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Water deficit is a major problem in banana grown under tropical and sub-tropical region climatic 
conditions. It affects plant growth and development and ultimately leads to a considerable bunch yield 
reduction or crop failure. Although the banana cultivars and hybrids are susceptible to water deficit, 
there is a marked genotypic variation in morphology of the plant and rooting pattern in banana in 
response to water deficit. The objective of this experiment was to investigate the possibility that the 
twelve banana cultivars and hybrids referred to as, Karpuravalli (ABB), Karpuravalli x PisangJajee, Saba 
(ABB), SannaChenkathali (AA), Poovan (AAB), Ney poovan (AB), Anaikomban (AA), Matti x Cultivar 
Rose, Matti (AA), Pisang Jajee x Matti, Matti x Anaikomban and Anaikomban x PisangJajee and coded 
as S1, S2, S3, S4, S5, S6, S7, S8, S9, S10, S11 and S12 might reveal cultivars specific diversity in the 
regulatory mechanisms underlying their different responses to water deficit with a view of establishing 
the most drought tolerant [Karpuravalli (ABB), Karpuravalli x PisangJajee, Saba (ABB)] banana cultivars 
and hybrids that can be grown under water deficit conditions in Tamil Nadu. The physiological and 
biochemical behavior in banana cultivars and hybrids subjected to water restriction were investigated 
during the 3rd, 5th, 7th and 9th month after planting (MAP). The parameters that were measured are the 
leaf relative water content, proline, total sugar, free amino acids and total soluble proteins. The 
experimental design carried out was at entirely split plot, with two water regimes considered as mail 
plot like stress (M1) and control (M2) and sub plot (S) taken as cultivars and hybrids. There was 
decrease in the leaf relative water content and soluble protein content in plants with decreased in water 
content. Results indicate that S1 and S2 has superior physiological traits under water deficit hence may 
be recommended for growing under water deficit conditions (50% available soil moisture) in tropical 
and subtropical regions. 
 
Key words: Water deficit, banana, Relative water content (RWC), soluble protein, proline, free amino acid, total 
sugar. 

... 
 
INTRODUCTION 
 
Water deficit is one of the most environmental stresses 
affecting agricultural productivity around the world and 
may result in considerable yield reductions (Boyer, 1985). 
Drought affects nearly all the plant growth processes; 
however, the stress response depends upon the 
intensity, rate, and duration of exposure and the stage  of 
 

 crop growth. Inhibition of leaf growth by water stress can 
be considered to be an adaptive response. Thus it limits 
leaf area production, eventually plants rate of 
transpiration (Lu and Neumann, 1998). Banana coming 
under tropical fruit and is the fourth largest fruit crop in 
the world. Although it has scores of definitions, it originates
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from a deficiency of precipitation over an extended period 
of time, usually a season or more. This deficiency results 
in water shortage for some activity, group, or 
environmental sector. Banana production and productivity 
is severely affected by various stresses like, drought, 
water and cold. Physiological responses to soil water 
deficit are the feature that is most likely to determine the 
response of the crop to irrigation. There are some 
evidence that roots are the primary sensors of water 
deficit in the soil, causing the observed physiological and 
biochemical perturbations in the stems and the decline in 
growth to be generally interconnected with changes in 
plant nutrition, carbon dioxide balance and water 
relations. The banana plants sensitivity to soil moisture 
stress, reflected in changes in reduced growth through 
reduced stomatal conductance and leaf size leads to 
reduction in photosynthetic pigments (Kallarackal et al., 
1990) with increased leaf senescence (Turner, 1998). 
Bananas (Musa spp.) rarely attain their full genetic 
potential for yield due to limitations imposed by water 
ultimately limiting the plants photosynthesis.The water 
deficit is characterized by water losses that exceed the 
absorption rate and of this way it acts directly in the plant 
water relations (Costa et al., 2008), in which the plant 
damages depend on the intensity and the exposure 
period, besides promoting changes in the cell and the 
molecular pathways, as well as is reported accumulation 
of organic solutes as carbohydrates and proline (Lacerda 
et al., 2001), differential gene expression on nucleic acids 
as DNA and RNA (Casagrande et al., 2001), variation on 
the amount of photosynthetic pigments, mainly 
chlorophylls and carotenoids (Chandrasekar et al., 2000), 
in which the mechanism stomatal interferes on 
photosynthesis rates (Ribas-Carbo et al., 2005). The 
osmotic adjustment is considered an important 
mechanism developed by the plants to tolerate water 
deficiency (Costa, 1999), which promotes protection of 
the plant cell structures as membranes and chloroplasts 
(Martínez et al., 2004). It alsoavoids cell toxicity provoked 
by free radicals and maximizes water retention inside the 
cell (Hare et al., 1998), moreover it presents the 
possibility of using the total sugar as energy source under 
severe stress (Pimentel, 2004).The experiment aimed at 
evaluating the effects of the progressive water deficit, as 
well as to investigating the physiological and biochemical 
behavior in twelve banana cultivars and hybrids 
submitted to water restriction during the different growth 
stages. 
 
