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Effects of soil moisture and cadmium concentration on the growth of rape

SHI Xin—jie’, LI Zhuo"", ZHUANG Wen—hua**, LIU Chao’

(1.Crop Research Institute of Sichuan Academy of Agricultural Sciences, Chengdu 610066, China; 2.State Key Laboratory of Hydraulic and
Mountain River Engineering, College of Hydraulic and Hydroelectric Engineering, Sichuan University, Chengdu 610065, China; 3. Key
Laboratory of Water Saving Agriculture in Hill Areas in Southern China of Sichuan Province, Sichuan Academy of Agricultural Sciences,
Chengdu 610066, China)

Abstract: In this paper, the rape ( Brassica junica) was used as test materials, and two factors including water content and cadmium stress
were tested, comprising three water treatments (70%~80% . 60%~70% and 50%~60% of relative moisture content) and six cadmium
treatments (0,5, 10, 15.20,30 mg- kg™'), to find out the effects of different soil moisture and cadmium concentrations on physiological
characteristics and yield of rape. The results showed that with the increase of soil water content, the plant height, biomass, photosynthesis
and yield of rape were significantly promoted; Under the tested Cd concentrations, there were no significant difference in rape growth
physiology and yield index, which indicating that rape had a certain resistance to cadmium in cadmium contaminated soil.
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R WA 223 d A
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AU A& A IERHE SRS AR ET— U, S A
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fn /K, AT Al A R s Y], 25 B T K B BBV
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FEAR L i g S CRIE Cd 38 5 53
A AR E P RRE T ds

20154F 9 J1 R AJHE A TS K 3 EL B
B, T 2015410 H 1558 A K/ Ptk A H—30
Wi o AMACEW LB B3 REE . A
J& R PRIEIM SR AR, WA T AT AR B
2015 4F 12 71 18 H 2 , XPih e it 1 /K 43 kb 3L, 43 53] i
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1.3 HA*

1.3.1 F5br5005E ik
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Ab % 2 T AL R em;

(2)HE Wi S M WO A PR , T ZE 187K Bk
HOREASFEAR BT R ESE A R E (2R ik AR
Fe KPR 43 FF, 70 CHET ZEH I I F R ARELS
T, g

(3) W2 2 & I < 7F 25 B B EIEGE —

F1 X T EEARLFMEFT (ng-kg')
Table 1 Soil chemical properties(mg-kg™)

Wi Total AR Effective 4 Total — H R Effective 4% Total A 50A Effective A HL Organic 2 Total AR Effective
phosphorus phosphorus potassium potassium nitrogen nitrogen matter cadmium cadmium
4.2 2.8 132 96.5 429 8000 0.13 0.037
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Table 2 Inter—subject effect test for height and

biomass of rape (P values)

AL Treatments Fk e Height B Y Biomass
Koy <0.001 <0.001
il s 0.032 0.119
TR GG ue E 0.711 0.212

TE:P<0.05 RG] |3, P>0.05 BT FARE ., T,
Note: P<0.05 shows statistically significant, P>0.05 shows statistical-

ly insignificant. The same below.
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Figure 1 Effects of water and cadmium concentration on plant height in different growth stages of rape
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Different capital letters represent significant differences in cadmium concentrations under the same moisture, and different lowercase

letters represent significant differences in water content at the same cadmium concentration (P<0.05). The same below
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Figure 2 Effects of water and cadmium concentration on rape biomass

R3 KSIRKEIHEARREEMERZIE(g)

Table 3 Effects of water and cadmium concentration on the biomass of different organs in rape (g)

R KAy 4 Cadmium concentration

Organs Water content CK Cl1 ) o3 c4 s

i root HW 6.67+0.52Aa 5.80£0.40Aa 5.13+0.81Aa 7.27£0.32Aa 6.10£0.90Aa 7.60+0.70Aa
MW 4.83+0.32Aa 5.23+0.54Aa 4.40+0.36Aa 5.20+1.27Aab 5.13+0.81Aa 5.97+1.25Aa
LW 5.53x0.90Aa 5.00£0.42Aa 3.97£0.29Aa 3.87£0.32Ab 4.87+0.09Aa 4.600.61Aa

Zstem HW 10.97+0.84Aa 10.93+0.59Aa 9.17+0.54Aa 11.30+1.03Aa 8.63+2.67Aa 10.60+0.72Aa
MW 6.23+0.03Ab 7.60+1.10Ab 6.90+0.81Aa 6.10+1.76Ab 7.13+1.04Aa 7.27+0.20Ab
LW 3.50+0.26Ac 4.60+0.31Ac 4.10+0.45Ab 4.23+0.63Ab 5.57+0.09Aa 2.93+1.24Ac

i leaf HW 12.90+0.51Ba 13.27£1.38Ba 13.10+2.00Ba 15.93+2.12Ba 12.07+1.03Ba 21.73+1.02Aa
MW 11.53+0.24Aa 12.23£0.96Aa 10.67£1.89Aa 9.73+1.49Aab 13.43£0.35Aa 13.53+1.24Ab
LW 8.50+2.30Aa 12.60£1.60Aa 10.40+0.35Aa 13.13£1.67Ab 11.97£1.73Aa 13.33£0.93Ab

