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Abstract
Plants regulate drought by using several morphological, physiological and biochemical mechanisms for control water loss and
enhance water uptake. It produce key protective and structural metabolites like sugars, amino acids, polyols, amides,
secondary metabolites under drought conditions. Drought tolerant coffee genotype has higher in biochemical composition: free
proline, total protein content, soluble sugars, epicuticular wax, nitrate reductase activity and glycine-betaine. Hence,
accumulations of these biochemicals are considered as adaptive mechanisms in drought-tolerant coffee genotypes. In general,
future research direction should be focused on biochemical tolerance mechanisms of coffee to drought.
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1. Introduction
Water stress is an abiotic stress and it is primarily caused by
water deficit, i.e. drought. It is one of the largest limitations
of agricultural production worldwide (Endres et al., 2010)
[8]
. Drought is a situation that lowers plant water potential
and turgor to the extent that plants face difficulties for
physiological functions. It affects plant water relations,
stomatal closure, limits gaseous exchange, reduces
transpiration and photosynthesis, mineral nutrition and
metabolism. It is one of main factor limiting coffee
productivity (DaMatta and Ramalho, 2006) [7].
Plants tolerate to abiotic stresses is very complex, because
various morphological, physiological and biochemical
mechanisms are involved (Razmjoo et al., 2008) [25]. Plants
survive drought condition by doing a self-balance between
maintaining turgor and reduction of water loss. It develops
adaptation to stress by morphological, physiological and
biochemical tolerance mechanisms (Pinheiro et al., 2004;
Castro et al., 2007) [23, 5]. Plants develop mechanisms to
tolerant abiotic stress by osmotic adjustment. It is a
mechanism to maintain water relations under osmotic stress
and high osmotic adjustments occur in the drought tolerant
cultivars through accumulation of compatible solutes
(Farooq et al., 2009) [9]. Plants are protecting themselves
from the stress by accumulating a variety of small organic
metabolites called compatible solutes. Compatible solutes
are small molecules that are soluble in water and its primary
function is prevent water loss to maintain cell turgor and
gradient for water uptake into the cell, osmo-regulation
function and protecting of enzymes (Bohnert et al., 1995;
Papageorgiou and Murata, 1995) [4, 21].
Drought tolerant genotypes of coffee have higher in
biochemical compositions: free proline, total protein content
and epicuticular wax (Heuer, 1999; D’ Souza et al., 2009;
Tesfaye et al., 2014; Somashekhargouda et al., 2019) [13, 8, 36,
34]
; soluble sugars (Khalid, 2006) [15]; nitrate reductase
activity and glycine-betaine (Sakamoto and Murat, 2002;

Ashraf and Haris, 2004; Praxedes et al., 2006; Giri, 2011) [3,
24, 11]
. Accumulation of compatible solute in plants is
important to osmoprotectants under drought conditions. In
fact, in Ethiopia there is genetic variability among Arabica
coffee, but there is research limitation on biochemical traits
related with drought. A better understanding of biochemical
variability among Arabica coffee is important for further
Arabica coffee breeding programs for drought. In general,
higher accumulation of biochemical components were
reported under drought tolerant coffee genotypes. Therefore,
the objective of this review is to review the role of biochemicals on coffee for drought.
1.1 Proline
Proline is compatible osmolyte and proteinogenic amino
acid. It plays important role on protecting sub-cellular
structures, macromolecules and osmotic adjustment (Kishor
et al., 2005; Haudecoeur et al., 2009; Wubishet, 2019) [16, 12,
38]
. In addition to this, it protect protein integrity, enhance
the activities of different enzymes, protection of nitrate
reductase during heavy metal and osmotic stress, regulate
development and metabolic signaling networks controlling
mitochondrial functions (Mishra and Dubey, 2006;
Szabados and Savoure, 2010) [19, 35].
It is reported in oxidative stress, drought, high salinity, high
light, UV irradiation and heavy metals conditions. In water
deficit, higher proline on coffee leaves and root were
observed because of signiﬁcantly increases the amount of
bound of water capacity (Fig. 1a and b), respectively
(Santos and Mazzafera, 2012) [29]. Similar reports on four
Arabica coffee cultivars, from these Dawairi and Tessawi
are better stresses tolerant due to highest levels of proline in
their leaves (Fig. 3b) (Tounekti et al., 2018) [37]. In line with
this report, drought tolerant clone of Canephora coffee was
higher proline accumulation on leaves when compared with
susceptible cultivars (Silva et al., 2010) [32].
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Fig 1: Proline contents in leaves (a) and roots (b) of stressed and control coffee plants. Bars indicate standard errors of the means. Source:
Santos and Mazzaferab (2012) [29].