 
MATERIALS AND METHODS 

 
The experimental design was a split plot design with three 
replications. The main plots are, M1 (control) with the soil pressure 
maintained from -0.69 to -6.00 bar, M2 (water deficit) with the Soil 
pressure maintained from -0.69 to -14.00 bar. Soil pressure of -

14.00 bar was reached at 30 days and measured by using soil 
moisture release curve and measured the soil moisture by using the 
pressure  plate  membrane  apparatus  (Table 1 and Figure 1).  The  
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sub plots considered as twelve banana cultivars and hybrids S1: 
Karpuravalli (ABB), S2: Karpuravalli x PisangJajee, S3: Saba (ABB), 
S4: SannaChenkathali (AA), S5: Poovan (AAB), S6: Ney poovan 
(AB), S7: Anaikomban (AA),S8: Matti x Cultivar Rose,S9: Matti 
(AA),S10: Pisang Jajee x Matti,S11: Matti x Anaikomban and S12: 
Anaikomban x PisangJajee were randomly distributed within the 
sub-plots in each of the drought stress treatments (main plots). The 
antioxidative enzymes were estimated during 3

rd
, 5

th
, 7

th
, 9

th
 month 

after planting and at harvest stages of the crop.  
 

 
Enzyme extractions and assays 
 

Relative water content 

  
Relative water content (RWC) was estimated according to the 
method of Weatherly (1950) and calculated in the leaves for each 
drought period. Samples (0.5 g) were saturated in 100 ml distilled 
water for 24 h at 4°C in the dark and their turgid weights were 
recorded. Then they were oven-dried at 65°C for 48 h and their dry 
weights were recorded. RWC was calculated as follows: 
 
RWC (%) = [(FW – DW) / (TW – DW)] × 100, 
 
Where, FW, DW, and TW are fresh weight, dry weight and turgid 
weight, respectively. 
 
 
Soluble protein content 
 
The content of soluble protein was estimated from the leaf samples 

following the method of Bradford (1974) and expressed as mg g
-1

 
fresh weight. 

 
Procedure: The leaf sample of 0.5 g was macerated with 10 ml of 
phosphate buffer (0.1 M, pH 7.0) using a pestle and mortar. The 
extract was centrifuged at 10000 rpm at 4°C for 20 min. 0.1 ml of 
supernatant was taken and 5 ml of dye mixture was added. The solution 
was mixed well and kept aside for 15 min. The colour intensity was 

recorded at 595 nm optical density.  

 
 
Proline 
 

Proline content of the leaf sample was estimated by the method of 
Bates et al. (1973) and expressed as µg g

-1
 of fresh weight.  

 
Procedure: A fresh leaf sample of 0.5 g was macerated with 10 ml 

of aqueous sulphosalicylic acid (3%) using a pestle and mortar. The 
extract was centrifuged at 4000 rpm for 10 minutes. The supernatant 
solution of 2 ml was taken in a test tube and to this 2 ml of acid 
ninhydrin and 2 ml of glacial acetic acid was added.  

The solution was kept in water bath for one hour at 100°C and it 
was cooled under tap water. After cooling, the solution was 
transferred into a separating funnel and 4 ml of toluene was added. 
The funnel was uniformly shacked for 30 s. Two different layers 
were formed. The colorless bottom layer was discarded and the 
upper pink color layer  
was collected. The optical density was recorded at 520 nm against 
blank as toluene. 
 

 

Acid ninhydrin  

 
2.5 g of ninhydrin was taken and mixed with 60 ml of glacial acetic 
acid and 40 ml of 6 M orthophosphoric acid. The solution was 
stirred well and slightly warmed in hot water bath until the content 
dissolved). 
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Free amino acids (FAA) 
 
The free amino acids (FAA) of the leaf sample was estimated by the 
method proposed by Mishra and Dhillon (1981) and expressed as 
µg g

-1
. 

