5 ikE REPOATS

(R BE TRABREE KT R 2 S BT LHLH

x|, KO, &

R, X FE, TEA

(KER R AR S TR L7 KiE 116023)

WE: AT HARBEL T R BRRRS DA RBEG TR, KIIRAT RE RABFER R E A
HTHREARIER. XS EE. AZBMDAARRALIEHB A SN T, S RN, WHREHK
BH.Ek FHOTAKE. MEYERBREIR L EMA, MDA 255465 KEZRFE itk
(P<0.05). "t & a. "t %% b AR THEF L EAEKREIT & . RS0 0BERNIE B C18:
2n6 5 C16:0 8948 454k, =t K F 2 RibAfig iy BRAR st & B 4K, T R4EME I BRART &2 H 5, P08
PR B B B A, A AT MR E AR S B S B0y X R A B4R v IR A4S BLs T AR ER

FRAMRE .

KHEIR): RWARE; BHASE; KA, A EIRAE, BT ER

FEISES: X3 XRAFRIRED: A
DOI: 10.11759/hykx20201113001

L] R M T = A g Oy, R
AT ST U B EE R AR M, R IR B M B A R R T
WOKTBEE . R VMR ] P ) R AL
TR M 2 R AR ST AE, AT S, RIS e,
A B A5 o 2014 474 [ 55 U b 9 5 8 e 45
BRITI R A 192.20 T AR, (54 H R
b AR 4.12% ITAFR, AR SZ OR300 M T FX
B, AH A ARIE M T AR I D T 9.33%P, 5L
AR . BRSNSk R AR RIS 5
A RIB IR L™ E A EEREE DY
(Suaeda heteroptera) Z3 )& T 2RI E |8 Py —4EE
AT BEAKE W), 1L IR R ISR R 7ES
el | BRI K S £ 07 Y A B E R, 18
oA 25 FR G0 A T SO 1 A K Bk, R
Bk, EXEHRFEE R T A R,

Hh KRy AN TR B = KT, Al R
SR Bt AU oA 27 A AV ol JT 447 SR A 98 5, 34 it ) ol
NEANA 6% BENS e Ak A S e AR ORI T, 3
BE AN E TARMAEY), BOFARA A7 i £ 5%
o e &SR DS 3E LB & B
8~15 mgkg ' JLFEIN, A FREHe= KFP, 05w
A K XS TE AL 7K 722 v At ey X,
YR N AR . ATPOIR LIS AZ = WEIR ) S NIR 5 1R
SHBA YA SRS, B R YOG A ROR
JW R A T AT RS R S S

X EHS: 1000-3096(2023)4-0117-09

AR AFRZ ., SEddUbivg . RRGER | AR
PRAP G 2 GE TR PR T i BN A A R, e
2 P EEMRIE T . HATER X 5% 1 BF 7T 2 3R AR
e 4 A g R R AR A DR R
AR L, IR IR SR A I AR AR 2 1 ) S ol 32
ER NI g S E s A M BUR (IR
ST 0] S R A AR R IR TR i SRR AR B0
SEW, oy M G R BB AE SR A SC R, KUY
EARRURTINRRITS: R =N S kT Be 4 VS kit S8 s S/

1 MES5FE

1.1 ##

S8 BT FH S0 B 3% A TR H SR LD R AR A X
WG E LI E AT . PR 3 RIEE ST 50
SER IR A E RN SR E L E A [R] W v
Hoagland & 77 ¥ (pH = 6.0)

1.2 A4
FIEMET, 5 10 HANMRIE: M4 T R IR K R

Wk H - 2020-11-13; & [l H18: 2021-01-20

BATH W H AT G W SRS S A HARBTFE (XLY C1802036);
P A AR 45 2% L 051(3132019333)

[Foundation: Research on Information Technology of Port and Ship Pollu-
tion Monitoring and Detection. No.XLYC1802036; Basic Research Funds
for Central Universities, No. 3132019333]

FEH A XEB965—), H, WIE, PRV A, #dR, i, F%
N EE R AL 2 AU A AT 5T, E-mail: ylsibo@foxmail.com

Marine Sciences / Vol. 47, No. 4 / 2023 117



HEIRkE REPOATS

H 121 “CKTR 20 min, B8 H, Hay BN BOK R
AbE FRRLRT— K, F 0.25% 1 i i R A0 Vs VRV 1 4
BE R T 30 min, J5 AWK EZ sk, B ALK
Wk 1~2 W, Wik 2Ky 5T A E TR
A e H o
1.3 3EH/REH

