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Abstract: Taking cultivar ‘ Qingyu No. 2’ of Helianthus tuberosus Linn. cultivated mainly in northern
China as experimental materials, drought stress and rewatering were carried out by potted and artificial
water control method, growth indexes, and relative chlorophyll content, photosynthetic parameters, and
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physiological indexes of leaves of H. tuberosus were analyzed. The results show that in general, except
the early stage of drought stress, plant height and internode length of H. tuberosus in severe drought stress
('T3) group are significantly lower than those in the control (CK) group, and those in mild drought stress
(T1) group have no significant difference with those in CK group. After rewatering, there is no obvious
change in plant height and internode length in three treatment groups. During drought stress and
rewatering periods, there is almost no significant difference in stem diameter among three treatment
groups and CK group at the same time. Overall, with prolonging of stress time, net photosynthetic rate,
water use efficiency, and catalase ( CAT) activity of leaves of H. ituberosus in three treatment groups
appear the trend of decrease, transpiration rate first decreases and then increases, relative chlorophyll
content and soluble protein content have no obvious change, stomatal conductance and intercellular CO,
concentration show a fluctuation change, total superoxide dismutase ( T-SOD ) activity increases
obviously. Peroxidase (POD) activity and proline (Pro) content in leaves of H. tuberosus in T1 group
show no obvious change, and POD activity and malondialdehyde ( MDA) content in moderate drought
stress (T2) and T3 groups first increase and then decrease. After rewatering, net photosynthetic rate,
relative chlorophyll content, MDA content, and soluble protein content in leaves of H. tuberosus in three
treatment groups have no obvious change, transpiration rate, stomatal conductance, and intercellular CO,
concentration first decrease and then increase, water use efficiency first increases and then decreases,
T-SOD and CAT activities increase continuously. POD activity in T1 and T2 groups first decreases and
then increases, while that in T3 group decreases continuously. Pro content in T1 group has no obvious
change, while that in T2 and T3 groups decreases significantly. On the whole, compared with CK group,
net photosynthetic rate, water use efficiency, CAT activity, and soluble protein content in leaves of
H. tuberosus in three treatment groups decrease, transpiration rate, stomatal conductance, intercellular
CO, concentration, T-SOD activity, and MDA content increase, while relative chlorophyll content has no
obvious change; POD activity is lower in T1 group and higher in T2 and T3 groups. Pro content in T1
group is close to that of CK group, while that in T2 and T3 groups is lower and higher than that in CK
group at the early and late stages of drought stress, respectively. The above results show that cultivar
“Qingyu No. 2’ of H. tuberosus has a certain drought tolerance, but it will be irreversibly damaged
under severe drought stress for a long time.

Key words: Helianthus tuberosus Linn.; drought stress; rewatering; growth index; photosynthetic
parameter; physiological index
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Table 1 Effects of drought stress and rewatering on growth indexes
of Helianthus tuberosus Linn. ( X%SD)

IR e/ em®

Plant height of H. tuberosus in different treatments
CK T1 T2 T3

139.71£0.01b  142.75+0.64a  135.55+2. 62¢
144.05£0.92¢  146.45+1.06b  148.85+1.45a
163.80+0.57a  163.20£0.71a  163.75+1.77a
172.75+0.64a  165.40+0. 14c  173.25+0.21a
184.05+0.92a  166.80+0.36d  175.70£1. 57b

i)/ d

Time

)

1 135. 50+0. 14¢
2 136. 00+0. 92d
3 159. 00+4. 53b
5 168.20+1. 11b
7 173.23+1. 19¢
9

178.50£1.56b  184.83+1.76a  176.23+1.36b  175.95+0.92b

12 179.85+0.35b  185.00+0.57a  177.85£1.77bc  177.55+1.07¢c
15 186.55+1.06a  185.95+2.33a  178.70+0.85bh  178.45+0.35b
18 187.50+1.41a  188.80+0.42a  179.25+0.07b  179.85+1.34b
22 189.98+2.12a  189.10+1.13a  180.00+1.98b  180.25+2.33b
26 197.35£2.62a  191.50+0.42b  185.55+1.06c  180.45+1.77d
4'v 199.50£1.56a  193.05£2.62b  190.10+0.28b  180.50+1. 84¢
gt 199.80+5.09a  199.20£2.97ab  193.65+0.64b  181.35+0.49¢
120 201.35+1.34a  199.60+4.10a  198.20£0.99a  181.80+3.25b

