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119°34' E  27°14'N 163 m
1 646 mm
285 d 19.3°C
; (2008 11 )
1 2006
1.1 (Camellia sinensis (L.) O. Kuntze cv. Zimudan)
1.5m 0.3 m
F1 HAFE T EEMBAER
Table 1 Basic properties of tested soils
(cm) pH (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)
0~20 4.15 24.25 1.04 112.70 18.43 132.10
20 ~40 4.05 21.92 0.98 81.16 12.45 76.89
1.2 20 40 60cm
2009—2010 (
) 150 kg/hm? 2011—2013  ( 2013 10 ( )
) 300 kg/hm? (
5 CK )
+ 100% ( ) (P,05) 250 g 120 C el
150 kg/hm? (K,0)150 kg/hm* M1 25% pH m vV =1 25
+75% 25% ( (7] (SOM) -
) CK [14]
75% M2 50% +50% [18] KCI(1 mol/L pH
50% CK 50% M3 75% 5.5) NH;Ac(1 mol/L pH4.8) HCI(1 mol/L) NaOH
+ 25% 75% (0.5 mol/L)4
CK 25% M4 100% + ( 60 )4 250g
CK 50 ml 25 ml 4
30 m? 3 (25°C) 30 min 5 000 r/min
2008 11 (2009 ) 10 min 0.45 pm
( )688 g/kg 13.3 g/kg (ICP-OES PerKin Elmer Optima 8300)
(P,05)12.1 g/kg (K20)10.1 g/kg " 20
( 2 HNO;-HCIO4(v
1 v=87 13) 1]
[19]
( 40% 11
) (30% 3 ) (30% 8 1.4
) Excel 2010  DPS 6.85
20 cm 10cm  5~10cm LSD
P<0.05
1.3 + (M=SD)
2013 11 ( Microsoft Excel 2010
) ( 2
PVC ) 0~20 20~40cm?2
6 6 2.1 pH
4 5 a pH
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£ 2 TREIZERM LIEE BRI
Table 2 Active aluminum forms extracted from soil by four chemical reagents
«C )
1 mol/L KCI(A) A" Ex-Al =A=Al*"
1 mol/L NH4Ac(B) AI¥, AI(OH)*", AI(OH),", FA-Al Hy-Al =B-A= Al(OH)**, AI(OH),"
1 mol/L HCI(C) A", AI(OH)*, AI(OH),", AI(OH);" Col-Al =C-B= Al(OH);°
0.5 mol/L NaOH(D) HA-AL AP’*, AI(OH)*, AI(OH),", AI(OH);° HA-AI =D-C
Ex-Al AI¥ Hy-Al Col-Al HA-Al FA-Al HA-Al
FA-Al
(SOM) 1 0 ~ 20cm 29.04 ~ 37.96 g/kg CK
pH 4.00 ~ 5.05 8.64% ~30.71% 20~ 40 cm
(CK) 0.27 ~1.05 20 ~ 40 cm 20.58 ~23.64 g/kg CK 0.94% ~
pH 3.96 ~ 4.46 CK 14.84% pH
0.16 ~0.50 0~20cm
6.0 50 -
OCK @Ml @M2aM3 @ M4 450 OCK oMl @M2 OM3 @M4
55} o i:" ol X a
- 5.0 2 351
&ast b 3 \_E—v: 304 .
Nl
35F 15}F . B h\\\ /
30 020 ' 20-40 10 T0-20 ' é?ﬁo /} '
+JZ (em) +JZ (cm)
(CK  100% Ml 25% 75% M2 50% 50% M3 75% 25% M4
100% P<0.05 )
1 EEGHNEEELIE pH RENRE 2NN
Fig. 1 Effects of application of chemical fertilizer with organic manure on soil pH and organic matter in tea garden soils
2.2 22
(531 Ex-Al
Ex-Al
0~20cm 21.05%~91.31% 20 ~40cm
[13-15] 5a 0 ~20cm 3.94% ~ 41.35%
(ZAl) 2 572.83 ~3 660.17 mg/kg 50% CK ( 3) 0~20cm
20 ~ 40 cm 3436.50 ~ 3 850.50 mg/kg Ex-Al Al 0.86% ~
0~20cm 6.71%
3.02% ~29.71% 20 ~ 40 cm 1.74% ~ 50% CK
10.75% 50% 20 ~ 40 cm 4.75% ~ 7.23%
CK ( 3) 21l 75%
CK ( 4 0~20cm
pH Ex-Al Al 20 ~40 cm
2.2.1 Ex-Al  Ex-Al 2.2.2 Hy-Al Hy-Al
( KCl BaCly) Al
Ex-Al 0~20cm Hy-Al 41.88 ~ 98.22 mg/kg
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YAl 1.15% ~ 3.81% YAl Col-Al Al
(M4) CK ( 4
20 ~ 40 cm Hy-Al 15.38 ~ 83.48 mg/kg 224 HA-Al  Ex-Al  Hy-Al
0.40% ~ 2.43% 75% HA-Al
CK ( 3 4) 0~20cm (23] 0~
Hy-Al YAl 20~  20cm HA-Al 1 144.42 ~ 1 999.75 mg/kg
40 cm pH 20 ~40 cm 2 195.08 ~ 2 499.08 mg/kg
pH<4.5 AP pH 4.6 ~ 0~20cm
5.9 Hy-Al (24 HA-Al 0.38% ~ 42.77%
pH( 1) 50% CK 20 ~ 40 cm
Ex-Al  Hy-Al 1.68% ~ 12.16 % 75%
2.2.3 Col-Al  Col-Al CK ( 3
HA-Al
0 ~20 cm Col-Al 0~20cm HA-Al  ZAl
1303.48 ~1373.72 mg/kg 20 ~ 40 cm 44.45% ~ 54.63% 20 ~ 40 cm 63.86% ~
994.75 ~ 1 057.82 mg/kg 65.37% [26] (27]
Col-Al ( 3) 0~20cm HA-Al  ZAl
Col-Al XAl 37.51% ~ 50.87% 20 ~ 40 cm 0~20cm 20 ~
27.48% ~ 29.13% 40 cm ( 4

