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Table 1 The phenological period of C. spinifex
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T3 JI AT S I 34 5 Jo8 4 i 59 EillEEpil AT
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FH B E I 200 (ANOVA) FE 9 0 1 Fi %

JE o /b 4 95 B R0 45 M BE S B0 B i 5 R XU 2R 7
Z M (Two—way ANOVA) H 55 4y 1 3] i )3 xif />
1635 BRI A B AR B9 28 TR A, Ol R IE 2S5k A Oy 22
FEPE P RO S R AT X B e P R AT O 22 4 B, B
/N EW 22T (LSD %) le eIk T4k 22 SR, 0 25 1k
KR a=0.05, FI X ECR L Y=aLn(X) +b4 &
PR G 2208 56 227 8 GUBCA SR % B, o 5 oR B
BN BT Y=k Z+ 0, b B R b 53R B =
Boa %), P8 B 22 0 T LR R W) %5 P,— L
(G,) |H 77 F2 0 E 46, R X8 R 208 & P,—Ln
(GOVERBR B EZ KR R — I Ky 2
A Po—Ln(GORFR RIS B Z ML R . A B 4t
) DPSv7. 05 (& FH B HEARGRA A, )
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2 ZERE54HH
2.1 MEHNZENIDREZFEXGEFIENTE

=AU

Wy e 190 0 25 FE X D AEBEFE B P, TR Gl 58 B 5
A G (R 2) B3 GoA 3 a2 B R (P<
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P, G T, ¥ 5 F HoAth 9 e 11, C UG T 3 Al 4 1 301

A [ 05 ) S3 % FE P, GORN T35 8 T HAl % B, CAR
FHALEE . LA kA, ST P m , ~ 34.62
pmol/(m?s),S1 R ] Pn {5,y 15. 43 pmol/(m?
-s), SITMAEI I ST AP IRy 2. 24 4% 0 S2Hh BRI G,
B, R 0.29 mol/(m?s) , ST G W G Ak, R
0. 12 mol/(m®s) , S2 M FE I 2 ST LS 19 2. 42 1% .
S3H M T8 %5, M 3. 57 mmol/(m*s) , S1 U5 M
Tr Ak, 7 1. 46 mmol/(m®s) , S3 i FE ] J& S1 W5
Wi 2,45 4% 0 STIAJE WM C & & , ol 361.06
pmol/mol, S3 B W] ) C & AKX, 24 204. 43 pmol/mol,
ST 2 S3HFI Y 1. 77 %

2.2 AEMBEHILEEZEXGEESENESR

Py e 9 XF D A 95 22 B P IR 2 R (P<<0..05)
B P o 3 B AL, PSS T RS BEAR . PR /NI A il
Tl 30 > oA ) > T 0 > v ) > U
T PR, 0 29. 49 pmol/(m?s) , R3S 1 S A%
29 20.03 pmol/(m*+s) , il B b & 25 W
47.27%(F 1),

Yyl ) D B BE R R G T M C 2 1 2% 5 %
(P<C0.05) o GJFI T, /NI FF Ay Fl1 A8 01 = 4k 715 1 > i
ST = 13 0 > R T ORI Sy A A
<< B BCHT <R <3k <A S
W(%4),

x2 MEHMZEENOEEREXSHEL MM A ENT(FE)
Table 2 Two-way ANOVA of the effect of phenological periods and density on photosynthetic characteristics of

C. spinifex(F value)

Ab 3 P, T. C

Y 29. 44 48. 16" 65. 88" 25.41

Giodi s 11. 04 7.59 16.42° 26.79
W B X 5 1.51 4.23 1.63 1. 60

TE RN A [ Ak B ) A A B RE R0 5 FRAE 22 59 B 2% (P<20. 05), Rl

2.3 FNAZEELUEZEEXGHESHNER
W D AEBERE R P AT W S (P<<0.05) , B
W TE R P TR R AR, S3 W P, T Al %
BE RN Rl S3>S2>S4>S5>S1, S3 4k B P, N
27.11 pmol/ (m?s) , S1 &b B f /N, 24 20. 37 pmol/(m*s) ,
S3 kb ST 33.09% (Kl 2) . B REEX DB R R G, T,
M CIIA BFE# 0 (P<<0.05), ANRSE G TR
NI 43 ) R S4™>S3™>S2°>S5">S1 fl S3°>S4™>S2

>S1>85,
SI(#£5).
2.4 AEZELEEZEP,MGHXR
FEAT % R PR G, 22 18] 249 £ 7tk 35 6 85 ek 45 G
F(F£6), R G AP UHEF TP A G F
TEAUE BB B e R T R L T R S 8 a
FRn Ln(Gs) B8 — A~ , S1— S5 ab 3 /b e 92 3
PB4y I AN 8. 53,13, 81,19. 00, 14. 99 F1 14. 05,

