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Plant architecture characteristics of Haloxylon ammodendron and Haloxylon

persicum in Zhungar Basin
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1 State Key Laboratory of Desert and Oasis Ecology, Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, Urumgi 830011, China
2 Graduate University of Chinese Academy of Sciences, Beijing 100049 , China

3 Gansu Research Institute for Water Conservancy, Lanzhou 730000, China

Abstract; Plant architecture is defined as spatial arrangement of plant body such as the branching pattern, the shape and
position of leaves and flower organs. The architecture of a plant depends on the nature and relative arrangement of each of
its part; it is, at any given time, the expression of equilibrium between endogenous growth processes and exogenous
constraints exerted by the environment. Desert plants architecture is a final product of plant-environment interaction, mutual
adaption, thus the interaction and feedback among them would determine the development and succession of desert plant.
Natural Haloxylon ammodendron and natural Haloxylon persicum are native dominant species in Zhungar Basin, which also
are regarded as the important wind-preventing and sand-fixing plants. Because natural H. ammodendron and natural H.
persicum are the characteristic of tolerant to dry, infertile soil, and wind-erosion, both as the ideal desertification combating
species have played important roles in the maintenance of stability of fragile desert ecosystem. Therefore, natural H.

ammodendron , natural H. persicum and artificial planting H. ammodendron were selected as the objects of study in Zhungar
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Basin. In order to understand the function and structure characteristics of desert plant and the response and adaptation
mechanisms of plant-environment, the plant architecture characteristics ( the bifurcation ratio, the branch angle, the branch
length, the ratio of branch diameter, and so on) of natural H. ammodendron , natural H. persicum and artificial planting H.
ammodendron were studied. The results showed that the over bifurcation ratio and the stepwise bifurcation ratio ( SRB, ., .
SRB,.,) were significant differences in natural H. ammodendron, natural H. persicum and artificial planting H.
ammodendron (P<0.05), and the over bifurcation ratio of natural H. ammodendron, natural H. persicum and artificial
planting H. ammodendron were 0.35+0.23, 0.50+0.42 and 0. 15+0. 05, respectively. However, the branch angle of
natural H. ammodendron, natural H. persicum and artificial planting H. ammodendron gradually decreased from first class
to fourth class, the angles were less than 90°, and no remarkable difference among them were found ( P<0.05). The order
of the branch length of natural H. ammodendron, natural H. persicum and artificial planting H. ammodendron were natural
H. persicum > natural H. ammodendron > artificial planting H. ammodendron from first class to fourth class. The average
ratio of branch diameter of natural H. ammodendron, natural H. persicum and artificial planting H. ammodendron were
0.66, 0.68 and 0. 69, respectively, and ratio of branch diameter of artificial planting H. ammodendron was bigger than
natural habitat H. ammodendron and H. persicum. As a whole, the architecture of natural habitat H. ammodendron and H.
persicum performed a different width “V” type, but artificial planting H. ammodendron was spheroid-ellipse. Therefore the
understanding of the desert plant architecture, spatial distribution pattern and micromorphology would contribute to further
recognize the ecological adaption mechanism for the desert plants, which will favor desert plant community ecology theory

and provide theoretic reference for choosing optimum plant species in desertification combating.

Key Words: Zhunger Basin; natural Haloxylon ammodendron ; natural Haloxylon persicum ; artificial planting Haloxylon

ammodendron ;plant architecture
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WA BRI IE S ] SAVE (B 2R IR R 7 PRI, AR SGl G X R R | VAR AR BUAFOEAIE ST, TR R IR
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TR PRI TR VU b ALk B R A e S B R A 44°11'—46°20N,84°31'—90°00E,, T 1 4. 88 J7
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B 10 h, AFEZE R R 2000 mm & T RROW A fili 12 08U (4 Y O Bl PR TRE 8 M08, 1B JR e b 5 18 2
PR T B rp B Y P TR B A AR R G, N TP R B 5 5ty BE TR B () A T LR ) X R IR R IR
W P AE Y Z RO o 0 X, AR B2 | 2 T | T R i S A ) b i, Ferh R AR
PR S 1% X 38 /Y #E BE R, o8 A5 BE W ( Tamarix spp. ) . F U £ & ( Calligonum leucocladum ) | £ & 4
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FEFBEES DA/ el ] s A H 082 ) 5 055 2 1710 X6 B A HA 124 7 A B S e
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(1) BAS3 4% (Overall bifurcation ratio, OBR)

OBR= (N,-N)/(N,-N,)

