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Abstract

and photosynthetic characteristics of Pugionium cornutum (L.) Gaertn. and P. dolabratum Maxim. , and

[ Objective ] In order to explore the effects of phenolic acid self-toxic substances on the growth

to provide a theoretical basis for the protection, development, and utilization of wild resources of P. corn-
utum and P. dolabratum. [ Methods] A pot experiment was conducted with P. cornutum and P. dolabra-
tum seedlings. The experiment focused on two self-toxic substances, cinnamic acid and phthalic acid, and
the seedlings were treated with varying concentrations of 0, 0.01, 0.1, 1, and 10 mmol/L. The aim was
to observe the effects of these concentrations on seedling growth, chlorophyll content, chlorophyll fluores-
cence parameters, and gas exchange parameters. [Results] (1) Cinnamic acid and phthalic acid promoted
seedling growth of P. cornatum at low concentrations and inhibited seedling growth at high concentra-
tions. The growth of P. dolabratum was inhibited. 10 mmol/L cinnamic acid and phthalic acid treatment
had the most significant growth inhibition effect on Pugionium Gaertn. (2) Chl a, Chl b, and Chl a+b
content of these two species were decreased in different degrees after treatment with different concentra-
tions of cinnamic acid and phthalic acid. (3) P,, T,, and G, of these two species at 10 mmol/L were sig-
nificantly lower than that of the control, while C; had no significant change. The main cause for the reduc-
tion of photosynthetic rate was non-stomatal factors. (4) F,/F,, @ps; » and ¢P of these two species at 10
mmol/L were significantly lower than that of the control and NPQ was significantly higher than control.
[ Conclusion| The high concentrations of phthalic acid and cinnamic acid inhibited photosynthesis and re-
duced photosynthetic rate in seedlings, resulting in the impairment of PS [ reaction center activity and
opening in leaves of these two species, which affected the growth of Pugionium Gaertn.. In addition, the
effects of cinnamic acid and phthalic acid on photosynthetic characteristics of Pugionium Gaertn. were dif-
ferent, due to different plant and stress types.

Key words Pugionium cornutum (L..) Gaertn. ; Pugionium dolabratum Maxim. ; cinnamic acid; phthalic

acid; photosynthetic characteristics
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1 ARk

1.1 ks

BRIV I [P, cornutum (L.) Gaertn. | fl1 58
WMIPIE (P, dolabratum Maxim. ) F T ¥R H £
FUD ML, PARERR AR A U R 4 B K R Ak T
JBE 53 A B3 2 ) R 24 4 P 2 R A R W 4R
1.2 RWigit

IS T 2019 4 AE 5 1 TR DCBF A R A 85 S
ol 5 5% Y85 5T 1) T A SR S R A AT . YT
FIF MY IF R T2 55 78 25 CHaRAR N ZE i
REE RT3 TEFREK (R 18 em, HLAZ 15 cm)
R SRS TR AL 1 2 1 B s A RN S AR
B BT RE A RS L 4 0GR RRD L 0. 01,
0.1,1,10 mmol/L [RAB 2 — [ IR | P REBR 17 W Ak 7
AL EERDERE 100 mL. AR 3 d BEVE 1 R, RV
FERZEMIPIFRZE 6 i 1 .0 Wf, R A4E 40 174
&b 1 I A
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FH B RO A oA i 35 Z 2R K ) 5
1/1000 HL~F -3 5ol FR o A Ak I i o ot 5 % 1l
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i, A 1/1000 HLF KP4 5 FR T i
1.3.2 MEES=ERE
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EUIMEN SR 2 SR b &L REIH g
FEREMILEER a SHEE b .
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IWHERIOCERR(F /F D FEBR A R0R
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1.4 HiEAE

