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Temporal variation of leaf functional traits of dominant shrub species in the
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Abstract; Leaf functional traits are important bridge between plants and their external environment. They are not only
indexes to explore the adaptation of plants to the environment and to study global climate changes, but also important input
variables for eco-hydrological models. We selected dominant shrub species Dasiphora fruticosa and Caragana jubata in the
middle section of Qilian Mountains as our study objects. The change characteristics of leaf functional traits were studied by
collecting lead sample in high time resolution. Results showed that the leaf area (LA) changed significantly from early June
to early July 2020, The specific leaf area (SLA) of Dasiphora fruticosa and Caragana jubata was between 76—157 cm’/g
and 120—217 ¢m’/g, respectively. The mean SLA of Dasiphora fruticosa (123 ¢cm’/g) was less than that of Caragana
jubata (176 ¢cm’/g). The leaf area index ( LAI) of Dasiphora fruticosa was significantly higher than that of Caragana jubata
during the growing period. The changes of leaf area index of them with time was optimally expressed by the cubic function.
The optimal relationship between biomass of shrub and the product of base diameter and height was power function.
Expressions of aboveground biomass per plant and leaf functional parameters in different growing phases were different, the
optimal model selected between aboveground biomass per plant and leaves biomass was S function for Dasiphora fruticosa
and power function for Caragana jubata. Aboveground biomass per plant of Dasiphora fruticosa with of the SLA in different

stages could be simulated by logarithmic function, while other leaf functional traits could be simulated by cubic functions.
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FEARE X EAAUAE KRR TR K A I35 Ia0 )1 A2 3 25 0 1 A # 2 B RPE A, i ELR Sk
FIARMAY E BRI, 76 I A SRR Oy R 5 MR Rk, BEATE 44 P b b X A S %
ST P E AT S At I UAR, XA A S K SGE R R T R i 5 > IR R T
LN A S K SCRRIE O R e D) RE TR S BRI A3 TR A0 AR R A 5 2o R A o A A AR ) A A
T, A2 LT A 2 25 3R e X A Bk A A Al 17 1) = BEAR I 3 RN RE S S WA % IR A A% O B
(7] s A 400 (18] — 2L D) BE M AR AR5 A Wy R 77 A AR DG DG & | AR A 77 ) AR ) it 2 AR )
BRAE I Y — D PREERAE STV o BRI g i ) 23 B A D RE MR S EOR R WE 58 i £ 5 A REPER
BAEIEAMER (AR AR ) AR BRI SRR S Y B R bl v B L SR o A R i i AR

BRI R AL A MRS R AR TR A MR B S B T A ke A B A ) 3 8
ARG N B BB TR A S AR R TR H R i T AR A X e S G i s
HER RS AES RGRS , Bello %517 Funk 45" & BUAGBE =1 B AT HAR AT DAAE S A4 25 R G0 MR 55 19 2
RERRIC, MR R AE Y A5 R B D RE MR 25 M I A S RGNS A R, = AR g R e R
JEU b AR B W B BE ) 8 bR A R AR OC R B0 35 HE I O < A > g B8 > e T AR S R BT R > i
T, XL REMER S U BE S I ) BAT SRR AE B P T B X VD A AR 9 1 T LS B
T AR S PERIE ST % W TR R e [ g 2 BRI AR AR Al 2 SR AT o BT g A 1 PR B 5T e B AR 2R
2 L AR B — 5 0 Bl A B 3l i T AR | T AR B AT A 3 L DX SR A (1 - ) R R (]
SR 7 S IEBRAE AT ] SCHK 7Gx BB R U A E SR

PR AR SCHEPRAIS 32 L1 rp B LR SV 25 1L K 42 8548 (- Dasiphora fruticosa) 1Y% 5839 JL ( Caragana jubata)
RS G  BESE D RE VAR S (T AR b i BRI T AR A5 B S AR AR A [R] s AR A S S R
A7 UABARTEE S 7 AR e AR T AR bR R ARG R AR 1L X R I [ B A A
Ik 55 BT 5 B2 HE BRIl B30

1 WHRXERFFRFE

1.1 WF5E XA AL

A LR TR 2 2% 1 e KL R 22—, b kb T e A B e R RN 5 e IR A S A b 3 Ak bR A T
36°30'—39°30'N,93°20'—103°E Z[i], B H & W4, Kk TARA B & FE I R Ao A, XN H 2%
SN A KI5 K BT 280 B B T 0B R K O 25 5 R g S RN - 828 A AR 32 1L /K U
TR SR WA LU SR A SRR X F2 AR 0 g L R X AR S R 4

