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Influence of gravel content of soil on growth and root
characteristics of Handeliodendron bodinieri seedlings

LIU Tianfeng, XIE Chuan, GUO Song, LI Zailiu”

( Forestry College of Guangxt University, Nanning 530004, China )

Abstract; In order to explore the influence of gravel content of soil on the growth and root of the rare and endangered
plant Handeliodendron bodinieri seedlings, one month age of H. bodinieri seedlings were used as materials and five pot
experiments with different soil gravel contents [0 (CK), 20%, 40%, 60% and 80% ] were carried out and the most
suitable soil gravel content for the growth of H. bodinieri seedlings were selected. The results were as follows: (1) The
gravel content of soil had a highly significant influence on the growth of H. bodinieri seedlings. Seedling height and
ground diameter of relative growth rate, leaf area, seedling quality index, biomass (root, leaf and whole plant) and

root-shoot ratio were all maximum when gravel content was 40%. (2) The gravel content of soil had a very significant
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influence on root morphology of H. bodinieri seedlings. The total root length and root surface area all reached the
maximum when gravel content was 40%. However, the root average diameter decreased with the increase of the gravel
content, and reached the minimum when the gravel content of soil was 80%. (3) The gravel content of soil had no
obvious influence on root topological architecture and fractal characteristic of H. bodinieri seedlings, but had very
significant influence on root average link length and root forks numbers. Root topological index (TI), modified
topological index (q,, ¢,) all tended to be one in every treatment, so the branching pattern of the roots of H. bodinieri
seedlings was close to fishtail branching in different gravel contents of soil. The root average link length increased first
and then decreased with the increase of gravel content, and reached the maximum at 40% gravel content. The root forks
number of H. bodinieri seedlings showed a gradually decreasing growth trend with the increase of gravel content. (4)
According to the results of comprehensive evaluation of the seedlings growth, root morphology and architecture, H.
bodinieri seedlings had the best growth status when the gravel content of soil was 40%. Therefore, adding a suitable

amount of gravel in the soil can promote the growth of H. bodinieri seedlings. The seedling growth status and seedings

quality index were the best under the treatment of gravel content of 40%.

Key words; Handeliodendron bodinieri seedlings, gravel content of soil, growth indexes, root morphology,

root architecture
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Table 1  Influence of the ground growth of Handeliodendron bodinieri seedlings with different gravel contents of soil
L e ST b 42 K 8 K R ) e
TR i R I SAEHIXIR IS o B A i 45 8
Seedling height relative Ground diameter relative . .
Gravel content ) Leaf area Seedling quality
(%) growth rate growth rate (em?) index
(%) (%)
0 (CK) 50.208+0.631° 34.428+0.678° 53.440+0.638" 0.681+0.008"
20 47.121+0.560° 38.920+0.348" 54.497+0.751" 0.697+0.006"
40 68.714+0.790* 44.353+0.707° 56.333+£0.719* 0.917+0.012*
60 61.375£2.157" 39.380+0.537" 55.566+0.336™ 0.658+0.001°
80 48.379+1.119° 30.143+0.144" 51.150+0.850° 0.581+0.002"
¥J{H Mean 55.159+1.052 37.445+0.483 54.197+0.659 0.707+0.006
P {H P value 0.000 ™ 0.000 ™" 0.003 ™ 0.000 ™"

e Al =30 B ARG S bR R A F] L B B ) 22 5 35 (P<0.05) |, ™ 308 F K0 22 il B 2% (P<0.01) , T,
Note: Different lowercase letters in the same item indicate significant differences among different gravel contents (P<0.05); ™ indicates

extremely significant differences in F' test(P<0.01). The same below.

