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Effects of freeze-thaw cycles on soil microbial biomass carbon, nitrogen, and

nitrogen mineralization in three types of forest in the temperate zone

GAO Shan', YIN Hang’, FU Minjie" ", WU Minggen', DONG Chuang', LI Long'
1 College of Agricultural, Yanbian University, Yanji 133002, China
2 Changbai Mountain Scientific Research Institute, Jilin Antu 133613, China

Abstract: To understand the effect of freeze-thaw processes on organic nitrogen conversion in forest soil, the upper layer
and lower layer of soil in three types of forest in the temperate zone ( hardwood broad-leaved forest, Korean pine broad-
leaved forest, and secondary birch forest in the Changbai Mountains) were selected to study the dynamic changes in
microbial biomass and soil available nitrogen after indoor freeze-thaw experiments ( —15—5°C ). The contents of soil
microbial biomass carbon (SMBC) and the soil microbial biomass nitrogen (SMBN) in the upper soil layer of three forests
were, in most cases, higher than in the control treatment ('soil incubated at 5°C for 4 days; recorded as CK) during the
freeze-thaw period. The SMBC and SMBN in the upper soil layer of the three forest types were significantly higher than those

in the lower soil layer ( P<0.05) subjected to freeze-thaw cycles and showed no obvious spatial heterogeneity. The effect of
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the freeze-thaw process on the content of NO;-N in soil was not clear. There was no significant difference (P>0.05) in the
soil NO;-N content between different freeze—thaw cycles at the same layer in each forest type. The NH;-N content of the
upper soil layer in three forest types showed similar trends with the frequency of freeze-thaw cycles, with obvious NH-N
release characteristics in the third, fourth, and fifth freeze-thaw cycles. The responses of nitrogen mineralization
(nitrification) in the three forest soils to the freeze-thaw process were clear. The temperature of the freeze-thaw, the
frequency of the freeze-thaw cycles, and soil layer significantly affected the net nitrification rate and the net nitrogen
mineralization rate. The net nitrification rate of the three forest soils fluctuated greatly. The net nitrification rate peaked in
the upper layer after the second freeze-thaw cycle, followed by the seventh and the fifth freeze-thaw cycles. The soil net
nitrification rate and net nitrogen mineralization rate in the upper layer of the three types of forests reached a peak for short-

term freeze-thaw cycles and then followed a decreasing trend.

Key Words:; forest soil; freeze-thaw cycles; microbial biomass carbon; microbial biomass nitrogen; NO;-N; NH;-N; net

nitrogen mineralization rate
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KRB K3 A B M0 - e B Ay AW SE IR, Xk L S A W i ™ 2 DA R R R e A R ) T Al
HE D A Y it e 2 L3O DAL Sy A48 13 AR P i B oA - S A e R, R R A
S AL BT R A DL DG B b 2 —, T AR AR 34T AR B S AE T 1 K/ INR 2 15 e i R T
AZIE MY A KT TC R RIS WERAMAE S R G AW =R Dy ZOCEE M ED Bl
FRH R AR LI IR PR A T B B Sy . A WL J5 7 A2 09 NHG R NOS O S Wy LA A W B 14t
FEAFORIE , VRR R R Uk Sh o AT A RS AL AR A SR Chistopher ™! & LR
2 ) - SR B R 5 K R T RS M W T e B RIS AR A L S L FE K, Zhou 45
K BRI R AR T 00 R R My AR R DA O U E My A A D R T R R 20 T LS 215 ) 6l
PRI AR R AR AR R R AP W - 9 B R )R 4 B, 33 TR NH-N
R PN R PR R TR 3 KRR RS A s A, 17 SMBC A1 SMBN 52 BUSEHE = 5 R ka3
A R OR BRI - e AR IR LB SR OCER A R A AR BEAT T R AR OGHIFST | X Le R 5T 2 B R Hh
FEEE SN A P 38 ELA S R s R ol T Y R b 398 () i 4 o R R AR I S S A
R L DR SR (Y AT R AR AR S R GO X, AR MRAE S R ST R 52 IR OR B 0 AR A 5 i)
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IR R R SR AR, S TR AR R R SR D A Re e R LS Rl