K N, =N, , TR T B R 5% S, NN B R 5580, N RS 1 R R

(2) B 43K % ( Stepwise bifurcation ratio , SBR)
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(3) #i42 b (Ratio of branch diameter, RBD) (315
RBD=D,,/D,

K, D, DA RS i+1 FER § BRI AR (em) .
2.7 HEa b

2K Excel HEFTHENR SR SPSS13. 0 XESEHRCHIIE P65 07 , IF I X0 K700 I £ % S
(L 8
3 ZBRESH
3.1 R IR ECRAFE

TEROH MRS RERIFE T 4By — TR T B 6B 0 LB o B0 i
BORDL o IMBCRI TN B B A SRR VIR OC  JRAS AR A 7 A1 00 225 T8 9 565 AR FH A3
BT, 3B B 00 2 8] R VBRI 5 2 XU R PR
3.1.1 IR R AR ECRE

FRSMEROBR) TEMBS U FEE I MRy, S5 2 AR U A B9 R, (1220 7
PRS2 I LR . 1 SEHHAM0T T F AR Bt 1 b A TR B S SR

x1 BHESEREIR

Table 1 Statistics of overall bifurcation ratio

Ny Nq N, OBR
B3| TfE 2 T2 T 2 TE P
T itz Tl itz T PR T P2
Type Standard Standard Standard Standard
Average L. Average . Average . Average L.
Deviation Deviation Deviation Deviation
KIR 104.33 b 25.40 68.89 b 19.79 3.33b 0.87 0.35b 0.23
KRR 56.22 ¢ 37.57 30.00 ¢ 22.28 3.33b 1.12 0.50 ¢ 0.42
NT AR 362.70 a 196.22 308.70 a 186.41 2.90 a 0.83 0.15a 0.05

Ny = 2N, FoRFTA R IR % B, Ny e i OB AR B, N, W3 — SRR A8 AR T TR % 25 54k 13 (=30, P<0. 05)

HE 1 AT, RIRRAR  KIR AR AN N TARAR IR BRI AL, AR FAEBE T AR I BRI BOR 25 57
BRI N 0,35, RERFARIR K 0. 50, N TARK N 0. 15, SRR FREUE /I, U8 B 24 488 A A 1) $i it
%, RIRR  RIR AR BRI R I B KT AN TR, i — 2B Ul N T ARG R A A B i e K R AR
BRI IR . TR SR MR AR SR 38 i 28 KT KRR I EVA B3R (P<0. 05 ), BB FE AR AR B
T, RIRRAR R IR FARR PR R PRBE ()38 o 1 B LA X A AR s A BT AN, BV LA, MR R R R AR R
W > KARMMR > N TIRAR , 3 I8 PR R AEAS [R) A S5 5 1) AP0 R R X233 R0 % U5 LR P 1) — i g R s
3.1.2 BB HRREL BRI

B RERFAE T AR BAL S50 5 SRS o 38, B R, U2 G 3R 25 1 3 A BE ik, X 4%
[ G IR R AR & s R 2, UL IR GONBAR  AS RE 155 . FR 2% 2 Wl RIRMR MY SRB, ., {55 SRB, {6}
SR 3.42 F12.65; KR FARIRIY SRB, ., (E I SRB, . fH 7370 2. 62 F11.92; N TR SRB, ., {E A1 SRB, . {H /7
SR 3.74 F12.65, BLMEERE N TRKS RIS KIR IR, 5 SR BRI, U T AR
B MR AN IR RS 2% () A0 A BE T e, T R R AR B MR N FA BRI AN [ A 45 1 40 SCRE T AR 55 . AT BB
F LN TARREY 2 G 3 Yo BE0R T RARBM AN TR AR 1T 1 GBI T AR MR KR AR,
HE— UL N TR RIRBBR A RIR AMRMRAE B L i BOR Z A 22 5, o A i U P8 0 0 B e
ok 1 R0 2 22 i) et R P IR ) P R s 2R [ () 3 AR

F 32 4 0 ol [60) 25 5 R 28 () 5 ) R A, B AR AR AR TR FE N TR B 2 RAR A 5, Ho e ¥ s TR
SR AR, TN TARRR MR RE ) SIS 15 T R ARMRAR . X2 PR Ry R AR AR B ™ I 1) IR B aa R R e A K R B )
W R RERY W & 2 RS MBI TR AR R SRR AR AR 1 (B R Tk o FR 5 1RG0, NI BR ) T F — 4%
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PR, RIREIBRIR G IR EE | IR IR IR AR BT Ak A 35 1) 7K o IR B8 R SRR 22 , 3 I ) A 2 o
KifE 155, Bt Jm A R [RI AR A e B A B b, B 0B RE F BRIk a3 . N TR MR SRR EL, vh T2
BEANTR], i A AN 7] it AR R R RE Ty 2257 W . MORTR 7R AR R A R AR B B TARK
25t RIRBRIZ KIR AR T N TR BAAT B R SR> SR T 2SR BEIR I 2 5 5 WA AR B i A2 )
SRS () DR AR R )32 25 0 BRI A BT 7 R S

