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Divergent Adaptation of Cenchrus spinifex Heteromorphic Seeds to Light
and Water Conditions
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Abstract: Seed heteromorphism is a critical adaptive strategy for invasive plants to cope with environmental het-
erogeneity. To investigate the response mechanisms of heteromorphic seeds of Cenchrus spinifex, we examined
germination characteristics of its two seed types (M-type: larger; P-type: smaller) under varying light (com-
plete darkness vs. 12 h light/12 h dark) and moisture conditions (simulated by PEG gradients). Subsequent
seedling growth, biomass allocation, and phenotypic plasticity were analyzed in response to the interaction
between water availability (normal, mild, and severe drought) and light intensity Chigh and low intensity).
The results showed that germination was unaffected by light but strongly inhibited by water stress; under severe
drought, M-type seeds outperformed P-types in root length, bud length, and biomass. As seedlings, M-type
plants showed higher phenotypic plasticity in morphological traits (plant height, tiller number, leaf area), favor-
ing increased aboveground resource investment for rapid life cycle completion, whereas P-type plants exhibited
greater plasticity in biomass allocation, enhancing stress tolerance through increased root biomass proportion.
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In summary, the complementary germination and growth strategies of heteromorphic seeds in C. spinifex repre-

sent an effective “bet-hedging” mechanism, which is crucial for its successful invasion and spread across envi-

ronmentally stressful and variable habitats.

Key words: Invasive plants; Cenchrus spinifex Cav. ;Seed heteromorphism ; Phenotypic plasticity ; Biomass allocation

T~ W] & AEAR ) & R 0T v 4y 1 A AR
BEIY A Tl S BUPE AR O Bb AR 0 — FoRR Ik A
BPREE AL, O8N 2 AT G N SR T T8 BIF T A
S Bl S B SR A bR A T B 2 AR
BHAT AR BRI G 5 RE R 5 H
A AR TEAS ARt IR0 & b iRk 5
R Rh 38 5 R B Ry — AR i o — 2R
FLAT ORI R, 38 R B K B vk i D 1 i R R
o T /N BRI RN RN 22 SRR O P Sk
T K M (Bet-hedging strategy) , J& 12 W) i# I ¥ 3%
FPE R T 2 BRI 2 A S B R IR R AR AR
TE RN T RHE a4 I A 5 53 e 55 5 T 38 5
FEAE 22 5%, X 86 22 S i A I W) k& 2o AR vh 3 W VA
R BRI R LA T Y (R R RS
JE A3 AR A AT B g S A ] S T A
5T W Rh - S B 8 08 52 M B AR B A B BRI ) L
J& B A AR SR G6 BE 4 e 7E S B A S P Ry A A R
PRSI A, B an 41 Sk Pl A ZE (Polygonum
cespitosum) ) A Az 5 Fi P o] SR AR (LA 56 TEANTR]
186 BERITK 43 2 A0 2 30 HE R X 8 v 1 3 I

DA FERL R (Cenchrus spinifex Cav. )1 HA
S BUPE 43 00 R A ABL 2 SR AR R R B ML Rh -
HMIE BB X B /N P AR Y BESE R B R B
SRAEBEAMET DB 2 RO B % 1R Fh (M
AL By A 80 KT 2 R0 Fl 1 (P AL, P A B 5K IR
B g AR 2SR R T R B DL HOR T 4 5[] N
B TE) 1 1 Sk TR SR 7E A ek A AR A 1T R
T, BRI 7K B B 23 A% Ry B 7 AT R T /b A v B
FRBE s = A g BRI, A0 55 28 B bR
1o o BEROR A= W) £ 4 TC AT Bl B 05 AR A8 Ak K A
HAARN AR X R AR LR S AT R R R R
e, Hr, X T PEsEEER T REUEEH T —
SEBFSE AH T B TR AR R T & W B, i = X S5 A
il -5 | S AR BR R 25 A W) 40 T 45 O THD 22 5 1 R
GEAESY . P, A 5T DL /D JE 9 2 R RD - S R AR
RV KL BRI [F] B85 25 A OB B K 43O % T4
AE 9 ZE B S R Rh - i KRR AR W T e R AL ]
SRR A 5 I 22 S, LA BH A S AR A N X B A AR Al
14 32 17 S I 22 5 o

1 #ME5TE

1.1 ks

Y T D AEFEBE BFp T F 2019 4F 9 H R4
THNEHRRID TP H(43°35' N, 122°17' E) . ZHb X
Ja T R B A VR 178 m, AR 3R 6°C L 4R
R K B 350~450 mm. K20 78 9 B2 FO 4 b kL M
AP RT3 TF O 8 F AU b, T N E IR R R
BT A .

