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Greenhouse gas emissions from woodland soils in a severely burned area under

different restoration methods in the Greater Khingan Mountains
Liang Dongzhe, Zhao Yusen, Cao Jie, Xin Ying"
College of Forestry, Northeast Forestry University, Harbin 150040, China

Abstract; Global climate change is the focus of humanity’s attention. Greenhouse gases (GHG) are a crucial element of
this focus. Forests are important for contributing to the maintenance of ecological balance, and forest soils are an important
source and sink of GHG to the atmosphere. The study of the GHG from forest soil and its influence factors could assist the
deceleration of global warming is highly significant. The Greater Khingan Mountains are often affected by fire and the
restoration of severely degraded ecosystems has always been a focus of experts’ attention. In 1987, the forest resources were
severely damaged in the Greater Khingan Mountains and owing to short growth seasons and cold weather, the local ecological
environment had difficulty recovering. The restoration methods affected the soil properties and vegetation of these degraded
ecosystems. In order to know the effects of different restoration methods on woodland soil GHG ( CO,, CH, and N,0)
emissions, we used a gas static chamber-GC technique to observe the soil GHG in situ from June to September in 2017. The

results showed that in the growing season, the forest soil of three restoration methods was the source of atmospheric CO, and
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N,O, and the sink of CH,. In the growing season, the woodland soil CO, emission flux of artificial promotion of natural
regeneration (634.40+£246.52 mg m™> h™') was greater than artificial regeneration (603.63+213.22 mg m™~ h™") and
natural regeneration (575.81+244.12 mg m™> h™"). There was no significant difference between the three recovery methods.
The woodland soil CH, uptake flux of the artificial regeneration was significantly higher than that of the artificial promotion
of natural regeneration. The emissions of N,O from the woodland soil of natural regeneration were significantly higher than
the other two restoration methods. During the growing season, the woodland soil greenhouse gas fluxes of the three vegetation
recovery methods were markedly different. Soil temperature was the key factor affecting the woodland soil greenhouse gas
fluxes of the three vegetation recovery methods. Soil moisture had a significant effect on N,O fluxes of artificially regenerated
soils (P < 0.01). The CO, flux of woodland soil had a very significant response to atmospheric humidity. The soil pH value
was significantly correlated only with the CO, flux from the naturally regenerated woodland soil (P < 0.05) and the total
nitrogen content in the soil was only significantly related to the CH, flux of woodland soil from the artificial promotion of
natural regeneration (P < 0.05). Based on the centennial scale, we calculated the global warming potential (GWP) from
three greenhouse gases in three recovery modes. The contribution potential of greenhouse effects in the artificial promotion of
natural regeneration was 1.83x10* kg CO,hm™, and in artificial and natural regeneration were 1.74x10* and 1.67x10* kg
CO,hm™, respectively. The CO, and N,O emissions of forest soils in the Amuer region were 8.85x10° t and 1.88x10° t and
the absorption of CH, was 1.05x10” t in the annual growth season. These results provide a scientific basis for the restoration

and reconstruction of degraded ecosystems in the Greater Khingan Mountains.

Key Words: burned area; different restoration methods; woodland soils; greenhouse gases; global warming potential
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Table 1 Basic information of plots
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. Hate .
U . g . N A
Reive; mode e Diameter ﬁfrloﬂwff FERF i mE EEEA Hedb
- i Height/m at breast . Main tree species Height/em  Coverage/%  Main herb specise ;
. density
height/em ’
. A Ledum palustre NEE
SR t o
RIVER . 6.18 5.77 0.6 A Betula p.[ai)p(l)lla H 27.83 63 T Vaccinium oxycoccos N Deyeuxia angustifolia
Natural regeneration ARIEA Alnus japonica - .
i Pyrola calliantha

ANTHH LA Oyooeos 1 1 NI Deyeuxia angustifolia

12.10 14.55 0.8 TR Larix gmelinii 22.50 56 Forsythia suspense. T B 2L

H L Maianth bifoli
Pyrola calliantha FHE Maianthemum bifolium

Artificial regeneration

H# Betula platyphylla 111

NTAEHERIR T i " F-A Ledum palustre 23t
: Populus davidian. F#HH INBEE Deyeui ifolia,
Adtificial promotion of  6.32 461 05 O Popuds dwidin VR 8 1 Vaccinium iginosum § NI 3 Deyewsda. angustifli