FFE XA T34 LU BERE R B AR X R 37 it i 3k ( 38°24'—38°26" N,99°53'—100°56" E ) , ¥k 2600—
4200 m, FZIX AR T 1L HE ARARFE A, AR BROR 1.24°C, 1 HF AR -13.4°C,7 AR ARR
13.0°C , 4 [&/K B 437.2 tv/hm® 22 (5—9 H) Y 84.2% ,4FZ5 & & 1066.2 t/hm?*  AEF-EIAIXHEE 59% > i
358, B B TG T AP AR | v L R R T R AR R B VR A A R R R Y A R 7RV R
4000—4500 m 75 BT B AR ILHIRAE RO 4 32, 76 3800—4000 m HFHR AT 5540 A A v Ll BT A AR g 2
TE 3200—3750 m iy F B A K EHHEAR S FEME( Dasiphora fruticosa) F1 YL Fi #5349 )L ( Caragana jubata) HEMN | 1E
2600—3400 m VPR HT B3 2R TR, Te AR ABIAT W =42 (Picea crassifolia) , 3 R AR [ H1 ( Sabina
przewalskii) , 7E 2300—2600 m 4R 20 LML TR AT IR R 25 AR B 2 AL A R IR [ fl
T, FEA I FER Bl AR | LSRR AT L R
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1.2 FEa RS K Ab 3
1.2.1 FEigE

HEARERKZ 6—9 A EWHE XEIOCH T 8/ H HAA R ML B % B 20 mx20 m MYAEHL, XFAE
7 B A 8 TR GPS A% FLt 7 E (2 1) |, RIS RE - S p BEAb PR R R A T g (£ 2)

R1 HEHERER

Table 1 Sumarry of sample plots’ information

sk e NN AL K W% Wi
Vegetation types Sample size/ m? Geographical position Altitude/m Slope/(°) Aspect
M Dasiphorafruticosa 400 99°56'24"E,38°26'03"N 3085 7 JiitE|
RHFHE L Caragana jubata 400 99°56'26"E,38°25'34"N 3182 28.2 i3]

F2 HTEEAER

Table 2 Soil physical and chemical properties

K LI

R H 7KEE Bulk LB Soil mechanical composition fibliE i SRR S
Vegetation Water density/ Total pH P pen o S0C/ TN/ TP/
types content/ % - orosity oL L L (g/ke) (e/kg) (e/kg)
v (gem’) PO Sand/%  SilV%  Clay/% vk ¥ ¥
SRR

. . 35.33£3.36 1.15£0.33 0.560.12 7.52+0.02 35.57+1.14 4441011  20.02£1.02  58.02+3.96 3.78+0.33 0.65+0.12
Dasiphorafruticosa
SR L

. 6048+545  0.86+0.14 0.68+0.51 7.14+0.03  40.39+042 4027040  1934+0.02  70.50+1.63  5.21x0.21 0.76:0.09
Caragana jubata

1.2.2 RS REE I E Iy ik
(1) P T ARURA b i T AR R0 5 5 1
FEAS EEFEHL NI E 3 mx3 m I/ IMEHE, 7E 6—8 H 07, BFR 5 d #e Kb/ IVECR A 4 B AR AL T i xg Lt
B AN R R 20 AR AT E BRI ER 180 A R R AR 14 YR BT R
FPRIE A BB Al B, SR o BSOS a2 A V850Pro AT M, A B R A B R, Jd it
ArcGIS B2 [a] 43 Afr D REXHA 4 i B AT A0 B AR A HE AR it T AR . - X B T B (LA) FH ST FRBR
IR EU(N) AL o B ss i R 5 AR B8, 78 80 C T R 5 R, il A5
(2) HEH L EFR (SLA) .
LA yopenpm = S garme/ N (1)
SLA = Sy gurmp/ Wapsoor-v (2)
(2) M AR EOG I 7 v
15 d 7EA MR FTER XS LR A1 1 mx 1 m AURETT 3 4> B IR S 2 S HLTE B9, +f [l
Sy A PR A SRS 2 I IBOR /N R SRS 10 B, AS[RIAS A B Y 22 S R B SR IR - R R XS LY R B Y
FARTE 20 mm 22T, HARCEARTE 15 mm A2 45, /IVBHEAR = 10 mm, £ B AR A KRR Y 3642 > 8 mm , PR AR AE 5—
8 mm Z[H], /MR IEAR <5 mm, W R S R R & SRR B T SRAE SE M A 454
PR SR AR TP T SRR CRERAH T B I RS A3 e AE BH4E FE 80 C LT R H H S AR
(W, ) SR TE ST E AR, RS ST (W, ), IR 8 5 T8 1 ¢ FORMEAR Y BKR, )
T D0 2 A5 A A S E A SR B I R R (3) -
W, =a+bW, (3)
A KA SR /NRETDT TR A AR A 0(3) SR /MR DT g i AR e i 25X (2) SR i /e
BORFTETALCS oo ) TR B A8 2 (4) T, SRR A RE J7 3651 1, 375 R B BE 10 W 7 L9 28
(LAI) ,
LAL =S yupmp/S wserinn (4)
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(3) VENGE T IR ik