1.2 REi&it

JENL 2% S e S 7 W R RA) [ S S RN g

Bl 78 & 358 T 20204F 10 H 2= 12 A 4 E 4
A KA EE N HEAT 6 IR R 350 pmol-m s,
FEXT MR BE Ry 6590 . & B R 2B (M AP 1) IR
S B (4 BRIRE A 12 hot R /12 h BB w5 ) Kok 43 ik a R
F® 2 % 6000 #L48L (PEG 6000) , ¥ & 86 5 4 0,
5%,10% ,15%,20% F125%) W H Z & Hik K, &
MLFE B 25 R0 A, 4 R E &, B 24 h WL /D + 1 &
14 dJE ISR R R E HEF R R A
MR,

20 B AR K R B T 2020 4E 5 A & 10 A e
A kb B SRl B R AR R 25 A i 0 1 it
KM P (41°28.70' N, 115°00. 326" E) ¥E 47, % IX 1
J& e B XA, RS ] HOF 38
iR 22.6°C,F IR 11.2°C, H ¥ H BB K
11.8 ho M Fl P B Ff 36 Fp T /£, 9 J5 £
B e — B0y FE RE B8 4k 2= 78 4 (19 em X 15 cm)
AR AE SRR . 8 B R Hoagland 5 3% W, 15 37 3
BihmE A MEZEREGREGY R 2: D kR
FH B HL DX 20 BT, B — X 414 36 Bl 7 28 8 (MR P
B K43 W iE CE# K9 W BB T 5 W, I B
T8 W, 400 8 i RN B K ) 70%6~80% , 45 %~
55% 1 20%6~30% ) F1 % M5 B g 0% HL b 420
HE1Y 8504 , B 400 bR 2% % 101 36 5% 5 IO LL S 20 IR
(19 10 % , B 4804 H PR PR 5%, 3 4o 98 ) S R 388 BH
P il ) b B Ok aBE R DOE BR SR IR 22 R i A
Ab P35 T A — FLORT I XU RN R B
I v 6 5 I Ak 3 DX 3 P Y S R0 B AR OG R



%7

g

T 45 20 A58 2 B S R T O IR R K G 2 4 28 A0 3 07 SR W BT 5

2395

b BER B H F 2 S s Y G B i 2
o B2 BAs BI04 ER,
Mt 120 4

1.3 MEHERENE

20 0 AR KA I 7 AR B 90 d S R AT B IR UK
W5 48 bR AL 45

TEATRbR bR o> BERC B M i
R AN A TR AN I Y QN TR A = G s W
F 0 B A% A 45 1L (Epson Perfection V700 Photo) i
T4 75 E 48 £ (Leaf shape index, LSI, LSI=
R BE /M B SE D 5 L i T R (Specific leaf area,
SLA=}Ji T3 /i [ D ; i 1 BUE BCR AT
AL LAT-2200 1 2 .

AP atetn AR K o ONEAEY ECEED TR
THAAE Y 5y TS R o

2 # AT ¥8 1 48 % (Phenotypic plasticity index,
PPD": PPI= (V0= Vi) / Vo HoiP, VR
PEMR B 5 KAB, Vo R PEAR B B /MA . PPIE BYE

(a) L:ns (b)
E:ng - llyl 15 A

o xS -
% 100 ns =
- Q
s =
= 80 B0
2 5
g o0 =
E 40 c
o N4
S 20 Juss
g 0
= 1 2

JEIBLETE Light treatment

(d) (e)
L Tg L:ns
~ 0.0020 | S:*** =M 8 0.004|S %% mm M
T LxS:ns == P o [ xG:#% == P
8§ A B 0 a
= 0.0015 5 = 0.003
18 5o a 3
ﬁi’ b g
=2 0.0010 £ 0.002
5 b E
= 0.0005 m 0.001
g i
~0.0000 ﬁ 0.000
‘ 2

1
JEIBLE T Light treatment

Bl 2 O~ 1, Hevp O R B0 AT ¥R, il 1 378 oA fxe
PANLIR 220 s

1.4 HELEBESHHF

K IBM SPSS Statistics(SPSS Inc. , Chicago,
IL, USA)HEATELHE 437 , R FH B PR 2 UK 5 = A
BT 2 TR A5 VIR 22 S M, 2 U RCR
M LSD ¥ (a <<0.05) . K M GraphPad Prism
(GraphPad Software,San Diego,CA ,USAER .