1 HRSE

1.1 CRAEH SN

KA AL T 5 MR L B RO DN 32 XA 8 T 52 2 XU i 198 e DA Bl 1 L e =, 7 2 XL
KA, BRI KL 5 i, A @ KIEY , AEHRRAE 3—7°C , 4F H BT 42y 2300 h, JoFE M
100 d 2247 AERE7K i 700—1400 mm, HHEARLEWIR 7 4~ H B4 10 ATPAEE 11 AP FEARAER 3 A
TRIE S AP Z R GR R R, ORI, A3 B BE R T 3 FR AR ARSI 3 i 2 A R i AR ( Hardwood
broad-leafed forest, i A K, E:127°49'16.97";N:2°17'09.54"; #:45 : 1100 m) ZL ¥ [ K ( Korean pine broad-
leaved forest, 1t 4 HK,E:128°05'35.47"; N :42°2443.13"; if§# : 761 m) AR FAMEMK ( Secondary birch forest , it
A B,E:128°04'30.26"; N :42°25'16.22" ; ¥4k : 751 m) , 3 FlARALLE Fy KIRHK
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1.2 Wik
1.2.1  RIOFE R

FE 2015 4F 10 FJERAE TR R AR (K) (LR R MR (CHK ) AR FIRERR (B) 3 FhR BRI ZR bk 13, 78 1
B 3 FBRAEEL DY, BRI E 40 mx40 m AR Y [ 1D 3 B B4 1 502 B b 20 0 A IR B 5 AN SR EE
SRR RAE SRR R T 10 mo HHERFERT, Sols 18 3R 1m0 0 0V W0 BT LUK 9845 20 om BRAS 4301 ok
£ 0—10 em Z( FJZE) 1 10—20 em 2 (T 2) By ML o B R 4R 55 6 1 AR S B 0 o = e
Ze I R FZ R A A G 2 mm 0 3 FE TENRTE S, SR 3 SEAR B P a2 1,

R1 3FWMHRETENEREAUMER

Table 1 Soil physic-chemical properties for three forest soils

ARAL Tt i bR EAR /N 7N W GASE TN

Forest types Hardwood broad-leaved forest ~ Korean pine broad-leaved forest Secondary birch forest
JZIK Soil layer/cm 0—10 10—20 0—10 10—20 0—10 10—20
M Total nitrogen/ ( g/kg) 10.0£1.5 6.1+0.7 7.4%3.0 1.7£0.2 12.3+4.1 6.5+1.3
S Total phosphor/ (g/kg) 1.3+0.2 1.1x0.1 1.0£0.2 0.620.2 1.6+0.4 0.920.1
S0 Total potassium/ ( g/kg) 5.30.1 5.6+1.4 5.5+0.9 4.3+0.7 5.320.1 5.1+0.7
AHLF Organic matter/ (g/kg) 145.5+38.5 65.1+7.8 111.5+26.8 39.1x12.3 109.7+22.3 52.5+6.4
JKfi#% & Hydrolytic nitrogen/ ( mg/kg) 156.98.1 216.0+29.5 302.9+38.9 158.7+43.0 280.2+2.3 237+32.2
AL Available potassium/ ( mg/kg) 161.1£66.9 50.1+7.7 90.0+39.0 36.2+10.5 103.5+42.2 39.8+7.9
ZXH Bulk density/ (g/cm?) 0.620.0 0.8+0.0 0.6+0.1 1.6+0.2 0.6+0.1 1.1+0.0

