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Abstract Soil solutions at 15 ¢cm and 60 cm depths under a Korean pine and broadleafl mixed natural forest stand
at Changbai mountain, Northeast China, were sampled using porous ceramic suction cups during the period from Ju-
ly 2006 to August 2007, to study the dynamics of dissolved N, O and CO, concentrations in solution and their key as-
sociated driving mechanisms. A combination of multiple phase equilibration procedure and gas chromatography was
used for measurement of dissolved N, O and CO, concentrations of solution. During the period of sampling, the con-
centrations of dissolved CO; in soil solution at 15 cm and 60 cm depths ranged from 5. 26 to 10. 71 pg « mL ™" (C)
and from 3.13 t0 6. 16 ug * mL.™" (C), respectively, and the dissolved N, O concentrations at both depths ranged
from 2. 44 to 13.40 ng *+ mL™! (N) and from 3. 23 to 27. 98 ng * mL.™! (N), respectively. The seasonal change in
concentrations of dissolved CO, and N, O in soil solution under such forest stand was significant, with differences at
both depths (pass 0. 05 significance level). The results suggest that rainfall after thawing in late spring can promote
the accumulation of dissolved N, O in forest soil solution at 15 cm and 60 cm depths, particularly at 60 cm depth.
Seasonal changes in dissolved CO, concentrations of soil solution were more pronounced at 15 cm depth than those at
60 cm depth. Stepwise regression analysis showed that 29% of the variance in dissolved CO, concentrations of solu-
tion at both depths was accounted for by the concentrations of water soluble organic C, and 34% of the variance in
dissolved N, O concentrations at 60 ¢cm depth by the concentrations of water soluble organic N. Hence, both water
soluble organic C and organic N can contribute to the formation of dissolved CO, and N, O in soil solution under such

forest stand, respectively. The results also suggest that actual concentrations of both dissolved gases in soil solution

Vol. 14

could be obtained by the continual three phase equilibration method.
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Effect of different equilibration times on measurement of concentrations of dissolved CO, and dissolved N, O in soil solu-

CO2 N O
LRI /em RROKE FRE W% /pg e mL !t (O ERikiE W) /ng » mL—" (ND
15 1 1. 20" 11.34 (0.54) 164" 3.12 (0.87)
2 1.08 (0.06) 11.94 (0. 74) 1.12 (0.0D 3.67 (1.01)
3 1.12 (0.05) 11.81 (0.67) 1.12 (0.02) 3.68 (1.02)
4 1.08 (0.03) 11.87 (0.69) 1.04 (0.04 3.72 (1.04)
5 1.01 (0.03) 11.86 (0.70) 0.85 (0.02) 3.75 (1.06)
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3 0.96 (0.02) 8.66 (0.49) 1.15 (0.02) 4.31 (0.20)
1 0. 94 (0.06) 8.72 (0. 46) 1.15 (0.02) 4.31 (0.20)
5 0.84 (0.03) 8.76 (0.45) 1. 14 (0.03) 4.31 (0.20)
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Table 2 Seasonal change in Henry’s law constants of N, O and CO; in soil solution at 15 ¢cm and 60 cm depths

N> O =] %

CO FREH

T BCR AR I [R] 15 cm 60 cm 15 cm 60 cm
2006 - 07 - 24 1. 60 (0.44) 1.49 (0.2D) 0.49 (0.17) 0.69 (0.10)
2006 - 08 - 15 1.27 (0.28) 0.86 (0.19) 0.71 (0.19) 0.58 (0.05)
2006 -09-14 1.14 (0.1 1.15 (0. 17) 0.74 (0.07) 0.98 (0.13)
2007 -05-25 1. 81 (0.09) 1.89 (0.07) 0.99 (0.02) 1.03 (0.04)
2007 -05-26 1.79 (0.16) 1.96 (0.15) 0.92 (0.11) 1.06 (0.07)
2007 -06 - 21 0.96 (0.02) 0.97 (0.07) 0.90 (0.02) 1.11 (0.03)
2007 -07-13 1.01 (0.03) 1.04 (0.02) 0.93 (0.04) 0.96 (0.02)
2007 - 08 - 02 0.79 (0.25) 0.92 (0.27) 0.87 (0.0D) 0. 90 (0.06)

T A8 TN NI 155 B bR R ZE (h=1)
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Table 3 MANOVA results for Henry’s law constants of N, O
and CO; in soil solution at 15 ¢cm and 60 cm depths
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Fig. 1

Dynamics of (a) NO3 - N, (b) NHi —=N, (¢) DON, and (d) DOC concentrations in soil solution at 15 cm and 60 cm depths under

the temperate forest stand during the measurement period from July 2006 to August 2007. Bars indicate standard errors of three or four

replicates. Fi5 and Fg indicate F-values of significance test for properties of soil solution at 15 cm and 60 cm depths among different sam-

pling dates, respectively
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Fig. 2 Dynamics of (a) air temperature, (b) rainfall, (¢) dissolved N2O, and (d) dissolved CO; concentrations in soil solution at 15 cm

and 60 cm depths under the temperate forest stand from Jul 2006 to Aug 2007. * indicates a significant difference (P<C0. 05) of dissolved

gas concentrations in soil solution between 15 cm and 60 cm depths for some sampling dates. The others are the same as Fig. 1
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LS (K 22) . AR AP N, O/ (N, O+
N.) H % #H % 3% fin - ( Holtan-Hartwig et al. ,
2002) , JXELH] R 2007 4E 5 H JIE HT LI 2 ) Ak
MR N O 9B BRI, JUHE 60 em
RIE TSR
3.4 HMIARRERRHDBHEYE CORERER

