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Abstract ; Packed soil core incubation experiment was made to study the effects of external carbon (C) (glucose, 6.4 ¢ C/
m’) addition on microbial respiration and microbial biomass C (MBC) in soils of a mature broadleaf and Korean pine mixed
forest (BKPF) and an adjacent white birch forest (WBF) during thaw under different soil moisture levels (55% and 80%
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water-filled pore space) and nitrogen (N) supply (NH,Cl and KNO,, 4.5 ¢ N/m’). The results showed that, without C
and N addition, cumulative CO, flux from the WBF soil was significantly higher than that from the BKPF soil during the
incubation period. With increasing soil moisture, the cumulative CO, flux and microbial metabolic quotient ( ¢CO, )
decreased in the WBF soil but increased in the BKPF soil without C and N addition (P < 0.05). The glucose-induced
cumulative CO, fluxes from the two forest soils ranged from 9.61 to 13.49 g CO,-C/m’, which was greater than the dose of
added C in the form of glucose. The glucose-induced MBC in the two forest soils ranged from 3.65 to 27.18 g C/m”, while
glucose addition had little impact on soil dissolved organic C pool. Hence, the extra C released upon addition of glucose may
result from the decomposition of soil native organic C. Without N addition and under the two soil moisture levels, the
glucose-induced cumulative CO, flux from the BKPF soil was significantly higher than that from the WBF soil during thaw
(P < 0.001). With increasing soil moisture, the glucose-induced cumulative CO, fluxes from the two forest soils were
significantly increased (P < 0.001). The addition of KNO, alone significantly increased the glucose-induced cumulative
CO, flux (P < 0.01) and the glucose-induced MBC (P < 0.001) in the WBF soil under two soil moisture levels (P < 0.
001). Addition of NH,Cl alone significantly increased the glucose-induced MBC in the BKPF soil with low moisture level.
Based on the results from the previously reported non-freezing experiments and the results of the present study, it can be
concluded that freezing treatment significantly affects the stimulating effects of glucose on soil microbial respiration and MBC
under temperate forests. Regardless of whether freezing occurred or not, the responses of soil microbial respiration and MBC

to the addition of extraneous C as glucose in temperate forests depend on vegetation type, soil moisture, and the amount and

type of N added.

Key Words: Microbial respiration; Microbial biomass carbon; Glucose; Nitrogen supply; Dissolved organic carbon;

Stimulating effect; Thawing of frozen soil
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22 {RESSMNEEXMHEN Glu +-3ERLIERE CO,HE B AR

K 2 R Glu K5 HME R A s, R RV PR AR + etk 2 o o, HE 2 SR AEHE i =
A, S8 1M RN Glu 4540 BRER IR FTI] CO, 3 4 HE R (14 1 {1 5 A HLH5 42 s () 8 K | H v 1
P T HERFRGH 4 RAKBNEAE, FILRE R85 S, YAz (e AR i i 2T A TR 2SS AR 38 Bt Glu 4 28
CO, Z2FHERCE /> BI85 18.7—19.9 H1 16.7—19.2 g C/m?, 21 Ky HAH R X FRAY 2.1—2.4 £ 1 3.2—3.6 % (£
1), MM Clu 28 H MWK A ARG + 58 CO,B5 32w I HEBGHE 6 L) K P Fh £ 4 CO, BRUHEICE (P<0.05) (F
1) s B AM Glu 2 B2 WA AR S 13 CO, R (P<0.05) (3R 1), RIS FIE AR A 5WE A Gl
=SS R R LTRSS AR 3 CO, 2RRHEN (P<0.05) (1) . Jacinthe 257 % Bt I e 77 Al /N 42
FRitE (70.4 g C/m”) B 2 MR HEA R M FE 2R R Bl HF s £ 3 CO, BHERCE: | 20 Rt vk i A BRI 2.0—2.3 1%,
TG 5 (35.2 ¢ C/m*) T M, Lukas 25 & Bt N T oKREEHA (1.2 mg C ¢' F M1 42.5 pg N g™
F4) B 1 HE(36% e KTk ) A W RE I AR B AL S5 25 7 Rk B, B R it vk i Ab B 4 %, Ll A/
LR R AL PG 6 £, B R ot REHE R =24 7 %, R, AN R AR - ik i R A R I
R B RS Aot ), T A T - 9 I R A U Bk 4 e 2 Rt i ) O A2 3 b S R R R A R Y
A

