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Abstract: The response of plant growth and reproduction to future climate change has attracted widespread attention. In
order to investigate the spatial distribution patterns of clonal growth and sexual reproduction parameters of emergent
plants and the pathways of their environmental factors on plant reproduction. Based on the 3D topography of the Yunnan
Plateau, we investigated the geographical differences and changes in the clonal growth and sexual reproduction of
Schoenoplectus tabernaemontani, and the response to environmental changes was further investigated through the method
of space alternative time. The results were as follows: (1) There were significant differences in clonal growth parameters
such as density, plant height, and diameter, as well as reproductive parameters such as seed setting ratio, spike
biomass, spike investment ratio, seed production, and the number of active seed in different geospates (P<0.05) , but
there was no significant differences in above-ground biomass. (2) The density, plant height, seed setting ratio, spike
biomass, and spike investment ratio of S. tabernaemontani showed significant zonal distribution patterns of latitude,
longitude, and altitude. Among them, The density increased with the increase in latitude and altitude, and it was
decreased with the increase of longitude. Meanwhile, the plant height, seed setting ratio, spike biomass, and spike
investment ratio decreased with the increase of latitude and altitude, and gradually increased with increasing
longitude. (3) Mean temperature of the warmest month, mean temperature of the coldest month, soil total nitrogen and
soil total phosphorus were the key factors affecting the growth (density and height) of S. itabernaemontani, where the
warmest month mean temperature was the greatest influence. In addition, mean annual precipitation and soil organic
carbon mostly explained the reproductive characteristics of S. tabernaemontani compared with other influencing factors,
among which the mean annual precipitation had the greatest effect. The investigation further showed that the climatic
factors (the warmest month mean temperature, the coldest month mean temperature, and mean annual precipitation )
were the main factors affecting the growth and reproduction of S. tabernaemontani in the lakeside zone of Yunnan Plateau
lakes.

Key words: emergent plant, lakeside, reproductive strategy, climate change, plateau lakes
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Table 1  Characteristics of geographical, climatic, soil and water factors in each sampling site
Mo HRA AEH T TN T K
Geographic location Climatic factor Soil factor Water factor

Sapling site g g g R e o o AR 2K A AR 4

Longitude Latitude Altitude ~ MAT - = P SOC STN STP WTN WTP
(®)  (°) (m) (c) WMTOCMTOMAP 0y (geke') (gokeg')  (mgeL7)  (mge L)

(c) (¢) (mm) 8 K& 8 Kg 8 Kg g L LI
2N Napahai 99.66 27.85 3260 7.8f 14.4f  -0.1f 620e 72.4+42.8a 8.9+2.9a 1.2+0.3b 6.9+9.1a 0.04+0.04a
P Luguhu 100.79 27.73 2690 11.6e 17.6e 3.9¢ 908d  49.3+29.6a 8.1+2.7ab 1.6+0.2a 1.4+0.2a 0.02+0.01a
$iTE Lashihai 100.14 26.88 2445 13.0d 18.5d 5.9d 969¢ 39.3+0.0a 4.9+0.0b 0.7+0.0c 2.8+0.0a 0.54+0.00a
i Dianchi 10274 24.86 1887 153c 203c  8.3c 993be  4.7#3.0b  0.5:0.3c 0.620.1c 2.5:0.3a  0.03:0.02a
HEW Qiluhu 10277 24.17 1794 16.1b 20.8b 9.3b 1008b 52.6x17.6a  4.3x0.6h 1.720.1a 8.0£9.5a  0.68x1.11a
SJE#1 Yilonghu 102,57 23.67 1412 18.5a 23.0a 12.0a 1088a 54.9:30.1a  3.4x1.9b  0.6x0.4c 1.9:1.0a  0.04x0.03a

