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Effects of roots on soil carbon fluxes in Larix gmelinii forests of the cool-temperate

tundra zone
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Abstract: Soil carbon fluxes are an important component of the carbon cycle in forest ecosystems. Roots play a key role in
soil carbon fluxes. The study of root effects on soil carbon fluxes is important for studying greenhouse gases in the cold-
temperate tundra. We selected Ledum palustre- Larix gmelinii ( DXL) , Rhododendron dauricum- Larix gmelinii ( DJL) , and
Sphagnum-Bryum-Ledum palustre- Larix gmelinit ( TXL) forests as research object. Further, the roots were broken off by the
trench method. Finally, the soils carbon fluxes were measured and analyzed using the portable soil respirometer G4301 for
daily and monthly dynamics. Results show that soil CH, uptake of DXL and DJL was inhibited by root-break treatments from
June to November, with decrease by 15.16%—54.31% and 11.26%—33.84%, respectively. It contributed to the soil CH,
emission of the TXL, with increase by 19.22%—75.52%. It suppressed soil CO, emissions from 3 types of Larix gmelinii
forests by 32.29%—87.62%. The effect of root breakage on soil CH, in DXL and TXL was the most significant in August

with increases of =54.31% and 75.52%, respectively. In DJL, the impact was the most significant in November, with a
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drop of 33.84%. The effect of root breakage on soil CO, emission of the 3 types of Larix gmelinii forests reached the
significant degree from June to November. Among them, it was the most significant in November, with the reduction ranging
from 54.94%—to 87.62%. Differences in the effects of root breakage on the daily dynamics of soil CH, fluxes in the 3 types
of Larix gmelinii forests were not significant. However, the effect on soil CO, flux was significant. The most significant
effects were observed from 14:00——18.:00, with decreases ranging from 31.87%—to0 62.26%. Soil and air temperatures
were main factors that roots influenced changes in soil carbon fluxes. Treatment of root breaks enhanced the effect of soil
temperature on daily and monthly changes in soil carbon fluxes. It also attenuated the effect of air temperature on the daily
dynamics. It suggests that soil carbon fluxes from root autotrophy may be more active in daily dynamics and more stable in

monthly dynamics.
Key Words: CH, fluxes; CO, fluxes; daily dynamics; monthly dynamics; root-excision treatment
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Table 1 Basic information on the different types of Larix gmelinii forest sample plots

AR R/ m W/ (°) N MR/ (BR/hm®) PR /m S/ em
Forest Type Elevation Slope Stand age Stand density Mean tree height Mean DBH
DXL 327 4 75—90 1253+125 16.55+1.25 13.54£1.35
DJL 322 5 75—90 117699 17.11£1.56 13.25+2.66
TXL 324 2 75—90 1195+120 17.48+1.44 14.05+1.63

DXL #2225 MAMK Ledum palustre- Larix gmelinii forest; DJL: #+§%-24%2 J8 1 FABK Rhododendron dauricum- Larix gmelini forest; TXL: &
BE LK IAM Sphagnum-Bryum-Ledum palustre-Larix gmelinai forest; DBH ; J4%2 Diameter at breast height
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HEFT 49t i A S A W, A AR BRI R 9—11 SHEFTINA, (B 30 d 24

55 0R VREE SR A AE DL VE S MGE S 1.5 m ARSI R G4, 3 R E 3 0—10 cm
AINAS BRI A RIS 0—10 em AR AYEE £ I L AT PRk L ( DOC . DON) |54 #filk & ( MBC \MBN)
(fEHITE A HHYL Vario-TOC , Germany-Elementar 7 ) #&2A %0 ( NH,-N) FEAZ (NO,-N) (i H3%E £ 3 5 4
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Fig.1 Daily dynamics of soil CH, fluxes in different types of Larix gmelinii forests
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Fig.2 Effects of root breakage on daily dynamics of soil CH, fluxes in different types of Larix gmelinii forests
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Fig.4 Effects of root breakage on daily dynamics of soil CO, fluxes in different types of Larix gmelinii forests
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Fig.5 Monthly variation in soil CH, flux values in different types of Larix gmelinii forests
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Fig.6 Effects of root breakage on monthly dynamics of soil CH, fluxes in different types of Larix gmelinii forests
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Fig.7 Monthly dynamics of soil CO, fluxes in different types of Larix gmelinii forests
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Table 2 Redundancy analysis for daily dynamics of soil carbon fluxes with respect to environmental factors

b S 7 AR B 2 FR TR/ % THKIE/ %

Forest Type Variable name Explains Contribution F P
DXL TR 50.0 78.0 34.0 0.002
2l 4.8 7.6 3.5 0.064
2R 8.4 13.1 7.3 0.012
TR 0.8 1.3 0.7 0.408
DJL 2R 21.3 57.3 9.2 0.006
TR 10.2 27.4 4.9 0.012
2R 4.0 10.8 2.0 0.168
TR 1.7 4.5 0.8 0.432
TXL +- Y 5.5 43.1 2.0 0.126
2 7.1 55.6 2.7 0.082
RS 0.2 1.3 <0.1 0.94
TR 0.2 1.9 <0.1 0.598
232 Aok

