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Trade-off relationship between the flower biomass and number of Zygophyllum xanthoxy-
lum on different slope aspects in northern slope of Qilian Mountains. HAN Ling, ZHAO
Cheng-zhang ™ , XU Ting, DUAN Bei-bei, ZHENG Hui-ling, FENG Wei ( Research Center of
Wetland Resources Protection and Industrial Development Engineering of Gansu Province, College
of Geography and Environmental Science, Northwest Normal University, Lanzhou 730070, Chi-

na).

Abstract ; Trade-off is the basis of the theory on plant life-history strategies, and the trade-off be-
tween flower size and flower number is an important determinant of flower biomass allocation. In
this study, GIS and the method of experimental ecology were used to study the relationship be-
tween flower size and number of Zygophyllum xanthoxylum in response to slope aspects located in
desert grasslands on the northern slope of Qilian Mountains, Northwest China. The results showed
that the height, density, above-ground biomass, soil moisture content of the plant community and
flower size, twig number, dry weight of Z. xanthoxylum displayed a pattern of gradual decrease
with the aspect turning from north, east, west to south, while the flower number and reproductive
allocation of Z. xanthoxylum displayed a pattern of gradual increase. The flower size was highly
significantly negatively correlated with flower number on the north slope and south slope (P
<0.01) , and the slopes of the regressions were significantly less than —1, whereas it was signifi-
cantly negatively correlated with flower number on the east slope and west slope (P<0.05), and
the slopes of the regressions were close to —1. The trade-off relationship of resource allocation be-
tween the flower size and flower number of Z. xanthoxylum in different slope aspects reflected the

population reproduction strategy via optimizing habitat adaptability of plant.

Key words: slope aspect; flower number; flower size; Zygophyllum xanthoxylum; trade-off;
desert area.
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SRR A o ROy R Y 2 — B
KRBT N & AL W A= Wy ie v A Az
B RGHEBIYILAN ( Hitoshi et al.,2014) , WA
PRI AT AR At R b AR 2T E AL A
A FRBTIRTE A K5 50 55 D RE 1) 1 5 3870 IE 7]
(E—Ug55 2014) , FE ) B REAG 4 19 A= ) 73 BC A%
SRR AE ) I BT A AN A SRR 45, A
k2 L (Pooter et al.,2012) , AEA/ENHEY)
FEMETHASE BE R gL S
SRR VE T, AL R/ IMETE 5 8 by & 1
Vi LRI K (Fenster et al.,2004) , J& 52 M AH )
AL R 40 3 AL RO B 25 1Y e B I &R ( Goodwillie
et al.,2010) ,AERCRB 2 | 77 A e AR AT BE A Al bt
K, GROHIE G Rt (5K PE A, 2014) o A B
Ab B AR A PR BB AR 2% 1 fol BB 5 e A2 3 R A
ANTR) B 5 7 T 7 A B AE B R R/INTE W) —H R A
i H AT AR K AR (Zhao et al.,2010) , 47 BR ¥ U8
ANRE R I HE RAE R/ N TSI e 1 i AL R/ b IR
ER P FEA T RN R TR | 3 AN 2 R ) AR
WAL R Ak CoRAAESE  2014) T H o g B A
SRFAEH ZREPEIE iy AR 2527 08 B 5E T kA, 1
LY HE ) 1 BB ARAE RG] A A= 45 0 A 3 s X 5
(EKEA,2010) , H £ A ZEAH AR 2557 1Y PO 1)
R (AEITRAE ,2012) o 3 1m) A S 2 ) 3R 5 i A
F P A KR 0 ER T, A A A S ) 53
Ak Jr LG 8 3 M 9 AR 0 (22 L 4%, 2015)
AN TR) 3 1) 75 15 b P 7Kk A [ 2 R XS PR 5 A
B T AR EERR AR AL, Wb SR B M R Vs D RE IR B
IYBCHE R & A2 28 Ak ( Huang et al.,2015) | 5% Wi 5 #
Yy ) SRS Sy o A 7 JE T SO T A AR R
TR TR JF XSk B R s BE AT 3h
AR L K AE ) AE D RE IR AL B 3 NS0 A% Jeg 7
AT HERUBAAE AR ) 2 X 4B BT R G R i TR
W (E—UEEEE 2012) , S WX 3k 2648 A A ) ] fE 2%
E A I T 3 TR B 3 R ) A K R i v XL
WL RE A AR A7 1 A B (9K A%, 2014) , S ECR )
S A AL N R TR A 20 G AU A7 A
225 REL T DR AR AT 5T AL B IR G RS
Jry B AR e B (ERAE,2014) o G, BESEAS W) 3
[ B A8 R/ IN- R AU S 2R, W AR AR X #1858
R RURAE 5 3 1 AL LA R IR S

