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1. Introduction 

Drought stress has become an important factor in crop 

productivity and ultimately food security and 

nutrition due to climate change [1]. Drought stress 

causes low crop yields worldwide [2, 3] by severely 

affecting plant morphological, physiological, 

biochemical and molecular attributes that adversely 

impact their photosynthetic capacity [4]. Since crop 

growth and yields are negatively affected by sub- 

 
 

optimal water supply [1], development of drought 

tolerant crop varieties has become an important 

strategy to meet global food demands with less water 

[5], thus improving food security, nutrition and 

income levels, especially for people living in adverse 

or marginal environments [6]. Indeed, breeding stress 

tolerant staple crop varieties with higher yield under 

drought is a sustainable mitigation measure [7] that 
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can extend agriculture to low rainfall areas [8]. 

Among such crops include cassava, an important food 

security crop for millions of people in sub-Saharan 

Africa [9]. Cassava is a ‘miracle of the tropics’ forming 

a critical component of the approaches to alleviate 

poverty, hunger, and malnutrition and increase 

livelihood security [10]. Despite this significance, 

cassava production is affected by both biotic and 

abiotic stresses [11] such as weeds, arthropod pests 

and diseases [12, 13], extreme temperatures, salinity 

and drought stress [14, 7, 10]. However, the crop has 

a broad agroecological adaptability, is considered 

inherently drought tolerant and can produce 

adequately well under drought stress conditions [15, 

16].   

Cassava plants respond to drought stress through 

multiple mechanisms at morphological, physiological 

and molecular levels [17, 7]. The crop’s primary 

response to water stress is stomatal closure [18]. It 

rapidly and partially closes its stomata without 

changes in leaf water potential thus buffering the leaf 

against severe dehydration [19, 20]. Further, 

expansion of existing leaves, formation of new leaves 

and leaf area development are restricted or halted 

under drought [21, 22]. Although a substantial 

fraction of the leaves abscises reducing its canopy [23, 

24], some staygreen genotypes maintains longer leaf 

longevity or leaf retention with a given leaf area index, 

permitting extended photosynthesis for better yield 

performance under drought [23, 21, 7]. The plant also 

halts formation of biomass, plant heights and stem 

diameter or girth under drought [25-28]. Below 

ground, production and growth of cassava’s fibrous 

root systems of adventitious and lateral roots are 

suppressed by deficient soil moisture [29, 30]. 

However, the sparse fine roots are capable of 

penetrating into deeper and wetter soil enhancing the 

crop’s access to deep soil water [20, 21]. Cassava 

plants that bulk early, of medium or short-stems, with 

extensive fine roots or deep rooting capacities, should 

be generated for semi-arid conditions [31]. Okogbenin 

et al. [32] recommended breeding for growth vigor 

under early drought stress.   

Cassava’s morphological responses to drought stress 

as reviewed above, depend on the duration and 

severity of water deficit, stage of development and the 

genotype or cultivar [33-35]. Some genotypes exhibit 

better adaptability through morphology that allows 

them to grow and yield more under drought stress 

compared to drought-susceptible counterparts. For 

instance, drought tolerant cassava genotypes that 

expressed higher morphology under drought stress 

[28] could be considered for improved productivity. 

Therefore, the present study compared variations in 

morpho-physiological descriptors for several 

droughts tolerant and drought susceptible cassava 

genotypes subjected to water deficit treatment under 

controlled or greenhouse conditions. Such rapid or 

short-term experiments that generate morpho-

physiological differences between cassava genotypes 

and associated descriptors could aid quicker selection 

of drought tolerant candidates for improved 

productivity especially with the current global 

climatic changes.  
 

2. Materials and methods 

2.1 Germplasm establishment   

Cassava germplasms used in this study were among 

several candidates that were previously evaluated for 

drought stress tolerance under field conditions in 

Kenya by Orek [6] and Orek et al. [7]. Morphological 

descriptors used to analyze differences between the 

genotypes under field conditions were measured as 

described by Fukuda et al. [36]. Out of 37 cassava 

genotypes [7], five tolerant (M98/0068, 94/0039, 

95/0306, 98/0002 & I92/0067) and three susceptible 

(92/0427, TME-419 & I96/1439) candidates were 

selected for further morpho-physiological assessment 

under controlled and greenhouse conditions. To 

minimize growth variations often associated with 

direct propagation of different parts of the parental 

stem [37, 38], in vitro plantlets were generated from 

stakes or cuttings of these genotypes using cassava 

basic media as described by Bull et al. [39]. The 

plantlets were then transferred to 4-litre potted soil for 

hardening and establishment under controlled 

conditions, i.e. 26oC/17oC (day/night) temperatures; 