*. W—FAR/NEFRFRR 2R BE (P<0.05),

Note; Different lowercase letters in the same column indicate significant differences (P<0.05).
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Table 2 Clonal growth and sexual reproduction parameters of Schoenoplectus
tabernaemontani in different on Yunnan Plateau lakes
2 ] ERas aRiR ] EATiR L AL FEE W S F g
Parameter Napahai Luguhu Lashihai Dianchi Qiluhu Yilonghu F value
% Density (plant + m™) 853+99a 748+233ab 453+24hc 256+43¢ 581+£266b 540+237b 6.101 **
R Height (cem) 128+5hb 206+15a 135+19b 155+£32b 199+32a 209+28a 12.488 *#:%
F£4% Diameter (mm) 11.7+£1.0a 11.4+1.4a 6.4+1.4c 9.4+1.6b 13.2+£0.9a 13.3+0.5a 17.470 %%
Ho AR 2 786+972a 3 069+1195a 690+175b 1976+1204a 2 769+£502a 2 960+1657a 2.217
Above-ground biomass (g + m?)
2552 Seed setting ratio (%) 35+6¢ 48+8bc 58+6ab 56+1ab 54+22b T1+6a 7.631 %%
A Y Spike biomass (g - m?) 54x16b 127+64b 46+17b 50+22h 220+94ab 457+390a 3.544%*
HAY R 2.2+1.3¢ 4.0=0.4c¢ 6.7=1.6bc 3.0=1.4¢ 7.8+2.4b 13.9+3.9a  17.686%%*
Spike investment ratio ( %)
FhFrea Seed production 7.0+1.7b 18.0+6.6a 10.0+0.9b 3.8+0.6b 11.0+£8.7ab 13.0£6.0ab 4.086*
(10* grain + m™)
R T Active seed 1.8+09b 16.0+7.1a 9.0+1.0ab 2.7+0.3b 9.5+7.3ab 11.0£5.3a 6.012 %%

(10* grain + m”)

W, F—FAR/NEFRFERERDZE (P<0.05); *Fmn P<0.05; *FER P<0.01; **+FE5R P<0.001,

Note ; Different lowercase letters on the same line indicate significant differences ( P<0.05) ; * indicates P<0.05; ** indicates P<0.01;

##% indicates P<0.001.

T AT (2.7%10%£0.3x10* grain -
W#FH2H(P<0.01),
22 A KEZEENTE S HME

TR TR A A R BB 4R s A b 3 S () L AR AR
—E RIS A (BT 1) o 7K 2809 Bl 28 )2 ) 3
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AR I N (1. E H KN ;7K 20 %5 B B TR 3k
AIIE NG R (B 1.C) MR (A5 503 A&
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23 HMABERKSEENEFRIEMARE

KA S AR P i R e E
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PERD T 5 B IEAC (P<0.05) , 5 R A W o e %
FE A #F IEAASE (P<0.01) , Bede SRE AR )i 1t
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From R EIEAC(P<0.01) M LAY ES
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ek IR Y v A B A K R
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(P<0.01), fAY R FAY R L SENE .
e A S e H B AR B R K B 2 IR A G
(P<0.05) , 7KZ A i BURP 7 7= i WG PEA P 5
AHI 5% PR N T Bk 3 AH G (P>0.05) .

L2 ), R T R R B
AR AR e K 2 SR AR K B OCHER -,
o, A RUR I K A R BN T, AR
RN 0.59, TTERE R 35% ; e H i e H
Pl | A MR A B R 5 e K K i Y R R AR
ZHBO 1N 0.74 -0.67 ,0.04 , HoH bk 5 04 5Tk E
AT 90% (&l 2. A)  HHEA LR AT FE K &
Wi 7K 2807 1 B 2 B0 ) A R 7, Herp AR B R OK
FLHERY W 7K 20 45 52 % REAE Wi R AR ) 4 Y

L, B4 290 0.81 .0.56 .0.82, 1A HLIK
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Table 3  Pearson correlations between growth and reproduction indexes of Schoenoplectus tabermamontani