Larix gmelinii FEFH3 Pinus ki Sanguisorba officinalis
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sylvestris var. mongolica
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fe A 2 AR T2 N T HHRR N KA B 5 AR TR AN T A i R R T 3 ol /55 5.69% 1 7.23% (3R
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RN TR MRk - 398 CH, IR MAGHE 855 R SR BT AN T AR 0 SR B8 40 il i 1 18.50% i1 24.18% , EAA N T3
MR - X KA, CH, W RE T 54y, AR TN TARUE R AR T B 4.79% , N T 5Bk 14 CH, W

http ; //www.ecologica.cn



21 4 AR A ARIWKE 7 N R Z0 TR K85l bk b - S8k % U 5

—& RAEH A ATEH O ATREXRRER

2t 105 |
. 100}
S 95t
Z2 90r
® S 85t
e E s0f
£ 2 75t
g 2 70t
o 2 65 |
g o
28 2 60
= £ 55 F
%) < 50 +
= w45t
pec| IE 40 ¢
= v 3t
H K 30+
25 b
20 b
15 |
o O e [ g [y [y o0 0 0 D D D o O O [ g [y ey o0 0 0 N D D
(=] oS o O (=R (=] S O O S O (=] oS o O [=R ) S S O O S O
H 1 Date H #] Date
120 ¢ 545
540 |
1001 535
S Yo S
£ 530 @,
% 80 P I l
Z T 525G
2 = &
E 60 3 5.20 +
A 54!;4 5.15
f.% 40 r 5.10 |
% 4
= 5.05 |
20
5.00 |
ok 495 -
1 1 1 1 1 4‘90 1
8288288 283 5 q 6 7 8 9
S 88555838838 8228 A 4 Month
H 4 Date
95 - 8
90 |
e 85 |
< 7Lk
% 80t =
~ 75+t v
g b 4 R
s 65t A Z
2 60 l T st
g 55t g
5 50} 3 ., l
E 45
2 40 ®
B o5 ¥
2 ® 3
g 30F +
B/ 25t o S .
T e QT Qo L N S o ?
15 Q@
10 L )y 1 L L
6 7 8 9 6 7 8 9
H #» Month H 4 Month

E1 £RKFIMEEAXNHKMIRERERFIEL

Fig.1 Changes in environmental factors for the three recovery modes during the growing season
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Changes of GHG fluxes in woodland soil for the three recovery modes during the growing season

A ZE 3 MK D7 AObRh R By CO, IR, P 2038 1 03 il O - N AR 3 R AR B3I (634.40+246.52
mg m~ h™' ) > A T HH(603.63+213.22 mg m™> h™' ) > K AR FH (575.81+244.12 mg m > h™") 1 A T B AN
N AR 7E TSR T = R R SR BB CO, HEGH 5t 43 i 4 /55 4.83% 1 10.17% , A4 2 3 Bl J5 =kt +

HECO A EEF AR E (F£2),

F2 3MREAXNNBTBEESHKEENHEEFFHESELER

Table 2

recovery modes

Duncan’ s multiple-range test for the means of fluxes of GHG from woodland soil and environmental factors for the three

I O CHAE  COE s BN MR TRER AR

A N,O Flu/  CH Flux/  CO,Flux/  Atnospheric ol Soil pH ) reame Total N
Recovery mode . - . sture/% 1 re/C. sture/ % density carbon /(&/kg)

24" 21" “2 -1y moisture/% temperature moisture/ %
(bgmh™) (g ™) (mg m2h) p St N
RKIREH
. 17.81x15.1a  -68.69+27.8ab 575.81+244.1a 64.49+235a  1036+£3.6a  48.72+26.0a  5.09+0.0a 1.05£0.1a  4375x13.1a  3.54%12a

Natural regeneration
NTHH

.y . 10.37£5.5b  -81.40£23.7a 603.63+2132a 70.18+23.6a  10.82+3.6a  22.02+10.6b  5.13z0.1a 095+0.1a  67.10£13.2b  4.86+1.2b
Artificial regeneration
AR IR S
Artificial promotion of 10.80£8.0b  —-65.55+21.3b 634.40+246.5a 62.95+244a  9.93+2.6a  53.29£30.5a  5.28+0.1b 1.73£0.1b 21.28+5.2¢ 1.91+0.3¢

natural regeneration

a.b FR BEEZEFAR(a=0.05)

AR T3 2T Mot 3 AR K COL i A8 (U AR — 20,7 A TR Al A 8 A Arf) 45t B — I {H, 2E
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KFEPIARBI(6 AH9 7)Mot +3E CO,HGE A%, 7 A AR/ R A THH (970.26 mg m™> h™' ) >
KARTEH(924.28 mg m > h™' ) > N TAHEHRIR T H7(826.48 mg m> h™') . 8 A dhajifE K/NEI Hy . A TAL 8k
FARTEHT(1231.60 mg m™> h™" ) >KARFEH(1128.89 mg m™> h™' ) > A THEH(1014.11 mg m > h™")
2.3 JREAGE &5 IR A O T