M Excel 2010 #E47 % ¥ 4b B, SPSS 18. 0 H A+
1 Duncan’s ¥ #4757 22 5341 o

2 HER5Hr

2.1 AEBMSE_FRLEXNDF . FRDFYH
EEKNFIE

P IT &y v A | i S L T TR AE 0. 01
mmol/L PIEFR AR 2K — H R AL BT 2 AN [] A2 5
FXFHRCCKD , 78 oA e B A0 38R 341K F X5 i, 2%
13 288 4 Joi %o L A K 4 3 TR R R e AR o v kR i o
AR » LB 2 e J3E 1 4 ) T8 i it (& 1D
Horp,0. 01 mmol/L PR AL BT W IF iy i 4 i
T d AH 0 B A 00 W 2 LT 180 196,37, 0%,
0. 01 mmol/L &P — H g &b ¥ ¥b I+ A i e Jo it
AT BT 34 b B R 2 T 100 296 (P <<0. 05) ; B
PAAE TR 5 A1 % — H R vk i Ak 2 b T L Vb IF R i
fief o St | T BT A R B . HAE 10, 0 mmol/L
W FE T #4550 Il 22 5 3 (P<<0. 05)

ST g H i) R IR 753U IT 4
W i 5 e | T BT AR A VR AR R S AR R R
b 3T S8 Lk B S AT LA AR T B e R Y 4
KM K L 10 mmol/L PIRERR AL R 4351 e X HR
TR 40.5%.39.4%.77. 1%, 7E 10 mmol/L 4B
TOHRR b BEF 4y ) Eb X R R B 46, 3%0.63. 5%,
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J 3BV BE R 1. 0,10 mmol/L B 332 2] g 2 ] .
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EMHZESENEN
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b S 3R S B A AN [ Ve PR AR TR AR 4% — R Ak 3
JE YRR E 2 M IR ER a/b AR
PENARRAE, HA, 10 mmol/L WEEBRALFE T, vb
FFH S a S b ER R A HW IR R
B 9.2%6.40.6%.23. 5% . "4t K a/b AH X IR 1Tt
2L 7% JEAUH SR b & w3 (P<<0. 05) ; 5l
[, ZF VDI B4 R a P K bR B
Xif HEA 91 8 R 52, 690,37, 3%0.47. 1% (P<C0. 05)
MH2RER a/b AH L IR B 2 R R 24. 500 (P<<0. 05).,
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F1 AEBRMSE_FRLETOIFMEBDIFTHIEERKNT L
Table 1  Growth of seedlings of P. cornutum (L.) Gaertn. and P. dolabratum Maxim.

under treatments of cinnamic acid and phthalic acid

ok bk i LS - fif 3 T
Materials Treatment concentrations/(mmol/L) Leaf lengths/cm Fresh masses of leaf/g Dry mases of leaf/g
0 (CK) 19.90+£0. 80b 2.98%0. 30a 0.434£0.02b
0.01 22.50+2.61a 3.3840. 20a 0.594+0.08a
< %EWZL . 0.1 17.83+£1.27c 2.38%+0.41b 0.42%+0.07b
Cinnamic acid
1 16.17+1.12d 1.334+0. l4c 0.25+0.08¢c
T 10 11.17+1. 41e 0.80+0. 15d 0.10+0. 03¢
P. cornutum (L.)
Gaertn. 0 (CK) 23.10+2. 58a 5.28-0. 49b 0.88+0.08b
N . 0.01 23. +1.12 . 8240, 82a 0.9740. 14a
B4 — R 3.55 a 5.8 82a )\
Phthalic 0.1 22.1342.36b 5.07+1.78b 0. 8140. 30b
acid 1 20.92+1.51c 4.374+1.62¢ 0.7240.27¢
10 15.78+1.55d 3.30+1.00d 0.42+0.17d
0 (CK) 14.33+2. 3a 1.934+0. 23a 0.35%40. 04a
0.01 11.58+1.92b 1.76£0.52b 0.2640.02b
- mﬁ@ﬁ . 0.1 10.33+0.72¢ 1.55+0.27¢c 0.194+0.07c
Cinnamic acid
1 9.5840.77d 1.334£0. 14d 0.17=+0.08c
AT 10 8.58+1. 30e 1.1740. 34e 0.08+0.03d
P. dolabratum
Maxim. 0 (CK) 20.47+0. 87a 3.10-£0. 654 0.52+0.11a
e o s . L2541, 9¢ L44+£0. ¢ L4440,
A — 0.01 18.254+1.99b 2.4440. 39b 0.4440.07b
Phthalic 0.1 17.52+2.39¢ 2.36+0.30b 0.394+0.05b
acid 1 14. 920, 34d 2.0720. 61c 0.2940. 10¢
10 10.90+1.12e 1.134+0. 42d 0.1740.07d