 
Procedure: A fresh leaf sample of 1 g was macerated with 10 ml of 

sodium phosphate buffer (0.2 M, pH 5.0) using a pestle and mortar. 
The extract was centrifuged at 10000 rpm at 4°C for 15 min. The 
supernatant solution of 0.1 ml was taken and 1 ml of ninhydrin 
solution was added and made upto 2 ml using distilled water and 
immediately kept in water bath for 20 min and allowed it for cooling 
at room temperature. After cooling, 5 ml of diluents solvent was 

added and allowed it to stand for 15 min. The intensity of purple 
color was noticed. The optical density was recorded at 570 nm 
against blank. 
 
 
Diluents solution 
 
Mix equal volume of water and n-propanol and this solution was 
used for enzyme analysis. 

 
 
Ninhydrin solution 
 
0.8 g of stannous chloride was dissolved in 500 ml of citrate buffer 
(0.2 M, pH 5.0). The solution was mixed in to 20 g of ninhydrin in 
500 ml of methyl cellosolve (2 methoxy ethanol) and this solution 
was used for enzyme analysis.  
 

 
Total sugars 
 
The total sugar content of the leaf sample was estimated by the 
method of Nelson (1944) and Somogyi (1952) and expressed as 
mg g

-1
. 

 
 
RESULTS 
 
Leaf relative water content 
 

The leaf relative water content (LRWC) was reduced 
significantly (Table 2), as well as in the treatment under 
water deficiency had progressivefall of 79.2 to 68.7% in 
the LRWC during water deficit conditions respectively. 
Moreover, significant changes were showed within the 
stress treated cultivars and hybrids under waterdeficit, 
when compared with the control plot cultivars and 
hybrids. The highest leaf RWC was observed in 
Karpuravalli under the normal irrigated conditions with 
slight reduction was showed under water deficit. Matti, 
PisangJajee x Matti, Matti x Anaikomban and 
Anaikomban x PisangJajee cultivars and hybrids had 
highest reduction in leaf RWC under the water deficit, 
respectively. There was a high and positive correlation 
between RWC and proline water deficit conditions. 
 
 
Soluble protein 
 

The result  on  soluble  protein  content  was  affected  by 

 
 
 
 
water deficit in all the cultivars and hybrids as well as the 
interaction of M at S and S at M were significant (Table 
3). Water deficit reduced the soluble protein content 
banana cultivars and hybrids. Among the twelve cultivars 
and hybrids, Karpuravalli, Karpuravalli x PisangJajee, 
Saba, and Sannachenkathali had significant differences 
in soluble protein content under the main plot treatments. 
The highest soluble protein content was observed in 
Karpuravalli under the water deficit than the other 
cultivars and hybrids. The lowest soluble protein content 
was observed in Matti, PisangJajee x Matti, Matti x 
Anaikomban and Anaikomban x PisangJajee cultivars 
and hybrids under the water deficit, respectively. The 
positive correlation was showed between soluble protein 
contentand RWC under the water deficit conditions. 
 
 
Proline 
 
The proline level had significant changes, as well as in 
the plants under stress was showed total increase at 48% 
in free proline during the period of water deficit conditions 
(Table 4). Moreover, the cultivars of Karpuravallihad 
highest proline accumulation during water deficit 
conditions than the other cultivars and hybrids. The 
lowest poline accumulation was noticed in Matti, 
PisangJajee x Matti, Matti x Anaikomban and Anaikomban 
x PisangJajee cultivars and hybrids under the water 
deficit, respectively. 
 
 
Free amino acids 
 
The amino acids level were significant increase, in which 
the water deficit promotes total increase at 39% in amino 
acids level under the water deficit conditions (Table 5). 
Among the twelve cultivars and hybrids, Karpuravalli, 
Karpuravalli x PisangJajee, Saba, and Sannachenkathali 
had significant differences in free amino acid content 
under the main plot treatments. The highest free amino 
acid content was observed in Karpuravalli under the 
water deficit. The lowest free amino acid content was 
observed in Matti, PisangJajee x Matti, Matti x 
Anaikomban and Anaikomban x PisangJajeecultivars and 
hybrids during the water deficit, respectively.  