T AFERE PR R — /K 73 T AR e BE AL BN B V28 5, AR/ NG R QR R — SRk B2 AN IR] K 20 BRAY B2 122 57 (P<0.05) o T
Note: Different capital letters represent significant differences in cadmium concentrations under the same moisture, and different lowercase letters repre-

sent significant differences in water content at the same cadmium concentration (P<0.05). The same below.
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Table 4 Effects of water and cadmium concentration on chlorophyll in rape

ez

Cadmium concentration

T Seedling stage

[RNEEE
75 22 1] Buds stage

HW

MW

LW

HW

MW

LW

CK 37.77+£5.32Aa 34.70+2.85Ba 38.77+6.53Aa
C1 36.87+4.85Aa 33.83+3.20Ba 26.57+3.81Ab
c2 46.67+6.98Aa 36.03+1.64Ba 29.70+7.03Aa
C3 43.53+1.98Aa 32.30+2.75Bb 32.50+2.73Ab
C4 39.17+6.54Aa 33.30+3.76Ba 31.43+4.67Aa
C5 56.10+12.00Aa 63.13+13.93Aa 45.60+14.24Aa

97.47+5.05Aa
114.27+16.39Aa
102.80+11.99Aa

103.80+6.14Aa

112.60+9.65Aa
119.03+15.37Aa

124.43+14.03Aa
121.80+6.73Aa
124.37+7.96Aa
106.40+16.77Aa
116.30+1.57Aa
110.03+8.28Aa

126.73+9.69Aa
141.50+11.67Aa

111.03+7.82Aa
136.63+13.55Aa

147.97+4.36Aa
131.07+12.12Aa

5 K FIRIRE XML S IEAREI R

Table 4 Effects of water and cadmium concentration on photosynthetic index of rape

2 Cﬁﬁmﬁ A 2R Pr/pumol -m 2+ 57! ZEME AR Tr/mmol »m™+s™! SALSE Gs/mmol -m -5
Growth period wni;;‘;fgon HW MW LW HW MW LW HW MW LW
o CK 2.40:021Aa 3.72+1.06Aa 321:1.60Aa 0.1320.06Aa 0.56x0.14Aa 0.29:0.08Aa 0.05:0.00Aa 0.07+0.04Aa 0.0320.02Aa
Seedling stage Cl1 495:1.14Aa 5.39+0.61Aa 2.19:0.27Aa 0.180.15Aa 0.39+0.06Aa 0.19:0.07Aa 0 0.0420.02Aa  0.02+0.02Ab
c2 335:0.52Ab  7.30+1.26Aa 2.04+0.08Ab 0.200.07Ab  0.65+0.13Aa  0.04=0.01Ab 0.03+0.01Ab 0.09+0.04Aa 0.01x0.00Ab
C3 5.03+124Aa 4.570.70Aa 2.02:027Aa 0.2120.14Aa 0.22+0.08Aa 0.06:0.04Aa 0.03:0.05Aa 0.02:0.01Aa 0.01%0.01Aa
C4 6.34:0.26Aa 3.58+0.16Ab 3.01:023Ab 0.5120.01Aa 0.19:0.04Ab 0.1420.04Ab  0.05:0.01Aa  0.02:0.01Ah  0.01x0.01Ab
cs 451+139Aa 7.60+1.16Aa 3.03:0.56Aa 0.630.14Aa 0.32:0.09Ab 0.1120.06Ab 0.07+0.03Aa  0.04+0.03Aa  0.01%0.01Aa
A CK 727+1.61Aa  5.26+0.68Aa 3.09:0.27Aa 1.12¢0.22Aa 1.36+0.19Aa  1.06+0.12Aa  0.09+0.03Aa  0.05:0.02Ab  0.03+0.01Ab
Buds stage Cl 8.08+0.63Aa 4.92:0.80Ab 3.00+0.65Ab 1.68+0.10Aa 0.83x0.14Ab 1.11x0.18Ab 0.12+0.04Aa 0.02:0.01Ah 0.03:0.01Ab
C2 7512230Aa  4.63x0.88Aa 1.91:0.66Aa 142+0.44Aa 1.42+0.16Aa 0.66:0.19Aa 0.07+0.05Aa 0.05:0.01Aa  0.02+0.01Aa
C3 631:1.11Aa  7.2420.97Aa  2.18+0.36Ab 1.460.30Ab 1.71+0.17Aa  0.7520.14Ab  0.06£0.03Aa 0.06:0.02Aa  0.02+0.01Aa
C4 7.82+0.65Aa 3.41£1.05Ah  2.26+0.49Ab 1.800.12Aa 0.75:0.38Ab  0.70=0.10Ab  0.07+0.02Aa  0.0320.02Ah  0.02+0.01Ab
cs5 6.16+1.56Aa 3.23+143Aa 1.26+0.19Aa 140:030Aa 1.14+0.37Aa  0.48+0.06Aa 0.05:0.03Aa 0.04+0.03Aa  0.01%0.00Aa
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Table 6 Inter—subject effect test for photosynthetic characteristics (P values )