1.2.2  FEABIEFRIAE

MRPE DA R8s, K ALK 10 A a2 11 A F R A VR 45 TR B 5 Al A0 IR 43 5 A T -20—0°C 1
0—10°C Z [H] , VRl AR FFLE Y RECH 20—30 d Zofy . MRAE B RSB ARR A, AR Uk 3 N R AUL R Rl i 96 6 B ) 4R
ZAE R B TRV A VR A 25 18, BV 25 VR TR T BRIBEE R — 15°C , M URTELEE LRI 5°C , DL ol 2R
FERR BE R A I LA AR AN R K b iR R AR RS ] 23 05 5 B9 35 (1000 ¢) 570 (50 ¢) [R]
— R B e R A AR PR K R R B AR KRR K Y 60% , I TR LRV, B 0 S R
A 25C I HIRBEFRAR TP IS 95 7 o IR RTJT HGEAC 1 IR, BR TSR A S  F R IR T M 2 5C 4k4k
THIRRG IR 4 d, [R5 A T R IR AT 4500, B = IR K RS vk Rl R 5% . Bl SR R R TR
2 C/h ZBJRHA R 5 CHWIFEE-15C , FFAE- 15CAMF FHRFEEFE 33 h, SR 5 T LIAR ) A48 1 500 15 S 40 T
JEBEEET 2 5C R FH53E 19 h 5 B — IR VR AIE IR B . J5 S5 5% 5 2 i I 114 28 ek ok A AR
FE] AR, DL 2°C/h ARTRER T B R4 IR E 1 SCIEE-15 CZit -15C T+ E 5°C HF ZH
10 h, KL, 55 th— R R AEFA Y, 0°C LT 25 VR E] A 48 h, Horf —15°CRFE2RT[H] 4 33 h,0°C LA L fiff VR B ]
g 24 b, Hop SCHFEERT R 19 h, — R ERAE IR AR B 72 h, X5 IEHEAT 8 RIGHR, AR UK 7R A 21 45 o
A IRURE I 22 4 33ERE 5 59 NHE-N NO;-N .SMBC SMBN FI& /K45 4845, AR ARI - 300RE % 3 IR E
1.2.3  HIERERIIE

SMBC I SMBN {24i% I {5 B 7% K, SO, #EH0E " | SMBC JH 5 8% R A1 A fb 15 %2 . SMBN SR ] AA3
WAL (Seal Analytical , f8 [ ) % , 3 NH;-N F1 NO;-N 2R H 2 mol/L KCL ¥ IR, AA3 i sh /T iL
ME , R SRR A R R .

HRAT R = (HR A MO AR - 15 97 A A JCHLAURE ) /15 FR I 1] (1)
R = (15975 R A U - HR AT AR S ) / B IR 1] (2)

1.3 MG
SCHREE YR F SPSS 17.0 B AT S M. ASFIA R EREI T 3 AL B AL R K
SMBC HI SMBN 2% 5 i M A R 8. 2 07 22 /3 Hr 1% ( One-way ANOVA) 3 2 5 AR JH Duncan 3 (o=
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0.05) s [Al—AREY 1 R )2 TR Y R R 22 5 B R OO AR A K307 1, BTl ey
K H Excel 2003 #2218 A e A U b d 22 .

2 GRS

2.1 VRAMIEF G R Y R (SMBC) [ 52

FH Il 1 AT, 3 BRI (1 SMBC 1475 8] 2345 X R AE 2A 1 i 1o R AN [R], FLv ) Yk A FIHERR SMBC 7E 38
ANGEEERR Y B2 SMBC 35T R 2 (P<0.05) , 17 A5 ¥ bR R 2140 I A D0 23 S50 7 25 2 VR V% R G 2R A
55 4 WURAMIE IR S5 A4 B SMBC 23 [R5 A FFAE . AR, ARl REXT SMBC 52 i PRI AR F RN 4 398 2 K 1) AN []
U BRI 25 52, Z0A R bR ] I ARRT VR 2 AR )2 387 SMBC ShZ8 70 B 2 B0 T HL0de | XU A — 0
RS, Horp ZDRA R AR ER R SMBC I {E F H: CK 381 100.3% ; A i iF Ak SMBC B YK SMBC W4 B 8] TG I 3% 2
S (P>0.05) , ¥ CK 5441 90% LA I ; YR AE FAHERK SMBC 75 Rl ik B2 rh AR Ak B IR EN 20 IHESR 1 565 3 FIes 7
RIS B R A 2T 1 3 I [R] 25 57K 3% (P>0.05) , FLEL CK R il AL T HE 2
FRARARIEHY 3 Rk |- )2 4 IR BB ER VR () SMBC &2 T CK AL B, 3 FhAREL R 2 38 7E b
AL R AT B A K SMBC 38 87, L AR A0 B0 1 o 55 0 (i B s [ L 55 HE 7 1) b 2% 387
WA, 3 FPARR R 2 40 SMBC BRIGE Sh , B VR AVIEFRAK ) SMBC 7 i 5 CK AHIE 88 T CK 4b#
(K1),

