand, the rate of recovery in leaf RWC 

after rewatering also varied among the coffee cultivars. 

Leaf RWC of cultivar 7487, 741xF-59, 74110, 8/85 and 

74112 showed faster rate of recovery and was maintained 

at the control level just six days after the commencement 

of rewatering. Whereas, it did not show complete 
recovery even nine days after the relief from drought in 

cultivar F-59, 75227, 741, 74158 and Geisha. Genetic 

variations in the rate of recovery in LWP with increases in 

plant water status during a relief from drought have also 

been reported for different evergreen sclerophylls 

(Rhizopoulou et al., 1991), cultivars of Arabica coffee 

(Tesfaye, 2005) and Robusta coffee clones (Tesfaye et al., 

2013).   
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Table 1: Rate of decline and recovery in leaf relative water content and stomatal conductance at the end of soil drying cycle and after 
rewatering, respectively, of different Arabica coffee cultivars. 

Cultivar Leaf relative water content Stomatal conductance 

Decline (%) Recovery (%) Decline (%) Recovery (%) 

F-59 55.43 cde 86.96 d 96.67 a 73.33 b 
75227 58.51 bcd 87.23 d 96.77 a 74.19 b 
741 55.79 cde 88.42 cd 93.55 c 77.42 b 
7487 60.42 abcd 100.00 a 96.67 a 96.67 a 
74158 53.68 de 84.21 d 96.25 ab 68.75 b 
74110xF-59 51,58 def 93.68 bc 94.29 bc 92.31 a 
741xF-59 64.21 abc 97.89 ab 93.75 c 96.87 a 
J-21 68.75 a 95.83 ab 91.43 d 96.43 a 
Geisha 66.32 ab 83.16 d 93.33 cd 66.67 b 
74110 42.10 f 100.00 a 91.43 d 97.86 a 
8/85 48.42 ef 98.97 ab 94.00 bc 97.50 a 
74112 48.42 ef 98.96 ab 93.33 cd 94.44 a 

 Figures followed by same letters with in a column are not significantly different at P=0.05. 
 
Table 2: Concentration (Conc.) and rate of increment in inorganic ions in leaves of water-stressed plants of different Arabica coffee 
cultivars. 

 
Cultivar 

Potassium (K) Calcium (Ca) Magnesium (Mg) 

Conc. (g kg-1) Increase (%) Conc. (g kg-1) Increase (%) Conc. (g kg-1) Increase (%) 

F-59 36.50 c 9.31 h 12.00 b 6.67 f 2.90 d 6.90 f 
75227 37.00 c 9.19 h 13.10 ab 17.18 d 3.60 b 16.67 c 
741 37.50 c 8.00 h 12.50 b 13.60 de 3.50 bc 20.00 bc 
7487 41.50 bc 24.10 cd 16.00 a 25.00 b 3.90 ab 14.10 cde 
74158 37.00 c 11.35 gh 12.50 b 16.00 d 3.25 cd 6.15 f 
74110xF-59 42.65 abc 21.45 de 17.00 a 17.65 cd 3.61 b 9.97 ef 
741xF-59 42.20 abc 18.25 ef 13.70 ab 8.76 ef 3.68 b 14.40 cde 
J-21 44.00 ab 21.14 de 12.80 b 15.62 d 3.65 b 23.29 b 
Geisha 37.00 c 14.86 fg 12.50 b 8.00 ef 3.00 cd 10.00 def 
74110 48.60 a 30.45 ab 16.85 a 24.04 bc 4.20 a 34.52 a 
8/85 47.90 a 33.19 a 16.25 a 35.38 a 4.31 a 16.47 cd 
74112 47.60 a 27.52 bc 15.80 a 27.21 b 4.12 a 17.48 bc 

Figures followed by same letters with in a column are not significantly different at P = 0.05. 

 

Stomatal conductance 

Like in the case of leaf RWC, stomatal conductance 

(gs) considerably decreased as the intensity of water stress 

increased with time of soil drying and the rate of decline 

in gs on different days after withholding irrigation 

significantly varied with coffee cultivar. Similarly, the 

rate of recovery in gs after rewatering also substantially 

varied among the coffee cultivars, probably indicating 

genetic differences for sensitivity to water deficit stress 

(Tesfaye, 2005). In line with this, variations among three 

Arabica coffee cultivars and six Robusta coffee clones for 

the rate of decline in gs and LWP under drying soil 

condition have been reported by Tausend et al. (2000a; 

2000b) and Tesfaye et al. (2013), respectively.  

