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Abstract: This research explored the mitigative effect of exogenously applied ascorbic acid (AsA) on the growth, Cu
accumulation and physiological characteristics of chicory (Cichorium intybus) seedlings under copper stress (Cu-
stress). Cu-stress was achieved by growing seedlings in hydproponic culture with 50 pmol-L."" Cu*" added to the
culture solution. It was found that Cu-stress at 50 pmol-L ' severely suppressed the chlorophyll content, and
photosynthesis and biomass accumulation of the chicory seedlings. Cu-stress also increased the degree of cell
membrane lipid peroxidation, and reduced soluble protein contents and the antioxidant activities of superoxide

dismutase, peroxidase, catalase and ascorbate peroxidase. In contrast, exogenous AsA decreased the absorption and
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transport of Cu by the root system and ameliorated the damage of Cu-stress to chicory seedlings. Specifically,
exogenous AsA increased the root system, shoot and total dry matter biomass, decreased the degradation of
photosynthetic pigments (chlorophyll a, chlorophyll b, total chlorophyll, and carotenoid) and enhanced the
photosynthetic parameters, reduced the damage of lipid peroxidation to the cell membrane, and enhanced the
antioxidant activities, soluble protein levels and endogenous AsA concentration. These results provide reference data
for the application of exogenous AsA in mitigating Cu toxicity to plants and enhancement of the Cu tolerance
mechanism of chicory.
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i Fl Microsoft Excel 2010 k4 3F 47 %P 4b ¥ , % T IBM SPSS statistics 22. 0 3547 7 2 508 (ANOVA) . JH
/N E W 22T 2 8 R (LSD, P<<0. 05) , 43 BT 45 R LAV ¥ 80+ bl 25 3R, IF H Origin 2018 7E & .
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50 B (CKO) AR H, Cu it R 28 15 40 1 R 28 R 25 0 11 K B 389 B 38 R AIK (P<<0. 05) , 23 S B AIR T 29. 32 % AN
38.27% (F 1) MMk T A Rl IE H, 5 CKM H, Culih i F AR & A28 2 BB AIK T 44. 44 % F
45.36 %, UL B Cu JHh 38 X5 2 12 &)y 1 19 A 28 0 25 1 28 222 O[] A B A 4 o 4 D, Cu TR 38 &0 1 10 AR A /0 ARG A
BRI R R AR K R . S AR R A L, 2R A T 32 8 BOCE ARG, BEEH 25 0k X Cu i 9 AR 1k
TR

AMUE AsA U L REAIR T 45 B S AR R A ZE 0 AR K R R B W 3 UK U8 B As AL b BR 48 1 4 A
R 14 A K RE 8 7= A 3R A FH L O ELS6E 25 b g o AR TR R . Y Cu R AsA R BF US55 88— 119 Cu fihan
SR LY, 2 1 4 A AR RN 25 A B R AR i B R, 9 FLUAR A B W 2 KO BB IR T B — 1 AsA ZbBE . i A2 48
HURE NS S WA R 7E 3555 PR BT i A R 0 o AR Y AT 32 4 80 T LU R (R 1), Cu il AsA [R] B A7 78 15 AR R
FZE I 400 23R 530 R 27. 78 %6 F129. 90 % (5 CKAHEL) , A T 51— 1) Cu kb B (44. 44 %6 F145. 36 %0 ) Fll AsA &b B
(11.11% F120.62% ) Z [a] . X L62E T4 AME AsA XF Cu il T B4 4 A — & WG #AE T
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Table 1 Effect of exogenous AsA on the biomass and tolerance index of chicory seedling under Cu stress

b ¥ i3S ELRS WRATE E-Ll i R 5248 £ 2RI 5248
Treatment Root length Shoot height Root dry weight Shoot dry weight Tolerance index of ~ Tolerance index of
(cm) (cm) (g-plant 1) (g-plant 1) root (%) shoot (%)
CK 33.20£2.79 27.57+2.81a 0.18+0.01a 0.97+0.08a 100.00+0. 24a 100. 00+2. 08a
AsAy 28.45+£2.57ab 25.13£2.09ab 0.160.02a 0.7740. 10ab 88.8940. 44b 79.38£1.29b
Cug 23.47+2.96b 17.02+2.71b 0.10£0.01b 0.53£0.06b 55.56+0. 26¢ 54.64=+0.96¢
Cusot AsAsy 25.4241.52b 23.051.79ab 0.134£0.01lab 0.68=£0. 11ab 77.80+£0.25b 70.10=£0.67b

T RS RING b 3R AN [ b B ] 22 53 4 3 (P<<0. 05) . R,

Note: Different lowercase letters in the same column show the significant difference among different treatments at the level of 0. 05. The same below.