AR E A 25/ mm )

ETT'Eﬂ/ d Stem diameter of H. tuberosus in different treatments®

e CK Tl T2 T3

1 14.48+1. 24a 14.26£0. 54a 14.82+1. 30a 14.21=0. 16a
2 15.46+1. 17a 15.27+0. 95a 14.90+1. 72a 14.75+1. 03b
3 16. 82+0. 37a 16.59+1. 89a 16. 89+2. 62a 15.90+1. 22b
5 18.56£0. 43a 17.770. 89a 17. 82£0. 85a 17.72+0. 44a
7 18.73£0. 30a 18. 94+0. 49a 18.55+0. 42a 17.91x1. 10a
9 19.23+0. 51a 19. 10£0. 28a 19. 14£0. 46a 19. 00£0. 77a
12 19.28+0.91a 19.49+1. 15a 19. 54+£0. 37a 19.54+0.37a
15 19. 64£0. 85a 19. 83+0. 70a 19.56£0. 41a 19.74x1. 41a
18 19.95£0. 04a 19. 89+0. 34a 19.96+0. 67a 19. 89+0. 40a
22 20.24+0. 17a 20. 32+0. 61a 19.98+0. 37a 19. 95+0. 86a
26 20. 77£0. 92a 20. 74£0. 79a 20. 14+0. 80a 20. 17+0. 66a
4n 20. 85+0. 31a 20. 86+0. 49a 20. 32+0. 72a 20.22£0. 23a
gy 20. 96+0. 45a 20.93+0. 52a 20.43+0. 53a 20. 56£0. 31a

1" 21. 05+0. 68a 21.030. 77a 20. 78+0. 36a 20. 81+0. 33a
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#R1 Table 1 ( Continued)
ARk B4 A4 K/ mm

Hﬂﬂ/ d Internode length of H. tuberosus in different treatments?
time CK Tl T2 T3
1 13.50+0.80a  13.33+0.59a  13.73+0.40a 13.70£1. 00a
2 13.98+0.95a  14.45+0.21a  14.20+1.00a 13.83+1.33a
3 14.55¢1.63a  14.63x1.57a  14.88+1.17a 14.67+1.55a
5 15.55£0.21a  14.97+0.58ab  14.90£0.61ab  14.35£0.21b
7 16.20+0.70a  15.77+0.81a  15.700.53a 15.70+£1. 19a
9 18.03+0.43a  17.70+0.87a  17.30£0.67ab  16.230.33b
12 18.03+0.86a  17.80+0.70a  17.63+0.21ab  16.63x0.21b
15 19.00+0.75a  19.27+0.59% 19. 05+0. 49a 18. 87+0. 83a
18 21.37+0.32a  20.60+0.42a  20.77+0.95a 18. 65+0. 78b
22 20.70+1.37a  20.50+0.14a  20.90+0.42a 18.40+0. 42b
26 20.43+0.25a  20.45+0.21a  20.35:0.64a 18. 65+0. 78b
4 20.35+1.91a  20.77+0.40a  20.25+0.2la 19. 05£0. 64a
gy 20.80+0.72a  20.90+1.27a  20.15£0.07ab  18.90=0. 42b
12" 20.45+0.21a  20.65+0.35a  20.25+1.06a 18. 90+0. 56b

Dy ,8", 12", e K 4 8 F12 d Rewatering for 4, 8, and 12 d,
respectively.

2 CK: Xt The control; T1: 28 T B2 aa Mild drought stress; T2
HEE - L0 E Moderate drought stress; T3 & T 5 i Severe
drought stress. [FIAT H7 AN [R) /N5 7 B 4 75 A [F] Ak B4 1] 2% 5% b %
( P<0. 05) Different lowercases in the same row indicate the significant
(P<0.05) difference among different treatments.

