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Introduction 
 

Taro, one of the world’s oldest food crops is 

thought to be consumed by human being since 

9000 years. First domesticated in Southeast 

Asia, taro is now spreading across the globe 

and now has become an important crop in 

tropical and developing nations like South-

East Asian countries, Pacific Islands, Asia, 

Africa, Europe and the Caribbean Islands 

(Rao et al., 2010; Ravi et al., 2019). Taro is 

one of the only 15 species consisting of 
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Taro [Colocasia esculenta (L.) Schott] is one of the tropical tuber crops hailed as food 

security crop in tropics especially in developing nations. Tropical tuber crops are famously 

known for their withstanding capacity under harsh and marginal environments. But the 

severe reduction has been reported in taro biochemical, physiological parameters and corm 

yield under water deficit stress in spite of inherent drought tolerance capacity. Meager 

information is available pertaining to biochemical, physiological variations and tolerance 

mechanisms under water stress in taro. Full understanding of tolerance mechanisms under 

water stress in taro is key in developing highly stress-tolerant varieties with improved 

yield. Keeping this view, the effect of water deficit stress on variation in biochemical and 

physiological parameters was assessed in seven taro varieties/genotypes. Highly 

significant differences (P<0.001) were observed for all varieties/genotypes and parameters 

selected for the study. As a consequence of water deficit stress, all parameters (except 

proline content) were greater in varieties/genotypes grown under irrigated conditions as 

compared to varieties/genotypes grown under water deficit stress. As a defensive 

mechanism, proline content (Irrigated: 66.36-89.96 µg g
-1

; Water deficit stress: 200-358.33 

µg g
-1

) was found to be augmented in the plants subjected to water deficit stress. Under 

water deficit stress, significantly higher chlorophyll a (1.23 mg g
-1

), chlorophyll b (0.37 

mg g
-1

), total chlorophyll (1.60 mg g
-1

) and carotenoid content (0.31 mg g
-1

) were recorded 

in genotype Jankri, whereas, significantly higher protein (1.10 mg g
-1

) and proline content 

(358.33 mg g
-1

) was found in Sree Reshmi and Tamarakannan, respectively. Pertaining to 

physiological parameters, significantly higher relative water content (67.15%) was 

exhibited by Telia genotype, whereas, Sree Kiran variety was more drought-tolerant owing 

to higher chlorophyll stability index (53.67%) and membrane stability index (45.00%). 
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tubers/corms as edible part out of the 50,000 

edible plants growing in the world (More et 

al., 2019). Taro is an important staple food in 

many regions of the world, producing 12.13 

million tonnes on 1.8 million hectares, with 

an average yield of 6.73 t ha
-1

 (FAOSTAT, 

2017). Taro is generally cultivated under 

rainfed, irrigated and flooded pots conditions 

(Onwueme, 1999, Gananca et al., 2018). Rao 

et al., (2010) are of the opinion that taro is 

frequently referred to as an ‘orphan crop’ 

because of little attention received from the 

international agricultural research community. 

Moreover, less explored genetic diversity of 

taro makes it vulnerable to a range of biotic 

and abiotic stresses (Rao et al., 2010, Wairiu 

et al., 2012, Gananca et al., 2018). 

 

Anthropogenic climate change poses a serious 

threat to current and future global food 

production due to the direct effects of changes 

in mean climatic conditions, increasing risks 

from extreme weather events, increased 

atmospheric CO2 concentration and 

increasing pest damage. Global warming is a 

well-established fact (More et al., 2017, 

2018). Imminent changes in climate are 

results of various human-made emissions 

leading to increment in global average 

temperature due to increased levels of 

components of greenhouse gases such as 

carbon dioxide, methane, ozone, nitrous oxide 

and chlorofluorocarbons (Mall et al., 2006). 

Most of the warming occurred in the past 35 

years, with 17 of the 18 warmest years on 

record occurring since 2001. As a 

consequence, 2018 was the warmest year on 

record. Due to global warming, the planet's 

average surface temperature has risen about 

1.1
o
C since the late 19

th
 century 

(https://climate.nasa.gov). The Fourth 

Assessment Report (AR4) of the 

Intergovernmental Panel on Climate Change 

(IPCC, 2007) has predicted the rise of a 1-3
o
C 

rise in mean temperature further depleting the 

water availability. This report also projected 

changes in the frequency and severity of 

extreme climatic events which will have more 

serious consequences for food production and 

food insecurity than changes in mean climate 

alone (Easterling et al., 2007). Extreme 

climatic stress has a negative impact on crop 

yields (Deryng et al., 2014). According to 

world estimates, average yield losses in 

agricultural crops up to 50% is mainly due to 

different abiotic stresses as a result of these 

changing climatic conditions (Theilert, 2006). 

