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Effects of cadmium stress on plant growth and element
distribution of four soybean genotypes
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China Agricultural University, Guangzhou 510642, China; 2 College of Environmental Science and Engineering,
Zhongkai University of Agriculture and Engineering, Guangzhou 510255, China)

Abstract: [Objective] To analyze cadmium (Cd) sensitivity differences of different soybean genotypes, and
screen Cd-tolerant genotypes for soybean breeding. [ Method] Different Cd concentrations were set, four

soybean genotypes of ‘Baxi No. 10’, ‘Bendi No. 2°, ‘Guixiadou No. 2’ and ‘Huaxia No. 3’ were selected as test
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materials. The taproot length, biomass, total root length, root surface area, Cd concentration and nutrient element
concentrations were determined. [Result] Under 11 mg/kg Cd treatment, the taproot length of ‘Huaxia No. 3’
did not obviously change compared with the control while the taproot growths of other three soybean genotypes
were distinctly inhibited. The taproot growths of four soybean genotypes were severely inhibited when Cd
concentrations were higher than 46 mg/kg. Cd treatment reduced soybean biomass. ‘Baxi No. 10’ and ‘Bendi
No. 2° were more severely Cd-toxic. ‘Guixiadou No. 2’ and ‘Huaxia No. 3’ showed significantly higher
biomasses than ‘Baxi No. 10’ and ‘Bendi No. 2’ under 10 and 20 mg/kg Cd stress treatments. The Cd
concentrations in roots of four soybean genotypes were far higher than those in shoots. In 10 mg/kg Cd
treatment, Cd concentration in the shoot of ‘Bendi No. 2’ was significantly higher than those in shoots of
‘Guixiadou No. 2’ and ‘Huaxia No. 3’, indicating that Cd-resistant ‘Guixiadou No. 2’ and ‘Huaxia No. 3’
transfered less Cd from root to shoot. The root growths of four soybean genotypes were significantly inhibited
by Cd stress. The total root length and root surface area of ‘Huaxia No. 3° were less inhibited compared with
other three soybean genotypes. There were significant differences among nutrient element concentrations of four
soybean genotypes treated by different Cd concentrations. [ Conclusion] There are significant genotypic
differences of Cd tolerances among four soybean genotypes. ‘Baxi No. 10’ and ‘Bendi No. 2’ are Cd-sensitive

genotypes while ‘Guixiadou No. 2’ and ‘Huaxia No. 3’ are Cd-tolerant genotypes. The differences of Cd

41 %

tolerance may relate to root growth and element distribution in soybean under Cd treatments.

Key words: soybean; genotype; cadmium scress; root character; biomass; nutrient element concentration
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Table1 Two-way ANOVA of effects of Cd treatment on growth indicators of different soybean genotypes

b o
Index Cdkba S CAb FH KL K] 7Y
Cd treatment Genotype Cd treatment x Genotype

FE R+ Taproot length 120.06%** 11.68%** 247k
£ W) 8 Biomass 392.05%** 39.85%** 5.39%*
JARHK Total root length 762.59%** 20.36%** 5.19%%x*
HRF M X Root surface area 338.72%*x* 13.56%** 2.86*
Hb_FEHBCAIRE Cd concentration of shoot 86.24%** 4.02% 1.90
HRECAIRE Cd concentration of root 198.65%** 30.80%%* 12.75%*%*
Hi_E#PIREE P concentration of shoot 22 .66%** 15.24%%* 4.90%**
Hb_FEHBKIR B K concentration of shoot 211.23%%* 2277 5447k
Hi b3 Ca¥ B Ca concentration of shoot 15.64%%* 0.53 4.35%%*
Hb_E Mgk FF Mg concentration of shoot 5.52%% 13.55%** 0.27
Hi_F 3 Felfi ¥ Fe concentration of shoot 9.70%** 2.47 5.36%#*
Hb_EEBCuik E Cu concentration of shoot 53.64%*x* 9,87k 8.15%*
Hh - #FZnik ¥ Zn concentration of shoot 13.95%** 5.50%* 2.04
Hi_FE#EMnik £ Mn concentration of shoot 37.53%*%* 19.26%%** 6.06%**
MR #PHJE P concentration of root 19.83%%* 21.56%*x* 10.51%**
HREBKHE K concentration of root T4.33% %% 6.07%* 12.5]%*x*
FR#FCaik & Ca concentration of root 0.26 2.01 4.20%*
HREEMg## & Mg concentration of root 1.33 13.5]%%* 2.34
R #BFe # Fe concentration of root 3.57* 5.11%* 2.73%
FRECuik & Cu concentration of root 18.92%** 4.06* 2.99%*
RH#Znik FE Zn concentration of root 10.26%** 7,58k 3.73%*
HREH Mni# ¥ Mn concentration of root 49.00%** 4.63%* 3.96%*