1 6 3 B )5 R ) /NG Bk ROR AL B 22 B3k B 0. 05 W F KT (P<<0.05), FA.,
Note: Different lowercase letters in the same column show significant difference at 0. 05 level (P<C0.05). The same as below.
2 AEBRMSFE _FRLETIHIFMEIDFOIEHFHEZSENTL
Table 2 Chlorophyll content in leaves of P. cornutum (L..) Gaertn.and P. dolabratum Maxim.

seedling treated by cinnamic acid and phthalic acid

R e Aab T 4% a EEE b M4k atb M4 a/b
Materials Treatment concentrations/(mmol/L) Chl a Chl b Chl a+Chl b Chl a/Chl b
0 5.1340. 22a 4.2940. 54a 9.4240.19a 1.20+0.12b
B 0.01 4.8640. 72a 3.4540.27ab  8.30=40. 24a 1.41+0.13b
Cinnamic 0.1 1.86=0. 22a 2.69=0. 25b 7.55%0. 04a 1.81%0. 15a
acid 1 4.4340.43a 2.72-0.05b 7.15+0. 15a 1.7240.57a
WIT 10 4.6640. 38a 2.554+0.37b 7.214+0. 32a 1. 4640. 24b
P. cornutum (L.)
Gaertn, 0 1.1540. 82a 3.73240. 37a 7.8840. 69a 1.1140. 31a
0.01 4,08%40.10a 3.53+£0. 25a 7.61£0. 34a 1.16+0. 06a
B~ HR
- T B 0.1 4.0340. 17ab 3.2440.44ab  7.27+0.40a 1.26+0. 18a
Phthalic acid
1 3. 2620, 43bc 2.712£0. 39b 5.97=40.78b 1.2140.12a
10 3.0220. 14c 2.68=+0.07b 5.70=0. 20b 1.13%0. 04a
0 5.44-+0.82a 2.9540. 15a 8.3940. 24a 1.8470.03a
B 0.01 5.02-0.37a 2.7140. 32a 7.7440.37a 1.8540. 06a
Cinnamic 0.1 4.5240. 24a 2.5240.21a 7.0440. 38a 1.794+0.02a
acid 1 2.39-0. 25b 1.77+0. 24b 4.1740. 32b 1.33-+0. 14b
FUbIT 10 2.5840.19b 1.8540. 16b 4.44+0.35b 1.3940.05b
P. dolabratum
Maxim, 0 4.46=40.18a 3.56=0.09a 8.02=0. 26a 1.25%+0.03b
0.01 4.15240. 27a 3.552+0. 16a 7.70%0. 33a 1.1740. 09be
A OK —H iR -
- T B 0.1 1.1140. 65a 2.4140.27b 6.52-0.81b 1.7140. 24a
Phthalic acid
1 1.824+0. 15b 2.194+0. 22b 1.0140. 36¢ 0.8240.04d
10 1.4540.19b 1.5440.177c¢ 2.9940. 28d 0.954+0. 16¢d
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£ 10 mmol/L 4B — AN HL T, YD IF Y i 2
F a5 E b SR SR A X IR T R
51.3%.28.2%.27. 7%, i 4k K a/b AH L X A A
LFH(P=>0.05) ; BLBF MU I N4 K a PR R
b & B &R a/b H X IE 4 0 F [
67.5%.56.7%.62.5%.24. 0% (P<C0.05), AJ .,
2 Pl IT Il 38 O 3 32 2 DRRE R RN AR R R 1Y
PO, 72U I A2 A0 AR R L YT
2.3 HWEBMSE_FRLENDIF . FBDIFH
BEMHEIERAXSHNZ I

