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ABSTRACT 

Sugarcane is one of the extremely important crops grown in tropical and subtropical areas. Water deficit stress is the 

major problem affecting the yield, millable quality and sucrose content of the crop. The objective of the present study 

is solely based on the impact of lack of water on physiological changes of twenty-three genotypes of sugarcane at 

various stages of its growth. Water stress was imposed by withholding irrigation after 60 days of normal growth. 

SPAD index, photosynthetic pigment such as chlorophyll a, chlorophyll b, and total chlorophyll, relative water 

content and water retention capacity was calculated at different time intervals of water deficiency (T1, T2) which 

were designated as moderate and severe water stress and they were analyzed in the leaves followed by the relief, of 

water deficit stress (T3). As a result, seven genotypes (Co 09004, Co 14011, Co 95020, Co 08020, Co 85019, Co 

05001, and Co 671) significantly showed higher SPAD index, photosynthetic pigment such as chlorophyll a, 

chlorophyll b and total chlorophyll content, relative water content and water retention capacity, which might be due to 

their tolerance to water deficiency. Through these physiological parameters, PCA based cluster analysis was further 

carried out to ascertain those sugarcane genotypes which are resistant to water deficient conditions. 

Keywords: Chlorophyll content, Relative water content, SPAD index, Sugarcane, Water deficit stress, Water retention 

capacity 

  

 

INTRODUCTION 

Sugarcane of genus Saccharum is the most important 

crop worldwide which is distributed in tropical and sub-

tropical regions of the world. It plays a major role in the 

economy of many countries. Sugarcane is mainly grown for 

sugar production all over the world. The biomass obtained 

from it is used as a source of bioethanol (Jangpromma et al., 

2012). Water deficit stress is the major abiotic stress caused 

due to climatic change. When this stress reaches a certain 

extent, it damages the physiological status of crop, directly 

affecting the growth rate and development of the crop which 

in turn affects the biomass production (Graca et al., 2010; 

Medeiros et al., 2013; Zhao et al., 2013). Generally, severe 

stress in early and mid-growth stages leads to the reduction 

of cane yield which affects the crop quality by lowering the 

sugar yield. However moderate stress during the late growth 

stages may aid the crop to improve the sucrose content of the 

stalk. Thereby the effect of drought directly depends upon the 

degree and duration of stress (Zhao & Li, 2015). An increase 

in temperature and water stress both are in combination with 

each other hence chlorophyll fluorescence (Fv/Fm ratio) acts 

as quantitative measures to the photochemical efficiency of 

the PSII complex reported by (Kohila & Gomati, 2018). 

Certain modification such as reduced leaf water potential, 

relative water content, gas exchange, and photosynthesis was 

seen in plants with water deficit stress (Medeiros et al., 

2013). Through different adaptive mechanism and 

reorganization of certain metabolic pathway plants conserve 

water for later use, to repair the damage caused by stress, 

which permit them to increase the overall yield of the crop 

(Vankova et al., 2012). Shortage of water leads to negative 

effect on physiological and biochemical aspect that was 

verified from all parts of the plant identified by (Silva et al., 

2013). 

According to Toppa et al. (2010) reduction in 

temperature, moderate drought and nitrogen content present 

in the soil play an important role in the maturation of crop, 

this process involves complex metabolic pathway begin with 

the photosynthetic capacity in the chloroplast of the leaf, and 

ends with accumulation of carbohydrates in the stem 

(Fernanda et al., 2018).  

MATERIALS AND METHODS 

In the present study twenty-three genotypes of 

sugarcane were grown in Yargatti Farm of S. Niglingappa 

Sugarcane Institute, Belagavi, Karnataka, India. The seeds 

were sowed in February 2019. With a plot size 1.2cm × 6m × 

6 line, twenty-three varieties were grown with 1.2cm distance 

between the rows and the auto whether unit was installed to 

measure the climatic parameters during the crop season, 
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through this rainfall and air temperature was measured. 

Twenty three Genotypes of sugarcane include Co 09004, Co 

14011, Co 0303, Co 13003, Co 98017, Co 95020, Co 93009, 

Co 92013, Co 12007, Co 07015, Co 08020, Co 85019, Co 

86032, Co 90003, Co 13006, Co 92002, Co 06015, Co 

92020, Co 94005, Co 98008, Co 05001, and Co 10033, Co 

671.The plants were under treatment from 60-120 days of 

their growing period followed by irrigation. Data was 

recorded at 60
th

 day considering the reading as plants under 

controlled conditions further there was water stress induced 

from 60-120 days of planting and similar observations was 

made followed by relief of water stress, and data was 

documented on 150
th

 day of planting. Frequent field visit was 

done for data analysis and interpretation during the month of 

February to December. 

