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 Strawberry (Fragaria ananassa. L.), as a member of the Rosaceae family, is one of the 

most important crops cultivated worldwide. In this investigation, in order to evaluate 

the effect of different environmental conditions, agronomical and physiological 
responses of two strawberry varieties were studied. The experiment was performed in 

controlled and natural environments and results indicated that plant height and leaf area 
were increased with the passage of time in both locations, but they demonstrated higher 

rates in natural environment. It was also observed that total biomass was higher in open 

environment compared to the controlled one in which biomass production of Seascape 
was higher than Chandler. There were significant differences (P≤0.05) in terms of 

relative water content and Chlorophyll content in which Seascape showed better results 

compared to Chandler in both environments. Relative water content and chlorophyll 
content were negatively and positively correlated with total biomass respectively. Plants 

cultivated in natural condition (Cameron highlands) had higher chlorophyll content in 

comparison with protected condition. All of the parameters including plant height, leaf 
area, chlorophyll content and total biomass were found to be greater for plants grown 

under open environmental conditions (Cameron Highlands). 
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INTRODUCTION 

 

 The flowering plant Fragaria or commonly known as strawberry is an herbaceous, perennial member of 

rose family, Rosaceae. Strawberry grown commercially is the cultivar of garden strawberry hybrid known 

as Fragaria × ananassa. Strawberry fruit is beneficial for human‟s health and cultivated for its juicy, red, 

succulent fruit nature which can be consumed fresh, frozen, added to dairy products and foods [1]. Plants are 

influenced by genetic and environmental factors and phenotypic expression of some quantitative traits depends 

on genotype, where environment plays a minor role. On the other hand, phenotypic expression of some 

quantitative traits is greatly influenced by environmental factors and genotype plays minor role [2]. Yield is an 

economically important quantitative trait in agricultural production which can be affected by genotypic or 

environmental or both variations [2]. Plant height is related with vegetative growth of plants [3], and there are 

many factors (Soil moisture, root length, water stress condition and salinity of the soil) that can affect the plants‟ 

height. Soil moisture is significantly and positively correlated with plant height and it was found that plant 

height also positively linked with root length [4]. However, plant height can be reduced by excessive soil 

moisture at any growth stages [5]. This trait is less in water-stressed plants compared to well-watered plants 

which lead to reduction of fruit yield [4], which is impacted negatively by salinity concentration, type of salt 

present or type of plant species [6]. In an experiment conducted by Sonkar et al. [7], the vegetative growth as 

well as plant height was affected by different mulch materials during strawberry cultivation. Plant leaf area can 

be determined by the light interception which is related to transpiration, photosynthesis and plant productivity 

[8]. It helps to estimate crop growth, rate of development, yield potential, radiation use efficiency as well as 

water and nutrient uptake [9]. Therefore, leaf area can be used to indicate the vegetation status of plants [10]. 

Determination of individual leaf area of plants is a useful technique for physiological and agronomical research 

[11]. High leaf area leads to high flower or fruit production and higher yield [12]. Reduction of leaf area reduces 

crop growth and biomass production [5]. Many factors like soil moisture, water stress conditions, NaCl 
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concentration, nitrogen and potassium fertilization, mulch materials, bio-fertilizers, and bio-regulators affect leaf 

area of strawberry plants. Water stress decreased specific leaf area and leaf area ratio [13]. NaCl stress not only 

affects the water usage of strawberry plants negatively but also affects the leaf area [14]. Nitrogen deficiency 

reduced the relative growth rate by reducing the leaf area ratio [15]. Potassium fertilization positively affects the 

development of leaf area and reproductive parameters [14]. Biomass is one of the measurements of vegetative 

growth index which is expressed in daily dry matter production per unit area and growth duration [16]. The 

increases in the vegetative growth of plants lead to a higher production of plant biomass which is important for 

yield prediction [16]. The potential biomass depends on the leaf morphological structures and canopy, 

mesophyll cell size, leaf senescence, leaf endowment and sinks control of the plant [17]. Many factors such as 

NaCl salinity, salicylic acid (SA), soil moisture, nitrogen and potassium fertilizer, length of photoperiod, 

elevated CO2, plant spacing, water and drought stress, nitrogen fixing bacteria and bio-regulators influences 

biomass production of strawberry. Soil moisture stress which decrease dry matter accumulation can reduce the 

biomass production at any growth stage [5]. Increased photoperiod can increase the plant biomass production 

which is resulted from the actions related to increases in leaf area and chlorophyll content. The dry weight of 

water-stressed plants is less compare to well-watered plants [4]. Water stress decreased leaf relative water 

content and water-use efficiency, whereas it increased the biomass allocation to roots, which resulted in a higher 

root: stem mass ratio under drought. Barrs and Weatherly [18] mentioned that relative water content (RWC) is 

an appropriate measure of plant water status in terms of the physiological consequence of cellular water deficit. 