SIS AR, — 4N IEH 4L (USS), Fi—
2 R K - 3EAL(SS); IEH L EEALAL B A kK,
KA AL 2tk . 75 HAE 16 em BYSDRMERE
JRCH A b AR EE BB 1K P g, B 1%
0.6 kg, fFIA 400 mL 7KIEA), fifi 13858 2 RB 5 AT
g  RBUL BRI R S g, AP F R L,
Fh PR EESEEZ N 0.1~0.2 mm B 3% Mtk E T
FAMRNIESR, BRRBEK . —DHERHERAEKIEN
KME—FL}, FFAT IR AT 438 5 R EE AL 3R
ZH, 43R Py(1.00 mmol-L™"), Py75(0.75 mmol-L "),
Po5(0.50 mmol-L™"). Py,5(0.25 mmol-L™")Fl Py ;(0.01
mmol-L™"), FEACHRAI NI E 3 HFF7. B3P AL
2H it JInAS [R) B 6 2 1Y) Hoagland 7 35 240 mL, £ K
60 d J5H T A AL PR A AR e B, AR AR AR PR
+ 3,
14 FEAEFR R
1.4.1 SERZEEKERHNE

WSCAR: I 000 o 3 AR R MR v L 2R 2R
FAHRARA S B FEME T3 0 A b K %
1.4.2  SAGRE A H AR KW 2

S AR B2 A4 gy gk, T E A
R 4R M (MDA & &
1.4.3  ADRE TCHLBE R L I e 8 i W 22

K FH i T2 & M v B —4H B e LU €8 3 I 1 10
MLBERR L & i . HLBE R ISR (S) IR AKX T

S=(44B— C)/(A+ B)*100%.

[ muss A [ mUSS
181 MSS A 18 @SS
15 . B a 15
C

5 b b b En C B
T 2 b
K 9 c ® 9t .

6 6k

3r 3L

0 0

0.01 025
BHk JE/(mmol-L™")
() AN [RVBAE K SNk o ) 5 i)

118 TEPERLF 12023 4F /5 47 45 1 46 4 3]

0.50 075  1.00 0.01 025

WU B/ (mmol-L™")
(OENG S S ES QA

A R ET T TCHUBE AR, B ARk B2
Jit I TEAILE & it C MRS H AT
1.4.4 WREEMFr . 22500 E

PR 25 B S T R TR LT, B
BB AR 100 H 44000, 1T —20 CTFRURIRAE
A3 PIFREL 50 mg, A 7 mL 4 H4e-H EaA !,
F 37 'C MAAETE 30 min, JERCERE. B, Uk
RPN AWGRIE BIE RS, A 2 mL #if2-
3 o 223, 70 COK I 60 min, WHIEZEIE, A
2 mLIECKE, REIRGHES)ZEN IERT B
i, ALY AR TR I A AR (3
) DB-5 (it AARENES, IMEE R
1.2 mL-min ' THEFERF: HIRIEE 70 °C, {£4% 1 min,
RIGLL 8 Comin' FFE 170 °C, £+ 6 min, )7 Lh
4 C-min' F+& 280 C, F448F 10 min, B &0 &4
IR 250 C, BFIEEAEE 230 C,

1.5 #ELE

B R P 5 I SR ) Excel 2010, 38R 4030
MR SPSS 22.0.
2 ER5R®
21 ASBERTRBEM A KI8T 09 B

HI P 1 AT, RERE R . 22K R B
PREE S WM W25 IEAH G (P<0.05), 1 Pooy AbFHA K
FAKME . USSPy o AbBEZ 5 Py oo 2HAH L, #R&m . 25K
M. MR R R BREFREIR T 36.25%. 24.80%.
27.77%.27.61% .62.24%; SS ZH 0N /3 SR T 47.31%.
49.60%. 18.80%. 71.63%. 74.92%. misH:Z FHR K
B Po.o) AL FRLH S5 B 25 v s/ N T s, I B
YR EE (R 98/ M HE T AR R I, 8BRS A2
AR FE A & B DRI ARl 2% Ao 1 S
HEIEH K, FTLL Poo) AEPRATAR A H 0T R

80r muyss A

70t @SS .

