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ABSTRACT 
 

Inadequate amount and erratic distribution of the seasonal rainfall brought about recurrent droughts in most coffee 

growing regions of Ethiopia.As a mitigation strategy, 24 Arabica coffee genotypes have previously been evaluated for 

drought tolerance based on visual assessment and grouped in to three categories, as sensitive, moderately sensitive and 

relatively tolerant. This experiment was, therefore, conducted to identify some morphological mechanisms associated 

with drought tolerance in 12 genotypes (F-59, 75227, Geisha, 7487, 74110xF-59, 741, J-21, 741xF-59, 74158, 74110, 
74112 and 8/85) selected from the three categories. It was carried out in randomized complete block design with three 

replications in a rain shelter at Jimma Agricultural Research Center, Ethiopia, using 14 months old plants of each 

genotype subjected to two watering treatments (well-watered control and soil drying by withholding irrigation) for 21 

days. Results of the experiment showed that mean leaf elongation (LER) rate, total leaf area (TLA), specific leaf area 

(SLA), root volume (RV) and total dry matter (TDM) yield and its partitioning among plant parts were significantly 

affected by soil drying and varied with cultivar. Some of the cultivars, such as Geisha, 74110 and 8/85 exhibited 

significantly higher rate of recovery from water deficit stress, probably because of higher root:shoot ratio and RV, 

maintenance of lower TLA and decreased SLA or increased leaf thickness in response to the soil drying treatment. 

Therefore, it was concluded that morphological parameters such as TLA, SLA, RV, root:shoot ratio and rate of 

recovery should be considered, in addition to visual assessment and stress scoring, during screening coffee genotypes 

for drought tolerance. 
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INTRODUCTION 

 

Seasonal droughts as a result of changes in the local 

weather and global climate are among the major threats of 

coffee production in Ethiopia. On the other hand, like with 

other crop plants (Kozlowski and Pallardy, 1997; Joshi, 

1999), it is believed that there are enormous variations 

among Arabica coffee genotypes for acquiring different 

morphological, physiological and biochemical 

mechanisms, which have probably been evolved to cope 

with and overcome the adverse effects of seasonal 
droughts (Maestriet al., 1995; Tesfaye and Ismail, 2008; 

Eyerus, 2017). Hence, such adaptive responses could be 

used as selection criteria during screening crop genotypes 

for drought tolerance. In line with this, it has been 

reported that decline in shoot growth and leaf area and an 

increase in leaf thickness and root:shoot ratio with soil 

moisture depletion are believed to be among the important 

morphological stress avoidance or tolerance mechanisms 

in crop plants (Volkmar and Woodbury, 1995; Abernethy 

and McManus, 1998; Sanchez et al., 1998). 

Although, it is believed that Arabica coffee plays a 

leading role in the national economy of Ethiopia, in most 

cases, its growth, yield potential and productivity are 

greatly affected by seasonal droughts (Barros et al., 1997; 

Carr, 2001; Tesfaye, 2005; Tesfaye et al., 2013). On the 

other hand, Kassahun et al. (2008) have reported the 

existence of a large diversity among the genotypes of 

Arabica coffee for yield potential, disease resistance and 
adaptation to different growth conditions, including 

drought 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 (Tesfaye, 2005; Tesfaye and Ismail, 2008; Eyerus, 

2017), though the existing variability has not been studied  
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and documented with regard to those traits associated with 

drought tolerance. The major objective of this study was, 

therefore, to determine differences among released 

Arabica coffee genotypes widely grown in Ethiopia for 

some morphological mechanisms of drought tolerance, in 

order to make use of the desirable characters in future 

breeding and selection programs for drought prone coffee 

growing areas of the country. 