*3 EERANNEMEELRFARESREEHNZIT

Table 3 Effects of application of chemical fertilizer with organic manure on contents of different forms of active aluminum in tea garden soils

(cm) (mg/kg)
Ex-Al Hy-Al Col-Al Al-HA Al
0~20 CK 24542 +5495a  41.88+13.87b  1373.12+£3540a 1999.75+£79.90 a 3660.17+49.54 a
Ml 193.75+21.11a 60.18+5.12ab  1303.48+15093 a 1992.08 +228.84 a 3549.50+ 154.16 a
M2 12495 +£40.64b 65.78£12.57ab 1317.68£107.74a 1685.75+322.44 b 3194.17+241.14b
M3 4722+20.18¢c  93.95+37.85ab 1320.58+37.31a 1298.75+112.95¢ 2793.83+£176.81¢
M4 21.32+£26.80 ¢ 98.22+9.50 a 1308.88 £ 66.57 a 1144.42+£83.20 ¢ 2572.83+£121.38d
20~ 40 CK 278.22+17.09 a 15.38+10.19¢  1057.82+36.27a 2499.08 £ 121.76 a 3850.50+133.13 a
Ml 267.25+36.84 ab 40.08 £22.01 bc 1019.08 +123.64a 2457.08 +234.62ab 3 783.50+ 113.96 ab
M2 218.85+24.47bc  45.88 +£16.22 be 996.35+50.76 a 238275+ 123.38 abc 3 643.83 £90.52 be
M3 169.42 +40.29 cd 55.88+23.39ab 1019.78+73.47a 2253.75+£93.95bc  3498.83 £ 146.87 cd
M4 163.18 £ 15.31d 83.48+£20.22 a 994.75 £206.15 a 2 195.08+213.64 ¢ 3436.50+35.54d
(P<0.05)
F4 BEEANEMZFELTIEEEEESSHHENR
Table 4 Effects of application of chemical fertilizer with organic manure on percentages of different forms of
active aluminum in tea garden soils
(cm) Al (%)
Ex-Al Hy-Al Col-Al Al-HA YAl
0~20 CK 6.71+1.54a 1.15+039¢ 37.51+£048b 54.63+193a 100
Ml 5.47 £ 0.66 ab 1.70£0.12 ¢ 36.77+4.67b 56.07+521a 100
M2 3.86+1.01b 2.09+0.57 be 41.59+£6.77b 5246 +6.39a 100
M3 1.72+0.84 ¢ 332+1.22ab 4739+£3.06a 47.57+2.940b 100
M4 086+1.11c 3.81+£0.19a 50.87 £1.00 a 4445+£1.52b 100
20 ~ 40 CK 7.23£0.49 a 0.40+0.25¢ 27.48 £0.96 a 64.89+1.59a 100
Ml 7.08 +1.08 a 1.05 £ 0.56 be 27.00 +£3.86 a 64.87+t4.40a 100
M2 6.00 £ 0.57 ab 1.26 £ 0.47 be 2737+192a 6537+1.94a 100
M3 4.87+1.34b 1.58 £0.60 ab 29.13+1.18 a 64.41+0.03a 100
M4 475+0.48b 243 +0.58a 28.96+6.13 a 63.86+5.95a 100

