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Functional traits of desert plants and their responses to environmental factors in

Qaidam Basin, China
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Abstract; Plant functional traits can reflect the adaptation of plant species and their survival strategies to environment.
Desert plants play an important role in maintaining the stability of desert ecosystems. Exploring the relationship between
desert plant functional traits and their living environment is helpful to understand ecological strategies of plants to extreme
drought, then provides a theoretical basis for the protection of desert ecosystem. However, there are many studies on
vegetation and community dynamics in the Qaidam Basin, China, but there is still a lack of research on plant functional
traits in this particular geographical area. Therefore, in this study, we toke the Qaidam Basin as the research area, selected
8 plant functional traits indexes, contained 10 desert plant species belong to 4 life forms, to explore the basic characteristics
of plant functional traits and their relationship with environmental factors of desert plants from Qaidam Basin, China.
Results showed that the value of leaf carbon content ( LCC), leaf nitrogen content ( LNC), leaf phosphorus content
(LPC), leaf C:N, leaf N:P, leaf 8"”C, leaf dry matter content (LDMC) , and plant height of desert plants from Qaidam
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Basin were 272.07—466.00 mg/g, 12.40—44.50 mg/g, 0.51—2.07 mg/g, 8.62—29.74 11.37—39.29, —27.38%0—
—14.80%0, 100—480 mg/g, 3.00—264.22 cm, respectively. There were no significant differences in the LNC, LPC, leaf
N :P and LDMC among different life forms, but LCC, leaf C :N, leaf 8"C and plant height were significantly different.
There were no significant differences between LNC, LPC, and leaf N :P in the Qaidam Basin compared with the global,
Chinese and Tibetan regions, but existed significant differences compared with other vegetation types in China. Redundancy
analysis (RDA) results showed that mean annual temperature ( MAT) of climatic factors had a great influence on the
functional traits of desert plants in the Qaidam Basin, China. The plant height, LDMC, LCC and leaf 8" C increased with
the increase of MAT. With the increasing degree of drought in the climate, plant life forms from semi-shrubs to small trees,
shrubs and other more drought-tolerant plant life forms. In the soil factors that affect plant functional traits, the content of
sand grain and gravel had a great influence. The results reveal the importance of climate and soil physical properties to the
survival of desert plants, and show that the adaptation strategy of desert plants in Qaidam Basin is slow investment-return

type. There is niche differentiation among different desert plant life forms to adapt to different level of drought conditions.

Key Words: Qaidam; desert plant; plant functional traits; environmental factors; plant life forms; survival strategy
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K b XSk AR A BT S S BT T4 20 | (X S8 8 R 2 b 1 — ARk ot B DX Sl A 40 o) RE IR O BF 5
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J& T R R R T B A, A 5, KU, A AR AE SC LR, AR K & AR R (300mm /2
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DLEEREFR A 8 54 32 (Salsola abrotanoides) &k 5L ( Sympegma regelii) W45 ( Haloxylon ammodendron) SE44,
#( Ceratoides latens) . V% 5 2 ( Calligonum mongolicum ) . 1. #Y ( Reaumuria songarica ) . % 8 K& Ml ( Tamarix
ramosissima ) 5%

1.2 EpAhik &

T 2019 4 8 J X S35 R 4 M AE W A E VR AR 0 D e IR A7 I8 A | B 5 38035 7 5 R 1 35 9 i B Ji g
LR b R G I R RN ) SR I AR S RE MR B2 HRE A 25 AR 1) A NR R TR
TEARTEEE (/) WA TEBE 3 P S AT B W A R 55 2 AR T B Ak R AL R AR R
( Ephedra przewalskii) YPP52 /NR AR ( Nitraria sibirica) FA2 SEHZEERER . TER A SR 4 52 Pre 9l 2
TV EMEARBEISRE T, AN SmxSm 5 10mx 10m , iC s EE 7 A H W Y0 Fh 24 R BERRAE Y (0 8 B e
e, VA2 S AR S AR T, AR R ) AP A ) O SR R A T AR ) A 1 A
SIREHEAR/NERER JER T ERSISEARRTUNTAR . BARY R A= 15 BRI 43 A 1 B,