60 -

a 18 50+
ab a f§40—
= 30}

20F

10+

0.50 0.75  1.00 0 0.01 025

0.50 0.75 1.00
e 3 /(mmol-L™")
() ASFmE AKX 0 52



HEIRkE REPOATS

M E/em
O = N W R N 0O O
w

0.01 0.25
WU /(mmol-L ™)
() ANRIBAE /K S % i 8 ) 52

TR /(mmol- L")
(d) SRR ZE M A 520

B 1
Fig. 1
taphylla under different phosphorus levels

1.0p
09r
0.8

W USS
[ SS

KR /g

0.50 075 1.00 001 025 050 075 1.00
WU /(mmol-L ™)
() AKX AR K ) 52

AR O GE R . 25 MR SR BRI R B R

Effects of plant height, stem length, number of leaves, stem thickness, plant weight, and root length of Suaeda pen-

AN EER R 22 5 3 (P<0.05), MR FOR 25 B

HI & 2 AT, USS 20 3% KR i 2ol 7128, SS 4
7K R A BV BE 0 T B K R B W
H 335 AIC T USS 41 Po .oy AL FRAL 5 Py oo KA 5 /KR
A2 11.71%, I 3 AT, SHAREEME PR T ERE PV
JE T i S AR SO .

100
90|

2 80

2

g0t
6or —— USS

—A— SS
50— ; : - —
001 025 050 075  1.00
e 4/ (mmol - L)

B2 SRR ST 4 S % 2 /K R KR i)

Fig. 2 Effects of different phosphorus levels on the water
content of Suaeda pentaphylla

T ARFRFREF B (P<0.05), HAFHERERRDE

2.2 ARAE AR EAM A EIIFN TR

M P 4 T, MIRALER, SS 44 o, M4k
£ b, MG RAEHE NREERYET USS 4;
Pioo R & 25 T HAL#E A H4L (P<0.05).
MBSk E, MRE o, WK b, BTGES
SRR S . S N R AR AU LU,
Po.o1 AL FRLH AR T+ Py oo AL FRAL % 2 F % 45.48%.

FH/mg
(o) w
N

—— USS

S —A— SS

001 025 050 075 100
TR /(mmol- L)

B3 AN [l ST %o 32 s T 2 9 52 i)
Fig. 3 Effects of different phosphorus levels on the dry
weight of Suaeda pentaphylla
g ANE R R R 25 5 B (P<0.05), MR FRRREFALE

A % (MDA)J2: i it A i P2 7, REAE R
VR RE AR R E AR BTLA, R RRAR TN
S AR L RE R BT P f R S R, TR R
Sl B i 2 UM & (USS 4, P<0.05; SS 41, P<0.01),
SS AN SR R E R T USS 41, ik 5.30 fif. 7F
ANfE] PR EEAL BT, SRR B TR Poo 2H, 235100
Py oo ALY 2.92 f55(USS 2H)H1 1.94 £5(SS #41).

2.3 RREAZEL FIEBERORE T AL

AR S 55 X A [) it ol /K T S 5 - 39 A 1 I A
ROCRMAT T 0o G5 R &P, H 3R B R S5 it
W HR B i 2 TE A OE(P<0.05), {HA R A JE 15 7 4%
41 0.01 mmol-L™" ZbFEAI WIS R I LG . TS

Marine Sciences / Vol. 47, No. 4 / 2023 119



HEIRkE REPOATS

PO e KA AR rh, AW G AR PRBE, S0 BRI EAR A, R DO AL R R A B S R
LT —Z 50 AR HLHICY, AR R W TSR KRB R T, 2 B0
BERR/K AR A HLRRD VG B A Lo, S BE.

1.0 05~
—l— USS —l— USS
—A— SS —A— SS
08} 0.4}
oo e
7 L on
Céb 0.6 £ 03k
< S
o) 0.4 & 020
£ T
02} 0.1+
ol— : : : N ol : ‘ ~
0.01 0.25 0.50 0.75 1.00 0.01 0.25 0.50 0.75 1.00
WueJ /(mmol-L ™) He B /(mmol-L ™)
(@) AR K R % 2Rk 2 a T T (1 5 ) (b) ARV XM P% 25K 195200
1.5¢ 0.15¢
—l— USS —l— USS
—&— SS —A— SS
12} _ o2t
o ‘o0
on 0
2 09t £ 000}
< 1%
Rk a
¥ o6t R 006
:: 5
T w
03} 0.03 -
0 . . . . . 0 A . L
0.01 0.25 0.50 0.75 1.00 0.01 0.25 0.50 0.75 1.00
e /(mmol-L ™) Wi He JE /(mmol-L ™)

(ORNE:Y SOl s ISUESS ST HpAl (d) ARBERPXHEBEIH L b A5 m

B4 ASTRIE AKX Sl ik 3 2R 5 )R
Fig. 4 Effects of different phosphorus levels on the chlorophyll content of Suaeda pterocarpus
D R RE R R 22 5 35 (P<0.05), MR FHRREFARE

