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Abstract Aims Root architectural properties can be divided into geometric properties and topologi-
cal properties. Topological properties are believed to influence the efficiency and costs of resource ex-
ploitation in terms of carbon required for root segment construction.

Methods We excavated by shovel the coarse root systems of three natural species of the Taklimakan
Desert area (Tamarix taklamakanensis, Calligonum roborovskii and Apocynum venetum) and analyzed
aspects of root architecture, including topology, link length, diameter and scaling relations.

Important findings Root distribution was dominated by horizontal roots. Root branching pattern dif-
fered by species, with the shrub T. taklamakanensis tending to be dichotomous (¢,=0.15, ¢,=0.09,
T1=0.658) and C. roborovskii (q,=0.52, q;=0.38, TI=0.86) and A. venetum (q,~0.43, q,=0.35, TI=0.83)
being herringbone-like. The lengths of links were very long for all species, with the shortest being 1.12
m. The different architectural strategies could be explained in terms of cost-benefits relations and effi-
ciency in soil resource exploration and exploitation. We concluded that the differences and similarities
of root architecture reflected strategy in exploitation and exploration. We also tested the “pipe-stem”
theory, essentially dating back to Leonardo da Vinci, that underlies many models and found that our

measurement data conformed with it. The ratio of the sum of root cross-sectional areas after and before
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bifurcation was constant with change of root diameters, so we proposed that the scaling coefficient« is

the universal feature of root architecture.
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Table 1 The data of environmental factor in the hinterland of Taklimakan desert
b2 A TR FARRE 2 3 = ikt WL Hb KA
Location Mean annual pre- Mean annual evapo- Extreme tempera- Degree of mineraliza- Ground-water
cipitation (mm) ration (mm) ture ('C) tion (g-L™") Table (m)
83°39'51.21"E 36.60 3638.60 —-22.20~45.60 4.75~17.54 1.20

38°57'26.91" N
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Fig. 1 The schematic view of root branching system
WRARD SR, daiy SKHTEAR, diSdy7r 38573
% J5H#  Schematic representation of root branching.
The dy is diameter before branching; d,and d, are diame-
ters after branching.
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Fig. 2 The schematic view of topology of root system

PA b7 5 P 3R ) S Fitter S H P9 Al it B 3 0 45 00 o AR AR 20 S0 e B SR RO I, X4 20 Ty P9 B R RN A1 S 42,
I3 SCm A W EE R, 3 S5 03 AR A Z 2 Ta) hy A0 4 W AN S S8 4y S 2 I K A 3 F K2 The schematic
representation indicates two Fitter’s root topological pattern. A link is defined as a piece of root between two branching
points(interior link) or between a branch and a meristem (exterior link). The magnitude (M) of the overall root system repre-
sents the number of exterior links. The altitude of the overall root system (4) is the number of links in the longest path from
an exterior link to the most basal link of the root system. The topological index (7)of a root system may be defined as lg
altitude/lg magnitude and the length between two branching points is link length.
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Fig. 3 The topological index of two typical
topology systems
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g5 (F=5.968, p=0.013). TI (F=16.545, p=0.00). &
ot 2 H R LSDVE v LA e B vy T R AR
AN gos qp TS ES TP T V0 P34
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Table 2 The parameters of root system topology

LERZEi Gy FHad) KD 5 ) 28 34t SMIBIE BIER BIEGRH i
Species Samples  Altitude Mean topological BT R E el TR 183 qp, e
depth HiPe vo (M) qa TI
SR TR
Tamarix taklamakanensis 101 7 5.47 82 15 0.207 0.139 0.719
102 9 6.67 200 30 0.128 0.072 0.646
103 12 8.00 352 44 0.148 0.091 0.657
104 10 6.96 181 26 0.212 0.144 0.706
105 11 7.86 338 43 0.125 0.087 0.638
106 12 8.23 576 70 0.077 0.037 0.585
¥I{E Mean 10.167 7.198 288.167 38.000 0.150 0.095 0.659
VR R TR 201 8 4.89 44 9 0.793 0.417 0.946
Calligonum roborovskii
202 6 4.44 40 9 0.379 0.160 0.815
203 6 4.38 35 8 0.500 0.273 0.862
204 7 5.44 49 9 0.590 0.741 0.886
205 9 6.59 112 17 0.328 0.309 0.775
¥ Mean 7.200 5.148 56.000 10.400 0.518 0.38 0.857
B i Bk 301 9 6.33 114 18 0.299 0.221 0.760
Apocynum venetum
302 6 4.43 31 7 0.687 0.592 0.921
303 6 4.50 36 8 0.5 0.364 0.862
304 9 6.00 72 12 0.595 0.500 0.884
305 5 4.44 40 9 0.172 0.160 0.732
306 9 6.59 112 17 0.328 0.309 0.813
¥J{H Mean 7.333 5.380 67.500 11.833 0.430 0.358 0.829

