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Abstract: The aim of this study was to explore the root morphology and growth characteristics of Tamarix chinensis with
different densities on the beach of the Yellow River Delta. Low-density ( 1100 trees/hm’) , medium-density (4100 trees/
hm®) , and high-density (7100 trees/hm’) T. chinensis near Binzhou Port in Shandong Province were used as the research

objects. The full excavation method was used to excavate the root systems of T. chinensis with different densities; then,
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indicators such as aboveground biomass, root biomass, spatial distribution characteristics, topological structure and
connection length were measured and analysed. The results showed that (1) under the conditions of medium- and high-
density forests, T. chinensis invested more in root growth to ensure the absorption and utilization of underground resources,
with root to shoot ratios of 0.59 and 0.53, respectively. The root-to-shoot ratio of low-density T. chinensis was 0.44. (2) The
relationship between the root and shoot growth of T. chinensis under the conditions of low-density and medium-density
indicated allometric growth, and under the conditions of high-density, it grew uniformly. (3) The root growth of 7. chinensis
grown at different densities was mainly distributed horizontally, showing the characteristics of horizontal root type. The root
width and lateral root length of medium- and high-density T. chinensis were smaller than those of low-density T. chinensis,
and the roots of low-density 7. chinensis had the largest horizontal distribution range, which is conducive to enhancing
foraging and fixing ability. (4)The density of T. chinensis was significantly correlated with the topological index. The root
topology of low-density T. chinensis tended to be dichotomous ( topological index T7=0.62), whereas the topological
structure of medium- and high-density T. chinensis tended to be herringbone-like (71=0.86; TI=0.81). (5) The external
connection length of T. chinensis roots with different densities was significantly larger than the internal connection length,
resulting in the outward expansion of the 7. chinensis root system. In conclusion, there were differences and similarities in
the root and shoot allometric relationship, root morphology and growth characteristics of T. chinensis growing in different
densities in coastal mudflats, showing different density adaptation characteristics. The root systems of T. chinensis with
different densities were mainly distributed near the ground surface and expanded outward. Low-density T. chinensis expanded
its root growth space mainly by increasing the number of branches; medium- and high-density T. chinensis had fewer
branches and strengthen the use of internal resources to reduce competition with neighbouring plants. T. chinensis density
was significantly correlated with soil moisture content, electrical conductivity, T. chinensis root depth, lateral root length

and topological index.

Key Words: root; allometric growth; topological structure; length of link ; Tamarix chinensis
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Table 1 Basic characteristics of Tamarix chinensis stand under different density shrubs

RIS IR FLE

W MR HE T2
. X East-west North-south -
Density Plant height/cm Coverage/ % Plant composition
crown/cm crown/cm
K% Low density 156+11 180+25 175+12 60 BN, WE P RS
F )% Medium density 157+10 150+17 155£29 90 FEMN, 3% , R BIE |, S REGlUsE
R High density 1599 110£13 125+16 98 M, % , Fh OIS , S, KOS
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Table 2 Basic soil properties of Tamarix chinensis stand under different density shrubs

7 . e R
s LA - ek
R . el . T+ LB j:_i% 'j_ki Soil electrical

. Soil bulk density/ R . Soil moisture . pH
Density ( ) Soil porosity/% content/% conductivity/
g/cm ' (uS/em)

R Low density 1.32+0.06a 39.80+2.18b 23.37+0.70a 1516.00+167.14a 8.67+0.17b
FHE5 I Medium density 1.17+0.03b 43.49+1.64a 22.18+1.33a 909.00+309.37h 8.92+0.07a
% High density 1.27+0.02a 41.23+2.78ab 21.2020.37a 624.33+214.14b 8.70+0.03b

[RIFAS [F] 7 B e 22 5 B 3 ( P<0.05)

2.2 AR AR A Yy
HIZE 3 R0, s B s e R M b b A W S R TR B, 20 o LR R R M B A Wy i IR
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Table 3 Biomass and root-shoot ratios of Tamarix chinensis under different density shrubs