1800 [ 1800
1600 | N 1600 + EAR/S T YIN
1400 | 1400
1200 | 1200 ¢
1000 | 1000
B 800t 800 |
g 600 f 600 |
mﬂ% 400 | 400 -
&5 200 200 F
5 o '
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B 1 HREBIREESR I FHAR T IEMEYERTL
Fig.1 Changes of soil microbial biomass carbon in three forest types during freezing and thawing cycles

K, Af[EMH#K Hardwood broad-leaved forest; HK, ZLAAREM#K Korean pine broad-leaved; B, WAz FHKEM Secondary birch forest

2.2 URREBEFAS R PR R (SMBN) B R

URE R, 3 Fobk Y - ) SMBN ) 3 B 25 8] o A RUERE— 25, #3R BEH BJR SMBN .35 T T R i 4
(P& 2) , (HERREE R SMBN R[] 28 A4 R AR 7R AR B 5 AN ] 4 338 J2= U 18] 1347 A6 B S i AN TR < BB J2 33 Y
SMBN o [E] 22 AL S AR, YA FIMEAR LA R I ARV AE R PR 31 2 SO 1 BRI RS R = A S AR R AIE , HL
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ZT AR W PR R fE I ARTERT S ARG PR b SMBN B3 A —35; 3 Fhbk AL SMBN (19 i R (E 3 B F58 5
U UREAIGIA 12 B B A ] bR £ A R P PR RN A I FEAR SMBN AR R (139.8+30.5) mg/kg , (121.2+9.2) mg/
kg F1(117.5+1.9) mg/kg, 7351 Hb HXF BRI 11 59.5% 37.4% F1 152.4% , Wi 2854 8 YRRl AEFR )5 , W] 4351 Fb H: CK
THET 62.7% 34.6%F1 0.5% , H 14 R4 M g gl F2 A 9 B (IR, 3 Ak | )2 389 SMBN 784575 Bl AT
KA R B 2 22 3V (P<0.05) , R FEX) )2 30 SMBN A %5 BB M52 , 3 FhARRL TR 2 + 35
1Y SMBN 284k 835 5 H 24776 B B AR [R5 PERRE | HLACA A 5 IR - 3845 R U VR () SMIBN [8) £7-7E i 3
Z R (P<0.05) , HoEe 2 bR &) R R B 022 22 5k (P>0.05) |, 2 B R Rl PR 4 AR B A 10—20 em FJ2 T
HEf%) SMBN S20AE A 255 7% 0—10 em b )2 138 SMBN 5400, 3 FhAk# R 2 - 880 SMBN & =S
8 WIARF G M B B A%, 5 1 2 SMBN X 5 Rl vk (%) 2 1 6 98—

200 1 200 -

180 | T A 180 | SLARFRIMAK
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200 TR AL
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B2 FHEAREER 3 MRE T IEMENSRTL

Fig.2 Changes of soil microbial biomass nitrogen in three forest types during freezing and thawing cycles

2.3 REAMER N HERAEY C/N BRI

F ¢ 2 AIAL, VR B AR [R] — 2k R R Y C/N TE VR BOIR (B S AE A B 2 R (P<
0.05) , 7 W JE IR ) R R A o 2 6T 45 BRRY - 3 rP i BE ) O/ N (- 3B W RE VR 5 k) 7 A T B B f 5
M, F3ah, FIERAEY) C/N ZE A Bl A8 PRI RN 438 2 R I AS [ 2R B0 1 — 8 19 25 S e, ey 1 ] AR R &1
FARR AR T2 AR D) 3 IRTRRMIE NG , 4040 C/N B 00R H B IARAE , k AE P Medk 12 +
LA 2R RIR R (4—6 W) 5 LB /Rt HAMZE ) C/N SB35 FRRARAE 6 b 4K R J2 - 3EE ) C/N 78
sh & 5 H FZE AT B LA AR A AR T 2 R AR C/N AR 2 DO T 1 B2 3 B
Y C/N BB RN T H F2 (R 2),

