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Chemical Behavior of Aluminum in the Acidic Rhizosphere of Pinus massoniana L.amb

—A Case Study on Its Cultivation in Acid Forest Soil in Chongqing, China“

WANG Shuiliang!, WANG Ping'”*, WANG Chenyi? & DAI Jianyuan®
('School of Chemical Engineering, Nanjing Forestry University, Nanjing 210037, China)

(C*Chemistry Department, Huzhou Normal College, Huzhou 313000, Zhejiang, China)
(School of Chemistry, Sichuan University, Chengdu 610064, China)
Abstract The chemical behavior of aluminum (Al) in the acidic soil-root interface of Pinus massoniana Lamb seedlings
was investigated by planting them in pots. The Al in soil was fractionated into five operationally defined forms [exchangeable
(Alex), carbonate (Alc), oxide (Alox), organic (Alor), and insoluble (Alin) species]. The results showed: 1) coexisted base ions
(Ca*, Mg*, K, Na") were positively related to Al** tolerance in soil-root interface, and their alleviation followed a decreasing
order: Ca>*>Mg*>K"»Na*; 2) the contents of total P and N had positive effects on the Al accumulated in the roots; and 3) the
organic matter (OM) was positive to the Alor in P. massonian rhizosphere. Besides, soil pH (<5.0) was negatively related to the
rhizospheric Alex. Alex concentration was always higher in the rhizosphere than in bulk soil. The accumulated amount of Al
absorbed in the plant roots mainly depended on the Alex quantity of the rhizosphere soil. The Alex entered into the roots and

gradually complexed with the small organic molecules in root cell wall, mainly accumulated in the roots as Alor species. Fig 1,

Tab 5, Ref 20
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Table 1 Physicochemical characteristics of the tested soils (N=16)
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Table 2 The six test groups

HEBE/K Trrigation water

TiH Ttem 4#1‘&%#% ATEI%#@E A
N Bulk soil Rhizosphere soil
pH 3.51+0.02 3.68+0.03
BH B T4 i
Cation exchange capacity 16.78+1.27 15.44+1.32
(CEC, blemol+ kg™')
%Lk Carbon-nitrogen ratio (C/N) 13.55+0.95 13.82+1.17
A ML Organic matter (OM, w/g kg™") 16.18+1.28 18.83+1.10
SV Total carbon (w/g kg™) 13.57+1.17 16.11+1.34
A% Total nitrogen (w/g kg') 0.95+0.12 1.02+0.14
419§ Total phosphorus (w/g kg™) 0.32+0.05 0.47+0.08
5 Ca (w/g kg™) 3.86+0.45 4.01+0.28
B Mg (w/g kg 5.30+0.52 5.27+0.37
4 Na (wig ke') 0.3820.05 0.440.19
K (wig kg 4.53+0.55 4.98+0.31
PR J 41 Test group
a. AL Controltest AT XEF/K Deionized water

