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Climate resilient varieties: Climate resilient varieties are those varieties that have enhanced tolerance to biotic and 

abiotic stresses. Under changing climatic scenario in Kashmir valley, drought will be a common feature causing large 

annual fluctuations in apple production, especially in rainfed orcharding. Screening of new better quality and high 

yielding varieties tolerant to drought stress is one of the most efficient strategies to improve yields in unpredictable 

environments. However, this is complicated by the lack of fast, reproducible drought screening techniques due to the 

involvement of many physiological and morphological characters. Currently, efforts are directed to access new and 

cheap reliable indices that can help in selection of drought tolerant varieties /genotypes. The selection of apple variety 

with the best performance under water stress environments could increase the production under climate change 

scenario and rainfed orcharding. Different methods are designed for screening of apple varieties for drought tolerance 

and most reliable are leaf chlorophyll content, leaf total carbohydras content, leaf potassium content and leaf relative 

water content.    

Leaf chlorophyll content 

 Photosynthetic pigments remain major drivers of plants photosynthetic capacity due to their crucial role in both 

absorption (chlorophyll) and dissipation (carotenoids) light energy.  Chlorophylls are the critical pigments that 

capture the light to be transformed into carbohydrates during photosynthesis. Chlorophyll content contribute to 

increase light interception and efficiency of conversion, and therefore, to maintain/increase plant performance under 

stress.  Varieties that maintain relatively higher chlorophyll content under drought use light energy more efficiently, 

which indicates higher drought tolerance. 

Estimation of leaf chlorophyll content (mg g
-1

 fresh weight)  

Leaf chlorophyll can be estimated by any of these two methods 

i. Αrnon method 

Chlorophyll is extracted with a mixture of acetone and water at a ratio of 80% : 20% (v / v). 2 g of leaf tissue is 

homogenized with 25 ml  acetone solution (80%), using a laboratory blender for 2 min. Filtration is followed, and 

then filtrate transferred to a volumetric flask of 100 ml covered with aluminium foil to avoid oxidation of chlorophyll 

from light and filled to the top with acetone solution (80%) solution. Absorption is measured at 663 and 645 nm using 

a Spectrophotometer. 

Concentration of chlorophyll (a, b, total) is expressed as mg /g fresh weight. Determination of chlorophyll- a, b and 

total chlorophyll is carried out using the formula by Arnon, 1949: 

Chlorophyll  a (mg/g F.W) = (12.7 A663 -2.69 A645) x X/1000 x  n                     

Chlorophyll b (mg/g F.W) = (22.9 A645 – 4.68 A663) x X/1000 x n                  

Total chlorophyll (mg/g F.W) = (20.2 A645 + 8.02 A663) x X/1000 x n            

where: A645 = absorption value at 645 nm, , A663= absorption value at 663 nm, Χ = total volume of filtrate, n = tissue 

weight. 

ii. DMSO method 

Samples of 15 representative leaves per tree are detached in the morning hours and are immediately placed in ice box 

and brought to the laboratory. The samples are then kept in the refrigerator below 0°C to avoid degradation of 

chlorophyll pigments. For estimation of total chlorophyll each sample is washed and chopped into fine pieces. 

Total chlorophyll (chl-a and chla-b) and carotenoid present in different apple varieties are estimated by following the 

method of Hiscox and Israelestam (1979). 0.1 g of the fresh leaf sample is weighed and then crushed and put into the 

test tube and 10 mL of DMSO is to be added. It is then kept in oven for ½ an hour, and then transferred into test tube 

and absorbance measured at 480, 510, 645 and 663 nm in double beam UV -1800 Shimadzu spectrophotometer. 

The quantity of photosynthetic pigments is calculated by using the standard formula: 
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Chlorophyll-a (mg/g) 12.3 (D663) – 0.86 (D645)  V 

d  1000  w 

Chlorophyll-b (mg/g) 19.3 (D645) – 3.60 (D663)  V 

d  1000  w 

Total chlorophyll (mg/g fresh weight) = 20.2 A645 + 8.02 A663  V 

a  1000  w 

 

Leaf carbohydrates content 

Carbohydrates produced from photosynthesis in plant leaves provide energy and building blocks for plant growth and 

productivity. These carbohydrates are known to act as important osmoregulation substances to maintain cell turgor 

under osmotic stress /drought. 

  Stress especially drought lead to the accumulation of carbohydrates in leaves, which play an important role in 

osmo protection under osmotic stress. Under stress conditions, a change in the sugar concentrations would be a result 

of the regulation of sugar metabolism and export. Accumulation of carbohydrates is regarded as an adaptive response 

of plants to drought stress.  

Estimation of total leaf carbohydrates (mg g
-1

 fresh weight) 

Total leaf carbohydrate content present in different varieties of apple is determined by using the method given by 

Thimmaiah (1999). 100 mg of the sample is weighed into a boiling tube, hydrolyzed by keeping it in a boiling water 

bath for three hours with 5 ml of 2.5 N Hydrochloric acid (HCL) and cooled to room temperature. It is then 

neutralized with solid sodium carbonate until the effervescence ceased. Volume is made up to 100 mL and 

centrifuged and supernatant is collected. About 0.2 to 1 mL of the sample is used for analysis. Standards are to be 

prepared by taking 0.2 to 1 mL of the working standards. 1 mL of water is serves as blank. Volume is made up to 1 

mL in all the tubes with distilled water, then add 1 mL of phenol (5%) solution to each tube.  Add 5 mL of 96 % 

sulphuric acid to each tube and shake well. After 10 minutes shake the content in the tube and place them in a water 

bath at 25-30 ℃ for 20 minutes and the green to dark green colour is then read at 490 nm in double beam UV -1800 

Shimadzu spectrophotometer. A standard graph is then drawn by taking the concentration of glucose on X-axis and 

spectrophotometer reading on Y-axis. From the graph, the concentration of glucose in the sample is calculated. The 

amount of total carbohydrate is calculated in the sample solution using the standard graphs.  

