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Effects of snow cover changes on reproductive allocation and functional traits of

Saussurea nigrescens in alpine meadow
WANG Xin, WANG Changting” , HU Lei, SONG Xiaoyan
Institute of Qinghai-Tibetan Plateau of Southwest Minzu University, Chengdu 610041, China

Abstract: The seasonal snow cover has a profound effect on plant growth and reproduction. In order to clarify the change
rule of each organ biomass, nutrient content, reproductive allocation and functional traits of Saussurea nigrescens under
different snowpack. Our experimental site is located in Hongyuan County, the eastern margin of the Qinghai-Tibetan plateau.
Control experiments of snow gradient ( CK, SO, S1, S2, and S3) were carried out by manual accumulation. The
characteristics of stem, leaf and fruit nutrient content and reproductive allocation were measured by indoor analysis method
under different snowpack. The results showed that; 1) the change of snowpack did not significantly change the reproductive
allocation of Saussurea nigrescens, but the removal of snow cover (SO) significantly reduced the biomass of vegetative
organs. 2) Under different snow cover treatments, there was a positive linear relationship between individual size and
reproductive organ bhiomass (P<0.01). 3) The content of phosphorus (P) in stem increased significantly with the increase
of snow cover ( P<0.05). With the increase of snow cover, the content of P in leaves first significantly increases and then

decreases, which is presenting as S2> S1> CK>S3>S0. Different organs of plants under different treatments were mainly
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limited by nitrogen (N) element. 4) Removal of snow cover (SO) reduced stem biomass, plant height, stem height, stem
allocation and individual fruit number; the excessive snow cover (S3) reduced plant height, stem height and fruit length;
the moderate snow cover (S1 and S2) respectively reduced fruit length and individual leaf numbers. Therefore, different
amounts of snow cover did not significantly change the reproductive allocation, but changed the functional traits and nutrient

content of different organs.

Key Words: reproductive allocation; functional traits; snowpack change; Saussurea nigrescens; alpine meadow
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Fig.1 Location of the study area
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Table 1 The monthly snowfall in the experimental region during the experiment in 2017—2018

FE & Snowfall/cm

by

A 2017 4 2018 4

Treatments

11 A Nov. 12 A Dec. 2 H Feb. 3 H Mar. 4 H Apr.

CK 5 6 2 14 10
S1 10 10 4 28 20
S2 15 17 6 42 30
S3 20 23 8 55 37

CK: AR & (X /) Natural snowpack ( control ) ;S1; 2 1% H SR %25 & Twofold natural snowpacks; S2: 3 1% H 9X %5 i Threefold natural

snowpacks;S3: 4 fi5 H SRK[&Z & Fourfold natural snowpacks

2 RMERETESHEHTHEE

Table 2 The average height of each functional group under different snow cover in 2018

A Inert ¥ Height/cm

Years Functional groups ) CK S1 2 s3

2018 RAF} 48.02 47.00 40.16 33.61 34.89
YRR 17.37 16.80 14.55 16.19 12.61
TR 12.62 8.65 9.12 15.17 8.45
AR 15.43 18.81 16.2 14.19 12.31

S0. £BEFHE Remove snowpack

SRR BURERRAE S BT A I B e s R B, T 2 D BB/ ( Canon, Lide110, Japan ) X AR A i i
Ayt SR O T AREIHE o 1O s B MR T 9 A6 B, JT R ITRS B2 0.01 mm i I bR I~ RO 2 4 A6 4
1, DU SRR RRAE S 253 AR (I 3 k) s FIATAEBE R 0.1 em (945 RO bRy 25, 28 22 1A — bl
SRR Uiy Z B W BE AR A S MRAEL A B AR ke w5 R 25 57 A 22 (BT B SR AE A B BV 3 o 5 — e s 3
Tt F4) L

AR A R 8 B DR TEE B T 65°C T Z=AEE, U7 02— K- A a2 it 4
AR R AR SR R IR, LA 3R 93 00T
1.3 BT

K FH AL S5 3R e I i B AR AR PR b R A6 &S E e FIZE 1Y 428 ( Carbon, C) 142 % ( Nitrogen , N) 5 1, K
FHERBRPT L (63220 %€ 4% ( Phosphorus, P) 75 &,