BTI  Ca* (CaCl) #/J%}1.00 mmol/L Ca?* (CaCl,) concentration of 1.00 mmol/L

BT2  Mg* (MgClL,) #J%%1.00 mmol/L Mg* (MgCl,) concentration of 1.00 mmol/L
BT3 Na' (NaCD #J&%1.00 mmol/L Na* (NaCl) concentration of 1.00 mmol/L
b. HhILE R BT4 K (KCD &% 41.00 mmol/L K (KCl) concentration of 1.00 mmol/L
Base cation test BTS Ca?, Mg, Na*. K"K 75°41.00 mmol/L
Ca*', Mg?, Na*, K concentrations of 1.00 mmol/L, respectively
BTe Ca’s Mg’ Na'.K %zﬁé)%ﬂ_m.oo mmol/L, AI* (AICL) WPE40.30 mmol/L A
Ca?", Mg?, Na*, K’ concentrations of 1.00 mmol/L, respectively and AI** (AICL) concentration of 0.30 mmol/L
CT1 % (NH,NO, #J%41.00 mmol/L Nitrogen (NH,NO,) concentration of 1.00 mmol/L
T2 (KH,PO,)¥K [ #70.20 mmol/LIf)7K '
c. R L 0.20 mmol / L phosphorus (KH,PO,) concentration of water
Nitrogen and oy ARIBRARILSY 1 91.00 mmol/LA10.20 mmol/L
phosphorus test Nitrogen and phosphorus concentrations of 1.00 mmol/L and 0.20 mmol/L, respectively
CT4 'f\ EFIAL R E 5373 471.00 mmol/L 0.20 mmol/LF10.30 mmol/L .
Nitrogen, phosphorus and Al** concentrations of 1.00 mmol/L, 0.20 mmol/L and 0.30 mmol/L, respectively
4 OMRHS DT1 Féﬁﬁ]ﬂ@k}ﬁ}ﬂ.oo mmol/L Humic acid concentration of 1.00 mmol/L
drganic atter DT2  JESHIRH)E $32.00 mmol/L Humic acid concentration of 2.00 mmol/L
test DT3  JEHHIERHE 43.00 mmol/L Humic acid concentration of 3.00 mmol/L
DT4  JEFHIRIKE 4.00 mmol/L Humic acid concentration of 4.00 mmol/L
o AFRE ET1 Al“‘?&fEﬂJO.IOO mmol/L Al** concentration of 0.100 mmol/L
F-ree AT test ET2 AP 40.300 mmol/L Al concentration of 0.300 mmol/L
ET3  APYRE450.500 mmol/L AI** concentration of 0.500 mmol/L
FT1 pH 3.00
f. pHik % FT2  pH4.00
pH test* FT3  pH5.00
FT4 pH 6.00

*pH IS FEE /KL 170 2588 77K n0.1 mmol/LER R F U pHAEL, T 110.01 mmol/L A5 84 28 it s pHAE
*Preparation of the irrigation water in the pH test group: Dropping 0.1 mmol/L hydrochloric acid in deionized water to adjudge pH value, and then dropping

0.01 mmol/L sodium hydroxide to the pH as required
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Table 3 Effects of soil environmental factors on the Al content accumulated in P. massonian roots and its seedling growth (N=16)

[ S Py T R N
Tre%l\tlrfen t Alin rogt Root length Plant height Root dry weight Shoot dry weight Numb;%ﬂ“i%jﬁ roots
(m/ug seedling™) (I/cm) (h/cm) (m/mg) (m/mg)

XHE Control AT 437429 8.8+0.5 8.5+0.3 28.2+1.9 69.7+5.8 5.3+0.7
BTI 29.4+2.5 9.2+0.7 9.0+0.2 32.74+2.4 74.5+4.1 5.8+0.5

BT2 32.5+1.8 9.1+0.6 8.8+0.5 31.3+£2.2 72.3+£3.2 5.6+0.9

hEEET BT3 35.742.6 9.0+0.2 8.7x0.4 29.9+1.7 71.3+4.0 5.5+0.4
Base cations BT4 35.4+1.4 9.0+0.4 8.7+0.3 29.8+1.6 71.5+1.8 5.5+0.6
BTS5 24.3+1.1 9.5+0.5 9.2+0.5 34.142.0 78.3+2.6 6.2+0.5

BT6 118.7+8.9 7.8+0.3 7.7+0.2 25.5+1.5 65.8+1.5 5.2+0.3

CTI 39.7+2.8 9.5+0.3 8.9+0.4 31.2+1.5 73.5+4.3 5.7+0.5

NP CT2 46.8+3.1 9.4+0.5 8.8+0.3 30.9+2.1 72.943.7 5.6£0.3
’ CT3 48.2+2.5 9.7£0.4 9.1+0.2 31.8+2.4 75.3+4.1 5.9+0.6
CT4 157.3+8.7 7.7+£0.3 8.2+0.3 25.1£1.8 63.7£2.9 5.1+£0.4

