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EXTENDED ABSTRACT 

Cotton (Gossypium hirsutum L.) is one of the most important fibre-producing 

plants. In addition, cottonseed is used for livestock feed and for cotton oil extraction. 

Greece is the leading cotton-growing country in the European Union, producing 

250,000 t or 1.2% of global lint cotton annually (Anon, 2007).  

Irrigation water availability has been identified as one of the major limiting factors 

of cotton productivity, especially during the hot and dry summer period of the 

Mediterranean region. As global climate change continues, water shortage and 

drought are becoming an increasingly serious constraint, limiting crop production 

worldwide (Katerji et al., 2008). Cotton is very sensitive to water stress during the 

various stages of its growth and development, with daily water use being greatest 

during the period from flowering to yield formation. Deficit irrigation management is 

an optimum strategy to address water shortage, resulting inconsiderable water savings 

with little impact on the quantity and quality of the harvested yield (Kirda et al., 

1999).  

The objective of this study was i) to determine the effect of deficit irrigation on 

growth and yield of cotton under Greek field conditions, ii) to determine the stress 

and no-stress baselines for the evaluation of Crop Water Stress Index and iii) to 

evaluate the feasibility of quantifying plant sensitivity to water deficit with Water 

Potential Index and/or Crop Water Stress Index.  

A field experiment was carried out at the Agricultural University farm located in 

Athens during the 2006 and 2007 growing seasons. The soil was clay loam and the 

total available soil water content within the top 1.2 m of the soil profile was 237.6 

mm. Weather and micro-meteororological data  were recorded daily. 

The experimental design was split plot with irrigation treatments as the main plot 

and cotton cultivars as the sub-plot in a randomized complete block design replicated 

four times. The plot size of each irrigation treatment was 6 m × 12 m and the spacing 

between each main plot was 4 m in order to minimize water movement among 

treatments. The experimental plots were 6 m × 6 m and consisted of 6 rows 1.0 m 

apart. Two commercial cotton cultivars named "Julia" and "Zoi", widely grown in 

south Greece, were used for the experiments. Seeds were hand-planted on 2 May 

2006 (Julian day, JD: 122) and on 28 April 2007 (JD: 118) respectively. Cotton plants 

were thinned to a spacing of 1.0 m (row width) × 0.65 m when the plants were about 

0.15 m in height. The crop was kept free of weeds by hand hoeing when necessary.  

The irrigation treatments were based on the calculation of daily evapotranspiration 

which was determined by the pan evaporation method (Allen et al. 1998). For that 

purpose a Class A evaporation pan was used, placed a few meters apart of the crop. 



 

 

Irrigation was applied daily. Two irrigation treatments designated as full (FI) with no 

water stress and moderate (MI) water stress, were tested. In the FI treatment the 

amount of irrigation water applied daily was 100% of the daily crop 

evapotranspiration. In the moderate water stress treatment (MI), irrigation water was 

applied at the rate of 50% of full irrigated treatment on the same day for both 

genotypes and years. A surface drip irrigation system was used for irrigation. Nine 

irrigations totaling 294 mm were applied to all treatments from sowing until early 

July to sustain early emergence and uniform growth crop stand. The different 

irrigation treatments were started on 10 July 2006 and 5 July 2007 and continued 

according to regional practice until late-August when 10% of bolls on a plant were 

fully open. The amount of applied water was about 370 mm and 185 mm for FI and 

MI treatments respectively, in each experimental period.   

Plant vegetative growth was monitored by means of subsequent destructive 

samplings manually realized throughout the two growing periods (2006, 2007). In 

each sampling, all plants within a 0.5 m section of a row (from the second and fifth 

row of each plot) were cut at ground level at weekly intervals, starting from mid July 

to late August. The cotton leaves were separated from the stem, and leaf area of plants 

was measured using an automatic leaf area meter. The results on a plant basis were 

converted into LAI by multiplying by the average crop density of each plot. Cotton 

leaves and plant material were cut into pieces and then oven dried at 80 °C until stable 

weight was achieved for dry matter monitoring. In all experiments, measurements of 

the water potential of the youngest fully expanded leaf (Ψl, fourth to fifth node from 

the top of main stem) were taken once a week, around noon, when Ψl reaches its 

lowest diurnal value, throughout the growing seasons. The pressure chamber 

technique (Schollander et al., 1964) was used at a pressurization rate of 0.05 MPa s
-1

. 

The water potential index (WPI) was calculated from Ψl versus time relationships in 

each plot according to Karamanos and Papatheohari (1999). For the calculation of 

CWSI, a non water stress baseline for cotton was determined at the local climatic 

conditions throughout the growing seasons. This was achieved, by measuring the crop 

temperature (Tc) using a hand-held infra-red thermometer, while the air temperature 

(Ta) and the corresponding vapour pressure deficit, were determined by means of 

micrometeorological data. The mean Tc for each plot was calculated as the average of 

12 instantaneous measurements. All data for the non water stressed base line were 

taken above the fully irrigated (FI) plots at sunlit conditions. The upper baseline was 

determined using the canopy temperatures measured from plants which were kept 

non-irrigated (fully stressed). At specified sunlit days, during the two growing 

periods, measurements of Tc for each plot were also taken, for the determination of 

CWSI. 

