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Figure 1 The theoretical framework of “root functional synergistic system” based on root anatomical structures
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Table 1 The history of discovery of “allometric relationship” of root anatomy
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Figure 2 The two mechanisms underlying the “allometric
relationship” in root structures: the “nutrient absorption-transport
balance theory” and the “carbon supply-consumption balance theory”

1FAER)TE, RDSRTDMNAZEIEM K (K3B), B NEEHE
AR, M ERAR R, Haik®?l m
Reich% NP “HRZE 5 1 F77E J& 5 T RTD-RNHY
TR R, B, FTRLA, KT RAE T 171
515 8 4 WO R A B 9T 3 3k FH AN [R) B PR i 8, D
RTD-RN vs. RTD-RD. [Kit, MMREEH“FEE R H
R, A BN OO IE R T MR B 23 4 R AR o, B
TP SERMRA R FTEL XU PR B A 2
FRPFRE S, TR E 2 A4 R R AR X Weigelt
2 NBUR R 4E Nature F (148 SCHUH B 5, “The impor-
tance of trait selection in ecology”.

F TR G ok R H R AR (K3 A) A STt
— B EER K (specific root length, SRL, BA7HRAE
Wy R AR K )IX — HE AR R DR IR AL Tm)
ST, XIMMSIE R R, BT ARG
A (E MR RIE R R, TEEHIEE
BEMT R, X FHBERDAI I, RTDWGAELME
FAIK, BIRTDAIRD £ AH S (I3B). T SRLAIRTD Z [A] 47

s K 2 s 2 _ 1 4
T NRRMBERR: SRL = 2 < g, IAF

—kK, 1R BRSBTS E (RTDAIRD) A )
FARDE K R ¥ FHRTD S SRLMAL O 34k, i+
SRLE BRI YIS R &I, SRLITLE I PR ZE 2 X 4%
PR B AR A A 2 21O TR Bl AR 28 25 1 4
JEE R TR HR 5 A7 24 FE AR AR R« — R RIE(1&13.C).
R R ARG MG 28— MEIRYE L AL 50
&, FOE R T IZAESB O g5 b AREE R
R RTAMER VR ENTIR RS . DR IR T8 B
PE RSB, B RROA AR R IR T U ) v 2

1479



W RER S IR AR DR UMEA: BESHT AR R T EEHELE

REXR | TC— |32 —
A
A
A B C
A HEEE 5| | EFREFEM TN . i
= & A
5 3 B
:éé % ?E "D SRL
H & §
i g &
AR RTFRRER TN -
REZ(RD) ] HREZ(RD) . BREE ]

B3 MREHFRERR" MATFALAR AR 4RI [ KR

Figure 3 The relationship between the “allometric relationship” of root structures, the root economic spectrum, and the root trait “two-dimensional

spectrum”
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Figure 4 Mechanisms underlying the formation of the “two-
dimensional root trait spectrum”(adapted from ref. [9] with copyright
permission from Elsevier Ltd.)

TR IR T EX, FZma A K Mk, BREHE
(T 22 BARA A 2~30 pmP+*0) gl TH &, IXkE—3K,
T3 3 55 T AR T P A BT KR R IR 23 W A T
R St T B AR T, AR 0 IS T R 1 11 A it
PEAF R SO P 5 A B 5% (Bt AL TP R SR A6 1
KLY, AR AR IS K ATE 2 I AT AT A,
X RN R R AR SRR, S EIL B & i i i
TN

HT AN R R AR e g R,
A AT AR AR 4 R (AR BAA R AR K AT R AIE)
HHARAEM S, M RE 5 g (AR & B
HRLH 43535 i T e AIE) 5 2 A 10816750, 48 R B B
Y FE > 5 P AR X R OC R R 3R el IR IR
BT R, AR 3 BT A H(AM)
TP, AEKE 52 35 5 B 1) ) e FE oM A TR AR (EM) AR
Wi 15 T NS 2. Bk, A [ AT o) 5 e R A 2
PERIEMER BRI JE RS FL, A DL R EER I

(1) KFARGHF L SERIZ IR, 5SAMEY)
H NI AR, EMAEYI T E AR A (E6A), T
FhA o R AL 5 E M EMZR T BE B IR IR A 35 47)
FHOE, ATAE R I T iZ R R EM A W 53R R 2 17
FESRZI MR- 72 0 B S, (11) TR R IR
HE Y SRR YR, AMBE Y o S0
TTEMAE A A& IEA S5 (EI6B); 1% Fh 25 3 E BN
EMAE ) 5200 B AR 1 e IR R AR R 2 S B B, B v 20
SR (1) W AT AR B T RE Y EMEL I T R B AR G, T

1481



PR A RAThREUMEAR: RS TR R A HT BB HEZ

Bl /iR, RER,

BERE/ PR

CGREBIE. BX%)
RE

EREELEE

i

HEB FRGTEK N
SRR
(REARE. Jkk, £7)

B 5 MRATHIERIE SR A<D 7 ACTBRIERFIAR & 2% R (BT B 20E STIR[71], E3kSpringer Nature AL ¥ 7T)
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Figure 6 Collaborations between roots and mycorrhizal fungi in
different mycorrhizal types. The mycorrhizal collaboration dimension is
characterized by root diameter and specific root length, and the root
economic spectrum dimension is characterized by root tissue density
and root nitrogen content. Figure A shows the root system of arbuscular
mycorrhizal plants, with the root economic spectrum decoupled from
the mycorrhizal collaboration dimension; figure B shows the root
system of ectomycorrhizal plants, with the root economic spectrum
coupled with the mycorrhizal collaboration dimension, L, the long-
distance EM mycelial exploration type; M, the medium-distance EM
mycelial exploration type; S, the short-distance EM mycelial
exploration type; C, the contact EM fungal mycelial exploration type
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Root functional synergistic system: a new theoretical framework for
the integrated study of plant root systems
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Plants are the cornerstone of maintaining productivity and biodiversity in terrestrial ecosystems. As an organ for resource absorption,
roots form the foundation of plant growth and development, with their anatomical structures serving as the vehicles through which the
functions of roots are realized. In this paper, we propose a new theoretical framework called the “root functional synergistic system”.
Based on the “allometric relationships” between key root anatomical structures (cortex and stele), this framework uses these structural
characteristics as the core and integrates the two-dimensional traits of the roots and the symbiotic mycorrhizal fungi to systematically
elucidate the interactions and mechanisms between the root-mycorrhizal fungal system in resource absorption. We further expound on
the three core elements involved in this theoretical framework: the basic patterns, significance, and mechanisms of root anatomical
“allometric relationships”, the fundamental laws and mechanisms underlying the two-dimensionality of root traits, and the interactive
relationships and environmental regulation between the two-dimensionality of root traits and mycorrhizal fungi. The “root functional
synergistic system” theory is distinguished by the collaborative relationships between different root structures and between roots and
mycorrhizal fungi. This new root theory framework provides new insights into the understanding of plant root-cap synergies, helps
optimize community species configuration to achieve multifunctional ecosystem goals such as high productivity, high diversity, and
high economic value, and offers new ideas for breeding excellent root traits through genetic and molecular means.

root anatomy, allometric relationship, root trait two-dimensionality, root-mycorrhizal fungi interaction
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