W Mo b A AR A e
Density Aboveground biomass/kg Root biomass/kg Root-shoot ratio
(G35 Low density 1.50+0.35a 0.67+0.23a 0.44+0.05b
25 Medium density 1.09+0.14b 0.64+0.06a 0.59+0.05a
= %5 High density 0.99+0.11b 0.53+0.08a 0.53+0.02ab
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Fig.1 Allometric relationship between root and aboveground biomass of Tamarix chinensis under different density shrubs

2.3 URNI[e) % BE AR 3R 10 25 ] 53 A R AIE

H13R 4 FIAN, [) 25 FE ARSI 22 20 A1 /K P MRS e R T 3 EL0R , AR R O3 A1 TR JZ A R KT AR A Y
A MR B B KK A B AR N 330.33—475.67 em, EFUARIRE R 6.04—8.71 15, AS[F) 45 AR MIAR & 1Y
AR EAR 22 5 .3 (P<0.05) IR % AR AT 5=y T R B R AR 3 AR (R P x 9 b ) 35 21 475.67 emx
423.00 cm, HEF 7] b ARG BEXSBEMIFLAR TR BE B AR S0 2 (P<0.05) o H8 B | o 2% FE B MR 3
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FUR R B 2 5 TR, 40 (R EE AR LAR R FE Y 1.14 . 1.21 1%, K58 5 i3 5 FE AR M KM AR K 22
5435 (P<0.05) (55 Ao FE AR A MR K 25 55 A8 I 35 (P>0.05)

R4 TRAZERUKERIER

Table 4 Growth indexes of Tamarix chinensis stand under different density shrubs

- Huf AR PYAR IR R LR FLHRBREE ESISN HARMAR
Densit Ground East-west North-south Rooting Main root Longest lateral
#1110
sy diameter/cm root width/cm root width/cm depth/cm length/cm root length/cm
IG5 Low density 7.20+1.23a 475.67+61.50a  423.00£89.10a 54.67+4.16b 38.50+3.04b 342.67+61.33a
125 B Medium density 6.00+0.66a 416.33+47.60b  397.00+32.75a 62.33+2.08a 47.60+2.00a 278.67+33.55ab
1% i High density 6.58+0.89a 387.33+43.96b  330.33+37.50b 66.00+4.00a 46.83+5.83a 241.67+32.53b

2.4 A% EERRMIAR R AR FNMEECS RN A

MRARFME B T FERFPAEE FHAIAR R A 4> A &l 2 r %, AR MIAR R ¥ sME B (1) ¥ME
TR B <o 2 B < B P (IR B AR IR R FME SR/, T1=0.62, 3238 0.5, RIIIR R 452
e MR FR AT S SCIR A3 S, o B e 28 AR AR R AR FME A 2E AR B 35 (P>0.05) , FME B 5 oh
0.86.0.81, Wi # 4 FME BRI ET 1,48 R 53 5B i B ) T B IE 43 3R
2.5 N[ EERRMIAR R B

&L 3 A& AN [R5 B AR 2 %) G B R B A AR I 35 25 5% (P<0.05) , I H Bl AR 73 %% B2 A [l 3=
PSR B A AR LA, 3 FEAR AR 2R B B B R, 38 13.60 m, HLUO i 2 AR, IR R KR 11.37 m,
BB /N, MR R ERRK B YA RIUNARE > w0 B > & T, 505 B ANIAR R G KJEM L, P&
1o 2 PR3 ) R % 23.27% . 12.36%

1.0 - 5
) . 45 CORMEEKE - BEEKE 0
8 T a £ 401 a a
T 08f f L . b 11000
= b < g
S T = b —I— 9
‘B 0.6 L T 'M,G_:J 30 4800 l}-{%
g K= as5t | b oo m 2
= -z V 1600 ¢ 8
S oaf 58 20f =3
= e s5f {a00 T 2
5= 3
Z 02t g 10} 200
LS £ st ]
0 1 ! ) 0 L L 0
8% g I % g X8
2 ¥ Density 2 Density
B2 ARZEEEMRFEHRIMEE B3 ARZEEENMRRESRKEMEZEKE
Fig.2  Topological index of root system of Tamarix chinensis Fig.3 Total length and link length of root system of Tamarix
under different density shrubs chinensis under different density shrubs