1.4 HARA S50

T 58 B A AR Z AR IO BE K, ELAZ IR A ™ S IR i g e 1, DRI Dt b 38 0 A ) s AR A AR A A
K/ (Individual Biomass, I1B) , AZE A YRR E 4 E AW ( Vegetative Organ Biomass, VB) , LIFHFRAE
AR R E I 28 B A Y ( Reproductive Organ Biomass, RB) , %3 /NEFE 40 HE (RA) A EFE 28 B AW w5
i A AR R T A Heke R R L R Image] #X{f:( National Institutes of Health, USA) 43 Hr4:HRAEY) B
T AR, DL A 4 St T AR S B AR A5 e AR

KN R T7 2293 M4 (One-way ANOVA) MWL [F]—#% B ANFE RSB [ g A= Pk 3500 & i AR Sk
AR ZE S AT 22 0 5T0E ] LSD kiR AT W 22 LA, 25 5 22 AR YE W] Tamhane's 2 54T
ZEWE, BEWKTEH «a=0.05, KR PR - E bR MER . BT A E3ER A Origin2018 | SPSS 20.0,
Excel 2010 #EA7IHE 551047,

2 EREH

2.1 TR BV R R Bl T A i AR W R
FIP 2 Al A T AR SR AR B AR R R AR AR RO (EH I BUAE CK( A AT ) &b
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E/\J%I'%j(ﬂ: CKo {E%ﬁ%@aﬁ/l\{$jtlj\% ﬁ%jtﬁéé‘@ Fig.2 Differences in individual size ( aboveground biomass ),

(E4),
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BRI BB B AR Y R AR I 3 IR ARG R
4 AEFRE I (S3 ARBE) RPRIRE] 0.45, 5 THEMRT AL
R RS R R R ECE S W R B A E

vegetative organ biomass and reproductive organ biomass of

Saussurea nigrescens under different levels of snowpack
SO A EBRAE , CK 25 AT I, 51,52 1S3 7050 A AR T 1
i 2 4% .3 A 4 %

40

(E5), I a .

23 ARBEAITFARE C NP AL 5 % h 1o b
ANFEFHEERE WA E 2R i R ERE R %g:% 25

SERAEREESR, Hrb 258 C &3 S3 AT %’%g 20

BT S0(P<0.05) ,N i 7E S0.S3 AbF R I % 30

T CK AT S, P 3 f5b B AR 5 66 135 938 o 52 3 7 5 (P < 2 10

0.05) . M P & AR B B S I s T AR AL 7 S2 3

AEFRFN AR, L2578 TH BT AL FE(P<0.05) 5C. "% & s .

FRE B 8 b P Treatment

N 7 it W 7E A5 A BRI G B 3 25 57 (P>0.05) . CK.\S3 4k
PR AEAL C &8 BT S0.82,CK ., S2.,S3 A B R 4K
LN S E T S0.S1, 64D P & AE ST Bl 7
S2 e fik, HAMFE R E 2R (£ 3),

XFRE(CK) FE 7 NET AL 2550 C N B & T S0,
S2.S3, 253 C 2P HI N : PRI BEFS 1IN g & FEAR (P<0.05) , X IR ( CK) FEJT BRI M C N
3T S1.,52.S3(P<0.05) , 1 C:P Al N =P MR A B AR S 1 1934 fin 4 T s BTy a4, B S0>S3 >
CK>S1>S2, {640 C:N 7E SO /b MR K H W& & TH BT BRI, C:P M N :P WI7E S2 b3 T kK H
BESTHEREHELM(ER) .,

2.4 ARFEIFIE AR 45 38 B D ie @ R

N FRALBE(CK) R, 288 H i H & T S0(P<0.05) , (H2EHIAE AR BEE T L& 25 b,
2L RPN FEAN S B A e BT R AE CK AL B R 1k ) 5 K E H 2 25 5 T S0 Al S3(P<0.05) ; 2543
iSO AbBEEA H i E KT CK.S1.S2(P<0.05) (£5),