 

MATERIALS AND METHODS 

 

Plant materials 

The experiment was carried out in a rain shelter at 

Jima Agricultural Research Center (JARC), Ethiopia, 

using 12 Arabica coffee genotypes (741; 7487; 74110; 

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

F-59; J-21 and 8/85) selected from three categories 

(sensitive, moderately sensitive and relatively tolerant to 

drought), which have been identified in a previous 

preliminary observation and visual assessment trial with 

24 genotypes (Tesfaye, 2005). Seedlings of the 12 
genotypes were raised from seeds sown in polyethylene 

pots with two liter capacity. The pots were filled with the 

recommended coffee nursery media (fine top soil from the 

upper 10 cm depth of a forest floor) and arranged on 

standard seedbeds. The seedlings were maintained with all 

pre- and post-emergence coffee nursery management 

practices 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 uniform 

management for a month and, thereafter, subjected to 
water stress treatments at an age of 14 months. The 

selected 12 genotypes involved released 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) for 21 days and, then, the stressed 

plots were rewatered when sever wilting symptom was 

observed in most genotypes. Variations among the 

genotypes for morphological mechanisms involved in 
water stress tolerance and rate of recovery were evaluated 

at the end of the stress period and two weeks after 

frequent rewatering, respectively. A randomized complete 

block design with three replications was used to lay down 

the experiment.. 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 1.00m, 0.50m and 0.10 m, 

respectively. 

 

Measurement of growth parameters 

Leaf growth 

Leaf elongation rate was measured at three-day-

intervals and mean values were taken for the whole stress 

period, while total green leaf area was determined at the 

end of the water stress cycle. Two seedlings were 

randomly selected from each plot and a pair of newly 

emerged leaves  (0.5–1.0 cm long) was identified at the 

tip of main stem of each sample plant. Then, the leaves 

were labeled and tagged for successive growth 

measurements. Leaf elongation rate (LER) was 

determined by measuring the length of leaves from the 

petiole insertion point along the leaf blade to the tip of a 

leaf using a standard ruler. Number of leaves produced or 

maintained by each sample plant was also counted at the 

end of the soil drying cycle to calculate mean total leaf 

area (TLA) per plant, which was estimated by measuring 

length and breadth of each leaf and multiplying by a 

constant value, as developed by Yacob et al. (1993) for 
different coffee canopy classes. Therefore, TLA of a plant 

was calculated as:  

 

TLA = L x B x K x N.  

 

Where, L is mean length and B is mean breadth of leaves, 

K is a constant factor for different coffee canopy classes, 

and N is total number of green leaves per plant.  

 

Root volume 

Sample plants, which were used to measure leaf 
growth parameters, were enclosed in paper bags 

immediately after harvesting to prevent dehydration, 

carefully washed and separated into shoot and root parts 

to determine root growth. Then, root volume (RV) was 

measured using displacement method (volume of water 

displaced by roots of a plant when the whole root system 

below the collar level was submerged in a one liter 

graduated cylinder filled with 600 ml tap water) (Tesfaye, 

2005). 

 

Total dry matter yield and partitioning 

Leaves, stems (including branches) and roots of the 
two sample plants from each plot were oven-dried at 800C 

to a constant weight to determine total dry matter (TDM) 

yield and its partitioning among the plant parts. The 

proportion of TDM accumulated in root and shoot parts of 

each sampled seedling was calculated from stem, leaf and 

root dry weights and expressed as root:shoot ratio (RSR). 

Specific leaf area (SLA), which is an estimate of leaf 

thickness, was calculated as mean leaf area divided by 

leaf dry weight per plant (Osman et al., 1989).  

Rate of reduction (%) in TLA, SLA, LER, RV and 

TDM yield and increases in RSR due to soil drying were 
calculated based on differences between well-watered and 

water-stressed plants of each cultivar for the respective 

parameters.  

 

Rate of recovery 

The plants in water-stressed plots were frequently 

rewatered after 21 days of soil drying and the rate of 

recovery was measured. Two weeks after the 

commencement of rewatering, number of plants 

producing new growths (flushes of buds and new leaves) 

was counted to estimate genotypic differences in rate of 

recovery from the soil drying treatment.  
 