60/50% (day/night) relative humidity, 14 hours of 

light at 35 K-lux intensity and average air ventilation 

rate of 84.7% [7]. The soil texture was 40% sand, 35% 

clay and 25% silt (RICOTER Erdaufbereitung AG, 

Aarberg, Switzerland). These conditions had been 

tested and optimized for uniform cassava plant 

growth and development under greenhouse  
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conditions [7]. 
 

2.2 Experimental design   

The greenhouse experiment was conducted at the 

ETH-Zurich research station located in Lindau-

Eschikon, 20 km North-East of Zurich, Switzerland on 

latitude 47°26'N, longitude, 8°40'E and altitude of 540 

m above sea level [40]. Four biological replicates of the 

60-day old plants per genotype and treatments were 

arranged in a complete randomized design (CRD), 

with the induction of the three treatments modified 

from a procedure described by Vandegeer et al. [38] 

and Alves and Setter [41]. The treatments were water 

deficit (WD) followed by re-watering (WDR) and 

well-watered (WW) or positive control. Withholding 

total irrigation was used to attain WD, while WW 

plants were maintained at ~ 100% pot soil moisture 

content or pot capacity (PC) as described by Alves and 

Setter [41]. At 70 days after planting (DAP), WDR 

plants were first subjected to 10 days of WD then re-

irrigated and maintained at ~ 100% PC for five days, 

after which the WDR treatment was terminated. For 

WD plants, the WD treatments were stopped once 

contrasting leaf retention or abscission and wilting 

response amongst genotypes was observed under the 

WD treatment. This was approximately after 3 weeks 

of WD or 80 - 85 DAP. Control plants were 

continuously maintained under WW treatment.    
 

2.3 Data collection and analysis  

Genotypic variations for WD tolerance under 

controlled conditions were assessed through 

measurement and analysis of morpho-physiological 

parameters such as total number of leaves (TL), leaf 

retention (LR), plant heights (PH), shoot fresh weight 

(SFW), shoot dry weight (SDW), shoot water contents 

(SWC) and stomatal conductance (Gs). Using SC-1 

Leaf Porometer (Decagon Devices Inc., Pullman, WA), 

Gs was quantified from three young fully expanded 

leaves previously tagged from four randomly selected 

plants per treatment.  At the terminal stage of 

experiments, total leaf scars were tallied to determine 

LR, PH was measured from soil level to the peak of 

the plant canopy using a meter rule [15, 36], whole 

plant shoots were weighed as SFW and SDW were 

determined after oven drying the shoots at 85oC for 48 

hours [42, 43]. The weight differences between SFW 

and SDW were used to compute SWC, which was 

then expressed in grams of water per gram dry weight 

of plant (g/gDW plant-1) [44]. Variations amongst 

genotypes and between treatments for all these traits 

were tested by subjecting all collected data to analysis 

of variances (ANOVA) using SigmaPlot analysis 

software version 12.2, San Jose, CA. Differences 

between groups of means were separated by Fischer’s 

LSD (=0.05) procedure. 
 

3. Results and discussion 

3.1 Field-based drought stress response   

Both drought tolerant and drought susceptible 

cassava genotypes used in this study, were selected 

from multi-locational and multi-seasonal drought 

stress experiments under field conditions in Kenya. 

The key field data that was used to classify these 

genotypes into either drought tolerant or drought 

susceptible candidates included field-based leaf 

retention or staygreen trait, number of storage roots 

and yield/weight of fresh storage roots. These were 

analyzed by Orek [6] and Orek et al. [7]. The figures 

(Figs. 1 and 2) show the characteristic response of 

these cassava genotypes to non-irrigation or drought 

stress treatment and irrigated treatment (positive 

control) under field conditions. 

Like any other plant, cassava respond to moisture 

scarcity through leaf wilting and abscission or 

shedding off leaves. In this study, leaf drying, wilting 

and abscission were observed during field-based 

drought stress trials (Fig. 1a and Fig. 1b).  

