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Root functional traits and trade-offs in one-year-old plants of 25 species from the
arid valley of Minjiang River
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ECORES Laboratory, Chengdu Institute of Biology, Chinese Academy of Sciences; Key Laboratory of Mountain Ecological Restoration and Bioresource

Utilization, Chengdu Institute of Biology, Chinese Academy of Sciences; Ecological Restoration and Biodiversity Conservation Key Laboratory of Sichuan
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Abstract; The functional traits and distribution patterns of roots affect the amount of soil resources used by the plant. These
functional traits can mirror plant ecological resource utilization strategies for capturing soil water and nutrients. Changes in
root functional traits can affect important plant processes, including water- and nutrient-use efficiencies and the ability to
compete for belowground resources. In this study, root functional traits and correlations among them were investigated in
one-year-old plants of 25 species from the arid valley of Minjiang River. The specific objectives were to compare plants of
the same age growing in the same conditions to assess the trade-offs among root functions based on correlations among

different functional traits, and to define plant functional types and their adaptation strategies. Seeds of vascular plant
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species were pretreated and sown in March 2009 in a field at the Maoxian Station for Ecosystem Research, Chinese
Academy of Science. Complete root systems were sampled by excavating the entire individual in September, 2009, when

plants were one year old. We measured six root functional traits; root depth root width, total root length, specific root

length, total root biomass, and ratio of fine/coarse root biomass. We examined the specific ecological strategies of the 25
species in adapting to the same habitat by comparing and contrasting the individual trait range and testing relationships
among root functional traits. There was relatively low variability among the 25 species in terms of root depth  (14.9% )
and root width (20.7% ), but higher variability in total root length (28.5% ) and specific root length (34.7% ). The
specific root length of herbaceous plants was markedly greater than that of woody plants. Among the 25 species, there were
significant differences in root biomass ( total variance ratio, 50. 1% ) and the ratio of fine/coarse root biomass ( total

variance ratio, 70.5% ). At the species level, there were significant positive correlations among root depth root width,

max 2
total root length, and root biomass, indicating that plants with deeper roots generated greater root width, longer total root
length, and greater root biomass. In addition, specific root length was significantly positively correlated with the ratio of
fine/ coarse root biomass but negatively correlated with root depth, . These results indicated that plants with higher specific
root length tended to generate more fine roots but a relatively shallow root system. The principal component analysis showed
that the 25 species could be divided into three functional groups, explaining nearly 80% of the total variation. The first
group had larger root depth , greater root width, and greater root biomass; the second group had greater total root length,
greater specific root length, and larger ratio of fine/coarse root biomass; the third group did not show uniform patterns for
any of the six functional traits. This comprehensive analysis revealed that there was variability in the individual root
functional traits among 25 different species from the arid valley of Minjiang River, and that different functional types showed
various environmental adaptation strategies. Species adapt to local water and nutrient conditions either by improving water-
and nutrient-use efficiencies or by decreasing root performance functions. The life-form of a given species could not predict
differences in functional root traits at the one-year-old growth stage.

Key Words: root functional trait; adaptation strategy; specific root length; root biomass; root depth root width
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AINREMRIR Z A E E R . SR E I HH0E 25 NIRh SN TEAR S50 2 6] 1 SE 1 | 78 I LRl B k)
HEATIIRE RS . Bt AE Microsoft Excel 2007 Fil SPSS16. 0 #k{F 24 T 58 %,

F1 IRIFEASMK 25 FHAREEDRIER EEFRFE

Table 1 List of species family, genus and life form of 25 species from the arid valley of Mingjiang River

HYIF 4 i 45
Species Family name Life form Abbreviation
5N Ailanthus altissima (Mill. ) Swingle. T AR} Simaroubaceae AR Aa
INGGERS Rhamnus rosthornii Pritz. 2R} Rhamnaceae INFEAR Rr
JH I3 Ajania potaninii (Krasch. ) Poljak. %%} Compositae AR Ap
4: 8/ NBE Berberis wilsonae Hemsl. /NEER} Berberidaceae HEA Bw
INFIAREAE Ceratostigma minus Stapfex Prain 4618} Plumbaginaceae AR Cm
WIART Elaeagnus stellipila Rehd. WIFTBF Elacagnaceae AR Es
HIFF AW Indigofera silvestrii Pamp. E Rl Leguminosae HEAR Isi
PUNIAYE Indigofera szechuensis Craib. 5 R} Leguminosae AR Isz
SEARFE Jasminum humile Linn. AR} Oleaceae AR Jh
MIFC Lycium chinense Miller. 7B} Solanaceae AR Le
KABIIIG IS Podocarpium podocarpum (DC. ) Yang et Huang. TR} Leguminosae AR Pp
ZHEF LB ST Rubus pungens Camb. var. ternatus Card. AR} Rosaceae AR Rp
JII%E Rubus setchuenensis Bureau et Franch. TRl Rosaceae A Rse
JINE 2% Rosa soulieana Crép. TR Rosaceae HEA Rso
FI 4 Sophora davidii ( Franch. ) Skeels. FF} Leguminosae A Sd
/NEFE Rhynchosia minima ( Linn. ) DC. TR} Leguminosae 1 A R Rm
KMBEE Setaria faberii Herrm. RAF} Gramineae 1 A R St
Ji*F-# Artemisia gmelinii Web. et Stechm. 3%} Compositae EZN RN Ag
AS# Akebia quinata (Houtt. ) Decne. AR} Lardizabalaceae EZNE RN Aq
BRLRSE Clematis akebioides. B H A} Ranunculaceae AR R Ca
M JLJF Cryptotaenia japonica Hassk. DIERE Umbelliferae ZAFERIAR Gj
JEVRZUEHE Geranium nepalense Sweet. ¥E4F JUB) Geraniaceae ZAF AR Gn
LB K Lathyrus deilsianus Harms. R} Leguminosae PN PN Ld
B Ranunculus japonicus Thunb. var. Japonicus. L E R} Ranunculaceae ZARERIAR Rj
7B k3¢ Vicia unijuga A. Br. T F} Leguminosae ZAFHE R Vu
3 HER55M

