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Table 1 Characteristics of studied watersheds

(F) (FAT) (FA2)
118°2'10" 118°2'1" 118°220"
30°3372" 30°3325" 30°32'47"
(m) 100 ~ 575 109 ~ 500 114 ~422
(km?) @ 3.59 0.72 1.01
pH (H,0) 5.48 ~ 5.60 4.75~5.56 5.10~5.58
(cmol/kg) 2.83 ~12.57 2.83 ~11.89 2.24~12.47
(%) 39.15~70.19 25.99 ~90.90 31.67 ~78.94
(100%) (82%) (18%) (76%) (24%)
® _
(m'/a) 2668 067 278 572 692 961
©) Arc/GIS (DEM) ® (TM) ® (
)
2.2 3
2007 3 2009 2 3
1 3.1
3
(
PSC-IN ) ( Watch 1 514 mm/a 48%
o,
Dog 900ET) 12%
i ( 2 3 (F FAl  FA2)
( ISCO6712 ) 755 366 611 mm/a 50%
24% 40% 3
30 min 2 cm 2
3 (F FAl FA2)
091 (n=36 P<0.01) 0.92
(n=36 P <0.01) 0.95 (=36 P<0.01)
pH (PHS-3C
3
) (DDS-307 ) pH -
4OC 3-2
(NO, SO! CI' NHj 28.11 ~
K' Na' Ca* Mg Si) 80.91 kg/hm’ ( 2) 181.74 kg/(hm™-a)
21] [23-24]
2.3 ¢ 2

Origin8.5 ¢ 2

2+ + +
SPSS 13.0 for Windows Ca” Na®  NH,
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Fig.2 Dynamic changes of rainfall amounts and runoff depths
80% SO;  NO; Ca*" H
74% ( 2) ] H
HCI NH;
Ccl NH; H' NH;
(2
SO;  NO; K" Na' (23-24]
£ 2 H5EAE K R TN 2 (kg/hm®)
Table 2 Major ions inputs in rain water during the observed years
K 1.01 (0.17) 1.95 (0.21) 0.66 (0.09) 0.81 (0.59)
Na* 1.02 (0.57) 2.91 (0.85) 0.93 (0.41) 1.17 (0.90)
Ca* 5.40 (3.99) 10.59 (5.55) 1.67 (0.84) 4.21(2.37)
Mg** 0.31 (0.17) 0.66 (0.33) 0.12 (0.09) 0.45 (0.26)
H' 0.19 (0.06) 0.19 (0.05) 0.12 (0.04) 0.32 (0.08)
NH; 3.09 (0.72) 0.29 (0.02) 1.79 (0.57) 1.69 (0.89)
NO; 9.11 (1.38) 12.41 (0.85) 6.66 (1.82) 5.83 (2.44)
SO; 13.38 (3.89) 34.21 (9.42) 12.28 (8.46) 9.69 (4.65)
Cl 7.33 (1.08) 17.70 (3.60) 7.65 (5.16) 3.94 (1.06)
29.82 (4.05) 64.32 (10.02) 26.59 (4.32) 19.46 (2.68)
11.02 (2.01) 16.59 (3.56) 5.29 (1.03) 8.65 (3.65)
40.84 (4.23) 80.91 (21.23) 31.88 (11.14) 28.11 (18.85)
3
3.3 236.81 153.17  243.36 kg/(hm®a) Hubbard
3 (F FA1 FA2) Brook (2013
25.18 ~110.32 23.63 ~60.49
27.02 ~ 111.44 kg/hm?( 3) 39% ~ 47%
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Table 3 Major ions outputs in stream water for studied watersheds during observed years

(F) (FA1) (FA2) (F) (FA1) (FA2)
K" 1.24 (0.09) 0.64 (0.49) 1.42 (0.26) 2.93 (0.68) 0.91 (0.27) 2.79 (1.06)
Na* 8.56 (1.19) 6.06 (4.87) 9.50 (1.17) 16.65 (1.79) 8.91 (3.57) 17.32 (3.87)
Ca® 8.99 (0.93) 7.33 (4.69) 13.22 (1.23) 16.22 (3.13) 10.13 (3.48) 20.44 (2.89)
Mg** 1.51 (0.21) 1.13 (0.72) 2.11 (0.10) 2.82 (0.38) 1.65 (0.68) 3.67 (0.98)
H 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
NH; 0.40 (0.28) 0.26 (0.14) 0.62 (0.15) 0.69 (0.36) 0.31 (0.08) 0.97 (0.23)
NO; 6.60 (1.36) 2.99 (2.48) 9.49 (0.43) 9.11 (1.49) 3.96 (1.57) 11.45(7.01)
SO; 13.08 (4.01) 8.86 (4.53) 10.55 (2.52) 18.29 (4.04) 10.03 (3.42) 16.00 (7.62)
Cl 6.42 (1.77) 3.31(1.37) 7.05 (1.57) 17.38 (9.46) 8.13 (5.94) 15.32 (10.31)
59.85 (8.30) 37.48 (23.69) 63.79 (9.86) 110.32 (8.85) 60.49 (15.84) 111.44 (9.51)
(F) (FAL) (FA2) (F) (FA1) (FA2)
K" 1.15 (0.42) 0.25 (0.25) 1.17 (0.22) 0.57 (0.31) 0.56 (0.43) 0.57 (0.12)
Na® 6.34 (3.24) 1.87 (1.80) 7.17 (1.20) 3.93 (2.50) 4.62 (3.56) 4.58 (0.93)
Ca** 5.30 (2.59) 1.60 (1.14) 6.70 (2.01) 4.74 (3.62) 8.32 (8.04) 7.57 (3.20)
Mg** 1.03 (0.51) 0.35 (0.34) 1.47 (0.23) 0.90 (0.75) 1.57 (1.57) 1.36 (0.63)
H 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
NH; 0.16 (0.09) 0.03 (0.02) 0.26 (0.16) 0.11 (0.02) 0.09 (0.03) 0.17 (0.03)
NO; 3.44 (0.59) 0.67 (0.72) 3.86 (1.41) 2.77 (1.13) 3.44 (1.13) 1.75 (0.67)
SO 7.94 (0.44) 3.68 (3.78) 8.99 (6.05) 3.16 (1.11) 3.72 (1.75) 3.99 (0.15)
cr 6.77 (1.33) 1.17 (0.87) 4.68 (2.00) 3.43 (2.90) 2.73 (2.90) 2.58 (1.13)
41.75 (18.00) 23.63 (5.17) 41.14 (7.69) 25.18 (16.01) 31.60 (12.54) 27.02 (6.71)
3
H ( 4) Yang 32% ~33%
H+
[43]
H+ [44]
H ( 4 4 [45-461 3 (F FAl  FA2)
3 (F FAl FA2) H 996 1069 1035 mol/(hm*a)
818 mol/(hm*a) H (FA1
396 389 401 mol/(hm*a) H FA2) (F)