 

 
 

Similarly, Yan et al. [45] reported that drought stress 

triggers drying and wilting of cassava leaves with a 

consequent decrease in relative water content of the 

leaf. Although, cassava escapes drought stress 
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through leaf abscission [46], excessive leaf fall reduces 

the photosynthetic capacity of the crop leading to 

reduced yield. Due to this, cassava varieties with short 

leaf life spans that result in low root yield under 

drought stress are classified as drought susceptible, 

while genotypes with longer leaf longevity that 

sustain higher storage root yield are considered 

drought tolerant. This characteristic has been 

respectively categorized as non-staygreen (Fig. 2a and 

Fig. 2b) conferring drought susceptibility and 

staygreen (Fig. 1c and Fig. 2c) that confers tolerance to 

drought stress. 

 

 

 
 

Staygreen cassava retain their leaves longer during 

drought conditions, maintaining photosynthesis and 

reducing yield loss [47]. Such genotypes can produce 

more biomass and have higher root dry matter 

compared to their non-staygreen counterparts [7, 23, 

47]. Indeed, increased leaf longevity has been 

associated with increased cassava production [48]. 

Belowground carbon fixation by cassava is allocated 

for the growth and development of its fibrous roots 

for nutrient and water uptake, which later thickens 

than a given diameter and develops into storage roots 

with high starch content [49]. Despite cassava’s 

inherent tolerance to drought stress, it’s storage root 

yield is easily threatened by water stress [50]. This was 

clearly shown in this study by the morphological 

differences between fibrous and storage roots under 

the two different treatments. For instance, relatively 

longer fibrous roots with early bulking response and 

more storage root numbers were recorded under 

irrigation (Fig. 3a and Fig. 4a), compared to non-

irrigated treatments or drought stress, which 

produced few and shorter fibrous roots and lesser 

storage root numbers of smaller sizes (Fig. 3b and Fig. 

4b).  

 

 
 
 

 
 

Similarly, Duque and Setter [19] observed reduced 

growth of fibrous roots in cassava plants under water 

stress. Cassava’s fibrous roots can grow as long as 2 

meters below ground, allowing access to deep water 

layers, enabling the crop to escape or evade water 

stress [13, 51]. A large genotypic difference for fibrous 

root weight and root length observed between 2 – 5 

weeks after planting under water deficit, enabled the 

adoption of early root growth as a selection criterion 

for adaptation to drought stress [15]. Underwater 

scarcity, storage root growth, development and 

bulking suffer amongst susceptible genotypes (Fig. 4b) 

while superior or tolerant genotypes (Fig. 4c) sustain 
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storage root growth and bulking.  

 

 
 

Figure 4c. Storage root yield under non-irrigated 

treatment (drought tolerant). 
 

3.2 Morphological response to water deficit under 

greenhouse  

All morphological traits: total leaves (TL), leaf 

retention (LR), plant height (PH), shoot fresh weight 

(SFW), shoot dry weight (SDW) and shoot water 

contents (SWC) significantly differed (P≤0.001) 

amongst genotypes and between treatments 

(Supplementary Table S1). The genotype*treatment 

(G*T) interactions for all the parameters were 

insignificant (P>0.05) except LR which exhibited 

significant (P≤0.011) differences (Supplementary. Table 

S1). Higher performance for all traits was observed in 

WW than in WD treatment (Table 1). Relative to WW, 

WD treatment reduced TL formed by 20.43% and LR 

by 67.31%, shortened PH by 25.93%, lessened SFW 

and SDW by 62.15 and 41.26% respectively and 

lowered SWC by 48.72% (Table 1). These results 

indicated the negative effects of moisture deficiency 

on cassava morphology under greenhouse conditions.  

 Under WD, TME-419 maintained the least TL, 

98/0002 & 94/0039 expressed higher LR and 92/0427 

showed the least LR compared to other genotypes and 

higher and shorter PH were respectively measured 

from M98/0068 and I92/0067 (Table 2). Additionally, 

relatively higher SFW was weighed from all tolerant 

genotypes compared to susceptible ones, three 

tolerant (95/0306, M98/0068 & 94/0039) genotypes and 

one susceptible 92/0427 expressed relatively higher 

SDW compared to lower SDW weighed from tolerant 

I92/0067 and 98/0002 and susceptible I96/1439 and 

TME-419 and the SWC of tolerant 98/0002 was 

significantly higher than all other genotypes (Table 2).   
 