S2 LB LT AR A ey L3 T SO, Bk i CK AR SR B T S2, i 5 e
TERFAEE R T 25 (%K 6),

B3 AEREHEOGESELEIRNESR
Fig. 3  Differences in reproductive allocation of Saussurea

nigrescens under different levels of snowpack
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B o, — 4y =03466x-0.0775 | | 02 o087 y303171x- 00367 | g
i F-06803 P<001] | R=0.6975 P <0.01 .
0
% 0.5 1.0 1.5 2.0 2.5 3.0 o 0 0.5 1.0 1.5 2.0 2.5 3.0
10, $=0.0169x + 0.2886 150 3 NS NC R T E )
o 0.8 R2= 0'0448A IAD >005 e 40 % Individual size(aboveground biomass)
Aaa I T B3
0.6 Y ;: 30 & =
0.4 D 8 T 0 B2 o GBI R
) oa?=03294x - 0.0161 1 g . SIS B
0. 7 R=08871 P<001 o 3
0 0o &
0.5 1.0 1.5 2.0 2.5 3.0 ~
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Fig.4 Linear regression relationships between individual size ( aboveground biomass) and reproductive organ biomass, reproductive

allocation of Saussurea nigrescens

%3 FTARBHETFASTEEBERIAE

Table 3 Nutrient content of different organs of Saussurea nigrescens under different levels of snowpack

=1 sy (g/k

ii;aan g"%l\l)u}l:ei C((;tengt{) S0 ek St 52 53

2 Stem C 432.37+7.48B 440.65+0.67AB  443.08+0.50AB  439.40+0.25AB 444.50+0.97A
N 6.76£0.16A 6.12+0.11BC 6.04+0.04C 6.47+£0.17AB 6.71£0.11A
p 1.70+0.01E 1.75+0.01D 2.69+0.01C 3.68+0.01B 4.22+0.02A

i Leaf C 449.70+1.20A 451.58+0.71A 441.63+11.29A  445.21+0.60A 455.29+0.35A
N 11.39£0.03A 11.35+£0.07A 11.89+0.33A 11.74£0.12A 11.76£0.09A
P 1.61+£0.01D 2.04+0.01C 2.22+0.02B 4.46£0.05A 1.66+£0.01D

A6 Fruit C 450.63+0.90B 458.14+1.02A 455.32+0.45AB  450.53+4.40B 457.78+1.00A
N 11.15£0.18C 12.41£0.06A 11.85+0.11B 12.41£0.11A 12.52+0.06A
P 2.02+0.01B 2.05+0.01B 3.59+0.02A 0.88+0.01C 2.01+£0.02B

SEIE AR IER AN R R SRR R (Rl — i B AN R b B 2 ] 22 5 .35 (P<0.05)

R4 TRRERETHESERREESUFITERT

Table 4 Nutrient stoichiometry of different organs of Saussurea nigrescens under different levels of snowpack

e, SRR

Oggrgin Stnichii%nzrj i:;iteristics S0 ek S 52 53

2 Stem C:N 64.01+0.41C 72.03£1.31A 73.37+£0.47A 68.02+1.73B 66.24+0.99BC
C:P 253.87+4.38A 251.95+0.82A 164.46+0.31B 119.55+0.49C 105.44+0.80D
N:P 3.97+0.09A 3.50+0.07B 2.24+0.02C 1.76+0.04D 1.59+0.04D

it Leaf C:N 39.49+0.02A 39.79+0.19A 37.16+0.20D 37.92+0.36C 38.73+0.26B
C:P 279.45+0.73A 221.45+0.40B 198.84+4.54C 99.94+0.92D 273.83+0.31A
N:P 7.08+0.02A 5.57+0.04B 5.35+0.13C 2.64+0.02D 7.07+0.06A

ALAL Fruit C:N 40.44+0.56A 36.92+0.26C 38.41+£0.37B 36.30+0.05C 36.57+0.22C
C:p 223.10+0.66B 223.56+0.87B 126.79+0.70C 513.99+£8.91A 227.85+1.86B
N:P 5.52+0.09C 6.06+0.03B 3.30+0.04D 14.16+0.23A 6.23+0.02B
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Fig.5 Linear regression relationship between vegetative organ biomass and reproductive organ biomass ofSaussurea nigrescens
AeA BLAR AR AL A E AR 4 ) T 3 22 7 AR A B T CK ey HL 2 T S1.S3, Bk fE &4l CK i
5 FLE 3 S0, HUiE A b SO e HL e THARITA LI (R 7).
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Table 5 Stem traits of Saussurea nigrescens under different levels of snowpack

Z5JE M Stem traits SO CK S1 S2 S3
ZE 1 Stem biomass/g 0.31+0.02B 0.44+0.03A 0.40+0.03AB 0.40+0.03AB 0.41+0.03AB
254 Stem diameter/mm 2.78+0.07A 2.95+0.06A 2.93+0.07A 2.82+0.06A 2.82+0.07A
251 Stem height/cm 20.06+0.91C 25.91+0.95A 24.08+0.92AB 23.76+0.64AB 23.19+0.96B
R Plant height/cm 22.58+0.90C 28.87+0.95A 26.44+0.94AB 26.30+0.69AB 25.35+0.96B
ZE5ML Stem allocation/ % 22.98+1.05B 26.48+1.05A 26.24+0.80A 26.98+0.77A 24.37+1.15AB
£6 FERDHETFHETEN B

