B6HE F4H
2017 4E 8 B

+ B
CARSOLOGICA  SINICA

e

S Vol. 36 No. 4

Aug. 2017

AR EEE. kER LESHYRAFRIELRBRREARRT ) dEAR

DOI1:10. 11932/karst20170406

,2017,36(4):463-469.

TESEMRABFERBKRBRERR

)Z{gl_?lﬂ

JJAEART R AR

(LEMXEXANEARTERERBHAA T, K8 550025; 2. FM K F Pk, KM 550025;
S.PARAMFREERANAM/ALARE . BEEDANFEL TR T/HLAHALARAFREZMAL T O,/ & 4k 541000

B EAFRIBEEHIRA LK RANES AN ZE X £.2011 F 5 30 # M H (Broussonetia papyrifera) .4k
¥ (Myrsine africana) 46§ % (Medicago sativa) . £ 41 ¥ (Pennisetum sinese) % BN F M K FRFHE B &4,
FRAARL(EBHEI ) 5 HFER (L ERE LA TET AAARAEKHEAREIS LEAINHK
PELEBATTHE. HRLEEN UHBRALELEFHRI BN FELF AR L BAX PEAHKE L RR AR

RELEEEH.

EHAHELRE EREERTREAGCERA . HRAMIBANKFREARE A, HHRE

AKAREDRLIEYMLERR R NTE N ERFRLBAREANK S BULELT. B THTLRKA

HgREEHEEKTERERAETIHEX,
(SR L BEHRIE R EZ:HRE
i 4y ¥ 8 Q948. 1;P642. 25 X EkERIRES A

0 35

il

TIADIBRAE A A SR B K BIBRE , fE 2 5K
BREA I EPREESEEMERD . LA
tHEFEAAKRBE W, B mAESEAMIURE
Y, R EREREENREZ —. EPEA
X AT, BT R R AR LR RS
BAG EBFAENBRES—AF RS, AHH
RAHLAEMRESERNS O, 58 £ W EEH
5K o E B KA SRS X . SRR S
i E AR R T 1206, AR mE AR B L R
M=z AEG0 7, ARBX TEANKS TH
RANKSES, RLRMBERPH— P EEK
L ERHRBRBAPREEEENER ", LA
BN ECZIRZHEOHA R ERZEET
KR R R B R RO A LR 7 £ 4
HiARRE TR mA s SR e ., A

XEHES 1001 —4810(2017)04 —0463—07

B AR R FEE P T HEE IR
fi B HUBR A AR 33 A HLBK B 1R F L B ST LD AR
RA KA R F Bk SRR A A A LARE .
YR F YRS IR AT Y B
BEE R MR E SR RBOK 2 FFR Y, AR
BRGEHRSEMBAHEZELW . HYMELH
BEEWA BRI R BB RS, - E. A
FhEEERE HRA RS A MR EMEES 5
— I HAAR FR A 13 i BT 3 Y[R B 1 3R
WA WETS, BEf AR R A B R — R E K
B 10 AR5k AR RR 2R B9 4R AR T & A 2 BE 5
EEHEMITZEN, T EYRREMAMIEEH BN
TE MR AR EAEY S A DL B I AR K R 4k
FHIH BT B, B ER 5 2 5 3 3F & ¥ 1 XN [ A
IR R M B S LA VUSRI R W LR R
FERBCFRRFRS XA E X EIRRER K
HxB BN RERRE. MEAMEDESHFEX L

YN IR H . o [ RS R I A Hb R B 3T BT b R & B HEI H (YR —JSH) — 2016 —211) s M E E A E (20126011 —3—3) ; M E B R BRI
H(QKK—JZ—2014—200203) ; Bt M & {2 " H F 1 RI(QKHRC— 2015 —4022)

B EEEN ROREASI ) ARA HEHRLE, EEAFRMRFEEHE.

BIEEE FESE 82 . HEHRESH, TENEFRR LR . E-mail:ycd09@ 163, com,

Wk B .2016—12—16












FkE 4

WAL R4, LIS YR R IE R B R IR 5 467

4 it it

4.1 EBEHMERZFEKELIE

R FAE R Y Ik B E A AR 4, fE A ) A A T B
EEEEEAM. OB KR KSEH. T REF
MEMSERMY RS, AR T RIHE
HEKEAEMEMERRLFAMFABAKHUBERES
HitE s  LCHAEREN L E., BRERA
MEBZMEEEMY, LB KB /DNESR
glv-nl  HAERAEAUKBEZNE R LS W
A RUEAR B £ R E TR A LR F R A 2
Y M ARIFER FE R, SRBENAES
HEMEES . MR R RE 5, R ER TR
THEH(RER BEBRBREHD RBERE T,
SV H X R A A A 0 2 AR X R S S AR R
AN E TR F A K 218 02802 A5 P % X L3
BRENEERYHF ",

