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Comprehensive evaluation of drought resistance of four lavender species
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Abstract: By investigating the change of five drought resistant indexes, including leaf relative water content
(RWC), malondialdehyde (MDA), soluble sugar content (SSC), and activity of superoxide dismutase (SOD) and cata-
lase (CAT) under light, moderate and severe drought stress for 0, 10, 20, 30 d and 40 d using the negative pressure
water supplying and controlling device to control soil volumetric moisture content, the drought resistance of four lavender
species was evaluated comprehensively. The results showed that, with the increase of drought stress intensity, the RWC
of the four lavender species tended to decline, and the RWC under light drought stress was significantly higher than that
under moderate and severe drought stress after 40 days (P <0.05). The RWC of Lavandula angustifolia cv. Munstead
was only 39.02% , but that of L. angustifolia cv. Provence Blue was up to 56.56% , which was the highest among the
four species. The contents of MDA and SSC in the four species were significantly increased with the intensification of
drought stress. The MDA in L. angustifolia cv. Provence Blue was increased by 118.67% , but the SSC in it was sig-
nificantly higher than that in the other three species under drought stress for 40d, compared with O d (CK). The activi-
ties of SOD and CAT in the four species showed an increasing-summit-decreasing trend under drought stress from 0 to 40
d, and the peak values appeared at 20 d. The activities of SOD and CAT in the four species under light drought stress were
higher than the ones under moderate and severe drought stress, and those in L. angustifolia cv. Munstead were the lowest
at 20 d. The values of the above five indexes (RWC, MDA, SSC, SOD and CAT ) were analyzed comprehensively using the

subordinate function method, and it was indicated that the drought resistance of the four lavender species was sequenced
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as: L. vera > L. angustifolia cv. Provence Blue > L. stoechas cv. Pedunculata> L. angustifolia cv. Munstead.

Keywords: lavender; drought resistance; leaf relative water content (RWC); malondialdehyde (MDA ) ; soluble

sugar content (SSC); superoxide dismutase (SOD); catalase (CAT)

A R e AR ) T S R AR B, 2
BRA R A K i R R R, A A R
A S IE TS B X 5 A R A i
IRUR RS BENE B2 iLERES 4 D N f A [N S
HINRE JE G AR T AR AW A 1 3 2 T
AR, e &R T3 N RS
T A5 A R A B A AL R AE 2

MK RIY) R EIE B Z AR A WREA, 5™ T
I R R R
P25 AR RT BRI 25 T2 FH R A i B Al
MRS, H AT, 25 A 37 Fh, 100 24~ dh
S BLEL TR & HAR N R I A R
P A S 2 R RO A, BOPRAE B B 2 05, oK
M E PR RS A 2R 22—, HA ) R (4 17 i 5w
FRE 23 1], B IR RS, 20 fikai g, e
M SR | Rl iy, B 2 | Bt 7575 b
ST P S A DA R SRS R I L it B W of
Tk o SR, FFEAL 7 KR 70 3 XAk T 52 1 5
HBIX, A MR A2l BE O B K 055 AR BRI AN
A AT A R, AR A 7 B A A R AR, BR
il 7 HAE IR AL D5 s XA )32 5 | Rl S Mk Al
MRE A J o AR, [E NN A R T 5 1
AT FERIE R, (B T KA T R AR LR
PEVEHT BIBTFE 1 R WLARGE o ASBETELL 4 FHAACHT R
R R HERT R, SR FH 6K Sk AR P 7K e B 8 il 2
AR R, R T R g AR, 4
HACHL LR PR AR AR 1 A2 AL LAY, B A8 B E AL D7
T SR DR 1 5 IR R L AR
JESRBERL 2 TR AR o

1 FRS IR

1.1 R

o 53 A ( Lavandula angustifolia cv. Mun-
stead) JHIMERT XK B (L. stoechas cv. Pedunculata) B
MIEAKF (L. vera) T H HEM A E (L. angustifo-
lia cv. Provence Blue) H ¥4 H i 7 HLAEAA R
Ar .
1.2 Rt