2 HEREGMH

2.1 IMETA D EERERA TR

6 BRI R 7 28 70 0 S R R F B B R R OC
s (& 1a) , XFAR K 5 28 KA i & i (& 1b, e,
P<<0.001), fERBEZAMT MAS PR 5
KRR MR E B TG IR A B A R R —
TR AR M AR F B AR 2K M ZE R
FE T P AT (P<<0. 001,

eskok c)
Giore =M “ A Loxns

LxSms © P

£ Bud length/cm

2 2

1
JEIELE T Light treatment

2

SEMBAL P Light treatment ﬁ‘ﬁ}ﬂﬁ&i};ﬂ‘ Light treatment
1 XBWOEEZFEHLE(a) JRK(b) FK(c) RE(A)MFE () WH N
Fig. 1 Effects of light on the germination rate (a), root length (b), bud length (¢), root biomass (d), and bud biomass (e) of C. spinifex
TE LG IRAL B 5 S Jy Bl -2 5 1 AR AR AR SR AN ] DI I A L, e rp 1A I AR B, 2 /X 5R 12 holt IR /12 h B b L. [ oS [l G /N - B 4y
SRR ARG AL B AR Rl S R[] A7 335 M 22 57 sms, o o33 {ER P>>0. 05, P<C0. 05, P<<0. 01, P<<0. 001, FIA]
Note: L represents light treatment; S represents seed type. The horizontal axis indicates different light treatments, 1 represents complete dark-
ness, 2 represents 12 h light/12 h dark. Capital and lowercase letters respectively represent significant differences among different light treatments

and different seed types; ns, *, **, *** denote P~=>0. 05, P<<0.05, P<<0.01, and P<C0. 001, respectively. The same as below



2396

oM

N,
2

Eiid

o534 5

PEG ¢ & K Fl 7 25 B % 8 & R A e i 3 5
(E2), b6 PEG W T m B AR E T REEE . 1
20%PEG W T , M BIUFfF (76. 25%) B # & R K
PAI(49%) 4R & T 55.6%, M #% 2 7 i #F (P<
0.01). PEG ¥ B Xf R (25 1 2 8l 7 A i
FR CE 2b, ¢, e, P<<0.001) , M K Bifi ¥ & T =5 1

(a) PEG (b)
X :
S PO g ——
s PEGx*S:ns == P § 10
= A A A A B A
S100(7, T T T @ 2] ey
£ R
g b 3 6
E 50 a& &
b Y4
& b =3
B0
0 5 10 15 20 25
PEG/%
(d)
E PEG:ns
5 o015 BEC -
o0 PEGx*S:ns == P
2 0.010 a
£
S
£
é 0.005
b
ﬂﬂg
= 0000520 15 20 25 0.000%5
= PEG/% iR

22 REMIEEZEREMFEYESEMN
A

K 3 5 0 BR 5 A Xt 20 A 95 B2 R R AR ) R
B G PF A 3 TE 2 R e (IR 3D, ASURR - 2 A X
2 W) S AR A 2 PE R i (P<<0. 05) , MR AE FR
BB AL A W) R R R R B T P AL AR
RO HA DR RBAEA RS 7EEY RSB
J5 ML PEG BHA W2 AR Ot B e B2 A
IO o i 2 T SRR EE N, ML RN PR Bk 35 2 B
H b A Wi oy BC U D Ml AR 3 TC 3 A B i
e 1 A # o WA, AR LR AR R M
TR R U0 1] 0 BT 22 A 0 o 3 T 2 /NEE (2 300D
1M P 7 A bR D) 3% B M 9 AR R A N L (2
20%0) o Fh T2 RUBR 355 e 4% KA A A o 1 43 T
(P<C0. 001, {H X} 4R e L TG b 35 5% 1 .

REAR L T 25 1 AR T 5 2 00 e B Ok S T R S R AR
fFa# 76 5% PEG e B if ik B Wl . 78 A 8] Fl 1
FM Z ], M R 2R S 2F LT P A
(P<<0.05), 23 30 1 14.1% F136.9% ;1 — %
MK EGWRELEEZF . PEGHKE SR 7347
K Abs L L HAE .