Water stress affects the metabolic pathways at 

every stage of life. Under such circumstances, 

taro’s yield is estimated to reduce by 40% in 

the coming 3 decades (Wairiu et al., 2012). 

Very few information is available regarding 

the morphological, agronomic, yield and 

physiological assessment of taro under abiotic 

stress (Sivan, 1995; Bussell and Bonin, 1998; 

Manyatsi et al., 2011; Mabhaudhi et al., 2013; 

El-Zohiri and Abd El-Aal, 2014; Mabhaudhi 

and Modi, 2015).  

 

Hence, the objective of the present study was 

to assess the variation in various biochemical 

and physiological parameters of taro under 

irrigated and water-deficit stress conditions. 

 

Materials and Methods 

 

Variety selection and establishment of 

experimental plots 

 

Varieties/genotypes were selected based on 

dry matter parameters and farmers’ preference 

and cormels weighing about 50-75 gm were 

planted in a Randomized Complete Block 

Design (RCBD) fashion with the factorial 

concept (variety x water regime) in block-I of 

ICAR-CTCRI during October-2016 to July-

2017. The experiment consisted of two factors 

viz., varieties/genotypes (seven) and water 

regime (two) replicated thrice with 25 plants 

plot
-1

. Factor-1 consisted of seven 

varieties/genotypes viz; three varieties i.e., 

Sree Reshmi, Sree Kiran, Mukthakeshi and 
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four genotypes i.e., Telia, Dasheen, Jankri and 

Tamarakannan and which were cultivated as 

per the cultivation practices recommended by 

Ravindran et al., (2013). Factor-2 consisted of 

two water regimes viz., Irrigated and water 

deficit stress condition (WDS). WDS 

condition was created by withdrawing water 

supply, whereas, plants under irrigated 

conditions were supplemented with water 

supply. 

 

Estimation of biochemical parameters  

 

The total chlorophyll and carotenoid content 

of the leaves were estimated as per the 

method suggested by Lichtenthaller (1987). 

Quantitative measurements for chlorophyll a 

(Chl-a), chlorophyll b (Chl-b) and carotenoids 

were determined spectrophotometrically by 

taking their absorbencies at the following 

wavelengths respectively; 662, 644 and 445 

nm. The protein content of the leaf sample 

was estimated by Bradford (1966) method by 

recording absorbance at 595 nm. Proline 

estimation on the leaves of taro 

varieties/genotypes under irrigated and WDS 

conditions was determined by the method 

reported by Bates et al., (1973). 

Spectrophotometrically absorbance was 

recorded at 620 nm wavelength. Following 

formula was used to measure proline content. 

 

Proline content (µg g
-1

) = (Factor x A x 

volume of sulphosalicylic acid)/ Vol. of 

sample taken x W 

 

Where, W=Weight of leaves, A=Absorbance 

value. 

 

Estimation of physiological parameters 

 

Relative water content (%) (RWC) 

 

RWC was calculated by measuring the fresh 

weight, dry weight and turgid weight of the 

known number of leaf disc from the treatment 

plant. After measuring the fresh weight of the 

sample, it was submerged in the distilled 

water for 3 hours and then the turgid weight 

was taken. The dry weight of the sample was 

measured after keeping the sample in the oven 

at 80
o
C for three consecutive days 

(Pieczynski et al., 2013). The RWC of the 

treatment was calculated using the following 

formula: 

 

RWC (%) = (FW–DW)/(TW–DW) x 100 

Where, FW=fresh weight, DW= dry weight, 

TW= turgid weight 

 

Chlorophyll stability index (%) (CSI) 

 

Chlorophyll stability index (%) was measured 

by exposing leaf sample to a hot water bath at 

56°C±1°C for 30 minutes, followed by 

grounding the sample in 100 ml of 80% 

acetone. The control sample was kept normal. 

