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Soil Respiration in Pinus rigida and Larix
leptolepis Plantations'*
Yowhan Son? and Hyun-Woo Kim?
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ABSTRACT

Soil respiration was measured every two weeks from May through November 1995 using the soda lime
method in 40-year-old Pinus rigida and Larix leptolepis plantations on a similar soil in Yangpyeong,
Kyonggi Province. Treatments included control and no-roots(plots trenched and root regrowth into
plots prevented). Root respiration was evaluated by comparing no-roots sub-plots to control plots.
Mean soil respiration showed highly significant species effects(p<<0.01) and was highest at the Pinus
rigida control plot(0.38g/m’/hr) and lowest at the Larix leptolepis no-roots plot(0.3lg/m’/hr). High
soil respiration in Pinus rigida may be related to aboveground litter production. The annual CO: fluxes
ranged from 23 to 27t/ha/yr. We found significant correlations between temperatures(air : R%=().53,
soil : R®=0.55) and soil respiration(p<0.01), but no significant correlations between soil moisture and
soil respiration(p>0.1). Root respiration was 3% of total soil respiration. We might underestimate root
respiration because of shallow trenches and CO; measurements right after trenching. Factors controlling
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soil respiration including belowground litterfall{especially fine roots) inputs, litter quality should be
well understood to predict soil carbon fluxes and relative contributions to total soil respiration in forest
ecosystems.,

Key words - Larix leptolepis, Pinus rigida, roof respiration, soil moisture, soil vespiration, soil tem-
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Table 1. Stand and soil characteristics of Pinus rigida and Lavix leptolepis plantations in Yangpyeong,

Kyonggi Province(from Kim, 1996).

Pinus rigida

Larix leptolepis

Stand
DBH {(cm) 23.5 24.0
basal area (m’/ha) 64.8 55.5
No. of tree/ha 667 548
Forest floor
dry mass (kg/ha) 14,110 12,150
N (kg/ha) 128 124
P (kg/ha) 15 17
Soil
texture sandy clay loam sandy clay loam
pH 4.9 4.9
total N (%) 0.18 0.28
P05 (ppm) 15.3 18.5
MAsla AAE 2A8G, dF dab o &l 30cme €U%3 plastic chambers A3 7

gk Jjekdd el g+ Table 1o vel} glo
F2 2L grickhud dEeA Az
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Folgjen, deig ol A HQ. aliena),
Azt el QN (Corylus  heterophylia),
ol =HAYE(Symplocos  chinensis  for.
pilosa) Folgich, ol #lddel 2 108G 1454
7del P 71 2 -7.9T 9 24.1Ce]3
A9 7% 1,365mme] ik,
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g/m’/hr Solgich. W el o Hell HAGo
olAbsieha: WhAlRS glr|chavkRolA ().38g/
m’/hrz i el 0.32g/m?/hrich weoktkp<
0.01). =g #Zo Aol He]TE 0.35g/m
/hrz 272 0.36g/m’/hrect v 2 0.01g/m’
/hr Egkout EAMOR felg ol it
(p>0.1). ZHA Mo me} o)arsiets ubagere
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Table 2. Soil respiration during a two~week period of control and no roots plots for Pinus rigida and
Larix leptolepis plantations in Yangpyeong, Kyonggi Province.

. Pinus rigida Larix leptolepis
Measuring date
control no roots control no roots
May 12 506 656 413 420
26 1019 1096 9 832
Jun. 9 1304 1288 976 879
23 1666 1697 1299 1375
Jul. 7 1723 1512 1435 1319
21 1860 2065 2284 1667
Aug. 4 1744 2182 1656 1765
18 2261 2068 1468 1628
Sept. 1 1431 1392 1136 1003
15 1714 1525 1310 1375
29 1080 1040 1039 879
Oct. 13 1034 800 826 613
27 908 929 854 749
Nov. 10 675 629 681 653
29 552 469 475 521
Subtotal 19478 19350 16763 15679
Estimated rates 7362 6588 6936 7044
(Nov. 30-May 11D*
Yearly total 26840 25938 23699 22723

(kg/ha/yr)

* Assumed that the respiration rate measured in late fall (November) represented the winter rate