About 10 feet distance the plants were selected to 

record data at different time intervals where 60 days as 

(control-T0), 90 days (T1), 120 days (T2) and 150 days (T3). 

The important traits such as chlorophyll ‘a’, chlorophyll ‘b’, 

Total chlorophyll, SPAD reading relative water content and 

water retention capacity were considered to estimate the 

tolerant varieties of sugarcane. Pearson correlation 

coefficient (Table 2) analysis was carried out for the 

correlation between various traits (Alemu et al., 2018; Jakhar 

& Kumar, 2018; Ambiger et al., 2019). Figure 2 depicts the 

study of the gradual change among the various sugarcane 

varieties. PCA was carried out to substantiate the relation 

between photosynthetic pigments, SPAD index, RWC and 

WRC. Dendrogram analysis was done with grouping pattern 

of various sugarcane varieties resulting in two main clusters. 

Measuring chlorophyll content via SPAD index 

The estimation of chlorophyll content was determined 

using a SPAD chlorophyll meter and an average of three 

reading in leaf +2 of each plant were used and SPAD index 

was calculated. 

Pigment content analysis 

Chlorophyll a (Chl a), chlorophyll b (Chl b) and total 

chlorophyll (Totchl) concentration were analyzed following 

the method of (Hiscox & Israelstam, 1979; Anamiel et al., 

2018). The processed sampled was analyzed at optical 

density of 663 and 645 nm. The chlorophyll ‘a’, chlorophyll 

‘b’ and total chlorophyll content was computed with standard 

formula as follows 

Chlorophyll ‘a’ = (12.7 × A663) – (2.69 × A645) × (v/1000 × W) 

Chlorophyll ‘b’ = (22.9 × A645) – (4.68 × A663) × (v/1000 x W)  

Total chlorophyll = (20.2 × A645) + (8.02 x A663) × (v/1000 × W) 

Relative water content (RWC) 

Fresh weight (FW) of the sample was measured 

immediately after cutting, turgid weight was obtained by 

immersing the leaf in deionized water for 24h and 

subsequently, dry weight was measured by drying the leaf in 

a preheated oven at 80° for 48 h. relative water content was 

calculated by using the formula according to (Medeiros et al., 

2013) and WRC was calculated using the formula suggested 

by (Tetsushi & Karim, 2007). 

RWC = FW – DW/TW – DW × 100 

WRC = Turgid/Dry weight  

 

RESULTS AND DISCUSSION 

Biochemical and physiological characterization 

Generally, sugarcane yield depends on mainly some of 

the important physiology characters such as chlorophyll a, 

chlorophyll b, total chlorophyll, SPAD index, relative water 

content, and water retention capacity. Table 1 depicts the 

same and was recorded for different time intervals at T0 (60 

days), T1 (90 days), T2 (120 days) and T3 (150 days) 

respectively. Under water deficit stress genotypes Co 671 

and Co 09004 resistance to stress showed higher value of 

chlorophyll ‘a’ content at T0 and reduction was seen at T1 in 

genotypes Co 671 (1.89 mg g
-1

 FW), and Co 09004 (1.86 mg 

g
-1

 FW) and at T2 in Co 09004 (1.63 mg g
-1

 FW) and Co 671 

(1.65 mg g
-1

 FW). Whereas genotypes Co 98017 and Co 

07015 which were susceptible to stress showed reduction in 

chlorophyll content at T0 followed by decrease at T1 and T2 

found in genotypes Co 98017 (1.68 mg g
-1

 FW) and Co 

06015 (1.66 mg g
-1

 FW), (1.55 mg g
-1

 FW) and Co 07015 

(1.46 mg g
-1

 FW).Similar observation were recorded with 

chlorophyll ‘b’ content and thus the genotypes Co 671 and 

Co 09004 were resistant to stress showed higher chlorophyll 

‘b’ values at T0 and the reduction was observed at T1 in 

genotype Co 671 (0.35 mg g
-1

 FW), Co 09004 (0.34 mg g
-1

 

