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e, AEYIALEZ B AW SR A Y a2 it A
RAABRA,, W R AL AR A 0 2 3 A HE RN
A HLRE R 2B AL, SALRON XS T 5 B Al B A
B 1 i 7 2 /0 i T R R P A A, (A 25
Y 32 2 52 mm, DT 42 %55 7K 23 B 26 00, Xiao
S5O 38 3o o Rk 5 W K (Oryza sativa) W 36 52
¥ & BG5S, BRI AL7 E Rk AR 7 3=
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Tab. 1 Information sources of 25 accessions of seashore
paspalum germplasm

Germplasm sources

PR R

Name of germplasm
KA Australia  PI 647902(Adalayd)

.14 & Bahama Bahama
[E]¥F B Hainan,
zjhina FaHai grin_UPG198, 17HN-23

7% [E Thailand PI 647900

TG Kona, HI 101, TYB 2, Spence,
17HN-62, P1 647902 , PI1 647912, P1
647909(Temple 1), PI 647908,
grin_UPG144, P1 647903(Taylor 1),
Sealsle 2000, TFP 7-4, TCR3, Salam,
Kai Luna, TGCGC, HH, PI

647904 (Taylor 2), KC9

2% [E America

12 XERBEZHRNESSAHRRE LEHE
Frilll & T 2022-11-13—2022-11-18, i % 1 1]
PRI HOERRE 28.5 °C, HEHRE 77.4%., H
T B 2 A5t B b Aa Y/, M EDE A2
BT BEATAR IS F BRI A 0 7 AR DL U
D= 2 GRL WA 2 & e e S =i [ETp vz ey
TSI F4F 9: 00—11: 00, {ii ] CIRAS3 {5,
FeE 2 258 (PP Systems, Amesbury, MA, USA)
A e K /NI A (7 mmx25 mm), PR B . K 3
—E B = R R e R I R T A RS IR
TEAIN ARG LA S50 6 AR (Pn) L K50
HIZRGWUE) . SILRE (Gs) o (AN S B E:
CO, 400 pmol-m™%; M2 H5% 1 200 pmol-(m?-s) ™,
S BB CO, MR R i 8l 6H 5 S50 5% ),
AN CO, /NI, TPl i S A . R
Jei o B Y % P I O ) I R R R A AR 43 B
70% 1 FAA [&] 2 W 1) /DMF i (528 3 mL) Hrfr
FE, UME f5 2252 5 fd FH L

1.3 SRIAGRERFESME HRATREZEH
SALFEZI G T IR, BEM ER S AMA
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JOT AN [) 30 i AN [, i BRI R 3R R LAE R S
TFNZS . AELIGET R R FH G B ER LR, R
TP FAA [ E W/ MR R 15, 78
TR — 2B FIE TR R R TR
A FH v 0 2 ety 7 s 26 TR 4 T T AR 1L
Ak AR A T I R R A
e R TS, Tk A 2 U5 (Olympus
BX41, Olympus, Tokyo, Japan)%f H: # 17 & 1% >k
£ f# ] Imaged JUFHEA T B AR A LB AEL
P , A5 <AL B (stomates'-mm 2, SD) ., AL
P B (um, SW) . & T840 A B AR T58 B (pm,
GL. GW). S AL = B BE A58 BE (um, PVL.
PVYW) . I8 FRBAR AL SALRHE, 45 fL
AR (SPD) , ALK/ pm?, SS=SWxGL) (Hfii
TR PN H BN 50% TS 1AM L)1,

14 HWEHEITE D K H Microsoft Excel
2019 B X8 & MR FEAT RO R B, 78 R(1.4.1) 8K
P fi F corrplot AL #EATHH OG4BT, VR

FH IMB SPSS Statistics 25 #4748 20 #r F 2. &
PESIHT, R 1053 o Hrfs 58 45 R AT IR 2 4y
B, ARSI RERES LIRS, FIR 8 A
M £ bRiEDR .

2 RS

21 BEERMRESERERST MK 2 A,
A TERTEA R R LA AR .3 25 7 (P < 0.01) .
Horr, AL TR 7 REKR, N 40.5%, S/ IME AN
B RAE 5 71.89 F1 378.41 mmol-(m*>s)™', H
YR GG R R 4 R R, 28 5 R B0 50 R
26.01% F1 27.4%, W& e KAE A e/ IME A5 053
B 5.25 A1 3.35 fi5 o SEad XTI R K B B R ALSS
FAIN R R B (55 2), ih 4 B 25 AR T HoAih
SEFPERAS S R B RIE 40.7%, Hig/ Mg KA
S350k 19.81 pm Al 113.12 um, M 58K Z 25 73 &
o Cv ok 22.5%, SALE B SSLIERE L R T4
KB R . S B LR) K <AL
28 B (LA ) v B L AL TE FR AR O AL R/ AR