+ 5B 3 OU E WA Y V- 46 4 6 R A A G
REWRE, FARAXUHYPRESFEERTER
+ 5 BT R AR B AR TR, TRl B 2 R A4 i 7 th S A
KN —sER TEHARNLED HMNEYRES
THEPERTENTIBARKELR, WK1 iR, B
AHEN HRAEERAEE TR TAK L, AB
RERFR MHREERTAKTHEREIESD &
EAHEEBREKESRER. B, KRB PN E
EREEEAMBRERSEENEZERE, MiE R
XMAENAFREREAZ - RETEERTENE
RoMXEERTENEZFNTEER ES RN
T8, RBFIAH K SREMNEHNEYEREA
BEFWRY, AKTHACESBLE THEA
B, xXARER A K T A K LR & R IR
EFERNERZ—., AESWBE AR T AR AHEL
B FEFRERERKKE W, HERRKRY
AFAEH LT EMMREAT BEKEHNERE
£, XEEIAFMAEE L EWBAERAR, KR
HoatBEEMREAREKRENT, FH4ERKERD
109 cm A 1,26 cm , K B D HH B R 4 E
EHR N ZRA ARDE FHLOEH L ER
HERKOWALE,

4.2 HBRMEREN L IEENBRHO T

THEBUASHEYR R A KRR REY L
FPAE R, F—-MEYEES AR A
BLBR B9 BTk o] B8 O H IR &, & I A HLBK AT RE
BRHABHTRAMBRES WY (IFERFEEFRES

BmBOBES N, MRBRERKRESHEES L
BEAMMTEREE XL BERKESEKREABE AR
TE-ORIHLEREN R FREREE. BRKL
FEARRARRER R R BRE - R T ACA 4
T, ME2 IR EKTAKEMBAMNERLTRE
WHREES, 2R 5F (P<0.05),MB4ETHK
THMMETRAFENEBREERERS, &
MRS  KTFAKL FRY 4 fE, TR AT LY
B RATRAKRAE 4 MEYPRAAREES B
REAGREESS®T . EME XERHEZHARL
EEXER,TERARIRHEY LT EL. 2
HEMELERES NEREY . EREZALEFERA
REER. H4HHEYTELEEERTCRAKHER
K.EBENLERBIHKERK,
MRS L IERR B R RAEFEE 1, B
2, FEXANETFHMOCERFILEEN 200~
60 %5 i 15 & M T AR IR, o RER 4y Bk IR O 5 4 R B
THEE, L R AR 698 B, 1 X & ALk )
BHEEBEMAC A L EERER—1IE
HES SR, REAERKMBKEARZ T EKRH AR
Rz — S HIERPNEEEERERENATE
M. MREN—RIAERRERKTISTER A 15
YW+ 2 R g L (BT R EMEEE
BESHMYERBEEESE HRAT 14~28 cm
HEKEE, 5ZARE - XBirREAKL
EHELENRST B ERSNRERRZ —.

5 & it

HRFR X LBk BUAR N 5 48 9 AR P 31358 A0 A )
FEEXL, AR FOHRRRLEFRERNT
MFIRIAR R Kk, BN X LSRR A RITAUL AR S
X LR, BEBX R TRARRERE .
FRTHER AR EBEEYHEARTEWL, &
RETHRARBREEL ANURSBEARLERER
RHEBRER BREAFRXCKREARALEZRERA
BEXRME., HRBXLER CEEHERRTREAR
RER. HRAM L RKITIRAME R, SHEEXK,
FSE T AR R 5578 A HLIK B Bt B AR ) 368 ) i
AL AR RRIIRBRA A A K LB TER
i, AEBX D AREYR R LA PR
METBAN N BEEE >R >UR> 2R,



468

i

2017 4

8% ik

[1]

(2]

[3]

f4]

(5]

£6]

{71

(8]

Tang H, Qiu J, Ranst E V, et al. Estimations of soil organic
carbon storage in cropland of China based on DNDC model[ J].
Geoderma, 2006, 134(1/2):200-206.

mTY, BAE, BRI, %. HE LM+ A YUK S AFE
ERERCIRAVBROEZWER SN ERTILEX 0]
HEAEE, 2013, 32(3):292-298.

Taghizadeh-Toosi A, Olesen ] E. Modelling soil organic carbon
in Danish agricultural soils suggests low potential for future car-
bon sequestration[J]. Agricultural Systems, 2016, 145:83-89.
BEtEl, fd, FH.%. BB ARER T /MR LR
WERRANBRERZRARERDWLEHARIIL TEHER,
2010, 29(4):434-439.