i E ( Zygophyllum xanthoxylum) J& 434 T 3% [E
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PR AR IR B R i A (A
P (ZEWA,2013) ; % FEFZEU W, SR, fE AR
BAZHNNME, RS E/ R h i g F 2L M
o, R BB R A% o AR rh ol R A e 1 U A A
(Chen et al.,2015) ,1fi H. oW 51 56 250 &, R A6
BRI F S AE AR AR TR 2K 71 (Good-
willie et al.,2010) . HHEI, B WA R Z K THEY
AEFL T 58 83T ( Katja et al. 2005 ; Alberto et al.
2011; F —IE%E 2014, Austen et al.,2015) , AN = %}
FE AL N80 A G 2R 5 MR LA S AR RN
TEMR ZR A E (BR AR AE 2009 ; 5K 95 55, 2014) 5 ¢
T E AR FE 2 D TEH E AL M AR REMER
X FE T M A 35 ) A P N HL D (RS YT 4R 2014,
Chen et al.,2015) %5 {HA K3 m B B _FAEYIAEAE D)
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ANBCR AL SR A O R AN I, SR T, AR
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MG F LA AR BIEARTE RIS th i
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HEEe S

1 HR™MXMFRFE

L1 WX

W58 DAL T3 LU AL 3 DX A 2 7 e
FLRLTA DX T T L T P R T A 1834 ~ 2118
m, AEPIE 6~7 °C, =0 “C LR N 2933 ~3300 C , 4F
/K& 173.1 mm, 528 % 72 2013.7 mm , J24F K&
9 11.6 £, TSR LI OBE 4, iy T TR A
KR P VE T T8 Bk A R RTBR S T A A IR L
SRS, R o3 A BAT B B 1K o S AR, LA
BANEREA £, FEAWA i E B E 5 (Reau-
muria soongorica) .5 3k ¥ ( Sympe gmaregelii) .22k
¥ B (Salsola passerina) £ JNK ( Kalidium folia-
tum) FIBE L ( Ceratoides laten) , A= FEH) A AT
% (Ajania fruticulosa ) . "' WV %8 56 K ( Asterothamnus
centrali-asiaticus ) H%3E (Allium polyrhizum) | % f£ FU
¥ ( Orostachy sspinosus) | # AL AP L5 ( Limonium au-
reum ) Fl =753 (Aristida adscensionis) 55 . i 5L Hh
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SHEA SR AR IR AR TS . 05T X AE 2004
AR R AR A B I, AN AR R & RO 206 2 55
THLR R, fehs 150 ke e 1) PR 286 A 90 A6 W 22
PR BT S IR
1.2 BFsEHERE

B TR SRR T 2 AR AR, = 50~
120 em, #i ERAEAE TR, % R 4 BI00E g6,
e 4, FOPIE SO FUE IRF A K 8~11 mm; £
8, MEMERIAR K TAEME . 206 S BUR A IR, AR 3% L
Jb3p e V85 1 5 E R R A AE I 5—o6 A, SR 7—8
A ERRE B b E A G i 2 145 ,1999)
1.3 Uik

TEWFSE IX B PE—4L i 3 AN AR /N L2 RS AR AT L
FEFERE(99°49'E—99°51'E, 38°54'N—38°58'N) , L1
(R AR 25 BE 24 190 m, Ll B3 AR A T[] — g4k, F)
FHECT- = AR AR R ( DEM) |, K BF 55 IX 5 40 4 A3
], - 35 1] 9 2 ELVREAACRE E (1850 ~ 2000 m) [ 25
m B 180 m F& 10 m BYACEAENT 1 4%, Bt 20
ZOKERERT , T 2014 4F 5 H T A) 3 T RAC I HET T
TR A FIRE R AR i R INT