=) el iy [
WA WE e RO g T
- N o AR RVl !
. W R HAz Above- Seed . A Seed Active
Y25 Densi . . . Spike Spike .
ensity Height Diameter ground setting . . production seed
Plant parameter 2 . . biomass investment . .
(plant + m?)  (cm) (mm) biomass ratio 2 . (grain = (grain -
(gom®) () T )
£ (%)
% Density (plant » m™) 1 -0.159 0.399 0.640** -0.318 0.212 -0.092 0.546 %% 0.330
R Height (cm) -0.159 1 0.507 * 0.287 0.350 0.518%* 0.526 %% 0.435%  0.545%*
F£4% Diameter (mm) 0.399 0.507* 1 0.637** -0.010 0.470%* 0.300 0.266 0.175
Ho 1A 0.640** 0.287 0.637 *%* 1 -0.011 0.571 %% 0.151 0.533 %% 0.427*
Above-ground biomass (g + m™)
L5508 -0.318 0.350 -0.010 -0.011 1 0.602 #* 0.802 %% 0.408 0.511*
Seed setting ratio (%)
A Wy 0.212 0.518% 0.470%  0.571%%  0.602%* 1 0.846%%  0.563%%  (.555%%*
Spike biomass (g + m™)
BEA W B BE 1L -0.092  0.526%* 0.300 0.151 0.802%%  0.846%* 1 0.447%  0.508%
Spike investment ratio (%)
Fhfrea 0.546%* 0.435%* 0.266 0.533 %% 0.408 0.563 %% 0.447* 1 0.961 **
Seed production ( grain -
TR 0.330 0.545 % 0.175 0.427* 0.511* 0.555 %% 0.508* 0.961 ** 1
Active seed ( grain - m™)
. *3RIR P<0.05; *#3KR P<0.01, T,
Note ; * indicates P<0.05; ** indicates P<0.01. The same below.
x4 KBEKEHEERSSE. LB KBEFHEXESHT
Table 4 Pearson correlations between growth and reproduction indexes of
Schoenoplectus tabermamontani and climate, soil and water factors
ST +HRETF KEF
Climate factor Soil factor Water factor
HYSH
Plant parameter R REAHE B AR EHREK X T KRR S 2R e
MAT WMT CMT MAP STN STP SOC WTN WTP
(c) (C) (C) (mm) (g-ke")  (g-kg') (g-kg') (mg-L') (mg-L")
2% Density ( plant - m?) —0.572%#x* —0.571 %% -0.578%*%  —0.566%%* 0.594 %% 0.484 % 0.381 0.376 0.100
R Height (cm) 0.613 %% 0.624 %% 0.598 %% 0.587 %% -0.234 0.172 -0.107 -0.279 -0.182
F£4% Diameter (mm) 0.173 0.166 0.160 0.101 0.097 0.286 0.238 0.150 -0.055
Hb A -0.028 -0.027 -0.041 -0.058 0.036 0.363 -0.025 0.305 -0.099
Above-ground biomass (g + m”)
25523 Seed setting ratio (% ) 0.794 %% 0.799 %% 0.795 %% 0.814 %% -0.476* -0.388 -0.100 -0.083 0.329
Rl A=) B 0.536 % 0.538 % 0.531 % 0.557 % -0.245 -0.007 -0.017 -0.067 0.061
Spike biomass (g + m™)
FEAE YT I 0.758 % 0.758 % 0.758 % 0.789 % -0.333 -0.254 0.043 -0.155 0.175
Spike investment ratio (% )
e 0.170 0.188 0.159 0.198 0.152 0.302 0.101 0.054 0.287
Seed production ( grain +
LR T 0.355 0.374 0.345 0.386 -0.042 0.230 -0.061 -0.039 0.287

Active seed (grain -

m? )