—O—Glu —&— Glu+NH4Cl —V— GlutKNO;
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%O‘\"\E 20 20
O
Mol IS5t 15t
20
%_‘Ex’o
N5 10t 10
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Fig.2 Dynamic of cumulative CO, fluxes and instant rates of CO, fluxes during thawing of frozen WBF and BKPF soils treated with Glu
and in combination with NH,Cl or KNO; addition under different moisture conditions
2 0 FURR B U TR 498 S0 FEAR F0R M ZOMR SR 1, () R (b) FoRARIREE ; (o) RI(d) R BRI, HSDy 05 A FREK
FAREA AL IR Honestly 2125 5 (P=0.05)

2.3 MRSy VR RN A BT Glu 51 A R Tk 0 A S AR S AN AR A 4 1 B )

Bl 3 AN A AN R A A T, B AR 7y e A B b il Glu BIRE ) CO, HE il H % A SR AHE
RS, RIBEAMT, R IR AR 3t Glu 51 A CO,HEL 8 3 A ) e (i sk 7] 45 U A= 1 MEAK
RN R AT PR AR L Glu SRR CO,HER B RIE LIS 45 4 K RFNE(Y I H 5% 155
CO, HEOVEAE i 2 M T ( P<0.05) , Rl fbEEFR 45 ST, R DM SR R A AL B Glu 512 CO, B
FRHE R A PRI B 45 F T 2 B 38 b K TR A I HEAR 3 (P<0.001) (£ 2) o HuUifE KNO, I8 35 34 o i i 8
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8 S % 378

Y FRERR T3 T Glu 1A CO, RFRHFITHEE (P<0.01) (38 2) s ARk a3 T3 A1 KNO it il =25 22 52 0l R AR
I Glu 51EBIIEFRMIE CO, i ARHFHGEAR (P<0.001) (% 2) . FIRGT R RIAR > 13 H Glu 51K CO,
SRR (9.6-13.49 ¢ C/m”) B 3E R F It A I M ik i (6.4 ¢ C/m?) |, 3X W] BESRIEFHEN Clu fir
1) M AT A LR . Bl S0 B A, AR S 13 Glu B CO, BRI WK (P<O.
001) (5K 2) ; - 5830 3 K H 550k 034 S 38 b 2 i Rl A6 15 52 00 38 CO, HEIGH 38 (P<0.001) (3R 2) o, 4G RURZ
SRR BRI A U R G S R AR 2 R Glu Sl 8 Co, BRHER R (9.6-12.0 g CO,-C
m™?) GRS T 4(9.5-11.2 g CO,—C m™) Jo22 57, 1M e 1 35 e 0 2 5 38 W 37K F- (P<0.05) (Kl 4) , HETHR
JERRES AL AR R Glu 51E R CO, BRHEIE (P<0.05) (£ 3) , HEIRRES X RIAR > T35 Glu 51
CO, ZFVHE R Y52 0 07 Bt 39380 5 3 i w388 K, Morkved 45140 2% BUUME AR 40 4 B (0.34 mg C ¢ T Al
28 pg N g7 T 4) XK 55K I3k 10kPa [ 7R45 3R FE T CO,HEBUM REABCR SRR LB 5225,
Lukas %5 & S0 N F R AR (1.2 mg C ¢ T4 42.5 pg N ¢ T ) S 3F 75 -+ mlfb o 5 -+ 18 ( 36% i K
K ) [ A AR o0, ELX AR 300 (2 0 TR R A Ab B, &5 b rad  AMIE AR X R - Rl b B A i
PR O 5 ARl R P2 B AR o | IR A RO RN KA G URES i R L 5 + R 28 B i)
HMIGRGOT SR M T IR R SO (P<0.05) (£ 3) o
—O0—Glu- XM —A— (Glu+NH4Cl) - NHsCl  —v— (Glu+KNO3) - KNO3

250 o 250
200 ‘ 200

150

100

AR AR 1 HE T 3
Instant rate of CO, flux

/(mg CO,-C-m™2h™")

50 o

16

12 ¢

AR AR S R
Cumulative CO, flux
/(g CO,-C m-2)

(.) 5.() 1(‘)0 15‘0 2(;0 25‘0 3(;0 35.0 (I) SIO 1(I)0 15I0 2(I)0 25I0 3(I)0 35I0
B2 0] Incubation time/h
B3 FREIREFMSMERFMZGT, MRS LERALRE P REEESIREE CO, HERMBARENENTE
Fig.3 Dynamic of glucose—induced cumulative CO, fluxes and instant rates of CO, fluxes during thawing of frozen WBF and BKPF soils
treated with and without NH,Cl or KNO; addition under different moisture conditions
25O IR RN YA FAMEAR 198 s S0 PR R B I ZLAMB SR 13 . () FI(b) R RIREE s () 1 (d) R FIREE . HSD, o5 AR FK
FAESAKEBERY Honestly I #1257 (P=0.05)