B 1 SEEAREMMEHRLRBRRERDTE

Fig.1 Vegetation and the sampling sites in Qaidam Basin
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Table 1 Division of desert plant life forms in Qaidam Basin

AR Life form Y Species B} Family
NFRA Small trees ¥t Haloxylon ammodendron HiFl
HEAR Shrubs TSR Ephedra praewalskii SR
WA Calligonum mongolicum Byl
ZiHEh SRR ZRHEM Tamarix ramosissima KEHIR}
Succulent halophytic shrubs INBE R Nitraria sibirica FERIR]
HEAR/NEHEAR B % B3 Salsola abrotanoides g N
Subshrubs and micro-subshrubs BEIG B Salsola passerina R
A3k B Sympegma regelii iR
ZIH) Reaumuria songarica MR
LES83E Ceratoides latens 2R

1.3 RS IE

VIR DT AR 73 2t B2 SRR 80% iYW At , B~ M BERL I 9 ALk , IR AR R i B2, BB 10—15 £k
AR AR SR 58 A il % A B3 B8 — 2 B i i i (RRAR VD B A S ([ A AL ) | 7l (] S 36 = kA T
SRATINE O B R G ZY 120, I R R 2 R K 43, AR E A B R R E RS 0.01g)
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ZJETE 105 C R AT 30min, 7F 65°C 4kt T 2 HE (2 48h) , RESRIM A T EKEE R 0.01g) , H T A
Y5 & (leaf dry matter content, LDMC) FT15E o5 B 8 6 ih - B HE T iR S 220 100 H %, i F
W% & (Leaf carbon content, LCC) Fl i & &1 ( Leaf nitrogen content, LNC) il i 4 H 81 0K 43 M1 (vario
EL cube, Elementar Analysensysteme GmbH, Hanau, Germany) | %2 ; M F % % & ( Leaf phosphorus content,
LPC) FH o B A 25 B TR R & 3 6% ( Spector Arcos Eop, SPECTRO Analytical Instruments GmbH , Clive,
Germany ) M %E , I A A2 @R [l & (87 C) HAaE RN &K L %X (IRMS, Delta V Advantage; Thermo Fisher
Scientific, Inc. USA) M,

FERFARE SURAE AL IR R 0—20em,, HHRE S FAR KT 0 , 85k F 3853 SRR B
ARG &, T FTHbE T Mastersize 3000 WOGKLEEANE , A FE AR TIENE , 2K 2R
Fr a4 H ST R S AT I SE 5 s Al P P R B A R TR R T R OGRS A 5 5 12 3% pH ] pH 3T
(pHS-3C FREETT) M =& ; + A LK (TOC, Total organic carbon ) & 25 B TCHLEK 5 18 13 Bk 2 T R 40T (CN
802 Carbon Nitrogen Analyzer, VELP, Ttaly) %€ , 135 JCALHR I 12 0 % Bk R 5 H1 A5

AHFGERHT T 4ER Y 1280 AR b E 2 753 ASE R A B AR, DS R R 74 AN AR Y
MR RS AR S SR AR G A I RE TR BEA T LR S0 Hr . ASBIFFE iR I SR Bk A v ] DI g I 28
SIPER I R R BRI BERE
14 Bl

X FITAT AEL ) ) BE 1 IR B30 E AT Tog10 6 5 1l B 0 A5 & IE S 0 A, R B X R J7 22 73 7 ((one-way
ANOVA ) Xof A [ DX A HIA [7) A 376 B ) IR 00 28 S 6 A T 20 A, d i e /N 38 22 59 15 (LSD) T ik it AT 2 1L
8, RITUARSHHT (RDA, Redundancy analysis) SHHEISIREHEAR 15 5R50 I8 00X RAEET 407, 5 SEAB BB
WFFELE AR EBCR A S REAS A3, Bl BT FPEIEIAE R 4.0.3 Pog s,