1) “*” AAP<005, “¥” A7P<001, “** k7P <0.001(E % F £54)
1) “*” indicates P <0.05, “**” indicates P <0.01, “***” indicates P <0.001(Two-way ANOVA)

W 7105 Baxi No.10 @ 4125 Bendi No.2 @ #:E 525 Guixiadou No.2 B # 5 35 Huaxia No.3

[a: =42 K Taproot length [b: A4 Biomass

EHRK/em
Taproot length

0 2 11 23 46 114 228 0 10 20
w (Cd)/(mg-kg™') Cd concentration w (Cd)/(mg-kg™") Cd concentration
F/NEIHARTE Cd R AL BT _E 05 A RN A B R AR AN R B R ROK B 0] 2 53 2.3 (P < 0.05, Duncan’s %)
Different lowercase letters on the columns of the same Cd concentration treatment in each figure indicate significant differences among different soybean
genotypes (P < 0.05, Duncan’s method)

1 Cd BN AREERBEXE ERKMENEHIFM

Fig. 1 Effects of Cd treatments on taproot lengths and biomasses of different soybean genotypes
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Different lowercase letters on the columns of the same Cd concentration treatment in each figure indicate significant differences among different soybean

genotypes (P < 0.05, Duncan’s method)

2 Cd BN AEEERKSDRICHR R IR

Fig. 2 Effects of Cd treatments on total root length and root surface area of different soybean genotypes

M 7105 Baxi No.10 W ZA#12%5 Bendi No.2 M FEE 2% Guixiadou No.2 W #£%3%5 Huaxia No.3
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H/NE AR TR Cd ¥R FEAL B T 105 BN RN - BER R AN [F] 5 (R B K (8] 22 57 i # (P < 0.05, Duncan’s i)

Different lowercase letters on the columns of the same Cd concentration treatment in each figure indicate significant differences among different soybean

genotypes (P < 0.05, Duncan’s method)

3 CAdAEMNAREERKE CdREHF

Fig. 3 Effects of Cd treatments on Cd concentrations of different soybean genotypes
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mg/kg AbFE R, 4 Fi K PR 2 OK T AR 5T
CdREIEM T 10 5L Eo Ahn Cd i, Ay
2957 N “AEE 35 EBE CdIREEEKT
‘Bri105 M ‘HEET 25, AR B
105" M “HEE 25 , Uk ‘K25 M
“MeF 35 HEREER, HEE 25 MR
CARERZERT ‘Ah25 M “EH35 5
‘BP0 5" ZRARZE. £ 10 mg/kg Cd b2
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e

WEEN,

F2 Cd LENTRERBEATH FEEFTEREEMN

Table 2 Effects of Cd treatments on nutrient element concentrations in shoots of different soybean genotypes

HepR A w(Cd)/ wi(gkg") w/(mg-kg ")
Genotype  (mg-kg"') p K Ca Mg Fe Cu Zn Mn
104 0 0.58£0.02b  20910.66b 13.14+038a  3.37:0.11a  71.09%6.63b  6.1141.09 36.52+1.75b 21.07+1.90a
Baxi No. 10 10 20004la 454552062 1443£121a  4.1120.69a  84.07623.62ab 12411156 5524+3.62a 12.2542.06b
20 1.89:0.08a 46.02:2.78a 1034:0.77b  3.84+0.14a  143.0248.14a 17.86:1.75a 53.95£7.92a 15.96+3.53ab
AH25 0 12140032 17.112037b 11.30+1.02b  4.49+046a 112.91+12.88b  6.05£0.52c 30.01£2.23b 23.05£2.68b
Bendi No. 2 10 143£0.07a  32.22£098a 150120752  5.35:032a 15291+184la 16.80+2.61a 47.14+196a 24.86+1.02b
20 147£0.19 3595:1.18a 12.01+1.13ab 5.15£0.6la 12643+2.78ab 11.88+1.00b 37.33+2.75b 48.84+3.74a
BEET2S 0 0.7140.06b 23.78+0.71b 13.26£026a  330:0.10b  80.33£8.39b  5.99+0.68c 31.66+2.11b 21.38+1.86b
GuixiadouNo-2 15y 1120030 389341298 1246:0.558 3.79:008a 19272417032 11612059 45.98+3.00a 23.5620.46b
20 1.07+0.13a  38.10+1.49% 10.76:0.17b  3.720.17a  84.47+645b  8.22+0.55b 32.74+0.19b 40.24+4.55a
®H3Y 0 0.63£0.02b 2352085 14.22+031a  338:0.07b  98.8813.58b  5.96:0.61b 38.16£3.19% 27.35+1.70b
Huaxia No. 3 10 095£0.05a 32.28+0.38b 12.19:025b  3.99+0.04a 128.75+26.92ab 9.47+0.28a 40.7345.99a 21.60+0.76b
20 0.94:0.06a 36.60£132a 1123:0.34b  396£0.12a 169.07+2423a 10.68£120a 35.58+1.70a 41.09+5.71a