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 
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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. Values measured in percentage 

were transformed using arcsine transformation for 

statistical analysis. 

 

RESULTS AND DISCUSSION 

 

Leaf growth 

Mean leaf elongation rate (LER) was significantly 

(P<0.01) affected by soil drying and varied among the 

coffee cultivars. In general, cultivar 74110xF-59, J-21 and 

74110 showed higher, but Geisha and 74112 had lower 

LER under both well-watered and water-stressed 

conditions. On the other hand, well-watered plants of 

741xF-59 and F-59 exhibited higher mean LER, which 

was considerably depressed by soil drying (Figure 1). The 

rate of reduction in LER was considerably higher for 

cultivar F-59 (67.74%), Geisha (65.52%) and hybrid 741 

x F-59 (65.71%), but it was lower for 74110, 74158 and J-
21 (35.48 - 44.44%) (Table 1). 

Total leaf area (TLA) was highly significantly (P < 

0.01) reduced as a result of soil drying. Considerably 

lower TLA was maintained by cultivar 74158, 74110xF-

59, 741xF-59, J-21, 8/85 and 74112 under well-watered 

condition and by F-59, 74158, 741xF-59 and Geisha 

under water stress condition (Figure 1). But, water-

stressed plants of cultivar 75227, 74110, 8/85 and 74112 

showed higher TLA than did the other stressed plots . On 

the other hand, the rate of reduction in TLA of water-

stressed plants was significantly lower (20.00%) for 

cultivar 74112, but it was higher in F-59, 7487, 741xF-59 
and Geisha (78.60 - 88.20%) (Table 1).  

Specific leaf area (SLA), which is an inverse of leaf 

thickness, significantly (P ≤ 0.01) decreased with soil 

drying. Among the cultivars, 7487, 741xF-59 and Geisha 

had lower, but 75227, 74158, 74110 x F-59 and 74112 

had relatively higher SLA under water stress condition 

(Figure 1). The rate of reduction in SLA due to soil drying 

was higher for cultivar 7487 and Geisha (28.10 - 33.54%), 

but lower for 75227, 74158, J-21 and 74112 (3.57 - 

9.52%) (Table 1). 

These results were quite in agreement with the 
findings of Tesfaye (2005) on different cultivars of 

Arabica coffee and Tesfaye et al. (2015) on Robusta 

coffee clones, indicating that severe water deficit stress 

significantly decreased leaf growth and leaf area duration 

and resulted in over 50% reduction of total leaf area of 

plants. The adverse effect of water stress on leaf 

enlargement, TLA and shoot growth has also been 

observed in tomatoes (Davies et al., 2000; Hassan et al., 

2003; Kirda et al., 2004; Zegbe et al., 2004), grapevines 

(Dry and Loveys, 1998; dos Santos et al., 2003), hot 

peppers (Dorji et al., 2005) and common beans (Wakrim 

et al., 2005). In the present study, maintenance of lower 

TLA in water-stressed plants of cultivars, such as Geisha, 
F-59 and J-21, could be due to lower LER or relatively 

higher rate of stress development and, thus, increased rate 

of leaf shed (Tesfaye, 2005). Reductions in TLA of water-

stressed plants could also be associated with both reduced 

growth (elongation or expansion) of individual leaves and 

increased rate of leaf senescence and abscission (Lima et 

al., 2002; Tesfaye, 2005; Eyerus, 2017), as a result of 

reduced plant water status or decline in leaf water 

potential (Ismail and Dalia, 1995; de Souza et al., 2003; 

dos Santos et al., 2003; Wakrim et al., 2005).  