 
 
Total sugar 
 
The total soluble carbohydrate levels were progressively 
increased on the treatments control and stress, as well as 
the variance analysis reveals that occur significant 
difference among the treatments. In the twelve banana 
cultivars and hybrids submitted to stress was showed the 
increase at 30.36% (Table 6) during different growth 
stages due to water restriction, as well as great 
accumulation   was  showed  in  the  period  under   water 
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Table 1. Calculated pressure from stress treatment and soil moisture content from 
regression equation. 
 

Soil moisture content (%) Pressure (bar) ASM (%) 

33.46 -0.69 100.00 

31.32 -2.46 93.60 

30.19 -3.39 90.23 

29.18 -4.22 87.21 

28.14 -5.08 84.10 

27.09 -5.94 80.96 

26.12 -6.74 78.06 

25.29 -7.43 75.58 

24.91 -7.74 74.45 

24.32 -8.22 72.68 

23.78 -8.67 71.07 

23.40 -8.98 69.93 

23.11 -9.22 69.07 

22.86 -9.43 68.32 

21.28 -10.73 63.60 

20.83 -11.10 62.25 

19.51 -12.19 58.31 

19.30 -12.36 57.68 

18.63 -12.91 55.68 

18.11 -13.34 54.12 

17.81 -13.59 53.23 

17.52 -13.83 52.36 

17.10 -14.01 50.11 

16.72 -14.47 49.01 

16.00 -15.08 47.82 
 
 

 

Soil Moisture Release Curve

(Y = a + bx)

R2 = 0.9546
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Figure 1. Pressure plate apparatus soil moisture release curve. Regression equation to find out pressure from soil moisture: [Y 

= a + bx]. Y = Pressure (bar); X = soil moisture content (%); ‘a’ = 28.26158; ‘b’ = - 0.8239. 
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Table 2. Effect of water stress on Relative Water Content (RWC: %) at different growth stages of banana cultivars 
and hybrids. 
  

Treatments 3
rd

 MAP 5
th

 MAP 7
th

 MAP 9
th

 MAP Harvest Mean 

Main plot 

M1 75.4 77.1 78.2 73.1 72.9 75.35 

M2 65.9 67.6 68.7 63.6 63.4 65.80 

Mean 70.64 72.34 73.44 68.34 68.14 70.58 

SEd 0.42 0.43 0.48 0.41 0.41  

CD (P= 0.05) 1.83 1.87 2.06 1.77 1.76  

       

Sub plot 

S1 81.0 82.7 83.8 78.7 78.5 80.92 

S2 80.3 82.0 83.1 78.0 77.8 80.22 

S3 77.4 79.1 80.2 75.1 74.9 77.32 

S4 76.9 78.6 79.7 74.6 74.4 76.82 

S5 74.1 75.8 76.9 71.8 71.6 74.02 

S6 73.4 75.1 76.2 71.1 70.9 73.32 

S7 69.7 71.4 72.5 67.4 67.2 69.62 

S8 68.0 69.7 70.8 65.7 65.5 67.92 

S9 63.5 65.2 66.3 61.2 61.0 63.47 

S10 61.4 63.1 64.2 59.1 58.9 61.37 

S11 61.1 62.8 63.9 58.8 58.6 61.07 

S12 60.9 62.6 63.7 58.6 58.4 60.87 

Mean 70.64 72.34 73.44 68.34 68.14 70.58 

SEd 0.90 0.92 0.93 0.87 0.87  

CD (P= 0.05) 1.82 1.86 1.88 1.77 1.76  

       

Interaction SEd       

M at S 1.29 1.32 1.35 1.25 1.25  

S at M 1.28 1.30 1.32 1.24 1.23  

       

CD (P= 0.05)       

M at S 2.93 3.00 3.12 2.84 2.83  

S at M 2.57 2.63 2.66 2.50 2.49  

 
 
deficiency. 
 