1) 245 A4 T ¥ 1£SE; A8 FUR B 2 ) 5 3486 09 R BN B F 8 R R B CAA 23R ) £ 5 2 % (P < 0.05, Duncan’sik)

1)The datum is mean+SE; Different lowercase letters in the same column and genotype indicate significant differences among different Cd treating

concentrations (P < 0.05, Duncan’s test)



5 ]

BETTIH, S5 SRITIE S 4 Rk PR ROK S AR AR N TR 70 A1 B 55

R3 Cd LEMTRERB KT IRIBES TRRERFZ "

Table3 Effects of Cd treatments on nutrient element concentrations in roots of different soybean genotypes

H R w(Cd)/ wi(g-kg ") w/(mg-kg ")

Genotype (mg-kg™) P K Ca Mg Fe Cu Zn Mn
105 0 0.77£0.03b  27.03£1.01b 12.2540.59a  4.06+0.19a  914.90£144.91b 13.45£1.71b 46.60+2.38b 10.04+0.89b
Baxi No. 10 10 1.65£0.21a  38.62+1.46a 7.81£0.97b  3.26+1.02a 1302.15491.69a  16.48£6.69b 96.91+1.02a 13.90+1.79b

20 1.30£0.18a  34.78+1.63a 9.68+0.97b  2.87£0.20a 1 080.64+122.55ab 30.84+5.09a 85.39+13.22a 21.18+2.41a
A2 0 0.64£0.04b  30.80+£0.80c  9.06+0.22a  1.88+0.10b  1403.30+172.15a 17.07£1.91b 57.32+4.75a 13.00+1.68b
Bendi No. 2 10 0.97+0.07a  34.69+0.15b  8.74+1.89a  2.63£0.23a 1525.43+158.69a 43.79+12.26a 82.65+20.22a 11.59+1.20b
20 1.07£0.03a  41.33£1.35a 7.82£0.96a  3.01£0.08a 1189.80+142.57a 29.48+3.18ab 74.67+8.29a 31.94£3.01a
BEEE2S 0 0.82£0.02b  28.66+0.76b 8.88+0.43b  4.34+0.14a 1150.17+125.49a 10.27£0.64b 44.51+2.29b 13.45+1.86b
Guixiadou No. 2 10 0.85+0.05ab  24.49+1.62c 10.53+0.78a  4.67#0.31a 1158.35£189.60a 28.82+3.20a 66.85+1.61a 17.29+2.36ab
20 0.93£0.04a  40.78+0.96a 9.25+0.56ab 3.96+0.06a 1476.97+144.46a 38.28+11.14a 49.944+2.04ab 20.86+1.72a
HH3S 0 0.88+£0.09a  28.59+2.59b 7.61+0.22b  4.46+0.30a  880.46+47.58b  13.56£1.37b 60.01+4.00a 13.05+1.78b
Huaxia No. 3 10 0.75£0.06a  31.44+0.14b 10.03+0.54a  4.35£0.26a 1 111.47£71.84ab 24.78+5.94ab 47.31+1.87a 11.26+0.41b
20 0.88+0.03a  40.13£1.78a  9.24+0.69ab 3.30+0.33b  1242.214£90.77a  26.99+4.14a 54.814£3.57a 19.50+1.80a

1) S48 4 F 3 14+SE; AR FI A B AL B 5 485 0 R B B T4k A7 R FICAAL 23 % ) £ 7+ 2. 3%(P < 0.05, Duncan’s?%)

1)The datum is mean+SE; Different lowercase letters in the same column and genotype indicate significant differences among different Cd treating

concentrations (P < 0.05, Duncan’s test)
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