BT 2012 4F 2—7 AR ST RAREL i B
A g R SRR B HOGR S T . 1K
BRI IR % 3B R Y T0% , 5/ RF- 1R E 25C

+3°C/15C £ 2°C, /W= P AR EE 75% +
5%/92% 3% . HWARE HEFKH bRk = 1:
2UARFRL) SR A A, LA 0.7 grem ™, i
KHEHFKE 36.9% (KR . HIEFRIEEN
4 0.238% AW 0.098% 4 811.979% A HL T
2.192% B 144.86 mg kg~ GERLWE 12.65 mg-
kg™ LA 98.00 mg- kg~ iRIEAEAE 27 em Ab
7 33.5 em, AR H WAL 12 ke, FFEAE T
K 10 cm B, B 2L PR R B AR A FBAR R AL —
A HT, E R 10 BR, RERR R 20 om B AT T SR E
AbFE,

TR FH— Bl 7K Sk K #OK 28, B
2 KB A R RS R G AL, Ho, 17
R RG4S 58 E E A R, /K T it
TR T K 52 5] 19 HR K A5 0 ARG 4 398, o ik
Je B AT 4 R A B AL 45 i KA LR K 1 s T R A
Vi, 75 R v MO, A W K IR e
Hsiao" 1 56T 1A R4 K 4365 158 R 43 O K 43 B B 5
BOE 3 MK BN (R 1) . B HE R 5 IR,
F IR KA AT — R V5 K, 8 A5 00 T A 5
IR FEASTR BTN, SR J5 i K iR B 46 24 K
MP — 160 {55 9% 4= 38 7K 430 7 A0 2 7 A AR B K
iR ERRIN R 1 IR IR A AR B K R i
BIFE 0~ 5% Z (0], 7K A0 A B 25 6 7K 8 ik, LA
PRUEA R ZE ] —Ab 3 [k A — 3, FT5
JolpaE 15 B BESR ) 5 K O d 3 B it B R A7 A
(6] (R AT AR B A AR AR DU A , 2 )5 B R 10 d U
FE 1R, WA A3 40 d 45

1 KSHBLAIEAT
Table 1  Treatments of drought stress

T GHEBERR oK
Stress level Soil volumetric Height of water

moisture content/%  controlling/cm

BRPEIIA Light stress(1S) 30 ~ 50 20
o EE B Moderate stress(MS) 18 ~25 40
T HE Severe stress(HS) 4~15 80

1.3 fEBRNES A%

Fe AR B gk I E R A K
(RWC) N (MDA ) | AT MM (SSC) AR Ak it
AR T P (SOD) Flid A6 ZUBHE M (CAT) , B4~ AR B
FERRIE 3 IRE A o LA 4545 i 35 R e - 300
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Table 2

Influence of drought stress on relative water content in leaves of lavender

F 2538 KL Days of drought stress

an AL FE K SE
Species Treatment 0d 104 20 d 30 d 40 d
S A IS 84.06 +0.59a 75.13+1.09a 64.57 £0.30a 59.62 +1.65a 53.61£0.83a
L. stoechas cv. MS 87.86+1.02a 70.79 +0.78b 63.82+0.53a 53.45+0.82b 44.37 +1.68b
Pedunculata HS 82.42+0.20a 65.11+0.27¢ 62.90£0.97a 53.36+2.23b 43.22+1.17b
S T A 1S 86.02+2.33a 79.54 £3.35a 78.63 £0.95a 73.32+1.78a 61.22+3.07a
L. angustifolia MS 83.85+1.77a 77.98+3.16a 71.22 + 1.80b 67.14+2.17ab 54.70+3.11a
cv. Provence Blue HS 80.77 1.25a 76.67 + 1.48a 66.69 + 1.59h 65.62+2.28h 56.56+0.53a
IS 89.14+2.38a 84.24 + 1.36a 74.26 +1.47a 70.04 £2.52a 66.27 £2.54a
Bent FE AR
Lo MS 88.13+2.86a 78.52+1.23ab 73.79 £1.75a 68.29 +2.08a 60.76 + 1.00ab
HS 77.66 1.22b 75.43 £2.26b 70.81 +1.16a 66.66 +1.15a 53.40 £2.79b
oA IS 90.97 £2.76a 87.48 +0.46a 72.56 £0.82a 64.31 £0.64a 4.92+1.32a
L. angustifolia cv. MS 89.53+0.35a 77.01 £0.44b 68.28 +0.81b 58.55+1.61b 40.74 £1.57ab
Munstead HS 74.25+2.71b 72.48 +0.75b 65.89+1.20b 56.90+0.99b 39.02+0.70b