HEFE TIFRAE T AR E 2 — A LB U TERE D1, X X3 DA RUBE, A1 R AR o A= Wy i 3 80 A 7= 0 ol o —
A-PREE B A B R BE 1 A ik . BEARMRI AT (y) S54SR (W) Z RIS RITF Y

1/y = 1.27/W"" + 0.056 ,r=0.97( P<0.01) (5)

1.3 Hdakbs

15 FH SPSS23 Al Y i A% ) LFN 43 58 A 10 26 4 i R AE 77 0 5 4% i D RE VAR S 40 0] A AH DG, DA R R by
AR AR R RS i B A A AR DG S AT, TR R UE A3 AR AL, 5 R ) D R AR sig 5 RMSE
FRPRIE ) R ET G LA S B A P 5 & D Re RSB Z M Y AR AL . FH SigmaPlot 12.5 ) A4%F
VTR LA 4 R AR Y I TR | L TR R P T AR R s 1) A2 Ak ) R AR A

2 HIREGR

2.1 MORIEOR M- Dy REMER AR LA
211 A AR AL AL A

S AR XS LA 6—8 A M AL AR AL WL 1, JE A I A AR K 3 3 A KR 3 % AR I B AR
b, H 6 Az 7 A%, FEARM AR IR 4 &M m BRI 0.15 em®, A KK BIE 0.56 cm®,
TRETER G LI A AT 1.7 em® A KRB EIBN 6.45 em®, ARG T 3.7 £%,

0.7 ¢

2ol
Pl gt | %ﬁ

0 1 1 1 J 1 1 1 J
06-04 06-24 07-14 08-30 08-23  06-04 06-24 07-14 08-30 08-23
if i) Time (H-H)

E1 £KE&BEEMRIEHEGILHERATL

Fig.1 Leaf area changes of Dasiphora fruticosa and Caragana jubata in the growing season

2.1.2 SLA M2k i

WFFE X EAR AR 0] SLA R4k ( LB 2) B 2 AT, @ M AR §7 4R 29 )L SLA 23854 76—157 em’/¢g
ZIEJAT 120—217 em®/g Z 0], 4@ SLA SEHIE A 123 em®/g, R ETHHAS )L SLA SFIEH 176 em’/ g,
2.1.3 EMNGEZ LA AR LA

H P 3 A 200 4 88 M R T B XS LY LAL Z8 ARG 5351 R 0.78—2.12 1 0.14—2.84  7EA= KA 191 4 BR A 11
LAL W KT S 3G L, S #8 MY LAL 78 8 H W1k B E R (E (2.12) , I AT XS LAY LAL 76 7 H oKk 3 5
RIE(2.84) .
2.2 AERMERI LAY LA AE it S R A B Y )3 4 A

K HBEA D |- Wi SR E B (Height, H) FI3E£4% (Basal diameter, BD) #EATAHSETE T (L 3) , &
BUAEAE PR E W SR HE AR AR Wi S HXBD R St S M B 2 MR A 56 (P<0.01) |, S5 RT3 43 B A5 A 357 Sy
PRI, FE AN TR BT 00 R RO R T 0 22 S AN R o e A K A @8 Mg A= ik 5 HxBD 1) IRl H AR R
KM 0.9307, 1M W E # A LAE YIS HxBD [ RIERRLY R Fe/N A 0.8084, [RIARIULIE 4 FlEl S,
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Fig.2 Specific leaf area changes of Dasiphora fruticosa and Caragana jubata in the growing season
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Fig.3 Leaf area index changes of Dasiphora fruticosa and Caragana jubata in the growing season

®3 EXNMEEMESERZR SENEESEASHEXED T
Table 3 Correlation analysis of shrub biomass with base diameter ( BD), height ( H) and the combination of H and BD in the different

growing period

YIFP Species i /] Time H BD HXBD H*XBD HxBD?
KA PR A K 0.713 ** 0.911** 0.941 ** 0.926** 0.900 **
Dasiphora fruticosa FE AR 0.767 ** 0.898 ** 0.957 ** 0.956 ** 0.954 **
G L PR AR K 0.723** 0.850** 0.853** 0.775** 0.835**
Caragana jubata FREAKM 0.829 ** 0.904 ** 0.955** 0.929 ** 0.952 **