Table 6 Leaf traits of Saussurea nigrescens under different levels of snowpack
B L Leaf traits S0 CK Sl S2 S3
it Leaf biomass/g 0.58+0.04A 0.71+0.07A 0.66+0.05A 0.66+0.06A 0.69+0.07A
eI AR Specific leaf area/ ( cm®/g) 381.24+18.67B  414.94+15.48AB 426.62+16.44AB  435.85+14.56A 393.94+11.53AB
HRRI B4 Individual leaf numbers/ > 8.06+0.48AB 8.20+0.36A 7.94+0.36AB 6.95+0.25B 7.65+0.48AB
43 BC Leaf allocation/% 43.63+1.43A 41.28+1.90A 44.36+1.72A 43.72+1.59A 44.13+1.39A
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#7 TARSHETHETELERY

Table 7 Fruit traits of Saussurea nigrescens under different levels of snowpack

AERLJEE Fruit traits S0 CK S1 S2 S3

AEALE A% Fruit diameter/mm 8.68+0.26A 8.35+0.15A 8.18+0.23A 8.22+0.18A 8.13£0.27A

ALK E Fruit length/em 2.52+0.12AB 2.96+0.13A 2.3620.21B 2.54+0.25AB 2.17+0.14B

YRR AEASL Individual fruit number/> 2.83+0.23B 3.80+0.28A 3.28+0.19AB 3.20+0.28AB 3.45+0.27AB

HRRAEAE Individual fruit biomass/g 0.45+0.03A 0.53+0.04A 0.44+0.04A 0.44+0.04A 0.50+0.05A

YU A5 Single fruit biomass/g 0.17+0.01A 0.14£0.00B 0.13+0.01B 0.14+0.01B 0.14+0.01B
3 itig

3.1 BRI ER A E R R A S FURE

ISR R A A A R R A R B S | A 8 e i e ) IR — N RR R AR S R G MR
SRS FRVR KE B IIRZE K R PRFRGT5  SUR MRS w2 5 Rk, B R IZIAEE T 1
A S A 5 R B0 L S B R R A AR DX R TR B 5 R R AR A e A A aE R AR g, LS Ak
PP S EA A B AR R T B E R e CK ARH R R B /AW R B 5 T S0(P<0.05) . 1 X il
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A3 E B = A SO (& 3) 3k 2 F RS PR AR S 30 - K 430 K B sk /L, W o 7 1) A 35 R B4 R 73
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AW TR, YA AR S SRR T A Y e R IE 5 B R R R S e g, R T
PR b BT 4 25 2 B A A B AR A A A R A 2 i 38 AT 0 (P <0.05) |, {H BB 43 il 5 AR R /IR
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FftF AR AR UE IS AR BT BT, 53 A 14 8 43 e 43 A R v 0 1 % R R A e 7% T b
3 C T FE BN ASBE A AT N ) AR AT S 3 AR 5 3) X T A BRI R 2R SR U, %o B I Sl B A 1 B i = ek
B X E IR TE SN K S EOIR IRAREAE 1T RS2 ma AR A K TR A Sy it G ok Pl AS D52 25
B AR R st A 5 SR A e AR

[T, B 4 R 78RR /IN S BAE 8 AR i i C R T, CK AR BT B REEJE 0.2, 11 S0—S3 A3 7E
0.31—0.34 Z[H] ( P<0.05) , &l 5 /s CK AbHE T 038 57285 B 5 B A8 B B A RHE 2 0.1(P>0.05) ,S0—S3 (1)

http ; //www.ecologica.cn



7866 A E = 41 %

B A 0.33—0.44( P<0.05) ,iX F B F A HAE— @ FERE 1 Bl AR Tl n 5 3 % AR W 1 A 40, A 2 B AR
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TS R 25 B A DD BE PR IRTEAE AR TE & A AR I DG R A 38 5 S AR B S SR A Ab A B IR e AL
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FIRHP I YU R (40 ShA RS IR R KGR A5 | PRI A R A Rk AR A o 1, o T s 2ok
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