H% 3 AL, A 2R 3 Fik S Jy bRt 3% CO, & 5 5 em 1 38R BERIAR PN R0 4 3R I Al I 2
EMIE, 5 - HRR A OCHEAR B3, MRt 35 N, O 3l e RKARFH 2 A TR KR H M 5 5 om JZ
SRR AR S TEAE G (H SR PN A B RN - SR B A DG AN s s N T HE R bR 48 N, O i i - e A
BFIEAT(P<0.05) , 5 L HER R W E TEA S (P<0.01) o 3 ik J7 bk + 4 CH, W liom & 44 15 L
TR EEAH A 25, AR 2 R T Ak 4 CH, WGE B 5 5 em LR B IEAIG, RRE
B RANEEASCHEAR , HHE pH 508 B Fibkh 13 CO, 38 & W3 IEA ¢, B A5 AN TIEdE RIRT
B 1 CH, I IGH i 0 25 A OC

#3 3MBREARMMTEEETSHERERBERFZ AHEER
Table 3 Relationships between GHG fluxes and the environmental factors

RANRSE e

T HeA Pk

R I = Sk . . TR . . TR
Recovery mode Greenhouse gas Atm“,Sphe“C Soil Soil moisture pH Soil organic Soil total N
moisture temperature carbon
RIRTEH N,0 0.260 0.567 " 0.157 0.110 -0.154 -0.282
Natural regeneration CH, -0.248 -0.510** 0.133 -0.295 0.230 0.363
CO, 0.541 " 0.798 ** -0.227 0.583 -0.473 -0.548
NI B N,0 0.221 0.341* 0.703 ** -0.076 0.221 0.148
Artificial regeneration CH, ~0.428** -0.506** 0.143 0.135 -0.150 -0.064
CO, 0.635** 0.650** 0.156 0.148 -0.045 -0.183
N AR BER SR BT N,0 0.290 0.521** -0.050 0.439 0.006 -0.558
Artificial promotion of CH, ~0.441 -0.268 -0.027 -0.503 0.041 0.623 "
natural regeneration Co, 0.434** 0.531** -0.160 0.125 0.253 -0.382

#* P<0.05; * * P<0.01

2.4 N[ 7 AOGHHR 2 SRR I 52 ) S BT A 7% il DX 3R 2 AR HE A 5

SEA PR R S HE AT 0T, 4E 100 4R RUE 1 4371 CH ARG AP A S F 25 20 F CO, FR ST
SR TR 1 40F 1 N,O B4R SRR & CO, 1) 298 £i572  ARTHT T BB RN T AR E KSR T 7 b it + 8
AR R S RN A TRk 1143 R 1.67x10% 1.74x10* F1 1.83%10* kg CO,hm* , 3 Ff% 52 75 20 v K 4R 3 9 Ak
M+ 458 GWP (B R/, BN THRT AL T AR E KSR T3 530 B % 4.02% .8.74% ., X W] g & N T,
MRS B RN AE Y R 2 | 3 A5 0 S R SR AR B s | T & AR SR T HE i S IR v
P TR, I, RARTH N T HH AN AR 7 R 9K 303 bkl 1+ 18 GWP 2 i 4544 ( €O, .CH, .N,0)
WK 99.39% 0.30% .0.91% ,99.86% .0.33% 0.48%F199.75% .0.26% .0.50% ,CO, ¥ i XA, PRy k2%
B0 M DX E B eI i AR K 2R 3 AR AR T bR, - S A YL S AN TR R LR €O,

F4 3MBEFIMBLEETSERITHMBER £ KILRER

Table 4 Average emission fluxes and GWP of GHG in three recovery mode

N

€0,/ (kg/hm?) CH,/ (kg/hm?) N, 0/ (kg/hm?*) GWP/ (kg CO,hm?)
Recovery mode -
KSR HT Natural regeneration 1.66x10* -1.98 0.51 1.67x10*
N T W Artificial regeneration 1.74x10* -2.34 0.30 1.74x10*
TARIERIREH
N AR ISR 1.83x10° -1.89 0.31 1.83x10*

Artificial promotion of natural regeneration
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BT A IR ROl SR TR AR DX < T« 7SR BB RS , A AR 2 N AR R AR AR AR, DR AR [
PRIZ J7 bR 33000 2 AR A KSR AT P RS AR KR AR 14 CO, R 17.42 v/hm? N,
O HEBGE R 0.37 kg/hm® ; CH, IR A 2.07 kg/hm?®, FEBTA R ARl sy polk I8 2 57 e fE A Mt 50.80x 10*
hm {55, BTAC R Aol Jay Bt b+ 39845 4R 2 12 CO, HkI i 2470 8.85%10° 1, N, 0 B U224 1.88x107 t,
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