C, K /N JF Sk S3<CS4<CS2<CS5<C
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Table 3 Differences in photosynthetic performance parameters of C. spinifex Cav. under different

phenological periods and densities

WA 39 9 P,/(pmolem Zes™ ') G./(molem 2 1) T./(mmolem Zs ') C, /(pmolemol ")
S1 18.15+2. 55" 0.2240. 04" 2.96+0.13% 341. 40+ 34. 54
S2 22.5741. 824 0.19-4-0. 03" 3.0540. 174 329. 25430, 72
AT S3 26. 11414, 614 0.23740. 04" 3.4340. 374 250. 60412, 55
S4 25.734-2. 74 0.2740.03"" 3.1340. 27 276. 07459, 64%°
S5 20.4641. 36" 0.184+0.03" 2.36+0. 320" 339.75+16. 76
S1 25.3342. 32% 0.2340.04% 2.87+0. 34™ 251. 075, 26"™
S2 30.804-1. 36" 0.2940. 01 2.88+0. 47™ 265. 27411, 21°™
EilpES S3 34.6247. 30" 0.24740. 02" 3.5740. 19 204. 43420, 78
S4 30. 2546. 08" 0.26-+0. 05" 3.34+0. 33 234.94+27.08°"
S5 26. 464 6. 04" 0.27+0.04% 2.48+0. 26™ 285. 77429, 297
S1 26.2843. 63" 0.18=0. 03 2.7340. 28" 291.73+31. 76"
S2 27.443. 5148 0.2040. 0148 2.8240. 28" 283. 60+10. 58"
T AT 1) S3 29. 7443, 80" 0.2240. 02 2.9640. 14" 214.004-16. 54
S4 23.634-2. 18" 0.20=0. 02" 2.5940. 254 241.60+17. 56"
S5 27.824-3. 12 0.26-0. 03" 2.52+0.12% 273. 0023, 60"
S1 15. 43+ 1. 44™ 0.13+0.01™ 1.9740.37™ 329.40+32. 26™
S2 20. 344-3. 54 0.160. 03" 2.10+0. 27" 287.86+8. 56™
s S3 23.5943. 16" 0.2140. 02" 2.83+0. 12" 262.45+16. 16™
S4 24.6743. 61" 0.20-0. 01" 2.10+0. 18™ 270. 60+ 25. 57°°
S5 16.10+4.01™ 0.12-40. 02" 1.9940. 61 297. 557, 53A*
S1 16.64+2.16™ 0.1240.01" 1.4640. 12% 361.06+11. 80™
S2 21.9842. 00" 0.160. 03" 1.944-0. 47" 338. 4610, 374
A 1) S3 21.4942. 61 0.160. 03" 1. 9540, 34™ 299. 73447, 16"
S4 20.004=2. 09 0.1740. 0270 1.684-0. 38" 269. 75422, 63"
S5 20.034-2. 2547 0.160. 02" 1.6040. 31" 314. 75+ 36. 86"

TE AR /NG b 3R R — 48 b5 A [R) 9 4 30 =22 [R) 22 57 835 (P<C0. 05) , R IR R E G0k 327 7] — 8 B A [R) 285 B 22 J) 22 55 ol 3 (P<<

0.05), Tl
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Fig. 1 Differences in net photosynthetic rate of C. spinifex
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Table 4 Differences in stomatal conductance, transpiration rate,and intercellular carbon dioxide concentration of

C. spinifex at different phenological periods

Y4 39 G, /(molem s 1) T./(mmolem Zs ') C./(pmolsmol ")
R 0.2240.05" 2.98+0. 44° 307. 41451, 03
fili B I 0.26+0. 04° 3.03+0.51° 248. 3434, 58°
T AT 1A 0.2140.03" 2.7240.27" 260.79+35. 9°
A 0.16-0. 04° 2.240. 48° 289.57+31.09"
A ) 0.1540.03° 1.7340. 39" 316.75+43. 08"

F A RN FRERR AR P B0 G, T, C 25 5 3 2 (P<<0. 05) . n=25, F[i,

K5 AAZETLREZEG,.T.FACHER

Table 5 Differences in stomatal conductance, transpiration rate, and intercellular carbon dioxide concentration of

C. spinifex at different densities

g G./(molem *s ') T./(mmolem “s ') C./(pmolsmol ')
S1 0.17+0.05° 2.4+0. 64" 314.93447.04°
S2 0.240.05 2.56+0.57" 300.89432. 6"
S3 0.2140. 04" 2.95+0. 62° 246.24+43.08"
S4 0.22+0. 05 2.57+0.68" 258.59+37.91"
S5 0.240.06" 2.1940. 51¢ 302.16434.13°