K2 TRTEAHBSETEMAYHENENESER

Table 2 Biomass distribution of Handeliodendron bodinieri seedlings with different gravel contents of soil

AREE A=Y ENiR7h AR kA WL
Gravel content Root biomass Stem biomass Leaf biomass Whole plant .
. Root-shoot ratio
(%) (g) (g) (g) biomass (g)
0 (CK) 1.424+0.007¢ 0.934+0.004" 0.316+0.008" 2.673+0.007 1.140+0.009"
20 1.576+0.008" 0.967+0.006" 0.269+0.001° 2.812+0.016" 1.275+0.003"
40 1.888+0.006" 0.897+0.004° 0.465+0.01" 3.250+0.005* 1.387+0.013"
60 1.437+0.003° 0.932+0.006" 0.274+0.003° 2.643+0.003" 1.192+0.006°
80 1.374£0.01" 0.867+0.003" 0.203+0.005" 2.443+0.008° 1.284+0.011"
H{H Mean 1.540+0.007 0.919+0.005 0.306+0.005 2.764+0.008 1.255+0.009
P {H P value 0.000 ™ 0.000 0.000 0.000 ™ 0.000 "

809 i} fie/ Iy 5 HRAR B SE 3 K5 /0N, 76 A1 R 7 ik
60% I e K, 3 e T HAR A AL HL
24 TEABSENEN KRG EHRRZWE KM
RIF] Ao & i T 0 KRG AR RS
MRFEN R 4 Fis, S BT AR RN E R (T Fi g
IEHFMEE (g, 0 q,) TE45 AL B E) TG & 25 22 5 (P>
0.05) . TI B A Bk 5 55 3 I 52 2 38 K5 el 19
o HTE 40% b FR R TI fe K, CK 1 TL i/, BEE
AR B R B WG IN, g, A, 5 E3E K5 I8N R
(ka3 o 40% b BRALAY g, RN g, Y98 K, 43 3R
0.730 #10.636; CK " g, F1 ¢, ¥ 5%/, 7351 290.692
F10.606, #5ALHE T g, Fl ¢, ¥ 8430 T 1, Ul W] 0t
ARENTEAR R TEAR ) L 50 05 i b o O

TR, MRRIDIBRIES , & AR
Z oI YRR 3 o BEAE A [R] - A0 % i rp 4
TR 2R (P>0.05) , (H =3 BB A 85 & B
L SIS DR/ IN PG R B e ST 40% Ab B4
iR, J35h, AR A TR S R T E AR AR
-85 5 K B R o SORUAT AR B 3 22 R (P <O,
O1) , il 2 Bl - 38 A0 B 35 S 8 i 52 S 8 K /N i
e, H 409 4 B fe A 5 Jim 2 B A0 R 0 0 2
Wk, H RERT CK,
25 TEABAENEMNAYEREXLWES
RN

DR VAT AN TR S8 A B 35 R I R 4 AR R
AUSZI W AR R AR SERY 19 NEPREAT R0 M
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Table 3 Dynamics of root morphology characteristics of Handeliodendron
bodinieri seedlings with different gravel contents in soils
AR BRK LA M- A% AR
Gravel content Total root length Root surface area Root average diameter Root tin number
(%) (em) (em®) (mm) b ambe
0 (CK) 130.156+4.283¢ 51.157+0.577" 1.845+0.173" 315.000+13.055°¢
20 183.506+6.398" 68.636+0.882° 1.723+0.153" 489.670+24.333"
40 193.396+5.482" 86.018+1.732° 1.505+0.139"" 708.330+38.702"
60 167.490+6.488" 74.035+1.155" 1.368+0.159" 768.000£49.082°
80 85.716+4.055" 52.646+1.453" 0.951+0.122" 510.330+41.186°
F4 ARALTEARSETEMN ARG EHIRRZWEEFE
Table 4 Root architecture characteristics of Handeliodendron
bodinieri seedlings with different gravel contents in soils
BIEH T "
Ny E3 T e 5 i - ” \ " "
AR B ol H 8 BIERIMEE gy g DA EEERKE R
Gravel NS % 9 Modified ; ‘ -
. Modified . Fractal Fractal Average link Root fork
content Root topological . topological ; "
. topological . dimension abundance length (cm) number
(%) index (TT) . index (gq,)
index (q,) g
CK 0.728+0.026° 0.692+0.022° 0.606+0.025° 1.216+0.058" 1.601+0.081° 0.756+0.048° 10.017+0.173*
20 0.769+0.003° 0.702+0.022° 0.617+0.029° 1.244+0.031° 1.624+0.044° 1.018+0.068 9.091+0.083"
40 0.808+0.007° 0.730+0.003° 0.636+0.016" 1.297+0.021* 1.694+0.038" 1.141+£0.075* 8.639+0.187°¢
60 0.778+0.046° 0.694+0.036° 0.617+0.023° 1.101+£0.106" 1.452+0.163" 0.954+0.042" 7.448+0.046"
80 0.774+0.078° 0.717+0.003° 0.626+0.006" 1.148+0.062" 1.515+0.083" 0.796+0.040° 7.314+0.056"