R2 RR EARREFSRERER S EERE

Table 2 Branching pattern characteristics of H. mmodendron and H. persicum in different habitat

RIRMR KR AR NTHRR

Est bRt 2% preifii 2 2
N T L e R T S

Average Deviation Average Deviation Average Deviation
1 BAEIT AL First class branch number 3.60 a 1.17 3.40b 1.07 3.36 b 1.75
2 P 53k #L Second class branch number 12.30 a 7.20 8.90 b 3.87 12.36 a 6.27
3 A4 %% Third class branch number 25.67 a 14.85 17.10 b 12.73 32.09 ¢ 23.66
B SRB, ., 3.42a 1.03 2.62b 0.79 3.74 ¢ 1.05
B SPRE SRB, 2.09 a 0.94 1.92b 0.68 2.65¢ 2.11

ARFHRAC R ZER R (n=30, P<0.05 )

3.2 BRI ARRIIEME S

A 0 A5 3 JEE SR A e AL ) 2 [ 0 A BB D A — TR b, L 1) 23 6] 47 8 RE 7 52 Wi 3 s e DI IR i
& CO, SRR oA B B R/ NI Wi 2 A Wy 1) 2 () A, RIVEG I A8 R SEEEAG 1 04 FE B3, () st 20
FRE LS EIRA FOC R B R DB A 1) 2 [R] )47 JRE RE 75t , X 2 ] B I ) R P S

M3 LA R KR IR M TR AE o B B 22 AN 38 (P<0.05) . KRR IR A
KIRARMRAEBA% A2 S 0 AT 28 5% (B IR T Al —AN & , B3 A RAE UM BCR BT B AR s5 vh DR, 7
B HASIE AL, 2B EEd/INT 900, XN T AR T, i T B Ab A= B3 B IR 5 AR X 80N, BT AN TR
R B LIRS /INT RIS . BR b RIMRIR TKIR AR I T ARAR B4 73 BCA B NSRS 1 3 4 408y
AN

PRI, RIRMAR AN R IR MR AR — BT E A ST AL AR T , 432 X R 1 22 1] ) 70 A A B BB T 300,
1T 1 AR R S 1) S R A 22 () A 7 By JE 2245 T 60° , U W P ) Bl R St 205 1 ) Sh A AR AR AR, B
BARIZ A RBURI A Wyt oA 1, 32 0 T S R L R e 5 T 2, DT A A B2 H 30° 7545 1) 60°
FEATTBHTEAL | RIGECRE T R 1 ) 0 AS A BEBOA: , A TOU S ) A A BB/ | S — 25 U 1 P A
BB R VR, SRR PRI 10 (1 45

®3 BRR.ABRROEAESRITER

Table 3  Statistics of H. ammodendron and H. persicum branch angle

LR RABE/ () 2 RO/ (° ) 3 GATEUAEE/ (° ) 4 o RSBE/ (°)
First class branch angle Second class branch angle Third class branch angle Fourth class branch angle
2KH Type )F~H — v — v
23 Type il 22 PRifE2E PrifEZE FRifE2E
FHfi ; FHfi ) FHfi ’ T ;
A Standard A Standard A Standard A Standard
verage Deviation verage Deviation verage Deviation verage Deviation
KIRMM 61.97 a 17.95 38.63 a 18.89 37.50 a 11.98 38.77 a 15.03
KRR 55.30 a 17.81 44.70 a 18.22 37.52 a 11.88 31.41 a 12.95
N TR 55.42 a 19.33 38.76 a 16. 89 34.91a 15.25 26.97 a 11.05

A FRAAFE LR B (n=30,P<0.05)

3.3 HRIR HRRIERE MR
A 1K R SR i F A R [ 25 (B Ao G BB ) — > T2 24w, (RERE 9 AR | 02 18] B 5 14 4 P Bl AR
X, TRIR 3 AR o ) AR 2 0] - S8 I 0 R VR RE AR I e o e 2, I RE RE 1 58 B R o B A 9
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RO sk

