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EFFECTS OF WATER DEFICIT ON CHLOROPHYLL CONTENT, RELATIVE WATER CONTENT AND GRAIN YIELD OF SIX CROATIAN WINTER WHEAT GENOTYPES
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Abstract: Drought is one of the major environmental factors that inhibits many metabolic processes and constrains plant growth and crop productivity. Croatia is part of Mediterranean Drought Group with late season drought stress during the grain filling in wheat. In order to evaluate water deficit on relative water content (RWC), chlorophyll content (Chl) and grain yield of six Croatian winter wheat genotypes, a factorial experiment based on randomized complete block design with three replications was conducted in 2009-2010. Factors were six winter wheat genotypes (Kaja, Divana, Karla, Kuna, Banica and ZGM 13) and two water regimes (control and water deficit occurred from anthesis to maturity). Physiological responses (RWC and Chl) were measured in late milk maturity (LMM) and in early waxy maturity (EWM). Grain yield, yield per spike and 1000 grain weight were measured after harvesting the plots at maturity.

Results showed that genotypes Kuna and Banica had the highest Chl in LMM, and the genotype Karla had the highest Chl in EWM in both environments. The highest RWC was observed in the genotype Karla in LMM, and in the genotype Kuna in EWM in both environments. Genotypes Karla, Kuna and Banica are all high yielding genotypes, but Kuna and Banica had the biggest loss in yield in stress condition (17%, 15.9%). For this reason Karla, that is high yielding genotype, with high RWC, and high Chl, could be recommended for planting in regions with Mediterranean type of drought.
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Introduction 
Approximately 32% of the wheat-growing regions experience some type of drought stress during the growing season (Morris et al., 1991). Croatia is a part of Mediterranean Drought Group which experience late season drought stress during grain filling of wheat. Drought had a negative effect on physiological processes and within on the agronomic traits of wheat (Balla et al., 2008). Plant physiologists found that chlorophyll content could be a valuable tool to monitor plant stress response. Fotovat et al. (2007) found that chlorophyll content of wheat leaf significantly decreased in presence of drought stress. Relative water content (RWC) is also very responsive to drought stress and has been shown to correlate well with drought tolerance (Schonfeld et al., 1988).
The objective of this study was (1) to investigate effects of water deficit on physiological traits and their influence to yield under water deficit and (2) to find out which of the six investigated genotypes could be recommended for planting in regions with water deficit conditions during grain filling.
Materials and methods 
In order to evaluate water deficit on chlorophyll content (Chl), relative water content (RWC), grain yield and yield components (yield/spike and 1000 grain weight) of six winter wheat genotypes, a factorial experiment was conducted during the growing season of 2009-2010. Genotypes were grown in the experimental field (Zagreb, Croatia) under two treatments: (1) near optimum-field conditions (control) and (2) water deficit (stress) from the beginning of anthesis to maturity.  Water deficit was induced by installing mobile plastic roof above the crops. Chl and RWC were measured first time in late milk maturity (LMM, 26 to 35 days after anthesis according to genotypes) and second time in early wax maturity (EWM, 40 to 49 days after anthesis according to genotypes). Chl of flag leaf was measured with the CCM - 200 (ADC, Bio Scientific Ltd. UK). For the measurement of leaf relative water content samples were collected from control and stressed plants between 9.30 am to 10.30 am. Experiment was conducted as described by Tas (2007). RWC were calculated according to Beadle et al. (1993) using the equation: 
           RWC= ((fresh weight - dry weight)/(turgid weight - dry weight)) x 100.

At maturity, plants were harvested and their yield and yield components were determined for each treatment separately. Statistical analysis was done using SAS 9.01. 
Results and discussion 
Chlorophyll content 
The mean Chl at LMM in flag leaves for all genotypes in stress environment did not differ significantly (p<0.05) from mean Chl in control environment. 
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                         Figure 1. Effect of water stress on chlorophyll content (SPAD index)
Genotype Banica slightly increased Chl in flag leaves in stressed plants at LMM, but after longer period of drought, it decreased (Figure 1.) that is in agreement with findings of Nikolaeva et al. (2010). Considerable difference between control and stressed plants at LMM had genotype ZGM 13 which belongs in early maturing group of genotypes. Genotype Karla exhibited the highest Chl both under control and stress conditions at EWM.

Relative water content
When exposed to drought decline in RWC was recorded in all genotypes (Figure 2.). Our results are in agreement with the finding of Liu et al. (2002) who observed decrease in RWC in many different plant species under drought stress. The highest RWC at LMM in control and stress conditions was found for genotype Karla (60.11%, 53.8%). Other genotypes showed lower RWC in control and stress conditions and mutually did not differ significantly. At EWM genotype Kuna had the highest RWC in both environments (47.92%, 46.36%). Genotype ZGM 13 in stress conditions at EWM had RWC of only 11.57%. According to Rampino et al. (2006) genotypes exhibiting RWC below 25% in stress condition are dehydration-sensitive; therefore genotype ZGM 13 belongs to dehydration-sensitive genotypes.
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Figure 2. Effect of water stress on relative water content (RWC)
Yield and yield components 
The highest grain yield in control and stress condition was determined for genotype Kaja, but it had also the biggest loss of yield (16.5%) together with genotype Kuna (17%) (Table1.).
Table 1. Yield and yields components in control (C) and stress (S) environment
	genotype
	yield (t ha-1)
	1000 grain weight (g)
	yield per spike (g)