2.4 ARG L3 NOS-N A5

FH P 3 W0, R R PR AR 3 FiAR Y 3 NOS-N S AR A2 iR /0N | oA i BRRA S5 19 NOS-N % 30, ¢
TR [ 2 AN ) R ATV 1) 3 NOS-N i[RI 0 B 3 25 5% (P>0.05) , B 5 ZRMATAY CK Ab P[] bR %
P B 225 (P>0.05) , B ERMERRIME NOJ-N B FoeE |3 Fibk M b FIZ b sh 56 FF
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ANTA], o 3 FiobRR | )2 4 NOS-N 3 dek Bl 25 VR RV 17 48 e K 22 3R [ AR a3, BV A MRBUIA R 565 2 1R
URAVIEPR G B B S B4 107 NOS-N SRARA Yt BAESS 8 WRURRIIEFR 5 , A1 1L CK AL FRREAR T 7.0% (1
REIIFAK) (10.8% (ZLARREIFAR) F1 12.6% (A FHHERR) o 3 FPAREL T 2 £ NOS-N & AR B[R, o,
TERBE R AR B R I AR R A EMEAR T 2 43 NOS-N SR 5 T CK Ab 3, 22 8 R 3R 72 )5 +
8 NOS-N 200l F R T 10.2% F1 8.2% , i LA FEI EAK R J2 148 NOS-N 5 S BLAE S 7 WKk A1 34 i) 1
Jei o RGP LA R ORI A AR L2 - Y 1 18 NOS-N i i 3/ T2 118 (P<0.05) , R B
HH S 1) 2 (1) 2 0 AT RRAE

R2 RREIED 3 MMRE T EMEY C/N
Table 2 Soil Microbial C/N in three forest types during freezing and thawing cycles
AL R i ZLARRE AR

Forest types

Hardwood broad-

Korean pine broad-

YA AR

Secondary birch forest

JZIR/ em leaved forest leaved forest
Soil layer 0—10 10—20 0—10 10—20 0—10 10—20
VRRATIR CK 6.6+1.2¢ 7.8+2.8b 5.8+1.5¢ 9.0+2.2ab 18.7+7.1ab 9.9+2.5h
Frequency of freezing-thawing 1 6.0+0.8¢ 8.9x1.1b 4.2+0.2d 8.5+3.5ac 20.1+8.5a 11.2+1.7ab
2 8.6+0.8b 5.8+1.6¢ 6.8+0.9¢ 12.3+2.2a 12.5+0.6ac 7.9£2.3b
3 23.5+4.4a 27.0+4.5a 28.0x1.7a 10.2+2.5a 18.6+2.0a 5.2+2.1¢
4 9.9:+0.4bc 4.9+0.5¢ 20.9+8.8b 4.8+1.1bc 10.1+1.3be 7.2£0.6b
5 4.6x1.1c 11.5+1.4b 6.4+1.2¢ 4.5+1.0bc 6.8+0.1c 13.9+1.2a
6 2.6+3.6b 6.0£1.7¢ 6.7+1.0¢ 12.242.7a 4.4x1.3¢ 8.5+2.7hc
7 8.6+3.0b 9.3+3.3bc 8.0+1.5¢d 3.3+0.4c 16.9+5.4a 9.2+2.1b
8 24.0+4.4a 25.0x1.4a 12.3x3.1c 6.9+4.3a 16.8+2.2a 5.5+0.4¢
AP NG FRACKR R HBERRIRRATR A RE Y C/N 22573 8.3 (P<0.05, n=3)
200 200
P\ ¥ A v |
180 b EERAEA 180k AR/ PN
160 | 160
140 + 140 +
120 + 120 +
100 | 100 +
80 80 F
R 60 |
b %o 40 40
oI 20 20 f
5 o 0
S E CK 1 2 3 4 5 6 17 8
Z, o
Z 200 - .
S 180 | WA FIREAR
“ 160 |
140 |
120 M 0—10cm
100 F 10—20cm
80
60 -
40
20 |
0