 
DISCUSSION  
 
Relative water content 
 
Relative water content (RWC) is the appropriate measure 
of plant water status in terms of the physiological 
consequence of cellular water deficit. It was used instead 
of plant water potential as RWC referring to its relation 
with cell volume, which could accurately indicate the 
balance between absorbed water by plant and lost 
through transpiration. The banana plants are able to 
maintain their internal water status during drought by 
reducing radiation load and closing stomata (Thomas and 
Turner, 1998). The RWC was estimated in order to find 
out the plant water status of banana cultivars under water 
stress situations. Leaf RWC had a significant influence on 

photosynthesis, by reducing the net photosynthesis by 
more than 50% when RWC was less than 80%. As 
observed by Slatyer (1955), a reduction by 5% in RWC 
led to reduction in photosynthesis by 40 to 50%. Among 
the twelve cultivars, Karpuravalli, Karpuravalli x 
Pisangjajee, Saba and Sannachenkathali had higher 
RWC content with 6% reduction over control. These 
findings were in agreement with the results of Thomas 
and Turner (1998), in which a positive correlation 
between RWC and gas exchange activities was observed 
and therefore, the reduction of RWC was found to cause 
a strong reduction in photosynthesis, transpiration and 
stomatal conductance. Gupta and Sing(1970) reported 
that drought resistant varieties showed consistently 
higher leaf water potential in their tissues than 
susceptible types under soil moisture deficit. In the 
present studies, cultivars like Matti, Matti x Anaikomban, 
Matti x cultivar rose and Pisangjajee x Matti, recorded 
lower RWC with higher reduction per cent in the range  of 
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Table 3. Effect of water stress on foliage soluble protein (mg g
-1

)at different growth stages of banana cultivars and 
hybrids. 
 

Treatments 3
rd

 MAP 5
th

 MAP 7
th

 MAP 9
th

 MAP Harvest Mean 

Main plot 

M1 10.7 10.8 11.2 9.6 5.5 9.58 

M2 8.7 8.8 9.9 8.2 4.6 8.03 

Mean 9.67 9.81 10.54 8.93 5.06 8.80 

SEd 0.049 0.049 0.053 0.048 0.024  

CD (P= 0.05) 0.211 0.214 0.229 0.208 0.106  

       

Sub plot 

S1 11.8 11.9 12.7 11.8 6.1 10.85 

S2 10.9 9.4 10.6 10.9 5.0 9.36 

S3 10.3 9.1 9.9 9.4 4.9 8.71 

S4 8.8 9.4 9.9 7.3 5.7 8.23 

S5 9.7 10.5 11.5 6.9 5.0 8.69 

S6 8.4 10.9 11.3 7.7 5.8 8.82 

S7 9.4 9.8 9.8 7.8 4.6 8.25 

S8 9.4 8.9 10.4 8.9 4.8 8.47 

S9 10.2 8.2 10.0 9.5 4.8 8.55 

S10 10.1 9.5 9.3 9.6 4.6 8.61 

S11 9.0 10.5 10.5 9.0 4.8 8.75 

S12 8.2 9.6 10.7 8.5 4.7 8.35 

Mean 9.67 9.81 10.54 8.93 5.06 8.80 

SEd 0.129 0.132 0.134 0.123 0.067  

CD (P= 0.05) 0.261 0.267 0.270 0.249 0.136  

       

Interaction SEd       

M at S 0.183 0.186 0.188 0.174 0.094  

S at M 0.183 0.187 0.189 0.174 0.095  

       

CD (P= 0.05)       

M at S 0.405 0.405 0.409 0.382 0.205  

S at M 0.369 0.378 0.382 0.352 0.192  
 
 
 

Table 4. Effect of water stress on proline (µg g
-1
)at different growth stages of banana cultivars and hybrids. 

 

Treatments 3
rd

 MAP 5
th

 MAP 7
th

 MAP 9
th

 MAP Harvest Mean 

Main plot 

M1 73.6 75.3 79.4 71.3 71.1 74.15 

M2 91.9 93.4 98.3 89.6 89.4 92.52 

Mean 82.76 84.33 88.86 80.46 80.26 83.33 

SEd 2.00 2.01 2.01 1.98 1.98  

CD (P= 0.05) 8.60 8.64 8.67 8.55 8.54  

       

Sub plot 

S1 95.8 96.7 98.4 93.5 93.3 95.55 

S2 95.1 96.1 97.8 92.8 92.6 94.90 

S3 92.2 93.9 94.9 89.9 89.7 92.14 

S4 91.7 93.4 94.4 89.4 89.2 91.64 

S5 84.9 86.6 87.6 82.6 82.4 84.83 

S6 84.2 85.9 86.9 81.9 81.7 84.13 
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Table 4. Contd. 
 