(Ellert and Gregorich 1995).
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g5 dAANA FHE 0.21-0.33g/m*/hr(Son
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o o FA oj4itsiuba b Ajeko] AHul £Eo0w
7Y A (Bowden %, 1993) =& o] 2 o}
%71&9) olAbslel 4 whska) Eoldl /}i_".i 7}
A48 5 gloh(Ellerte} Gregorich, 1995). £ <
Tl AEH olabsturs bkl Hrbgql
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E4eA] o 129-499] ol4b3leb4 ubgEkS
FAsAnt, B Aol AAR AT 5YHE
1197171 2] el4tslets whAleks)l D43k 713 o
ofs] A3 12-4¥7x18 FA 73 Fe] o)4ks)
&4 wAlEFe]l Table 20 vheh} glek, 7707
2] olxbstebA whAlEF &3 x)4el 16-19t/hae
Schientner?t Van Cleve(1985)7} A4 A=
(Picea marianast P. glauca)|+] 59 %8 9
7bA) Y3 &4 13-16t/has} & 7)17He 3
obslm wll-$- f-Apshch, w3 B Afela] 23
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AA AL o] A4 el I 10-46t
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Fig. 1. Seasonal air and soil temperatures (a),
mineral soil moisture (b), and soil respi-
ration (c) from May 12 through November
29, 1995 in a Larix leptolepis plantation.
Values are meantone standard error.
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Fig. 2. Seasonal air and soil temperatures (a),
mineral soil moisture (b), and soil respi-
ration (c) from May 12 through November
29, 1995 in a Pinus rigida plantation.
Values are mean* one standard error.
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olAbstebs Wb eEst oly] W B} £xo] A
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sebagn BokgE Tele fo3k AA
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Ao x vtsd A3 9l whel 7o) (Fernandez
5, 1993) Eckexse) dr|Lx Zhle Ao 4
B23A7 o dekp<0.01, R*=0.85).

olAbg}er A b EofE W dr|ex 7}
o] A A A o] Aol F= Al4-5l% (Fernandez
1993; Son %, 1994) A48 A4}
(2okex R*=0.52, ®i7]2% R’=0.41) 4%
& o]-83% 3|HA A (Bertram, 1991; Nakane,
1995; Nakane %, 1983) ol =2 M9y & w4
th(EeE R*=0.55, W7)e&% R*=0.53)(Fig.
3, 4). olitslebs AN 2T b A 4F
4 AN AYASE o dFAs wa™
Az 5 AAIe) AA A Femandez %
(1993)9] R*=0.08°I} Son £(1994)2] R*=(.42
Sxrh 453 & FHelel, 22y Dulohery &
(1996)7F A5g45 ol &7 lew'ow ¥_¢l
R?*=0.858.t} okeh, ojabsieba Wy ed} B

el

“+* Lari-controlta)
-Larteno roctai)

CO,taimime)

Soil lemperaiure{*C)

Fig. 3. Exponential regressions of soil respiration
and soil temperature in a Larix leptolepis
plantation. Regression equations are as fol-
lows; a: Larix-control, Y=0.0903x 10™%*
(p=0.0001, R*=0.45), b: Larix-no roots,
Y=0.1001 % 10" (p=0.0001, R*=0.59).

THEEE CRR(LRE BT W

X Pimas- conrmeet (o)
® Pincs. na toote (b} X

Soit lemperature(*C)

Fig. 4. Exponential regressions of soil respiration
and soil temperature in a Pinus rigida
plantation. Regression equations are as fol-
lows: a Pinus-control, Y=0,1047 > 10%%®*
(p=0.0001, R*=0.62), b: Pinus-no roots,
Y=0.1126 % 10" (p=0.0001. R*=0.74).
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slali= 7]&E9 QAFe aiel ol E ZAE) ol2w
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Aol glclx B 33lel s, Weber(1985)= o=
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T stk e B el 11498 Alese

E &A#7|7k59t EgRErl 10T olalelgle
W oeldollx ofx} zke] AbRAAE FolatA] o
Qekp>0.1). EohA olabswtie WS AF
F43 Zrksbe F2A4E Holr|w std(Ellert
9} Gregorich, 1995) £ od-FollA] olitslgrs =
A Ha 1-2d Helle A7t gddr] dEel
$7F A o7 o)itura Aol GRE FE

A o35 gad #= gt

male] FFo] HA EopdA ojabslets oF 7}



BEMAREE 85(3)8. 1996F 9A 503

-rtﬂ a2 g v Fo] B ApoMe 3% AR
Z2AFP T £F el FHole Wdckp>0.1).