FLAE W R R A BB L, AR R

66% 1 31% ,4F 24155 K F1 1 34 ML AR X F 2R ) &
0.32, MRS IR MBAY BT E N BRI TTEE R 78% (K 2:B)
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A, AERFHERR RN T K2 @ Ae s B A Y SRR B
WP T R iER . 8RS R R AL I IR R
B L OBCT R, 9L SRR IE A O, M R R LA
X * RN P<0.05; **F /R P<0.01; ***F/R P<0.001,
D. %% H. #ki; SSR. 4555 SB. A1k ; SIR.
PR AL BB I STP. b M 4 @ STN. 1t & K
WMT. 5% A ¥, CMT. fi#d H 23 ; MAP. 420K
SOC. +3EAi WLk .

A. The influencing factors and influencing ways of growth
characteristics. B. The influencing factors and influencing ways of
sexual reproduction characteristics. The standardized path
coefficients are shown beside the arrows. The red numbers are
explanatory degrees. The solid lines indicate positive influences,
and the dotted lines indicate negative influences; * indicates P<
0.05; ** indicates P<0.01; *** indicates P<0.001. D. Density;
H. Height; SSR. Seed setting ratio; SB. Spike biomass;
SIR. Spike investment ratio; STP. Soil total phosphorus;
STN. Soil total nitrogen; WMT. Mean temperature of the
warmest month; CMT. Mean temperature of the coldest month;

MAP. Mean annual precipitation; SOC. Soil organic carbon.

B2 2w e A G B IR 1 XK 2
A R SRR AFAIE A4 52 T A
Fig. 2 Relational graphs of the path analysis linking
growth and reproductive characteristics of
Schoenoplectus tabernaemontani and key

factors in Yunnan Plateau lakes

3 w54 #

A4 1 R A 0 R B Sz e Xt 4 i) U
{14 1) FF RIS I 5 I ( B T 5245, 2014) . AHFSE &
P, KA e A K (B AR i) A T S
AR o0 A 23 (B A7 7R B0 K 22 57, W J2 i 76 1 7
S 4 KRBT U IR R A 25 S R
IR A K A B SR W o AN ) B 855 R i iz )

B, ST SO IR A K MR K 2R 1 T Y
Wroeal R — B EERSF,2018b; K3 5F,2019)
HE N FBF b K 2 AR o 22 7, R
WA AR ) A ) e S 52 Tl B PR 58 2% A 1) 5
HAY P il T R4 st e it

TR 1 S AR R R %) TS A A A 3 e
PREE 045 5 (Wright et al., 2005) ., A#F5E &,
JK ZEAE T PG b M XA A BN AR BRI A A
SOHHRRIE 2 I 0 3 %) 2 5 AT A b T 7 43 A R
X S A B K AR B DDA OG I
BT, e 26 B e T A b DX R ek 2 41 71 AR R % K
53 BB SR ) B R WS ) B R 56 A 2 R O 2 AR
A0 B PSR 43 T BR A4 2 4K (Kormer,
2006 ; Pefiuelas et al., 2009) . A\ H i X 2] ¥ 7Y
JEH X, K 2R AR K S8 AR 2 BOE W/ . TR i
PR v 20 B DX ARG B B A A AR ) AR K I A
YRR R R A, AR (AR W B AR T 45 38 40 9 A=)
7% & ( Méndez & Traveset, 2003; F ik 4 &%,
2018b) . PR, BE A W 4k | 45 BE A 3G I, AE A 1t
IO Ah - S5 1Y) i U A N BRI (8 75 M 1) A AR
R R T e A 2 B IR AR A A, xRl B SR K A
A BT R I B 2 26 R | AR AR 5 b Al 1 O
A ) A