Chlorophyll is the important pigment for the conversion of light energy to stored chemical energy [19]. The 

pigment content is influenced by exposure of terrestrial vegetation to different types of natural and 

anthropogenic sources. Determination of chlorophyll content is useful for the detection of physiological states 

and stresses in plants [20]. Chlorophyll content can indicate the photosynthetic efficiency of plants [21] and can 

be used to assess the influence of water stress towards plant growth [4]. Chlorophyll content of strawberry plant 

is influenced by several factors such as soil moisture, soil fertility, water stress, salinity stress, photoperiod, 

foliar silicon, salicylic acid, potassium and calcium by fertilization, nitrogen fixing bacteria and bio regulators. 

Low soil fertility decreased chlorophyll content [22] and salt stress can negatively affect the chlorophyll content 

and the leaf senescence which differs from plant growth stages and is more significant at flowering than at 

maturing stages. In this experiment, it was tried to compare the agronomical and physiological traits of two 

strawberry varieties namely Seascape and Chandler in two different environmental conditions (open and 

controlled environment).  

 

MATERIALS AND METHODS 

 

Plant Materials: 

 Strawberry varieties including Chandler and Seascape were prepared from Kasimanis Strawberry Farm, 

Cameron Highlands, Malaysia. 

 

 
 

 Fig. 1: Glasshouse at Institute of Botanical Gardens, University of Malaya. 

 

Growing Conditions: 

 The plants were grown under controlled and open environments namely Glasshouse of Institute of 

Botanical Gardens, University of Malaya and Kasimanis Strawberry Farm, Cameron Highlands respectively. In 

controlled condition, the chamber was provided with two air conditioners which were set to be switched on 
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alternately and temperature was fixed at 20
0
C with appropriate light intensity and humidity. At the same time, 

plants were grown in natural environment at Kasimanis Strawberry Farm in Cameron Highlands and were 

protected from the rain and bad weather by translucent awning.  

 

 
  

Fig. 2: Inside of the Kasimanis Strawberry Farm. 

 

Plant Establishment: 

 Plants were grown in pails with diameter of 25cm and 22cm in height. Soil was prepared first by filling 

each pail with same amount of soil that was about 4kg each. The soil content was topsoil, organic, and sand with 

ratio of 1:1:1. Then, the seedlings were planted on 11
th

 of December 2012 and 30
th

 April 2013. 

  
Experimental Design: 

 The whole experiment was based on completely randomized design (CRD) and three replications consisting 

five plants were conducted in each experimental location.  

 

Evaluation of Agronomical and Physiological Traits: 

 The data for plant height, leaf area (leaf width × leaf breadth), and chlorophyll content were collected every 

48 hours at interval due to limitation of time. The plant height and leaf area were measured manually using a 

ruler and chlorophyll content was measured using chlorophyll meter, SPAD-502 meter. The leaves were cleaned 

properly before taking the readings and three leaves were collected from a single plant and the average was 

taken and recorded. For biomass estimation, fresh weight and dry weight were evaluated. At the end of 

experiment, the whole plant including stem and leaves were cut just above the crown and labelled accordingly. 

The samples were brought to lab to be weighed by using weighing scale and the readings were recorded as fresh 

weight. Then, samples were kept in oven at 70
0
C for 72 hours to be dried. After taking dry weight, the sample 

was weighed again and this time the readings were recorded as dry weight. The same steps (oven dry and 

weighing) were repeated for at least three times until there was no change in weight. This weight is also known 

as stable weight and considered as biomass from single plant. Total biomass was estimated weekly for 

continuous 3 weeks. Turgid weight is the maximum ability of water holding capacity of plant. The samples were 

put in container containing distilled water and soaked. They were kept in refrigerator at 10
0
C for 24 hours. After 

that, the samples took out from the refrigerator and blotted dry from excess water by using tissue paper. The 

samples were then weighed again and the readings were recorded as turgid weight. Relative Water Content 

(RWC) has been calculated based on formula: 

 
 Where; FW, DW and TW are fresh weight, dry weight and turgid weight respectively. The values were 

recorded to be analysed. 

 

Data Analysis: 

 The Multiple Range Test of Duncan (DMRT) for the significant separation of means was calculated. 

Correlation analysis was done to know the relation between chlorophyll content and percentage of relative water 
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content with total biomass among different varieties and different growing conditions. Minitab 15 and SAS (8.2) 

were used for statistical analysis. 