Consistent with the results of the present study, 

stomatal closure in response to soil drying has also been 

reported for banana, rice and peanut plants (Adam and 

Barakbah, 1990), durian clones (Ismail et al., 1994), 

maize (Kang et al., 1998), pepper (Awad, 2001), 

grapevines (Stoll et al., 2000; de Souza et al., 2003; dos 

Santos et al., 2003) and tomatoes (Davies et al., 2000; 

Hassan et al., 2003; Mingo et al., 2004). Such a reduction 

in gs appears to be the primary response and a common 

phenomenon during water stress, which is believed to be 

one of the most important desiccation avoidance 

mechanisms evolved in plants (Gaff and Loveys, 1992; 

Saliendra et al., 1995; Volkmar and Woodbury, 1995; 

Pugnaire et al., 1999; Carr, 2001). In most cases, the 

decline in turgor pressure and, thus, gs and rate of 

photosynthesis (PN) of plants subjected to a drying soil is 

attributed to decreases in plant water status, indicating 

stomatal regulation by hydraulic signals (Tardieu and 

Davies, 1993; Auge and Moore, 2002).  
As discussed earlier, such a relationship between 

stomatal aperture and LWP or leaf RWC during water 
stress period has been reported for banana, peanut and rice 
(Adam and Barakbah, 1990), evergreen sclerophyll 
species (Rhizopoulou et al., 1991), durian clones (Ismail 
et al., 1994), tomatoes (Ismail and Dalia, 1995), drought-
tolerant temperate deciduous angiosperms (Loewenstein 
and Pallardy, 1998a; 1998b), both Arabica (Tausend et 
al., 2000a; 2000b) and Robusta coffee genotypes (Lima et 
al., 2002; Tesfaye, 2005; Tesfaye et al., 2013), grapevines 
(de Souza et al., 2003; dos Santos et al., 2003) and 
common bean plants (Wakrim et al., 2005). In contrast, as 
observed for some of the coffee cultivars, such as 74158, 
it has been reported that gs was affected by soil drying 
without a significant reduction in leaf water status in apple 
(Gowing et al., 1990), common bean (Trejo and Davies, 
1991), soybean (Liu et al., 2003) and tomatoes (Davies et 
al., 2000; Hassan et al., 2003; Zegbe-Dominguez et al., 
2003; Mingo et al., 2004). As it has been observed in 
these and in some earlier split-root studies, where two 
halves of plant roots were alternately exposed to drying 
and wetting cycles (Davies and Zhang, 1991; Davies et 
al., 1994), such a stomatal response to water stress in 
advance of a measurable change in LWP could occur 
under normal water deficit conditions, especially during 
the early stages of stress development and in drought-
sensitive genotypes (Saliendra et al., 1995; Loewenstein 
and Pallardy, 1998a; 1998b).  
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Fig. 3: Concentration of (a) potassium (K), (b) calcium (Ca) and 
(c) magnesium (Mg) ions in leaves of different Arabica coffee 
cultivars grown under well-watered and water-stressed 
conditions. Bars represent standard errors of means of each three 

observations 

 

Under such a circumstance, stomatal closure has been 
attributed to chemical signals produced by the roots in a 

drying soil and transported in the xylem sap to the shoot 

of water-stressed plants to reduce gs and inhibit leaf 

growth and the rate of transpiration, improving plant 

water status (Davies and Zhang, 1991; Tardieu and 

Davies, 1992; Davies et al., 1994; Thompson et al., 1997; 

Bacon et al., 1998). In line with this, it has been reported 

that increases in root-sourced abscisic acid (ABA) 

concentration (Zhang and Davies, 1990; Tardieu et al., 

1991; Davies and Zhang, 1991; Davies et al., 1994; 

Naqvi, 1999; Stoll et al., 2000) and/or changes in pH of 
the xylem sap (Gollan et al., 1992; Thompson et al., 1997; 

Wilkinson and Davies, 1997; Bacon et al., 1998; Kirda et 

al., 2004) may be responsible for triggering stomatal 

closure in plants subjected to water stress. Such earlier 

findings might explain the observed variations among the 

coffee cultivars for the rate of decline in gs and leaf RWC 

in the present study, although relative changes in xylem 

sap ABA concentration or pH in the cultivars as a result of 

progressive soil drying and rewatering have not been 

measured in the course of the study. 

On the other hand, differences among the coffee 
cultivars for rate of recovery in gs after rewatering could 

be associated with variations in the rate of maintenance of 

plant water status (leaf RWC) and, thus, turgidity. 

However, leaf RWC recovered at a faster rate than did gs 

especially in cultivar 7487, 741xF-59, 74110, 8/85 and 

74112. In line with this, it has been reported that turgidity 

increases later than the increase in LWP with the offset of 

drought in some species and genotypes (Rhizopoulou et 

al., 1991; Volkmar and Woodbury, 1995). It is also 

possible that chemical signals, probably accumulated 

during the stress period, might be diluted in the 

transpiration stream by the increased plant water status at 

different rates, thus, bringing about variations among the 

coffee cultivars for rate of recovery in gs, while causing 
signal concentration to be too low to induce stomatal 

closure in those cultivars which exhibited complete 

recovery in gs six days after rewatering. Increases in the 

level of growth substances of gibberellins type by 

increased plant water status (Naqvi, 1999; Carr, 2001) 

might have also overcome the inhibitory effects of the 

high levels of ABA in water-stressed plants (Hartung et 

al., 1999) and, hence, might have improved gs during the 

rewatering phase, although the concentration of these 

substances has not been measured in the course of the 

present study.    
 