Similarly, SLA of all the coffee cultivars decreased 
with soil drying, though it was much lower in cultivar 

7487 and Geisha, as well as in hybrid 741 x F-59. Such 

modifications in leaf growth (reduction in leaf area or leaf 

size and increase in leaf thickness or decrease in SLA) as 

a result of water stress are believed to be among the 

important mechanisms of plant adaptation to drought 

(Volkmar and Woodbury, 1995), reducing water losses 

through transpiration, maintaining a higher plant water 

status (more tissue hydration) and, thus, allowing the plant 

to extend its growth for a longer period under water 

deficit conditions (Pugnaire et al., 1999). Hence, in the 

present study, cultivar Geisha,7487, F-59 and hybrid 741 
x F-59 had higher rate of reduction in TLA, LER and SLA 

under water stress condition, probably because of reduced 

plant water status.  

On the other hand, some of the coffee cultivars, such 

as 74110, J-21 and 74110 x F-59, exhibited relatively 

higher LER, TLA and survival rate, despite probably 

considerable reduction in leaf water status under water 

stress condition. In line with this, it has also been 

observed that leaf growth of soybean plants (Liu et al., 

2003) and tomatoes (Mingo et al., 2004) was not affected 

by soil drying until leaf turgor was significantly reduced. 
As observed for some coffee cultivars in the present 

study, the ability of leaves to continue growth during 

drought might have been associated with maintenance of 

 
Table 1: Percent reductions in total leaf area (RTLA), specific leaf area (RSLA), leaf elongation rate (RLER) and root volume (RRV) 
and rate of recovery (RR) in water-stressed young plants of different Arabica coffee cultivars  

Cultivar  RTLA (%) RSLA (%) RLER (%) RRV (%) RR (%) 

F-59 81.50 ab 23.12 bc 67.74 a 59.72 a 71.10 bc 
75227 50.80 de  9.52 de 48.15 d 33.33 d 54.80 d 
741 68.20 c 16.89 cd 51.85 bc 36.11 cd 58.20 cd 
7487 78.60 b 33.54 a 50.00 cd 42.39 bc 65.00 c 
74158 74.80 bc  6.76 e 44.44 e 46.15 b 52.50 d 
74110xF-59 58.20 d 13.94 d 51.35 bc 51.72 ab 66.80 c 
741xF-59 81.60 ab 23.33 bc 65.71 a 45.62 b 76.30 ab 

J-21 57.50 de  3.85 e 43.75 e 30.00 de 66.80 c 
Geisha 88.20 a 28.10 ab 65.52 a 55.34 a 83.40 a 
74110 57.50 de 20.64 c 35.48 f 21.93 e 78.00 a 
8/85 50.60 e 18.67 cd 50.00 cd 31.03 d 80.20 a 
74112 20.00 f  3.57 e 54.17 b 10.38 f 70.20 bc 

Figures followed by same letters with in a column are not significantly different at P≤0.05.  
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Table 2: Percent reductions in leaf (RLDW), stem (RSDW) and root dry weights (RRDW) and total dry matter yield (RTDM) and rate 

of increase in root:shoot ratio (IRSR) of young plants of different Arabica coffee cultivars in water-stressed plots  

Cultivar  RLDW (%) RSDW (%) RRDW (%) RTDM (%) IRSR (%) 

F-59 76.09 b 42.00 cd 57.14 ab 58.00 b  10.84 de 
75227 48.94 ef 39.46 d 38.14 de 42.20 bc  4.05 f 
741 62.26 cd 43.33 bc 51.00 bc 52.10 bc 15.21 bc 
7487 64.18 cd 44.29 bc 38.85 de 49.50 bc 18.35 bc 
74158 65.91 c 33.33 ef 44.00 cd 48.60 bc 16.43 bc 

74110xF-59 49.50 ef 37.13 de 32.12 ef 39.40 d 20.34 b 
741xF-59 44.00 f 40.77 cd 42.00 cde 42.80 cd  7.81 ef 
J-21 52.22 de 30.59 f 35.15def 39.00 d 13.79 cd 
Geisha 86.35 a 53.37 a 65.00 a 68.82 a 17.18 bc 
74110 60.00 cd 47.27 b 26.12 f 45.00 c 29.40 a 
8/85 56.93 de 48.66 ab 38.81 de 48.80 bc 17.06 bc 
74112 31.50 g 31.91 f 11.83 g 25.56 e 16.18 bc 