FW) and at T2 in genotypes Co 09004 (0.14mg g
-1

 FW), Co 

671 (0.20 mg g
-1

 FW) was noticed. Whereas, genotypes Co 

98017 and Co 06015 which were susceptible to stress 

showed low levels of chlorophyll content at T0. Further 

reduction was seen at T1 and T2 in the genotypes Co 98017 

(0.105 mg g
-1

 FW), Co 06015 (0.031 mg g
-1

 FW) and at T2 in 

genotypes Co 98017 (0.045 mg g
-1

 FW), Co 06015 (0.016 

mg g
-1

 FW). Higher level of total chlorophyll was observed at 

T0 in genotypes Co 671 and Co 09004, Further decrease in 

Total chlorophyll was seen at T1 and T2 in genotypes Co 671 

(2.252 mg g
-1

 FW), Co 09004 (2.212 mg g
-1

 FW) and Co 

09004 (1.746 mg g
-1

 FW), Co 671 (1.699 mg g
-1

 FW) 

respectively. The genotypes Co 98017 and Co 06015 were 

susceptible to stress had great reduction in Total chlorophyll 

at T0. Later at T1 and T2, the genotypes Co 98017 (1.792 mg 

g
-1

 FW), Co 06015 (1.694 mg g
-1

 FW) and Co 98017 (1.622 

mg g
-1

 FW), Co 06015 (1.325 mg g
-1

 FW) shows reduction in 

total chlorophyll. SPAD index was higher in genotypes 

resistant to stress at T0 further reduction was observed at T1 

in genotypes Co 671 (40.270 mg g
-1

 FW), Co 09004 (39.850 

mg g
-1

 FW) and with a slight increase at T2, inCo 671 

(41.850 mg g
-1

 FW), Co 09004 (35.340 mg g
-1

 FW) 

respectively. Greater reduction in SPAD index was seen at T1 

and T2 in genotypes Co 98017 (35.50 mg g
-1

 FW), Co 06015 

(37.35 mg g
-1

 FW) and Co 98017 (33.45 mg g
-1

 FW), Co 

06015 (32.47 mg g
-1

 FW) respectively. The RWC and WRC 

value was higher in genotypes Co 671 and Co 09004 and 

lowest in genotypes Co 06015 and Co 98017 respectively. 

According to the results loss of chlorophyll is linked with 

water deficit thus change in the chlorophyll content and 

SPAD index was used to assess the consequence of stress on 

sugarcane. Further the genotypes such as Co 09004 and Co 

671 which were tolerant to stress showed higher chlorophyll 

content. Hence, reduction in chlorophyll content and SPAD 

was found in genotypes Co 98017 and Co 06015. Similar 

observation recorded by (Kohila & Gomati, 2018; Medeiros 

et al., 2013). 
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Pearson correlation coefficient analysis 

Physiological effect under control (T0), water stress (T1 

and T2) and stress relief (T3) was studied and the Pearson 

correlation coefficient analysis (Table 2) indicated that water 

retention capacity at (T1 and T2) was negatively correlated 

with chlorophyll content (r = -0.012, -0.007, -0.063), SPAD 

(r = -0.116, -0.062, -0.046, -0.245) and RWC (r = -0.180). 

The plants which are susceptible to water stress have lesser 

chlorophyll content and RWC. Whereas Relative water 

content was significantly positively correlated to chlorophyll 

content (r = 0.656
**

, 0.699
**

, 0.624
**

, 0.681
**

 respectively), 

SPAD (r = 0.632
**

, 0.631
**

, 0.626
**

, 0 .540
**

, 0.584
**

). A 

study by Surendar et al. (2013) on ratoon crop of banana 

shows similar results where two subplot treatments S1 and 

S2 showed highest RWC value as S1 (81.1) and S2 (80.4%). 

Hence RWC was highly correlated with yield. Similarly, 

SPAD value was also highly significantly correlated with 

chlorophyll r = 0.694
**

, 0.531
**

, 0.699
**

, 0.759
** 

respectively. 

However similar results were seen Jangpromma et al. (2010) 

observed that significant reduction in chlorophyll content and 

SPAD reading, thus according to their findings reduction in 

the chlorophyll content was greater compared to SPAD 

index. Silva et al. (2018) also reported reduction in SPAD 

index during different time interval and the largest decrease 

in SPAD index was seen in variety RB855453.In addition to 

this reduction was also seen in RWC and chlorophyll content 

of plants. Variation in the chlorophyll content in sugarcane 

during drought was identified (Cha-um & Kirdmanee, 2009). 

According to Silva et al. (2007) the susceptible genotypes 

showed a great reduction in the SPAD chlorophyll meter 

reading values. Zhao et al. (2015) suggested chlorophyll 

content of the sugarcane leaf also plays an important role in 

identifying the stress tolerant varieties. 

