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INTRODUCTION 

Today environmental conditions are unpredictable due to various reasons and high temperature and water stress condition are common environmental conditions that can significantly affect and diminish crop growth and yields. Gunawardana & De Silva., (2011) reported that, according to many findings in Sri Lanka based on HADcm3 general circulation model has revealed that the temperature will increase in the coming years. Furthermore, Cruz et al., (2007) reported that, during recent decades, the observed temperature increases in some parts of south Asia such as India, Bangladesh, Nepal, Pakistan and Sri Lanka have ranged between 0.07-1°c per decade and also recorded increasing and decreasing trends in the seasonal rainfall, in general. Agriculture plays an important role in developing countries and especially in Sri Lanka, vegetable cultivation is one of the most prominent ways for income generation. However, most of the farmers in Sri Lanka suffer from harsh climatic conditions such as drought and temperature stress. Recent global estimates predict that, by 2080, climate change will reduce world agricultural production capacity by as much as 16% and when considering Sri Lanka, reported that the reduction is projected to be more severe, with production losses of up to 20% (Cline, 2007). Therefore, solutions are very important to mitigate such impacts on agriculture imposed by high temperature and water stress. ZEBA is an organic based super absorbent polymer which positive influences crop growth and yield under temperature and water stress conditions due to its ability to absorb and retain 1000 times more water than their original size and weight (Sojka & Entry, 2000)
METHODOLOGY
The experiment was conducted at the Open University of Sri Lanka to study the interaction effect of Zeba, temperature and water stress on cabbage (Exotic-F1). The experiment was maintained from May 2019 to March 2020. Polytunnel was used in order to maintain the stipulated temperature conditions by means of thermostat and air circulation fans. When the temperature inside the polytunnel exceeds the set temperature the fans automatically start in operation until the temperature is brought down to the set temperature in the thermostat. One set of plants were kept at 35-360C (T1) in the polytunnel to impose temperature stress while other plants were kept at 320C-330C (T2) in a plant house. 
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Figure: The variation of temperature inside the poly tunnel and plant house over a period of 24 hours
The temperature was lower than the maximum temperature set for that particular polytunnel to represent the diurnal variation during a day. However, the temperature maintained inside the polytunnels was always higher than the ambient temperature in the plant house; therefore, temperature stress was forced on the plants during the daytime while there was photosynthetic activity. Irrigation intervals were applied as 3 days’ (I1), 5 days’ (I2) and 8 days’ (I3). One set of treatments were without Zeba (Z1) and the other with 2g of Zeba. Zeba was mixed with the soil of each treatment. All treatments were arranged in complete randomized design (CRD) with three replicates and the experiment was repeated thrice to replicate in temperature effect and the polytunnel effect. Reddish brown earth soil (0-20cm depth from surface) from Anuradhapura was used as the growing media. An additional nine pots were placed at 36 0C and 32 0C without ZEBA and plants to determine the weight losses in growth media due to evaporation. These pots were irrigated to field capacity following the irrigation intervals with three replicates. The field capacity of the soil was measured using pressure plate apparatus and volume basis method. Before irrigation the pots were weighted. According to the weight losses the amount of water needed for each pot to reach the field capacity was calculated as follow,
Weight of dried soil + Pot = M1

Weight of dried soil + Pot + Required water to reach the field capacity = M2

Weight losses from evaporation = M2-M1 

M2-M1 amount of water was added to each pot during irrigation and fertilizer was added according to the recommendation of the Department of Agriculture Sri Lanka (DOA). Growth and yield parameters were measured 120 days after planting, and the soil moisture of every treatment at one day prior to each irrigation according to the treatments were measured using the gravimetric method (Dry weight basis). The RWC (%) was calculated by using the following formula; 

RWC (%) = [(Fresh weight - Dry weight) / Turgid weight - Dry weight] x 100
Analysis of variance (ANOVA) for measured parameters were run by SAS program package (SAS University version) using three-factor model and an F-test was used to determine the effect of temperature stress (T), water stress (I) and with or without ZEBA (Z) and their interaction effects (T*I*Z, T*I, T*Z, Z*I) on growth and yield significant at the 0.05 probability level. 
RESULTS AND DISCUSSION
Soil Moisture content
Treatment with ZEBA, with 3 days’ irrigation interval at ambient temperature stress condition showed the highest soil moisture content (58.21%) (T2Z2I). However, it had no significant effect on soil moisture content as compared to the treatments with ZEBA, with 5 days’ irrigation interval and with 8 days’ irrigation interval under ambient temperature condition and treatments with ZEBA, with 3 days’ irrigation interval and with 5 days’ irrigation interval under temperature stress condition (T2Z2I2, T2Z2I3 T1Z2I1, T1Z2I2). Treatment without ZEBA, with 8 days’ irrigation interval under temperature stress condition (T1I3Z1) have resulted in the lowest soil moisture content (20.12%) which might be due to the higher transpiration and evaporation imposed by [image: image4.emf]temperature and water stress.

Figure 2: Interaction effect (T*I*Z) on soil moisture % (Wet weight basis) variation of treatments at one day prior to each irrigation
Treatments are significantly different if they do not share a letter (s) in common adjusted P value < 0.05.
Relative water content (RWC%)
Treatment with ZEBA, with 3 days’ irrigation interval under ambient temperature condition (T2I1Z2) has shown the highest percentage of RWC (92.1%) (Table 1). Treatment T1I1Z2 has also shown a higher percentage of RWC (90.1%). Treatments without Zeba have shown lower percentages of RWC. As an example, a treatment without ZEBA, with 3 days’ irrigation interval under ambient temperature condition (T1I1Z1) varied from the treatment with ZEBA, with 3 days’ irrigation interval under ambient temperature (TII1Z2) only due to the absence of ZEBA and it has shown 58.2 percentage for RWC. Treatment without ZEBA, with 5 days’ irrigation interval and with 8 days’ irrigation interval under temperature stress conditions (T1I2Z1, T1I3Z1) have shown significantly lower percentage of RWC, indicating the values respectively as 50.1%, 47.3%. The RWC was reduced in water-stressed leaves (Table 1). It may be due to longer irrigation intervals and high temperature stress conditions. Such conditions initiate wilting cases of the plants and resulted to lipid peroxidization. 
Growth and yield parameters of cabbage

According to Table 1, the interaction effect of temperature stress, water stress and application of ZEBA significantly (P≤0.05) influenced positive variations of plant height, width of canopy, fresh weight (FW), dry weight (DW), relative water content (RWC), fresh weight of head and dry weight of head. 