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

 
turgor by osmotic adjustment (OA) at a significantly 

lower plant water status (Maestri et al., 1995; Pugnaire et 

al., 1999). Similarly, it has been reported that turgor 

potential in drought-tolerant genotypes does not begin to 

fall until leaf water potential reaches sometimes a wilting 

point (Volkmar and Woodbury, 1995), allowing plants to 

survive and maintain some growth and physiological 

processes as a result of osmoregulatory responses to water 

deficit (Heuer, 1999; Joshi, 1999). In agreement with this, 

it was observed in the present study that maintenance of 

TLA was positively correlated with the results of the 
previous preliminary assessment of concentration of 

osmotically active inorganic ions, particularly K and Mg 

in leaves of coffee plants (Tesfaye, 2005). 

Although F-59 and Geisha appeared to be relatively 

sensitive to soil drying treatment in the previous 

preliminary study (Tesfaye, 2005), reduction in SLA 

(increase in leaf thickness) of these cultivars in the present 

work could be regarded as one of the morphological 

adaptive responses, as SLA (Figure 1) was also negatively 

correlated with rate of recovery of coffee cultivars (Table 

1). In agreement with these results, it has been reported 

that adaptation to limited water supply was reflected by 
reduced SLA with a concomitant increase in leaf 

thickness in coffee (Tesfaye, 2005; Tesfaye and Ismail, 

2008).  

 

Root volume 

Root volume (RV) was significantly (P < 0.01) 

affected by soil drying. The difference between cultivars 

was also significant (P < 0.05) for RV. It was observed 

that cultivar 741, 74158, 74110 and 74112 under well-

watered condition and 74158 and 74110xF-59 in water-

stressed plots exhibited lower values, while water-stressed 
plants of cultivar 75227, 7487 and J-21 had considerably 

higher RV than did the other cultivars in the respective 

plots (Figure 1). Furthermore, water deficit stress 

significantly decreased RV of cultivar F-59, 74158, 74110 

x F-59, 741 x F-59 and Geisha (by 45.62 - 59.72%), while 

the rate of reduction in the other cultivars ranged between 

10.38% and 42.39% (Table 1). 

In agreement with these results, it has been reported 

that limited water supply decreased root length and 

volume in coffee seedlings (Tesfaye, 2005; Tesfaye et al., 

2015), though temporary water deficit may result in 
enhanced rate of root growth in some cases (Volkmar and 

Woodbury, 1995; Kang et al., 1998; 2000). Nevertheless, 

changes in LER, SLA and leaf water potential (LWP) (Liu 

et al., 2003) and maintenance of root extension growth 

(Kang et al., 1998; Sharp, 2002; Mingo et al., 2004) are 

considered sensitive indicators of the intensity of water 

stress in genotype evaluation program and, thus, good 

estimates of the ability of a genotype to survive under 

stress conditions (Abernethy and McManus, 1998).  

In contrast, Volkmar and Woodbury (1995) have 

suggested that under favorable soil conditions some 

drought-sensitive species can develop a deep root system 

that enable them to maintain a high leaf water potential 
during drought. This suggestion also agrees with the 

findings of the present study, where cultivar F-59, Geisha, 

75227, J-21 and 7487, which showed higher level of 

sensitivity in the previous preliminary visual assessment 

(Tesfaye, 2005), also exhibited both higher RV (Figure 1) 

and root dry weight (Figure 2) under well-watered 

condition. Nevertheless, adjustment of root development 

according to the availability of water in the soil profile 

and reduction in leaf area are believed to be important 

drought avoidance strategies in plants (Abernethy and 

McManus, 1998; Sharp, 2002; Liu et al., 2003).  