http://soils.issas.ac.cn



1074 51

2.3 pH
pH Col-Al Hy-Al
(24] Ex-Al
28] 52 Hy-Al  Col-Al pH
pH
2 AP =25 AJ(OH)? === AI(OH)} ==&
H' H' H'
820.04 ~ 940.27 mg/kg 5a
AI(OH))
pH
Al 2007 . Ex-Al
o a a a
&;01 000 + a pH
£ 800 2 .
1 Al(OH) Al(OH), Ex-Al
1 600 [18,20,29] 5
b a
T 400 H Ex-Al
/ X_
*® 200 P
. . . . . . pH Hy-Al
CK M1 M2 M3 M4 pH Ex-Al Hy-Al
AbF
B2 EREGVEMNFHES 20T ¢ .
& 2 BxiZAtE & S RIS 3+ 2+ +
Fig. 2 Effects of application of chemical fertilizer with organic (Al Al(OH) Al(OH), )
manure on Al concentrations in tea leaves under different treatments pH Ex-Al Hy-Al
Col-Al
3 Al Col-Al  TAl
pH Col-Al
(APT  AI(OH)**  AI(OH)})
Ex-Al
pH
(pH<5.5) A" (SOM) Ex-Al
Hy-Al Hy-Al
Col-Al ( 95 Ex-Al Hy-Al

x5 TEPREASFEMBSLIE pH. BHRAEXE

Table 5 Correlation coefficients between contents of active aluminum forms with soil pH and organic matter

(cm) SOM Ex-Al Hy-Al Col-Al Al-HA S Al
0~20 pH 0.86" -0.93" 0.76™ -0.02 —-0.94" -0.96"
SOM -0.78" 0.83" 0.17 -0.87"" -0.83"

Ex-Al -0.80" 0.12 0.84" 0.90™
Hy-Al —-0.04 —-0.68" -0.70"

Col-Al -0.13 0.09

HA-Al 0.97"
20 ~ 40 pH 0.54" -0.79" 0.72" -0.07 -0.64"" -0.78"
SOM -0.49" 0.51" 0.05 -0.34 -0.38

Ex-Al -0.82" 0.26 0.4 0.70™
Hy-Al —0.44 -0.23 -0.54"

Col-Al —0.44 0.11

HA-Al 0.83"