S7 80.5 82.2 83.2 78.2 78.0 80.43 

S8 78.8 80.5 83.4 76.5 76.3 79.11 

S9 74.2 75.9 82.1 71.9 71.7 75.18 

S10 72.1 73.8 84.6 69.8 69.6 74.00 

S11 71.8 73.5 85.3 69.5 69.3 73.90 

S12 71.6 73.3 87.5 69.3 69.1 74.18 

Mean 82.76 84.33 88.86 80.46 80.26 83.33 

SEd 0.88 0.90 0.91 0.85 0.85  

CD (P= 0.05) 1.78 1.82 1.84 1.73 1.72  

       

Interaction SEd       

M at S 2.33 2.35 2.36 2.30 2.30  

S at M 1.25 1.27 1.29 1.21 1.21  

       

CD (P= 0.05)       

M at S 8.62 8.67 8.69 8.57 8.55  

S at M 2.51 2.57 2.60 2.44 2.44  
 
 
 

Table 5. Effect of water stress on free amino acid (mg g
-1

) at different growth stages of banana cultivars and hybrids. 
 

Treatments 3
rd

 MAP 5
th

 MAP 7
th

 MAP 9
th

 MAP Harvest Mean 

Main plot 

M1 9.45 11.86 12.49 10.70 7.88 10.47 

M2 12.31 14.72 16.16 14.04 11.22 13.69 

Mean 10.88 13.29 14.32 12.37 9.55 12.08 

SEd 0.159 0.173 0.177 0.168 0.150  

CD (P= 0.05) 0.686 0.746 0.764 0.723 0.648  

       

Sub plot 

S1 15.78 18.19 19.21 17.42 14.60 17.04 

S2 14.13 16.54 17.41 15.62 12.80 15.30 

S3 14.05 16.46 17.28 15.49 12.67 15.19 

S4 10.30 12.71 13.17 11.38 8.56 11.22 

S5 10.25 12.66 13.68 11.89 9.07 11.51 

S6 10.14 12.55 13.42 11.63 8.81 11.31 

S7 9.86 12.27 13.09 11.30 8.48 11.00 

S8 9.53 11.94 12.40 10.61 7.79 10.45 

S9 9.30 11.71 13.23 10.94 8.12 10.66 

S10 9.19 11.60 13.12 10.83 8.01 10.55 

S11 9.15 11.56 13.08 10.79 7.97 10.51 

S12 8.83 11.24 12.76 10.47 7.65 10.19 

Mean 10.88 13.29 14.32 12.37 9.55 12.08 

SEd 0.143 0.168 0.174 0.155 0.126  

CD (P= 0.05) 0.288 0.339 0.351 0.313 0.255  

       

Interaction SEd       

M at S 0.251 0.286 0.295 0.269 0.228  

S at M 0.202 0.237 0.246 0.219 0.179  

CD (P= 0.05)       

M at S 0.737 0.817 0.839 0.783 0.688  

S at M 0.408 0.478 0.497 0.442 0.361  
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Table 6. Effect of water stress on leaf total sugar (mg g
-1

) at different growth stages of banana cultivars and 
hybrids. 
 

Treatments 3
rd

 MAP 5
th

 MAP 7
th

 MAP 9
th

 MAP Harvest Mean 

Main plot 

M1 6.03 7.07 7.49 7.39 5.92 6.78 

M2 6.82 6.42 8.78 8.68 7.13 7.56 

Mean 6.42 6.74 8.13 8.03 6.52 7.17 

SEd 0.086 0.055 0.119 0.095 0.046  

CD (P= 0.05) 0.370 0.240 0.512 0.410 0.199  

       

Sub plot 

S1 11.57 11.82 13.89 13.79 12.32 12.68 

S2 10.45 10.65 12.77 12.67 11.20 11.55 

S3 9.38 9.63 11.70 11.60 10.13 10.49 

S4 7.31 7.66 9.53 9.43 7.96 8.38 

S5 5.43 5.78 7.10 7.00 5.28 6.12 

S6 5.11 5.46 6.68 6.58 5.01 5.77 

S7 4.82 5.17 6.29 6.19 4.67 5.43 

S8 4.76 5.11 6.28 6.18 4.66 5.40 

S9 4.73 5.08 6.00 5.90 4.43 5.23 

S10 4.71 5.06 5.98 5.88 4.41 5.21 

S11 4.54 4.89 5.81 5.71 4.24 5.04 

S12 4.25 4.60 5.52 5.42 3.95 4.75 

Mean 6.42 6.74 8.13 8.03 6.52 7.17 

SEd 0.113 0.126 0.126 0.122 0.072  

CD (P= 0.05) 0.229 0.255 0.256 0.247 0.146  

       