 
Dry matter yield and partitioning 

Total dry matter (TDM) yield and dry weights of 

leaves, stem and roots of young coffee plants were highly 

significantly (P < 0.01) reduced by water deficit stress. 

Differences between coffee cultivars were also significant 

for stem dry weight and TDM production. In general, 

cultivar 75227, 741, 7487 and 741xF-59 produced higher 

TDM yield, which was significantly lower for cultivar 

74158, 74110xF-59 and 8/85 under both well-watered and 

water-stressed conditions. Water-stressed plants of 

cultivar 74112, J-21 and 74110 had also higher TDM 
yield. On the other hand, TDM yield of cultivar Geisha 

and F-59 was significantly higher for well-watered plants, 

but substantially decreased under water stress condition 

(Figure 2).  

As far as dry matter partitioning among plant parts is 

concerned, cultivar Geisha, followed by F-59, J-21 and 

8/85, exhibited considerably higher root:shoot ratio under 

water stress condition. Well-watered plants of these 

cultivars had also higher root:shoot ratio. Despite the 

reduction in TDM yield, root:shoot ratio was generally 

higher for water-stressed than in well-watered plants 
(Figure 3), probably because of higher rate of reduction in 

dry weight of shoot parts than did the roots (Table 2 ). 
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Fig. 1: Mean leaf elongation rate (LER), total leaf area (LA), specific leaf area (SLA) and root volume of young plants of Arabica 
coffee cultivars under well-watered and water-stressed conditions. Bars represent standard errors of means of each three observations. 
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Fig. 2: Leaf, stem and root dry weights (DW) and total dry matter (TDM) yield of young plants of different Arabica 

coffee cultivars under well-watered and water-stressed conditions. Bars represent standard errors of means of each three 

observations. 
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Fig. 3: Root:shoot ratio of young plants of different Arabica 
coffee cultivars under well-watered and water-stressed 
conditions. Bars represent standard errors of means of each three 
observations. 

 

The rate of reduction in TDM yield was significantly 

(P<0.01) higher for cultivar Geisha (68.80%), followed by 

F-59 (58.00%), but it was considerably lower for 74112 

(25.60%), J-21 (39.00%) and 74110 x F-59 (39.40%). 
Decreases in leaf, stem and root dry weights due to water 

deficit stress also followed more or less the same trend as 

did TDM yield for all the cultivars. On the other hand, 

increases in root:shoot ratio of water-stressed plants were 

significantly higher for cultivar 74110 (29.40%) and 

hybrid 74110 x F-59 (20.34%), but considerably lower for 

cultivar 75227 (4.05%) and hybrid 741 x F-59 (7.81%) 

(Table 2).  

Similar results have been reported for maize and 

sunflower plants (Osman et al., 1989), where shoot dry 

matter yield was progressively enhanced with an increase 

in irrigation frequency or cumulative water supply. In 
addition to this, the findings of Mingo et al. (2004) and 

Zegbe et al. (2004) on tomatoes, and Wakrim et al. (2005) 

on common bean plants have indicated a significant 

reduction of shoot dry mass as a result of soil drying in a 

split-root system. As shoot dry matter constitutes an 

important component of TDM yield of a plant, the 

reduction in TDM production under water stress condition 

could be more attributed to reduced dry weights of the 

stem and leaves (Osman et al., 1989; Tesfaye, 2005; 

Tesfaye et al., 2013). In line with this, results of the 

present study showed that the decline in TDM yield of 
particularly cultivar F-59, 74158 and Geisha was 

associated with the reduction in leaf dry weight (LDW) 

due to maintenance of lower total leaf area and 

considerable decline in stem dry weight (SDW) as a result 

of soil drying. 

 In general, significant reductions in LDW, SDW, 

root dry weight (RDW) and, thus, TDM yield of cultivar 

Geisha and F-59 could partly be attributed to the higher 

rate of leaf shed (56 - 90%), as observed in the previous 

preliminary study (Tesfaye, 2005), which probably 

resulted in maintenance of lower TLA (Figure 1). 