MR 4 TR, RIKRIRFNR IR AR AE K HE AL A v BT Ak B R A58 25 1 SR A AR L, (ELAS 2 1o i RE 0 404
TEW 22 5%, KIS BB ¥ 0 25 T A RIR S F A B (P<0. 05) |, T AE R RRBE ARSI, KARH
PR RIARBL R IR BAR IR 51 K (P<0. 05 ), BEHH 1 AR AN [RI AR B b0 A8 (08 L X A7 e — RE 22 5%, [RIAE,
AN A BE R B PRBE (38 N A7 AR 22 57, RIRMR IR A B B R JE IR T N TRRASH BRI (P<0.05)
BAR L RIRAR  RIR AR TR B NGRS 1 GBIER 4 R 0 RO AR > RIRMR IR > N TR
B, HRIRBM IR R A TARRA A MR RE ST SR 1 G35 4 J¢ 18 BUAIRS ol (a4, DA T4
TESCIEAE Y, Ferm) 25 (4 R B RE T A7 AE— A BAE” | RIVBEE B — A A% 1) S e, JLAR R BE ) S Bl T a3
3% 4 — AR R BT PE

R4 BB BERBRIBRKESITE
Table 4 Statistics of H. ammodendron andH. persicum branch length

1 R B /m 2 YO EE/m 3 YR EE/m 4 PO E/m
First class branch length Second class branch length Third class branch length Fourth class branch length
;;eﬂ:IJT — p — p — v 32 — v e
R Type brif 2 brifE 2 FrifE 2 bR
P14 ’ P44 : -3 § 344 4
Aver Standard Avers Standard Avers Standard Avers Standard
verage Deviation verage Deviation verage Deviation verage Deviation
KIRMRIR 2.11a 0.84 1.90 a 0.76 1.51a 0.56 1.23a 0.56
KRR 2.38b 0.98 2.08b 0.85 1.70 b 0.68 1.31a 0.63
AT s 1.64 ¢ 0.39 1.42¢ 0.39 1.14¢ 0.44 0.84 b 0.35

RRFEAEZE SRR (n=30, P<0.05)

3.4 B ARBREFEIL(RBD)

BAR L (RBD) J&— D RAEA R GOMNBUER Z AR T 1 Fa b8 . B R R — B R T — AR 1
HRE TR, BT DR Z2 5 1 A A%, B4R LR A, LA SR AR B s A% LB/ NAE ) , AN TR s
SRR T AIXT A5 . AR E A A AR SO AR, A7 LB TA8E , B RBD,., % RBD, , F3E .
I X RIRRAR  RIR AR NN TR IR UAARE F % B8 RBD, AT HEF , Ik 5 Fos

x5 BEkgTR

Table 5  Statistics of ratio of branch diameter

B/l BRI RBD,., BiAz It RBD; KR LG RBD, 5

Type XA fﬂﬂﬁéé ' A ﬁ‘(’éﬁ 4 FHE ﬁ‘/’é% .
Average Standard Deviation Average Standard Deviation Average Standard Deviation

PN vl 0.63a 0.19 0.71 a 0.17 0.65 a 0.19

KIR R 0.63 a 0.15 0.67 b 0.20 0.73 b 0.11

N T 0.68 b 0.19 0.72 a 0.15 0.66 a 0.20

AR PR ZE TR (n=30, P<0.05)

AT, RIRRAR  KIR FARRIR Y RBD,., 14 0. 63 , N TR RBD,., 4 0.68 , N TAHRHEH RBD,., .3
KFRIRAEERR A ARIE (P<0.05) , Ui MBI A AR AR R A KA 22 5, 5 RRAETIH
B, N T A TR A K K SRS B AR R E FH AT, 352 0 AR X A, L2 AR A 4% 1l 3R I A A
R ELARI/INR BE S (A R SR AR S L — AR Sk EAR I 25 585/ (P>0.05) . RARIRIR . RIR A
ARTE RBD,. A I 13 25 5% (P>0.05) , [FFh I RBD,., 25 S A A BRAE AR 458 0] 2 5%

Wil A S IR T i, RARMRIR N TR RBD,., 53312 0.71 F10.72,RBD, ., 53914 0. 65 F1 0. 66, HJ
N T AR B KSR S0 85 T RIRRR , I 7E RBD, ,F1 RBD, . 2 $ A B (P>0.05) . ANF/EE T BRB IR
LRI e K, SN R HR SRR RN T AR M B 2 B i 151, 5 R AR R AR 1 1) 25 57 b
F(P<0.05) , FIRRIR FKIRARRFI N TARARAY RBD,,, 53518 0.71.0. 67 F10. 72, AR S 2 3 R EH AT
) 22 S /N, IR AR A5 2 3 BE 7RI IR IR K . RIRMM  RIR AR T AR RBD, 531
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90.65.0.73 F10.66, MFE 3 4 B ARMBINERE T XK TBR, B L, REMRIR  RIR IR TR AL
P LEPIE S 5120 0. 66,0 68 F10. 69, UL T HAREL AR E 10 55 T RER IR AR SR IRIR .
3.5 R IR SRR