Leaf Potassium, calcium and magnesium content  

Water deficit stress significantly increased the 

concentration of potassium (K), calcium (Ca) and 

magnesium (Mg) in leaves of coffee plants. Differences 

among the cultivars were also highly significant for 

accumulation of the inorganic ions. In general, it was 

observed that cultivar 74110, 8/85 and 74112 had higher, 

while F-59, 75227, 741, 74158 and Geisha accumulated 

lower K, Ca and Mg at the end of the drought period. The 

concentrations of Ca and Mg were also higher in the 

leaves of water-stressed 7487 plants, while hybrid 
74110xF-59 had higher level of leaf Ca but relatively 

lower leaf Mg. In agreement with these results, 

accumulation of inorganic ions and other compatible 

solutes and their involvement in osmotic adjustment (OA) 

in water-stressed plants has been reported for a number of 

cases (Morgan, 1992; Volkmar and Woodbury, 1995; 

Sanchez et al., 1998; Joshi, 1999; Sinha, 2004). For 

instance, it has been reported that chloride, K, Ca and Mg 

were the most abundant osmolytes that accounted for the 

increase in total solute concentrations and maintenance of 

OA in leaves of water-stressed plants of two fruit tree 
species (Ziziphus mauritiana and peach, Prunus persica) 

(Arndt et al., 2000). Similarly, OA in water-stressed 

young grapevines has been attributed to the rapid increase 

in the concentration of inorganic ions, mainly Ca, nitrates, 

K, sodium, Mg and chlorine (Patakas et al., 2002). Alam 

(1999) has also reported that drought-tolerant wheat 

varieties accumulated more K than did the more 

susceptible varieties, and the relative amounts of K, Ca 

and Mg increased considerably more in maize and barley 

than in rye under water stress conditions.  

Furthermore, it has been reported that concentration 

of the well-known osmoticum K significantly increases in 
shoots of water-stressed plants (Munns, 2002) and, in 

addition to its role as an osmotic substance (Morgan, 

1992), an increase in the concentration of K may also 

increase gs (Premachandra et al., 1992; Volkmar and 

Woodbury, 1995, Sinha, 2004). In general, because of 

their role in OA in crops subjected to water deficit, the 

accumulation of osmotically active solutes, such as 
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proline (Rhizopoulou et al., 1991; Ismail et al.; 1994; 

Heuer, 1999 ), glicinebetaine (Abernethy and McManus, 

1998), sugars (Clifford et al., 1998) and inorganic ions 

(Morgan, 1992; Volkmar and Woodbury, 1995; Pugnaire 

et al., 1999; Arndt et al., 2000; Munns, 2002; Patakas et 

al., 2002), has been used as a single parameter to measure 

physiological dryness in plants and screen varieties for 

drought tolerance (Morgan, 1992; Volkmar and 

Woodbury, 1995; Sanchez et al., 1998). In line with this, 

Tesfaye et al. (2013) have also reported that proline 
accumulation was higher in leaves of drought tolerant 

Robusta coffee clones, which also showed lower rate of 

stress development (wilting) and senescence of leaves 

(leaf fall) and higher LWP, gs and PN during three weeks 

of soil drying. 

It is believed that OA is one of the most important 

drought avoidance or tolerance mechanisms in plants, 

allowing turgor maintenance and protoplast hydration at a 

significantly lower plant water status (Meinzer et al., 

1990; Maestri et al., 1995; Pugnaire et al., 1999). 

Furthermore, it has been reported that OA allows cell 
enlargement and plant growth (Eyerus, 2017), keeps 

stomata open (Premachandra et al., 1992), maintains 

productivity of plants (Heuer, 1999; Arndt et al., 2000) 

and reduces the rate of leaf senescence (stay-green trait) 

under water stress condition (Joshi, 1999). Hence, the 

observed differences among coffee cultivars in the present 

study might be associated with variations in turgor 

maintenance by osmoregulation, probably as a result of 

differences in K, Ca and Mg accumulation. With regard to 

this, in his previous preliminary study, Tesfaye (2005) has 

reported that leaf K and Mg concentration was highly 

negatively correlated with stress score values and 
cultivars, such as 74110, 8/85 and 74112, with higher 

concentration of these ions experienced lower rate of 

stress development (wilting) and higher rate of survival 

during the soil drying period. 

 

Conclusion 

In general, it was observed that there were significant 

differences among Arabica coffee cultivars for sensitivity 

to water deficit stress as evaluated by the rate of decline in 

leaf RWC and gs due to soil drying and recovery after 

rewatering. Accumulation of osmotically active inorganic 
solutes (K,Ca and Mg) in leaves of water-stressed plants 

also varied with cultivar. Therefore, with reference to 

some previous works on different crops, higher rates of 

increase in leaf K, Ca and Mg of water-stressed over well-

watered coffee plants of cultivar 7487, 74110, 8/85 and 

74112 could be regarded as some of the adaptive or 

tolerance physiological mechanisms, as these cultivars 

also showed nearly complete recovery in leaf RWC after 

six days and in gs after nine days of the commencement of 

rewatering. However, field observations on the response 

of the coffee cultivars to drought (under stressful 

conditions) may be required and, some morphological and 
biochemical mechanisms associated with drought 

tolerance should also be considered to come up with a 

more comprehensive conclusion.  
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