Robusta coffee clones were subjected to two treatments:
well-watered control and drought-stressed. Clones IC-6 and
IC-3 are drought tolerant than other clones due to higher
proline accumulation and leaf proline concentration
substantially increased with time of exposure of the plants to
soil drying (Table 1) (Tesfaye et al., 2014) [36]. Similar
finding reported that, higher accumulation of proline was
observed under higher light and low water (Fig. 2) (Paulo et
al., 2012). In addition to this, proline content signiﬁcantly
increased at water stress conditions in graft combinations as
well as in scion seedlings (Somashekhargouda et al., 2019)
[34]
. Similar report on alternate drip irrigation and fixed drip
irrigation were 69.6% and 204.6% higher proline content
than conventional drip irrigation, respectively (Table 2) (Liu
et al., 2016) [17].

Source: Paulo et al. (2012).
Fig 2: Chemical composition of leaf proline in coffee plants
subjected to varied light and water conditions. Data are expressed
in g kg-1 DM.
Table 1: Leaf water potential (LWP), leaf proline concentration
(LPC), stress score values (SSV) and proportion of plants showing
complete wilting symptoms (PPCWS) on day 12 of soil drying.
LPC (µmolg-1
Fresh weight)
IC-2
-3.2
10.0
IC-3
-3.2
12.2
IC-4
-3.4
9.4
IC-6
-3.3
13.3
IC-8
-3.3
9.0
R-4
-3.2
9.5
Source: Tesfaye et al. (2014) [36]
Clone

LWP (MPa)

SSV (1-5
scale)
3.10
2.50
3.33
2.33
3.33
3.40

PPCWS
96.80
86.80
96.80
86.80
96.80
96.80

1.2. Total Soluble Sugar and Protein
Soluble sugars (sucrose, glucose and fructose) play an

important role in maintaining leaf water content, osmotic
adjustment, overall structure and growth of plants under
drought stress conditions (Rosa et al., 2009) [27]. Previous
report on Arabica coffee cultivars showed that, total soluble
sugar content was higher in Dawairi and Tessawi cultivars
compared with others (Fig. 3a) (Tounekti et al., 2018) [37].
Similar report on alternate, fixed and conventional drip
irrigation for leaf total soluble sugar content; the result
revealed that in fixed drip irrigation with NSAP treatment
were higher than other treatments (Table 2) (Liu et al.,
2016) [17]. Hence, it improves water use efficiency due to
accumulation of osmotic substances, so as to prevent
dehydration of cells and tissues (Akcay, 2010) [2]. Similar
report in agreement of this result was reported on other crop
like wheat (Nazaarli and Faraji, 2011) [20].
Total soluble protein (TSP) increased signiﬁcantly at water
stress conditions; in addition to this TSP was varied
signiﬁcantly between scion seedlings and graft
combinations (Somashekhargouda et al., 2019) [34]. Higher
accumulation of protein content was reported on drought
tolerant coffee genotype at water stress condition (Divya,
2008; D’ Souza et al., 2009) [30]. Similar kind of changes in
soluble protein content was reported on Sorghum due to
stress (Aher and Nair, 2003).
Table 2: Effect of drip irrigation method and super absorbent
polymer on proline and soluble sugar on young Arabica Coffee.
Drip
Superabsorbent Leaf water Proline
Soluble
irrigation
polymers level content (%)
(igg-1)
sugar (%)
method
SAP
75.72±1.14a 9.46±1.58b 1.54±0.23a
ADI
NSAP
71.38±0.91ab 18.30±2.82b 3.35±0.73ab
SAP
72.86±1.27ab 17.33±0.95b 2.33±0.14bc
FDI
NSAP
67.68±0.84b 32.53±2.53a 4.53±0.15a
SAP
75.75±3.35a 6.17±0.01b 1.18±0.02c
CDI
NSAP
75.95±2.40a 10.20±0.90b 1.42±0.09c
ADI, FDI and CDI are represents alternate drip irrigation (alternate
watering on both sides of the pot at each watering), fixed drip
irrigation (fixed watering on one side of the pot at each watering)
and conventional drip irrigation (both sides of the irrigated
simultaneously at each watering). SAP and NSAP are represents
added superabsorbent polymers and no superabsorbent polymers,
respectively. The values are means ± standard errors (n=4).
Different letters in the same column indicate significant difference
(P<0.05). Source: Liu et al. (2016) [17].
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Source: Tounekti et al. (2018) [37].
Fig 3: Changes in the leaf total soluble sugars (TSS) (a) and proline contents (b) as a function of predawn leaf water potential ((Ψpd) in
Arabica coffee cultivars kholari, Tessawi, Tufahi amd Dawairi subjected to drought, Bars indicate errors of the means.

