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Abstract: Phytoremediation plays an important role in the treatment of heavy metal pollution in
soil. In order to elucidate the mechanism of salicylic acid (SA) on copper absorption, seedlings
from Xuzhou (with strong Cu-tolerance) and Weifang Helianthus tuberosus cultivars (with
weak Cu-tolerance) were selected for pot culture experiments. 1 mmol/L SA was sprayed upon
300 mg/kg soil copper stress, and the photosynthesis, leaf antioxidant system, several essential
mineral nutrients and the changes of root upon copper stress were analyzed to explore the
mechanism of copper resistance. The results showed that Pn, Tr, Gs and Ci upon copper stress
decreased significantly compared to the control group. Meanwhile, chlorophyll a, chlorophyll b
and carotenoid decreased with significant increase in initial fluorescence (F)p), maximum
photochemical quantum yield of PSII (Fv/Fm), electron transfer rate (ETR) and photochemical
quenching coefficient (¢gP) content all decreased. The ascorbic acid (AsA) content was
decreased, the glutathione (GSH) value was increased, the superoxide dismutase (SOD),
catalase (CAT) and ascorbate peroxidase (APX) activity in the leaves were decreased, and the
peroxidase (POD) activity was significantly increased. SA increased the Cu content in the
ground and root system, and weakened the nutrient uptake capacity of K, Ca, Mg, and Zn in the
root stem and leaves. Spray of exogenous SA can maintain the opening of leaf stomata, improve
the adverse effect of copper on photosynthetic pigment and PSII reaction center. Mediating the
SOD and APX activity started the AsA-GSH cycle process, effectively regulated the antioxidant
enzyme system in chrysanthemum taro, significantly reduced the copper content of all parts of
the plant, and improved the ion exchange capacity in the body. External SA increased the content
of the negative electric group on the root by changing the proportion of components in the root,
promoted the absorption of mineral nutrient elements and the accumulation of osmoregulatory
substances, strengthened the fixation effect of the root on metal copper, and avoided its massive
accumulation in the H. tuberosus body, so as to alleviate the inhibitory effect of copper on plant
growth. The study revealed the physiological regulation of SA upon copper stress, and provided a
theoretical basis for planting H. tuberosus to repair soil copper pollution.

Keywords: Helianthus tuberosus; photosynthetic characteristics; antioxidant system; functional
groups; salicylic acid; Cu
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Figure 1 Effect of exogenous SA on gas exchange parameters of Helianthus tubeuosus upon copper stress.
Different lowercase letters indicate significant differences among the treatments during the same stage at 0.05 level.
XZ H.t and WF H.t represent Xv Zhou H. tubeuosus and Wei Fang H. tubeuosus, respectively. CK: Without Cu, control;
Cu: 300 mg/kg Cut+H,O (T1); SA: 0 mg/kg Cu+1 mmol/L SA (T2); Cut+SA: 300 mg/kg Cut+1 mmol/L SA (T3).
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Figure 2 Effect of exogenous SA on chlorophyll content of Helianthus tubeuosus upon copper stress.
Different lowercase letters indicate significant differences among the treatments during the same stage at 0.05

level. Treatments are the same as shown in figure 1.
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Table 1
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Material Time (d) Treatment Fy
XZ H.t 7 CK 0.086+0.009b
T1 0.127+0.013a
T2 0.095+0.013ab
T3 0.111£0.019a
14 CK 0.079+0.005¢
T1 0.127+0.013a
T2 0.080+0.019b
T3 0.100+0.009b
21 CK 0.056+0.016d
T1 0.119+0.009a
T2 0.079+0.011¢
T3 0.101+0.007b
WF H.t 7 CK 0.071£0.009d
T1 0.110+0.005a
T2 0.087+0.003¢
T3 0.104+0.006b
14 CK 0.086+0.012b
T1 0.109+0.010a
T2 0.096+0.001ab
T3 0.107£0.015a
21 CK 0.081£0.005b
T1 0.082+0.004b
T2 0.100+0.009a
T3 0.100+0.007a

0.459+0.003a
0.336+0.016d
0.422+0.023b
0.358+0.008¢
0.412+0.018a
0.229+0.017¢
0.358+0.016b
0.338+0.017b
0.271+£0.046a
0.174+0.153¢
0.247+0.026a
0.202+0.016b
0.436+0.017a
0.344+0.016¢
0.392+0.004b
0.384+0.007b
0.384+0.016a
0.288+0.010d
0.330+0.017b
0.303+0.008¢
0.348+0.026a
0.296+0.006¢
0.333+0.035a
0.310+0.007b