(% 5), 105 A F o1 Rt sk K 1590.400%
FEARBE B WL R &) A AN [R) A BR Y
ARCRBL . 5 — FE R (F1) STHRE 439.891%,
PRI 17 95 R 1Y) o i v | LA A X S K SRR AR )
R M ATAkR) UL F1 B RAE T ¥ 0 K4
HAERKBRAGEE, £ EW0 (F2) 5Tk E N
22.043% , Horp Z5 A P FIAR R 0 OB far TR 1 388
K, ULBH F2 SRR T 4 AR KRR R A9 (5
B BB=(F3) ERIH(F4) MG T T ) (F5) BTk
RO N 15.149% 7.649% F1 5.667% , Hirh A 3
T AR AR 34 3% 32 R RE LTI Y IR T 2 A A v, 6
F3 F4 Fl F5 5 SR AR R IB S A RURRE

FEF XA 3 0k & b R A K
IR 22 450 A0 AH 56 48 b 18 32 150 0 W7 45 21, X AS [
Ab PR T R &l P AR K RGN AT 25 A PR (3R
6) . HEM AL LA RS & 40% B KR
WU, G EHER S — (2.134)  fF 8 A BR & &
80% A KR B 2=, & A HEA S B IR
(-1.310) , HAs R85 BR & & P Rah i A K

RUGEE AL T % Z ), B L rp iR A
AR e E M ARG ARKE .,

3 it

30 T EAGEENEMAYEERKNFIN

B2 L1 L) 5 P A 2 VG g W S0 A L X
FEAT (9 5 55 B Ff (Leng et al.,2020) , [l i 1 J&t —
it 22 S RE T T3 B A, X A L A B BAT — i Y 3 B
PR | 2 W S0 A L DX 3 b A ) R AR 2
A B A Y Rl ATTER A, MY R R 0 I W)
89 AL A B W8 A 7= £ 1) JCATL TR RE #1852 T
HAO I AR R PR SR o BT (£ R A, 2020) o
AN T A B X 2 I R 4y A AR K R AR )
o X BN 2 R, SR BT R AR A T
PR A R 55 o B 48 o S ST R DN ) 72 AL
e, HITEATRS i 40% I 35 B i KA, X 7T g2
M AR I 0 o WA HE T A R AR, PR
T IR BRI, TR 2E T ARG AR, XS
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Table 5 Factor loading of the principal component analysis on each index of Handeliodendron bodinieri seedlings