Interaction SEd       

M at S 0.176 0.180 0.204 0.196 0.205  

S at M 0.160 0.179 0.173 0.179 0.172  

       

CD (P= 0.05)       

M at S 0.451 0.403 0.570 0.502 0.571  

S at M 0.324 0.361 0.349 0.361 0.348  
 
 
 

22 to 24% reduction when compared to control. Similarly 
in banana plants, Thomas and Turner (1998), found that, 
a major decrease of soil moisture hardly reduced the leaf 
RWC. The early reduction of stomatal conductance and 
the minor diminution of leaf RWC could indicate that the 
banana plants showed a drought avoidance mechanism 
to maintain a favorable plant water status involving 
stomatal closure in response to water stress (Turner and 
Lahav, 1983). 
 
Soluble protein content 
 
The soluble protein content of the leaf, being a measure 
of RuBP carboxylase activity was considered as an index 
for photosynthetic efficiency. There were reports that 
RuBP-case enzyme forms nearly 80% of the soluble 
proteins in leaves of many plants (Joseph et al., 1981). 
Diethelm and Shibles (1989)  opined  that  the  RUBISCO 

content per unit leaf area was positively correlated with 
that of soluble protein content of the leaf. Soluble protein 
content was estimated in order to find out the 
photosynthetic capacity of banana cultivars under water 
deficit situations. In the present study, water deficit 
caused a significant reduction in soluble protein content 
of leaves of all the banana cultivars. Among the cultivars 
studied, Karpuravalli, Karpuravalli x Pisangjajee, Saba 
and Sannachenkathali maintained higher soluble protein 
content with 9% reduction over control, followed by 
cultivars of Poovan, Ney Poovan, Anaikomban and 
Anaikomban x Pisangjajee with 15% reduction. However, 
the cultivars of Matti, Matti x Anaikomban, Matti x cultivar 
rose and Pisangjajee x Matti recorded the lowest soluble 
protein content with higher reduction of 19% than control. 
The mechanism of reduction in soluble protein content 
due to water deficit by reduction in RUBISCO enzyme 
activity leads to lower  CO2  assimilation.  These  findings  
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were in accordance with the results of Wahad et al. 
(2000) who observed a significant reduction in soluble 
protein content of banana plants grown under drought 
stress conditions. Besides these results, Martignone et al. 
(1987) observed that in soybean soluble protein content 
was the first nitrogenous compound affected under stress 
conditions, which at severity got denatured and lost the 
activity. It was further explained that soluble protein, 
world’s most abundant protein containing the enzyme 
RUBISCO, is involved in CO2 assimilation; therefore, the 
reduction in soluble protein might have a direct adverse 
effect on photosynthesis. Hsiao (1974) reported that the 
decrease in the protein level in water stressed plants 
could be attributed to decrease in protein synthesis, the 
decreased availability of amino acids and denaturation of 
the enzymes involved in amino acid and protein 
synthesis, perhaps at the ribosomal level.  
 
 
Proline 
 
Proline accumulation is an universal response of plants to 
various stresses. Proline acts as an osmolyte and helps 
the plants to maintain tissue water potential under all 
kinds of stresses. Proline, as an osmoprotectant, is largely 
confined to the cytoplasm and is mostly absent from the 
vacuole (Mc Neil et al., 1999). It plays a key role in the 
cytoplasm as a scavenger of free radicals as well as a 
mediator in osmotic adjustment and also increases the 
solubility of sparingly soluble proteins (Caplan et al., 
1990; Saradhi et al., 1995). Shen et al. (1990) advocated 
that water stress enhanced the accumulation of proline in 
many plant species and it might function as a source of 
solute for intercellular osmotic adjustment under water 
stress. Stewart (1978) suggested that proline might 
severe as a storage compounds for reduced carbon and 
nitrogen during stress. Proline might regulate the osmotic 
balance of the cell thus relieving the negative effect of 
stress (Reddy et al., 2004). In the present study also, 
cultivars like Karpuravalli, Karpuravalli x Pisangjajee, 
Saba and Sannachenkathali had higher amount of proline 
accumulation particularly at 7