Under control or WW treatment, significantly higher 

TL was counted from M98/0068 and I96/1439 and 

lower TL was noted in 98/0002 and TME-419 (Table 3). 

Percent LR did not significantly differ between most 

genotypes and M98/0068 and I92/0067 were 

respectively taller and shorter than other genotypes 

under this treatment (Table 3). Genotypes 95/0306, 

M98/0068 and 92/0427 accumulated significantly 

higher SFW than other genotypes and lower SFW was 

weighed from I92/0067, 96/1439 and TME-419. 

Relatively higher SDW was recorded in 92/0427 

95/0306 and M98/0068 and the least SDW from 

I92/0067. Genotypes 98/0002, I92/0067, M98/0068 and 

I96/1439 exhibited significantly higher SWC than 

92/0427 and TME-419 (Table 3).  

Based on percent reduction relative to WW treatment 

(Table 4), TL was reduced by more than 20% in two 

tolerant (M98/0068 & 95/0306) and three susceptible 

(I96/1439, 92/0427 & TME-419) genotypes, while the 

least TL decrease (7.58%) was registered in tolerant 

98/0002. Apart from 98/0002 and 94/0039, more than 

60% LR decline was observed in all genotypes, with 

the highest LR decline observed in susceptible 92/0427 

(88%) and tolerant M98/0068 (82%) (Table 4). The least 

(9.63%) PH decline was exhibited by TME-419; the 

maximum PH decline (>30%) was recorded in 98/0002 

& I92/0067. The SFW of tolerant genotypes 94/0039, 

95/0306 & 98/0002 declined by approximately 55%, 

while 64 – 67% SFW reduction was computed in all 

susceptible candidates and two tolerant (M98/0068 & 

I92/0067) genotypes. The least (34 - 38%) SDW decline 

was observed among tolerant 95/0306, 94/0039 & 

I92/0067 and a higher SDW decline (41 – 49%) was 

recorded in all susceptible candidates and 2 tolerant 

(98/0002 & M98/0068) genotypes (Table 4). Two 

susceptible genotypes 92/0427 and I96/1439 and one 

tolerant candidate (I92/0067) exhibited more than 55% 

SWC decrease compared to the least SWC reduction 

(33%) observed in tolerant 98/ 0002 (Table 4). The 

other genotypes showed 41 – 47% SWC loss (Table 4).  

Water stress results in a substantial decrease in the 

growth of all plant parts [19]. Indeed, variations 

amongst genotypes and between treatments for 

morphological traits, as well as reductions in shoot  

https://www.currentsci.com/images/articlesFile/supplementary.1735051870.pdf
https://www.currentsci.com/images/articlesFile/supplementary.1735051870.pdf
https://www.currentsci.com/images/articlesFile/supplementary.1735051870.pdf
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Table 1. Overall means of traits (plant-1) under WW and WD treatments 
 

Trait WW WD Diff. of Means LSD (0.05) Diff. (%) 

TL 18.813 14.969 3.844* 0.725 20.43 

LR 75.585 24.706 50.879* 4.342 67.31 

PH 44.156 32.703 11.453* 1.618 25.93 

SFW 28.228 10.685 17.543* 1.728 62.15 

SDW 7.302 4.288 3.013* 0.490 41.26 

SWC 2.939 1.516 1.432* 0.188 48.72 

*= Variations btw treatments significant at P≤0.001; % Diff. = differences between WD 

treatment means relative to WW  
 

Table 2. Genotypic variations for traits under WD treatment  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Genotypic variations for traits under WW treatment  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

growth, plant height, number of leaves, leaf retention, 

fresh and dry weight of the shoots, reported in this 

study, have been reported under greenhouse water 

scarcity tests [24, 52-54]. Shan et al. [25] reported that 

under drought stress conditions, cassava plants 

showed a substantial decline in plant height, stem 

diameter, leaf number and leaf water content. 

Previously, screenhouse-based moisture stress 

treatment reduced cassava plant heights by 21.2%, 

stem girth by 21.7%, number of roots and root weight 

by more than 90% [53], total leaves by 45% and 

lowered tuber yield by 83% compared to well-

watered plants [38].  