2 H#R

2.1 SRR A AR Y D REPEIR B A RRAE

SETROR Z M ST A Y D R IR B AR AL ARAE I 2 PR, SEIA R A Y LCC LNC \LPC M- C:N it
FrN:P MR 8°C LDMC Fi Height 1975 4k 8 [ 43 51y 272.07—466.00mg/g . 12.40—44.50mg/g,0.51—
2.07mg/g .8.62—29.74 11.37—39.29 . —27.38%c—~— 14.80%0 . 100—480mg/g . 3.00—264.22cm, 4535 A %3 g
Y1 LNC &1 E A sk i LNC IS T35 0= AR 19 LNC; LPC AR T2 BR A = 1) LPC; Y A N =P
BT ARERAPEEM A NP BN FEEREER,

J5 225y Mras S LNC \LPC R N =P il LDMC fEAN AR T B A 25 5 R B3 LCC M C:N L /8 C
VR oo B AN ) A T AR (R A7 B 5 25 5 (| 2) . HEK LCC(426.77mg/g) 3 = T /NFR A (356.62mg/g) Al
AR/ NEREA (343.86mg/g) , MR C:N W2 I FIFERISE R . /N AR AR A TG A Y A it o8P C 1 35
o T AR /NER (-25.25%0) 522 1 AR SE2RTE R (=25.90%0) , DUFPARL Y A 36 B Hp | 2 HE A /N2 K A 7
T B AR 2 B AR (23.20em ), Hofl =28 2% A K
2.2 FREEPFXTAE D DI RE R 5

RDA 73 M RNl 3 frzs 26 1 BhAnes a0l BE 3200 0l Oy 44.72% F 35.54% , 5l 0 fife e = A i ik 2]
80.26% . 4 | i F 2RI TAE 4R A RE/K & RS iR T8 pH BRI D REPEAR A2 e, 48 1 il 322
RIT L0k A &R A R YUK TR TR A S ATE Y D RE AR A e, AR T
XIS LCC LDMC I 18" RV =1 FE 14 e £ /N T 90° T 4R B /K it 5 3 e bR 1) I 1 KT 90°, % 1
SRR FE MBI 5 B\ LDMC | LCC FUt 78" CP A A7 347 Tk (0 15 I 185 00, e 4 25 688 RT3k A 185 I o), T 58
11 b M A K ) - 3R 5 B AUCHLER & B 50 B NP IEAHDE, 5 LNC Ml LPC R AR, UFEE 1 4hm]
DA B REAR/INEREAR N AR FIREARS R A I AL HEF B3R W1 AR /NE AR A K T K B AR 3 = 1Y
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Fig.2 Characteristics of functional traits of desert plants in Qaidam Basin
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Fig.3 RDA of plant functional traits and environmental factors in Qaidam Basin
MAT . 4E )3 s MAP  4F 25K ik s RFC < BRA7 75 15k ; SBD : +IE 8 5 sand  WRE 5 1k TOC <5 HLBR ; 10C : JOHLRR ; TN : 388 0 TP . + 48 Bk
pH: 13 pH {i; LDMC it i ¥ B8 4 H AR S B 5 LCC B & 4 LNC s i 038 4 s LPC i il 34 s 3 G R R e BR R R 5 ¢/
N8R/ N/P I R

3 e

3.1 EIROR AR Y D BE MR Y FE AR

SR ARFHIE A LNC 1 LPC /NT/NFEAR, T LCC R T/, X 5L K & i 58 45 5 — 280> H
LNC 1 LPC I 2Z 55 A B3 L LCC 225 35, A, LNC Fl LPC 78 r A A= 1% B A (1) 22 S A B 35 e i 2
BB ARG BRI AR A /N, — T T, SEah A A S 1 B A i — 3, B R T R & = 0 AR (R I R
K,ERKER/MES I REMZEREZ AR EE T2 X YR UE N+ R AR R4 E R4
Yok 2 B — T ROCE MG R EAE YT A A S R Y RO TR A A 3 R 2 ) LNG A
LPC &AW W 225, 8" Gl FIOR FAFA D) B 7K A3 FUFHRCR ) AR5 R /N AR AR i 78 C
FERT 2RSS ARRE AN JFE B2 /NR AR AR FE AR T v 8348 C Y, 8% C Y
MR8 C T CHW I HEA B A 7K 43R SR 220 s [+ 5 A A B8 DURR AR TG R e 2 A/
TR AR PR 7 B e A1, HeAth =280 o 22 ) X B R A A B s et E . BRI
PEARAEA R AL VS T Z A AE 22 55 (BRI R IR 19 25 S 0T R R, 33K AT Bt 2 PR X A A R A7 00 1 SR e B 25
I MR X — a3 R T AR T AR B A (03 1 R A B A T RE IR