5 RR  ZEAM TR SR AR LU, YA FIMEAR 1 3 AN it AU 3K 12 42 DOC (P<0.05) DL R A b 3K, SO, 3= 4
DOC FIRA: Mk 75 5 34 1 2 A i (P<0.001) (36 2) , BOR BTG Mk & 1 T BB 2 1 AR IR T e mi 1k i
T CO MBI R (P<0.05) (R 1) . 2 s 300 B K K 5l 75 B AR i & i a2 il Glu 5
1 K,S0,#=2 42 DOC 1 (P<0.05) , T HER R B MW E] H Glu 51/ 15K $2E DOC it (P<0.05) (%
2) Hujifi KNO, KPR EE AR FIHEAR 58 Glu 5 R P RZE Pt & il i &2 16.3—27.2 ¢ C/m’,
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Bt NH, 1R L R 2D TR 3SR 13 Glu 515E A9 S Wik & i i 3 M3 = 14.5 ¢ C/m®(P<0.001) (£
2) ,FIE Y ERTHE Glu Sk (6.4 ¢ C/m®) , XA Glu Jit i m #3843 a1k < 72 v [ A LR
b, FRHE ) e A= R e B A 5612 T 2500 HT b R B AS AN N A B A A P k2 R e 25X R Glu 512
FITAE I B (P<0.05) (£ 2) o AR AR IR ES 5 WA AR 2 14 Glu 5 1R M APk (6.5—10.1 g C/
m’) BE/NTRIREE 1 (17.7—20.3 g C/m?) (P<0.05) (&1 4) . I BICIBVRES 515, BB A3 nxt £ Glu
5 A MR e SR IR VE T (18 4) o B NH, C1 AR R 45 5 1358 Glu 52 BOMUAE Wrm , T4 A 4%
RN RIVE R (& 4) ;07 2200 M s 45 RIS 285 UER 0 01) J8. 255 1 52 i) 380 o P 2 WA YR S AR AT A
FIHEAR 38 Glu 5 1R YRR Wik 5 (P<0.01) (3R3) o PRI, A3 Rl T ik o v 2 2800 o) - 338 G2k 0k i 0
RO 5 IR SN AL By A X (£ 3) . Lukas 5517 & Ut I 5 KSR i & R+ ik A2 v
38 G A LB 1 SRR BRI A, ELICRR & 3 8 3 R T AR R 45 1 4 (P<0.05) , Blagodatskaya %"/ A K
- B BB 8O0 TR I COL BT REANANAN 5 - St 1 B e 0%, 38 W RESZ 31 - BB W EVR 1
SO, BRI VR AR e D SRR AR R R e R, SR U S R BN B
R AR R S Rt 5 5 M 2 X R R - S Bl A W B P 9 2 U T RS T W R 2
HAREA X

st At ! s
I
-8.4—0.1 : 10.0—20.7
M -—-------- -— ! ~ M
I
-5.4—2.1 i S -5.1—10.2
NHCl - - 2T -— MR SEAHE U NH,CI
Glug| ki
3.2—45 TR AL TR 2.1—9.8
KNOs /(g COLC/m?) KNO;
-1.8—-8.4 ' 2.6—30.5
M+NHCl - - - = - == -~ -— 95—11.2 | 9.6—12.0 M+ NH,CI
I
~1.8—12.6 | 9.9—40.4
M+KNO; - : - M + KNO;
I
I
-10.8—-46.3 : -36.5—-48.0
M - --—-=-=-=--- -— | -« — — — — — — M
I
NHCl - TS AR JE A A - 223 NH,CI
Glug!ﬂﬂﬁ
277177 ER:¢ ~26.8—169.9
KNO; _ LTl - %g"%‘ﬁ?)ﬁ - KNO;
I
~11.9—-58.6 | -20.5—-43.8
N
MANHCL - = e e - = | 177203 65—101 | * " """~ - M+ NH,CL
— | .
M+KNO; S L | 1.2—61.9 M + KNO;

4 FHMIREEM(M) REESHRREEFNFRLE S LI Glu 5] & ARUE VIR R 30 i 18 n sk s 0 8 53 31
Fig.4 Percentile increase or decrease in the glucose-induced soil microbial respiration and microbial biomass C in responses to NH,Cl or

KNO; addition and increased soil moisture (M) with and without freezing treatment
Pl & 3 Sk A B TR 1) (BRI I 355 Sk S SRk, B 2 WA HE 5~ 140 160 1) 246 X0 088 R A7 S Aok . 184 n sl 20 7 43 B0 18 1
WASSC LAV S G007 . AR URSS + e E e 0 R i B B8 2 U Skt