0.830+0.059a
0.771+0.056¢
0.823+0.011ab
0.820+0.006b
0.784+0.014a
0.685+0.063¢
0.771+0.054ab
0.736+0.057b
0.777+0.051a
0.712+0.053¢
0.740+0.037a
0.727+0.051b
0.806+0.017a
0.733+0.089¢
0.820+0.005a
0.764+0.058b
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0.774+0.059b
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33.300+1.419b
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Different lowercase letters indicate a significant difference at the 0.05 level.
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Figure 3

Effect of exogenous SA on the contents of soluble sugars (SS),soluble protein (SP),

malondialdehyde (MDA) and proline (Pro) in leaves of Helianthus tubeuosus upon copper stress. Different
lowercase letters indicate significant differences among the treatments during the same stage at 0.05 level.

Treatments are the same as shown in figure 1.
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Figure 4 Effects of exogenous SA on antioxidase, AsA and GSH content of Helianthus tubeuosus leaves
upon copper stress. Different lowercase letters indicate significant differences among the treatments during
the same stage at 0.05 level. Treatments are the same as shown in figure 1.
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Figure 5 Effect of exogenous SA on mineral element content in Helianthus tubeuosus upon copper stress.
Different lowercase letters indicate significant differences among the treatments during the same stage at
0.05 level. Treatments are the same as shown in figure 1.
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Figure 6 The FTIR spectra of SA-treated roots of Helianthus tubeuosus upon copper stress. 1-11 indicates
the characteristic absorption peaks of different functional groups, respectively. Treatments are the same as

shown in figure 1.
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K2 SAXEMIE THRFRARLIINCEFEENFEE DN
Table 2 Semi-quantitative analysis of FTIR spectra of exogenous SA-treated roots of Helianthus tubeuosus
upon copper stress

Material No.  Functional group CK 300 mg/kg Cu 300 mg/kg Cu+1 mmol/L SA
Wave AlArg996 Wave Aldyege Offset Wave AlAsg9s Offset
number (cm’l) number (cm’l) (cm™) Number (cm™) (cm™)

XZHt No.l -OH/-NH 3402 1.792 3396 2711 -6 3396 2662 -6

No.2 -C-H 2997 1.001 2999 1.007 2 2999 1.000 2
No.3 C=0 1 859 1.773 1875 2574 15 1 869 2.604 10
No4 C=C 1525 1.244 1537 1412 12 1533 1455 8
No.5 -N-N 1493 1.336 1489 1253 -4 1489 1243 -4
No.6 -N-H 1392 0.854 1392 0.814 0 1394 0.832 2
No.7 COO- 1348 0.953 1350 0.875 2 1348 0904 0
No.8 C-O 1296 1.002 1298 0910 2 1300 0963 4
No.9 C-C/C-O 1192 1.143 1192 1.142 0 1194 1.052 2

WFH.t No.l -OH/NH 3423 1.552 3412 1.798 -12 3402 1.927 21

No.2 -C-H 2997 1.000 2995 1.000 -2 2995 1.000 -2
No.3 C=0 1901 1.376 1932 1.545 31 1928 2017 27
No.4 -N-N 1493 1.065 1493 1.141 0 1489 1.143 -4
No.5 COO- 1 346 0.854 1352 0.821 1 346 0712 0
No.6 C-O 1298 0.872 - - - - -
No.7 C-O-S/C-0O/C-O-P 1209 0.883 — - - 1215 0.561 6

“—"means that content is below the detection limit.

3 b
MRS, B AR, ARG A e T
iR 20 F5PH 47X IR B A i A2 A FE R B
SEMEEEROCAST R T2 mmts, &
PR ARG T 4G E R T S0 A 1 R S
5 DA 2 P SCHR P RGE . 50 pmmol/L SA
e R 2% ff = AR R (ClO, ) X 48 2 AR K g
il 3k =B 5E Kk I RIBEE 25 wmol/L 4
TE K F R (jasmonic acid, JA)R] &g 2 B9 55 28 2 41
k. ATLLARIL, 25X 2R 300 b 3R 58
HAMmZME, BXELSRAERE S, [
SN BTAN SA . JA AFERY NGB A SR ey L
ZHeS, WK Z R RS VER . A
VARG, BT REFTCRERB IR ARE
REA AR fL AT 00T, A BLAME 1 mmol/L SA
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