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Effects of drought stress on physiological and biochemical parameters of Dahlia pinnata.
FAN Su-lu'?, YUAN Zhao-he', FENG Li-juan', WANG Xiao-hui'>, DING Xue-mei'”>, ZHEN
Hong-li'* ('Shandong Institute of Pomology, Tai’ an 271000, Shandong, China; *College of For-
estry, Shandong Agricultural University, Tai’ an 271018, Shandong, China).-Chin. J. Appl.
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Abstract ; Taking Dahlia pinnata ‘ Fenxishi’ as test material , this paper studied its leaf physiologi-
cal and biochemical responses to different degrees of drought stress and re-watering. With the in-
creasing extent and duration of drought stress, the leaf relative water content, water potential, and
chlorophyll content of D. pinnata ‘ Fenxishi’ decreased significantly, leaf relative electric conduc-
tivity and malondialdehyde ( MDA) content had a significant increase, plasma membrane was dam-
aged, and massive ions were leaked out. The damage of plasma membrane was most serious under
severe stress, and could not recover to the control level after re-watering. The leaf soluble sugar and
proline contents also increased significantly with increasing extent and duration of drought stress.
Especially for proline content, it was increased significantly in the later period of moderate and se-
vere stresses, suggesting its lower sensitivity to water deficit. The leaf soluble protein content had a
trend of down-up-down, while the activities of superoxide dismutase (SOD), peroxidase ( POD)
and catalase (CAT) decreased after an initial increase. There were some differences in the respon-
ses of the three enzymes to drought stress and reactive oxygen, exhibiting their coordinating role.
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Kl A€ ( Dahlia pinnata) J577F 874 55 fo i 2 TR LA R o3 A AR KR Y R ]

PLREHE O 7, S 4R K N A6 4 22 4 AR B AR
AL, AL, 6% G, B LB
AR E R DO NIRRT e o LR (% E 3
FISEI (2% 27 X (AN L L 31 S S SEAR S 53
AT GAR PRI R sk B AT AR T, A KR AE
TEZK 53 W38 S AT 5 T AR AT 1) R DL A

* IWARA AR RFp =k A &35 H (2010-6) % 8.
w4 W INA/EE . E-mail zhyuan88 @ hotmail. com
2010-09-21 Wik ,2010-12-20 $£52.

T2 — e HEREAEZAR Y b G L. 4
B =z — DL B R T R R,
ol XA AR T L R AN R R L Y 52,
SCFURAAIEOK BT R g R AT
W T (AnH5) 25 DR AR T 15,
LA A R 2R, TR YR N — R TR HT AL
FE2E /N4 T AT LA Rk 2836 1R 48 A iy 5, B
FEPAS R PR (35 A S m ') R, 9 T 5
e AR PR TG 1 S8 B A T S



652 A

M

O (4

AL TR A A R A A B AL
I 5 AR AL R SR ) B A

BT AT T TR0 T KR AL dh R A P
Jit” R A B AR AR b B B SR A I R A2 A,
904 i AR N B e it b 4 18 7 4 SR A
Y, RN AT TR0 R B B BB ST ST AR e
M.

1 #REFEE

1.1 K5AR

I TF 2010 4 7-8 H A 1L AR 44 SR A 52 o 0L
T L E W = AT, SR AL R K AL 5 R
Pt 4 HRAE LR 48 SR i 53 Jor o R4 7 i
FHAEE R 15 em B R R AR KBS0
T 7 HETERI AT, Za L0148 28 em,
30 em, AT (L - Rk - Yt =
5:3:2) 10 ke, FEATIEH RS HE.
1.2 ik
1.2. 153 2010 4F 7 AR AT /K50 Mia
T 0 VR, (o0 - 45 K — 3, 45 b T S A 1 4
A AR ¥ T 347 T 52 a0, W /9 I e RE oK i o
28.2% . IRH AL 4 A HHOK A0 P 1) 1EH K oAb
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Table 1 Water potential and relative water content in dahlia leaves under drought stress ( mean+SD)

E LD Ab 3 8] AbPH Treatment

Index Treatment time
(d) CK LD MD SD

K 3 -0.270. 04a -0. 52+0. 10b -1.06=0. 06¢ -1.3120. 06d

Water potential 6 -0.21+0. 04a -0. 60+0. 14b —-1.23+0. 04c —-1.60+0. 04d

(MPa) 9 -0.2320. 04a -0. 8320. 24b —1.3720. 06¢ —1.7320. 04d
12 -0.310. 06a -1.08+0. 10b ~1.45+0. 04c -1.83+0. 10d
15 -0.33+0.07a -1.06+0. 16b -1.540.07¢ -1.89+0. 04d
18 -0.31+0. 06a -0. 46+0. 04D -0. 48+0. 04b -1.85+0. 10¢