* % fE 0.01 7K ( X/Y{DIU)LE%*E/\,H%TE Height;BD:gﬁé Base diameter

2.3 HAUREORAE YRS D RE R S0 191 UE S A

G 598 M R DR T B XS LR L b 2B g N D BE VAR SRR R H 43 B L3R 4 PR3 4 T 0 TR LAY
BARRHL T AR SRR A G ET AR (SLA LAT A9 e PSS R A A 4 [B) RRR s B 103 o =R R4, 5 bk
I AR AR A K 2 S AU pR gk, ZEAR U W IE) Oy =R pR AR, AR I Sk 1 AR i S RS i B
FURT LA 11 e AR 70 A A R ) AR 338y — R pR 8K, T 55 SLA 1 e DL R R AR TR Sy Xof 450 o 45, T 5 B AR 119
W AR e A A R T A T R, e RS R =R R, LA R E RE(R?) ¥97E 0.4098 DL | Jorh
TS LM EAE YRS LAT By R RPARE/IN,
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Fig.4 Scatter plots between biomass of Dasiphora fruticose and the combination of H and BD
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Fig.5 Scatter plots between biomass of Caragana jubata and the combination of H and BD
x4 EYME(W,) M IIBEEK S B EF 5
Table 4 Relationship between biomass and leaf functional traits
W Bx R L IERB  fRRE S P RA brifEiR 2%
Time Caragana jubata R? RMSE  Dasiphora fruticosa R? RMSE
H&ﬁijﬁgﬁ Wy :9(0,7445724,627/117{&) 0.653 ** 0.555 Wiy =0.3851Wﬁ0‘657 0774 0.295
Rapid developed period - -
LA==7x10""W},+0.0429 W3 - 0.9508 0152 LA=0.0476W3~2.5075 W3, +48.442W , - 0.9499* 0.113
2.7873W 4 +104.52 : ‘ 88.546 ’ '
SLA=3x107Wiy-0.0054 Wiy + 0.9447 ** 0.171  SLA=29.408In( W) +31.725 0.9551 ** 0.147
. =29.408In . X o .
0.6976W ; +87.514 ‘ &
LAL =-0.0001W3,+0.0292W73, - 04430 1592 LAI=-0.0002W3,-0.0344 W73 + 0.9804 ol
2.317W 1, +60.883 ' ' 0.9373W ;,-5.2726 ' '
Sl Wy ==3x1077 W} +4.217x 10 W3, + Wy ==7x105W3+0.0007 W% +
HELE - i & 0.998*  1ug . . 0.9909 ** 0.110
Stable developed period 0.0554W +1.0105 0.1262W 1, +0.4266
LA==5x1073,+0.0068 W3, + 0.9804 0125 LA=0.008635W3—0.9881 W3, + 0.9875** 0.125
10.161W 4 +100.3 ' ' 43.433W ;4 -52.294 ' '
SLA=7x10"°W3,—0.003W3+0.7891W .
# & £ 0.8668 0384  SLA=29.448In( W) +47.073 0.9602 ** 0.348
+125.78
LAT=-2x10"W3+0.0007 W3 - _ LAT=-0.0003W3-0.0246W%+ v
) 0.4098 * 2.033 ’ 0.7227 ** 0.472

* P<0.05, * * P<0.01

http ; //www.ecologica.cn



2 4 WALr A ARIE L PR AL B A Y T S R AR S B A RFAE 715

2.4 mHIIREMEIR S AR hE

A7 D FRAE T AR E A ABRATETERE ), X T B LL 1 RUBE ) FH RS o A 4 e 4 5300 A 7 ) Wk —
APREE AT BB AR J1 1182 FEASBRSE h & BRI A7 I AE 6.95—7.55 + hma™ Z 0], BT HEAS LY
AP IAE 8.29—13.34 t hm™a™ Z[A], xR MY [ AE 3 -5 it T AR Lo I T AR SR R 25 G AR T M A X L
9 [T B E 7 45 It i B S B AN T AR AR O R o SRS AR BN e R AR SR A 6 X LAY [ B e 77 45
[EEAEAIEY ) STE 5.