3 AP A RR = SR T CK 4 BOKJS, T1 A1 T2 4
bk 2 W B S CK 41450, T3 Al bk & JL-F
AE,
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A AR N TR T2 418 CK 41,
2.2 FTEMEREKNIFHFEMHHFAEHENIM
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2.2.1 g EmMxA TG TR mE2ITUER.
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T R i (A e SR TE I B AR A R
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2.2.3 ABmFe T RE2EBTLUEE. AR
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Table 2 Effects of drought stress and rewatering on relative chlorophyll content and photosynthetic parameters of leaves of Helianthus tuberosus

Linn. (XzSD)

AT b FRAG A e S AR X A

ARIEV AL FRAG A= A b &%/ (pmol + m ™2 -

sfl )2)

AL/ d Relative chlorophyll content in leaves of H. tuberosus in Net photosynthetic rate of leaves of H. tuberosus in
Time different treatments?) different treatments?
CK T1 T2 T3 CK T1 T2 T3
1 19.39+2.97a  20.18+1.33a  20.16+1.79a  20.44x1.93a 7.01x0. 14a 4.67+0.25b 4.74+0.31b 4.20=0. 24c
2 20.84+1.58a  21.22+1.2la  20.85+0.95a  21.78+0.95a 9.43+0.99a 5.69=+0. 56b 5.79+0. 18b 5.65x0. 18b
3 20. 80+0. 88a 19.30+0.81a  20.10+2.73a 19. 61£0. 79a 5.30+0. 45a 4.25+0.49bc  4.75+0.14ab  3.92+0.28¢
5 20.53+0.92ab  20.66+1. 19ab  21. 68+1. 00a 19.70+0. 17b 6.99+0. 93a 6. 68+0. 49a 5.61x0. 45a 3.77+0. 94b
7 20.64£0.85a  20.13+0.73a  20.68+0.5la  20.47+0.67a 4.46+0.33ab  4.95+0.97a 4.91+0.51a 3.62x0. 18b
9 21.37+0.91a 19.80+0.16b  20.29+0.83ab  20.48+0.94ab  5.02+0. 65a 3.64£0.37b 3.98+0.63ab  4.25+0.49ab
12 19.88+0.68a  20.31+0.78a  20.08+0.68a  20.04x0.78a 3.58+0. 46a 3. 14£0. 30a 3.06+0. 22a 2.93+0.29a
15 19. 68+0. 59b 19. 25+0. 39b 19.73+0.59b  20. 80+0. 47a 3.09+0.27b 4.01+0. 16a 4.26+0.43a 3.00=+0. 04b
18 20.39+1.06b  19.54+0.79b  19.96x0.65b  25.38+0. 87a 4.26x0. 46a 3.43+x0.20b 2.99+0.03be  2.90+0. 00c
22 20. 49+0. 90¢ 19.78+0.56¢  21.90+0.71b  26. 17+0. 54a 3.04+0. 09b 3.38+0.17ab  3.72x0. 40a 3.26+0. 20ab
26 19. 96+0. 95b 18. 87+0. 54b 18.81+0.73b  25.41=0. 85a 3.22x0. 56a 2.92x£0.29a 2.61x0.49a 2.41+0.23a
4’V 20.12+0.48bc  19.07£0.85¢  20.47+0.32b  22.260. 90a 4.81+0. 33a 4.01x0. 20b 2.15+0. 19¢ 1. 87+0. 13¢
8’ 20.57+0.97b  20.56+0.96b  19.00+0.74b  23.76+0. 56a 2.60+0.51ab 2. 84+0.25a 2.55+0. 52ab 1. 90+0. 35b
12’V 21.10+0.67b  21.63+0.84ab  22.63+0.74a  22.34+0.31ab  1.61+0.29b 2.07+0. 12a 1.57+0. 11b 1.27+0. 16b
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42 Table 2 ( Continued)

NI b G AE I 2 A/ (mmol - m ™ - 571

AL A HE I LR/ (pmol + m™2 - s

-1

)