Plant height and width of canopy

The treatments without ZEBA have shown reduction in plant height and width compared to the treatments with ZEBA due to its higher ability of moisture absorbance. Treatment with ZEBA, a 3 days’ irrigation interval under ambient temperature stress conditions (T2I1Z2) has shown the highest plant height and width of canopy (35.3cm, 30.2cm). However, it has not significantly differed from the treatments of T1I1Z2 (34.2cm, 28.2cm), T1I2Z2 (33.7cm, 27.5cm), T2I2Z2 (34.5cm, 30cm) (Table 1). All the treatments with ZEBA under ambient temperature stress conditions have shown higher plant height, either irrigation interval is extended. Reduced plant height and width of canopy at temperature stress and water stress condition might be due to the leaf senescence and wilt due to lack of moisture.  According to the findings of this study, most of the growth and yield parameters are directly proportional to the soil moisture content, because higher soil moisture content of the soil mitigates the water and temperature stress conditions of the plant by avoiding wilting cases.  Cabbage is classified as intermediately susceptible to water stress and mainly depends on supplemental irrigation (Janes,1950).
Fresh weight and dry weight

According to Table 1, all the treatments with ZEBA have shown a positive impact on measured parameters. Fresh and dry weight were also in line with plant height and width of canopy. Treatment with ZEBA, with 3 days’ irrigation interval under ambient temperature stress condition (T2I1Z2) resulted in the highest fresh weight and dry weight (472g, 45.2g). However, treatment with Zeba, with 5 days’ irrigation interval under temperature stress condition (T1I2Z2) had no significant difference (431g, 38.7g) as compared to the treatment of T2I1Z2.   

Fresh weight (FW) and Dry weight (DW) of head

Yield components were significantly reduced by longer irrigation interval and temperature stress conditions when measured at harvest. Treatment without ZEBA, with 8 days’ irrigation interval under temperature stress condition (T1Z1I3) has significantly reduced fresh head weight and dry head weight (321g, 24g). Therefore, temperature stress and water deficit conditions resulted in low marketable yield as well as total yield.


Table1: Growth and Yield parameters of Cabbage

	Parameters

	Treatments
	
	Plant Height (cm)
	Width of canopy (cm
	FW of leaves (g/plant)
	DW of leaves (g/plant)
	RWC (%)
	Head weight

	
	
	
	
	
	
	
	FW (g/plant)
	DW (g/plant)

	
	T1I1Z1
	25.2cd
	15cd
	300d
	22.1de
	58.2d
	318e
	40de

	
	T1I1Z2
	34.2a
	28.2a
	438a
	40a
	90.1a
	450a
	109a

	
	T1I2Z1
	20.5d
	12.1de
	285de
	20.2e
	50.1e
	271f
	31e

	
	T1I2Z2
	33.7a
	27.5a
	431a
	38.7a
	87.3b
	445a
	104a

	
	T1I3Z1
	17.2e
	10e
	245e
	15.2f
	47.3e
	321g
	24f

	
	T1I3Z2
	30.1b
	20.2c
	345c
	29.7c
	76.2c
	380cd
	68c

	
	T2I1Z1
	28.2bc
	18.5c
	350c
	30.1c
	80.1c
	402c
	71c

	
	T2I1Z2
	35.3a
	30.2a
	472a
	45.2a
	92.1a
	457a
	115a

	
	T2I2Z1
	27.5c
	16.2cd
	320cd
	29c
	75.2c
	345d
	52cd

	
	T2I2Z2
	34.5a
	30a
	440a
	40.2a
	90.7a
	452a
	111a

	
	T2I3Z1
	25cd
	14.3d
	310d
	25.7d
	60.5d
	324e
	44d

	
	T2I3Z2
	31.7ab
	25.2b
	380b
	32.7b
	85.2b
	415b
	81b

	T*I*Z
	P≤0.05
	P≤0.05
	P≤0.05
	P≤0.05
	P≤0.05
	P≤0.05
	P≤0.05


T1- Temperature stress         T2- Ambient Temperature

Z1- Without ZEBA               Z2- With ZEBA
I1-3 days’ irrigation interval   I2- 5 days’ irrigation interval    I3- 8 days’ irrigation interval

Values in a column followed by different letters are significantly different at P≤ 0.05

CONCLUSIONS 

Treatments with ZEBA resulted in positive responses of growth and yield either at the temperature and water stress conditions. Implementing 5 days’ irrigation interval with ZEBA under the temperature stress condition (T1I2Z2) could save water without significantly yield reduction. Treatments with ZEBA, with 3 days’ irrigation interval and 5 days’ irrigation interval under temperature stress conditions as well as under ambient temperature (T1I1Z2, T1I2Z2, T2I1Z2, T2I2Z2) have resulted in higher yield respectively (450g, 445g, 457g, 452g) and these treatments have shown higher soil moisture percentage (55, 51.2, 58.21 and 55.12). It might be due to the presence of ZEBA and its ability to absorb a higher amount of water. 
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