T —B— USS ©0.01 mol-L™ ®0.50mol'L”  m1.00molL”
6k —&— SS 0.25 mol-L™! 00.75 mol-L™!
2 100 A
z 5+ B AB
= 80 -
2 4t S 60F
£ 3
g 3k = 40t
& =
Y L
E 2F 20 p s
3 o
l —
0k & I e K w 1
"0 0.5 050 075 00 40l 4151
A /(mmol-L ™)
‘ e K6 ARIEBE KT 3@ s TTHUBERR £ (P A8
Bl s TRV KR X B 73— i 1 52 Fig. 6 Absorption efficiency of Suaeda pentaphyllum inor-
Fig. 5 Effects of different phosphorus levels on the malon- ganic phosphate(Pi)at different levels of phosphorus
dialdehyde content of Suaeda pterocarpus application
AR TR IR R B (P<0.05), MIRITHRRRZ A B M A TR R 25 5 35 (P<0.05), AR FREFROR 255N B

120 WEEERLF /2023 4F /55 47 & /5 4 )



HEIRkE REPOATS

24 HBERRUELZBHBRAEHENR
H12¢ 1 T, BN A& 9 R IR IR, Z M
KBRS FR(SFAs), A1 R (UFAS)
S e A 1B 7 W, SmREE I R R R s R N
JIHFR(C18: 1n9t) FIEAHEI R (C16:0), C18:1n9t A%
IR 50%LA L. SBREEN R BRI & EHET O X
T PR > S > IV JR > v > s g > — - DUl > —
T RRIR> N E > LR . C16:0 5 C18: 1n9t 281k

M, 8 C16:0 I/ T M C18:1n9t M5k
C18:3n6 Ptk B AR 2 BURRAR AR E, T C14:0
F1C18:0 _EFto X J& R AFEAY) 32 RIS FE i, DL h
VERZZ BIRR I, AP S e i BERE RN P B E AT &
HUAEAT, ARG T BR A EL e 6 B T R 5 22 001 T— Fe ik
HEAER, FERERC S, PrUAMLY 23 B iR D R A A
Mo C22:0, C24:0 WEHL EFHHARARIA G, C18:1n9¢
AR

Fz1 B EFREALAERFERFZE
Tab.1 Types of fatty acids in different parts of Suaeda pentaphylla
Jig 1 T 44 .
F5 — 2
Uit e mth
1 A S RE TR — A 5 R C14:0
2 PN B R FEAE R C16:0
3 — VR TR — P JRTR — P RTR C18:3n6
4 52 3 I TR — — C18:2n6t
5 TR TR TR C18:1n9¢
6 MR SR SR C18:1n9t
7 i JR IR i R R i JR R C18:0
8 Pizai — R C20:0
9 T TRR — T TRER C22:0
10 A Rk R — T YRR R C24:0
60 ® 0.01 mol-L™ 60 © 0.01 mol-L™!
2 0.25 mol-L" 0 025 mol-L”
50 @ 0.50 mol-L™! 50 o 0.50 mO]'L,,
0 0.75 mol-L"! @ 0.75 mol-L”
~ 1.00 mol-L™
40 ® 1.00 mol-L™ 40 .
N S
< R
= 30 = 30

I LR AR R K LI NEITTRFNZE
(a) 1 L IRAUARE M A IR IR T 23 LA A L (b) KA L A THBGE N NIRRT 43 L AR o0
K7 AR AT XS B I A R R 7 2 L F) R

Fig. 7 Effects of different phosphorus levels on the fatty acid percentage of Suaeda heteroptera leaves
FED AR TR R 22 5 i (P<0.05), IR T RERRZERALE

oAt g B B MU R sl > i =X T > T >y -
JIRIR>TENRTR . WIALFRANRITRARNT & BICKRES, 1
ANFIBEEEAN IR, C16: 0 Bl e B REAIAT /MR EE A T35,
C18: 1n9t FEREVER L Y RAAIITT /DN B2 bR

T SRR 1 R, 28 P RKEEE
Wiz, P 8 ATAL HALF AR AR (C16:0) 1
ATMBR(C18:1n9t), 1% 1840 5 K b - IR AL B4 rp
HARRES R 76.75% . 80.64%F11 14.80% ., 11.48%;

Marine Sciences / Vol. 47, No. 4 /2023 121



HEIRkE REPOATS

90 - ™ 0.01 mol-L™
4 0.25 mol'L™
80+ :5; 0.50 mol-L"
0 \?s [ 0.75 mol L™
N M 1.00 mol-L”!
N
60 N
S | N
S 501 KB
= | N
= 40 L oM
\/
30t "'I?:
N-Y)
20 F 5K
X7
10 - M N3
N N
0 ;\l’j T h T ] bb‘gl v ]
Cl6:0 CI83n6 CI8:In9¢ CI8:In%t CI18:0
15 L SRR R
(@) 1EH - e IRmE 2L TR T 43 EL AR fb A