Torn M S, Trumbore S E, Chadwick O A, et al. Mineral con-
trol of soil organic carbon storage and turnover[]J]. Nature,
1997, 389(6647):170-173.

X, EWA, NEH,H. BHSAEAXARR K LW HIRE
TR R AR ER(]]. RFESERE, 2011, 30(1):59-65.
Su X L. Karst rocky desertification and ecology rehabilitation in
Guizhou Province [J_. Earth and Environment, 2005, 33(4): 20-
28.

Martin M P, Orton T G, Lacarce E, et al. Evaluation of model-
ling approaches for predicting the spatial distribution of soil or-
ganic carbon stocks at the national scale[ J]. Geoderma, 2014, s

223-225(1):97-107.

[9] Joslin ] D, Wolfe M H, Hanson P J, et al. Effects of altered

(10]

[11]

f12]

(13]

[14]

[15]

L16]

[17]

(18]

water regimes on forest root systems[]]. New Phytologist,
2000, 147(1):117-129,

ERF TR RAW. S R ATHAAREENE SHEN
FHHERMREER] MAETEM, 2016, 27(2), 395-
402.

WiE, EHRE RN % SR ARRTFESRBHEH
(17, ok A2, 2015,51(1) ; 119-126.

BBEM. KSR AEDEALBREES T ESER M B %
AR, 2008,

TEK.EBR.BRE. .30 FHABHEX AR EEEAE
HIRBEYEBEHE - URMNEEE HEI[1]. + B A %H,2015,
34(3):281-291.

FHEHFE,FIZRAWN. % ZREBK.ATENENTIER
REFER]]. MAESFHR. 2015, 26(11): 3268-3276.
Hendrick R L, Pregitzer K S. Applications of minirhizotrons
to understand root function in forests and other natural ecosys-
tems[J]. Plant and Soil, 1996, 185(2):293-304.

Pregitzer K S, Hendrick R L, Fogel R. The demography of
fine roots in response to patches of water and nitrogen[]].
New Phytologist, 1993, 125(3):575-580.

Aerts R, Berendse F, Klerk N M, et al. Root production and
root turnover in two dominant species of wet heathlands[J].
Qecologia, 1989, 81(3):374-378.

Mainiero R, Kazda M. Depth-related fine root dynamics of Fa-
gus sylvatica during exceptional drought[J]. Forest Ecology &.
Management, 2007, 237(1-3):135-142.

(19]

L20]

[21]

[22]

(23]

[24]

[25]

L27]

(28]

[29]

[30]

[31]

[32]

[33]

(34]

(35]

[386]

[37]

Jafari H J. Relationship between root biomass and soil organic
carbon: case study of arid shrub lands of Semnan Province[]].
Desert, 2013,18:173-176.

IHRLHBE IMNEE,. S BEax 2 MERERERAR
Rk EFHEM] £5%¥MH, 2014, 34(4):1021-1029.
BHRE.EH AHEE. S REGH LAEHFESNREL
PRMR] EWETEHR,2010, 34 (5): 611-618.
ERW.ETMRE EEYERAERKBEFRRI] PEE
Hi 24 ,2014,36(1):53-57.

KR g 5, RN, TR & LR FAR G AL SR B &
R RL)] KL RFFHIF,2016,23(1):29-33.

Wells C E, Eissenstat D M. Marked Differences in Survivor-
ship among Apple Roots of Different Diameters[J]. Ecology.,
2001, 82(3).882-892.

King J S, Albaugh T J, Allen H L, et al. Below-ground car-
bon input to soil is controlled by nutrient availability and fine
root dynamics in loblolly pine[J]. New Phytologist, 2002, 154
(2):389-398.

Baddeley ] A, Watson C A. Influences of root diameter, tree
age, soil depth and season on fine root survivorship in Prunus
avium{J]. Plant and Soil, 2005, 276(1):15-22.

Pregitzer K S, Kubiske M E. Yu C K, et al. Relationships a-
mong root branch order, carbon, and nitrogen in four temper-
ate species[]J]. Oecologia, 1997, 111(3):302-308.

Pregitzer K S. Variation in sugar maple root respiration with
root diameter and soil depth[J]. Tree Physiology, 1998, 18
(10):665-670.

Gill R A, Jackson R B. Global Patterns of Root Turnover for
Terrestrial Ecosystems[J]. New Phytologist, 2000, 147(1):
13-31.

KM BERARAEBRAEAIBTKS SRR LE—
MM RLER BT EERVOEWMID]. ER . FARAF, 2007
BB, GEY AREETENANBTFRFEREAEKNE
maLy]. Mok EAEA, 2011¢5).7-9.