TE ARV NE S8 3R 7] — b S ) [R) 4 BEKFFE 0.05 7KF 2253 8.3 (P <0.05) . R,

Note: Different lower-case letters indicate significant difference at 0.05 level among different treatments at the same time. The same as below.
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Table 3

Influence of drought stress on MDA content in leaves of lavender

T8 KEL Days of drought stress

e R
Species Treatment 0d 10 d 20 d 30 d 40 d
S 1S 15.51+0.52a 13.91 +0.66b 19.98 +0.62a 20.30+0.16a 21.32+0.33a
L. stoechas cv. MS 15.81+1.01a 20.03+0.59 20.66+1.19a 21.56 +0.69b 22.68 £0.49a
Pedunculata HS 16.30£0.21a 21.21+0.40a 21.47+0.45a 22.53+0.44b 22.80 +2.66a
S A IS 8.74+0.18b 10.19+0.17b 10.22 +0.28b 23.62+0.83a 24.97 £0.51b
L. angustifolia MS 9.35+0.83b 11.57 +1.05ab 12.51 +0.64ab 24.60 +1.52a 25.44 +0.74b
cv. Provence Blue HS 13.07+0.32a 14.06 + 0.90a 14.20+1.27a 24.81+2.02a 28.58+ 1.24a
IS 11.26£0.37a 7.70£0.86a 11.53+0.31b 14.36 £0.28a 20.78 +0.89b
e -8 A B
yg;%jzﬁf MS 12.88+1.10a 8.68+0.62a 13.30£0.28a 14.56 £0.50a 25.30+1.14a
HS 12.94+1.42a 9.44+0.69a 13.82£0.35a 14.66 +0.38a 25.91£0.20a
o A IS 9.08£0.84a 5.36+0.46h 10.72£0.87b 11.29£0.44a 13.07 £0.80a
L. angustifolia cv. MS 9.66+0.61a 5.96+0.52ab 12.44+0.84ab 12.71£0.70a 14.10£0.54a
Munstead HS 13.24 +2.60a 7.31+0.21a 13.46 +0.55a 13.91+0.53a 14.61 +0.96a
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Table 4  Influence of drought stress on soluble sugar content in leaves of lavender
ol JhFEK T T B A KA Days of drought stress
Species Treatment 0d 104d 20 d 30 d 40 d
S A B IS 10.74 £0.65¢ 8.55+0.18¢ 11.83+1.32b 14.09 = 0.35b 14.86 = 0.45b
L. stoechas cv. MS 13.74 £0.69b 9.87+0.25h 13.89+1.91b 14.25 £0.35b 14.99 +0.52b
Pedunculata HS 16.39+0.77a 23.18£0.38a 24.13£0.02a 26.64+1.11a 29.51+1.44a
S A A £ IS 23.24+0.23b 27.99 £0.67a 29.66 +3.54a 36.67 £2.74a 45.03+0.24a
L. angustifolia MS 24.83 +2.00ab 29.85+2.80a 30.37+1.83a 41.70+0.23a 46.09 = 0.65a
ev. Provence Blue HS 29.60 +1.31a 33.47+3.18a 34.29+1.63a 43.84+2.13a 47.47+2.32a
IS 13.55£3.65a 19.54+1.18a 27.94 +£0.36a 28.61 £0.29a 39.04 + 1.48b
Bent FE AR
Lo MS 13.77£0.99a 22.17+1.70a 33.61 +2.00a 33.73+0.63a 42.04 £0.02ab
HS 17.71 £2.63a 22.62+2.00a 34.00+2.16a 37.31+2.34a 44.85+0.34a
A IS 7.96+0.47b 20.24 +0.28b 24.14£0.54a 27.30 £0.47b 31.43+5.26a
L. angustifolia cv. MS 8.97+0.19b 23.40 +0.74ab 26.36 +1.33a 27.70 £0.55ab 31.45+1.41a
Munstead HS 11.84+0.20a 25.70+1.77a 27.20+2.73a 29.09+0.03a 33.88+1.31a
x5 TEMEXMEREBEAYELEE(SOD)EEMREME/ (U-g")
Table 5 Influence of drought stress on SOD activity in leaves of lavender
A Kb FH K- T 5 WrE KEL Days of drought stress
Species Treatment 0d 104d 20 d 30 d 40 d
S A IS 87.82+1.18a 114.90 £ 1.60a 146.51 + 1.85a 103.39 + 0.96a 96.20 + 1.64a