DT1 23.5+1.1 9.0+0.5 8.7+0.4 30.7+2.0 71.5+3.4 5.4+0.3

oM DT2 20.7+1.8 9.1+0.2 8.8+0.5 31.2+1.5 72.8+4.1 5.5+0.4
DT3 17.2+3.3 9.2+0.6 8.9+0.3 32.6+£2.4 74.0+£2.5 5.5+0.2

DT4 14.7£1.2 9.3+0.7 9.0+0.4 33.4+1.6 75.7+4.3 5.6+£0.4

FT1 108.4+5.3 7.7£1.0 7.8+0.5 26.4+1.8 63.5+3.5 4.9+3.1

oH FT2 40.5+2.9 8.1+£0.9 8.1+£0.2 27.1£1.0 67.2+2.9 5.4+2.7
FT3 36.7+2.3 8.5+1.1 8.4+0.3 28.3+2.1 69.4+2.2 5.5+3.6

FT4 29.1+1.8 8.9+0.6 8.7£0.6 29.5+1.6 71.4+3.3 5.7<1.8

ET1 291.1+12.1 6.5£0.1 7.1x0.3 22.3%1.3 59.4+1.7 4.1+0.2

AlP* ET2 314.2425.2 6.4+0.2 7.0£0.5 21.7+0.8 58.0+2.4 4.0+0.3
ET3 333.8+20.7 6.3£0.2 6.9+£0.6 21.0+1.5 57.2+1.8 3.9+0.5
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Table 4 Effects of soil pH and OM on the Al speciation in P. massonian rhizosphere (N=16)
FETEA Al speciation (w/mg kg'')
vOiEs T WRIR Eh A4 AP AER A
Treatment Exchangeable Al species ~ Carbonate Al species ~ Organic Al species Oxide Al species Insoluble Al species
(Alex) (Alc) (Alor) (Alox) (Alin)

papict BS 372.6+£23.8 392.3+£24.7 878.8+45.7 4974.74225.9 9272.94+401.5

Control RS 426.8+31.5 566.7+£33.8 1570.6+109.4 4809.0+242.1 9018.9+357.3

FT1 626.4+45.3 502.7+43.8 1772.5+83.4 4772.3£308.7 8953.84522.3

pH FT2 456.8+33.2 585.3+41.4 1582.1+£93.6 4804.2+227.5 9014.1+421.8

FT3 287.3+18.2 627.8+£32.6 1138.4+98.7 5022.84309.2 9066.3+577.2

FT4 67.4+4.6 873.4+48.2 937.6+£51.7 5173.5+£283.7 9183.4+327.3

DT1 385.8+21.5 527.4£29.5 1632.6+51.7 4763.3+307.5 9057.3+411.2

oM DT2 359.8+18.7 543.6+32.1 1666.3£72.7 4792.5+194.8 9012.3+327.5

DT3 335.9426.3 522.8+37.2 1687.5+43.5 4713.5+206.4 9107.6£195.7

DT4 315.7£16.4 553.4+29.1 1713.7+65.3 4687.5+259.3 9078.2+222.8

72445 40T, BB A Alex b % T pHIE . OM% 5
Wi, Horp, H3EpHE i BB, AW £, 2+ pH
(B RFAG R 3.8~4. 204 B, K 8 361 502 19 P 95 V1 R U 85 1Y)
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HEpHE MK T 5.00F, pH{E 5 412 b Alex A H: b 35 1 F A ¢
A5 R ECN-0.698. OM & - B Alorfe i 5t 1EAH G, 16
ZEH0.763.
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Fig. 1 Contents (w/mg kg") of Al speciation in rhizosphere soil (RS) and
bulk soil (BS) of P. massonian
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Table 5 The Al and Al speciation in the soil-root interface of P. massonian seedlings (N=16)

b PR Alex AR E AL accumu[lztli]on in vivo (m/ug plant") TR %
’ Rhizospheric Alex Transport ratio
Treatment (W/Il'zlg ke'!) [ZAT), Alex T ATor [Allg [Al]:)/[ZAl]T
AT 372.6+23.8 92.8+5.3 7.8+1.0 69.8+4.7 15.2+1.3 0.84
BTS 287.2+17.3 43.1+2.7 3.8+2.7 31.6x1.4 7.7+0.8 0.82
CT3 407.5+18.9 56.7+£3.7 5.2+0.7 43.0+£2.7 8.5+£0.6 0.85
DT1 385.8+21.5 47.3+£2.9 3.3+1.6 38.3£2.5 57+3.2 0.88
ET1 1082.0+£54.7 312.8+22.7 357+2.2 250.4+12.1 26.7£1.8 0.91
FT1 626.4+45.3 127.5+8.9 23.8+15.2 94.8+6.2 8.9+1.1 0.93
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