Vigorous cassava clones are likely to shed more leaves 

or exhibit severe leaf abscission under stress than less 

vigorous types [15, 19]. This concept can explain the  

Traits 

Genotypes 

TL 

(# plant-1) 

LR 

(% plant-1) 

PH 

(cm plant-1) 

SFW 

(g plant-1) 

SDW 

(g plant-1) 

SWC 

(g/gDW plant-1) 

DT_98/0002  15.25ac 45.74 a 26.325g 12.185ad 3.728bcd 2.269a 

DT_I92/0067 15.5 ac 16.65 bd 20.8 c 7.117bef 3.025b 1.36b 

DT_M98/0068 16.25 ac 12.19 bd 46.375 a 11.92 ae 4.582ad 1.598 b 

DT_94/0039 16.75 a 23.99 bc 35.125 bd 8.303 bcdef 3.523bd 1.368 b 

DT_95/0306 15.5 ac 35.49 ac 36.125 b 12.525ac 4.925ac 1.553 b 

DS_I96/1439 14.25 bc 22.914 b 30.875 cdef 14.025a 5.775a 1.427 b 

DS_92/0427 14.25 bc 8.71d 34.25 be 10.9af 5.25a 1.08 b 

DS_TME - 419 12 d 31.97 bc 31.75 bf 8.5bcdef 3.5bd 1.472 b 

LSD (0.05) 2.05 12.282 4.576 4.888 1.385 0.532 

Means denoted by the same letter (s) within column are not significantly different (P>0.05); Means denoted by 

different letter (s) within column are significantly different (P≤0.05). DT = drought tolerant genotype; DS = drought 

susceptible genotype. 

Traits 

Genotypes 

TL 

(# plant-1) 

LR 

(% plant-1) 

PH 

(cm plant-1) 

SFW 

(g plant-1) 

SDW 

(g plant-1) 

SWC 

(g/gDW plant-1) 

DT_98/0002  16.50 z 78.79yz 42.325yzp 27.715xz 6.35xt 3.400w 

DT_I92/0067 19.25xy 74.12yz 32.75t 21.038y 4.93p 3.288w 

DT_M98/0068 21.75w 69.05xy 57.175w 33.148w 8.238wz 3.034wy 

DT_94/0039 19.00xy 76.22yz 46.625xz 28.075xz 7.70xyz 2.633xy 

DT_95/0306 18.75x 70.54xy 37.875y 32.35wx 8.85wy 2.639xy 

DS_I96/1439 21.00wy 84.50wz 49.00 x 25.498yz 6.02pt 3.379w 

DS_92/0427 19.00xy 72.53yz 46.125xp 33.15w 9.35w 2.548xy 

DS_TME - 419 15.25z 78.92yz 41.375y 24.85yz 6.975xzt 2.592xy 

LSD (0.05) 2.05 12.282 4.576 4.888 1.385 0.532 

Means denoted by the same letter (s) within column are not significantly different (P>0.05); Means denoted by 

different letter (s) within column are significantly different (P≤0.05). DT = drought tolerant genotype; DS = drought 

susceptible genotype. 
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Table 4. Percent reduction of traits amongst genotypes 
 

 

 

 

 

 

 

 

 

 

 

 
 

higher LR decline in two drought tolerant (I92/0067 & 

M98/0068) compared to one susceptible genotype 

TME-419. The number of leaf scars has been strongly 

associated with the number of leaves formed [15] and 

the reduction in total leaves is primarily due to leaf 

abscission or senescence [52], either due to aging or 

water stress. No report has described correlations 

between plant height and drought tolerance (high 

yield) in cassava [52]. The significant effect of soil 

moisture regime, such as the reduction of cassava 

shoot development determined through plant height, 

shoot fresh weight and shoot dry weight have also 

been observed by Agili and Pardales [55].  

In the present study, most of the drought tolerant 

genotypes expressed relatively lower percent 

reduction of SFW, SDW and SWC compared to 

susceptible candidates. This probably is an indication 

of the tolerant genotype’s capacity to reduce 

transpirational water loss or leaf conductance, an 

adaptation that conserves water and shields the plant 

from severe dehydration. This is a drought avoidance 

mechanism. Susceptible genotypes are most likely 

unable to effectively control their transpiration rates 

under WD thereby rapidly collapsing under severe 

water shortage. In conclusion, moisture stress cause 

considerable reduction in both cassava’s morphology 

or vegetative growth that can inadvertently reduce 

yield. A sustainable solution could involve setting up 

irrigation systems in drought-prone cassava growing 

regions or development of drought tolerant cassava 

varieties.  
 

