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£, ARG,

a. AR 3%

MIRD R FEFRITIRR, —TRIZR
BRERNDE, BEFEEEZBE, N0 RITE
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BRERANA—EER; AT REEDHIR
ThReB MR E LR 55— MR IRIBIRF Ik
(Kurt S. Pregitzer, 2002; Kurt S. Pregitzer,
et al,, 2002) , KithE 2 AN RIRIEN—%K
R, FK—RBEFIRIF N ZRIR, £KZ
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HIMFELLRERENE T RN MRR, 12
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(Grégoire T. Freschet, et al., 2017) , tHEF|
FREMEYARIEEERER (B4), B85
B TIEZDN, ZRBYER /0,

3. gIARIR P 9o E AR P 0 90 TR IR
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4. BT ARA AR FIAR 7 R R B
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ERHATAEIR (ES), BREINFH
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Below-ground
frontier Problem Suggestions

Outstanding questions References

(1) Redefining fine Trait data are wilected on
roots different root arders,

cross-study comparisons
measurement

(2) Quantifying trait It is not clear whether a root. Explore correlations among What is/are the leading
d i

dimensionality economics spect ktsand  below- and ab

Separating fine roots <2 mm Adopting a standardized
diameter into two pools
complicating syntheses and (absorptive and transport)
before standardized trait

MeCormack et al. (2015)
definition of fine rootsisa

prerequisite for answering all

the questions below

Kong etal. (2014);

) of root functional  Kramer-Walter ef al.

whether variation in above- traits across a wide ‘r’ange of wvariation? Is vadationinabove-  (2016); Weemstra ef al.
ground traitsis coordinated plant species and ecosystems ground traits coordinated with ~ (2018)
with that of root traits that of root traits?
(3) Inte grating Mycorrhizas are ublquitousand  Classify plant spedes into Do mycorrhizas represent Chagnon et al. (2013);
mycorrhizas can strongly influence plant different mycorrhizal types; independent dimensions of Comasetal (2014);

performance but are not given ~ measure the degree of

enough consideration my corrhizal root ¢

plant below-ground functional ~ McCormack et al.

Do (2015); Weemstra et al

measure fungal traits directly among root traits vary among  (2016)

mycorrhizal ty pes?

(4) Broadening the Too few below-ground traitsare  Consider physiological traits Is root morphology comelated  Hobbie &Hogberg (2012);

suite of traits typically measured (e.g. root exudation,

respiration); evaluate whether
certain leaf traits can act as

with root physiology? Lamberset al_ (2015);
Roumet et al. (2016);

Weemstraetal. (2016)

proxies for root functioning;
measure root hair length and

density

(5) Determining We have limited knowledge ‘Quantify shifts in below-ground Do trait pattems across Holdaway etal (2011);
trait-environment about below -ground trait traits (composition, diversity) gradients indicate different Laliberté et al. (2015);
linkages variation ac i tal  ac i tal gradient: it bl Zemuniketal. (2015)

gradients {e.g. retrogressive sall processes above or below

chronosequences) ground? Which root traits

explain shifts in plant species
abundances across gradients?
How do soil abiotic factors
interact with soil biota to
influence plant species and
functionaldiversity?

(6) Understandi The importance of root and Determine which root and Doessoil Ceyclingdependon Phillipsetal (2013);
ecosystem-level fungal traits for ecosystem mycorrhizal fungal traits drive mycorrhizaltype? Can rootand  Bardgett et al. (2014);
CONSBALENCES functioning, particularly soil organic matter decomposiion  fungal traits help to predictsoil  Rillig ef al. 2015);

carbon (C) storage, is and soil aggre gation C storage? How should root Soudrilovskaia et al_
increasingly recognized but stil traits be incorporated into (2015)
not well understood Earth system models?
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Roots

Competitor
Plywoed
Plastic pot

Target plant

0-0.5 mm fine roots

Jley pajeleban-uou sy

Jley psielsben sy

0.5-1.0 mm fine roots  1.0-2.0 mm fine roots

E7. FERFHANFERSF R TARSERIIRK S5 ER K E 72t HE2%080-0.5mm, 0.5-1.0
mm, 1.0-2.0 mm, FV: fE7E S FMHEAL; NV ANEESE S MEAL; F: R EIHEAL; NF: R0,

2. KRB RIS RN

Order Diameter (mm) Length (mm) Specific root length (m g™} Biomass (g m %) Total length (m m™?) Total surface area (m® m )