2.2 SR ASASCuMria B ES G A S A KT G ELETWH W

A VE R HEAT A DL A L R ER AR R e & M FH7E 22 B e i i & 2 BIPHR (£ 2) . 5 CK
AHEE, Cu it F 25 = 4 i i ot & 3R AL IE CO, Y BE K 25 1 3 43 S R AR T 49. 3726 .70. 00%
37.13% F149.42% (P<<0.05) , Ut Bl Cu it F A EL M A OE A EHZ 2 M . 5 Calha AH L, AN AsA
DM BE S AN TR AR b 4R 5 Cu il FAEE M R M P, G C. T35, 0 i 8 T 43.93% .66. 67% .24.28% .
68.00% o %45 Rl B AN AsA Kb FRRE 5 85028 A Cu 30 % 48 15 4h B v o Sl A AR R B

HRAEGERSE RSN REENEERIRZ —. 5 CKAME, Calfhbil Fit4E a 5 E b, B4
R P ENE R EERAN(P<0.05), 0 FRET 41.94% .26.48% .34. 09% .31.38% o AMIE AsA BN
Ja A RS A Culhia 4354 fr b ik 2 a 4R b OB Gk KO, 4300 L Cuikas T 3
T 63.89% .17.20% .30.23% . ULHIFMIR AsA BEAS AR 2 1= A 22 RDOLA AR & & NS Cullhia 51 & 1Y
i o
2.3 SRASANCuMaTHELN Y Cud iz 2R

IEH AT B E SRR MZE P Cu i /53108 6. 32 F1 2. 43 pg-g ' DW, 2 B 45 = RE 06 W i i it
JCE Cu, HEMRIEHEMAREST . B—Culh N, A EYHRAN Cud | EENM 4G LG AR EX Culy
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LR B E/NF 250 (2 2800 1.39) , U I 5 2 WA Cu KB # B R 2 25 op (36 3) , nl 3 o 22 RN 1, 52
BB Culs e H g 78 Culhaft AMIE AsA (VR N B 8% B AR AR R 25019 Cu & i, 20 BB AIK T 24. 88 % I
34.65% , A, AR IR AsA WFEAR T Cu iy 5512 2 (1. 19) , BEWA SN AsA AN AL GE 96 B AR 44 15 4h 1 X Cu B9 I, i
HALREAE T Cu il ZEm 5%z .

K2 MNEASAAMCuETHESHEASGSHNMHERELSENH M

Table 2 Effect of exogenous AsA on the photosynthetic parameters and chlorophyll content of chicory seedling under Cu stress

b # IEEPIRESLE AALRE MM AR R A M43 a M2 b EKHY PR MHEFE(atb)
Treatment Net photosyn- Stomatal con-  Intercellular CO, Transpiration ~ Chlorophyll a  Chlorophyll ~ Carotenoids Chlorophyll
thetic rate (pmol  ductance (mol concentration rate (mmol (mg-g ") b(mg-g ") (mg-g ") (atb)
CO;'m %s 1) H,O'm s ') (pmolCOyrmol ') H,Orm *-s!) (mg-g 1)
CK 19.6941.19a  0.3040.05a  572.49+56.63a 3.46+£0.35a 1.24+0.06a 2.53+0.04a 0.44£0.03a 3.76+0.10a
AsAyy 14.464+1.63b  0.2540.02a  454.69454.46ab  2.87£0.36b 1.13+0.09a 2.414+0.07a 0.42£0.02a 3.5440. 16a
Cusg 9.97£1.29¢  0.09£0.02¢  359.92+28.37b 1.7540.49¢  0.7240.06b 1.86+£0.11b 0.2940.01b 2.58+0.17b