1245

F 43 Principal component

[K 2% Factor

F1 F2 F3 F4 F5
T 1R ARG 3 0.908 -0.146 0.148 -0.301 -0.066
Seedling height relative growth rate ( %)
H AR X1 R 0.881 0.316 0.241 0.143 -0.125
Ground diameter relative growth rate (% )
M- Leaf area (cm®) 0.681 0.382 0.356 -0.389 0.225
HRAEYE Root biomass (g) 0.912 0.168 -0.162 0.247 0.101
224t Stem biomass (g) -0.116 0.794 0.443 0.227 -0.248
A=)t Leaf biomass (g) 0.883 0.313 -0.156 -0.123 0.203
2R EYE Whole plant biomass (g) 0.903 0.321 -0.105 0.16 0.104
HR5  Root-shoot ratio 0.669 -0.368 -0.305 0.468 0.066
SR K Total root length (cm) 0.606 0.567 0.205 -0.423 0.100
M1 B Root surface area (cm®) 0.607 -0.053 0.666 0.061 -0.282
M3 EL 4% Root average diameter (mm) -0.661 0.368 0.267 0.26 0.255
HRZHL Root tips number 0.684 -0.466 0.483 -0.009 -0.18
MR35 3% 32 K Root average link length (cm) 0.457 -0.074 0.197 0.593 -0.258
R 2R 5 XHL Root forks number -0.016 0.908 -0.325 -0.022 0.159
RAIFMEEL(TI) Root topological index 0.262 -0.181 0.236 0.391 0.715
BEIEHFMESEL (¢,) Modified topological index 0.437 -0.834 0.019 -0.221 0.100
B IEFFMEEL(g,) Modified topological index 0.454 -0.706 -0.469 -0.097 0.044
SIEHEEL Franch dimension 0.414 0.328 -0.740 0.071 -0.166
3£ B Franch abundance 0.376 0.291 -0.751 -0.006 -0.219
FHEAH Figen value 7.579 4.188 2.878 1.453 1.077
FTHk# Contribution rate (%) 39.891 22.043 15.149 7.649 5.667
23 FTHk % Cumulative contribution rate (%) 39.891 61.934 77.083 84.732 90.400

6 AETEAGEETEMAYHERINNEEITEMN

Table 6 Conprehensive evaluation on growth of Handeliodendron bodinieri seedlings with different gravel contents of soils

- GRS GANA

S F1 F2 F3 F4 F5 Comprehensive ~ Comprehensive
Gravel content (%)

score order
0 (CK) 0.912 -1.804 0.477 -1.722 -0.293 -0.122 3

20 -1.698 -2.540 0.770 1.020 0.105 -1.147 4

40 3.058 1.752 1.541 0.649 0.701 2.134 1

60 1.711 0.321 -2.359 0.637 -0.750 0.445 2

80 -3.983 2.271 -0.428 -0.584 0.237 -1.310 5

BRI % (2014 ) FORIT 9T 45 SR 250, I 4F, Mokany
A5(2006) R B4 (2015) A K 48 W fE 38 3o 48 K
R A= A 4 TC, 38 AR 5 HE AR BOCA B 9% R DA
TR ARG R Bl AR G 0, - R

BT AR O AT 2 R i
PR, RS 2 R v, AR R TR A
B, SOHAR A= Wi 55 MR e Le 249 e 3 s sk /) B 4%
Ab HEAR AL R R Tl o A
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Horp, BARK RIAR 2 10 AU 7E £ 585 40% 4 Bk
ISR K, 1T AR R B 7E 60% £ ik 7 1 B 35 A
K, ULHH 40% £ Bk 7 = A AT A e K 4h AR
ESORE: 4 8/ NiOENS- SV E 3 M & L G|
60% A7 1k 75 0 1 HE W 51 A5 R F AR AR A 2k B AR g
Bh, BRI A R LA U KR R & F AR
FA X 506 R 45 (2018) BT FE 45 KL, bah,
B 0K 25 s N TR, B RS AR R AR R
VR R /D, T SR S T 488 0 A A 35 AR A g
X5 Yuan Fl Chen(2010) 4516 —5,
33 THEABSEMNEM AR ZME AT