Y 3 AT, B PR R TR R A T R Ak B Ik
FERIRE M, W IT M A VP IT ) F/F W @esy vqP 3

TR, T NPQ 432 8 7, H 5 X JEAH b A& ik
JE A BT B B K £ 08 B B K. Hod L FE 10
mmol/L RERAE T, WIF F,./F.. @ .qP 1
X B 43 51 4 3 % 33. 5 %0.59. 7% .47, 8% » AH
() 754 V0 I AR LG BR 3 531 35 T B 44, 900,67, 100,
68. 850 - M ¥ 7 Fil 75 38 V0 I+ NPQ {H 43 7 Hb X iR
TR 129, 2% 111, 7% (P <<0. 05), £ 10
mmol/L 8878 " H AT, ¥ IF F,/F,. . @y ~qP
AH HE X BB 23 591 S 3 % 33. 696,60 5% .63, 9% . Af]
IV RGP i< I AP 1| T2 N T R N
69.200.71. 7% I VP I FI 7 VP IF NPQ 43 1] 1
X R g 2 TF i 179, 7.160. 6 % % (P<<0. 05),

RI HAEBRMSE_RBRLETIFMNZADFYEHTRIHEIRALSHHTL

Table 3

Chlorophyll fluorescence parameters in seedlings of P. cornutum (L.) Gaertn. and P. dolabratum Maxim.

under treatment of cinnamic acid and phthalic acid

o] I‘ ¥ N Y S (== M2, Mol 2t N W,y 3 N W,y N
] e THIRE ROOBERCE SRR GRERERE R
Materials i F,/F Dos qP NPQ
/(mmol/L) veem h
0 0.84140.006a 0.61540.028a 0.64740.017a 0.22640.011c
0.01 0.767=40.019b 0.586=0.006a 0.61340. 006a 0.334240.002b
R
Cinnamic 0.1 0.668-0.036¢ 0.47140.014b 0.504240.027b 0.47240.029a
acid
1 0.607-+0.005d 0.390=+0.010¢ 0.43240. 033¢ 0. 49040, 009a
I 10 0.5594+0. 008e 0.284=0.018d 0.3380.033d 0.518=0.008a
P. cornutum (L.)
Gaertn. 0 0.839-+0.010a 0.575-+0.01a 0.63540. 0082 0.43340.052d
0.01 0.731-40.067b 0.499-40.014b 0.54840.015b 0.650=+0. 106¢
IR
Phthalic 0.1 0.685+0.035b 0.413=£0.011c¢ 0.44740.012¢ 1.00540. 044b
acid
1 0.625-+0. 014c¢ 0.337=0.038d 0.35840. 042d 1.13140. 123ab
10 0.557-+0.021d 0.227-+0.018e 0.22940.019¢ 1.22140.023a
0 0.821=£0. 065a 0.674+0. 0422 0.736=40.039a 0.255-40.011d
0.01 0.68340.041b 0.578=0.010b 0.630=40. 005b 0.365+0.007¢
A R
Cinnamic 0.1 0.611-40.005b 0.527-40.034b 0.556=40. 044b 0.440-+0. 043b
acid
1 0.59440.004b 0.43040.010c 0.44040. 008c 0.48140.002b
MV IF 10 0.45270. 003¢ 0.22240.040d 0.2304-0.043d 0.54070. 010a
P. dolabratum
Maxim. 0 0.846-0.014a 0.549-40. 054a 0.60140. 0532 0.307=40.028b
0.01 0.663+0.021b 0.42340.040b 0. 46140, 040b 0.363-£0.087h
BEH]
Phthalic 0.1 0.609=0.011b 0.406=0. 050b 0.434240. 058b 0.616=0.030a
acid
1 0.530=0.022¢ 0.363240.040b 0.38140. 045b 0.66940. 163a
10 0.35240.038d 0.169=+0.019¢ 0.17040. 019¢ 0.70040.017a

2.4 HEBMSE_FRLENDIF . FBDIFH
HRSAZHSHBI I

W 4 Pros , BE R RE R Ab B VR BE 0 T . Y T 40
W P, T,.G, YJZ i TR, B 5 2R B,
H C, el )5 TF. BFE 10 mmol/L ik B &% KAH ; 78