(1) % EH E Oy Re MR IO 2850 3% 22 2 4 W
SRS X EREFAAEIIN s AhfiZ= 6 A
FGEH A 15 d 24, BEE B 1) g 3% 31 3%
(AR | 3 E AL IR AR | a3 b b3 i 7~ 8
KN T PRIER AR S, 00 F 5 A 25
H.5 H28—29 HA16 A 3 HAERYE . PFEIE AR
JEIEFEHBIRRE . B e e B — DK PR RS 12
FROCRF/NE 4 ¥R [E1HE 10 m DL & F KR40 %
FAARE, SR 5 A RO 4 D 25 5630 31 i /= o B 1 4
B bk, LRI VG J5 10 34 B R e, P4
VIS AR A R SRR BT A AR B, T B BGHE J2 i 4
AITOLH /B 1R, AME RS 5T F 48 A K5 B0k
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O T IR A SRS | T R S B S5 0] S 56
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(2) REHLRE VR 24 A, Je FH T 85 GPS g st B4
HKOERER I G LR B SRS AEAE T N E] B 20 m I &
1A~5 mxS mIIRETT, 4 300 A 5 b JFE V% AL v
FVRBE | S5 AR T N T A6 R0 53 1) 55 b X1 1) 25 A

H B A RE ST (] S50 3 HE PR 005 A s
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(3) HIIK TP RAE MRS HE S, T T5% 1Y
R EZEPTE 40 em )2 (4 17 F 55, 2006) , 78
BAFETT N BEALE R 3 DA B (AR =4
em) RAE 0~50 em 12T P A R 3ERE S B BRAE
sty ) S R AR B A 7 ) A5 A o, e A\ 5 1Y)
B A SRS 7 105 °C ROBERE AL 12 h, B
AR, T AL 0~50 em )2 HHES KA,
1.4 = [EEdE

XHIFFEIX 1 2 50000 HUHE EIFIH ArcGIS 174k
TR, 45 BRSO/ 25 m A BT e R AR Y
(digital elevation model, DEM) , #X J5 7E DEM FEfil}
L FIH Spatial Analyst #58 H1 ) Surface Analysis iy
A PRI ) e R 3 A R 22 53 O i
15931 (Skidmore , 1989) , F/n i F 11 | — 5 A )1 1T
AL R AR n TE7KF I BB n, S5 % i IEIL
D5 T B AR B Jo ) P i BB P38 1] 48 s 12 T g B
FE L0 K0 A 4k 2, G b gl 1) 450 DAL B 1) 0 925
( PREEAF 20006 ) i 5 ( [54J] £ J& T 315° ~ 360°F11 0° ~
45° 58 M IEALI W ) |
1.5 st

FIFH 2 1] B 4 R B2 T 2 4 3 1) Jal 43 Ay b
(315°—360° fil 0—45°) | 7= 9 (45°—135°) | F§ I
(135°—225°) FpG 3% (225°—315°) , ¥EAT i £ 451
ARG, BB TR SRR RS BT R AL AER
NHEAE T HE RS, B AR A /R EAE R ST
S AEHC Y HOAE s AR 2 4 AR /BT H 25 v 4K
3T Z AR s Bh o AL ST S /R
TH YA 4 kTS AR B 14 P 0 48 55 o I
I HRAR D 2T, i EAER/NAERCRAH
SR BAE BT S EA T LA 10 RIS AR B A, (2
P& IR, B AR AL R0 AG T (SMA) 1Y J5 %
BT (Warton et al.,2006) , K y=ax’ , Lt 55 e il
lgy=lga+blgx, 2 x Fl y R WA MRS EL b R
IV R S BT a5 A G 1 DO G o N R S
1ol =1 I, IR R AR 2 161 B 1
I, T 5[] A A [] 2 32 1Y) S R 72 A6 5 &R (Harvey et
al.,1991) 1% (S) MATR Version 2.0 ( Falster et
al.,2012) T3 58 . Xk AN [R] 3% 1] A8 9 21 BE AR AE 1Y
R USR5 22 0T (ANOVA) |, 1 25 1k
KAFBEH0.05, BT A i FISPSS 16,08 47 7>
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Fig.1 Changes in flower size and flower number and variability in Zygophyllum xanthoxylum along aspect gradient
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Fig.2 Relationship between flower size and number of Zygophyllum xanthoxylum among different aspects
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Table 1 Community characteristics and soil moisture con-
tent among different aspects

e TE I kR
FE A AL (%)
(B-m®  (em) (g-m™?)
b4 23+1.21 a 94.80+0.99 a 181.75+£4.77 a 11.50+0.58 a
Ky 16+£0.65 b 82.32+1.06 b 127.48+5.39 b 8.20+0.33 b
[lig;3 15+0.38 b 81.70+1.08 b 105.81£3.23 ¢ 7.60+0.46 b
[p3 8+0.20 ¢ 65.00+£1.14 ¢ 84.99+7.07 d 6.10£0.43 ¢