RESULTS AND DISCUSSIONS 

 

Agronomical and Physiological Traits Associated With Biomass Production: 

 In this study, it was tried to evaluate agronomic and physiological traits such as plant height, leaf area, 

chlorophyll content, and biomass production. The comparison was made on plants that were grown under two 

different environments. Plant height was observed to be greater in Seascape compared to Chandler in both 

growing conditions (Figure 3). Besides, biomass in Seascape was higher under the same growing conditions 

(Figure 6). This indicates significant influence of plant height on biomass production. Bhatt and Srinivasa Rao 

[23] described that plant height can be reduced in A. esculentus associated with a decline in cell enlargement 

under stress conditions. Different kinds of stress can have negative influence on dry matter production, plant 

height, and seed yield to be decreased [24, 25]. Greater leaf area was also observed in Seascape compared to 

Chandler in both growing conditions (Figure 4). So, higher biomass was obtained in Seascape under the same 

growing conditions (Figure 6).  

 

 
 

Fig. 3: Plant height increase in Seascape and Chandler with time under two growing conditions. 

 

 
 

Fig. 4: Leaf area expansion in Seascape and Chandler with time under two growing conditions 

 

 This result indicated significant influence of leaf area on biomass production. According to Mohammadian 

et al. [26], the shoot dry weight, leaf dry weight and leaf area index were decreased under stress conditions 

compared to non-stress conditions. Wullschleger et al. [27] and Farooq et al. [28] also mentioned that 

development of optimal leaf area is important towards photosynthesis and dry matter yield. Similar situation 

was observed in chlorophyll content in which it was higher in Seascape compared to Chandler in both growing 

conditions (Figure 5). Likewise, Seascape produced higher biomass under the same growing conditions (Figure 

6). Similarly, chlorophyll content had significant influence on biomass production. Steinberg et al. [29] 

observed lower chlorophyll concentration in young peach trees under stress condition and mentioned that lower 

chlorophyll concentration can significantly influence the reduction of dry biomass in plants. This observation 

was made when they grew eggplants in container instead of field and both of the chlorophyll content and dry 
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biomass was decreased. RWC was decreased in controlled condition for both varieties and Seascape showed 

better RWC in comparison with Chandler. There were significant differences between varieties for this trait 

(P≤0.05) (Table 1). 

 

 
Fig. 5: Chlorophyll production in Seascape and Chandler with time under two growing conditions 

 

 
 

Fig. 6: Comparison of biomass production of Seascape and Chandler in two different growing conditions. 

 
Table 1: The comparison of biomass production of strawberries under different growing conditions associate with relative water content  

(RWC) and chlorophyll content 

Variety RWC% Chlorophyll Content Total Biomass 

Controlled Open Controlled Open Controlled Open 

Seascape 70.35a 62.43a 46.76a 43.39a 1.10a 1.55a 

Chandler 66.55b 60.15b 40.78b 44.28b 0.95b 1.12b 
Mean followed by the different letter in a column are significantly different from each other at 0.05% probability level 

 

Conclusion: 

 The growth and production of strawberry depend on cultivar or varieties, environmental condition and 

production system. Morphological characteristics of strawberry such as plant height, leaf area, chlorophyll 

content and biomass production can be used to assess successful growth with higher yield. Biomass estimation 

is also a useful technique for prediction of yield. There are several factors as salt stress, nutrients, mulching 

materials, space, carbon dioxide availability and exogenous hormone influence agronomic and yield related 

traits of strawberry plants. In present investigation, open environment was observed as a better growing 

condition for strawberry plants and caused to produce high biomass in both of the two varieties named Seascape 

and Chandler in which biomass production of Seascape was higher than Chandler. Though temperature in 

controlled environment was low (20
0
C) but continuous high humidity, insufficient sunlight created a suitable 

environment for disease infestations and it was observed in the first batch plants, controlled environment allows 

for quick spread of disease among the plants. Other constraints which lead to lower biomass production in 

controlled environment were insufficient sunlight and poor air circulation. Plant height, leaf area and 

chlorophyll content were found to have relationship with the total biomass production. RWC was negatively 
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correlated with total biomass. As conclusion, Seascape was found to be potential variety that expected to 

produce better yield compared to Chandler in both controlled and open environments and open environment 

with low temperature (day night average temperature 21-25
0
C) could be suitable for growing strawberry. This 

experiment can be improved in the future by reducing the constraints and overcome the problems faced. Longer 

period of experiment can ensure better results and identification of the causal agent of the disease can result in 

better pest control and management. Modern tools or equipment can also improve the accuracy of the 

measurement while collecting the data.  
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