W RDA Z0#r o] 1, RDAL F RDA2 Z F1351 v DASF AL A -4 2 V5 AR R RS -2 T8 B MR &5 8 -
LA AA R 3R B H BhAS ARSI 99.38% 98.5% K11 94.80% (& 10) , Hirp 25 SR SR AL 0% %
TE I RPN &5 B - 2V PR 38R 1 H sh A28 A 1) A R R 7, sk 20 51K 79.6% il 73.8% 3 45K,
Yok 3 S A RS -4 22 P B AR - 1 1 ) Bl A AR i) R R T, DTk 85.1% (£ 3)

T HER A NO,-N &5 R 2 IE AR 3 CH, i & H sh S AR L5 B DG (P<0.05) , Wi R Ab B3 i
T NO,-N & A e a5 T 3R R A (1 10) . 28 SURIBE | B HEE T R MBC & B 5 422940t
FAMR 398 CO, il & H sh AR L2 B35 A 5 (P<0.05) , WA b BRI 5 T 245 SRR | H 38R 5 A MBC 5 &=
FIFHSCHE (] 10) .
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Fig.9 Daily-scale redundancy analysis of soil carbon fluxes in different types of larch forests
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Table 3 Redundancy analysis for monthly dynamics of soil carbon fluxes with respect to environmental factors
FEHbZEA A AR FRREIE/ %6 TTHREE/ % p p
Forest type Variable name Explains Contribution
DXL 23R 79.3 79.6 38.2 0.002
NH,-N 5.9 6.0 3.6 0.09
DON 3.7 3.8 2.7 0.122
DOC 0.5 0.5 0.4 0.58
MBC 8.1 8.1 19.8 0.01
2 E 0.2 0.2 0.4 0.602
MBN 1.0 1.0 33 0.118
T HGRE 0.5 0.5 2.2 0.186
IR 0.2 0.2 1.1 0.394
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b 2 A A FRRERE/ % TIRRIE/ % p »
Forest type Variable name Explains Contribution
NO;-N <0.1 <0.1 0.2 0.788
DIL =z S 85.0 85.1 56.8 0.002
NH,-N 4.1 4.1 3.4 0.028
MBC 4.5 4.5 5.6 0.022
TR 3.5 3.5 8.4 0.012
ek 0.5 0.5 1.1 0.34
DOC 1.2 1.2 4.5 0.06
DON 0.2 0.2 0.9 0.472
RIS 0.5 0.5 2.5 0.158
NO;-N 0.5 0.5 17.4 0.05
MBN <0.1 <0.1 0.3 0.722
TXL RIS 73.6 73.8 27.8 0.002
1R 11.1 11.1 6.5 0.008
Tk 5.6 5.6 4.6 0.008
MBN 6.4 6.4 13.5 0.008
Zs S 0.6 0.6 1.3 0.29
MBC 1.0 1.0 2.8 0.158
NH,-N 0.4 0.4 1.4 0.266
NO;-N 0.9 0.9 6.3 0.05
DOC <0.1 <0.1 0.6 0.606
DON <0.1 <0.1 0.3 0.018

DOC(N) : IRk (%) sMBC(N) «SZE Wik (&) 5 NH,-N: 28K NO,-N: A

3 e

BERBI] R DL M AR B - 2422 A BR LR CHL YL, F 8- 24V AR L 32 CH,
AR PR o X TE PR Ry - 2 g I A PR e S LI 301 1) Ak T K i ) FIR A, A A -4 22 9 I A AR R R S %
LRI IS AR T AN B K% (R 4) . UK R I 7 AR 3 4 CH et 2k 1
DR DAy ok e 14 - S P B o) R e S A TR S AR DGR A W T P TIPS CHL 3 1 W 5 B R
L e TR AT e S AL T 22 i [ 2 25 P Ak e L Sl RDA A3 AT AT, LA R 3 Fh g A AR L
CH, 3@ 72 i) fe 2RI 1, 5 R0, X IR = A2 AR FFE R I, 30 CHL I A9 38 i 32 28 oy 3K
SRR ORI AN SRR AT AR 0T A CH, I G SRRl PRI 3R 0 3 B AI 2298 I
FRAEFERR CO, Y5, K 13X CO, i it il 32 22 i AR AR 1 FRIP IR AN G A 4 S 3 P e O B
T ORI R I AR I

R4 TREBAZEMHRMIRERSKEANSEN

Table 4 Monthly dynamics of soil volumetric water content in different types of larch forests

Pibcm FRFHE 7K # Volumetric moisture content

Forest type 6 7H 8 H 9 10 1A TS K%
DXL 0.14+0.05 0.11+0.03 0.29+0.06 0.17+0.05 0.14+0.03 0.16+0.06 0.32+0.03
DJL 0.16+0.04 0.14+0.08 0.15+0.03 0.24+0.09 0.23+0.05 0.20+0.04 0.33+0.06
TXL 0.410.07 0.43+0.10 0.42+0.09 0.43+0.15 0.42+0.11 0.39+0.08 0.36+0.09

3.1 MRAXVE MMM L RRE B H SR AR
3 BTG L T I ANAR L ERRIE 175 8:00 BIYK H 600 52 5GHE o Il P 9 I sh v 22 4k, P 7 18.:00—
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