PEMEARE D [ — 51K W /NG TR R 3 ) 0] 25 57 3 (P<
0.05), [,

W3 (P>0.05) ; M A= i B i 8 n, AL 3% kb re 3%
BT 114 £5%; Bt 4 8 & oK W, RS 3%

x2 BINEYERHE

FAL P AN T 88.6%, KVEW LB EE R (P
>0.05) . W, pa bl 2 ARG A FEE SO, AL e
AR R K,
2.4 UR[F)IE 1) 85 A AR SRR

3 B R T 254 MT, AN [R) 35 1) A B ) 95 T AR
1 JELIE BB Ay L o A BRI T S AR 2 R
FHEDEZES (P<0.05) (£ 2), FEEIE W M
MR | Bl 2 S TR ] 7 = o I s 23
FVRE T o S ke A a3 263, 3 3 n
T 32.76% 33.34% 4.4% 1 10.87% ; % T 09 EF 4y
e 2B s/ N B, m B LA SR N T 47.43% , X
SEPRAETE AR VI 22 R AN 3 (P>0.05)

Table 2 Principal biological characteristics of Zygophyllum xanthoxylum

I ) de 3k ARH i3 Rap

PR (em) 101.50+4.07 a 73.50+2.02 b 70.33+2.66 b 68.25+2.91 ¢
SR (em) 142.89+6.14 a 118.63+4.93 b 126.83+5.34 b 95.25+2.75 ¢
HTE(g) 1.82+0.11 a 1.76+0.07 b 1.75+0.06 b 1.74£0.03 ¢
SRR (A - BT 90.04+2.93 a 84.78+0.89 b 83.99+0.82 b 80.25+0.69 ¢
FIHAC( %) 14.09+0.35 ¢ 20.04+1.04 b 21.67+0.07 b 26.80+1.11 a

3 iiE%®

TERRBE = (A v MR T IR B K s 1%
SFAEFVETEIE A7, AR D RE MR 22 1) 2 5% A B 96 R
14 43 BCAFE ERH 2 ) 6 AU 1 D 54 i — A 42 24
AP I8 T 1 R 0 BRI 4% (Osnas et al.,
2013) . FEYIAE I/ IN-BI0ER: HASUAT 5 2R S M 00 A T XoF
M AR RN [ SR B R B R T s, 7 F B PR Z TR
P LT RE T R R T B W VR i e, i A
FRARE S 5 A 3 ) SO 106 A R R 9 R s A
TR AL AN A S R G R e M (AR e A,
2014 ) , A H AT LGB A ) B A 4 R 0E Ak 1)
A S S AR FBLE . AHIESE & B, Bl B
] AAC I AR VG 38 1) i 30 A A, 0 T AR B 1
W2 JER/NZETN (B LB 2) 63 R e 3
TR NH B O R R E A S (P
<0.01) , S APR B /N T - 1, R M pa 3 2 3
TR (P<0.05) SRR -1 (K 2) . %4
R/INBOEE AU 5% ZR A3 1) 25 S P s e T 5 6 o X
e VB b S S5 A 5 A AR | R AL T O T N A R
R,

LA A T S e T e 3 SR Y RN R A A R R
AN BRI R IR LS, REREAE — R B ah L Z B

S AR 3 B AR A TR PR TR ), SURE R R PR B M IR
ZHHPARE (TKRPEAE,2014) o BFFE XALTARE L1590
P R A P AR ST B R IR IX RSB R TR il
B, AT KRR, SR SR AR BB A A AR M K
IPREEER BRI S5z R A e B R i 4
18 (ZFEE4F,2013) , O 14205 B B 19 A A7 F BB g
T3, S ALY 2 B 2 R A 7 W 40 T 45 R AR &R
(ARIEHEAE,2015) BRI 1 b A= Wit 4 23 S e 1
Wi /MBI AT A B IR B D (R 2) B T
IR 98/ NMER/N IR FoAs S (B 2) o
BRI (1) T e ™ B A8 7K BE PR BR ) A S AR
N T R FREE A PRAIE B85 2 , 7 48 K B 0 i
(F2),BEFF T K/ AL Y B IS Al T 5 A5 5K ([
1), S T X RAE SCRp &5 Y BT IR B M FE 2 B &2
RESE, SEBL 1A FR BT IRAE 28 K/ N R 1a] ) L1
LB, A TR I8 3 fe KA SEBR T ) s A5 2
Mo (2) T35 i) w55 M AR v 2 58 o JBE A 3t L 2Ry
/(3R 1) RS 1 A4 R B S5 LA Jo) 1 4 AT
BN AT RT3, i i/ DAL, BEARIE
TR SCRE Y 0 SIS N AE R, RT3 5 25
SHIE S, PRIEE AR RS E HESE , S T A AU A
FIR B U5 T M) 5 5 1) A 005 s e ok FL b, IR, 90
i T 19 A8 R /N80 A O AR 3K B 5 K (P
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<0.01) (& 2) , S8 1A MO & 7 e A 14K
SR EE B