	 
	C
	S
	C-S (%)
	C
	S
	C-S (%)
	C
	S
	C-S (%)

	Divana
	5.7
	5.5
	3.5
	45.7
	45.7
	0.0
	0.88
	0.85
	3.41

	Kuna
	9.25
	7.68
	17
	52.7
	48.0
	8.9
	1.52
	1.26
	17.11

	Banica
	9.79
	8.23
	15.9
	45.7
	40.7
	10.9
	1.99
	1.61
	19.10

	Karla
	9.06
	7.86
	13.2
	48.3
	43.7
	9.5
	1.6
	1.49
	6.88

	Kaja
	11.19
	9.34
	16.5
	49.7
	45.0
	9.4
	1.48
	1.24
	16.22

	ZGM 13
	10.31
	8.95
	13.2
	53.3
	39.7
	25.5
	1.35
	1.15
	14.81


The genotype Divana was genotype with the lowest yield production that also had the lowest yield reduction in stress environment (3.5%). That is consistent with the results of Barić et al. (2008) who found that high yielding genotypes have higher losses in stress conditions, while low yielding cultivars have more stable yield under drought stress condition. Results showed that the genotypes with the lowest differences between Chl measured in LMM and EWM had the lowest reduction in yield in stress condition and vice versa. This is in agreement with Hassanzadeh et al. (2009).

Genotype with the highest 1000 grain weight in control was ZGM 13 (53.3 g), but it also had the biggest loss of this yield component in stress conditions (25.5%). Our results indicate that bigger reduction of RWC between control and stress at LMM and EWM caused the bigger reduction in 1000 grain weight (Figure 1., Table1.).

Genotype Banica had the highest kernel weight per spike in both conditions (1.99 g, 1.61 g) and again the biggest losses in kernel weight per spike in stress condition (19.1 %) that is consistent with the previously showed results (Barić et al. 2008). 
Conclusions 
Chl and RWC decreased in all genotypes after a longer drought period.  High yielding genotype Karla that had low difference between Chl measured in LMM and EWM and the highest RWC in flag leaf at LMM had the lowest reduction in yield and yield components in water deficit condition (along with low yielding genotype Divana). Genotype ZGM 13 which had the biggest loss in Chl in LMM and the highest loss of RWC in EWM, both in drought environment had also the highest loss in 1000 grain weight in stress condition. We can conclude that Chl and RWC could be valuable, but not the only indicators of the genotype tolerance to water deficit. High yielding genotype Karla that showed good performance also under water deficit condition could be recommended for planting in regions where the water availability is low in the grain filling period.
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						Divana		Kuna		Banica		Karla		Kaja		ZGM 13

		LMM		Control		46.57		53.8		52.11		60.11		51.88		52.53

				Stress		46.55		51.63		50.61		52.47		47.94		48.05

		EWM		Control		35.92		47.92		40.46		40.7		41.07		34.86

				Stress		33.84		46.36		35.08		38.33		40.9		11.57

						Divana		Kuna		Banica		Karla		Kaja		ZGM 13

		LMM		Control		29.47		46.69		36.47		40.46		33.97		31.17

				Stress		28.97		44.04		44.13		38.86		32.56		25.16

		EWM		Control		8.8		10.76		12.17		14.08		5.13		3.88

				Stress		3.59		2.44		4.08		4.79		3.4		2
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				Chl LMM		Chl EWM		RWC EWM		1000 grain weight		g/spike

		RWC LMM				0.50*

		RWC EWM		0.58*

		1000 grain weight		0.38*				0.88*

		g/spike								0.45*

		yield t/ha								0.45*		0.78*

		Chl LMM		(količina klorofila)SPAD indeks u kasnoj mliječnoj zriobi

		Chl EWM		SPAD indeks u ranoj voštanoj zriobi

		RWC  LMM		relativni sadržaj vode u listu  u kasnoj mliječnoj zriobi

		RWC EWM		relativni sadržaj vode u listu  u ranoj voštanoj zriobi

		PITANJE:		Kako objasniti korelaciju količine klorofila u kasnoj mliječnoj zriobi sa relativnim sadržajem vode u ranoj voštanoj zriobi i obratno?





		

		genotype		yield (t ha-1)						1000 grain weight (g)						yield per spike (g)

				control (c)		stress (s)		c-s%		control (c)		stress (s)		c-s%		control (c)		stress (s)		c-s%

		Divana		5.7		5.5		3.5		4.57		4.57		0.0		0.88		0.85		3.41

		Kuna		9.25		7.68		17.0		5.27		4.8		9.8		1.52		1.26		17.11

		Banica		9.79		8.23		15.9		4.57		4.07		12.3		1.99		1.61		19.10

		Karla		9.06		7.86		13.2		4.83		4.37		10.5		1.6		1.49		6.88

		Kaja		11.19		9.34		16.5		4.97		4.5		10.4		1.48		1.24		16.22

		ZGM 13		10.31		8.95		13.2		5.33		3.97		34.3		1.35		1.15		14.81
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