1 0.35%(0.02)
2 0.34%0.03)
3 0.51%0.03)
4 0.795(0.07)
5 1.56%0.15)
LLR  33.40 (3.30)

3.2%0.2) 32.9%4.2) 13.3%(2.2) 436.4%(75.5) 0.48%(0.07)
3502)  221°%Q9) 9.3'(12) 205.7°(28.3) 0.22%(0.03)
122%0.8)  10.650.8) 15.1%(1.8) 159.8°(18.7) 0.26°(0.04)
5T1%44)  2.590.5) 14.3(2.1) 35.0°(5.5) 0.090.01)
153%127) 0.7%0.2) 264%4.2) 19.33.4) 0.09(0.01)

Nitrogen (g kg'')

TNC (gkg)

=3 Fenilized
W Scorched
B Fenilized & scorched

Root order

3 Control 04

Neonent(gm’)

TNC content (g m™)

8. MR BRI KM AR SR FFREIE M, a. NIRE; b. N&&; c. TNCIKE; d. TNCE &,
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EZEE (Nan HW, et al, 2013) =
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B, Bid80 %MFEMIEY BT B RE
&, TR IR, 1R =770 IREXAES] (Richard P.
Phillips, et al,, 2013) ; B 2RUUIRHI— %
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(ECM) ERMEREENERERESE
(Richard P. Phillips, et al., 2013) , ~EBIY)
EEIFEANERRERSIMERRERS
B—FSZ, BRMEIRER A2 REUR
N EFEER (R4, R5;E L) AR EEE
ERRERMR DI Z OB, ZRIFR
Fro 0l R MR R0E, B E KA B RO EGR
EY.{BH. WallanderZ (H. Wallander, et al,,
2013) IEIEEARM T BN RIRER R 2%
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RAEKENARSACI-600Fr B FX 99N
HRERRLNBEERRLZ, BREHH
RATRREREREIT,
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BHHIAIR
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REDAMBIEEM GBI BIR, BN
BERNTETAER

ECMERE IR ANRAIL PIRFIBVY B LIZ,
ISR K AREE A1 AL (L EE D ARSOM

AMIBY)RTRUEANZ T AINFD BN,
SFAENA

e Wi s B BR AR LG e W TEATLIN BT B AEE R 11 AR
7%, ECMIB# IR A AN

AMIEHIBYRHESE ) 0 TR

ECMEREDREEYIRES
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HREELREEX, RBPARIER TS ERRES
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A
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AM ECM P value
Leaf litter
Decomposition|rate (% mass loss) 17.7 (2.8) 9.8(1.6) 0.0002
C cycling
Extractable DOC (mg organic C g~ soil) 0.32(0.04) 0.64 (0.06) 0.0007
N cycling
Organic N : inorganic N 159 (28) 277 (50) 0.0768
NAGase enzyme activity (umolh ' g~ ") 0.006 (0.0004) 0.014 (0.003) 0.0328
Nitrification (ug NO3~ N g ' soild™") 1.05(0.21) <0.001 0.0023
P cycling
Phosphatase enzyme activity (umolh™" g™") 0.034 (0.004) 0.055 (0.004) 0.0009

Other variables
Soil pH

5.23(0.24) 4.27 (0.09) 0.0027
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HRREESHLIHCO BEEE TN T LIETR

(@ AM-dominated plots (b) ECM-dominated plots 2 Total CO, efflux from soil
: . : A (Hui DF, et al., 2004; Ryan M.G., et al., 2005; c % irati
-k R y EE ‘ﬁ%“—wmbial respiration / respiration by heterotrophs ————>
= : Eg
Maier M., et al., 2011) o g s Rhizosphere-derived CO2
N B FPILA S F R EHRS LXK D § % < Plant-derived CO, > SOM-derived CO, ——>]
i ERBAMR (Bl16) , BR2ENE % L, TR Root-derilved co,
L]
Lew chenvical " o=
High chemical o YR BARES RGN B AT ZFHFER 5 © 5= H i i
e e . N B 8E3 | meer | Rhizo- Microbial 1 Additional SOM- | SOM-derived
- - v BFFR, @R KA T IERNE A4 (SRS- £SE _OC;_ | microbial frd pld II . derived CO», COy, basal
SD1000/SRS-SD 2000%) I 13 HIF 0 sk GOE | PO respiraton | © L0000 | primingeffect | respiration
L= = pr i residues