3.3 Effect of water deficit on stomatal conductance 

Measurement of stomatal control of water loss  

can be valuable in identifying desirable cassava  

genotypes or in pre-selecting sources of germplasm 

conferring adaptation to prolonged dry periods [7, 15, 

20]. In this study, ANOVA revealed significant 

(P≤0.001) differences for Gs between treatments, 

amongst genotypes and genotype*treatment 

interactions across the 15 days of the experiment 

(Supplementary Table S2 and S2.1). WD caused an 

overall reduction in Gs as reflected by higher Gs 

measured from WW compared to WD and WDR 

treatments (Fig. 5a).  

 

 
 

Figure 5a. Mean Gs under treatments (WW, WD and WDR). 

Mean ± SD; N = 12 i.e. 4 plants @ 3 leaves per plant; SD = 

standard deviation. 
 

Previous studies equally showed higher and lower Gs 

respectively, measured in cassava plants under WW 

and WD treatments [24, 52]. The rapid leaf Gs decline 

between 0 to 10 days of WD treatment (Fig. 5a) was 

halted once water was re-supplied (~100% PC) from 

day 11 (Fig. 5b). This produced non-significant leaf Gs 

differences between WDR and WW plants between 13 

– 15 days (Fig. 5a). Supplementary Tables S3 and S3.1 

show the actual mean treatment Gs differences based 

on LSD (=0.05). A drastic decrease in Gs of cassava  

Traits Genotypes TL LR PH SFW SDW SWC 

DT_98/0002 7.58 h 41.95 h 37.80 a 56.03 g 41.29 e 33.26 h 

DT_I92/0067 19.48 f 77.54 c 36.49 b 66.17 c 38.64 f 58.64 b 

DT_M98/0068 25.29 a 82.35 b 18.90 c 64.03 e 44.38 b 47.33 d 

DT_94/0039 18.42 g 53.44 g 10.50 g 55.39 h 36.04 g 41.02 g 

DT_95/0306 24.00 c 67.52 e 18.48 d 56.65 f 34.75 h 45.93 e 

DS_I96/1439 20.23 e 71.61 d 13.88 e 67.44 a 41.48 d 59.51 a 

DS_92/0427 25.00 b 87.99 a 11.88 f 67.12 b 43.85 c 57.61 c 

DS_TME - 419 21.31 d 59.49 f 9.630 h 65.79 d 49.82 a 43.21 f 

Percent reduction of traits was calculated relative to WW treatment; Letters (a –> h) used to rank 

genotypes in a descending order i.e. from highest (a) to least (h) reduced per trait. DT = drought 

tolerant genotype; DS = drought susceptible genotype. 

https://www.currentsci.com/images/articlesFile/supplementary.1735051870.pdf
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Figure 5b. Overall percent Gs decrease and regained 

relative to WW treatment. Gs decrease = WD relative to WW; 

Gs regain = WDR relative to WW treatments.   
 

during stress [21] is often punctuated by rapid 

recovery once water or rain re-occurs [56, 57]. Once 

freed from water stress, cassava rapidly recovers by 

forming new leaves with higher leaf conductance and 

photosynthetic rates compared to non-stressed plants, 

thereby ameliorating loss in root yield [6, 31, 58].   

Genotypic variations for Gs were also observed in this 

study. Relatively higher Gs were measured in three 

tolerant (95/0306, 94/0039 & M98/0068) and two 

susceptible (92/0427 & TME-419) genotypes, 

compared to lower Gs observed in two other tolerant 

(98/0002 & I92/0067) and one susceptible I96/1439 

candidate (Supplementary Table S4). Upon WDR, 

genotypes M98/0068, 95/0306 and I96/1439 sustained 

faster recovery and maintained relatively higher Gs 

compared to other genotypes for the five days 

(Supplementary Table S4.1). Genotypes 98/0002, 

I92/0067 and 94/0039 showed the least Gs recovery 

(least stomatal re-opening) compared to genotypes 

95/0305, I96/1439 and M98/0068 with higher Gs 

recovery (Supplementary Table S4.1). 

However, the percent (%) Gs decline relative to WW 

treatment also showed genotypic differences for Gs. 