CusotAsAyy  14.3541.25b  0.1540.03b  447.304+41.92ab  2.94£0.27b 1.18£0.05a 2.1840.07a 0.35£0.02b 3.36£0.13a

£3 SMNEASAT CuliE THESE Cu e EMFEIZT ZHAIZM

Table 3 Effect of exogenous AsA on the Cu content and translocation factor of chicory seedling under Cu stress

2 & Root 25 Shoot g R
pis:ll .
Cufr it Cufl R Cufr it Cufl 2 & Translocation
Treatment
Cu content (pg+g ' DW) Cuaccumulation (pg-plant ') Cucontent (pg-g ' DW) Cu accumulation (pg-plant ') factor
CK 6.324+1.12 1.13+0.88 2.4340.52 2.3640.31
Cus 158.194+2. 68 15.82+1.41 41.4440.84 21.964+2. 50 1.394+1.13
Cuso+ AsAyg 118.844+2.21 15.45+1.69 27.08+0.69 18.41+2.19 1.19+0.95
2.4 SPRASANCuMA THEN Y A8 TEREEO IR LR S ZHH A

PN (MDA FE Ay 240 1 IR J5T ok S Ak 1) 5 ¢ 43 fife 77 4, G o % v AU T LA I W 4 e o 40 A 79 7K SF 1 52 93
FIRRFESY S Cullhifl T, 49 5 4 i AR & R 250 A9 MDA & #2051 b CK O 3 38 in 17 231, 30% Al 220. 22 % (P<<
0.05) (& 1), U6 W] 44 15 4y B AR 28 A0 25 b (9 20 B 1 32 3] 7 7™ B0 Cu B FAE T OF HAR R 2 Culhia iy 3 F1E
Ko B—5MIE AsA ZbFRET , G i AR R R 25019 MDA & 5 5 CK A FeA BT 7t AR AR A 3 35 K. 2 Cufil AsA
[ BF 8 IR SR8 As A SE Cu 38 T 3 B 405 1 AR 22 0 25 0 0 40 i RSS2 400 2 3 B B R B AR L MDA &
AT FEAR T 40. 31 % M1 33. 26 %0, Ui A SRR AsA REAT RS2 i Cu bt X 3 15 &5 v 400 i 5 et 1 1) 452 403

AR AR AN AR E AT Y, S SR 2R I SEY B R B, 5
CKAH L, Cullria N 45 B &) AR 28 25 i i T ok 2 1 i B 3 BRI (P<<0. 05) , 43 i B AR T 36. 58 %% Fi1 36. 88 %%
(1), B6BH Cu it b BESZ I 1 235 5K N2 B 1 RGP . 5 Cu s AH Ee AR AsA FT Cu i V8 N 58 % fff
AL AR R ZE T R S R R (P<T0. 05) , 43 T 20, 68 %6 120, 299 o K 4 L U I A1 IR
AsA REA R IE Cu bt T 25 B 4l AR 3R R 25098 38 8 5 4 SRR 3R, LG Cu i 360 of 4 7 40 i i o ) 40 3

ORI AR — 43 B H K (AsA — GSH) G M AFAE THLY 7R N 1 T 20 HLO TEBR R %0, F 2l @Hﬁ'ﬁﬁﬁiﬂﬂﬁ
I I 2 11 48 A 38 K 3 ok 3 1) HL O, 72 2 15 HLO, W Vi 2 ¥ 5 ZAE . Culbhalt 48 4h i AR & 25t
1) AsA i 5 CK A H 8 35 B AR (P<<0. 05) , 43 51 CK 8 0. 66 F10. 77 155 o B INAMNE AsA Fl Cu, HR & F1 2501
AsA &5 Calr B A 3 2 T &, 20 0& Ca i A9 1. 90 1 2. 11 4% M R 25 i () AsA & & & F CK, 435l
JECKHY 1. 47F1 1. 394% o MRARRY AsA & i 28 T 250 . BEHT Cu 30 AE 0% K AR 46 15 4 v AR 28 A 250 Y I AsA %
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Fig. 1
ble protein and AsA of chicory seedling under Cu stress
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lowercase letters above bars show the significant difference among differ-

Effect of exogenous AsA on the content of MDA, solu-
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