(©
251(53:*** —_M 10 A EE*G:*** _
A PEGxSms P § g a_b PEG=Sms == P
B % T
B a 56 <
B = B T . c d
b a D Wb
Moy 1
iR
0

5

10
PEG/%

E2 PEGXDIEEREHIBFELE (a) RE(D) . FK(c) RE(A)MFE(e) I
Fig. 2 Effects of PEG on the germination rate (a), root length (b), bud length (c), root biomass (d), and bud biomass (e) of C. spinifex
TE B R TR R NG BRI A PEG AR B AN ) 7 S AL ] A 0 35 1k 22

Note: Capital and lowercase letters respectively represent significant differences among different PEG treatments and different seed types

15 20 25

2.3 FENREMTRETEMHZESHOZMN

JK 43 W 300 2 48 5 B E ) A BE R ik it
JEARECLSD (1 B8 B (LAD K45 ¥4 7 4= ) i
R A0 S R R L O BE T AL
T A (SLAD o O BEZR 1 W 35 52 i bk o F0 R 1
RO iE 58 AL SLAD 1 X 4> BE RO B
SR R 2 RN R R LT T A 2 R MR R
A AR bR AU LS MR 3% . oAb, #5 H F
] £ 7 5.3 28 BAE B 728 30 50K 43 ik 38 Y 28 B
FE S 25 52 e LATL; Fp 725 A 50 B 32 B AR
FHR AR 0 SE ok R LSTANLAT; K4 56 IR
14 22 B A FH D0 Sk 255 e R v L i T AR SLA
SREZLHAEETA RPN E .

B 5 7K 53 W 30 0 bR e AR 5 AR O S 1
BT AR EE, B M AR MR kRS R A TP
Ry BERE A B 32 K 4 kOt RE Ad HE Y R



507 1 WA DB RE T S R T BRI K 3 A A 1 25 S A 1 SR I AT 5 2397
(@) (b) (©
20 V\{:ns — ~08 T 20 \Ly:ns wm HI,
g Sikws = LL = g G = LL
215 £ 06 215
i, 0l 2
= 3
iﬂg 1.0 S5 04 Tz 10 B ; Ej
ik Ex 2
205 ﬁ g gL 302 505 §
g [~ 2] @ éé
s = &
0.0 0.0 = 0.0
WI Wl W3 Wl WZ W} Wl WZ WI WZ W% WI Wl W3 Wl WZ W}
M P M p M P
(d) (©) (H
W:ns 5 g
~10 WnS g L £ 090 .§ 0.4
£08 ' N =g
ks 0.85 03
a g dg A
IH gy & g B AB 2
ﬁg . ﬂﬂm g ﬂﬂm =) _ — T
g A oA S2080 S202. & 95
#s § e EE iz |
bt 20. 0.1 w:
g02 i éé %1 2507 B | Vo L
> z 2 Sowker =2 LL
0.0 20.70 £ 00>
W] W2 W3 Wl WZ W" < W] W2 W3 Wl WZ W"
M P M P
(2 (h) (i
04 A A 0.4 ~5 W:ins
g 51 4 B A P Lns, =01
£503 EL%Q 203|B AB B g =4 g '
S . 2z 0 1 Egs
REgo02 W2o2lkn B pil
HE B SE2
01| we S0.1|w T2 Bl
o . . .
HE L:ns == HL ~ L:ns == HL 5! Q
2 Sins = LL Sms “ LL S
0.0 0.0 0
wW,OW, W, W,oOW, W, w,ow, W wW,OW, W, wW,OW, W, W,oOW, W,
M P M P M P

B3 MEEFHNOEEZFEMGEEYERESENZI
Fig. 3 Effects of environmental conditions on biomass of different parts and it’s allocation of C. spinifex
T W=7k 23 B8 4 B CW W, FI W, 20 SIS T 8 K o3 2 B T SRR 8 T 54 ) s Lo IRAR 3 (HL A LL 23 AR moG AR A 31 < S-Fh 728
T 5 Rl A B A AN [ D1 IR Ak -1 AR SR R I AR B, 2 AR5 120 D6 IR /120 JR I A B . J&T P RS S B S AR SR AN () K O3 b B AT 5 P 22 5 s s,

wx ek iy Bl P=>0. 05, P<<0. 05,P<<0.01,P<20. 001, T

Note: W, water stress treatment (W,, W,, and W, represent well-watered, mild drought, and severe drought, respectively); L, light treatment