Principal component analysis 

Among the twenty-four traits of sugarcane, PCA (Table 

3) provides three principal components with the cumulative 

variance accounted for 83.369%. The resultant PC1 and PC2 

together contributed to 75.02% whereas 73.47% of variance 

was contributed by PC1 and PC3. Thus, it is clear from PC1 

that total chlorophyll at T1, chlorophyll ‘b’ at T1 were found 

to be most effective variable contributing 0.985 and 0.973% 

respectively whereas water retention capacity at T4 with 

0.897% was better explained by PC2. Similarly, water 

retention capacity at T2 (0.759%) and water retention 

capacity T1 (0.590%) were most effective variables of PC3. 

According to Kohila & Gomati, (2018) biochemical 

characterization was undertaken with 5 sugarcane genotypes 

and two S. Spontaneum spp. under heat stress the genotypes 

which were tolerant to stress maintained high RWC and 

chlorophyll content while sensitive genotypes decrease in 

RWC chlorophyll content with a cumulative percentage of 

PC1 and PC2 as 95.5%. 

It is clear from scree plot of principal component 

analysis the first three components showed more than one 

Eigen values hence there are well demonstrated whereas the 

component 4-24 indicates eigen values less than 1 thus they 

do not secure more importance (Fig. 1). 

The genotype I and IV were having the lowest 

dissimilarity index which is equal to 17.148. Followed by 

9.575 as the lowest dissimilarity for genotype II and 

genotype V. Successively it was 14.218 with respect to 

genotype III and VII respectively. Thus, these genotypes 

were found to be resistant towards water deficit stress (Table 

4). 

Cluster analysis of twenty-three sugarcane varieties 

On the basis of twenty-four physiological characters, 

the genetic distance of twenty-three sugarcane varieties and 

prominent traits were predicted. The dendrogram analysis 

(Fig. 2) indicates two main clusters at 7% and 8% level of the 

cut made into seven genotypes of sugarcane varieties namely, 

Co 14011, Co 08020, Co 85019, Co 09004, Co 95020, Co 

671 and Co 05001 respectively. Further, these two clusters 

classified at less than 5% level of the point made into the sub 

cluster are also named as groups. The first group (G1) is 

considered as cluster classified at 4% level varieties of 

sugarcane viz Co 0303, Co 92013, and Co 90003, Co12007, 

Co 94005 these five lines revealed 22% of total varieties. The 

second group G2 made at 3% level classify the sugarcane 

varieties and were grouped with five genotypes with 22% 

having Co 93009, Co 98008, Co 10033, Co 13003, Co 

86032.Followed by that of third group (G3) was classified at 

3% level exhibiting six lines with 26%, sugarcane varieties 

having genotypes Co 98017, Co 92020, C0 07015, Co 13006, 

Co 92002, and Co 06015.Finally, the fourth group (G4) 

classified at the 7% level have seven genotypes viz., Co 

14011, Co 08020, Co 85019, Co 09004, Co 95020, Co 671, 

Co 05001 with 30% of the total respectively. A study on 

screening of sugarcane for salt tolerance Cha-um et al. ( 

2013) reported through cluster analysis that ‘(A3) AE1-11’ 

and ‘KK3’ were salt tolerant cultivars. 

CONCLUSION 

When the plants are subjected to water stress mainly the 

photosynthetic pigments are been affected as a result of it 

usually reduction in chlorophyll content such as chlorophyll 

a/b and total chlorophyll and relative water content. The 

varieties of sugarcane which were tolerant to stress, Co 

09004, Co 14011, Co 95020, Co 08020, Co 85019, Co 

05001, and Co 671 alter their development to water deficit 

stress and showed a greater recovery after rewatering when 

compared to Co 98017, Co 07015, Co 92020, Co 13006, Co 

92002, Co 06015 which showed susceptibility. As a result, 

by having two different groups as depicted in the cluster 

analysis with respect to (G3 and G4) it could clearly indicate 

that the plants which were susceptible to stress had no 

recovery after rewatering and were clustered in a different 

group. Thus, based on the experimental results these 

significant variations of diverse characters of different groups 

are helpful for a future breeding programme. 
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Table 2 : Pearson’s Correlation coefficient among different physiological characters studied for twenty-three sugarcane 

varieties of Northern Karnataka in India  
TRS A B C D E F G H I J K L M N O P Q R S T U V W X 