SR ARG Y) LNC \LPC At | NP 5 BRAT EAH A AE B3 22 5 F o R0 R P g
BT AR SR/ X T AR P IR 85 9 728 AR BRI R B VR B ARG RS, RV 3R 40 T B AR R
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5 v A AR A S TR LG S8 38 R 4 3 e 5 AR ) T RE IR A7 A B35 22 57 LDMC 1 351 T vl [ AR A AR bk
LCC S F R T P EAGBARARS v AR A eh I RE Y 5 R A Y LNC AL ek R A i
RPN LNC B 4%, fH 2 T b A AR AR s LPC a2 KT 1 A3 bR o [l ey % o
N:P B THEREHRA S (£ 2),

R2 EEARIMTTEEY IR S EAERERMLER
Table 2 Comparison of functional traits between desert plants and other vegetation types

s TR ObEER SHPRAR EERRAR

Leaf dry matter Leaf carbon Leaf nitrogen Leaf phosphorus I H N :P EEPTN
content/ content/ content/ content/ Leaf N :P References
(mg/g) (mg/g) (mg/g) (mg/g)
ESUVN 222.29+82.36 362.29+41.17 23.91+7.59 0.97x0.35 25.75+6.09
Qaidam (n=35) (n=35) (n=35) (n=35) (n=35)
T E AR AR 316.73+3.81** 480.1£53.2** 18.3£5.0** 2.0£1.2** 11.5£5.1"* [34-35]
Forests of eastern China (n=2847) (n=102) (n=102) (n=102) (n=102)
SHEERFN 449.1+38.7"" 136
Shrubs in China (n=2564)
Hh 438+30.2** 27.6+8.6"* 1.9+0.84 [37—38]
Grassland in China (n=213) (n=213) (n=525)

* % P<0.01

LDMC BB [ WAE ) BB DR HCRE S A i B 2 SVR A, e LDMC B 368 6 R X S s BT 41 Ay 3
155 T A BT 1 LDMC 5 i — el 20 | 5 ] A SR AR 72 T AE ) LDMC 241K T AR TR AR 11 D1
B, B LCC FEA R A TG B o I ARSHEAR ST (HEGA ARG SRR AEY) 1) LCC 35/ T HABA
HIAD FERTRESE AR 5T P LCC AR BAR ™ . TR0 N i Sxid id il b st b AR Wik 1 43 T
M IR A 28 K 3 78 5, I TE 2061 B W80 5T 2 R 320 A THCEN AN P 4 SR 4
AL L, DI LCC & AR, T AR PR AR G307 o8 LR Sk R At -9 5 4k
TR FEU YR AR R 0 IR, T T EOK 7 S REEGR , LCC BUIR . NP SRR /A 52 AR i
SEBERR T ABE T b 4 Pl AR TE BRI R N P BT 16, RITSEA R ISR AR A £ 2 P BRI,
XS 67 R B BTG R B FEREN BRI T R X R A S REMEY R B
i P R AR A NP LNC 3 R TP R B AR (E ST o R, SRR A 7 R A
Wb B i LR, SRHME A AR AR b B MR T L TR A AT RO R A N SR A A B TR
JLER I AT RE R F ALY ER LNC B iR SR, Sk AR 7 M 3 vp 05 PR LNC AT R i A
W, 3 ) A R AR S A A R A e P P SR T DA AR IR I 2 R AR SR R A ) T e 5
eI AERSIRAY 3.7°C Ze A X AT RERAR YO T 3 L 5 € I SRR IR U AR A7 5 . LPC R Bk
VT e i - Ml ORI T A A XA SR X R KRR D ST AR T A A R I B 1
e S AT, MORIE_EIkD T R PR B TR o AT WF 58 25 BAT R M 98 v % i R 5 A [ e 1
FH AT A 7t - S B R 5 5 e i vy | S BELRR: T R i (RS ) A 9T 26 24 18 pHL (7 6.5—7.5
Z IR B B A A RS s O TSR AR Z 9 pH KT 7.5, 3k o AT RERAIR T -1 gl i m R E
PAE PE T ek [R) 850 T SRR S AR Y A B A i, O HL AT REATAEBERR
3.2 FREED TR A D RE IR (0 5 e S LA A S