£S5 SEBMESHGILNEFTNEHIEERSHZ BRI EFS T

Table 5 Regression analysis between productivity and leaf functional trait parameters of Dasiphora fruticosa and Caragana jubata

Y| T AT

Ir FH I i AT E %
%ﬂ]_ Productivity/ Jrﬁ*z Leaf dry SLA/ PR
Species 2 21 LA/ cm A 5 LAI
(thm™a™) weight/g (em”™/g)
LB Dasiphora fruticosa 6.95—7.55 0.932** 0.534 0.721** 0.314
P L Caragana jubata 8.29—13.34 0.934** 0.854 ** 0.426 0.921**

* % 1E 0.01 ZU (AUR)  AHCHE i 3

3 aWm5ite

3.1 HUOREEOR D RE R A AR AL AL 43 B

ZRIE R e AR 1 1Ly e s O AT A 4 8 M R 5 B X0 LI T AR A K 224 A I B A1 72 6—7 A 3)
A T BAE Al d R I, D A K SRR AR KA B e 7 A ), B AR R AR A I T 3.7 4%,
T2 SCHR S BRI S 2 A 4 SR A AT VR 5 B X LI T RRZE AL AR Ay BB I T 5 f5 0 2 4%, 7E 7—8 H & Fify
VLSS LM T B AL 2218, B A - T AUE 8 A IR BB K (E (0.56 em?®) X 5 45 Wbl A Ay 46 10
SRR 8RR Pt TR e L BT (1] 7 A 5% 485 R — B, T AE A i 5 v AT B X Lt T ARAE 7 A 22 H ik 3 i K (H
(6.44 cm?®) 4 TEAREA GAH7 HA NG LI i R st (B AS ) 1) =8 22 JR R — 3 B W AN TR) 78 A 5% 40 [|] 18
WAL B| S MLy 6 H 17 H—7 H 28 H , A2 KIHRFZEAT A1 7E 110—130d, W& 88 XS L LI 7E 6 H
15 H—7 H 16 H A KFpEemHE Y 100—120d7°

E 6 H—8 HANBr B & @i SLA ¥/ T T84 JLAY SLA, SLA K/ANSAERABUICR, Rt TR
() A 358 S A T AR 0 PR 1403 107 BB T, R PPN RV A5 ) 2 A5 A 3L S CHL AR 77 K R IR B 228 5, AT il
SLA 5t Fr i 754 3 TR Oe ™ L A @R A 021 BHI , YR SRS LA A 78 BRI, 26 A BT 5 v BH 3% 1 7K 43 A
Iy U G T B (3% 2) AR R IR (UK A MRS B 2 ) IRBE 44 T A A A B/ SLA
FIEE B ECR W Fr 33X b 1A e B oA B, DR LA A K 10 Ay, DA AT 355 s i D5 A £
VI JE ] AR SO T 2 A BRI A B i KA, TEABH ST T 88 XS LAY SLA K T4 @M SLA, JfH
ST R A ER T RETEIL, "R S eI AR LA G, A R I ST LAY He it R
A I D B A LS | X 5 R R Y SR SLA IS AL BF S 45 R — 5, nT et T e A KR
HEWB CAVERIB - YR R 5B AT TR, 1EA KA, M IT 08 Bt R AT SRR K
AR AR RS DGR YR R THEY R A B TA A AR B r 2 SO . I FEiX —
BB R B R TR /N T B A D BT AR BRI 1) SLA B/, WEARTEIE AL, 5 WA
BT AR AR AR = s 5 AREY) AR B8 B W A B OGS R R P= b, ik R B K i
R R RS R RN SLA B K, [RIEF I R 35 7K SR AR 25 I P 4120 A % B, I 6 i o AU —
SE ISR, A KA I B4 3R B A TE AR RIS, b 3 ZE B A1, R R K g, I PR A 4% 2 B A AR, L
TR

WFFEIX 4 B M AN R S AR S LAY LAT 221675 Bl 20 %4 0.78—2.12 1 0.14—2.84  FHiF &2 Ap 2+ R +
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Frbs X ST A5 ST AT LAL [T R R 0.646—1.882, 2 SC R 1 454138 2015 4F 4 B8 M LAL (1956 A 75 1.23—
4.3, VAR JLTE 0.56—2.86 , T T 7 45 1 A B LAT N 6 A WY 1.23 3 8 AWk B i Al K 3.32, k4L
S R AR BN IR T Y, 25 SCHE ARG 2R T ST IX A AR 2 AR 1.34°C AR K B 482.37 mm' Y, FHIE
AR UIRGE A T R B X5 X AR AR R 7.3°C, ZARF K R 416 mm,, [T £E AR 5T
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