Mierobal .
axtracoliular
ONTYNYeS "‘-u.\_"_
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iy 1—»8-&

p

L0 picroblal -

Minoralization  Nitrification

12, A B E RS ME B E R IS IR RIS AR BRAR B - DUs o) e PR a7 ), 4R e
R, SR TCAVE 7R 3R ; SMEBRAR EL T : IS R A P, R 6 R0, SR A UE IR 5K,

extracellular
SZyTEE .,

HRIRREEREENE

a. RR 5B

READ DY Z RGN EZ A S
>, REMRAN SN T IEENRAANNE
%1% (Feth el Zahar Haichar, et al., 2014)
BT EYESR R B ERR A FE
YL, B RN A E RN BN S CE
), BRI EHENEE L ENT,
EIRPRER R, R A0 BB RS
ENFDEAER,

Huajun YinZ (Huajun Yin, et al., 2014) 5%
REFINRAIR R WU ET % (W Phillips
et al, 2008), FREX TR A WD R (
E13), GaERARD L, DT 7T ALERR
BEEWMAINMERRERNFOIRREE
% & (FR6) o

ZSUREINIR R DR EE 5%, AT
EE144H%,

[E14. iRAD WP B L REE,

a HEREETT; b URSRSATT; c HIEHIT,
©.mhgh;  @RERE; O.THE, @HZE

b . ARIEMR
THEIFIE (Rsoil/umol CO,m?s™) 2Fk
HESARAMBIRTIENEZARID, =
SFIFIRA B F=IEIR R 20 (B115) o R
MEMRE S HERE. HIEEE. TER
EERREM, FENTEER. AZEHARIE
MEHY L EFIRIEES (F,/mmolCO, m?2s™)
FINA LB B T IRIFIR FE KRBT BIRE £, £
BRE~ENCO MMM T EREHL,
TECOBESTES T BT —K BIEAZE
BIRE b, +1#2C0 B8 A/NZCO, 4572 (
1 IBOT0R) FCO, FHnI I =AM, CO,EH

% (Total CO, efflux from soil) F1 57 IR R
2 (SOM-derived CO,, basal respiration) , f
MEEEFRTBFRTIRIRZE (Rhizosphere-
derived CO,, BEWALARIFIEZFRoOL
resplratlon) B8 A FRE B FM R R
SFTIRRENARG AL, IWRT (Y.
Kuzya kov, 2006) ;
BEFHIBTIRRERS HIERE Z BN
*FERQ,= U o, MARERM (8
EET10°C, UH&LKE%HWE%) SRS R
TIEIFRITRE T HBRIZE X FAD
FRIMNERETIFT, Q,=
Marjan Jongen%‘f(Mar'an Jongen, et
al.,2013) 3&3d + FEF IR N 2 R HESRS-2000
7%J§ii§ﬂ§“D&L$ R T AR RS
TIETIRRESETIERSNENE (BL7) .

Turnover rate
Residence time in soil

[E]16. - IEIPOR A |- R B 5 X 53

Autotrophic
Respiration
Depends on:
Allocation
Temperature
Soil Molsture
Storage

Recalcitrant
Soil Carbon

E15. H3CO, JBRA D FIRIFHET, B 7RI 5
SR $57 5% J58 5 ) ) PR A o, AR B AR B A
IR ER IR oK (L S 7077 28 B IR0 R
RN FERI AT A 7T
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B a
‘E‘ 06
= oo
L
-1
toos
H
a 0z
s ol

oo

13, ARMEYIIRR IR R R LA
Tree FRL Rhizo. REcms Root contrib. REwe, Root contrib.
species  (kmm*) volume (%) o ecosys € (%) 10 ecosys.
(3] cycling (%) N eycling (%)

AM trees 6 18 34 a3 34 G
ECM trees 22 58 56 &7 56 32
Ecosystem 13 35 43 21 43 18
* Mean fine root length for AM and ECM s present ar GW

from Comas and Elssenstat 2009 and McCormack et al., 2013,
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T ARBRAF (Rhizo Vol) 24 THRIZR A W Wiy BREE B O9ARER Tmm, PZE B AR S B A SME B IR EL B AR T2