#3 TREENRABINEHESME LR
Table 3 The otherness comparison of root system
topology with different species

TP Species 94 qp Tl
ftfjﬁi%t:;jjﬁgaﬂkanensis 0.150° 0.095* 0.659*
Ak Apocynum venetum 0.430° 0.358" 0.829°
S R VR U 0,518 0.380" 0.857°

Calligonum roborovskii
AR FRER IR 22 5 B 3% Different leffers indicate significant
difference

R ARA I FEE AT DL e T 3Fh A 4 2 6] 6 b
SER I 25 S, B v b FD T B &R 0 R B
AN, (A TI=0.659, B:UE0.5), B XK  SR

i, BRI TV A WA RRAR AR K A R 5
TIEK, (TI53 5 240.857.0.829, 421 1), HE & #in
R TE oy S o TR AT DL H 3 oy 3 1 A
RS e P H TV P A B LA AS TR (1 40 4
g5k, MBS R VP A DA AR R I
PP S5 R ASAEAE B 0 I 22 e Ak
2.3 WREREKE

ME 4 o] DUE H, 3FIMEYIAR &P 3K
FE) 26 5, Horp DAIE w4 B 90 45 AR R 10734
KRR, 1£2.94 m, By TR . B
JBRAR 3R (1) P B K 23 0 9 1.25811.12 me 3l
BRI R T T AR, VAR R R Tk B
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Fig. 4 The mean link lengths of root system for different 0.5
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TRRRAH 45, BT 23 ST (0 RS AR 1 AR 55 T 9 S0 IR A
T 2Ny | (<N i 7 W = < 3 = (= O i
(MacDonald, 1983), il il {57 LA AR R 7 =
B 5 RS 8 1 FR 3 A FF & Leonardo da VinciyZ: M),
RT3 ST A At B AR A, I rh By TR
M B 5 B b 4 AR 0 A RRAR R 43 ST S ()
A T AN B s S R 0.95+0.12. 1.06+0.28 Fll
1.04+0.13, 1M H.3 R0 P9 5 43 SCHT e A A 1
P2 L5 MR &R 10 B AR 2 18 AN A7 A8 A1 56 56 R (R 4y
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Fig. 5 The parameter « in different species
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SRIAERTTIBYE . 2R3 95 (1996) K B B2 b 4 &
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AR EEEPLE20~50 cm R )2, KRRz
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3.2 WA S RFE
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& A T8 9% 2% 19 26 5% (Bouma, 2001; Fitter,
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Iy SR RAE LR YR RE ), XA AT
T4 A ) AR TR SRS AR B D SE 4R IR N e
(Bouma, 2001) , JIr LAU6 M Bl # b 45 F 75 8 WY 3
5 E AR AESTERE .

78 35 o 3 T 0 S I b R 1 L IR B
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RIMIMRED, LM E AR, KPR %,
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F PR 3 S I AR AR ) AR R AR &R )
Sy ATYE L, T R E b P B R i R
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(1991)I\ 2} SOIR 73 3CBGE & T8 77 8 AR S 4
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1) 5% e Tt B B ARG, AR R AT DL I 52 2% 19 49 S i
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IR REEKE, WORRZ LS EL,
FEAICAR 28 N 07 R BT IR 3 4, 42 AR RO E
FEW T I W ISR, AR R R W AT R 5 S
Jy— 5 AT DU B A IR E AR R 3, ¥
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