YR RN EE R ERAE DL E TR R 7E L 1
(1472 [i) o A [) s A0, 52 i 25 4R 2R X6 355 % 118 1 i
AE AN I G (R T 4% ,2013) , AA RS R+
P IR G TL g, M ¢, Y988 T 1, BIAR 43
SRR R A I Y AR R B fa Y 4y
37,3k 5 RS 14E (2012) BOBF SR 45 AR, Hor,
40% A1 B 2 it R I ORI TL g, B g, ¥ i
K, Uk Bz Ak PR AR &R AR L ) 2 A g
e, DA b B I KO R 43 TN K S B RE 1 DR Bk X
] RE I R BEAS AL VR TR AR S5 rh A AR ) — KR
W, REDIELR IS E S NEIERAZL T
B 22 5 M A x2S 18] 59 5 A BE 77 (Pierce et al.,
2013) , ARWFFELEF R, 40% £ Bk & B+ b2
AL B AR 2R 20 T 4 BOR 40 T2 43 B ¥ Sl de K, 3R
MR RN R 2, kB RO, 5 1%
25 [R) RIS 4055 9% (10 8 ) Beoit, 5 R 5 B 55 (2006)
AT 45 SR — 3K,

R 221 173 2 KK BE AR 2R 40 SUBOR i T AR &
e - 5 A 3 A7 23 T | SiE {91 LR 48 9% R A
FIHRE T (IMIEHESE ,2014) . AWF5EH N CK 2
40% A7 B & i Ab B S R g AR RO BE R K
VI T T G, MR R 43 SUBON B N , 3 2 (R
PR O AR K Y R A X AT BE R TR N B A R
Er I, R AR AR R aE N - B R
(PR, 3 3 AR 2R OF 238 2 K IR R 5
SCBOR 8D AR ZR R SR R S S R ORR

RAETRE 58 b 0 A 3028 (B3 L, 3 5 5K A 7 45
(2017) IIBFR 45 SR —3K

4 Hip

T HER IS AR AR SE AL AR K
S VR M AR AR R R T AR AR )
(AR PRI ) |l R o i 4 2 SR AR R T
R B AR R 40 25 0 R4 T8 SRR AE 25 4
PRITEABRS oN 40% LRk HEE AN
R R AR RIE S A B bR 3 B, 0t KR4
TE 40% A1 Bk & 5t 3 b AR SR A 2R K
ARG, PR, 13 409% 7 5% & B b 38R At
RY AR B e dr, WK BT 48 8o s, il oA
JEEM AR NTIGEE FhREY 2 M H A v R A
Ly b DX 3 ARHE T RN A2 AT FRAR AL RL A 4

SEH

CHEN JH, YU XX, YOU XL, et al., 2006. Fractal
characteristics of Tilia tomentosa’s root system under
different water conditions [ J]. Sci Soil Water Conserv, 4
(2): T1-74. [BRH IR, A08TE, AHE5E, 55, 2006. A
IR ZAE TARMABRAR R A B R e [J]. DK PRy
Bl 4(2): 71-74.]

DU MX, ZHOU XR, ZHOU ZY, et al., 2014. Vertical root
distribution characteristics of Amorpha fruticosa on southern
Mu Us Sandy Land [J]. Acta Pratacul Sin, 23(2). 125-
132 [AEWHr, I, FET, 4, 2014, BERDME
SPEMEAR R B AR AR [J]. B, 23(2):
125-132.]

FITTER AH, STICKLAND TR, HARVEY ML, et al.,
1991. Architectural analysis of plant root systems 1.
architectural correlates of exploitation efficiency [ J]. New
Phytol, 118(3) . 375-382.

GUO S, LI ZL, XUE JH, et al., 2019. Establishment and
optimization of comprehensive evaluation model for seed and
seed oil traits of Handeliodendron bodinieri [ J]. Trans Chin
Soc Agric Eng, 35(6): 314-322. [ER#, ZZ7EH, M
W, A5, 2019, FEARR T SRR PR SR & PN A
HEFMERE [J]. 4l TR, 35(6) : 314-322.]

HUANG SX, LUO WH, TANG WX, et al., 2002. Study on the
adaptability of the rare and threatened limestone plants ex-
situ conservation [ J]. Guihaia, 22(2) : 136-139. [ #H:)ll,
BESCAE PESCT A 2002, 47 LLVRAT M H T M
RIS (fR4R) [J]. T PEAES, 22(2) ; 136-139.]

