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Table 1 Physical and chemical properties of soil and anendment
Rk I WA A/ (mg/kg) B/ (mg/ke) B/ (mg/kg) HHLBL/ (g/kg)
Material ! Available nitrogen Available phosphorus Available potassium Organic matter
J5l L3¢ Initial soil 4.80 17.70 2.30 110.9 7.40
AR Lime(CaO) 12.60 / / / /
J& 1R Humic acid (HA) 2.70 140.00 / 18 200 493.25
W5 Biochar (C) 8.01 102.38 274.74 4 280 477.62
®2 TRERREMEEHSBEHZY
Table 2 Leaching of active Al by different leaching liquor
B (RS WHES FERBES
Extract liquid (code) Dissolution morphology Main morphological expression
1 mol/L KCI (1) AT I =APT

1 mol/L NH;Ac (1D AT LAICOHD S L AICOHD) 2+
1 mol/L HCL (Il

0.5 mol/L NaOH (V)

AICOHDY, ABY ,AICOH) 5 L AICOH) 2T

AlFHAL, AICOH)S , AP, AICOH) S, AICOH) 27

II-T=AICOH), ,AICOH)?*
-1 =AICOH)}
V- =AI-HA
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AR B Excel 4, 257 B E 4Pk
Gt 23 B 8k SAS 9.1.3, /F K &l Origin8. 6
B,
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HE 1A H LA CK A5 5 IR A= W 5¢ DL K
A RAE BRI /N 1SR SR L B TR 1 A
AR AT DR R/ R AR KOR T DU A KAk
PR AF . C AR K 2 HA A B A 2%
TSR ER AL A /N SRR L CK O PR 22,
W 2D P R AR S T E AR A SR AR, X
Al 5 Al+HA AI+C fl Al+CaO R AL H AT DL A
AR R /N PSR BB B B AT AL b3
[ f, AlHC Fl Al+CaO B K305 T CK 4B,
LM BRI N CaO>C>HA, #8 HA.C 4
AR AT DL G2 iR ME 1 AR 3 L s /N SR AR K
RO, B C A A KSR AT

Al+CaO

B 1 BRFASHMNEBMIELEDNEFRBHZM
Fig.1 The effect of amendment and exogenous
Al on growth of pakchoi
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ZIN SRR B e SO A A A o il
KT 58.14%.83.33 % Fl 80.00% . il A B B 7 % /N
FI SR bk g | B 5 R T o S R SRR —

FIEHEVE BT, Hotp Al HA L AL+ C #il Al+CaO At
T /N P 2 6 R A AL Ak B0 S 5 0 86 %6 . 775 % Al
1014 % 25 F 0, R AN AL 5 /N B 2% 2 K 32 3
il 5 CK A He i 3 T B, 40 Ak 38R it 8 4 %
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Table 3 The effect of anendment and exogenous Al

on agronomic traits of pakchoi

R/ % MR\ /em BfFiE/g TR /g
b 3
. Emergence Plant Fresh Dry
Ireatment . . .
rate height weight weight
CK 47.50d 1.29f 1.68e 0.15d
Al 33.75e 0.54g 0.28f 0.03e
HA 57.50¢ 2.98e 3.13d 0.31c
C 73.75b 8.39¢ 13.19b 1.29b
CaO 86.25a 12.87a 18.72a 1.64a
Al+HA 43.75d 1.23f 1.60e 0.15d
Al+C 60.00¢ 5.39d 8.43¢ 0.08ed
Al+CaO 76.25b 9.78b 14.32b 1.30b
W FFIARNG F 1R oR 22 535 5% W FH KT, T A, Note:

Different letters in the same column indicate significant

differences at the 5% level,the same as below.
22 MRFSGHNEENBRELE ENAEESEHE
MEERSENTIN

1 & 2 W] LA L I A B B R A= W e Rl A A1 K
T (1 N = I O 0 o B N
11.27% .11.65%.12.72% . @ IAMESR 5 B3 1 T
Tt 7.64 %% 76N ER A7 7E B it FH 0 R R S 4 R i
PR E BRAK /N T CK AL #E (H R [ 2l K57 &b 24 Ja]
JCI S B A AT i AR A AR PN R 1 R
AR NE 2 AT LUE 5 IR L, B R il
[ 22 R 2 Sk 3G 0 6.96 Vo, 25 W e RN A A R AT AT ) A
IR & B W TR 27.04% .34.11% . #msh
SN NS I N [ R el aR A | P
105.86 %0 & Al 4b B, Jm A Bk B 5 s il 2 R 7 = 5
k2 28.31 %0 . 54.56 % Fl 65.41 %, 4% 4b B[] 2% 7
Bk 2] 5 2Z0KF . B Wit A ek R R0 AT DL N 3R
AR ER B R AT AT ) 18 A2 300 B A R
23 BMRFGHEENBEELELNAZESE
%M

M 3 FioR. 5 CK AR L i A e K770 AT A
RN SRR A L S TR R A W R RN A A R Ak
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Fig.3
Al on Al content of pakchoi
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R 4 s, 525 PO AR LG, AL L3 pH T

The effect of amendment and exogenous Al on membrane permeability and proline content of pakchoi