. SPAD i JA3 A Pn ZR 5 A T AALFEGs
Treatments i AL i i) A i Hi AL
Seedling stage Buds stage  Seedling stage Buds stage Seedling stage Buds stage Seedling stage Buds stage
KAy 0.083 0.002 <0.001 <0.001 <0.001 <0.001 <0.001
TR 0.005 0.578 0.189 0.064 0.694 0.066 0.193
KT} EE 0.899 0.570 0.014 <0.001 0.054 0.010 0.050
R 7 RS NGRIKE XT3 2R R0
Table 7 Effects of water and cadmium concentration on rape yield
b p FIEL Pods numbers it Yield/g- bk
Cadmium concentration HW MW LW HW MW LW
CK 170.33+9.53Aa 136.00+19.31Aa 66.50+4.50Ab 13.77+0.12Aa 11.27+£0.73Ab 6.30+0.40Ac
C1 183.33+18.56Aa 141.33+£12.67Aa 78.67+11.62Ab 12.70+0.76Aa 10.87+0.70Aa 7.17+£0.29Ab
C2 179.67£9.91Aa 141.67+£15.90Aa 43.00+6.66Ab 13.43+0.62Aa 9.17+1.32Ab 5.50+0.49A¢
C3 212.00+11.27Aa 135.33+5.21Ab 61.33+4.63Ac 13.03+0.83Aa 11.50+1.00Aa 5.85+1.15Ab
C4 184.33+19.55Aa 151.33+13.91Aa 96.00+£28.15Ab 12.93+0.49Aa 9.87+1.64Aab 6.97+0.91Ab
C5 149.33+4.48Aa 143.00+£9.29Aa 39.33+16.13Ab 6.60+0.71Bb 10.40+0.85Aa 5.50+0.00Ab

2.3.2 HRAR0T
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PFF 25 B AL PR e P 22 AN i . HW 4%
R, 5 CKAH L, C5 A0 BE R @il 22 77 PR AR T
52.07%, A] RE Jit R Ry 7K 43 56 2 25 AF T TSR R X+
BRI 2, R ) A PN e v B A4 (30 mg kg™
XS AE T R EAE A SE i B S

F K45 R I, 3K 3 RS £ B
PR R R AR B X S R S,
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T HA 2R, N A 5 R50% T L x H

RS KSMBRENARYMF=ENZMBEEY(PE)
Table 8 Inter—subject effect test for pods and yield (P values)

Kb FH Treatments A HEL Pod numbers 771 Yield
K4y <0.001 <0.001
e 0.066 0.001
TR 3> Eih e JiE 0.392 0.030

JIr b PR35 ) £ FRAE . AR AT 5T & B A K 43
AR AR T it SR b s 9 A R AR i O R, Dt oy
R HEAK I3 O AR, 2 TR 28 WK IR X A 90 4 i
R, DT L 2R, AR 2 B i A i
SR TE T 58 0T 300 SR P ok v A A R R R S — B
TESRAUCE N 30 mg- kg I, XIS bk s 4 i 4 FHEA 2.
TR, =R i AR iR B TR ST,
HARJ N A 15— 5T

S A R AR 7 %G REM M 3 A HTRY
e, R A MU R SE A AR A )
B R R T K T R DG A A T f
L F 2, 2 4 K o BEARAT 25 5 Zok
Fr AL RIS AR AR, B M R ot R T
R0, TR AL A ISR TN S8 BE (Y I SRR R SO B A
FHMRANFEAT B9 B o 13K 70 B e 2 T DL IR I £
PB4 B2 2R TLARH i A 36 2 BEL 1
-4 2R 5 B, JETTSE WA ) RS VR T o B ae £l
I 2o ATl 005 P 2 O, S O R R AR bR S
W s [, h TR R iR Rid 2, Htapfkh & H i b
(9 —SH 4545 5B I i Fe  Zn™ Fi Mg™ 45, S0ffi it
2N A S DD SRRV R DD W e S AT S (R 1 4
41, Baryla S5 5T 45 R W], Cd Wl S 25 WA T3k
SN B AL AN TAL T, ABGRAR 2k rp —
AR A AT A = A SRR A

http://www.aed.org.cn



SRR, A5 - R K o R e RE XIS AR 1 KT S

2019418

SRR TSERT S A I 4 R B i R IO S R bR
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