th
 MAP followed by Poovan, 

Ney Poovan, Anaikomban and Anaikomban x 
Pisangjajee than cultivars of Matti, Matti x Anaikomban, 
Matti x cultivar rose and Pisangjajee x Matti. These 
findings are further supported by the results of Mohd et 
al. (2004) in banana, which explained that the 
enhancement in free proline content could occur either 
due to ‘de novo’ synthesis of proline or breakdown of 
proline-rich protein or shift in metabolism. According to 
Karamanos et al. (1983), there are three main reasons 
for the accumulation of proline in stressed leaves. The 
first and main component for this accumulation is the 
stimulation of proline synthesis from glutamic acid. The 
second is an inhibition of proline oxidation to other 
soluble compounds, and the third an inhibition of protein 
synthesis. The metabolic conversion of  glutamic  acid  to  

 
 
 
 
proline and thereafter to other products via oxidation 
occurs readily in turgid leaves of barley and is stimulated 
by higher levels of proline. 
 
 
Free amino acids 
 
Accumulation of free amino acids is also significant under 
water stress and may be due to induced hydrolysis of 
proteins as reported in crops like Arachis hypogeae and 
Vicia faba (Purushotham et al., 1998; EITayab, 2006). 
Jones et al. (1981) demonstrated the contribution of 
solutes in the osmotic adjustment during moderate stress 
levels than severe stress level. As observed in the 
present studies, cultivars of Karpuravalli, Karpuravalli x 
Pisangjajee, Saba and Sannachenkathali registered 22% 
increase in FAA content than the control. These findings 
are in accordance with Stewart and Larher (1980) found 
an accumulation of free amino acids in the presence of 
water deficit leading to a dynamic adjustment of nitrogen 
metabolism. The increase in free amino acids could 
contribute to the tolerance of the plant to water deficit 
through an increase in osmotic potential or as a reserve 
of nitrogen principally for the synthesis of specific 
enzymes (Navari-Izzo et al., 1990). Kraus et al. (1995) 
reported that increased accumulation of FAA during stress 
conditions could be an indicator of the adaptive nature of 
the coconut palms to cope up with the adverse conditions 
during summer months. Once water deficit is established, 
the level of free amino acids in plants increased under 
moderate stress and severe stress conditions (Jones et 
al., 1981). The increase in aspatate, glutamate, proline, 
alanine and valine compound due to increase in free amino 
acids content in stressed leaves could help maintain energy 
fluxes of the chloroplast (Ashraf, 2004). 
 
 
Leaf total sugar 
 
Response of plants to abiotic stresses is reflected by a 
change in their total soluble sugars accumulation 
(Bruggemann et al., 1994; Conocono et al., 1998; Kumar, 
2000). In the present study also, the cultivars like 
Karpuravalli, Karpuravalli x Pisangjajee, Saba and 
Sannachenkathali recorded about 25% increase in leaf 
total sugar content under stress condition over the control 
at 7

th
 MAP. Besides these results, Bruggemann et al. 

(1994) found significant increase in the total soluble sugar 
concentration in flag leaf under abiotic stress condition 
indicating that under abiotic stress, partitioning or 
translocation of soluble carbohydrates was adversely 
affected leading to poor utilization of assimilates in the 
sink. Other cultivars of Poovan, Ney Poovan, 
Anaikomban and Anaikomban x Pisangjajee also 
exhibited a change in total sugar content under water 
deficit condition with 17 to 20% increase over control. 
Similarly, a slight increase in total sugar  content  of  8  to  



 
 
 
 
9% was also showed by Matti, Matti x Anaikomban, Matti 
x cultivar rose and Pisangjajee x Matti under water deficit 
condition over control. Waters et al. (1991) observed a 
noticeable decline in transport of sugars from shoot to 
root and accumulation of total sugar content in maize 
roots under oxidative stress. 
 
 
Conclusion 
 
Plants respond to drought stress through alteration in 
physiological and biochemical processes. Our results 
showed that the activities of proline, free amino acid and 
total sugar content were increased under the water deficit 
condition with reduction in RWC and soluble protein 
content. The banana cultivars and hybrids of Karpuravalli, 
Karpuravalli x Pisangjajee, Saba and Sannachenkathali 
with highest proline, free amino acid and total sugar 
content under water deficit. The findings of this research 
also showed that the proline, free amino acid and total 
sugar content content can be used as a drought 
tolerance index to selection tolerant genotypes under 
water deficit conditions in banana cultivars and hybrids. 
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