10 mmol/L AR T V3% P, T, .G, # X
W9 F % 53. 5% .32, 7% .37, 6%, H: C, #H H X}
B E LI 16.5% (P <<0.05), ##MWIF P, 1E
0.01 mmol/L NHERAL T L X BBFEA LT (P>
0. 05), 78 Fo 4y o B b 38R ¥ b R I 35 R AT, 10
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mmol/ L i3k 3] 5 1K AH Ho X BR 35 T [% 52, 4% (P
<<0.05) s FMUITI T, .G, P Bl R RE R Vi B2 T 1 180
WA, 7E 10 mmol/L (A #E R 40 3 A Lk T A8 43 51
i R 36.3%.37. 5% (P<C0. 05) . H C, RIS
B I AR 3 (B2 5 00 B 22 SR 3 (P =>0.05)
Fmf, WIr. MY Iy P, T, G, TF
0.01 mmol/L &BA — HI R 4 3L F L % FEA /)N i F
R4 AEBMESE_FHRLET
Table 4

b

FFmEE

Gas exchange parameters of P. cornutum (L.) Gaertn. and P. dolabratum Maxim.

B (P>>0.05), J5 Y46 8 = B R Wk B Tt & OF 4R i
W R A AE YR E 9 10 mmol /L i, 9057 P, T, .G
ot B0 ) B 2 R R 31.6%.21.4%.37. 6%, 1 75
YD IT 4 0 AH N G 2T B 21, 620,33, 8%.35. 9%
(P<<0.05); P IT . F U Ir 4l C, R4 —H R
AL PR B W T FEHE EE SN 10 mmol/ L B} AH B X R
3R 2 S 16, 8201 19. 9% (P<C0.05),

b

FEEZBRSHHTL

under treatment of cinnamic acid and phthalic acid

b TR e BE

BHM o S = 0y WG ok AL Wil CO, e f%
Materials rea m/e(nmlcno:lc/elrll) rations Pn,/[ym()l(nlz N T,,/[mrnol(m2 s GQ/[mol(m2 3] C;/(pmol/moD)
0 21.50+0. 80a 13.6740. 60a 0.585+0.01a 393.3243. 39bc
0.01 19.97-£0. 44b 12.07+0. 29b 0.54440.02b 387.3346.35bc
P
Cinnamic 0.1 18.70+0. 32b 10. 80%0. 39c¢ 0.48440.01c 377.2942.73c¢
acid
1 15.27+1.03c 9.97+0.42d 0.45640.02d 415.00+16. 78b
I 10 10.00+0. 39d 9.2040. 24d 0.36540.02e 458.35+29.18a
P. cornutum (L.)
Gaertn. 0 15.2040. 75a 9.83+0.71a 0.572+0.022a 341.32+£39.6b
0.01 15.30+0.51a 10. 30£0. 76a 0.57740.018a 350.60+13.1b
B H R
Phthalic 0.1 14.10+0. 91ab 9.4140. 49ab 0.47240.042b 359.24+10.5b
acid
1 13.57£0.61b 8.43£0. 5be 0.44440.023b 375.61+12. 8ab
10 10.40+0. 63c 7.734+0.47c 0.35740.021c 398.72+23. 4a
0 19.13+0. 90a 12.8740.49a 0.5640. 04a 365.28+19.79a
0.01 19. 83+0. 32a 11.37+1.12b 0.53740.01a 351.00+33.98a
Cinnamic 0.1 17.63=£0. 44b 10.1740. 67bc 0.45+0.04b 357.33%+8.31a
acid
1 15.27+1. 21c 9.07+0. 22cd 0.43+0.02b 366.00+22. 25a
FERYSIF 10 9.10+0. 32d 8.20-0.78d 0.35£0. 04c 371.67+25.08a
P. dolabratum
Maxim. 0 14.10+£0. 20a 11.53%1. 30a 0.52740.034a 325.62+17. 16¢
0.01 14.30+£0. 26a 11.80+0. 36a 0.53140.006a 329.53+15. 39¢
AR TR
Phthalic 0.1 13.27+0. 25b 10. 26+0. 90a 0.44840.058b 347.60+5. 68bc
acid
1 12.83+0. 31c 8.36+0.55b 0.42440.008b 360.36+10.11b
10 11.06£0. 25¢ 7.63+£1.01b 0.33840.029¢ 390. 32+8. 32a
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