KETIPEARACHCHI KW, TATSUMI J, 2000. Local fractal
dimensions and multifractal analysis of the root system of
legumes [ J]. Plant Prod Sci, 3(3): 289-295.

LI YH, GUO S, LI ZL, et al., 2016. Seed coat obstacle and



7 RN TJREE « A7 R 35 X 25 AR 4 B A RORITR ZR R AIE B 52 0 1247

endogenous inhibitory activity of various parts of
Handeliodendron bodinieri seed [ J]. Guihaia, 36(4) . 443—
448. [ZEHRAE, BML, ZEAERE, AF, 2016. MR FEAG
LeAh 725 WAL A IR IS R ESE (D] )T PU AR,
36(4) . 443-448.]

LIU J, XIANG WH, XU X, et al., 2010. Analysis of
architecture and functions of fine roots of five subtropical tree
species in Huitong, Hunan Province, China [J]. Chin J
Plant Ecol, 34(8): 938-945. [ Xk, Wiscfl, R, 4%,
2010. WIRE2 ] 5 >SS Fl i 40 AR AL 2 % T REARAIE
TET (0], A4, 34(8) : 938-945. ]

LUO YH, ZHOU JH, LI YP, et al., 2014. Effects of tephra
gravel content on growth of flue-cured tobacco at seedling
stage [J]. ]S Agric, 45(4) ; 570-574. [ B, JRIZEAT,
A, A, 2014 JCHLRAT R & 5 0 B AR A A Ky 52
W [J]. BRI, 45(4) : 570-574.]

LONG Y, MENG FD, WANG CS, et al., 2015. Above-and
below-ground biomass distribution of main alpine meadow
plants and impact of degradation on root/shoot ratio and root
area [J]. Guihaia, 35(4) . 532-538. [ %, & Uik, £
WL, 4, 2015, (G FEHLf) E R b3 T A W A
SRR AR L AR R R AR (], 7 PUkEY),
35(4): 532-538.]

LIU JM, CHEN Z, SUN CW, et al.,2019. Variation in fruit
and seed properties and comprehensive assessment of
germplasm resources of the genus Sapindus [ J]. Sci Silv Sin,
55(6) : 44=54. [XUTEEL, BRfb, FMERER, 55, 2019. iR
TR TGRSR A S R T [T, Mol Bk,
55(6) ; 44-54.]

LIU JL, 2015. Germplasm resource collection of Paulownia
fortune and induction and cultivation techniqunes in hilly
areas [ D]. Hefei: Anhui Agricultural University; 1-53. [ Xl
BRI, 2015. LR 5 PSR e o i 3t 5 | RoR s BR
BF5E [D]. GAL: LEeRK:: 1-53. ]

LENG XH, XUE L, WANG J, et al., 2020. Physiological
responses of Handeliodendron bodinieri ( Levl.) Rehd. to
exogenous calcium supply under drought stress [ J]. Forests,
11(1) : 69.

LIU Z, YU SZ, CHEN H, et al, 2016. Effects of cultivation
medium with different gravel contents on growth and physiology
indexes of Dalbergia odorifera seedlings [ J]. Hubei Agric Sci,
55(19) ; 4941-4944. [ X, F&FH, BEK, £, 2016. A[H
AV S R R O Wi A AR 4 A K M AR B AR S
[J]. WA R, 55(19) : 4941-4944.]

MOKANY K, RAISON RJ, PROKUSHKIN AS, et al.,
2006. Critical analysis of root: shoot ratios in terrestrial
biomes [ J]. Glob Chang Biol, 12(1) : 84-96.

NI ZY, YANG 7ZD, YANG CR, et al., 2018. Effects of
simulated extreme stony desertification on the spatial
distribution of Dalbergia odorifera root system [ J]. Hubei
Agric Sci, 57(5) : 67-70. [ iz, iR, HEME, %,
2018. LI S 47 T8 14 I8 A% 1 ) P A A AR % 2 ) 20
AR [J]. BAEAlAR:, 57(5) : 67-70. ]

OPPELT AL, KURTH W, GODBOLD DL, et al., 2001.
Topology, scaling relations and Leonardo’s rule in root

systems from African tree species [ J]. Tree physiol,

21(2/3) . 117-128.