2.4 FRMRLIHE CO, BRI 5 B R RS R AR

1 TR SE A K, S0, 5 $ i ST Pt 05 i B IR SR S Bt | Wlcth A 7328 45 1R P W 23 JF e B
[T e 5 B IE AL MRS, S A0, N [RIAL 30 52 56 1 AR R A8 A & B 7T 2 U Scik ™, B T
Ffbk o3 LA R b RS 2 CO, RARHRMCE 15 L PEmx RS A AP [ 45 2R R . S AR
N R AR SRS AR CO, RARHRICR 52 B Wi , WUAE YR K, 80,32 4% DON & i Y2, 3L )
it B 469 BYZEAL , A DI ok R de K5 R LD AN IR AR R Rl 7R O, RBURICR Z 3 K, S0, 1% 4%
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12 A E = 37 %

NH; ,NO;-N J DOC & f ()5 M, 2 [F) B I 699% 1281k, K, SO, =4 DOC BBk R K (R 4) , KRIRES 14
CO, Rk 5 1A Yk ) K,S0, 122 1) DOC & & 1EAM 56, 315 - 560 i A 5l K, S0, 32 49 DON 77
EHHSE S IR, JCISTRES 5 1, S HERR RN A R 2 S B AR AR 4 39 CO, HE I AY T R
IR ZE AR I DR R ) A 2 PR P E A AR AR I AL I T BB A 22 B B K Ay SR R A R
FIRZI ) Stielstra 251k 1 HEWE BE R Pl & 22 118 CO,HEA iR B R 1, AL I A [
ZEAb PR JER B AL R R CO, HERGH R 5 TUE Wik fT AL K, SO, FIKIZH2 19 DON HI NH;, DL J& WEFPS 2
BE AR (P<0.05) . G5AA LY 45 5 K IR E AR TR A S g 45 31 v IR G R 45 5 5, &%
MR IERUE YT S HHOR R SR Y R SR A B A G
F4 ERWEFRHHS THE CO, RRHMES HIERR ALSEZ ANEEMTER"

Table 4 Results of stepwise regression analysis for the cumulative CO, fluxes from WBF and BKPF soils against the soil labile C and

N pools'!
V(WA FAERR 5 CO, EFHENCR ) Y( Cumulative CO, flux from WBF soil)/ (g CO,-C/m?)
" NN X} BTk
B i FRifER2E AR .Mkz )
AZ 5 Variable . . Relative R
Coefficient Standard error P
contribution
b, Constant 12.57 5.97 0.46 ***
X, A MBC/ (g CO,-C/m?) 0.32 0.08 49.4%
X, , A9 MBN/ (g CO,-C/m?) -7.37 2.94 26.7%
X5,K,S0, = DON K, S0, -extractable DON/ (g CO, —C/mz) -0.82 0.38 23.9%
Y (ML R AR 3 CO, 2AHERCR ) Y( Cumulative CO, flux from BKPF soil) /(g CO,-C/m?)
" I X BT ik R
A5 & Variable = bRz +HRIEti#\jzjfe$ R?
' Coefficient Standard error I
contribution
by Constant 0.00 0.09 0.69 ***
X,,K,S0, #Z# NH}-N K,S0,-extractable NH}-N/ (g CO,-C/m?) -0.48 0.10 32.2%
X,,K,S0, #Z# DOC K,S0,-extractable DOC/ (g CO,-C/m?) 0.60 0.10 40.3%
X;,K,80, & NO3-N K,S0,-extractable NO3-N/ (g CO,-C/m?) -0.41 0.10 27.5%

(1) BEARZHR n=36; = = = P<0.001; R?, [AJA%E 2.

PRI + SEREAE T AR COLBAHER I BLG , 3 Bl A TR (14560 E MR I [ £ S IR B A5 0 . 2
HudE R, I 32 BIARIP B SRR R E I, 5 R I ZIAMR SR AR L, IR FTARERR R 9 DOC K Bl
A=Wtk & T RE S B RS R U W P 58 . AN Glu 5 R A AR R il A e v Gl A 40 I W Atk
R FE R T Glu & ki, XA J1 R THE Glu 51 LA A MUK A9 70 . 18 K200 Glu X+
BEGA: WT IR A i P S RN 3 SR R I Gl XoF = S A 24 9 P 5 % B A A e %) R s (L it o 1
JE MR FVEUE SR RIFFAE 2 S . Sl 5 AR TREE SCIR 2 R LU, R I R g o) i W 28 b A 33 ke
PIEI HI55 T AN IR A My IR A R ROCR: O 3 MO T IR X S A A B AN AR A e
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