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Variability for water use efficiency traits and drought tolerance in Castor (Ricinus communis L.) germplasm lines
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Abstract
An experiment was conducted during rabi 2005-06 to examine the genotypic differences in WUE traits and to identify lines with drought tolerance. Eleven germplasm lines were sown and stress was imposed by withholding irrigation from 45DAS and extended till 120 DAS. Plant height, leaf number and tertiary branch production was reduced significantly with stress. SCMR was significantly more in stress at 55 DAS. SLA did not differ significantly in control and stress. Strong negative correlation of SCMR with SLA is seen (>-0.90.) both in control and stress treatments. Genotype RG297 showed high SCMR, low SLA, and high TDM both in control and stress treatments. This genotype also showed higher seed yield and HI in stress with less percent reduction in seed yield compared to control and with low DSI values.
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Under drought conditions, yield is determined by water use efficiency (WUE). This character showed significant genetic variability and also has heritability (Wright et al; 1988, Farquhar et al; 1989). Traits like specific leaf area (SLA), SPAD chlorophyll meter reading (SCMR) are alternate approaches for measuring WUE. The relationship between SCMR and transpiration efficiency (TE) was established by Sheshshayee et al (2001) in groundnut. Nageshwar Rao et al (2001) has demonstrated the uses of SPAD as a selection tool for SLA and specific leaf nitrogen (SLN) suggesting that SCMR could be used as a non destructive and  indirect measure of TE in groundnut. Castor (Ricinus communis L.) is grown in Andhra Pradesh mainly as rainfed crop in marginal and sub marginal shallow soils with low inputs. The crop experiences water stress at different stages of crop growth depending on rainfall pattern during the season which results in reduced yields. As castor was considered drought tolerant, no importance was given to further improve its tolerance to drought aiming at increasing the possibility of stabilizing the yield under stress environment. Hence, an experiment was conducted to examine the genotypic differences in WUE traits and to identify lines with drought tolerance which can be used in breeding programmes. 
Eleven germplasm lines which showed pest, disease and temperature tolerance at Directorate of Oilseeds Research (DOR) were sown during rabi 2005-06 and stress was to be imposed from 30-90 days after sowing (DAS) but as there was rainfall during imposition of treatment, stress was imposed by withholding irrigation from 45 DAS and extended till 120 DAS. Total rainfall received during crop growth was 44.2 mm. Control plants received 9 irrigations and stressed plants were given 4 irrigations during the crop growth. Observations on SCMR and SLA were recorded on 4th fully expanded leaf from top at 55 DAS and 90 DAS. Correlation coefficients between these two traits were computed. Data on various growth characters were recorded before relieving stress (120DAS) and yield and yield components were recorded. Drought susceptibility index (DSI) was also computed (Fischer and Maurer, 1978).
The data on different growth characters were recorded before relieving stress at 120 DAS (Table 1). Plant height, leaf number and tertiary branch production was reduced significantly with stress. RG 247, RG 297 showed less percent reduction in plant height, leaf number and tertiary branch production with stress. 
SCMR was significantly more in stress at 55 DAS. SLA did not differ significantly in control and stress (Table 1). But genotypic differences were significant both for SCMR and SLA at 55 and 90 DAS. Among different genotypes, RG 297 recorded significantly higher SCMR in both control and stress treatments at 55, 90 DAS. RG 297, RG 1449 recorded significantly high SCMR in stress compared to control at 55 DAS.  Significantly lower SLA were recorded in RG 297 and RG 242 in control and RG 242, RG 297, RG 707 and RG 1449 in stress  at 55 DAS. Whereas, at 90 DAS RG 1449, RG 297, RG 707 in control and RG 297, RG 1624 in stress recorded less SLA. RG 297 showed consistently high SCMR and low SLA at two stages of sampling.  Strong negative correlation of SCMR with SLA is seen (>-0.90) at two stages of observation both in control and stress treatments (Figure 1 and 2.). Similar relationships were observed in groundnut by Nageshwar Rao and Wright (1994).
Total dry matter (TDM), seed yield and harvest index (HI) also reduced significantly with stress. Genotypic differences in TDM and seed yield are presented in table 2. RG 17, RG 247, RG 297, RG 298, RG 1608 and RG 1624 recorded <30% reduction in total dry matter compared to control. RG 297 recorded significantly higher seed yield (55.5g/plant) in stress and showed the least reduction in seed yield (2.3%) compared to control. RG 1922 followed by RG 1608 also showed less percent reduction in seed yield (<30%) compared to control and also showed least DSI values compared to other genotypes. Castor germplasm lines that showed better WUE traits are presented in table 3. Significant growth and yield reduction with stress in castor was also recorded in our earlier studies on germplasm screening for drought tolerance (Lakshmamma and Lakshmi Prayaga, 2006). 