For example, susceptible I96/1439 exhibited rapid Gs 

decline under WD compared to the two tolerant 

genotypes 94/0039 with gradual Gs decline (Fig. 6). 

Upon rewatering, tolerant M98/0068 and susceptible 

92/0427 respectively, regained higher and lower Gs 

(Fig. 6). Generally, under WW, tolerant 95/0306 

showed higher Gs for most of the days compared to 

other genotypes.  

The findings from this study on Gs differences 

corroborate earlier data which showed that drought-

induced decreases in stomatal aperture or pore size 

that can limit leaf Gs [59], and that high humidity or 

well-watered treatment favorably sustains stomatal 

opening for high Gs in cassava [20]. Under drought 

stress, cassava plants showed substantial decline in Gs 

compared to well-watered plants [25]. Decreasing the 

irrigation dose to 30% lowered stomatal conductance  

by 41% [27].  
 

 
 

Figure 6. Genotypic percent Gs decline relative to WW 

treatment. 
 

The genotypic differences for Gs either under water 

deficit or re-watered treatments, enabled the selection 

of physiologically superior genotypes. For instance, 

susceptible (I96/1439 & 92/0427) candidates showed 

rapid Gs decline or lower Gs recovery compared to 

tolerant genotypes (94/0039 & M98/0068) with gradual 

Gs decline or higher Gs recovery. Similar genotypic 

variations for Gs under water deficit have been 

reported. For example, Turyagyenda et al. [54] 

reported more than two times lower Gs in an 

improved cassava variety, MH96/0686 compared to a 

local landrace, Nyalanda, under drought stress. de 

Souza et al. [60] also observed higher Gs in a cassava 

landrace compared to an improved cultivar under 

drought. 

Orek [61] and Ngugi et al. [62] reported variations for 

Gs between two transgenic cassava lines (529-28 & 

529-48), their wild type TMS 60444 and non-

transgenic genotypes 98-0002, 98-2226, TME-3, 95-

0306 and 91-02322 subjected to different water deficit 

levels. Recently, Santanoo et al. [63] observed high Gs 

variations in cassava genotypes RY9, RY72, KU50, 

CMR38-125-77, CMR35-91-63 and CM523-7 under 

early drought stress treatment. Reduction in Gs under 

drought is linked to the closing of stomata by cassava 

https://www.currentsci.com/images/articlesFile/supplementary.1735051870.pdf
https://www.currentsci.com/images/articlesFile/supplementary.1735051870.pdf
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as a drought avoidance strategy. The rapid closure of 

cassava stomata and the decline in water loss lead to 

stable leaf water contents, thus protecting leaf tissues 

from desiccation [6, 56]. Leaf Gs   to water vapor has 

been evaluated as an indicator of the capacity of 

different cassava genotypes to prevent water loss 

under prolonged drought [60, 64]. Further, drought-

driven stomatal closure with consequent decreases in 

CO2 intake and net photosynthesis, reduces cassava 

growth [25], a typical response to drought stress 

conditions. In this study, it can be hypothesized that 

the gradual Gs reduction in drought tolerant 

genotypes compared to their susceptible counterparts 

with rapid Gs decline, indicated increased crop water 

use efficiency amongst tolerant candidates [60]. In 

summary, cassava’s ability to rapidly decrease leaf 

stomatal conductance is a physiological adaptation to 

drought stress that enables the crop to avoid 

significant decline in leaf water potential, thus 

protecting its photosynthetic apparatus [60].   
 

4. Conclusions  

This study was designed to evaluate differences in 

morphological and physiological mechanisms or 

responses of drought tolerant and drought susceptible 

cassava genotypes under drought stress or water 

deficit conditions. Variations between the genotypes 

were exhibited through leaf wilting, abscission, 

staygreen, fibrous root growth and development, 

storage root bulking and stomatal conductance. Data 

collected from these descriptors enabled the selection 

of drought tolerant genotypes which exhibited better 

or superior performance compared to their 

susceptible counterparts. The selected drought 

tolerant candidates or genotypes including 98/0002, 

95/0306, M98/0068, I92/0067 and 94/0039 could be 

promoted for adoption as climate smart technologies 

for improved productivity and adaptation under 

changing climatic conditions. These genotypes could 

potentially be used as parents to benefit breeding 

programs for introgression of drought-tolerant traits 

in susceptible but highly yielding cassava varieties. 
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