B8 ANIFIBAE KT Xt ik

90 ™ 0.01 mol-L™
g0l 7 0.25 mol'L™!
; F10.50 mol'L™"
70 ' [ 0.75 mol-L™
/ B 1.00 mol-L"!
60 :
= #
S S0
& /
1= 401 Wl
#
30 | N
/
20HLY)
# y
10 ’ H QI
oL ' i | m :
Cl16:0 Cl18:3n6 Cl8:1n9% C18:1n%t CI8:0
D - AR WA 28
(b) K - 2 B 2 AR R 7T 43 L AR LA 1

ZEWITR A 3 LR

Fig. 8 Effects of different phosphorus levels on the fatty acid percentage of Suaeda heteroptera stems
U ARNE SRR OR 25 5 3 (P<0.05), MR RERR 25 A R E

A& 9 AL, IEH AL AL B8 I R R
R T2 (C16:0) F1 i =X 7H R (C18:2n6t), A Al iR AH XT
TEEIE 30.72%. HoA AR DR & B AR R F e IR >
Sz 2O 3 R > g R > — - i R >+ DO Bl R >
i > A 1558 R > 16 AR T >y- 0 R > X R . K+
B AR ER AT S NG D72 o S 2O R AR A R, H

70 @ 0.01 mol'L™
@ 0.25 mol'L™
60 0 0.50 mol-L""
50 @0.75 mOIAL’i
© m 1.00 mol-L
S 40
=

)

20

o .
& N o

I LSRR R
(a) 1 LA BGE AL BRI R T 43

AR

bR 5 R 5 i HEF 5 USS al A ], b sz 50 il g
FHXT 536 27.46%. HIEIF]F 1, C16:0, C18:0,
C20:0, C22:0, C24:0 Bﬁ%ﬁ?’emﬁﬂﬁi‘ﬁﬂi’ﬂ%f%#ﬁ?
TEEE RN, 12 C18:2n6t, C18:1n9¢ W% Wik JE 1
Hom¥y 2 —EBRENE. Cl14:0 1 C20:0 1Y72E
RN BT

00.01 mol-L™
70 00.25 mol-L™
60 - @0.50 mol-L”
N @0.75 mol-L™
.30 \ = 1.00 mol-L™
i i
3 40 N
& W
W
N
~a
0
W i!.. . o
J N
Q\w C\b o 3<§ %f\% '\&0\% Wt C\OOQ&QQ 0@,0 Cq,m

K L e N TR R
(b) K LT ALR R R 11 3 L AAE s Bl

B9 AN [l 7K - X 8 s s AR EISJT R 70 L 14 52 )

Fig. 9 Effects of different phosphorus levels on the percentage of fatty acids in the roots of Suaeda heteroptera
R AN A EERIR 25 57 1 3 (P<0.05), IR EEROR 22 AN 3

3 i
AR 5 S A 36 A4 ) 5.0 2

KmaRz o R (R mER R . 25K HTH%%&IE\
PREE AR, MR o MR b LEMSERE

W I N RARA U o (R BRI T
EEABIEREL, MDA & & W, J5 5 AR
INEE, AR AR PR 4L AR A7 7 22 57 o R Tt ik
JE R TE g, iR R 2 N LRI 1 TR AT X T
F A SR N 7 TR R X 5 R ARG, 2 TP N D TR R T ]

122 MR/ 2023 4F /55 47 % /5 4 1]



HEIRkE REPOATS

WAL o Ul IR R 0 S A URE RE AR 1 BE IR
Yy ok 45 BB BE B RO PR 5 6k A, DA T s 2D e )
TG MAh, LR X e A K A PR R
Wi, KR AR AR A AR 22, Bk S5 48 b 2 R TR
SR R Ab A R KR 2H

ARSI I X A KRR L LR AR N
T KA R SR R R AR AR ST, BRI TR
T 2% P T S el 5 A TR A R ORI, R AR A F
R AR o B RN X S 5 A A A
(18 ST M, R L e S e 5 AR A DX i E Y
WAL AN I — 5 R B A R R . AN AL
TE— g R HE b nT DA 20 3 A A A, (EG AE 42 A
REAR G 42 ), A 95 S v Sl A XU, ir LA 4
R RS o AR B A - S v e e 3R I A i
AR Wy 8 B R SR AT, B AR L7 8 A SR AL X TR
Tl — 7 S B A WA D A R B v S P I R RS R,
e E R A AR ) A R T o A B2 AT R A
T T it o ol A 0y 3 o B 9 07 SRR A 7 3 o AT 3
FI) LB 0 A S B R B A H

S Xk

(1] #&FJ, Fr8M, 5, % b EEETTFEI—
B AT I 1], LRI R, 2009, 37(4): 1712-
1713.