Conversely, relatively lower rate of reduction in LDW, 
SDW, RDW and TDM yield of cultivar 74112, 74110 x 

F-59, 75227, 741 x F-59 and 74110 could probably be 

attributed to the lower rate of leaf shed, maintenance of 

higher TLA and, thus, higher rate of photosynthesis 

(Tesfaye, 2005).  

In the present study, LDW showed much more 

reduction (31 - 86%) as compared to SDW (32 - 53%) and 

RDW (12 - 65%) and, in some cultivars, such as 75227, 

7487, 74110 x F-59, 74110, 8/85 and 74112, the reduction 

in SDW was relatively higher than that of RDW. In line 

with this, it has been shown that soil drying considerably 

increased root biomass in maize (Kang et al., 1998) and 

tomato (Mingo et al., 2004), but did not affect biomass 

allocation to the roots of hot pepper (Dorjiet al., 2005). 

Nevertheless, the increase in root:shoot ratio of water-

stressed coffee plants in the present work may indicate 

that dry matter accumulation in the roots is less hampered 
by water stress than its partitioning to the shoot system (in 

the leaves and stem).  

On the other hand, there was variation among the 

coffee cultivars for changes in root:shoot ratio. It was 

observed that the rate of increase in root:shoot ratio due to 

water deficit stress was significantly higher for cultivar 

74110 (29%), followed by hybrid 74110 x F-59 (20%), 

cultivar 7487 (18%), 8/85 and Geisha (17%), but it was 

lower for cultivar 75227 (4%), 741 x F-59 (8%) and F-59 

(11%) (Table 2). In agreement with this result, it has been 

reported that biomass allocation to the roots is usually 

increased even when total plant biomass is decreased by 

water stress (Poorter and Nagel, 2000), and the increase in 

assimilate partitioning to roots with reductions in plant 

water potential under water stress condition is commonly 

associated with the greater sensitivity of the shoot part to 

water deficit that persists longer in the shoots than in the 

roots. Moreover, root growth may continue even after 

shoot growth is retarded or ceased, due to maintenance of 

photosynthesis activity and continuous translocation of 

assimilates or remobilization of the previously fixed 

assimilates to the roots (Tesfaye, 2005). It is also possible 

that roots may have a more effective osmotic adjustment 

than shoots under water stress conditions (Pugnaire et al., 

1999; Tesfaye et al., 2013; Eyerus, 2017).  

In general, root:shoot ratio is believed to be a 

common index of overall adaptation and productivity of 

genotypes under water deficit conditions. In line with this, 

it was observed in the present study that coffee cultivar 

Geisha and 8/85 had higher root:shoot ratio (figure 3) and 

exhibited significantly higher rate of recovery (Table 1) 

from the imposed soil drying treatment. Cultivar F-59, 

741 x F-59 and 74112 also showed both relatively higher 

root:shoot ratio and rate of recovery, although the 

relationship between these variables was not strong and 

significant (data not given). Furthermore, some of these 

cultivars had shown greater leaf retention capacity and 

lower rate of stress development (lower rate of leaf shed 

and higher rate of survival) than did the other cultivars 

during the soil drying period in the previous preliminary 

visual observation trial (Tesfaye, 2005). In line with this, 

the role of root and shoot growth and the corresponding 

root:shoot ratio in plant survival rate under drought 

condition has long been recognized (Volkmar and 

Woodbury, 1995; Kang et al., 1998; 2000). Furthermore, 

as it has been reported for water-stressed young plants of 

tomato (Ismail and Dalia, 1995), coffee (Tesfaye and 

Ismail, 2008; Eyerus, 2017) and hot pepper (Kang et al., 

2001), such increases in the root:shoot ratio with a more 

enhanced rate of dry matter accumulation in the roots 

have been regarded as one of the drought tolerance 

morphological mechanisms in crop genotypes.  
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Rate of recovery 

Among the coffee cultivars, Geisha, 74110 and 8/85 
showed significantly (P<0.05) higher rate of recovery 
(78.00 - 83.40%) in terms of production of new flushes or 
leaves. The rate of recovery two weeks after the 
commencement of rewatering was also higher for cultivar 
74112, F-59 and hybrid 741 x F-59 (70.20 - 76.30%), but 
it was substantially lower in cultivar 74158, 741 and 
75227 (52.50 - 58.20%) (Table 1). 