Cotton yield was determined by hand harvesting the two central rows in each plot. 

At harvest time, samples from 10 plants were taken from the middle rows of the plots 

for the determination of seed yield per plant (g/plant).  

All measured and derived data were subjected to analysis of variance (ANOVA), 

using the statistical software package Statistica V.8 As test criterion for looking 

differences between means the LSD (P<0.05) was used (Steel and Torrie, 1982). The 

years were not pooled for ANOVA because the sampling dates were not comparable 

among years. Regression analysis was used to relate leaf area, biomass and yield, with 

WPI values after flowering.    

Average air temperatures during the two growing periods did not vary considerably 

from the long-run averages. Furthermore, relative humidity of the air from June to 

August was in both years lower than the averages. In general the weather conditions 



 

 

during both experimental periods were typical for the Greek - Mediterranean climate 

that is characterized by a long, hot and dry summer during which full irrigation is 

essential for growing crops. 

The relationships between LWP and irrigation scheduling for all treatments were 

also determined. These relationships show clearly that plant response, expressed in 

terms of LWP, was very much dependent on the applied irrigation regimes. The LWP 

of the stressed plants (MI treatments) was significantly lower than that of the FI ones 

reaching minimal values between -2.18 and -2.31 MPa in 2006 and -2.22 and -2.41 

MPa in 2007. In FI treatments Julia in most cases exhibited, higher LWP than Zoi, 

while in MI treatments the differences between the two varieties were small. The 

differences among irrigation treatments and varieties were statistically significant for 

WPI. Increasing water shortage resulted in more negative WPI values, which were 

lower in 2007 than 2006 and higher in Julia than Zoi, especially in FI treatments. 

Leaf water potential is considered as a reliable indicator of plant water balance 

(Karamanos, 2003). Similarly, WPI represents an adequate description of the water 

stress history experienced by plants (Karamanos and Papatheohari, 1999; Karamanos 

et al., 2009; Karamanos and Travlos, 2012). The imposed irrigation schemes 

produced a clear differentiation in LWP and WPI among the treatments and the 

genotypes. The upper and lower base lines for the determination of CWSI for cotton 

in Greek local conditions were also determined. 

LAI evolution was in most cases significantly affected by irrigation input and 

genotype (P<0.05). In general, leaf area index increased with increased amounts of 

irrigation water until 100 days after emergence and then decreased because the 

production of new leaves was impeded by the emission of fruiting sites (Karam et al., 

2006). The highest LAI values were obtained from the full irrigation treatment. 

Deficit irrigation resulted in 23% and 38% decreases for Julia and Zoi respectively as 

compared with FI treatment.  

Biomass accumulation over time for the different treatments is shown in Fig 2b.  

Similarly to LAI, the biomass increased initially at small rates, reaching a value close 

to 0.25 kg m
-2

, about 2 months after emergence. Thereafter, the biomass increased at 

considerable high rates for the FI treatments with statistical differences (P<0.05) 

among the irrigation treatments in all studied years. The highest dry matter was 

obtained from the well-watered treatments as 0.97 kg m
-2

 and 0.91 kg m
-2

 for Julia 

and 0.79 kg m-2 and 0.75 kg m-2 for Zoi in 2006 and 2007 respectively. Deficit 

irrigation caused a significant decline in biomass accumulation for both cultivars. Dry 

matter was reduced by an average of 30% and 27% in Julia and Zoi respectively 

compared with the FI treatments for both years.  

No significant interactions between genotypes and irrigation levels in all studied 

years were observed. Therefore, the marginal means of irrigation levels were 

compared. Productivity and yield were higher in 2006 than 2007. Seed cotton yields 

were positively influenced by increased irrigation amounts in both experimental 

years. The highest yields were obtained from the FI treatments. Deficit irrigation 

resulted in 16% and 28% decreases in average yield for Julia and Zoi respectively 

compared with the well-watered treatments.  

The relationships resulting from the regression analysis of leaf area, biomass 

weight and seed yield, on WPI values was described by negative linear functions 

using data from all treatments and growing periods for the two cultivars. In general, 

the higher values of the Y-intercepts are indicative of a higher potential of the 

particular trait for a given genotype. In addition, the value of the slope is an 

expression of the “sensitivity” of the genotype at different levels of water shortage: a 



 

 

lower slope indicates the ability to maintain higher values with increasing degrees of 

water stress (Karamanos and Papatheohari, 1999; Karamanos et al. 2009). Leaf area 

showed the more drastic fall against WPI (higher values of linear regression 

coefficient). Significant differences among both Y-intercepts and regression slopes 

were detected for leaf area and seed yield, while biomass showed significant 

differences only in Y-intercepts. In most cases Julia had lower regression slope values 

and showing better adaptability than Zoi to water stress conditions. The same 

behavior for Julia, was also confirmed by the calculated CWSI values. 
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