AN Xinlong, QI Zunli, LT Xuemei, et al. Research on
China coastal zones III[J]. Journal of Anhui Agricul-
tural Sciences, 2009, 37(4): 1712-1713.

[2] A7SCH. bR M. JEaT: B EROL R,
2008.

HE Wenshan. China coastal wetlands[M]. Beijing: China
Forestry Press, 2008.

3] % AR AR A, RS
HH, 2014, 10(1): 65.

Results of the second national wetland resource survey
announced[J]. Wetland Science & Management, 2014,
10(1): 65.

[4] W ZEAF. 50 TS0t Ak B I R AR 4 TR R
WI. B, 2020(6): 84.

MENG Taizhou. Suggestions on the construction of
Panjin coastal wetland protection project[J]. Modern
Agriculture, 2020(6): 84.

[5] ML, T#, 215, 5. 780 =M
R KN A MRS Z ] BUEY =R, 2016,
43(7): 1462-1472.

TIAN Rui, YU Zichao, LI Zuoyang, et al. Diversity of
endophytic and rhizospheric bacteria of Suaeda heter-
optera kitag from Panjin delta in Liaoning province[J].

Marine Sciences / Vol. 47, No. 4 / 2023

[10]

[11]

[12]

[13]

Microbiology China, 2016, 43(7): 1462-1472.

PNYIL. 0T 0 305 S Tl 32 A9 4 o 28 1 B HE B2 i) R
RIMOCHENIFE D], Ri%E: RiEEHERFE, 2018,
SUN Zhen.Interannual variations of Suaeda pentaphylla
vegetation and correlation of influencing factors in
wetland of Liaohe estuary[D]. Dalian: Dalian Ocean
University, 2018.

Ens . R R K MK IR EL R (0], BEAE S
5B, 2003, 18(1): 4-8.

LU Rukun. The phosphorus level of soil and environ-
mental protection of water body[J].Phosphate & Com-
pound Fertilizer, 2003, 18(1): 4-8.

EEW, B, VRARAR, SF. VLR SIRTE A AR H £
HErP R TR HBRAL AR AE[)]. MBS T, 2020, 44(Z1):
198-203.

CAI Luming, HUA Ming, XU Weiwei, et al. Geo-
chemical characteristics of phosphorus in agricultural
soil in western Jintan, Jiangsu province[J]. Journal of
Geology, 2020, 44(Z1): 198-203.

WRidme, T/NH, B3, . KX A [F 2 R dh
PO S AR FA R[], fRdb R3], 2020, 35(2):
117-125.

CHEN Jianxiao, WANG Xiaojuan, TU Naimei, et al.
Effects of different concentration of phosphorus nutri-
ent on morphophysiology of different scented rice va-
rieties at the seedling stage[J]. Acta Agriculturae Bore-
ali-Sinica, 2020, 35(2): 117-125.

MORI A, FUKUDA T, VEJCHASARN P, et al. The
role of root size versus root efficiency in phosphorus
acquisition in rice[J]Journal of Experimental Botany,
2016, 67(4): 1179-1189.

EOI, FER, Bk, %5 ARPEECR DA TR
X Tl FR 6 0 AR R R [T]. MOl BFHEIFSE, 2006, 19(4):
527-531.

WANG Jian, ZHOU Zhichun, RAO Longbing, et al.
Hysiological response of Liriodendron chinense
provenances with different phosphorus efficiency un-
der low phosphorus stress[J]. Forest Research, 2006,
19(4): 527-531.

WREEMS, BRFHFEN, BRBHAT e, 5. R# e X )
A A R A BRI S W R RIE S (D). 3 R MO R
2020, 47(3): 132-136.

CHEN Wenbin, OUYANG Zeyi, OUYANG Shuolong,
et al. Research progress on effects of low phosphorus
stress on plant growth and physiological characteris-
tics[J]. Hunan Forestry Science & Technology, 2020,
47(3): 132-136.

I, AT, SR, % Cu’TRl Zn® %
Toft B ke B 4l W8 i 1 W S B2 R (D). ROl
Bl 2019, 47(15): 45-47.

ZHAO Yueru, CAI Hengjiang, ZHANG Jingfan, et

123



[14]

[15]

[16]

[17]

[18]

[19]

[20]

124

HEIRkE REPOATS

al.Effects of Cu*"and Zn>"on seed germination, osmotic
adjustment substances in seedling of Suaeda hetroptera
Kitagawa[J]. Journal of Anhui Agricultural Sciences,
2019, 47(15): 45-47.