The absorbance of the filtrate was recorded at 

645 and 663 nm on UV-visible 

spectrophotometer (Shimadzu-1601) (Agarie 

et al., 1995). Then, the chlorophyll stability 

index was calculated by using the formula: 

 

CSI (%) = (Chlorophyll content of boiled 

sample)/ (Chlorophyll content of normal 

sample) x 100 

 

Membrane stability index (%) (MSI)  

 

The membrane stability index (MSI) was 

determined according to the method of 

Deshmukh et al., (1991). 0.5 g of fresh leaf 

sample is collected and is washed thoroughly 

with double distilled water. Then 10 ml 

double distilled water is added to all the tubes 

and the tubes are kept in the refrigerator for 

24 hours. The tubes are taken after 24 hours 

and 5 ml water is added and kept for 1 hour at 

room temperature. Then electrical 

conductivity is noted. Then the tubes 

containing leaf samples are heated for 15 

minutes at 55
o
C and cooled. Then electrical 
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conductivity is measured again. Finally, MSI 

was determined by using the following 

formula.  

 

MSI (%) = [1- C1 / C2] ×100 

 

Weather data pertaining to the period of 

measurement of observations, February 2017-

June 2017 has been illustrated in figure 1. 

 

Results and Discussion 

 

The plant responds to water stress via 

morphological, physiological and metabolic 

changes. Such changes are subjected to 

happen at various developmental stages. 

However certain growth phases are highly 

sensitive for soil moisture status that severely 

hampers the overall crop yield (Toscano et 

al., 2016). Severe reduction in various 

biochemical, physiological parameters and 

taro corm yield has been recorded eventhough 

it is regarded asa drought-tolerant crop. 

Keeping this view, this experiment was 

planned to assess the performance pertaining 

to various biochemical and 

physiologicalparameters of seven 

varieties/genotypes of taro under water stress. 

 

Biochemical parameters 

 

The Chl-a, Chl-b and total chlorophyll content 

in taro leaves under irrigated and WDS 

conditions ranged from 1.28-1.84 and 1.00-

1.25 mg g
-1 

FW, 0.34-0.57 and 0.19-0.37 mg 

g
-1

 FW and 1.70-2.41 and 1.24-1.60 mg g
-1

 

FW, respectively (Fig. 2, 3, 4). Reduction in 

the Chl-a, Chl-b and total chlorophyll content 

in taro leaves under irrigated and WDS 

conditions ranged from 13.43-32.19%, 27.78-

59.12%, and 16.38-33.61%, respectively. The 

results of the variance analysis showed that 

there were significant differences between the 

taro varieties/genotypes (P<0.001). Jankri 

genotype recorded highest Chl-a, Chl-b and 

total chlorophyll under irrigated (1.84, 0.57 

and 2.41 mg g
-1

, respectively) and WDS 

conditions (1.25, 0.37 and 1.60 mg g
-1

, 

respectively). The total chlorophyll reduction 

in drought conditions is a consequence of the 

reduction in relative water content (Makbul et 

al., 2011). Results are in agreement with 

Nuwamanya et al., (2014) in cassava, Sakya 

et al., (2018) in tomato and Ghodke et al., 

(2018) in onion.  

 

The same trend was observed in case of 

carotenoid content in taro leaves (Fig. 5). The 

highest carotenoid content was detected in 

Jankri genotype under irrigated (0.43-0.61 mg 

g
-1

) and WDS (0.19-0.31 mg g
-1

) conditions. 

In this experiment, the content of carotenoids 

was lower WDS compared to the irrigated 

conditions. Carotenoid content under WDS 

condition was found to be reduced by 44.96-

58.87%. This was due to the enhancing and 

inhibiting effects of abiotic stress on 

individual carotenoids that existed in the 

plants. The same result was also reported by 

Norshazila et al., (2017) in pumpkin and 

Nuwamanya et al., (2014) in cassava.  

 

Overproduction of proline is a widespread 

response observed in plants experiencing 

various stresses, in particular, water stress. 

The determination of this amino acid is 

therefore very useful to assess the 

physiological status and more generally to 

understand stress tolerance in plants. The 

proline content on the seven 

varieties/genotypes of taro under irrigated and 

WDS conditions was extremely diverse, 

ranged from 66.36-89.96 μg g
-1

 fresh weight 

and 200-358.33 μg g
-1

, respectively (Fig. 6). 

