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Morphological physiological responses and resistance of
seedlings of 3 Aquilegia L. species to different water treatments

CHEN Lifei, MENG Yuan,CHEN Cuihong, LI Jiaqi, WANG Wei, WANG Fengyi,
LI Chenhe,ZHOU Yunwei

(College of Horticulture, Jilin Agricultural University ,Changchun, Jilin 130118, China)

Abstract: [Objective] The stress resistance of seedlings of three Aquilegia species in northeast China
were compared and the water management threshold was explored to provide basis for planting and man-
agement of Aquilegia species. [Method) Seedlings of 3 Aquilegia species (A. oxysepala, A. parviflora
and A. wviridiflora) were used to estimate the damage level and stress resistance by pot experiment under
four water treatments including relative water contents of (90+5)% (T1),(70+5)% (T2),(50£5)%
(T3) and (301+5)% (T4). Morphological indexes were measured every 5 days,while physiological indexes

were measured on the days of 10,15 and 20. Re-watering was conducted after 10 days for groups T3 and
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T4. The performance and re-watering effects of seedlings of Aquilegia species were compared under differ-
ent water treatments and the stress resistance was compared by membership function. [Result] The maxi-
mum values of all seedlings in visual score, plant height and crown diameter appeared in the T2 group. With
the reduction of relative water content in substrate,electrolyte leakage,contents of malondiadehyde, soluble
sugar, proline,and anthocyanin,and activities of SOD and POD decreased firstly and then increased on day
10. Most minimum values appeared in the T2 group. The contents of soluble protein and chlorophyll in-
creased firstly and then decreased, with the maximum values in the T2 group. Physiological indexes in
groups T3 and T4 recovered partially after re-watering. Resistance was in the order of A. oxysepala™>A.

viridi flora~>A. parviflora. [Conclusion] The best relative water content of substrate was (70+5) % for

Aquilegia seedlings,and no less than (50£5) % for water-saving.

Key words: Aquilegia L. species;seedling; water treatment;physically response
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Fig. 1 Effects of different water treatments and re-watering on visual score of three Aquilegia seedlings
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Fig. 2 Effects of different water treatments and re-watering on plant height and crown diameter of three Aquilegia seedlings
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Table 1 Effects of different water treatments and re-watering on electrolyte leakage and

malondiadehyde content of three Aquilegia seedlings

b /0 =) R 1
Z0 b7 Elimcg?oﬂl%f Eja/kfge gi;fftﬁof%ﬁ/liﬁr:giladfhyd)c
Species Treatment
10 d 15 d 20 d 10 d 15 d 20 d

T1 25.67+4.64a 35.27+4.51a 39.17+1.16a 0.07540.007 a 0.099-0.016 a 0.215-+0.027 a
SRR S 3 T2 7.404+1.61 ¢ 5.87+1.81c¢  7.2340.35b  0.017-20.009 ¢ 0.024-0.011 b 0.025-+0.008 b
A oxysepala T3 7.6740.87 ¢ 5.40£0.78 ¢ 7.60£1.53 b 0.018-£0.009 ¢ 0.0250.010 b 0.026£0.010 b
T4 13.074£0.76 b 11.23£1.99 b 8.33£2.11b  0.037-£0.009 b 0.026=0.007 b 0.0170.010 b
Tl 32.4342.86 a  33.4043.25a  56.30+3.66a 0.08720.020 a 0.075-50.006 a  0.123-20.037 a
INTERE 3] 3 T2 8.0341.29 ¢ 8.2740.90 ¢  8.9051.32b  0.018-£0.008 ¢ 0.020-0.006 ¢  0.009-0. 006 b
A. parviflora g 14.2343.29 ¢ 9.70£1.90 be  7.03£1.36 b 0.035-20.010 be 0.024=0.009 ¢ 0.016=0.009 b
T4 18.73+1.14 b 13.03+1.59 b 10.33+0.91 b 0.0544+0.009 b 0.04740.004 b 0.0254+0.008 b

Tl 24.334+2.61a  45.904+2.69 a — 0.1024+0.014 a 0.10140.012 a —
B3R T2 6.6041.08d  6.53%2.10b  9.60£2.05a 0.017-20.008 b 0.027-£0.006 b 0.019-£0. 007 a
A. wiridiflora g 9.00+1.15¢  7.93%£1.53b  8.6020.90a 0.02140.004 b 0.02420.009 b 0.016=£0.011 a
T4 16.7343.31b  9.87+1.35b  8.13%1.16a 0.025420.010 b 0.036-20.009 b 0.025--0.013 a

TE < [ 50 B 5 bn AN R /ING 5 B 7R [ — 9 i A [7] Ak B W) 28 5 S 25 (P<<0. 05) . T K[l

Note: Different lowercase letters mean significant difference among different treatments for same species( P<Z0. 05
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Table 2 Effects of different water treatments and re-watering on pigment of three Aquilegia seedlings

Yy fib 7 2% K %4 /(mg + g 1) Content of total chlorophyll HHE G/ (ug+ g1 Content of anthocyanin