H?LFE/ d Transpiration rate of leaves of H. tuberosus in different treatments®’ Stomatal conductance of leaves of H. tuberosus in different treatments®
e CK T1 T2 T3 CK T1 T2 T3
1 1. 00+0. 36¢ 4.92+0. 90b 10. 82+0. 75a 11.92+1. 29a 11.36+0.97¢  52.18+5.31b  116.55+2.62a 112.79+2.83a
2 2.20+0.57b 4.45+0.93a 4.15+0. 89a 5.21£1.07a  27.36+2.26d  48.09+4.48b 34.54+2.52¢  57.10%2.83a
3 0.91+0. 59b 3.59+1.52a 4.44+1.0la 5.60x1. 34a 16.22+1.53d  36. 48+0. 66¢ 41.31x1.64b  59.69+2. 04a
5 0.33+0. 22¢ 2.79+0. 66b 5.22x1.03a 6.13+£0.63a  23.47+1.75¢  33.73x1.25b 47.97+2.67a  37.33+1.77b
7 1. 62+0. 76b 4.40+0. 92a 4.98x1.76a 4.40+0.91a  21.20+1.37c  43.30+1.39b 55.81+0.58a  48.87+1. 66a
9 2.93%2. 15a 4.21%1. 69a 3.60x1. 63a 5.90+1.18a  37.22+1.44c¢  49.73x0.50b 38.26+0.44¢  130.50x1. 04a
12 3.29+1.31a 3.31+0. 85a 3.38+1.38a 3.80+0.66a  27.51+0.65d  46.30+1.21b 60.14x1.22a  36.03x1. 67¢
15 3.07+1.02b 3.93+0. 80ab 4.66+0.95ab  5.83%1.87a  21.73+1.03cd 30.78+0.06bc  78.62x1.17ab 127.32+1.63a
18 1. 13+0. 38d 5.01+0. 90c 7.36x1.17b  15.92%1.31a  22.98+1.70d  73.02+0.31c 82.68+3.96b  95.40x1.08a
22 4.10+1.78b 6.93+1. 80b 6.84x0. 82b 16.45+1.80a  80.03+0.28b  98.32+0.26b  108.33x1.76b 118.03+0.47a
26 4.25+1.63b 6.33+1.69b 7.38+1.54b  16.16£1.92a  36.75+0.39b  58.05+1.61b 78.61+£0.93b  91.95+2. 64a
4’V 0. 46+0. 36b 2.25x1.24ab 2.38+1.11ab  3.44+1.54a  43.83x1.80a  42.09+0.75a 32.52+2.12b  32.67+2.36b
gV 2.13%1.91a 3.73x1.85a 5.21+2.83a 5.13£1.94a  43.52+2.54a  74.11+2.56a 62.07+3.32a  65.54+3.70a
12" 6.23+1. 89b 7.40+1.87b 24.94+2.16a  22.97+8.35a  45.20+1.76b  95.38+3.82b  104.58+2.02a 110. 84+0. 48a
RIS E M A lE] CO, e/ (pmol + mol ') R R4 B A 2 B vk 43 R R AR Ak %)
AL/ d Intercellular CO, concentration of leaves of H. tuberosus in Water use efficiency of leaves of H. tuberosus in
Time different treatments?’ different treatments?
CK T1 T2 T3 CK T1 T2 T3
1 446.51+2.67d  463.33+3.85c  486.88+7.32a  476.79+£3.46b  2.62x0.17a  1.00+0.16b  0.53+0.10c  0.67+0.17¢c
2 492.69+5. 73¢ 581.63+2.79ab  582.69x1.84a  575.29+1.93b 1.64£0.20a  0.89+0.21b  0.93+0.14b  1.01x0. 15b
3 643.07+£3.35b  640.79+3.32bc  653.34x1.91a  636.90+1.57c 1.94+0.23a  1.31+0.12b  1.46+0.12b  1.41=0. 14b
5 643.27+4.66d  673.54x1. 76¢ 732.33+0.67a  726.18+0.88h  4.45+0.54a  2.85+0.27b  1.0120.0lc  0.61x0. 04c
7 931.85+£0.96b  962.65+1.08a  914.09+1.81c  875.47+1.67d 1.17+£0.17a  0.74+0.05¢  0.97+0.07b  0.99=0. 14b
9 603.32+0.53a  456.13+1.39¢c  472.99+0.82b  400. 13+1.93d 1.10£0.29a  1.07+0.0la  0.80+0.15b  0.20x0.0lc
12 410. 17£0. 89¢c 428.16+1.98b  439.12+0.49a  297.36+1.39d 1.32+0.24a  0.72+0.17b  0.75£0.02b  0.86+0.17b
15 782.93+0. 44a 771.51£1.91a 821.28+51.43a  876.32x1.57a 1.19£0.03a  0.90+0.04b  0.90+0.18b  0.79+0.08b
18 464.45+£20.08c  511.58+1.51b  540.23+23.97b 594.61+1. 82a 1.19£0.19a  0.72+0.01b  0.48+0.02¢  0.27+0.06d
22 613.45+0. 55¢ 755.27+£0.47b  757.03+£0.25b  762.43+1.78a  0.81+0.08a  0.73+0.19ab  0.70+0.09ab 0. 55+0. 08b
26 680.34£1.75d  694.91=0. 61c 719.96+3.73b  728.51x1.51la  0.55+0.08a  0.50+0.04a  0.58+0.12a  0.59+0.07a
4’V 558.40+91.46a  430.87+19.02b 398.97+2.33b  398.68x1.26b 1.88+0.18a  1.68+0. 17a 1.93+0.12a 1. 58+0.30a
8’ 1011.62+0.69d 1088.35+2.58¢ 1 121.77+1.39b 1 136.28+2.82a  0.61+0.07a  0.57+0.09a  0.61x0.14a  0.70=0.07a
12’ 1133.96+2.77b 1 117.38+1.77c 1 148.12+0.68a 1 147.39+0.53a  0.36+0.06a  0.33+0.10a  0.31+0.0la  0.28+0.0la
D4r 8" 12", 435K 4 .8 Fl 12 d Rewatering for 4, 8, and 12 d, respectively.