H¥mE %R

L 2d AT 0L, FESEEULIN I  ARHE 15 cm I8
JE R LA COL YRS [5.26~10.71 pg » mL™!
(O] FEET 60 cm FE H R [3.13~6. 16
pg e ml ™t (O], ASSZEG M 45 3R 5 Sawamoto
et al. (2003) A M4 H R )Z T COL R
FAE B [15.5~30.7 pg » mL™ (O] B,
ARHL 15 em F1 60 em PR IR CO, MWk 1 &2
BT AL (Fis=3.79, P<C0.05; Fg
=4.90, P<<0.05), 5 60 cm BWJE ML, 15 cm
TR S CO, ZEHEAS WL A P e B 1) 722 Ak i
FERTRA S, X 0] AR S AR AS [ R B - A Y T

R4 TEBRREHRSERIEIE

P R L IR 50 % P4 358 R 3R 0 %) i iy o 2 A [
¥ (Kanerva et al. , 2007) .

M CO, [ 2Ok H 22 1 (Jassal et
al., 2005), ™A p) 2/ DT LI MA Y
R PR DL SRR 2R 0 /R R 58 55 (Hanson et
al. , 2000), KFEHA MK (DOO JERMUEDAK
OEEE- Y = Rere = = =K 73 A I e ST 7D
WEPE (Jandl et al. o 1997), AR 4 4 5256 0 W8
15 cm 1 60 em PR 3B ®K +H DON, NH - N
FNO; - N &5 5w b CO, ¥ B T i 3540 ¢
PR Mt 15 em REE R 1387 i DOC &5 CO;
WERAROCHE M E R % r=0. 58, P<C0.01) #H
XA, 60 cm PR ) = HEVE P P O IEE AH
RS (r=0.42, P<C0.05) (F4), EhNEEH
MR RIREE 3 i DOC 50 CO, ¥R 1Y
FER—PNECE RN . B BT B, Mib 15
cm f1 60 em R 1AW DOC 4 R e B& A
VBRI R CO YR EEAR LY 31201 1500 (%
5) o IX S WM b AN ] TR B V5 W i ik CO,
ASEW DOC & mAFE B E M, R4 6~8
HREASE XA KIS, . KM+
BN R A YR TR R MG M s 2007 AER RS

Table 4 Correlation coefficients between properties of soil solution

TIEZHE/em HIEE BN CO; N0 DOC DON NH{ -N NO3; -N
15 CO; 1.00
N0 0. 05 1.00
DOC 0. 58 —0.01 1.00
DON —0.16 —0.01 —0.01 1. 00
NH{ - N —0.20 0.22 —0.14 —0.28 1.00
NO3; -N —0.20 —0.05 0.01 —0.20 0.08 1. 00
60 CO; 1. 00
N2O 0. 26 1.00
DOC 0.42* 0.22 1.00
DON 0.08 0.61* —0.05 1. 00
NHi - N —0.03 —0.17 0.39" —0.15 1. 00
NO3; -N —0.10 0.02 —0.06 —0.18 —0.01 1. 00
15460 CO; 1. 00
N O —0.06 1. 00
DOC 0. 55* 0. 05 1. 00
DON 0.02 0.29* 0.01 1. 00
NHi - N —0.10 —0.09 0.15 —0.18 1. 00
NOs; -N —0.06 —0.03 0. 00 —0.16 —0.06 1. 00

» P<0.01,* P<<0.05,
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Table 5 Coefficients of linear regressions between dissolved gas concentrations versus properties of soil solutions

T BB/ em z y () 75 R? P TR R 2
15 (n=26) DOC CO: y = (4.64740.93) + (0.2240.06) x 0. 31 <0.01 2.30
60 (n=27) DOC CO: y = (3.6840.50) + (0.1040.04) x 0.15 <C0.05 1. 25
DON Nz O y = (1.1743.15) + (19.87+£5.21) x 0. 34 <0.01 9. 26
15+60 (n=53) DOC CO: y = (3.6240.59) + (0.2140.05) x 0. 29 <0.01 2.16
DON N20O y = (4.82%2.11) + (6.68%3.09) 0.07 <0.05 8.78

e BIAFER y=atbx, a Fb BUE I VIE S FRERE

WIRESERE K (BE/NT 10 mm) BT +
BEsmih DOC & (8 1d) . X Se B4 15 5% B
B P AR H 15 om PR 3BT P IA R COL Mk
ASLE I B A XS (& 2d) . [AE, iR E
RiZKCR 0 ] B S 3 52 T PR - 49 0 T v s i
CO, 1 DOC F iRk, A CHLEA f it — PR

WS
4 it

ASCHR T ESE 3 YRR ZE HOT- i AT LA AR B
AR ZE T AR HEA COL F1 N, O SRS R =
FIHEEC, AT R A 4550 00 T AR et s YR 0 A 1 <
U EE I 25 A8 Pk . ARBIF 2T 25 Rt /s 4 A L e
SIRARIRAR 15 em FI 60 cm TR BF + 89 Wk v 5 i
PE COFI N O A5 2 80 B B 2 AR fk,
ARHL 15 em TR R i CO, YR B I W (i AT
IR Y A K 2 AR RS B0 R K U
W P N O P2 AR, JLHRTE 60 em
TRIE . SEMRAS [ TR B S v 7 1 1 COL MR
AR B R 2 DOC; B KRS A6 A F 52 e A1
DON 8™k AT fE ARt 28218 W P s ik N, O
%&M—AEEI¥OLL%%ﬁ%ﬁmeEﬁ

112 g STARGE SN, DA 1) B gt AN [+
ﬂ@,ﬁﬁﬁ@Ti%m@¢m%ﬁ (NipIA
B B LR s LR DA R 5 4t 3 A A 3 ) S

Bigt RO AR SR AR SR SR A A e
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