PIERCE SC, KOONTZ MB, PEZESHKI SR, et al., 2013.
Response of Salix nigra [ Marsh.] cuttings to horizontal
asymmetry in soil saturation [ J]. Environ Exp Bot, 87:
137-147.

SHAN LS, LI Y, DONG QL, et al., 2012. Ecological
adaptation of Reaumuria soongorica root system architecture
to arid environment [ J]. J Desert Res, 32(5). 1283 -
1290. [ 5711, 285, SERKGE, 4%, 2012. ZTRDHR AR ALY
PR AEAIER [J]. PRV, 32(5) : 1283-1290. ]

SUN HY, LI XK, REN T, et al., 2014. Effects of fertilizer in
shallow soils on growth and distribution of rice roots at
seedling stage [ J]. Sci Agric Sin, 47(12) ; 2476-2484. [ f\
W, 2N TR, B, 2014, TRJZREAE X K R T AR
RAER R Amm (1], s ER R, 47(12):
2476-2484. ]

WANG SJ, 2006. Key ecological issues in plant-soil feedback :
Pattern, process and mechanism [ J]. J Nanjing For Univ
(Nat Sci Ed), 44(2): 1-9. [ EABZE, 2020. “Hi4y -+
e AH LR ) O B A A ) R A R i AR S PIL AR
[J]. B EUMRl R A2 4 (A IRBRAAR) , 44(2) ¢ 1-9.]

YUAN ZY, CHEN HYH, 2010. Fine root biomass, production,
turnover rates, and nutrient contents in boreal forest
ecosystems in relation to species, climate, fertility, and
stand age: Literature review and meta-analyses [ J ]. Crit Rev
Plant Sci, 29(4) . 204-221.

YANG CR, LIU Z, NI ZY, et al., 2017.Effects of cultivation
medium with different gravel contents on physiological
indexes of Dalbergia odorifera seedlings [ J]. Hubei Agric
Sci, 56(17): 3287-3291. [ B 1k, X%, GifHiiE, 4,
2017. ANIaI 785 B R B S5 0T e 7 B A PR A 1) 52
W [J]. defb Rl 56(17) . 3287-3291. ]

ZHANG WT, ZHAO CZ, SONG QH, et al., 2017. Trade-off
between root forks and link length of Potentilla acaulis in
degraded alpine grassland [ J]. Acta Ecol Sin, 37 (24):
8518-8525. [ skftitde, BAMH, RIGHE, 45, 2017. FH7ER
T 3 B T 2 B S AR AR 0 SUBORI I 2 K Y K &
[J]. =24, 37(24) ; 8518-8525. ]

ZHOU YM, HUANG JJ, LIU ZM, et al., 2013. Study on
spatial connection and fractal characteristics of prop roots of
natural Rhizophora stylosa [ J]. For Res, 26 (3): 95—
101. [ Aok, wma, XK, 4%, 2013, RIRLLIGHI
FERR A 2S IS S /0T RAE [T]. MREBFEFS, 26(3)
95-101. ]

ZHANG 7ZX, WANG Y, ZHENG X, et al., 2016. Research on
the suitability of bramley young treesto different soil
conditions [ J]. Tianjin Agric Sci, 22(3): 107-110. [ 5k
e, T, M, %, 2016. SENRARIXA R LA
PEERPERIBISE (1], KAAQARRE, 22(3) : 107-110. ]

ZHOU HY, ZHANG ZL, 2000. Sexual reproduction test and
observation of Handeliodendron bodinieri [ J]. Guizhou For Sci
Technol , (4): 30-33. [ LS, 5KEHk, 2000, - AATE
FOHIRE 5L (], SNMOLRHL, (4): 30-33.]

(HfERE F #)