2 CK; XFH8 The control; T1; 42T 5L 1A Mild drought stress; T2; H1EF T 52 W3 Moderate drought stress; T3: T & T 5L Severe drought
stress. AT AN [R] /NG Fhk R AN [R) Ak B ] 22 53 53 ( P<0. 05) Different lowercases in the same row indicate the significant ( P<0.05) difference

among different treatments.
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W AR T R0 aa 26 d B EREAR, SR 5 BE & &K
[ IE R B T, a1~ 12 d, [F—FE T3 41
A R LR CO, VB SR EEAR; TR A
15~26 d,T3 2 ME] CO, WEF W& T T1 F1 T2
20N CK 42K )5,3 M Aab R4 K CK 4] ffd /] Co,

TR 1) 22 57 BB A S /K I TR S T 457 ) o



54 T BT IR 5 3 BT o

528 4

2.2.6 RpyFRzkFEeEL RE2ETLUEH.
AT R a B, 45E 0 7oK o R R RCR B
5l e R 2 B R SR BRI A, HLR K G K 4y
FIHRCR T 5130 26 d Bl BT ARG RS &
KBS R ZER W AR, TR0 1~22 d, [ — ]
3 AbHZ A oK SRR A CK 40 2
A T 50038 26 d & K)E, [Rl—FE 3 A~Ab P
K CK HE KPR FEEZRARE,
2.3 FTEMEREKNIFHFEMNHAEBIEIRIFM
TR 38 B K6 4 A0 7 A B AR 9 5 ) L
%3,
2.3.1 XEABAAHBAH (T-SOD) & ke 1L
R 3 ATLUE AR E a2t
T-SOD JEPEREE T 5 ka6 i ] 4 4 A 5 0 8 7t
S HAE K G T-SOD TG PE Sk b4k T e
#TRE ., TR haE X E KR, F—Afa) 3 4~
FRZH 4540 b T-SOD {6 Pk B A b F X B (CK)
4, HE BT 5 e (T3) 48K i,
2.3.2 ISEALYEE(POD) EME T HE3 A
DI B B R T8 (T1) F1 CK 21450
FHh POD & PERE T 5 B[] RE K TE ] B AR Ak,
FETF St (T2) A1 T3 4149 POD 3 M Je T i i B AR
SKJE T1 AL T2 41 ) CK 41/Y POD i 1 Je B A% s T
LT3 41 POD WG PENIZRSEFEAR . T 50 1~18 d,
[ —Bsf[A] T3 4125401 A rp POD W& M VAR I B35 = T

x3 TEEBREKMNFFERF ERERAIRME (X£SD)