A FNG FEFRIR AR EE ) G\ T, .C28 5 8.3 (P<<0.05) . n=25, F [,

FERUE b E G P, e B BE () KN o N [R) 2% B
G5 Wl BE % R B (R®) P, I 25.22%, 59.95%,
31.15%,39.15% A1 70.57% . Wb J5 22 43 # K 56 45
R, RS a Z WA 3% 2 5 (P<0.05),

DDA R R B o B i W D AE B BE RE PR
G.Z B 5 B RECR S8 a 5 % B #E 17 Il
FH AT (I 3-A) o &5 3 IR, R* 5% B 22 18] #9 XF 54 ek

O RN F R 2 B I 3G 0 R B8 O, 106 B B %
N, D BEFE P G Z R A B, Z28a
5% B Z A ) — 0 IR R EOC RO 2 (8 3-B)
X ] B S AR A B I T B R R I S R e B
LS TR JE REAR AR AL, 2% B2 Oy 13. 65 4k /m* B, 4L
afi e KAA , ly 19. 45, BEEAARWE ST J5 BN 2% T
TEHERE L GO P R2 Wik B 45 K

®6 AREETOREFEEP, MG ZENEFERSH

Table 6 Parameters of regression model between P, and G, of C. spinifex under different densities

I Z¥a e P R R WP E
S1 8.53" 35. 66° 0.25 <0.05
S2 13.81% 47.39" 0. 60 <0.05
S3 19.00* 56. 99 0.31 <0.05
S4 14.99* 47.89° 0.39 <<0.05
S5 14. 05 45.88" 0.71 <0.05

T AN TR K5 8 3R AN [ 4 T DR RS B 2 A7 A 22 5 W3 (P<<0..05) , T Il

3 it

3.1 YR D REZEXRGFIENZIT
HE W) ) A 52 <A TR FLHC Al Y (AR R R ) 3t
)52 AN T 4 A 0 R R 1) 010 A AR 194 22 S S WA

WS L E AR YR, A RO
2 (P<<0.05) , 4% % B 4~ fh A 4
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Fig.3 Relationships between density and statistical parameters of the regression models of P,—G, of C. spinifex
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The response of photosynthetic characteristics to
density of Cenchrus spinifex at different phenological
periods

HUA Ming-yang',SUN Zhong-lin'",MA Chong-yong®, PENG Jing',HUANG
Chuan-yi', LIAN Ji-ming', GAO Kai'

(1. College of agronomy ,Inner Mongolia Minzu University, Tongliao 028043, China; 2. Forestry and Grassland
Pest Control and Quarantine Station of Inner Mongolia Autonomo Region,Hohhot 010051 , China)

Abstract: [ Objective] This study aims to explore the adaptive characteristics of photosynthesis in Cenchrus spi-
nifex In response to varying densities at different phenological periods, providing a theoretical basis for the develop-
ment of effective prevention and control technologies. [ Method] In situ field experiments with 5 sowing times (May
28 th, June 13 th, June 28 th, July 16 th, and July 29 th) and five density levels (5,7,9,18,and 21 plants/m*). The
net photosynthetic rate (P, ), stomatal conductance (G,) , transpiration rate (T,) ,and intercellular carbon dioxide con-
centration (C;) of C. spinifex were measured using a spatial time substitution method. Differences in photosynthetic
characteristics of C. spinifex under varying densities and phenological periods were analyzed, and regression analysis
was employed to model the relationship between P, and G, in relation to density. [ Result] 1) Phenological stage and
density significantly affected P,, G,, T,,and C;of C. spinifex(P<<0.05). Except for G, the interaction between pheno-
logical stage and density was not significant for other photosynthetic parameters. 2) During the heading stage, the P,,
G.,and T, were significantly higher than in other stages (P<C0.05) , while C; was significantly lower (P<C0.05). 3)
At a medium density of 9 plants/m’, P,, G,, and T, were significantly elevated compared to other densities (P<<
0.05) ,while C; was significantly lower (P<0.05).4) The fitting parameter a of P,— Gs relationship exhibited an ini-
tial increase followed by a decrease with increasing density, reaching a maximum value of 19. 45 at a density of 13. 65
plants/m®. [ Conclusion] The photosynthetic characteristics of C. spinifex at different phenological stages had certain
internal regulatory mechanisms. The species adjusts to changes in density changes through stomatal closure and varia-
tions in photosynthetic intensity. Increased density intensifies the the impact of stomatal limitations on the net photo-
synthetic rate, but a critical density exists; exceeding this critical value, non—stomatal factors had a greater impact on
net photosynthetic rate.

Key words: Horqin sandy land; invasive plants; Cenchrus spinifex; photosynthetic characteristics ; phenological
period ;density
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