HEL P ) B2 DA A AL A T LR 4 T RE MR A 4
At AT i 55 A S R AN A, A MR 22 ] B4 A
WK AR 5 P B e 1 R A0 114 £ 265 50 W AR I e | i
PEINRE (BRAET55,2014) o i T F AR 24X
Feby B HO R A A o LA, MR T A543 TR 55 14
FIAR T ESZ 2 AL A PR (BRESE,2014) o BFFEIX
IR FAR S B 0l JBE P IR (2R 4%, 2013)
e S KGR AR R ROR (R 1),
1 A ) TR TR A A B IR AL SR LAZE RS Y
GRS T 2 65 P U B AR R 1 2
REPEIR BRI B A T 3 20 B LR THOE £
HSCE AR EEE F7 (3 2) , N9 A2 R AR AR AT o5
DEFAHII SRS 5 5K, T AR T BE58 0 TiE 19
GEIR LA (3 2) BB T I INERCE e R/ MY
SEAME (K 2) o EZEPA . (1) b Tt
BR T, ESS AP BE AN TP BE R R (R 1), 2l B
R R BRI (W A%, 2014 ), 57 A A K4 =
ek 2 R Y B SR AR 1) AR ) b 3 T R s (] H
TEHEN PN FRIE T RO Bl i) PR 55T, % T 36 AEAEAR
X B T K MR AR T R, 2R AL
By B RS DT LA L T T ) BB XU, 5 5
EIGRAET TG I B He sz Pl e v R A 1% 4
SRR SH IR IR, (2) X BB i HE = 4
A/ NSEF O E (3R 2) , AR A R B B D LA
IR BRI A e A A RS, 7 2 e 43 P ik />
PERCEE (1) BERE S b BT IRy, 2 gl AL I Y
Az AR s (1) B 5 R AN ) N SR S 4 BT AR
AR B RIS MLV R DR, B B T 45 e R s B E
DR, AL 7 AR R/ - A 5 Rk 2]
WAL IKF(P<0.01) , o T 5 A AE ) Foeilh B
HC A B [V e S ), LAASUAE 8 D TE 19 2 T iy iz
ZINBEREFE I I AL, T — i 19 AR B
PLH(FWAF,2013)

LI S Jo A 158 A6 R /N2 A L o 2 A
Yy DI R AT AR XS BT PP AE B A R AL R A BRI
T MR R (R AE A ,2010) o ARBCATPY AL T
BR3P e 9 R A R B A s B, o
PR R A AR B R (R ) Y
AR BB K > OEIR TR | R R AR A IR A%
PRIE R, 3 B KR SR TR T, 3 RS 5
Fr IR SRR, PRIk AT 8 2 P44 46 /N F A

PR A (R PEZE 2014) (B 1), B ALK/
A AR TP 42 3 A 50 1 I R ) AR AR A
KPEAA 3 K (P<0.05) (18 2) it R R A=
L i e

BRI R A B AT IR AR AT SR e B A Y
AT RN FE | LT %) SE 5 A A 0 S AR A A
TE 5 AR T B e A3, IT I8 A iy A A
#(Hitoshi et al.,2014) , AW, 1 I 1Y 95 £ ik
PEAE PR /INE R SR T B A, LA R 3 85
TR R A F Aot Bkt S T A B 9 A A AU 5 b3 W
T X} A5 ) A4 T, 5 ) LA e /0N 1) AR AP AT XU >k
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ZEVEIEARAE XN BT M S E T 3 5 P AR
REA S A | F 3 e D0 T3 Y A= 3 SO
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NI S B R S 70 0 58 35 0 I B R L SR

S 30k
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