1.3 Epicuticular Wax
Epicuticular wax (ECW) is one of the parameter for
screening the cultivars for drought tolerance in coffee
(Saraswathy et al. 1996) [30]. In Fig. 4, ECW increased
signiﬁcantly in all the graft combinations as well as pure
line seedlings at water stress conditions. The research
findings was reported at water stress conditions higher
accumulation of ECW was observed on graft combinations
of Sln.9/S.795 and Sln.9/S.4202 due to positive inﬂuence of
Sln.9 rootstock on S.795 and S.4202 scion
(Somashekhargouda et al., 2019) [34]. Similarly, it is an
effective component of drought resistance in other crops
like sorghum (Adelina et al., 1977) [1].

Source: Somashekhargouda et al. (2019) [34].
Fig 4: Change in epicuticular wax content in different graft
combinations at different soil moisture regimes. BS, AS and AAS
represents before stress, after stress and after alleviation of stress,
respectively.

1.4. Nitrate Reductase Activity and Glycine betaine
Nitrate reductase activity (NAR) is important enzyme for
nitrogen assimilation and protein synthesis in plant cell. It is
vital for the metabolic and physiological status of plants and
used as a biomarker of plant stress (Sivakumar et al., 2017)
[33]
. It is considered as an indicative parameter for the
evaluation of the effect of water stress on coffee (Meguro
and Magalhães, 1983) [18]. At stress conditions all the graft
combinations maintained signiﬁcantly high NAR compared
to respective pure line scion seedlings due to drought
tolerance mechanism. Higher NRA was observed at before
stress and after the alleviation of stress at graft combinations
due to positive inﬂuence on NRA by scions indicating
usefulness of these rootstocks in inducing drought tolerance
and
better
nitrogen
assimilation
(Table
3)
(Somashekhargouda et al., 2019) [34].

Table 3: Change in nitrate reductase activity content of graft
combinations at different soil moisture regimes.
Seedlings/graft
combinations

Stress Condition

Nitrate reductase activity (µ moles hr-1
g-1 dry weight)
BS
AS
AAS
Mean
S.795
0.64
0.30
0.67
0.54
Sln.10
0.70
0.30
0.71
0.57
S.4202
0.72
0.32
0.64
0.56
Sln.11/Sln.10
0.98
0.35
0.96
0.76
Sln.5B/Sln.10
1.00
0.34
0.89
0.74
Sln.9/S.795
1.05
0.38
0.93
0.79
Sln.9/S.4202
0.62
0.35
0.60
0.52
Mean
0.82
0.33
0.77
0.64
SEm ±
5%
1%
Stress condition
0.023
0.064
0.086
Seedlings/graft
0.034
0.098
0.132
Interaction
0.060
0.170
NS
BS, AS and AAS are before stress, at stress and after alleviation of
stress, respectively. Source: Somashekhargouda et al. (2019) [34].

Several studies have indicated that under water stress, NAR
might be used to estimate the environmental adaptability of
different genotypes (Shaner and Boyer, 1976; Heuer et al.,
1979) [31, 14]. It is used as a suitable criterion for the
evaluation of the effect of water stress on the physiology of
coffee plants under in vivo activity. In Fig. 5, significant
difference on effect of water stress on the activity of NAR
was only observed between cultivars Catuai and Nacional,
the former being more tolerant to water deficits in relation
to nitrate reduction (Meguro and Magalhães, 1983) [18].
Glycine betaine (N, N, N -trimethyl glycine) is an
amphoteric compound and it stabilizes the structures and
activities of enzymes and protein complexes. It maintains
the integrity of membranes against the damaging effects of
several abiotic stresses. It plays an important role in the
responses of plant cells to a variety of stresses (Rhodes and
Hanson, 1993; Sakamoto and Murata, 2002) [21]. Physiology,
genetics, biophysics and biochemistry of plants strongly
suggests that glycine betaine (GB), is an amphoteric
quaternary amine and it plays an important role as a
compatible solute in plants under various types of
environmental stress (Farooq et al., 2008). Plant cells
accumulate compatible solutes such as glycine-betaine in
their cytosols in response to abiotic stresses (Giri, 2011) [11].
It also play an important role in the response of plant cells to
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Haris, 2004) [3].

Source: (Meguro and Magalhães, 1983) [18].
Fig 5: In vivo leaf nitrate reductase activity of Coffea arabica cultivars subjected to different water potentials.

Summary and Conclusion
Coffee is one of cash crop in Ethiopia. Its production is
affected by different factors; from this drought is major one.
Drought tolerance is a multigenic trait that involves many
complex mechanisms. Plants have tolerate to drought is very
complex, because various morphological, physiological and
biochemical mechanisms are involved. Knowledge of
morpho-physiological and biochemical responses to drought
is important for knowing plant resistance mechanisms.
Higher biochemical composition on drought tolerant coffee
genotypes has been reported in different country, but in
Ethiopia, there is research limitation on biochemical
mechanisms to drought tolerance. Therefore, further
research should be need on biochemical tolerance
mechanisms to drought.
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