Proline content in the leaves under WDS 

condition was elevated up to 2-3 folds as 

compared to the irrigated condition.The 

proline content in Tamarakannan genotype 

was higher than others under both water 

regimes. This indicates that Tamarakannan 

genotype attempted to survive in the drought 

conditions by increasing proline content. 
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Plants cope up negative consequences of 

water stress by accumulating higher proline 

content which is a measure of osmotic 

adjustment. Research results reported in this 

experiment are in agreement with Hamim et 

al., (2008), Ashraf and Fooland (2007), 

Ghodke et al., (2018) and Jurekova et al., 

(2011). 

 

 
 

Figure.1 Minimum, maximum and mean temperature (
o
C), mean relative humidity (%) and soil 

moisture (%) during the period of measurement of observations 

 

 

 
 

Figure.2 Chlorophyll a content (mg g
-1

) of taro grown under irrigated and water deficit stress 

(WDS) conditions. The error bars indicate St. Error. 
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Figure.3 Chlorophyllb content (mg g
-1

) of taro grown under irrigated and water deficit stress 

(WDS) conditions. The error bars indicate St. Error. 

 

 

 
 

Figure.4 Total chlorophyll content (mg g
-1

) of taro grown under irrigated and water deficit stress 

(WDS) conditions. The error bars indicate St. Error. 
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Figure.5 Carotenoid content (mg g
-1

) of taro grown under irrigated and water deficit stress 

(WDS) conditions. The error bars indicate St. Error 

 

 

 

 
 

Figure.6 Proline content (μg g
-1

) of taro grown under irrigated and water deficit stress (WDS) 

conditions. The error bars indicate St. Error. 
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Figure.7 Relative water content (%) of taro grown under irrigated and water deficit stress 

(WDS) conditions. The error bars indicate St. Error. 

 

 

 

Figure.8 Membrane stability index (%) and chlorophyll stability index (%) of taro grown under 

irrigated and water deficit stress (WDS) conditions. The error bars indicate St. Error. 
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Physiological parameters 

 

Relative water content is considered as one of 

the most reliable parameter to assess the 

drought tolerance of crop species. RWC is an 

indicator of plant water status under various 

soil type and water regime, irrigation 

scheduling, crop species, and environmental 

conditions. Significant differences (P<0.001) 

were observed for RWC (Fig. 7). In the 

present experiment, as a consequence of water 

stress RWC in plant leaf tissue subjected to 

WDS ranged between 53.67-67.15% in 

comparison to leaf (80.67-87.83%) from the 

irrigated plot. Reduction up to 21-80-37.41% 

was observed in RWC content in leaf tissues 

grown under WDS conditions. Among seven 

varieties/genotypes, Telia genotype recorded 

higher RWC under irrigated (87.83%) as well 

as WDS (67.15%) conditions. Several 

researchers have reported previously that 

drought stress diminishes plant water status 

(RWC) in several crops like in maize (Aslam 

et al., 2015), rice (Todaka et al., 2017) and 

tomato (Nir et al., 2014). The findings by 

Munne-Bosch et al., (2003) revealed that 80% 

RWC value indicated the good plant water 

status whereas, plant with 66-68% RWC as 

moderately drought tolerant and RWC less 

that 50% reflects plant under severe water 

deficit stress. Even though the reduction in 

RWC was recorded in Telia genotype under 

the influence of drought stress but still the 

plant was able to maintain its plant water 

potential which showed that it has some 

adaptive traits and tolerance mechanism that 

protect the crop under stressful environment. 

Differences observed for CSI and MSI were 

statistically at par (P<0.001) (Fig. 8). Scrutiny 

of the experimental data revealed that data for 

chlorophyll stability index and membrane 

stability index ranged between 25.17-53.67% 

and 16.00-45.00%, respectively. Sree Kiran 

variety recorded highest CSI (53.67%) and 

MSI (45.00%), respectively. Results are in 

agreement with Shinde and Laware (2010) in 

peanut and Almeselmani et al., (2011) in 

wheat. Relative water content (RWC) and 

membrane stability index (MSI) are probably 

the most appropriate measures of plant water 

status in terms of the physiological 

consequence of cellular water deficit. The 

membrane stability index exhibits the extent 

of damage and explains the ability of the 

membrane to survive in the drought stress. All 

the physiological parameters under WDS 

were reduced significantly as compared to 

irrigated conditions. The first and the most 

important effect of drought on the growth of 

the plant body is the obstructed leaf water 

budget (Farooq et al., 2010). Results are in 

agreement with Sakya et al., (2018) in 

tomato. 
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