R 0.17 AN BT, LB TR AR 45 2> 0 8 P 21 48 pH
WE T M, HA & pH FFE 0.11 247, C AN
CaO AFRA3 538 0 0.7 A1 2.53 A 847 s [ HF, 48 &
LB Mk RA, Al+HA 43 pH FEAK 0.8 4~
fii Al+C Fil Al+ CaO 4 ¥ pH 4351 LTt 0.17,
2.534PAAT , 1l B AE IR N 2 18 i 2R 4 IR R
Kk EEY A K, B CK Ml Al A3, HA 5 Al+
HA Ab ¥ A 398 e 20 3080 A BIL BT & = 39 m
C 5 Al+CLb 3 A 2R A HLT & & 1t
CaO 5 Al+CaO kb2 ) Bk i 2 8 80w | 2 808 &
TR, 3 P R A R AL R A B B i R
A e > S FE R > A A K . BRI e R DRI A DR 4R
Axﬁii% pH DL B Bk A 20 B S50 L s 08T LA ML
AR LR AR T R WAED A K

x4 BRFSHNEEIEBELEROZMNE
Table 4 The physical and chemical properties of red soil under anendment and exogenous Al addition
b 3 % &0/ (mg/kg) HALHE / (mg/kg) R/ (mg/kg) HHLFR/ (g/kg)
Treatment pH Available nitrogen Available phosphorus Available potassium Organic matter
CK 4.05e 108.5b 17.12¢ 160.75d 10.89¢
Al 3.88f 105.88b 14.56d 131.33¢ 10.53e
HA 3.94f 112.00a 14.27d 207.67¢ 22.47¢
C 4.75¢ 90.10d 22.98a 251.00a 60.14a
CaO 6.58a 52.501 10.91e 82.00a 11.97e
Al+HA 3.80g 114.19a 15.79dc 201.67¢ 19.55d
Al+C 4.25d 101.50¢ 20.40b 216.75b 43.89b
Al+CaO 6.43b 58.19¢e 9.82e¢ 79.671 10.86e
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Fig.4 The effect of amendment and exogenous Al on
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total active Al content of the red soil
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Table 5 The effect of anendment and exogenous Al on the content

of active Al in each form of the red soil ne/g

h¥ AICOH)**

Trf:tfcnt AP AlCOHD ;- ALCOHDS AFHA
CK 338.27b 29.73e 1626.71bc 1 425.44cb
Al 376.04a 5.36g 1 768.52a 1 881.50a
HA 330.25b 4.14¢g 1 655.09bc 903.69d
C 114.36d 48.61d 1 605.91c 875.16d
CaO 8.53f 123.66b 1 649.85bc 255.04f
Al+HA 331.63b 18.42f 1 748.85a 1502.76b
Al+C 151.80¢ 67.09¢ 1628.90bc 1 353.86¢
Al+CaO 45.81e 167.15a 1 698.02ba 783.38e

M AP R X AE Y T E AR R AR
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Differences in toxicity mitigation effects of different anendments

on acidic aluminum-enriched red soil

WANG Yuhan LYU Bo ZHANG Lin JIANG Cuncang

College of Resources and Environment s Huazhong Agricultural University sWuhan 430070 ,China

Abstract Aluminum toxicity is one of the main factors limiting the growth of crops in southern
acid soils.In this experiment, the differences and potential mechanisms of aluminum toxicity alleviation
effects of different modifiers on acid-aluminum enriched soils were studied by adding exogenous alumi-
num and planting crops in red soil.Pot experiment with acid red soil, adding exogenous aluminum, and
applying anendment humic acid (HA), biochar (C) and quicklime (CaO), planting pakchoi, setting
8 treatments including CK, HA (0.3% HA),C (2% C),Ca0(0.3% CaO),Al(1 mmol/kg AI’" ), Al+
HA (1 mmol/kg A" 40.3% HA),Al+ C (1 mmol/kg APt 4+2% C),Al+CaO (1 mmol/kg AI’" +
0.3% Ca0) was conducted to analyze the effects of humic acid, biochar and quicklime on different forms
of active aluminum and crop growth in aluminum-rich red soil. The results showed that aluminum toxici-
ty significantly decreased the emergence rate and fresh weight of pakchoi,and increase the aluminum
content in pakchoi.The growth of pakchoi improved and the Al content reduced under amendment addi-
tion.Compared with Al treatment,the fresh weight of Al +HA, Al+C, Al+CaO treated pakchoi reduced
by 86%,775% and 1 014 % ,respectively. The pH of Al treatment decreased by 0.17 compared with CK
treatment, the content of active aluminum significant increased,the amount of active aluminum decreased
after added the amendment. The exchangeable AI’" of Al treatment increased by 11.17% compared with
CK treatment, but the exchangeable A’ of Al-+ HA, Al+C and Al+ CaO treatment decreased by
11.81%,59.63% and 87.82% compared with Al treatment. The content of dimer hydroxyl aluminum ion
AICOH)*" ,AICOH), increased.The exogenous aluminum significantly reduced soil pH.The content of
1+

exchangeable Al’" increased,inhibiting the growth of pakchoi. Humic acid, biochar and calcareousness re-

13+

duced the exchangeable A content. Biochar and calcareousness effectively reduced the pH of red soil

and improved the growth of pakchoi.It is indicated that anendment affects crop growth by combining soil

13+

pH,nutrient content and exchangeable AI’" content.

Keywords anendment; pakchoi; red soil; active aluminum; aluminum toxicity alleviation effects
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