As it has been observed in some previous works of 
the same nature, higher rate of survival and recovery in 
Geisha, F-59, 74110, 8/85, 74112 and 741xF-59 might be 
associated with the enhanced rate of accumulation of 
inorganic ions or solutes, mainly K, Ca and Mg (Tesfaye, 
2005; Tesfaye and Ismail, 2008) and, thus, effective 
osmotic adjustment (OA) in the plants (Maestri et al.., 
1995; Pugnaire et al.., 1999; Eyerus, 2017). Similarly, 
increases in root:shoot ratio might have also contributed 
to the higher rate of recovery in F-59, Geisha, 8/85 and J-
21 by improving plant water status, delaying the rate of 
stress development (leaf senescence) and increasing 
survival rate under water stress conditions (Volkmar and 
Woodbury, 1995). Higher rate of recovery in cultivar 
7487, 741xF-59, J-21, 74110 and 8/85 could also be 
related to the considerable reduction in SLA, as there was 
a significant (P < 0.05) negative correlation between these 
variables (data not given), indicating that decline in SLA 
(an increase in leaf thickness) is one of the morphological 
adaptive responses of crop genotypes to limited water 
supply (Osman et al., 1989; Tesfaye, 2005; Tesfaye and 
Ismail, 2008). Similarly, higher rate of recovery in F-59 
and Geisha could be associated with maintenance of 
lower leaf area and reduced SLA, while greater leaf 
retention capacity and higher SLA in cultivar 75227 might 
have led to lower rate of survival during the drought 
period (Tesfaye, 2005) and reduced recovery after 
rewatering. In contrast, lower rate of survival during water 
stress period and, thus, lower recovery rate after 
rewatering in cultivar 741 and 74158 might probably be 
attributed to ineffective OA due to lower level of 
inorganic solutes accumulation, higher SLA and lower 
root:shoot ratio and root volume (Tesfaye, 2005; Tesfaye 
and Ismail, 2008). 
 
Conclusion 

In general, there were significant differences among 
the 12 Arabica coffee genotypes for their morphological 
responses to soil drying. Some of the cultivars, such as 
Geisha, F-59, 74110, 74112, J-21 and 8/85, consistently 
outsmarted the other coffee genotypes and exhibited 
higher rate of recovery and relatively lower level of 
sensitivity to drought. Nevertheless, higher rate of 
recovery in cultivar F-59 and Geisha could be attributed 
to maintenance of lower TLA and higher root:shoot ratio 
and reduction in SLA, while greater leaf retention 
capacity and higher SLA might have contributed to 
reduced recovery after rewatering in cultivar 75227. 
Similarly, lower rate of recovery in cultivar 741 and 
74158 might be attributed to the lower root:shoot ratio, 
higher SLA and lower root volume (RV). Therefore, it 
appears that morphological parameters, such as leaf 
retention capacity, RV, root:shoot ratio, SLA and rate of 
survival and recovery should be considered, in addition to 
visual assessment and stress scoring, during screening 

coffee genotypes for drought tolerance. Besides 
morphological responses, some physiological and 
biochemical parameters (accumulation of inorganic 
solutes and organic compounds that play key role in OA, 
leaf gas exchange or stomatal conductance, plant water 
relations etc.) should also be studied under both controlled 
and open field conditions to come up with a more 
comprehensive conclusion for further genotype selection 
and breeding programs for drought prone coffee growing 
areas in the country.  
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