ol Aol R ASTA ] wel xe)E B
ol o} o FollH dukow FA=E7 gl= 2)
-60%ll ¥l& Fovh(Behera 5, 1990; Bowden
=, 1993; Ellert¢} Gregorich, 1995; Ewel %,
1987b; Kelting %, 1995), Phillipson %(1975)
o] 4%°t= #AE groltHBowden 5(1993)¢l
Ag=e] 9lg), B dpAdsie] e Rz F
v & 7iEe oFE wletod wrpx] well4
Amd ¢ 9ls Ao walr, A, °4ﬁl°ﬂ
=32 gu @S A B}
<

mop
B 4>

m
welel gl 449 4 drke 2sHBowden
%, 1993 Ewel %, 1987a; Fahey %, 1988)cl
Bl3o] Wele) sFwre ¥, EWaen A4
of #EacE e F 4 AUtk & @A
é;%%@-ngﬂ A vhg ol 4raws WUy
s 3U+§%¥ﬂ§%%%ﬂé
A

°] a2 i%* —’i‘—“éff:} of % 70- 10001’1’1—’]

o)z wure mty 22 ot (Bowden =,

1393, Ewel %, 1987b), 2 <d-olx el

e i o g AdER ?1'5]"’4 50~60cm

PolAR T xgtg A o ol ol 9v B

oul el AHE gFS 7“4?3]"’53 T
+

°

N
-{oﬂl
o
2

4 i
¥
ot
o
2

oX i X

gk
rai‘:}). ole]dh ol f FoT Qldle] B ol
g ma) FEGFS Ao wisle =i &
% El%l—% ZV5Ae] gl Heg Apgdr),
Bowden 5(1993)2 EobitA o]alsiebiof of
2 b el g}l AARE F(37%), A&
341(30%), 2lx #Ele 5F33%) T8 &
ek = qlolw spgdoh, 2y B AT AT
A olgkE Aleldl olabawta A T ot
= 2ulde)z} 9le shsAE Relx olv. F
B el A el s Fekole FEE Abe]r) glsd
doiale 59 JdAE Qe g o dF
Aupoll A 2oL TS G Fld %A
1}ebH(Son3t Lee, 1997) =i E2] A 3HH-

e Ay AAY $71% A wgse ol

£

AR G4
sdeh. et A4
v

A

SEERI
P 7]

3
ol o w7] wWel dAje

i b 2 H

[ RURE

A8 AR /7l E R
spka whgege] MRS §7)
ol 4R &
nex F2Y% 4 glrh

2 qalE =AE o
2(1993)0] Rz Ao vla dA =8 Hx gl
£ el

IR T N )

-~

& ol
A=

o

I~

fir

i w

A ek

]-- 7\:}%—*6‘. 1996 OJ:JéZIOEI} 7]‘;}_3‘:4%’ 1:}_%3
F, v 2 A4 2 Qe
Fxo #HF A3, we{ g whatakg =

2. Aber, J.D. and J.M. Melillo. 1991. Terres-

trial Ecosystems. Saunder College Publ.

pp.429.

3. Anderson, J.P.E. 1982. Soil respiration.
Pages 467-476 in A.L. Page, R.H. Miller,
and D.R. Keeney, eds. Methods of Soil
Analysis 2. Chemical and Microbiological
Properties. Am, Soc. Agron.

4. Behera, N., S.K. Joshi, and D.P. Pati.
1990. Root contribution to total soil metabolism
in a tropical forest soil from Orissa, India.
For. Ecol. Manage. 36:125-134.

5. Bertram, H.-S, 1991.
climate: climatic impact of soil-borne COa.
Pages 391-395 in J. Berthelim, ed. Diversity
of Environmental Biogeochemistry. Elsevier,

6. Bowden, K.D., K.J. Nadelhoffer, R.D.

J.M. Melillo, and J.B. Garrison.

1993. Contributions of aboveground litter,

Carbon dioxide and

Boone,
belowground litter, and root respiration to
total soil respiration in a temperate mixed
hardwood forest. Can. J. For. Res. 23:1402
~1407.
7. Bremner, J.L and T.G. Huntington. 1995.
The effects of temperature and moisture on
dormant season soil respiration in a southern

piedmont forest. Agron. Abst. pp. 309.



504

8.

9.

10.

11.

14.

15.

16.

18.

27| vkt ok M AEHBA TEEE “ERFEe B3 MR

Bridgham, S.D. and C.J. Richardson. 1992.
Mechanisms controlling soil respiration(CO-
and CHj) in southern peatlands. Soil Biol.
Biochem. 24:1089-1099.

Cropper, W.P., K.C. Ewel, and J.W.
Raich. 1985. The measurement of soil CO:
evolution in situ. Pedobiologia 28:35-40).
Dulohery, C.J., L.A. Morris, and R.
Lowrance. 1996. Assessing forest soil distur-
bance through biogenic gas fluxes. Soil Sci.
Soc. Am. J. 60:291-298.

Edwards, N.T. 1982. The use of soda-lime
for measuring respiration rates in terrestrial
systems. Pedobiologia 23:321-330.