R4 MMERE 3 AR IERY T IEER L3 2R (mol/(hm?-a))

Table 4 Soil acidification rates of studied watersheds during observed years

H* (F) (FA1) (FA2)
H* H' -H' 818 818 818
H' (NH; —-NH; )-( NO; -NO, ) 396 389 401
H' 0.5 (Si —Si ) 218 138 184
(=" -H )+ (NH," —NH; ) — (NO; -NO; )]-0.5 996 1069 1035
(S - Si )
0.5
1 mol H' 2 mol Si*!): NaAlSi;03 + H + 9/2H,0 — Na' + 2H,SiO, + 1/2
AlL,Si,05(OH),
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4
181.74 kg/(hm*-a)
45% Ca’* Na'
NH; 80% SO NO;
74% 3 (F FA1 FA2)
236.81 153.17 24336 kg/
(hm*a) 39% ~47%
Ca’* Na' 81% ~ 86% SO;
NO, 65% ~ 70%
3 (F FAl FA2)
SO; NO;, CI' H" NHj
SO; 13.7 30.43
20.49 kg/(hm*-a) Ca** Mg® Na'
Na® 28.99
1496  31.76 kg/(hm*a) 3 (F FAl FA2)
H' 818 mol/(hm*-a)
H 396 389 401 mol/
(hm*a) H' 32% ~33% 3 (F
FA1  FA2) 996 1 069
1 035 mol/(hm* a)
(FA1  FA2)
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Element Budgets and Their Impacts on Soil Acidification in Granitic
Watersheds Under Different Land Uses in Subtropical China

HUANG Laimingl’ 23 SHAO Ming’anl’ 3 JIA Xiaoxu'*", YANG J inling2’3, ZHANG Ganlin**"

(1 Key Laboratory of Ecosystem Network Observation and Modeling, Institute of Geographic Sciences and Natural Resources
Research, Chinese Academy of Sciences, Beijing 100101, China; 2 State Key Laboratory of Soil and Sustainable Agriculture,
Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 3 University of Chinese Academy of Sciences,
Beijing 100049, China)

Abstract: The regional element budgets are primarily important to understand the function of ecosystems and to establish
the corresponding management practices. This study takes three adjacent small watersheds (F: 100% forest, FA1: 82% forest +
18% farmland and FA2: 76% forest + 24% farmland) with different land uses as the monitoring areas, which are located in the
granitic region of subtropical China. Element inputs in rain water and outputs in stream water were detected and quantified from
March of 2007 to February of 2010. The characteristics of element budgets at watershed scale and their effects on soil
acidification were discussed. The results showed that the total ion input in the rain water was 181.74 kg/(hm*a), with the summer
input accounting for 45%. Ca®", Na" and NH; contributed 80% to the total cation input, while SO} and NO; contributed 74% to
the total anion input, respectively. The total ion outputs in stream water of the three watersheds (F, FA1 and FA2) were
respectively 236.81, 153.17 and 243.36 kg/(hm”a), with summer output accounting for 39%-47%. Ca’* and Na' contributed
81%-86%, to the total cation output, while SO; and NO; contributed 65%-70% to the total anion output. The element budgets of
the three watersheds (F, FA1 and FA2) based on precipitation input and stream output demonstrated that there was a net sink of
SO, NO;, CI', H and NHj, while a net source of Ca®*, Mg®" and Na®. SO} showed the highest net retention, while Na* showed
the highest net export. The net retention of SO in the three watersheds (F, FA1 and FA2) were 13.7, 30.43 and 20.49 kg/(hm®-a),
respectively, while the net exports of Na' in the three watersheds (F, FAl and FA2) were 28.99, 14.96 and 31.76 kg/(hm*a),
respectively. H input directly from acid rain was 818 mol/(hm*a), while H" production from nitrogen transformation in the three
watersheds were 396, 389 and 401 mol/(hm*a), accounting for 32%-33% of the total H" input, respectively. Soil acidification
rates in the three watersheds (F, FA1 and FA2) were 996, 1 069 and 1 035 mol/(hm?-a), respectively, showing that the rates of soil
acidification in watersheds (FA1 and FA2) with agricultural activities were higher than that of forest watershed (F), even though
the element inputs from agricultural fertilization was not taken into account.

Key words: Watershed; Acid deposition; Input-output budget; Seasonal variation; Soil acidification rate
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