3.1 MRREKARIRFIARIR B RAF B H 22 S

25 FPREY) Y B RAR VR AE 10. 79—33. 48 em Z [H], B4R 53 CV = 14. 9% ; I KA fe /N5 43 0 o M Al
( Lycium chinense ) FI/NAREERS ( Rhamnus rosthornii) , —# CV=39.0% (& 1), RIEL 2.79—10. 74 em Z[H],
CV=20.7% ,F KFE/ NE 43R /INARERE ( Ceratostigma minus ) FI/NIRERIS , CV =53.4% (K 1) . KAEY)
SITHT I IR KRR SRR /NS REARE Y3k B R Y 22 52 B KARVRTE 10—15 em Z [ )F & P Fh 5L
M 32% ; 7€ 15—30 em ZIAI S 17 64% , DA ML RARE>30 em, MRIFAE 2—6 cm Z[AIYFI Y 64%
6—10 em Z[H AR 329% , RA/NREEFARIE>10 cm,
3.2 HERRAR R B AR K B RRAE S 22 e bk

25 MY SR AE 16, 68—190. 32 em Z[H], BV 3 CV =28. 5% ; /NREM e/ )s | KA B 5 ( Setaria
faberii) Fx K, —# CV=85.2% (E 2), HMRKTE 49. 49—807. 67 ecm/g Z [A], CV = 34. 7% ; 15 JL /¥
( Cryptotaenia japonica) Fe/|N ,BRERTE ( Clematis akebioides) Tz K ,CV>100% (& 2) , XEEAEY) SR K S AR K
AERESR  BANY R K W B K T AR, BARKTE 40—80 cm FIHWIF 17 40% , 7F 80—120 em Z[H]fY
MAE 56%  HA KMRBH SR K >120 em, FAKAE 100—300 em/g Z[E] B2 505 44% ,300—800 cm/g
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B1 IRTFEAAMHK 25 #MEY 1 FEBERRKIRRRIRIE(n=3)

Fig. 1 Root depth,,, and root width of one-year-old plants of 25 species from the arid valley of Mingjiang River(n=3)
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2 IRITRASHX 25 MEY 1 FEEKRSREKREEREK (n=3)
Fig 2 Total root length and specific root length of one-year-old plants of 25 species from the arid valley of Mingjiang River(n=3)
B A RN bR IE DR

Z AR S 1 529%  HA BRI LR K >800 em/g,
3.3 MRV RN AR R RRIE S 2% Sk
25 MR AR R AE YR AE 0. 06—2. 67 g Z[A], BAF R CV =50. 1% ; /NEGER /)N, R (Ailanthus
altissima ) Tx K, % CV=77.3% (& 3), éﬂi/*ﬁffﬁi%iﬂﬁf 0.03—5.32 Z[8),CV=70.5% ; F/NE 18 )L
I, B R R/ INEEFE (Rhynchosia minima) ,CV>100% (18 3) . iXSEAEY) AR VAR S R AR HZBR T Aa IR
AW Rm B/ AR Y Z 2 Oh R 2RO A K Y) 5 AR AR ) Z AR BAHIE , 25 YRR A=)
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H(0—0.5 g) L4/ MR A& H (0.03—1.03) /N MR 0 280, #k 76%  ARAEY R (2. 5—3 o) e 4il/
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Root biomass/g
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max =5.32 min=0.03 med=0.32
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B3 IRIFREAAHHEK 25 fiEy 1 FEERREMER AR/ HREWELL (n=3)
Fig. 3 Root biomass and fine/coarse root biomass ratio of one-year-old plants of 25 species from the arid valley of Mingjiang River(n=3)
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(0.796) , &5 = F B 19 5T MK R 32. 3% , Forb AR K 1 A OC B A = (0. 861) , Al /MR A ¢y i ik 2
(0.694) , SR FAK(0.650) ,
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(Ap) & Ab/NEE(Bw) BRETE(Ca) JIF AW (Isi) /NEFE (Rm) , =M HIEHF (Rp) JI%E (Rse) . KM 2
FL(SF) MTESZE (V) 10 AR AU Y B 3R B RARE | HUARK S 40/ HIAR A Wi L 5 3 Al Hh A
(Aq) WL (G) RS (Es) JEIA/REEEL(Gn) PUINAREE (Isz) EHRE (Jh) FOFRE (Le) AR L1 1
(Pp) EHE(R) /INREER (Rr) JIEHE(Rso) FIERIAE (Sd) 12 DR A YT R R 24D RE MR I TC B
W —B A
4 iTig
4.1 IRVT TR S R 1 AFA IR R T REPEIR AR 5 S G