T1 A1 T2 4 M CK 475 T 50 22~26 d X IKE,
[i]—FiE] CK ZH1 POD 1M A b

2.3.3 HAMAEE(CAT) ERM T HEI KA
DIA H  ASFE T2 WhEa b BT 4530 b CAT 164
Bifi 2 T 52 I I ] 2 K A b R R A A, Horp 7
T 58 26 d W EEFEL; ZOKE , CAT i Pl sk 7 5
HlaTHE, £ 500 & E oK WIE, A —fE CK
AT R CAT 1SR fe i, T3 41RY CAT 5P Bk
FEAR, HT 5 9~26 d } 8K sk b i AL
F T1 A1 T2 4 M CK 4.,

2.3.4 AZEB(MDA)AE& T HWEILEALL
B AT 2 a B 440 R MDA & i
& T R Wan af A e AR B 5 e T R AR Y ARk
g Hoh  fE T R0 26 d B E AL B2 KE
MDA SEIE B8k, Bk LA/, 7E T2 7~
22 d, [Al—HF[a] T3 404530 7 MDA % 5, T1
FIT2 29 MDA i Jm , CK 4109 MDA 7% 2 51X
T RME 26 d K EK)E, [Al—mFE] 3 A~ Ab R K
CK ZH 8] MDA 5 5 1 22 SRR/

2.3.5 MAB(Pro)4E0 Tk MEIEITUE
W AR T R A AL BER, T1 A CK 2 45 E o
Pro ¥ 1 Bl 5 W38 ) B) 2B SR B eI ARk, H AR
KJF R ICH A5k T2 A1 T3 4 Pro & E T 5
i B[] B R 52 0 T o A R A (R OK R e 2 R
ik, 7ETEW8 1~5d, [F—AfE T1 F1 CK 414540

Table 3 Effects of drought stress and rewatering on physiological indexes of leaves of Helianthus tuberosus Linn. (X=SD)

R [RA A A F e 8 S AL AR (T-SOD) 16 4/ (U - 7))

ARV AbFR A 0] F v S AR (POD) Hi R/ (U - g7 )Y

(ioRE! Superoxide dismutase (T-SOD) activity of leaves of H. tuberosus in Peroxidase (POD) activity of leaves of H. tuberosus in
Time different treatments®’ different treatments®’
CK T1 T2 T3 CK T1 T2 T3
1 51.70+2.88ab  50.85+3.47ab  52.04+1.96a  46.60+2. 18b 6.58+0.23a 5.78+0. 14b 6. 58+0. 50a 6.76x0. 48a
2 59.22+3.07b  52.81+2.3lc¢ 60.50+2.65b  63.50+3. 82a 5.30=+0. 30b 6.15+0.29a 5.85+0.57ab  5.76+0.39ab
3 65.17£2.67b  64.15+4.70b 68.31+1.13b  83.69+2.42a 6.31+0.46ab  5.78+0.17b 6.64+0. 19a 6.92+0. 59a
5 54.62+4.28d  83.98%5.2lc¢ 97.68+4.57b  125.37+2.44a 6. 68+0. 36b 5.53%0.58¢ 7.50+0. 28b 8.95+0. 87a
7 69.27+1.24b  71.20+2.22b  124.42+0.19a 122.43+10.00a  7.61+0.53b 6. 88+0. 62b 7.46x0. 59b 8. 80+0. 20a
9 76.55+7.25b  74.01+6.69b  126.20+2.31a 114.50+11.78a 6. 69+0. 62¢ 5.58+0. 40d 8. 62+0. 38b 10. 43+0. 64a
12 62.01£2.00d  71.20+0.71c  125.69+3.44b 147.32+2.13a 7.15+0.29¢ 7.76+0.29¢ 8.42+0.50b  11.62+0.27a
15 51.77£2.12d  70.36+4.05¢  103.95+5.38b  144.39+9.97a 7.15+0. 38¢ 7.05x0. 18c 10.23+0.62b  13.78+0. 56a
18 96.44+6.42b  104.27+4.62b  142.14+0.98a  147.73%3.95a 6.88+0. 16d 7.76x0. 16¢ 9.26+0.38b  11.75+0.20a
22 116.71+£3.81c  145.90+3.09b  147.63+8.41b  172.43+8.89%a 7.1420.49ab  6.31+0.49b 7.44+0.3%a 6. 83+0. 30ab
26 134.61£6.79a  130.60+7.20a  146. 17+12.98a 142.84+2.48a 7.57+0.27a 7.84+0.39a 6. 96+0. 20b 6.38+0. 11c
4’V 141.74£10.81c 173.11x1.41a  158.48+0.57b 166.83+6.28ab  6.39+0.36ab  7.08x0.52a 4.79+0. 39¢ 5.79+0. 49d
8’ 163.24+3.60b 145.92+8.73¢  131.29+2.45d  186.06+3.22a 7.39+0. 28a 6. 16x0. 19be 6.58+0. 20b 5.71£0. 38¢
12’0 169.72+1.22bc  160.95+1.87¢  175. 15+11. 32ab 186. 94+8. 54a 7.45+0. 36a 7.32x0. 65a 6.77+0. 55a 5.18x0. 14b
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£4R3 Table 3 ( Continued)