Ellert, B.H and E.G. Gregorich. 1995.
Management-induced changes in the actively
cycling fractions of soil organic matter.
Pages 119-138 in W.W. McFee and J.M.
Kelly, eds. Carbon Forms and Functions in
Forest Soils. Soil Sci. Soc. Am.

Ewel, K.C., W.P. Cropper, and H.L.
Gholz. 1987a. Soil CO: evolution in Florida
slash pine plantations. 1. Changes through
time, Can. J. For. Res. 17:325-329.

Ewel, K.C., W.P. Cropper, and H.L,
Gholz. 1987b. Soil CO: evolution in Florida
slash pine plantations. II. Importance of root
respiration. Can. J. For, Res. 17:330-333.
Fahey, T.J, J.W. Hughes, M. Pu, and
M.A. Arthur. 1988. Root decomposition and
nutrient flux following whole-tree harvest of
northem hardwood forest. For. Sci. 34:744-
768.

Fermandez, I.J., Y. Son, C.R. Kraske,
L.E. Rustad, and M.B. David. 1993. Soil
carbon dioxide characteristics under different
forest types and after harvest. Soil Sci.
Soc. Am. J. 57:1115-1121.

7. Garrett, H.E. and G.S. Cox. 1973. Carbon

dioxide evolution from the floor of an oak-

hickory forest. Soil Sci. Soc. Am. Proc.
37:641-644.
Kelting, D.L., J.A. Burger, and G.S.

Edwards. 1995. Fractionating total soil respi-

ration into root, rhizo-microbial, and non-

19.

20.

21.

23.

24.

26.

27.

28.

29.

. Nakane, K.

. Son,

rthizomicrobial respiration components. Agron.
Abst. pp.308.
Meentemeyer, V. 1978. Macroclimate and
lignin contol of litter decomposition rates.
Ecol. 59:465-472.

Melillo, J.M., J.D. Aber, and J.F. Mur-
atore. 1982. Nitrogen and lignin control of
hardwood leaf litter decomposition dynamics.
Ecol. 63:621-626.

Minderman, G, and J.C. Vulto. 1973. Com-
parison of techniques for the measurements
of carbon dioxide evolution from soil. Ped-
obiologia 13:73-80.

1995. Soil carbon cycling in a
Japanese cedar(Cryptomeria japonica) planta-
tion. For. Ecol. Manage. 72:185-197.
Nakane, K., M. Yamamoto and H. Tsubota,
1983. Estimation of root respiration rate in a
mature forest ecosystem. Jap. J. Ecol. 33:
397-408.

Phillipson, J., R.J. Putman, J. Steel, and
S.R.J. Woodell. 1975. Litter input,
decomposition, and the evolution of carbon
dioxide in a beech woodland-Wytham Woods,
Oxford. Oecologia 20:203-217.

Raich, J.W. and K.J. Nadelhoffer. 1989.
Belowground carbon allocation in forest eco-
systems: global trends. Ecol. 70:1346-1354.
Reiners, W.A, 1968. Carbon dioxide evolution
from the floor of three Minnesota forests.
Ecol. 49:471-483.

Schlentner, R.E. and K. Van Cleve. 1935.

Relationships between CO: evolution from

litter

soil, substrate temperature, and substrate
moisture in four mature forest types in interior
Alaska. Can. J. For. Res. 15:97-106.
Singh, J.S. and S.R. Gupta. 1977. Plant
decomposition and soil respiration in terrestrial
ecosystems, Bot. Rev. 43:449-528.
Sommerfeld, R.A., A.R. Mosier, and R.C.
Musselman. 1993. CO;, NHi, and N-O flux
through a Wyoming snowpack and implications
for global budgets. Nature 361:140-142.

Y and I.K. Lee.

mineralization in adjacent stands of larch,

1997. Soil nitrogen



31.

32.

mEMABEE 853, 19964 IR 505

pine, and oak in central Korea. Ann. Sci. For. Res. 15:1069-1073.

For.(in press). 33. Weber, M.G. 1990. Forest soil respiration
Son, Y., G. Lee and J.Y. Hong. 1994. Soil after cutting and buming in immature aspen
carbon dioxide evolution in three deciduous ecosystems. For. Ecol. Manage. 31:1-14.
tree plantations. J. Kor. Soc. Soil Sci. 34. Witkamp, M. 1969. Cycles of temperature
Fertil, 27:290-295. and carbon dioxide evolution from litter and
Weber, M.G. 1985. Forest soil respiration soil. Ecology 50:922-924.

in eastern Ontario pine ecosystems. Can. J.