AIARK (FRL) B2 AR, RECminfl RENmin/z

SR TRAR AR (R ERIR AL, SR GERE

EARANREIEA A ST BT RECminfl - RENmin A/ NIRRER T HARIFOR, AR RS, WA ERE R

£757%, SMEBIREERAH 543%,

7. E SRR R A R RO R 2R ) B T RIS
Table 2
Summary of methods allowing partitioning of total CO, efftux from soil into root-derived CO, and SOM-derived CO,
Method Principle Use® Advantages Disadvantages
Non-isotopic methods
Flanted vs. unplanted soil = Root Difference of CO; from EL Simple, cheap, various eco- Different C, N and HyO budget, different MO activity in planted vs. unplanted soil results
exclusion (Section 3.1.1.1) planted and unplanted soil systems in different SOM decomposition intensity
Trenching (Section 3.1.1.1) Difference of CO; from F Simple, cheap, mainly forest Dead root decomposition should be considered; different HyO and nutrient budget,
planted soil without and with and shrubs different MO activity in trenched vs, non-trenched soil — different SOM decomposition
trenched roots
Gap formation (Section 3.1.1.1) Difference of CO4 from soil F Natural formation of gaps, Mainly for forest vegetation; different C, N and HyO budget, different MO activity in the
with vegetation and from the ‘mainly for forest soils under gap and trees —different SOM decomposition; differences in above litter
soil under the gap decmpusiﬂon
Shading (Section 3.1.1.2) Difference of CO, from soil E.L Simple, cheap, mainly prass- Ci of d ition of p T KR and RMR are not
‘with non-shaded and shaded lands and erops; mainly completely eliminated; Mmml{,Obudw different MO activity in shaded vs non-
plants natural N uptake shaded ml-vmﬂ‘eremSOMdecnmpmtmm
Clipping, clear felling Difference of CO; from soil E.L Simple, cheap, various eco- Contribution of d posits; dead root position should
(Section 3.1.1.2) with non-clipped and clipped systems be considered; RR ami RME. are mt completely eliminated; different H;O budget,
plants different MO activity under clipped vs. non-clipped plants —different SOM decompo-
sition
Tree girdling (Section 3.1.1.3) Interruption of C flows into F.L Suitable for forest ecosys- Forest ecosystems only; dying of trees after girdling, contribution of dying roots to CO;
roots by phloem girdling, tems, natural H;O regime and different C and N budget and MO activity under girdled and non-girdled trees — different
difference of CO; from soil N uptake SOM decomposition
under non-girdled and girdled
trees
Repression technique (Section 3.1, Linear relation between root E.L Simple, cheap, various eco- High number of replications is necessary; of root-derived CO, when big
14) mass and root-derived CO, systems and old roots are present; frequently poor comelation between root amount and total CO.;
SOM-derived CO, could be biased by far extrapolation of the regression line
Component integration Manual separation of CO, F—L Separation of 3 (or 4) CO; Strong CO; flush after disturbance and root injuries; lab ; different COy d
(Section 3.1.1.5) sources and measuring CO; sources, cheap, various after the flush —dependence of the results on the CO, trapping period
from each source eCosystems
Excised roots Measuring of respiration of F—L Cheap, useful for roots of Strong CO; flush after the disturbance and root injuries; different CO» decrease after the
(Section 3.1.1.6) excised roots separated from various plants flush —+dependence of the results on the CO, trapping period; extrapolation: on field
soil conditions is inexact; SOM-derived CO, is estimated as difference to the total COy efflux
I situ Toot respiration Respiration of living roots F.L Respiration of living roots Extrapolation on field conditions is inexact; SOM-derived CO; is estimated as difference
(Section 3.1.1.7) placed in a cuvette located in under field conditions to the total CO; efflux; water and nutrient supply in the cuvette is necessary; mainly for
the soil trees and shrubs
Isotopic methods
Continuous labeling of shoots Growing plants in “CO,0r L The only one fully correct Maintenance of a constant specific *“C activity or C:**C ratio during lorg time period;
in "C0, or 00, atmosphere 1300, atmosphere and and exact method P and air moisture control in the chamber; only lab y appli special
(Section 3.1.2.1) dilution of root-derived CO, i is y; isolation of below-ground atmosphere is necessary
by unlabeled €O from SOM
Pulse Iabeling of shootsin “CO, or  Short-time labeling of shoots L, (F) Easier than continuous label- Uncven distribution of labeled C between plant organs and C fluxes including COy;
C0, atmosphere (Section 3.12.1)  in 00, or "*CO; ame- ing, recently assimilated C is lations consider mainly the recently assimilated C; caleulation of root-derived COy
sphere +tracing of "C0; or mainly considered is based on many assumptions; isolation of below-ground atmosphere is necessary
300, from the soil
¢ natural abundance (Section 3.1. Growing C, plants on a Cy F,L Reasonable alternative for Only for some soil-plant combinations applicable; not precise; high variation of a*Cin
22) soil or vice versa+ tracing of continuous labeling CO;; contamination with air CO; should be considered
8“C' in CO; from the soil
Free air carbon dioxide A F.L Suitable for various ecosys- Expensive (additional COy); comect only for the first year after FACE start; not precise;
(FACE) (Section 3.1.2.2) oo,whchnngeﬂa"c tems, wide range of plants high variation of "'C in CO;
signature o air+
tracing of 3°C of CO; from
the soil
Radiocarbon dating of soil CO, Different tumover rates of F.L Suitable for various ecosys- dehtedage(Al‘C}ufSOM-dmivedCDzisnmm;m be biased by hmb"C‘.vmy
(Section 3.1.2.3) SOM and recent plant- tems expensive (AMS analyses)
derived C flows
Bomb-"C (Section 3.1.2.3) Different tumover rates of F.L Suitable for various ecosys-