A 1                        

B .775** 1                       

C .805** .936** 1                      

D .798** .909** .899** 1                     

E .713** .894** .849** .881** 1                    

F .817** .859** .939** .900** .808** 1                   

G .685** .464* .479* .483* .365 .529** 1                  

H .792** .881** .868** .827** .901** .841** .342 1                 

I .908** .908** .895** .911** .941** .877** .549** .920** 1                

J .829** .950** .971** .936** .873** .976** .520* .888** .921** 1               

K .793** .808** .880** .741** .726** .830** .528** .776** .816** .850** 1              

L .832** .936** .923** .950** .933** .908** .427* .961** .958** .953** .795** 1             

M .835** .813** .835** .817** .770** .863** .535** .882** .862** .873** .720** .890** 1            

N .694** .699** .759** .707** .636** .852** .452* .734** .715** .818** .617** .754** .854** 1           

O .531** .435* .501* .485* .404 .629** .524* .472* .498* .569** .452* .500* .654** .822** 1          

P .769** .638** .703** .699** .596** .772** .536** .725** .727** .743** .547** .746** .928** .842** .729** 1         

Q .748** .759** .837** .885** .748** .874** .464* .741** .808** .857** .773** .846** .800** .757** .606** .737** 1        

R .656** .624** .650** .573** .444* .717** .466* .590** .582** .703** .607** .609** .632** .626** .505* .614** .590** 1       

S .699** .681** .748** .683** .508* .750** .287 .635** .641** .748** .733** .688** .631** .540** .198 .530** .641** .560** 1      

T .807** .878** .902** .876** .812** .862** .523* .829** .875** .900** .870** .890** .739** .584** .339 .565** .771** .666** .732** 1     

U -.118 -.029 -.215 -.128 -.115 -.407 -.244 -.087 -.126 -.261 -.252 -.111 -.245 -.410 -.443* -.278 -.369 -.189 -.162 -.052 1    

V .523* .600** .677** .673** .492* .699** .204 .509* .546** .682** .651** .613** .481* .500* .223 .359 .621** .350 .818** .645** -.251 1   

W -.012 .043 .109 .138 .030 .127 -.007 -.063 .012 .096 .257 .033 -.116 -.062 -.046 -.245 .111 -.180 .197 .180 -.258 .585** 1  

X -.157 -.043 -.226 -.119 -.114 -.410 -.294 -.094 -.144 -.269 -.331 -.111 -.211 -.312 -.350 -.207 -.311 -.244 -.234 -.143 .948** -.314 -.328 1 

TRS:Traits, A:Chla-T0, 2:Chl a-T1, 3:Chl a-T2, 4:Chl a-T3, 5:Chl b-T0, 6:Chl b-T1, 7:Chl b-T2, 8:Chl b-T3, 9:Total-T0, 10:Total-T1, 11:Total-T2, 12:Total-T3, 13:SPAD-TO, 

14SPAD-T1, 15:SPAD-T2, 16:SPAD-T3, 17:RWC-T0, 18:RWC-T1, 19:RWC-T2, 20:RWC-T3, 21:WRC-T0, 22:XWRC-T1, 23:WRC-T2, 24:WRC-T3 

 

Table 3 : Contribution of Twenty-four physiological traits to the total variation in the first three Principal Component Analysis 

of Twenty-three Genotypes.  

Component 
Traits 

PC-1 PC-2 PC-3 

Chlorophyll a (T0) .889 .102 -.089 

Chlorophyll a (T1) .919 .253 .106 

Chlorophyll a (T2) .957 .056 .114 

Chlorophyll a (T3) .931 .136 .124 

Chlorophyll b (T0) .863 .220 .077 

Chlorophyll b (T1) .973 -.146 .016 

Chlorophyll b (T2) .569 -.166 -.287 

Chlorophyll b (T3) .904 .237 -.022 

Total chlorophyll (T0) .944 .181 .002 

Total chlorophyll (T1) .985 .018 .055 

Total chlorophyll (T2) .871 -.069 .216 

Total chlorophyll (T3) .959 .198 .049 

SPAD (T0) .917 .047 -.249 

SPAD (T1) .836 -.177 -.315 

SPAD (T2) .614 -.330 -.520 

SPAD (T3) .805 -.026 -.451 

Relative water content (T0) .892 -.115 -.002 

Relative water content (T1) .707 -.019 -.235 

Relative water content (T2) .753 -.019 .357 

Relative water content (T3) .899 .165 .239 

Water retention capacity (T0) -.275 .906 .118 

Water retention capacity (T1) .669 -.210 .590 

Water retention capacity (T2) .080 -.441 .759 

Water retention capacity (T3) -.283 .897 -.008 

Total 15.633 2.374 2.002 

Percent of Variance 65.138 9.890 8.341 

Cumulative percent 65.138 75.028 83.369 
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Fig. 1 : Scree plot analysis of Twenty-three sugarcane varieties using 24 traits 
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Fig. 2 : Dendrogram using Average Linkage (between groups) of Twenty-three varieties using 24  

parameters of sugarcane cultivars 
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