M T A SRR A S vE A AR T ML REAR , W52 AP AR B, v] LA EDW LA B (B 1) , RIRA BT h AR |
FIMREAG R ANF SEAE (V7 B TN TARMR R UM ER A L . ARIRAR R AR FARAR I 3B i B A 45 Bk it
TR, T AR A R, T R T R R AR B R L 1) R R A O A R, 5N TR R A Bk A AL A A
E5,

Bl BERKBRR(a) REBRRER (D) RAIRRE () MEE

Fig.1 Architecture picture of adult H. ammodendron (a), H. persicum (b) and artificial H. ammodendron (c)

TENT A RBRARE] T 58504, Hod R4, 5 Fe o 1:0. 81, AE Mk = 5 el i 42230, JE WL 1 3 i 3k
TE LRGN, ULERZE AR SZ 858 TR RSO0 T, MMRIE A 5038, SO s B Re P IT o e 1, A T A A ™
RIRFREE I RIRRAR  FEAR I B/ T N TR, AR AIE AN AR H o 1:1. 58, RER IR I i
FHON 11,21, AT HRBOEIRE, SRR 219, H R 4585 KR AR M BN 382, Fi bk 52 40 £
VIR R FARRHAT S BN 697  REREE BV BIR R K ARM AR BRSO £ (B A S5 W T gt 1
3 T A2V T IRXUEE A Rk T I
4 Hit5itig

YRR IRB SR B RE T, J LT AE TR R TS |, o0 R R E R — A S bR, R — i
BAPUNTER . — R U R B YR AMRFE R 3 A2 ERRREYE; 51— a5 ol 4
R R S8, FEAR R 7 M 55, AN TR] B = B B, o B BT IR K 25 5, DR REAR 4 79 i il 72 ()
AT YA AR AL

AR RARAETERAR IR AN T AR5 B ER 3R % ( OBR ) FZ AL 3 BR (SBR) AN 2 IREAT T
5T, 25 R 3R I SR R A — e PR AT DAL R IR R  RAR AR AN N TR R I 25 57 T iB A 4 R 8 m]
DRI SR MR  KIR AR AN T AR /A BE 77, HL SRB, %% SRB,, BT RE . KRB  KIR AR
FINTARMR I SR BER BB AT MR (SRB, , SRB,.; ) ¥ 2557 B3 (P<0.05) . R KIRERBRAA
TARR A BRI RCR A, 70518 0. 35£0.23 0. 50+0. 42 F10. 15+0. 05,

KIREH KRIRARRAIN TR A B B 22 5 AR 2 (P<0.05) , 55 1 BN 4 PO BN
FOMBERNT 900, IR | FIMRARTE MR I AR AR T , 4F- 42 A AS RN T 2 1] ) 40 A B8 B2 30 T 30, T 7 5
IR AR IR A B AN Z (R B) ZB ) BE 2 4608 T 60°,

KIRBHR KIR AR B AN TARR I 1—4 BB FEAAAE 5 25 5 (P<0.05) , N3 1 R3S 4 okl
KEEYIRRIR AR > IR S N TR, H AR  RIR IR TN TR R S5 A R 12 1 NS 1 93
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55 4 G S BRI AR

FIRBH RIRFIRMR M T ¥ 42 RBD,., .RBD,, Ml RBD, .34 0. 63 .0.63.0.68,0.71.0.67.0.72 Fil
0.65.0.73.0.66, BME I, RIRRIR KK AR NN TARMRAEAR - 24{E 53518 0. 66 0. 68 #10. 69,

FIRWNR  TKIR AR AR T B AN A S 75« V7 AU T8 B T REARSNE G f 1) T 32 285 O B 4% Jmy , N TR
1 IR A Y | 3K P35 22 (AR TE 3 25 7, R W R AR A 55 X R A U 7 AR B R 5

T A YA R R 5 PR A FAE T A B N Y e 28 7=, 52 2 07 T R R R, AR 5T R oA
A R SRR AR B R R SR AR R T AR WA BT TR , D R G TR A
RIRHR PR R A i Tt — P WF 5 FAh 7, XTIl A R A AR AT, 32788 N 411 49 ) B iR A T A0F
G, B N =423 (8] £ B R R 25 ) 43 A0 RS J=y | 765 i BB T i 55 afE — 20 D\ = 428 ) AR AR )
X 5 R FH AR A3
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