SCMR and SLA showed strong negative correlation both in control and stress treatments. Among the genotypes studied, RG297 showed high SCMR, low SLA, and high TDM both in control and stress treatments. The genotype also recorded higher seed yield and HI in stress condition with less percent reduction in seed yield compared to control and with low DSI values.
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Table 1. Effect of water stress on growth characters, SCMR and SLA in castor

	Genotypes
	Plant height (cm/plant)
	Leaf number/plant
	Secondary branches/plant
	Tertiary branches/plant
	SPAD chlorophyll meter reading

(SCMR)
	Specific leaf area (SLA) dm2/g

	
	
	
	
	
	55 DAS
	90 DAS
	55 DAS
	90 DAS

	
	Control
	Stress
	Control
	Stress
	Control
	Stress
	Control
	Stress
	Control
	Stress
	Control
	Stress
	Control
	Stress
	Control
	Stress

	RG298
	46.1
	38.7
	63
	47
	5
	3
	4
	2
	53.6
	54.9
	59.6
	59.2
	2.004
	1.960
	4.414
	1.552

	RG661
	42.7
	32.1
	25
	13
	3
	3
	2
	1
	55.8
	59.5
	51.4
	56.9
	1.858
	1.634
	2.076
	1.717

	RG707
	47.8
	42.7
	28
	24
	3
	3
	3
	1
	55.8
	62.6
	60.6
	50.3
	1.748
	1.371
	1.432
	1.930

	RG17
	25.6
	27.3
	29
	36
	3
	4
	3
	2
	53.2
	53.1
	58.5
	50.7
	1.943
	2.044
	1.599
	1.938

	RG247
	43.0
	42.6
	24
	32
	2
	2
	2
	2
	56.4
	57.7
	55.5
	55.5
	1.726
	1.802
	1.826
	1.820

	RG297
	54.5
	48.0
	28
	29
	4
	3
	2
	2
	60.1
	61.2
	60.6
	61.3
	1.442
	1.471
	1.414
	1.346

	RG1922
	84.9
	38.8
	25
	18
	3
	2
	2
	0
	58.7
	59.1
	58.8
	54.8
	1.518
	1.516
	1.693
	1.939

	RG1449
	85.5
	53.9
	41
	23
	5
	3
	2
	2
	53.6
	62.2
	64.1
	64.5
	1.987
	1.371
	1.342
	1.343

	RG1608
	75.1
	60.0
	22
	22
	3
	2
	1
	1
	55.3
	55.9
	58.1
	60.4
	1.887
	1.872
	1.857
	1.463

	RG1624
	76.3
	57.6
	23
	16
	2
	2
	2
	0
	55.0
	59.7
	59.0
	60.5
	1.844
	1.565
	1.510
	1.387

	RG242
	48.7
	32.5
	29
	21
	4
	3
	2
	2
	58.5
	62.3
	51.9
	59.2
	1.505
	1.344
	2.025
	1.505

	Mean
	57.3
	43.1
	31
	25
	3
	3
	2
	1
	56.0
	58.9
	58.0
	57.6
	1.769
	1.670
	1.654
	1.630

	CD (p=0.05)
	