ARV FRAG A= A o AL EURE (CAT) WL/ (U - mg™')?

)

A BRAG R J A 8 (MDA) %5t/ (nmol + g7')

L/ d Catalase (CAT) activity of leaves of H. tuberosus in Malondialdehyde ( MDA) content in leaves of H. tuberosus in
Time different treatments? different treatments®
CK T1 T2 T3 CK Tl T2 T3
1 50.21£0.63a  47.35+0.31b  44.01+0.57¢  43.86+0.36c  38.93+1.28b  40.71£2.56ab  43.28x1.41a  37.36+2.93b
2 45.57+£0.72a  40.80+0. 13¢ ~ 41.04£0.29¢  42.14+0.31b  39.28+2.20c  47.46+3. 84b 46.36+2.35b  57.00+2.97a
3 39.27+0.08a  34.59+0.13b  31.19+0.82¢  33.86+0.36b  44.45+3.79h  33.29+2.42¢ 63.58+3.34a  62.52+4.49a
5 45.46+0.58a  36.34+0.38c  40.90+0. 19b  41.28+0.21b  52.44+3.30b  71.93+3.7la 76.99+4.15a  55.15+9.99b
7 44.38+0.18a  40.92+0.35bc  40.46+0.39¢c  41.49+0.74b  64.91+4.54a  66.21%£32.72a  62.76+6.57a  92.70+6.99a
9 35.59+0. 15a  28.46+0.27d  32.59+0.37b  30.62+0.42c  76.23+6.80c  90.11+8.28bc  98.47x10.26b 148.87+7.03a
12 34.01£0.16a  33.04+0.19b  30. 11+0.42¢  25.48+0.78d  106. 54+3.04c 135.02+8.56b  110.47£13.79¢ 173.63+13.02a
15 34.98+0.92a  33.68+0.36b  26.26+0.11c  27.11£0.14c  101.05+6.92d 161.85+10.67¢ 258.29+8.82b 309.48x11. 17a
18 34.80+0.30a  24.14x0.29¢ 25.72+0.51b  22.53+0.16d 188.48+10.90b 342.78+13.12a 355.38+2.93a  359.91+23. 60a
22 35.73+£0.40a  31.38+0.32b  24.00=+0. 39¢ 18.85+0.40d  190.30+4.03d 342.12+15.60c 377.04+4.65b 636.85+21. 14a
26 37.11£0.19a  23.88x0.23b 12.16£0. 19¢ 3.65£0.77d  90.99+7.07a  84.03+2.63a 74.77+£2.45b  84.21%2.09a
4’V 35.30£0.59a  33.53+0.52b  32.24+0.30c  32.61+0.51bc  89.71+4.66a  91.34x4.73a 82.30+5.57ab  74.38x4.87hb
8’ 38.73%0.25a  36.77+0.60b  38.97+0.21a  37.18+0.22b  99.73+5.47a 103.43+4.43a 85.75+2.23b  97.96+5.33a
12’V 32.85+0.85a  32.16+0.10a  31.17+0.31b  30.02+0.31c  86.58+6.57b  94.99+3.70a 96.21+3.41a  86.11+2.23b
RIRAE TS 0T F S Pro) ot/ (g - ¢ ) RS Ao P R 1 i (- )
A/ d Proline (Pro) content in leaves of H. tuberosus in Soluble protein content in leaves of H. tuberosus in