0 of €O, (Section 3.1.24)

SOM estimated by ‘pulse
labeling” of SOM by bomb-
derived O, and of roat-
derived COy
Different 3°0 of plant-
derived CO, and soil water
€0y and isotopic exchange
between CO; and HyO

tems

Weighted age (A"“C) of SOM-derived CO, is necessary, control of bomb-"*C-unaffected
SOM is ; very expensive (AMS anal

Mot applicable until now, many uncerainties: see text

* Application in ‘F” field, L’ laboratory, ‘F—L’ samples taken from field are analyzed in the laboratory (is also suitable for laboratory studies).
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Etienne Laliberté (Etienne Laliberté,
2016)12 ZI4BIRTHAE B 1% 2 IBIFTEAE K14, 38
iR DR ARE BN IR 4RI ThRE
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E B BIRRRETR IR X MR B RA TR 8]
REEZFRNMARINEEE M ; IR FIPAMAEE
RE L# FINse B St T IhRE B 1T 5
R ARE FRRAEE B, 2YaEIR
B—NEAR F A, Monique Weenstrass
(Monique Weenstra, et al., 2016) A9
BB FIIREE T NIRRT E
% (El18), EBARAZNH HFo ARG

FERIRIA /58

B LUIDRXTARINEERYINIR . HA R DL B B
FFREDAMRAEZSEIRE (https://roots.ornl.
gov/) , RAEEG DA AR IIRINEEE
MEE 5 IR B YIRS th BT I b /3 T AR
KR RFGHAP, BEBIB R B ZHNH AT
EEEMSAIRINEEE MHEF D FI AR LMY
XM, HT IR ERR EEFHERIAR.

INREIIRThEE R SRR E
Fzialpt Xt

ENMREMESEZRE, 4IRS
MR Z BIET RENERR, XMEKARRY
RNARINAEE SRR 7 2 B8 X4
(Grégoire T. Freschet, et al., 2017) . Grégoire
T.FreschetE B TARINBER BIERIIAIR, TA
ARFINESIRFRARINEEE M, HEH
F— R, B = RAMR (RUIR) DR R
S (FEEERE) #1TI3E DT (B19),
XTI RAIRINREE M SIFRE T 2 811948
KEEREE,

EREYIE IR A, BMERS
MR KEBEEMEFTRASRNEEE
I, BAR AR A4S E 112 X B A
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Ecosystem functioning
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. Plant functioning

" Firstethres
raot orders

Patentiof mulrient uptoke

Acthue uptake 26ne4

it

FRalative

Pl ative units

Low High Low High
H availability N availability

[E120.  ABARFEIFEANAIARA I 1076 AR IR
TR AR AL B PH AT BE 1] 28 4IAR A P B B R B
ETH i N R AP, OISR e 3, Buik
L BRI ) (B EL), Rk,

a. QT SRANAR a6 SR8, 53 BE I AR (75 92
AT R IR E oy LR AR R T
T E N

b ANSRANAR A 3R T W, B o b N AT L
RIEEILI,

CANSRAMR A FE ARG IR 52, H 7y ELrT REAR
FHEE;

d A0 SRR F R AR A 7 R85,
SRR

BT TIEBAGF D FH AT ARG
BMS, REEMBRSHETAIRINER
MR, Daniel W. McDonaldZs (F= @i
KL RAFFERER) B EWIRAX- A
&SI ESiRootViz FS, MEREHEAIEN
FAMFEHLIIE, HRREIARKIRX
B SSRGS ENUSES
HFRF I ST INEES (E21)

RootViz FSEBRAL LA IEWIAZI
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