2.6 MR RIEVR 5% | IR R S b

FEMIHb AR 5 1 pH 5 B 3E AHIC(P<0.05;3K 5) ; g JU AR IR S5 bR 5025 BE S A 0 35 R A G (P<0.01) \ 5 +
B G B2 IEAH G (P<0.05) 5 FLAR TR BE 56k 70 % B A 0 35 IEAH G (P<0.01) , 5 35K i 2 1 3 £ Al
K(P<0.05) ; MRS 502 B 52 0 25 A OG5 RSk i 2 3 IE A OC (P<0.05) 5 #hFME B S oy
W R W EIEAC(P<0.05) , 5 1A E HIER SRR B EAMAL(P<0.05)  IMAEHEKES HIEARRE
W B F A6 (P<0.01) , 5 HHEFLER B 5 3 T A 96 (P<0.05) o 4% 3N Flalth 2 A —E WA et A
WS R FLBE T R E A, 5 ORGSR B T (P<0.05)
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x5 REBGEMRSBE LERFHHEXREY

Table 5 Correlation coefficient of root system index and shrubs density . soil factor

TEAE TEALBE REEEKE REHRSE

f;i Dﬁi Soil b'ulk Soil' Soil moisture  Soil clchri'cal pH
density porosity content conductivity

¥ Density 1

14785 Soil bulk density -0.302 1

- HEFLBREE Soil porosity 0.214 -0.769 " 1

457K Soil moisture content -0.751" 0.360 -0.263 1

A1 53 Soil electrical conductivity -0.882"* 0.488 -0.319 0.817** 1

pH 0.103 -0.530 0.422 0.165 -0.138 1

ML L Root-shoot ratio 0.544 0.059 -0.197 -0.226 -0.188 -0.302

4% Ground diameter -0.296 0.246 -0.414 0.171 0.315 -0.759*

IRVEARIE East-west root width -0.657 0.488 -0.384 0.400 0.702* 0.066

M LR 1E North-south root width -0.827** 0.014 0.194 0.371 0.702 * -0.122

FUARTEIE Rooting depth 0.829** -0.277 0.301 -0.696* -0.664 0.353

FEARK Main root length 0.654 -0.506 0.459 -0.493 -0.635 0.564

KM K Longest lateral root length -0.718* 0.482 -0.509 0.783* 0.710* 0.166

i FMEEL Topological indices 0.715* -0.740" 0.608 -0.606 -0.699 0.631

MR S KE Total root length 0.247 -0.608 0.526 -0.451 -0.288 0.609

R BEHEKSE Total link length -0.458 0.859 " -0.682* 0.195 0.567 -0.541

# P<0.05; * * P<0.01;n=27

3 e

3.1 RO EERIREMIAR A R S A R R Y 52 )

A AR TS R IR A A i 0 R Y A TR A0 A SR B SR, il R A SR B B R R A T
Ve DR BT R LA B ARR FR s B MRS | B AR R R AR T LU B R S
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AR AW 03w T D 8 R = R R R AR AR ) e /N o AR AN A K s TR AR B TR] I  IE
55, TS , AR R T /K 07 BUE FR5E S/ BRI 22 MR A R RE R . 1 285 AR ) A6 1 7 T 5
M2 ARG g B | e PR b 3 B 2R A i AR SR AR AR a3k S o R AR TR S 4
F PARESIE BAVE A, ELASAN (A o A 1 A5 20 IR OB R B R A e R/ A K s 1) A PR, B0 iR
KAz B — g PR, JCHSEAR R R IR T RESe K, LI 2 (Allium cepa var. proliferum) PRk #8434
Wi 5 LA Bt 2 P B8 KT RN 7 S AR SR 4G SR, 3K 0T e S AR AR S R R IR BT SR R R R
AR, TERERE R RUIR R S A YR m A K OCR (HER R 5 B AP R
HORR I AR AOC R | o % N BMIAR el S A KRR T 1, AT BB 1 T 5 285 B2 AR AR AE AR (] 3
FEAEER LG O RSE R i PR R S 2 28 b R S A S B, ROt e 5 R A%
WIS b T A 2R 2 (R R RN E A R AR BBO'G RE IR A DU 75 5K, DAGE E 1l B Fnh T [l s A4, ] 0L ) —
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