(HL and LL represent high light and low light, respectively) ; S, seed type. The horizontal axis indicates different light treatments: 1 represents

complete darkness, 2 represents 12 h light/12 h dark. Capital letters represent significant differences among different water stress treatments. ns,

*, sk ek denote P~>0. 05, P<<0.05, P<<0.01, and P<<0. 001, respectively. The same as below

(E 4b, e, {H M B AR 093X P 548 AR 2 4% 35 T
P#I(P<C0.001) . 7K43 Ot BEFTAp 28 AU it
B T FARURT SLA A ) 2 s (K1 4 d-g) , K41
Jip 36 R AR sk e it PR A, FE R TR (W) R iA i
R 5 17 I ' B B 0 12 i sk e i o R R 4
LATSZ I8 5 7 28 10 K H A8 B AR R A S 2 0 9%
M RUAE AR TE =56 LATHE 55 (0. 44) , i P RUAH R 78
LR LATH 0. 27D,

TEAR R K 43 200 F , M RUAE R AE 20 BERC - A
BORUEE Y i R T A W] B T PR AE PR
WU AE A ) oy T CRR el b 60 0 T 5 MR 4y

fic) K LAT 5 1 ] %8P 5 3 (8] 5a) o 78 A [F] 6 IR 4%
PFTF M RURE B 7E A 9 i A DG MR CRUAE W i R

HOZEA YD KO BER B T SR R P
TR AR ) 7R AR ek L L BEBE D L b A i Sy C RN
LAT |35 B AT 389 ([ 5b) . 127K 20 5% B8 A2 H A
FF M AU R 7E 40 K 2 508 9 B BB PER 1n] 9
PEE T PRI P A ZE LAL, LS AL | A= 9 4 43 i
LA EEE A (B 50 . BRI S ELEAREE T,
M HU AR ok A e 3 T 3 R0 R ol 4 v o e T P Y
FE BRI N AR A & G B AR A AT
HAPE



2398 A U A it o34 %
(@) (b) (©
Va o M= - Y P e HL
S a " a B e é 38 Sk LL
S _— g 15
= a Z 2 3
.ﬁowggbg A A g é %Béé
[} b —-a = o 10
= 20 {’ a = = $
1z % b b[%] — g1 & B+
£ g7 g7 34 B xS
& &
0 0 0
wWoOW, W WoOW, W, WoOW, W, WoOW, W W,oOW, W, WoOW, W
M p M P M P
(d . (© Wk (H
15 ?_N*Zt* e=m HL 04, Ao A Lok =2 HL 4 Sk
£ , Sier LL S S 2L |4 A D=L
A ’ D TTa QUmkx '
s [ A Bosell H B A A g S5 f 5T A
B 10 B a—3 B = bI 1 S L A —a
5 b% bH i be oo ] % 5 2lb : B
— < r
5 8 8 gl %ég é@ 2 t s g 3 ; b' B b} bB_
= 5 8 = ‘ é
R
0 0.0 0
W,OW, W, w,OW, W, W, W, W w,oOW, W, W,OW, W, w,oOW, W,
M p M P M P
© wer () G
100 ]§:*** = LL A AB 50 &‘1”55 e HL 0.8
T A .A B 4 Sns = LL
on N —
Ng 80 a T D é 3 E 40 g 5 0.6
= 60 E] g b 30 %g - £
2 B ﬁ jund a
72 a0l = b 3z L 04
2 40 @ b K20 B b
K 210 2 & o2 é ég
£ 10 £
2 9 0 0.0
W,oOW, W WoOW, W, W,OW, W, AR W,OW, W, WoOW, W
M P M p M P

B4 FEFREXNDOEEFERTHENZE

Fig.4 Effects of environmental conditions on morphological characteristics of C. spinifex
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Fig. 5 Effects of environmental conditions on phenotypic plasticity indices of heteromorphic seeds of C. spinifex
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for leaf width; LSI stands for leaf-shape index; LA stands for leaf area; SLLA stands for specific leaf area; LAI stands for leaf area index; Mst

stands for biomass of stem; MI stands for biomass of leaves; Msp stands for biomass of spikelet; Mr stands for biomass of root; ABA stands for

aboveground biomass allocation; UBA stands for underground biomass allocation; RA stands for reproduction allocation; RSR stands for root-

shoot ratio; TM stands for total biomass
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