T B A R M BB ) LR T S SR P Y
PN HL 27 T, 76 A 7] 1 28558 45 18 T A ) A [m]
AR B YOG 2 SO e 1 3k e PR Y T BB IR 22 . AHFSE
KA EREA K S AR B VMG, KAA
PE BT R IE JS/INGT AR ) A /N e B i g AR
I, AEL P AR A MR Rk s AR AR S R 0 Ol 1 Al
ARBEST BUHLAH O RE J7 LA B A P B8 % B 1Y
THFRESTMUIMOC . EB R AR 8 = AR )
fdAE W fif J AR A5 T 22 0O R (H BT LA R 4 R
AL 5 HEAR AR ) 1 BT AL 40 i ) i85k | [+)
A e SZ 3 ML A 4E 95 4544 (Sun et al., 2016) , 7E4H
Yy R4F AR R A v A MRS B gE . BEE
TSV B 3G O, B AR AE W) - B T SR
2 (Susko & Lovett-Doust, 1998) | iX 7] L) fi#
A AR, RS SRR 2 A F)
A BB R 1 R 2 N

ARWEFE K AR = SRR P B A O 3R
WK e b A K F 2 Z IR iy, X2
Sy it BE Y T v T LA s A YOG G BRI A
Yy A T A AR 4 AR A B A2 TRl 7R 4R
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i T AR A KRR TR T AL R
Sy Ak, R B T R A i R
AR DT 4 A8 ) 1) 5 % AR K R R B (A 0
4,2010) . ARG R SRS TR ZERK
FEASAL B ST 45 5 — 3 (Li et al., 2014) , HWF5
FoRH OTC B4+ AR X i ) F Catex bigelowii
(B9 2R WL FE T e R A A AR AR Y PR = 2
(Stenstrém et al., 1997) , SR, 76 DA AE ) W 5%
R R 38 T e AR 4 v B AR KA IR L A
T2 S 1 i R AT B AR I A W g R AR AR T R
PRRR R ZUTE S A T S 3 A, AR SR
G5 5L 1 7 oK 28 A R K S v I A R A PR
FEARE DT, 10 7K A4 U 5 R 0 A K R BB 1Y 5
M AN d 23X 2% B = 19 R /K BE 2 1F 8 /K AR 4 1Y)
EER - e ] I 1 o O I S R R o\ R - R
MISZIR AT G, W T HE K AT 9 A 58 0 R R, B ot
KERBHATREN = KRERZ —, @O
AR FKFEA T 1, R T 2 R WIA T
HAR U T Bl Bk Hb s (1 3 F12E4E,2010) |, K2
BRI 6—9 H = 24 e 5—10 A, H
WK B DN B B b (205 BE 3G ) 2 308 Vs Y i 4 (2240
W15 2018)  Holl i K AL b R Ao s, A
SR B, b THT 7K 67 A8 A 2 ) T A 80 AE K (R
YL45 2015) ; FWAE O ~ 0.5 m KIRJLFE N, &
JKEE A 80, A T 5 E 1 3 K (Sorrell et al.
2012) , ACBFSE RN, T 1SR o & XA A KR
LA B H 4 B AR ) Y e R
AR RE R 3 K, 3 2 PR R AT ) 32 SN A B SR B
Fe47 , A TC F e (2 HF 240 M (Y 4 24 R Al 4 it
BRI BUCR FE A6, i3
AR FE R 9 19 5 B A G AS BIF SR 485 51 5 16 hm 1+ 3
FR43 X HL W A R A= K BF 98 — B ( Nasto et al.,
2019) , ASHHF5T 0 o8 XF AE 4 5o R AR K R PR B
SFAE ) 245 5 ) PR B9 B, L o R R R B R
S > H T >KHE -, X RUITE S B AR
WA, AT T g K SRR B R, XA R T
(% H 2 e A SR AR BE oK) 2R =
T v DA T TS A ) 7K 2 A A R T ) A
BRI, PR, XA 25 A 7 e S AR ) A=
K AVETE of 7 b SE e B K, ISR Ay S A )
A KRB TE A F W 35 7R R Sk M AR AL TR K
AT PR XoF 1o JE 080 1 A ) B R 1 5% i) 5 2
— R ANSE
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