T RREREE AR K A LE S AR R D ) T A LRI 3R R K A3, 3O T4 B E TR AR R

http ; //www. ecologica. cn



221

A MRV A SIS 25 TV ) — AR AR REARAR R D RE IR SR LG 2R

i

%N

2,

14

19ATy SuelBury Jo Lo[jeA pLe o) w0y sa1ads ¢z Jo sjuejd pjo-1e94-ouo Jo

R B B E LT

C/'gy ) omer sSWOIq 1001 9SIBOD/SUL} PUB (gy)SSewoIq 1001 *(4S)PSus] j001 ojroads ~(THL) [Suo] 1001 1810} (AW )PIPIM 1001 +(CWqy)xeurdop 1001 Suoure SUONeRII0) § 31
RREH B M ZC 9B HE A Bl i e QDE AT CuS)HEH CQULRHHR (WDl ()R W WM TR it L TN +

(8/wo)/ THS MM

0¢ 94 0T ST 01 S

D 100>d SpLO= M e~
4

L 100>d b2S0= H 1

v 100>d $€9°0=cd
9500 -X¢h00=4 Vv

wo/MY - Eii

e LT 0C 5

100>4d 0970 =
L9€0 - X6ty 0=4 v

wo MY RN H

09 1Y 0°¢ 14 (a4 S'e 0

100>d 96v°0 =

65L0 —xpIg0=4V | oz
SL=u MBI v —

S0

01

Sl

0¢

ST

I

80

91

S0

01

ST

0C

5/ gy HlghF nay Bl T 7

3/ay HigE

ey T T R

ST L1 60 10
T T

V 100>d 88¢0=4 H 4

100>4d 61T0=24 M
v v l

100>d 9,T0=cd

Y9TL +X009'1 =4 V

wo/MNS By

e L'e 0C ¢

100>d 6250

HN»\B

q\ \V/ 1

100>d $py0=cd
6LT°0 +¥965°¢ =4 V

wo/ Uy RN 3

09 1Y 0°¢ Sy (a4 S'e 0

v
V60S0=4 0100 =¥ M v v

v 4«

T00>d [760= H
v v 1

S00>d ¥L00=cd
S88° €+ X120 1 =4 V

0€ =¥ BN E H V-

€l

61

€l

61

~
WO/ L SR

o

61

wo/ T L SR

WO/ T L SR

Sh=u @YY M -V-

3/9Y FHlghF

8’1 [ 90 0

<
S00>d $I10=2¥ 344

g Sovm 1LT0= H

\ \V

100>d T81'0=cd
9v9'9 +¥pLLT=4V

wo/ Ay M
09 §S 0§ St 0v € 0O

100>d 20F0=cd MV

V v
v R _
zzL0=4d s000=cy HVY v =
v \
\Y

100>d 181'0=
SL'EE +XTC6'e-=4V

wo PNy WY ¥
09  §§ 0s St oy st 0

v v Y
VI00>d IPT0=24 M wy Y

100>d LyT0=2d 1
L8970 +X€9€0=4 V

€l

61

191

1v¢C

1¢¢€

4 ov

01

0°S

wo/ L S

(B/uo)/ s MM

http ; //www. ecologica. cn



222 A E = 32 &

BRR OfER e IEERAK AZEERK

1.0 |
HeAR K

SRL® Al g B 20
> RBy. 9 TRL -
§ 05 L AR §

‘B’? '§ RwW e @ ‘g 1.0
s RS

QN 0 a0

S e RB fAHHE & <
NS ° & N
X = RDmax it FARER R <

H & 5 g 1ot
g 0.5 g
(=] o
@] @]

-2.0 |

,1.0 -
1 1 1 1 I I I I
-1.0 -0.5 0 0.5 1.0 -2.0 -1.0 0 1.0 2.0
F RS 1(44.3%78 57 3) FAY 1(44.3%78 5%)
Component 1 (44.3% of variance) Component 1 (44.3% of variance)

EME(RB, ) WEBS W
Fig5 Principal-component analysis of root depth,, (RD, ) .root width( RW) ,total root length ( TRL) ,specific root length ( SRL) ,root
biomass(RB) and fine/coarse root biomass ratio (RB; ) of one-year-old plants of 25 species from the arid valley of Mingjiang River

Species loadings on the first and second axis
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