ABRFELE R IR W SR AR e TR A ) DI RE VIR A PR (K 7 J2 B0 MAT | Sk & 5 f - SR A
F AR T AR T PR SRR BROKBE T IR IR DL (1 3) o it B2 R 7K R b DX A 2 R ) i
S T b A R R MR E T SRR S ISR A, BERE L A T, LDMC \LCC R PR o JEE
BT 5 A B I R AR C A 2 SR T RS CE A TR . Niinemets U & B L -2 B R K 114
WD AN BHAR S A B TS i X RERAE LDMC 5 T R AR W Be L AE A —E I IEAI R OC R FET
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LI AEY) LDMC #1ii LNC AR, 30T AR 7E T I 3085 T IO FE T, WK o 2k — i
W GG BBT- W an WY A R A3 A i M ER DA BEST 55 I W A A, DB B -4 1 )
Pt ki DG R RN R H A i | L B /NS LDMC  LCC R A = JBE 7T R 2 575 U
L) G R AR HBURS SR P 1 Sl 50 - WA 2 SRS, Sk RDA A3 R AT T LAAS: S E A I/INTR A SR BRI SR s hy 2 1%
P -tean B, HORE LS W TR A B 410450, BA B 19 LDMC Ml LCC, XA R K28 H
BT HEARA GG FIFAEAEFR 5, DAIE I 5 U5 B AR R PR BT SR A 25 SR M 38 5 R PRSP A RS 7
P 3 B/ N RE AR AR I B S TR N RS — i LA T AR B (H IR A BEU N HEA /N 3
AR 16 TR e PR BB -0t AR, DR DA AR X TRE AR N AR, ST A/ INFRE A AT 2 B DR f) 1) A
ARGV A IR T e AR 28 | 55 AR DI e T A et ARMROAH LU R RE AR T 218 S 3 8- 2 AR
BEAL  EREAR/ NP REALE 16 RUAE 18] 3 R i) 2 At 8 R 70 I, 2205 AT BB A 5 39 AR A i R AT i — 20 O B 5
8T

A LRENS AR TR AR S R GE Y IRTA) 25 R [RIRHCER T W0 A D BE AL , PRI B 52 iR AN [R] Y
Prfd iR R DI RENL B AR AL L B AL Ordofiez 55> A S A KO 25 1 52 R 2K
TXF AR AR, BV A A T Z P E T AR R AR TG B X O A AT RDA A5 — At B AR 25007
S 3) o TS — K ISR BE ] AR A DX 0 BE A/ N REAR EAR T/ NI AR =R AR 16 1 T A U
AP 2T ER ST Z BOREMIA/ N R P Al DR R 3 200 A1 T U MUK SR 2% PR B 1) R B s 70
J& TR, P BA AR A R i S A A 3 R X 3T b, SR AR 7 M AN () 3t B 0 6t 2 S B+ K
OY SRR 2 5 e b AR B9 v B, R KRR, R BT R LA R R RSB 3 e e
HERHB 2%, Pl T R OK BRI, 3 S i B, 25015 2R S HER I Z BRI AN R
AT PR IR | e DA [ 35 23 201 AN [ AR 2 ) AT Jl R S RE PR ) 22 5

4 %t
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