TRIEHL, PMVE, P, AL Wb R A K Ks i7 TH
A5 Wy Bk ER B AR B[], AR AR SRR, 2018, 37(7):
1997-2002.

SUN Fangli, SUN Xu, SUN Quan, et al.Responses of
growth and osmoregulatory substances of Suaeda het-
eroptera to salt concentrations in wetlands[J]. Chinese
Journal of Ecology, 2018, 37(7): 1997-2002.

AN, SR, AN, SR v I AR AT 2 B0
J 5 Gl 0T - S 5 R PR AR W AR 22 RE R D).
TP~ 4T, 2017, 44(7): 1602-1612.

LI Zhijie, GUO Changcheng, SHI Jie, et al. Diversity
of bacterial community in Suaeda roots rhizosphere
growth in PAHs-contaminated saline soil estimated by
high throughput sequencing method[J]. Microbiology
China, 2017, 44(7): 1602-1612.

RARR IR, BRI, THUG NG, 2. M0 WA R X el R A
FRACIH A AT G [J]. PR AE A2, 2019, 1(6): 8-12.
ZHAO Yumeng, WEI Haifeng, MA Qingqing, et
al.Effect of nicosulfuron on physiological metabolism
of Suaeda heterptera[J]. Environmental Ecology, 2019,
1(6): 8-12.

HIZR XL, B X 7K 3 e R K R A AR AR | I S L
B KR G A 2 3k i W AL BIF 2 (D). AU i
TR, 2012.

MING Dongfeng. Study on the regulation mechanism
of silicon on the physiological and biochemical char-
acteristics, submicroscopic structure and related gene
expression of rice under water stress[D]. Hangzhou:
Zhejiang University, 2012.

AR MY A AL S AR R (M. e
1 AFHCR A, 2000.

LI Hesheng.Principles and techniques of plant physi-
ology and biochemistry experiments|M].
Higher Education Press, 2000.

A, BOCh. AU e AU ST R U W 89 T AT
[T, ATk, 1998, 26(9): 1164.

HAN Ju, DUAN Wenzhong. Study on the feasibility of
dichloromethane instead of chloroform to extract fat[J].
Chinese Journal of Analytical Chemistry, 1998, 26(9):
1164.

BT, EEB, XINDF, 55w AR R D5 R 2 A
Lo 28 ANHEL NG 105 TR o B AR 3 A [0, v K 2,
2011, 18(4): 929-935.

LOU Qiaoming, WANG Yuming, LIU Xiaofang, et al.
Analysis of fatty acid composition and mass spec-

Beijing:

trometry characterization of polyunsaturated fatty acids
in Euphausua superba[J]. Journal of Fishery Sciences

[21]

(23]

[24]

[25]

[26]

[27]

(28]

of China, 2011, 18(4): 929-935.

YAO J, LIU Y, LIU Y, et al. Effects of pretreatment
procedures on fatty acid composition and stable carbon
isotopes in the marine microalga Isochrysis zhanjian-
genisis[J]. Acta Oceanologica Sinica, 2016, 35(6): 1-6.
TR, T G AR TR P R A7k B wr o (0]
BB S Ik, 2005, 26(2): 46-47.

DOU Xiuying, YU Guoping. Study on the method of fat
and fatty acid methyl esterification[J]. Food Research
and Development, 2005, 26(2): 46-47.

{Hoprle, R, 3R, Ay ig b i P e 1k 7y
HA S S I E ] BaPTIES Ik, 2015, 36(7):
84-87.

WU Xinling, WANG Fengling, GUAN Wengqiang.
Methods of methyl esterification and gas chromatog-
raphy analysis of fatty acids in edible vegetable oil[J].
Food Research and Development, 2015, 36(7): 84-87.
XEE, WEOoT, ZEE, . BB IE XN VE R
U7 1 A M e K HL i R 5 1) 02 3R A A S I [J). 967
HIERL, 2015, 34(3): 457-461.

LIU Yu, YAO lJingyuan, LI Ying, et al. Effects of pre-
treatment methods on the extraction amount and the
stable carbon isotopic composition of marine microal-
gae fatty acid[J]. Marine Environmental Science, 2015,
34(3): 457-461.

SR W T IR Bl 0 A R[] A2 3R R A5 1R 2 A 14
Mol 22 AT FE (D). RO RiEHESE R, 2017.
ZHANG Xufeng.Study on the regional differences of
stable isotope and fatty acid composition of marine
benthos[D]. Dalian: Dalian Maritime University, 2017.
FandE, SIENE, ik, . ARBEBER A2 A
ARG R[], AER Ol K224k, 2016,
37(6): 77-83.