* (P<0.05) ** (P<0.01)
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Al(OH)2+ [36]
Al(OH),"
[30-31] [35] DOl’lg [28]
AP [37] pH
Hy-Al (321 AP
Al3+
Hy-Al (3] pH
[33]
[38] pH
pH Al
A13+
224 ~ pH N
2 633 mg/kg ¥ 0~
20 cm Col-Al pH
Ex-Al Hy-Al HA-Al YAl
7l ( 6) Silva
> 2[35] pH
F6 FHESESIERRMBEXRLY
Table 6 Correlation coefficients between Al concentration in tea leaves and pH value, contents of SOM and active aluminum forms of soils
(cm) pH SOM Ex-Al Hy-Al Col-Al Al-HA YAl
0~20 -0.29 —0.44 0.20 -0.34 -0.55" 0.33 0.21
20 ~40 -0.16 -0.25 0.16 -0.11 -0.03 0.30 0.30
s 4) 820.04 ~
940.27 mg/kg
1) 5a 0 ~20 cm pH
pH 0.27 ~ 1.05 Ex-Al  Hy-Al
8.64% ~30.71% 20 ~40 cm pH 0.16 ~
0.50 0.94% ~ 14.84%
2)  Sa
Ex-Al HA-AI SAI 200
x - [2] S : U
Hy-Al ( ), 2004, 26(1): 15-17
TAl Col-Al 3] s
[J1. , 2006, 14(4): 61-64
YAl [4] .
0~20cm YAl [J1. ,2010(6): 129-134
20 ~ 40 cm (3] : ; SRR
e J]. s
3) Ex-Al pH 2016, 36(1): 181-189
Hy-Al pH [6] , . 9.
, 1990, 11(6): 41-46
[71 Silva J D, Tuwei G, Zhao F J. Environmental factors
pH Ex-Al  Hy-Al

influencing aluminium accumulation in tea (Camellia
sinensis L.)[J]. Plant and Soil, 2016, 400(1/2): 223-230
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Variation of Active Aluminum Content in Tea Garden Soil with
Manure Applied for S Years

WU Zhidan'?, JIANG Fuying"?, YOU Zhiming"*, LI Gang’, WENG Bogji’

(1 Tea Research Institute, Fujian Academy of Agricultural Sciences, Fuan, Fujian 355015, China; 2 Fujian Province Key
Laboratory of Agro-Ecological Processes in Hilly Red Soil, Fuzhou 350013, China; 3 Institute of Urban Environment, Chinese
Academy of Sciences, Xiamen, Fujian 316021, China)

Abstract: A 5a (2009—2013) experiment was carried out to study the effects of different proportions of manure (litters
in the microbial fermentation bed in pig farm) and chemical fertilizer on the distribution of active aluminum forms
(exchangeable aluminum (AI**, Ex-Al), unimer hydroxyl aluminum (AI(OH)," and AI(OH)*", Hy-Al), acid-soluble aluminum
(AI(OH)5’, Col-Al), humic acid aluminum(HA-Al)) in tea garden soil and aluminum concentration in tea, and then the
feasibility of applying manure to improve acidified soil in tea garden and reduce Al concentration in tea was also discussed.
Five treatments were designed: total chemical fertilizer without manure (CK), 25% of chemical fertilizer replaced by manure,
50% of chemical fertilizer replaced by manure, 75% of chemical fertilizer replaced by manure, and total manure. The results
showed that, compared with CK, pH and organic carbon increased by 0.27-1.05 units and 8.64%-30.71% in 0-20 c¢m soils and
by 0.16-0.50 units and 0.94%-14.84% in 20-40 cm soils in the treatments with organic manure, respectively. With the
increase of manure proportion, the contents of of total active aluminum (XAl) in tea garden soil showed a decreasing trend, the
contents of Ex-Al, HA-Al and their ratios in active LAl were decreased, the contents of Hy-Al and its ratio in active XAl were
increased, and the content of Col-Al remained stable but its ratio in active Al was enhanced. Al concentration in tea was ranged
from 820.04 to 940.27 mg/kg in all treatments, but no significant difference was found in Al concentration in tea between
different fertilization treatments. In conclusion, the application of organic fertilizer can increase soil pH and organic matter, thus
promote the transformation of exchangeable AI**(Ex-Al) to hydroxyl aluminum(Hy-Al), but have no significant effect on Al
concentration in tea. So, the feasibility needs further study to reduce Al concentration in tea by improving soil acidity with the
application of organic manure.

Key words: Organic manure; Tea; Soils; Al; pH; Organic matter
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