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Effects of differential Zn concentrations on the growth and photosynthesis of rapeseed seedling under
cadmium stress
DING Mao—wen, ZHANG Liang—liang, ZHANG Yu, OUYANG Qun-yan, ZHU Zong-he, ZHANG Fu-gui,
ZHENG Wen—yin, ZHOU Ke—jin, YU Yan’
(Anhui Agriculture University, Hefei 230036, China )

Abstract: This study explored the effects of exogenous zinc sulfate (ZnSO4) application on the growth and phys-
iological characteristics of Brassica napus seedlings under cadmium (Cd) stress through a hydroponic experiment.
Two Brassica napus varieties (ANY 1 and ZHZ 418) were selected as research subjects. Under 10 pmol-L~"' Cd
stress, exogenous Zn was applied at concentrations of 0, 5, 10, 25, 50, 75, and 100 pmol-L~". The effects of Zn on
seedling growth, photosynthetic system, and Cd accumulation were systematically analyzed, and comprehensive
evaluations were conducted using principal component analysis and random forest analysis. The results showed that
Cd stress significantly inhibited the growth and photosynthesis of Brassica napus seedlings. Both varieties exhibited
significant reductions in aboveground and underground biomass, total root length, and total root surface area. Addi-
tionally, photosynthetic rate, transpiration rate, and stomatal conductance were all significantly decreased. Exoge-
nous application of different concentrations of Zn alleviated the inhibition of seedling growth and photosynthesis by

Cd to varying degrees, and reduced Cd absorption in both the aboveground and root parts of the seedlings. The treat-
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ment with 10 wmol+L™' Zn + Cd showed the most significant effect: compared to the Cd—only treatment, the under-
ground fresh weight of ANY 1 and ZHZ 418 increased by 37.84% and 56.34%, respectively. The total root length in-
creased by 53.50% and 78.02%, and the root surface area improved by 56.34% and 61.73%, respectively. Further-
more, the Cd content in the underground part decreased significantly by 43.40% and 47.90%, respectively. Notably,
the Cd translocation coefficient of ANY 1 peaked under the 10 pmol-L~' Zn + Cd treatment, while ZHZ 418
reached its highest value under the 25 pmol L™ Zn + Cd treatment. However, when the exogenous Zn concentration
exceeded 10 pmol- L', the growth and photosynthesis of Brassica napus were inhibited, as reflected by the gradual
decrease in biomass and photosynthetic rate, and an increase in the Cd content in the underground parts. The evalu-
ation using the membership function analysis showed that the 10 wmol-L™" Zn + Cd treatment had the highest com-
prehensive score, indicating that this treatment effectively promoted seedling growth under Cd stress and enhanced
their tolerance to Cd toxicity. In conclusion, under Cd stress, the appropriate addition of exogenous Zn (10 wmol-L~
") significantly promotes the growth of Brassica napus seedlings, enhances photosynthesis, and improves their toler-
ance to Cd toxicity. This finding provides important theoretical and practical guidance for the management of heavy

metal—-contaminated farmland and food security production.

Key words: Brassica napus; Cd stress; Zn; Root morphology; Photosynthesis; Cd accumulation
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EIURE NI IR 1 Y O DO R - e 5 e i
SV FH 8 67T 5 0 9 2 A 95 IE S 55—
1, Cd 1 R —Fh A 88 6 A VR FH B0 61550, 38 2 <AL
K EEEERG ENREAERADERE T 51
F4) B SR A 410 ol 4 0 1) S A A RS, SRR S i Zin 7
UCEA YDA E R E A ) 2SS . ZnfEN Sk
FA R NI 5k [ 5 S AR g i A2 1 s i &
S PRy B B, L, Zn BEASHE N A
(R W AL, I S 28 Il i v & 4 DG B A P
WA, Zn iR RESE PR AP I SR R A R SRR &
L. TR TR, SNBSS SR IN Zn T DL 2 1G5
R 6 A 1R O SR, 76 Cd ¥R 3 2 55 1) 155 450
L Zn (A 233G /N KRS R I AR B
SR AN B Zo B AT BB S B SR R TR,
[ HDE A ER . X FE R T @ E Zn AL
s U IS AN EST NS U S ([ 5 & iRy
B, 2 T R A AR ARG it Zn B
P TSR 4 B B SPAD P, G..C.HI T, H 10
pmol « L™! Zn Ab R A 85 SR fe d o SR, 24 Zn MR 3
I SRS B SPAD (P, G, C,FI T IV IH T [, %
B Zon 3o 22 9 B RIS o
3.3 SMIEERIN Zn X3 Cd B8 T i 3E Cd R U AY 32 i
Zn fl Cd J& F R fu4oe R, HA MRtk

F1 CABMETAREIRE Zn QB HELH BT Z ENESITN

Table 1 Comprehensive evaluation of tolerance of rapeseed seedlings treated with different concentrations of Zn under Cd stress

pis: Cd b2 Zn JbH ANY 1 551557 i35 ZHZ 418 Li 5 134) Eil3ha

Treatment  Cd treatment /(umol-L™") Zn concentration /(umol+ L") ANY 1 Comprehensive score ~ Sort  ZHZ 418 Comprehensive score  Sort
57n+Cd 10 5 0.683836089 2 0.576188796 3
10 Zn + Cd 10 10 0.839731241 1 0.8986812 1
25 7Zn + Cd 10 25 0.646270905 3 0.720433758 2
50 Zn + Cd 10 50 0.417294214 4 0.485823629 4
75 Zn + Cd 10 75 0.259387757 5 0.231087031 5
100 Zn + Cd 10 100 0.125096998 6 0.133941471 6
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