WEI Ruping, HU Dehuo, YAN Shu, et al. Effect of
phosphorus concentration on Cunninghamia lanceolate
seedling roots and potting soil[J]. Journal of South
China Agricultural University, 2016, 37(6): 77-83.
WL, AR, TRE, . SMRES XS R T R
SEARAS D R RS AR PR R e [J].
254938, 2014, 39(1): 34-39.

HAN Duohong, LI Shanjia, WANG Enjun, et al. Effect
of exogenous calcium on seed germination and seedling
physiological characteristics of Lycium ruthenium[J].
China Journal of Chinese Materia Medica, 2014, 39(1):
34-39.

e, R, RoRW, SF. RBEI A R N AR EE
XF1E EAZAR G AR AR AR 0], SN R,
2020, 48(1): 108-113.

Al Rubo, XU Caiyao, WU Chengzhen, et al. Effects of
endophytic fungi on physiological and biochemical
properties of host cunninghamia lanceolata saplings

WFEERIE /2023 45 /55 47 3% /55 41



HEIRkE REPOATS

under low phosphorus stress[J]. Guizhou Agricultural
Sciences, 2020, 48(1): 108-113.

[31]

TZYY J C, SHU I L. Signaling network in sensing
phosphate availability in plants[J]. Annual Review

[29] Wi, SR AL, XURF, &%, RS i ) fel bk Plant Biology, 2011, 62: 185-206.
AR HL R N R i A [T]. L AR AR, [32] LING C Y, WANG J X, ZHAO J, et al. Control of
2010(2): 47-49, 81. phosphate homeostasis through gene regulation in
GAO Fuyuan, ZHANG Jili, LIU Zhenping, et al.Effects crops[J]. Current Opinion in Plant Biology, 2014, 21
of continuous low temperature stress on electrical con- (14): 59-66.
ductivity and malondialdehyde content of garden [33] GUTIERREZ-ALANIS D, OJEDA-RIVERA, J O,
trees[J]. Shandong Agricultural Sciences, 2010(2): YONG-VILLALOBOS L, et al. Adaptation to phos-
47-49, 81. phate scarcity: Tips from Arabidopsis roots[J]. Trends
[30] HIT, BB A, R, 5. HZ 54 3548 M3 in Plant Science, 2018, 23(8): 721-730.

B E FHLRI[D]. fEm Al K2=22 4k, 2019, 40(5):
175-185.

TIAN Jiang, LIANG Cuiyue, LU Xing, et al. Mechanism
of root exudates regulating plant adaptation to low phos-
phorus stress[J]. Journal of South China Agricultural
University, 2019, 40(5): 175-185.

HAM B, CHEN J Y, YAN Y, et al. Insights into plant
phosphate sensing and signaling[J]. Currrent Opinion
Biotechnoogyl, 2018, 49: 1-9.

SHAHZAD Z, AMTMANN A. Food for thought: How
nutrients regulate root system architecture[J]. Current
Opinion Plant Biology, 2017, 39: 80-87.

Effects of low phosphorus conditions on the growth charac-
teristics and fatty acid content of Suaeda heteroptera Kitagawa

LIU Yu, LU Chao, JIAO Dian, LIU Yu-xin, WANG Guo-guang

(College of Environmental Science and Engineering, Dalian Maritime University, Dalian 116023, China)
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Abstract: This paper explores changes in physiological indexes in physiological indexes, photosynthetic pigments,
malondialdehyde (MDA), and fatty acid content of different tissues under different inorganic phosphate concentra-
tions to study the effect of low-phosphorus conditions on the dominant species of Suaeda heteroptera Kitagawa in
the Panjin Coastal Wetland. The results showed that the plant height, stem length, stem thickness, number of leaves,
and plant weight of S. opteris significantly correlated with the phosphorus concentration. The MDA content was
significantly negatively correlated with the phosphorus concentration (P<0.05). Chlorophyll a, b, and total chloro-
phyll decreased first and then increased. Low-phosphorus conditions will affect the mutual conversion of fatty acids
C18:2n6 and C16:0 in S. pterocarpa roots. The relative polyunsaturated fatty acid content in the leaves decreases,
the relative content of medium- and long-chain fatty acids increases, and the fatty acids in the stem have no sig-
nificant changes. This paper analyzes the relationship between the vegetation degradation of S. pubescens and the
phosphorus content to provide a basis for restoring and managing the wetland in the Liaohe Estuary of Panjin and
protecting S. pubescens.
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