	
	
	
	
	
	
	

	Treatments
	2.3
	0.6
	0.3
	0.4
	0.9
	NS
	NS
	NS

	Genotypes
	3.7
	3.6
	0.7
	0.4
	2.0
	1.2
	0.1
	0.1

	Interaction
	5.3
	5.1
	1.0
	0.5
	2.8
	1.7
	0.2
	0.1

	CV (%)
	4.4
	1.9
	10.4
	20.1
	5.5
	6.1
	13.4
	8.5


Table 2. Genotypic differences in total dry matter, total seed yield, harvest index and drought susceptibility index in castor in response to water stress

	Genotypes
	Total dry matter
 (g/plant)
	Total seed yield (g/plant)
	Harvest index
 (%)
	Percent reduction in 

seed yield
	Drought susceptibility index

	
	Control
	Stress
	Control
	Stress
	Control
	Stress
	
	

	RG298
	206
	150
	59.2
	18.7
	0.29
	0.12
	68.4
	1.60

	RG661
	192
	112
	50.0
	27.9
	0.29
	0.26
	44.2
	1.04

	RG707
	249
	136
	68.6
	38.0
	0.27
	0.28
	44.6
	1.05

	RG17
	85
	93
	28.0
	15.2
	0.33
	0.16
	45.7
	1.07

	RG247
	192
	177
	75.3
	43.0
	0.39
	0.26
	42.9
	1.01

	RG297
	228
	177
	56.8
	55.5
	0.25
	0.32
	2.3
	0.05

	RG1922
	175
	99
	32.8
	25.1
	0.20
	0.25
	23.5
	0.55

	RG1449
	219
	118
	61.6
	29.9
	0.29
	0.25
	51.5
	1.21

	RG1608
	153
	139
	14.3
	10.7
	0.10
	0.08
	25.2
	0.59

	RG1624
	177
	146
	40.2
	16.2
	0.26
	0.11
	59.7
	1.40

	RG242
	208
	113
	59.4
	33.1
	0.29
	0.30
	44.3
	1.04

	Mean
	190
	133
	49.7
	28.5
	0.27
	0.22
	

	CD (p=0.05)
	
	
	
	

	Treatments
	29.6
	9.3
	0.03
	

	Genotypes
	37.0
	7.7
	0.06
	

	Interaction
	52.3
	10.9
	0.09
	

	CV (%)
	17.3
	22.5
	10.6
	


Table 4. Castor germplasm lines with high WUE traits
	Treatment
	High SPAD chlorophyll meter reading
	Low specific leaf area
	High total dry matter
	High seed yield
	High harvest index


	Control
	RG 247, 297, 1922, 242
	RG 297, 1922, 

242
	RG 298,707,

297,1449,242
	RG 707,247,

1449
	RG 247,

17

	Stress
	RG 61, 707, 247, 297,1922,1449,

1624,242
	RG 707,1449,

242
	RG 298,247,

297
	RG 707,247,

297, 242
	RG 297,

242


[image: image1.emf]SCMR vs SLA in control at 55 DAS

y = -0.0861x + 6.5905

R2 = 0.9519

r=-0.91

1

1.4

1.8

2.2

50 55 60 65

SCMR

SLA (dm2/g)

 [image: image2.emf]SCMR vs SLA in stress at 55 DAS

y = -0.077x + 6.1688

R2 = 0.9648

r=-0.96

1

1.4

1.8

2.2

50 55 60 65

SCMR

SLA (dm2/g)


Fig 1  Effect of water stress on relationship of SCMR vs SLA at 55 DAS
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Fig 2 Effect of water stress on relationship of SCMR vs SLA at 90 DAS 
Reply to Referee’s comments:

1. All remarks made in manuscript were corrected
2. Tables 1 to 3 were modified as suggested including means due to genotypes data

3. General mean deleted

4. In CD, main and sub treatments were replaced with treatments and genotypes

5. CV 2 and M X S 2 were deleted as suggested
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