Species Treatment 10 d 154d 20 d 10d 154d 20 d
T1 1.64+0.61 c 1.51+0.0l ¢ 0.63+0.12d  2.89+0.15a  4.03+0.06a  8.7840.25a
2T 3 3 T2 3.0540.11a  3.1040.13a  3.1440.07b  0.36+0.01d  0.4140.02 ¢  0.5740.06 b
A. oxysepala T3 2.7540.23 ab  2.96+0.17a  3.06+0.10b  1.3540.08 ¢  0.39+0.02 ¢  0.4940.05 b
T4 2.6140.25b  2.5740.10b  3.7240.02a  2.0840.17b  1.5240.13b  0.6440.08 b
T1 2.18+0.04d  1.88+0.82b  1.1740.04d  3.454+0.09a  500+0.15a  5.90+0.12 a
INAERE 338 T2 3.3540.02 a 3.55+0.16 a  3.634+0.06b  0.4040.01 ¢  0.4740.02d  0.34+0.04 ¢
A. parviflora T3 2.2740.22b  3.2640.10a  3.9740.09 a 2.67-+0.05 b 1.214+0.14 ¢ 0.3140.02 ¢
T4 1.7140.37 ¢ 2.04+0.06 b  3.7240.04 b  2.6240.10b  1.99+0.10b  0.5340.03 b

T1 3.6540.43b  1.21+0.12 ¢ - 5.2040.19a  6.59+0.15 a —

B33 T2 4.004+0.08a  3.77+0.06a  3.56+0.06b  0.68+0.03c¢  0.53+0.02b  0.39+0.03 ¢
A. wiridiflora T3 3.3340.27b  3.69+0.16a  3.9540.06a  0.9740.04b  0.55+0.06 b  0.5940.01 b
T4 2.9240.07b  3.0140.10b  3.4140.31b  1.0840.13b  0.57+0.10b  0.69+0.01 a
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Table 3 Effects of different water treatments and re-watering on antioxidant enzyme activity of three Aquilegia seedlings

) Fil b7 SOD §f /(U « g~ 1) SOD activity POD & /(U » g~ 1) POD activity

Species Treatment 10 d 15 d 20 d 10 d 15d 20 d
Tl 120.5540.10 a 115.2740.23 b 90.27+12.84 b 868.19+0.26 a 598.8140.04 a 898.19%+0.11 a
3Rk 3. 3 T2 95.860.13 d 102.85+0.14d 110.3140.18 a  449.13+0.08 b 429.3440.24 d 428.75+0.12 d
A. oxysepala T3 106.5640.19 ¢ 109.87=40.30 ¢ 100.10%0.20 ab  389.1940.13 d 508.60+0.52 ¢  488.85+0.06 b
T4 116.6440.09 b 115.9440.13 a 105.16%0.15a  419.1340.13 ¢ 568.852+0.14 b 438.93%0.07 ¢
Tl 129.73£0.16 a  87.25+0.69d 79.63+£0.81 ¢  628.73£0.16 a 538.9240.08 a 762.14%+1.31 a
INERE )3 T2 102.1540.08 d  113.6320.08 b 111.50+0.15a  399.3240.07 d 349.1140.11d 488.64+0.12 b
A. parviflora T3 105.6740.22 ¢ 116.8540.09 a 105.5340.12 b  499.1240.09 b  448.7940.12 ¢ 449.04=0.05 ¢
T4 124.2540.11b  97.9240.19 ¢ 112.06%0.07 a  479.0840.09 ¢ 469.1740.17 b 408.95+0.07 d

Tl 124.9440.06 a  69.94+0.114d — 359.23+0.10 b 808.43=+0.08 a —
B3 T2 95.14-40.09 ¢ 107.34-+0.10 b 123.38+0.17 a  329.26=+0.10 ¢ 368.86+0.07 d 428.75+0. 06 ¢
A. wiridiflora T3 91.96+0.10d 102.94+0.06 ¢ 115.524+0.11 ¢  359.2640.09 b 479.05+0.06 ¢ 489.2340.14 a
T4 110.37-£0.14 b  108.88-50.22 a 117.24+0.57 b 449.05-+0.05a 538.9240.08 b  458.68+0.12 b
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Table 4 Subject function values of three Aquilegia seedlings under different water treatments

8 b5 SRR3R INIERE 3L 3 P )3

Index A. oxysepala A. parviflora A. wiridiflora
# & Plant height 0.420 0.410 0. 440
it i Crown diameter 0. 330 0. 400 0. 500
SMIPE S Visual score 0.542 0.531 0.520
2 g J55 3% 1 Electrolyte leakage 0. 669 0.575 0.573
N . & 1 Content of malondiadehyde 0.667 0. 560 0.710
o] 5B & & Content of soluble sugar 0.614 0. 458 0. 580
WM 3 & & Content of soluble protein 0.618 0. 356 0. 420
1 5 il 42 82 & F Content of free proline 0.629 0. 540 0.570
-4t & & it Content of chlorophyll 0.618 0.407 0.520
1 & & & Content of anthocyanin 0. 483 0. 383 0.710
SOD 1% PE SOD activity 0.431 0.518 0.590
POD j5 1 POD activity 0. 750 0. 609 0. 620
Y458 @ BB Average membership function 0.564 0.479 0.563
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