AHXT & K 97. 4+0. 00a 93.9+0. 04ab 88. 4+0. 06b 78. 120. 04c

Relative water 95.8+0. 03a 92.4+0.05a 86.0+0.01b 76.9+0.01c

content (% ) 9 95.7+0. 03a 88. 40. 04b 85.5+0. 03b 76.70. 04c
12 92.8+0. 07a 88.3+0. 05ab 83.7+0. 02bc 76. 1£0. 03¢
15 92.8+0.07a 87. 120. 03ab 80. 5+0. 04bc 75.00. 03¢
18 92. 0+0. 00a 91.5+0. 03a 83.8x0.01b 72. 8+0. 03¢

CK: X i Control ; LD : 52 J¥ 12 Light drought; MD; 1 & + 5 Middle drought;SD: & ¥+ 2 Serious drought. [f]— 1T AN M FHE/R2E R BFHF (P<

0.05) Different letters in the same line meant significant difference at 0. 05 level. T[] The same below.
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Table 2 Chlorophyll and MDA content and relative electric conductivity in dahlia leaves under drought stress ( mean+SD)

EiL7N Ak 3RS i) b Treatment
Index Treatment time
(d) CK LD MD SD
MR o 3 3.24=0. 18a 2.76=0. 21ab 2.460. 20D 2.25=0. 46b
Chlorophyll content 6 2.89+0. 15a 2.66+0. 34a 2.43+0. 19ab 2.00+0. 29b
(mg + g 'FM) 9 2.78=0. 12a 2.5820. 48a 2.3720.37ab 1.92+0. 17b
12 2.75+0.22a 2.2420.05b 1. 92+0. 25bc¢ 1. 7420. 34¢
15 2.65+0. 18a 2.320. 42ab 1. 84%0. 55b 1. 640. 13D
18 2.55+0. 19a 2.3340.17a 1. 80+0. 09b 0. 910. 06¢
AEX L T 3 16. 1£0. 02¢ 31.40.02b 35.620. 02ab 39.220.07a
Relative electric 6 17. 8+0. 02b 35.9=0. 04a 38.3=0.02a 42.5+0. 06a
conductivity (% ) 9 21. 8+0. 06b 41.5+0. 04a 43.5+0.07a 43, 8+0. 08a
12 22.220.03b 44.920. 06a 45.1+0. 04a 50. 6+0. 08a
15 24.320. 02¢ 46.220. 02b 50. 720. 04D 57.8=0. 04a
18 27. 620. 0dc 32.420. 03¢ 50. 120. 05b 57.9+0.01a
[ s 3 2.91+0.81c 5.12£0.27b 6.410. 61ab 6.87+1.46a
MDA content 3.14=1.08b 5.2320.58b 6.77=0. 62ab 7.87+0.93a
(pmol + kg™ FM) 9 4.08+0. 60c 5.3220. 37he 7.92=0. 64ab 8.37+2.36a
12 4.83+1.13¢ 6.62x1.35hc 8.18%1. 13ab 8.81+1.03a
15 4.85+0. 74b 7.78+0.75a 8.39+1.00a 9.020.7la
18 5.06=0. 42b 6.76=0. 32ab 7.65+0. 46ab 9. 46+0. 64a
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Table 3 Contents of soluble sugar, proline and soluble protein in dahlia leaves under drought stress ( mean+SD)