Roy S, Singh J S. Seasonal and spatial dynamics of plant-avail-
able N and P pools and N-mineralization in relation to fine roots
in a dry tropical forest habitat. [J]. Soil Biology & Biochemis-
try, 1995, 27(1).33-40.

Nadelhoffer K J. The potential effects of nitrogen deposition on
fine-root production in forest ecosystems[J]. New Phytolo-
gist, 2000, 147(1):131-139.

Vogt K A, Grier C C, Vogt D J. Production, Turnover, and
Nutrient Dynamics of Above- and Belowground Detritus of
World Forests[J]. Advances in Ecological Research,1986,15
(15).:303-317.

Burton A J, Pregitzer K S, Hendrick R L. Relationships be-
tween fine root dynamics and nitrogen availability in Michigan
northern hardwood forests[]]. Oecologia, 2000, 125(3):389-
399.

Yavitt ] B, Wright S J. Drought and Irrigation Effects on Fine

Root Dynamics in a Tropical Moist Forest, Panama[]]. Bio-



F36HE B4 WA RS L RS YN RIHE RSB BRER 469

tropica, 2002, 33(3):421-434. els[]]. Ecological Applications, 2000, 10(2) :470-483,

[38] Canadell J, Jackson R B, Ehleringer J B, et al. Maximum roo- [407 Lorenz K, Lal R. The Depth Distribution of Soil Organic Car-
ting depth of vegetation types at the global scale[ J]. Oecolo- bon in Relation to LLand Use and Management and the Potential
gia, 1996, 108(4):583-595, of Carbon Sequestration in Subsoil Horizons[J]. Advances in

[39] Jackson R B, Schenk H J, Jobbagy E G, et al. Belowground Agronomy, 2005, 88(5):35-66,

consequences of vegetation change and their treatment in mod-

Root characteristics and carbon accumulation in relation to soils

HE Hongzao' ?, ZHOU Yunchao"?, ZHANG Chunlai®

(1. Institute for Forest Resources & Environment of Guizhou, Guizhou University , Guiyang, Guizhou 550025, China;
2. College o f Forestry, Guizhou University, Guiyang, Guizhou 550025, China;
3. Institute of Karst Geology, CAGS/Key Laboratory of Karst Dynamics, MLR&GZAR/ The International Research
Center on Karst under the Auspices of UNESCO, Guilin, Guangxi 541004, China)

Abstract To study the relationship between the input of soil organic carbon and growth of plant root sys-
tems in different soils, four kinds of plants, including Broussonetia papyrifera , Myrsine africana » Medica-
go sativa and Pennisetum sinese , were shifted and cultivated in calcareous and siliceous yellow soils at the
cultivation base of Guizhou University in 2011, This place is of subtropical humid monsoon climate, at an al-
titude of 1,100 m, with an annual average temperature (MAT) of 14. 9 °C and the annual average precipitati-
on (MAP) of 1,178. 3 mm, respectively. The monitoring system (CI—600) was installed in Qctober 2011,
For each experimental unit, a plexiglass tube, with a length of 1 meter and diameter of 0.1 meter, was in-
serted at an angle of 45° down to the ground, with an insert length 65 cm. During the period from January
2014 to December 2014, the root growth characteristics were observed with a plant root scanning system.
The resulting data were analyzed with software WINRHIZO TRON 2009a. The dead roots were dug out for
the determination of their bulk density, annual dead volume and root carbon density. The results suggest
that the root system of Broussonetia papyrifera cultivated in calcareous soil grew better in comparison than
that in siliceous yellow soil. 1t means that the soil organic carbon concentration in the karst mountainous area
is larger than that in non-karst area. However, the annual dead roots volume of Medicago sativa cultivated
in calcareous soil was larger than that of vegetation species, and its root has the largest contribution to soil
carbon sequestration. As an arbor tree species, the root of Broussonetia papyrifera always increased with
depth no matter in what soil it was cultivated with. We consider that this should be one of the key reasons
why concentrations of soil organic carbon in forest lands are usually higher than those in grass lands at deeper
soils. The root system of Broussonetia papyrifera cultivated in calcareous soil developed better in compari-
son with that of Broussonetia papyrifera cultivated in the sandy clay loam soil. In karst areas, the contribu-
tions of plants to soil carbon accumulation follow the order of Medicago sativa>> Myrsine africana > Brous-
sonetia papyrifera > Pennisetum sinese. Therefore, it is concluded that the accumulation of soil organic car-
bon is closely related with growth environments and species of vegetation.

Key words soil of karst area, vegetation root system, carbon accumulation
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