% Carbohydrate =      Conc. Sample from standard curve x Dilution factor    x 100 

     Weight of sample  

Amount of carbohydrate present in 100 mg of leaf sample =    mg of glucose   x 100 

                              Volume of test sample   

Leaf potassium (K) content 

Potassium is the essential macronutrient required by plants for optimum growth. K has role in biotic and abiotic plant 

stress tolerance. In plants, potassium remains the primary inorganic cation to accumulate in leaf tissues under water 

stress and is found in abundance as a solute in leaves. 

Water maintains turgidity of cells which leads to enlargement and growth of cells. Potassium plays a central role as 

an osmolyte, aiding osmotic adjustment, where solutes accumulate in plant cells in response to reduced cellular water 

potential which enables continued growth under low water potential. There is positive correlation between osmotic 

adjustment and drought tolerance. Enhanced osmotic adjustment aided by adequate K enables maintenance of higher 

turgor pressure, relative water content and lower osmotic potential, thereby enhancing plants ability to tolerate 

drought stress. 

Additionally, maintenance of a higher potassium concentration in plant tissues promotes root growth by increasing 

root elongation, consequently increasing root surface area that is exposed to soil as a result of increased root water 

uptake. K also improves cell membrane integrity which normally decline under drought stress. K regulates opening 

and closure of stomata.  
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Estimation of leaf potassium content 

Collection of leaf samples 

Leaf samples are collected from the middle of current season’s growth around periphery of tree during July –August. 

Preparation of leaf sample 

After collection, the leaf samples are washed with tap water and later dipped in dilute HCl. Further, washing is 

repeated with single and double distilled water. The samples are then air dried on a filter paper and oven dried at 

60°C for 24 hours (Chapman, 1964). Then these were crushed in a stainless steel blender to pass through 2-mm mesh 

and stored in polythene bags for chemical analysis. 

Digestion of leaf sample 

Digestion of processed sample is done in 10 ml di-acid mixture consisting of nitric acid and perchloric acid (9:4 ratio) 

taken in a 100 ml flask. The flask is kept undisturbed overnight and next day placed in hot plate at 115-118
o
C for 

digestion till a watery transparent aliquot is obtained. The digested sample is diluted with double distilled water to 

make a volume of 50 ml and filtered through Whatman No.1 filter paper. The filtrate is ultimately used for estimation 

of the leaf potassium content. 

Estimation of leaf potassium 

Potassium is determined with flame photometry technique, using corning flame photometer and expressed in 

percentage. 

Leaf Relative Water Content (RWC) 

Relative leaf water content (RWC) is the most appropriate measure of plant water status in terms of the physiological 

consequence of cellular water deficit. Water potential as an estimate of the energy status of plant water is useful in 

dealing with water transport in the soil-plant-atmosphere continuum. For the same leaf water potential two different 

cultivars can have different leaf RWC. It estimates the current water content of the sampled leaf tissue relative the 

maximal water content it can hold at full turgidity. Normal values of relative water content ranges between 98% in 

fully turgid transpiring leaves to about 30-40 per cent in severely desiccated and dying leaves. All components of leaf 

water relations change during the day as irradiance and temperatures change. For not more than two hours at and after 

noon, the change is very small. This is the time “window” for leaf sampling.  

Estimation of leaf Relative Water content  

Leaf sample is placed in a pre-weighed airtight vial. These vials are immediately placed in a cooler (around 10
0
C-

15
0
C) but not frozen on ice. These samples should reach the lab as soon as possible. In the Lab vials are weighed to 

obtain sample leaf weight (W), after which the sample is immediately hydrated to full turgidity for 3-4hours under 

normal room light and temperature. After hydration, the samples are taken out of water and are well dried of any 

surface moisture quickly and lightly with filter paper and immediately weighed to obtain fully turgid leaf weight 

(TW). Samples are then oven dried at 80
0
C for 24 hours and weighed (after being cooled down in a desiccator) to 

determine dry weight (DW).  

RWC (%) = [(W-DW) / (TW-DW)] x 100,            Where, 

W – Sample fresh weight(g), TW – Sample turgid weight (g), DW – Sample dry weight (g). 

Acknowledgement 

The authors express gratitude to NMHS, GBPNIHESD, Kosi-Katarmal, Almora, for financial support. 

References 

1. Arnon, D.I. 1949. Copper enzymes in isolated chloroplasts. Polyphenoloxidase in Beta vulgaris. Plant Physiol., 

24: 1-15. 

2. Hiscox, J.D. and G.F. Israelstam. 1979. Different methods of chlorophyll extraction. Can. J. Bot., 57: 1332-1332. 

3. Chapman, H. D. 1964. Suggested foliar sampling and handling techniques for determining the nutrient status of 

some field, horticultural and plantation crops. Indian J. Hort., 21 (2): 97-119. 

4. Thimmaiah, S.R. 1999. Standard methods of biochemical analysis. Kalyani Publishers, New Delhi.     



  

NMHS 2020           Final Technical Report (FTR) – Project Grant    90 of 112 

 

 



  

NMHS 2020           Final Technical Report (FTR) – Project Grant    91 of 112 

 

 



  

NMHS 2020           Final Technical Report (FTR) – Project Grant    92 of 112 

 

 