€N Ab PR [] AbPR Treatment
Index Treatment time
(d) CK LD MD SD
R 3 34.25+4.42¢ 71.32+2. 47b 74.20+4. 75b 99.20+2. 08a
Soluble sugar content 6 47.47+8. 28¢ 72.76+3.55b 83.39+8. 50b 106.95+2. 77a
(mg - g FM) 9 51.49+3.59d 85.1120. 10¢ 93. 74+4. 98b 107. 53+1. 32a
12 53.79+4. 80c 96. 03+8. 49h 102. 07+7. 76ab 112. 13+9. 69a
15 58.10+4. 56¢ 100. 92+9. 06b 103.79+7. 37b 123.3310. 26a
18 63. 85+6. 47d 91. 15+6. 35¢ 107. 2423, 11b 126. 78+6. 47a
IR 3 23.83+1. 83¢ 32. 13+2. 44be 34.35+3.36b 49.23+2. 89a
Proline content 6 24.05+7. 63b 41.93%5.81a 47.80%5. 73a 53.30+3. 87a
(pg - g 'FM) 9 26.19+4.95¢ 47.15%2. 68b 49.94+6. 81ab 59.10+5. 84a
12 27.05+1. 18¢ 54.81+9.41b 63.03+9. 67b 90. 00+9. 32a
15 28.13+6. 17¢ 100. 30+6. 26b 120. 76 +4. 22a 122. 1945. 55a
18 32.70£6. 69¢ 34.21+4. 54¢ 83.56+7.22b 122.98+9. 79a
CIR v -q = fep s 24.61+1.50¢ 23.50=1. 62¢ 49.35%2. 19a 37.06=1. 46b
Soluble protein content 23.42+1.27b 19.49+2. 17b 38.06+0. 84a 34.25+5.83a
(pg -+ g ' FM) 28.62+1. 16¢ 25.34+3. 53¢ 49.2412.31a 39.10+3. 34b
12 31.47+3.69¢ 28.12£2. T3¢ 52.74%2.67a 39.06+3. 63b
15 31.36+3.99b 29. 78+4. 60b 41.22+1.28a 34.79+2.76b
18 28.97+2. 60a 26.00+1.25a 31.5145. 44a 33.53+1.47b
*4 TEHETXKWAEMNHFH SOD.POD 1 CAT &%
Table 4 Activities of SOD, POD and CAT in dahlia leaves under drought stress ( mean+SD)
fabr Kb BB ] AR Treatment
Index Treatment time
(d) CK LD MD SD
SOD i 3 88.93+1. 68bc 119.93+7. 79a 94. 40+3. 30b 81.40+4. 16¢
SOD activity 6 90.20=1. 25¢ 136. 93+5. 86a 114.20£6. 26 96. 80+3. 14c¢
(U - g 'FM) 9 92. 60+6. 08b 132.27+3. 60a 86.40+7. 12b 83.33+8.77b
12 92. 00+8. 58b 115. 53£8. 90a 84.27+1. 70bc 78. 60+3. 30¢
15 90. 73%8. 26ab 103. 00+8. 74a 77.67+1.21be 70.93+9. 65¢
18 86. 53+2. 10b 107. 07+5. 23a 64.67+7. 23¢ 34.07+3.01d
POD {1 3 34.27+9.70¢ 82.2016. 11ab 123.27+13. 68a 52.07+8.21¢
POD activity 6 39.80+4. 51c 104.53+18. 15b 157. 47+14.07a 62.60+6.51¢
(AOD + min™' - g 'FM) 9 42.00+9. 78b 70. 80+10. 31a 88.33+2. 72a 69. 87+5. 70a
12 36. 93+6. 00b 63.40+5. 92a 70. 67+9. 41a 59.00+2. 55ab
15 53.73+9. 20b 67.00=4. 18ab 73.10%3.92a 58.60+7. 50a
18 35.27+5.70a 58.87+12.41a 60. 1322, 60a 42.40+3.24a
CAT % 3 2.30=0. 10¢ 2.70+0. 00b 2.97+0. 15a 1.23+0. 12d
CAT activity 2.630.51b 2.970.29ab 3. 60+0. 26a 1. 47+0. 38¢
(AOD,,y + min™! - g"'FM) 2.67+0. 12¢ 3.27x0.21b 5.20=0. 26a 1.57+0.38d
12 2.53+0. 55¢ 3. 870. 68b 6. 03+0. 06a 1.73£0. 55¢
15 2.50+0. 50¢ 4.03=0. 12b 6.130. 32a 1.13=0. 15d
18 2. 030. 06b 2.430. 45ab 2.90+0. 36a 1. 030. 05¢
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Table 5 Correlation coefficients of physiological and biochemical indexes in dahlia leaves under drought stress

HEXF KE MR AR N

N &R wiEtERE  nTtE SOD MY POD iEYE CAT itk

FKit Water Chlorophyll HL§¥ MDA Proline  Soluble & SOD POD CAT
Relative  potential ~ content  Relative sugar Soluble activity activity activity
water electric pr()tein
content conductivity
AR K i 1
Relative water content
7K F 0.267 1
Water potential
ES Sty 0.847* -0.149 1
Chlorophyll content
AR L SR ~0.909* 0.078 —0.914* 1
Relative electric conductivity
N[ MDA -0.873% -0.372 -0.746 0.856* 1
JIfi%& B2 Proline —0.948**-0.106 -0.830* 0.888* 0.725 1
TR Soluble sugar -0.864* 0.071 -0.917"" 0.965*" 0.881* 0.772 1
AL A Soluble protein  0.274  —0. 648 0.340  -0.401 0.074 -0.425 -0.315 1
SOD {4 SOD activity 0.566  -0.370 0.807 -0.821* -0.629 -0.619 -0.781 0.230 1
POD itk POD activity 0.665 -0.116 0.839* -0.850* -0.810 -0.624 -0.861* 0.020 0.948** 1
CAT 5% CAT activity -0.667 -0.829* -0.371 0. 448 0.821* 0.471 0. 482 0.486 -0.160 -0.432 1
* P<0.05; * * P<0.01.
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