Time different treatments®’ different treatments?’
CK T1 T2 T3 CK T1 T2 T3
1 44.11x1.76a  38.02x1.76b  37.03+0.79bc  34.79+0. 64c 4.76x0. 21a 4.57+0. 15a 4.30+0. 38a 4.41+0. 14a
2 23.45:£0.97b  25.65+0.64a  22.09x1.90b 23.37+0.28b 6.23+0. 16a 6.52+0.28a 6.56+0. 18a 5.08=0. 45b
3 61.07£2.98a  27.79+0.73b  14.17+x0.39d 19. 12+1. 48¢ 5.94+0.31a 5.35+0.29b 4.69=+0. 21c 4.78+0. 22¢
5 21.04+1.46b  24.14+0.30a  18.59+0.29¢ 16.85+0.30cd  5.67+0.03a 5.90+0. 17a 5.77+0.29a 4.77+0. 16b
7 25.53+0.86c  24.10+0.65¢  30.58x1.84b 65.85+11.49a  8.80+0. 30a 8.33+0. 59a 6.79+0. 35b 5.67+0. 23¢
9 66.44£2.72b  68.83x1.79b  48.57x1.44c 75.93+1.3%a 5.36x0.43a 5.36+0. 34a 4.87+0.28a 4.97+0. 06a
12 32.15+£0.59b  40.89+0.62b  33.44£0.26b  266.57+11.49a  6.63+0.25a 4.94+0. 15b 4.87+0. 17b 4.94+0. 39b
15 54.02+4.02b  50.93+2.02b  43.64+1.55b  502.38+18.38a  6.87x0. 17a 5.46+0.27b 3.46+0. 09¢ 2.71+0.22d
18 31.87£0.79¢  29.58+0.31c 148.74+5.74b  629.34£13.98a  6.50+0.20a 6.50+0. 32a 5.23%0.11b 3.19+0. 37¢c
22 38.98+0.69¢  27.46+0.42d 343.64+1.04b  981.75%12.02a  6.31%0.3%a 6.31+0.22a 5.00=+0. 37b 2.38+0. 30¢
26 41.04+1.66d  55.41+0.69¢ 638.94+3.03b 1 049.34+6. 68a 5.62+0.67a 5.62+0. 17a 4.44+0.29b 2.22+0. 17¢
4’V 102.41+2.10a  48.84+1.08b  52.11x1.49b  102.36+3.38a 2.21+0.19b 2.21+0.09b 3.45+0. 13a 3.19+0. 13a
8’ 50.81£2.59¢  65.60+0.99a  47.13x0.93d 56.52+1.94b 2.75+0. 24a 2.75+0. 16a 2.55+0.23a 2.43+0.27a
12D 75.24+2.36a  136.07+1.54b  89.71+2.89c¢ 66. 74+0. 73d 3.06+0. 19b 3.06+0. 19b 3.88+0. 37a 3.48+0. 12ab

D4r 8" 12", 435I IK 4 .8 Fl 12 d Rewatering for 4, 8, and 12 d, respectively.
2 CK; X8 The control; T1; 42T 5L 1A Mild drought stress; T2; H1E T 52 W13 Moderate drought stress; T3: T & T 541 Severe drought
stress. [A 4T HOR[A/ING AL R R AR A AL B ] 22 5 8. 3 ( P<0. 05) Different lowercases in the same row indicate the significant ( P<0.05) difference

among different treatments.
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