L. stoechas cv. MS 87.62+ 1.40a 97.82 + 1.66b 144.72+1.72a 86.111.90b 84.17+0.13b
Pedunculata HS 79.95+3.34b 92.60+2.06b 135.45 + 1.54b 84.34+2.15b 73.92+0.73¢
S A A £ IS 106.52 +2.06a 116.99 +3.09a 117.48 £2.21a 101.20 +2.60a 83.20 + 1.52ab
L. angustifolia MS 105.34 +0.82ab 107.15+1.55h 112.40 + 1.89h 96.94 +0.20a 85.08+1.33a
ev. Provence Blue HS 97.58+3.25h 99.30+0.80c 101.19+1.84c  88.88+0.23h 79.54+ 1.24h
1S 96.46 +2.21a 109.66 +0.48a 141.64£1.27a 127.46 + 1.40a 98.53+0.14a
BNt AR
Lo MS 093.98 + 1.04ab 100.94 +2.39h 131.19+0.61b 109.54 +0.43b 98.07 +0.9%4a
HS 89.49 + 1.63b 96.31 +1.95b 111.17 £2.74¢ 104.86 +0.96¢ 96.85+0.23a
A IS 99.97 +5.57a 104.27 + 4.80a 110.15+4.0la 108.30 +2.13a 98.22+1.24a
L. angustifolia cv. MS 94.12+6.10a 97.46 +1.79a 109.32+ 1.59 100.17 +1.58b 92.86+1.01ab
Munstead HS 90.30 +£5.01a 95.88+2.30a 105.64+3.32a 91.07 +1.13¢ 88.58 +4.30a
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Table 6 Influence of drought stress on CAT activity in leaves of lavender
A fb K S T8 KEL Days of drought stress
Species Treatment 0d 10 d 20 d 30 d 40 d
BT A T LS 8.54+0.52a 35.36 £1.63a 78.41 £0.56a 52.14+£2.75a 42.17+1.70a
L. stoechas cv. MS 8.27+0.55a 29.74+1.37h 72.85+1.11b 51.05+2.46a 38.05+0.63a
Pedunculata HS 7.50+0.30a 28.66 +0.98h 66.63 £2.15¢ 49.86 +1.99a 37.25+1.69a
Ao 5 R A B LS 21.99 £ 1.45a 37.58 £1.09a 52.78 £2.36a 31.38+3.35a 27.66 £1.32a
L. angustifolia MS 21.86+0.19a 33.22+1.38a 50.99 £ 1.40a 24.31 + 1.24ab 23.05+2.73ab
cv. Provence Blue HS 16.27 +0.88b 23.41+1.59b 38.57+0.72b 19.15+0.15b 18.24 £ 1.03b
LS 7.73+0.73a 24.69 £0.35a 43.46+1.11a 37.12+£3.63a 25.63£1.55a
B HA B
I MS 6.41 +0.26ab 24.55+£0.99a 42.32 +1.40a 35.75+1.43a 25.12 £ 1.60a
. vera
HS 5.22 +0.60b 12.52+0.70b 33.13+1.31b 29.75+£0.99a 19.15+0.10b
PR LS 36.26 £2.53a 39.00+£0.73a 43.93+5.48a 29.81 £ 1.81la 26.13+1.44a
L. angustifolia cv. MS 27.70 +2.60b 30.06 +0.78b 35.86+3.21ab 29.41£1.28a 14.38 +1.39b
Munstead HS 19.30 £ 1.00¢ 19.55+£2.13¢ 26.46 + 1.34h 15.43 +1.35b 11.22 +1.09b
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Table 7 Comprehensive appraisal of drought resistance of four lavender species
. oA B Al 5 A Sz g b A B -
i [ R A i LA RACE 2 T AR Henf-s ¢ £
It L. stoechas cv. L. angustifolia L. angustifolia cv. L
em Pedunculata cv. Munstead Provence Blue - vera
FIXT 5 K H Relative water content 0.705 0.907 0.322 0.225
P 5 MDA content 0.593 0.055 0.855 0.704
AR A SSC content 0.151 0.533 0.961 0.832
A BALHEHEE SOD activity 0.441 0.784 0.353 0.971
AL AEHE M CAT activity 0.903 0.195 0.380 0.390
P E R B (E Cumulative subordinate value 2.792 2.474 2.871 3.122
SEEPTRESRJB(H Mean subordinate value 0.558 0.495 0.574 0.624
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