R

Frequency of freezing-thawing

B3 HEERERES 3 #MKE NO;-N EH

Fig.3 Changes of NO;-N in three forest types during freezing and thawing cycles
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2.5 URBMEEANT 158 NH-N 595200
1l 4 AT VRAEFR T 3 FOMAUAS ]2 U i 3 NHG-N SEmAR ], 76 )2 3 138 NH-N & &k
G R IR ) 1 04 2 B S B S T g TS BRI A A 4 AR5 3 .45 URVRAIE PRI H B0 B 0 1 NH-N Rk
FEE, LA LIEE 5 R VR AOE PR A 9 408 NHG-N 5 3t o f e (R AR (171.8£94.2) mg/kg | £1 4 o] K
(87.7+26.3) mg/kg FIVRA: FAMEMK ; (102.6+43.3) mg/kg) , MUK HLRRIET CK AbEEHE N T 81.3% (fifi i mh Ak ) |
57.9% (LLRARRMHKR) (264.2% (KA FIKERK) , 3 FiARELRY | )2 38 NH-N 55 57 45 5 fl 3 v 18] 24047146 5
FH 25 (P<0.05) . A HRAIF )2 T8 NHL-N & A8 828 25 S 3K, Al it Ak - 98 NHG-N 3 B8 ((54.6+
12.4) mg/kg) HELTEE 8 YRI5 , (B4 HLZR Al AT CK AL T F% T 18.6% ; ZL P & - AK T )2 £ 48 NH-N
TESR 3 R URRIIR A5 35 31 B KW ( (46.4+31.8) mg/kg) , FeJa — IR URAMGIAZE AT NH,-N 5t [ CK b #
BEINT 17.3% 5 A FIMEAR T 2 408 NH;-N & B BE ARAVIK B I 2 B8 T RS Lk s — IR TR
AEERZE SR+ 3 NH-N it CK ARBEIE N T 49.9% , R AAGIA L FEXT 3 FhAREY + 38 NH;-N 43 A i 72 7=
Az B S AR e 2 B B B M AR, BIESS 3—28 5 WRAIE PRI (B A7 76 BH S 9 NH -N 28 [R) 4343 T B
RGP A NH,-N 25 [8) 434 o a2 (14 4)
300 1 300

T R bk AR LIS

250 | 250 |

200 | 200

150 150 |
100 | 100

50 50

NH,*-N¢f NH,™-N content/(mg/kg)

300 Ve E Y
Ve IRk wwEx
Frequency of freezing-thawing
250
200 H 0—10cm
10—20cm
150
100
50
0
CK 1 2 3 4 5 6 7 8
R

Frequency of freezing-thawing

4 REREIREIES 3 A NH-N T

Fig.4 Changes of NH}-N in three forest types during freezing and thawing cycles

2.6 URBLPEERXT RN AL ER 0

RRE AR b 3 FpARRL AT 2 R AR B A SO, HLR Rl RS S A AR s e PR bk 2
AR (K 5) , o, 3 Fobk Bl R 4 e i AL AR AE 8 YRRl G PR e v 2 B B R — 2k, 1
TESS 2 5 5 RS 7 WRAIGHA IS AR vp 2 B0 BH 1 NOS-N ¥Rl A, LY LASE 2 UR R RLIE I i Ak i v (i
FEAIAR: (1.9£1.5) mg kg™ d™' s ZLAAREE AR (1.240.1) mg kg™ d7' 5 IRAE FIMEMK (2.042.4) mg kg™ d7') 565
N 7 AR, TR EVRRIE R R, i AR 4 S S, R B I i 1238 NOS-N ¥ B 4, (H
WS8R E AR AR R (R A TR] 3 bRy rpr | Rl ] ik AR RN ZL A7 o I AT )2 R A Al Ak ) R R B — 3,
IS 3 WA 8 kAl G FR S A rp e B 48 NOS-N doB B4, i 393 1] 1 )2 4 398 0] 3 B+ 1 48 1
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Fig.5 Changes of Net nitrification rate in three forest types during freezing and thawing cycles
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