®2 25 MIBEMM A SIFES KA ERHE

Tab.2 Stomatal characteristics and photosynthetic characteristics of leaves of 25 accessions of seashore paspalum

f8#RParameter #%/IMEMin i K{HMax H{HMean trifEFEsd F CVi%
Pn/[mol-(m?*s) ] 10.01 35.38 22.42 5.83 9.21™ 26.01
Gs/[mmol-(m*-s)™'] 71.89 378.41 139.50 56.52 317.87" 40.50
iWUE/[mmol- (m*-s)™'] 2.55 8.53 4.78 1.33 16.55™ 27.40
LL/um 19.81 113.12 54.76 22.26 109.30™ 40.70
LW/um 2.02 6.18 3.36 0.76 520" 22.50
SD/(stomates-mm™) 24.11 88.02 47.00 12.91 427" 0.27
SW/um 13.14 25.68 17.34 2.30 273" 0.13
GL/um 20.08 43.52 29.58 4.05 2.14™ 0.14
GW/um 4.14 11.79 7.40 1.26 1.84" 0.17
PL/pm 7.01 26.41 16.05 3.72 2.09™ 0.23
PW/um 0.71 11.56 1.37 0.98 2.94™ 0.71
SPI 11 169.43 90 737.51 41 472.50 14 098.62 1.69° 0.34
SS/(ind-pum2) 323.51 817.30 544.01 110.83 2.92" 0.20

T *FORTE0.05 /K 122 5 IR B 355 **+ R AE0.01 22 5k BN B . P, HOLETR; Gs, LT iWUE, K73 A
PR LL, W KB LW, iER S SD, AL Sw, ALY GL, R DA Gw, IR DANMISERE; PVL, AL B
KB Pyw, SHLEBRTEEE; SPL LIRS EG SS, LR/, T,

Note: * means significant difference at 0.05 level; ** means significant difference at 0.01 level; Pn. Net photosynthetic
rate; Gs. Stomatal conductance; iWUE.Water use efficiency; LL. Leaf length; Lw. Leaf width; SD. Stomatal density; SW.
Stomatal width; GL. Guard cell length; GW. Guard cell width; PVL. Pore void length; PW. Pore width; SPI. Stomatal pore

index; SS. Stomatal size; similarly hereinafter.
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SERBAXT RS (CV < 1%), X Fh A 2 & 43 2545
AR, S LA R DA <
LB SALEBRTERE | ALK/ N 2 2
(P <0.01), PR 40 M 5 B2 A< AL FR A B0 il 2
Z5(P<0.05).

22 BEEMNKEIEREHEXEST FIH
Pearson £ X' A VR HRRE AN FLERAEAH S 43
Br, 25 REBHIE 1), Hol G A 5 M50 5 3 7
(P <0.05), 5K, SALERE . IALEARFEEL
B A (P <0.01), HH5E R 50U h—0.65.
—0.69., —0.56, 5 Gs R b #F IEAH (P <0.01),

SALTEE 5K FI R A B 3 A5 (P < 0.01),
5L B B A (P < 0.01), HH¢
RHON 0.64, FEN 5 RS FLEFAE b, -
5 5 A FL2 B R B 3 IE A G (P < 0.01), G
ZE 50 0.70 Fi10.64, SFLEE S5 DAIRK
FE R AL /NI I 3 AR G (P < 0.01), R
FL v B AR AL A PR T8 2 3 A G (P < 0.05),
H5AFLEABFEEEN B EIEAHE(P<0.01), KL
T g S AN B 5 B IEA G (P < 0.05), 5
ALK/ 3 TEA DG (P < 0.01), £ T4 L 5
5SS BRTEE 2 B E IEA (P <0.05) .

*P<0.05 **P<0.01

Pn| Pn 0.0 -0.65 -0.49 | -0.69 -0.56 to
Gs . Gs  -0.52-031 -0.53 0.64 ~0.40 0.8
iWUE @ iwuE ~0.44 0.6
LL ‘ LL | 065  0.70 0.36 |-0.34 0.35] 0.42 |-0.42 04
LW “@ﬂ» ‘ LW 0.64 0.38
SD . ‘ . ‘ SD |-0.57 |-0.49 -0.35 -0.45| 0.66 -0.59 02
SW ® sw ow 0.73 -0
GL ® ® cL 0.53 L oo
GW| ©® GW 047 | =037
PVL o PVL
PVW * ® PVW -0.38
sp1| @ ® 00 & SPI
SS * * . ' . SS

Pn  Gs iWUE LL LW SD SW GL GW PVL PVW SPI SS
B 1 AE#EMASASESAEHIERXNE

Fig.1 There was a correlation between leaf stomatal characteristics and photosynthetic characteristics in

different accessions of the germplasm

23 BEBESEROERSSTT SRS
FLARE S HOIEAT 05 T, 7T 4 A L RHE
HIRTF 1, AR BT 5Twk R0 5 36.8%.
16.27%. 13.88%. 8.85%. Zil BTk %Kik 75.80%
(3% 3), Z BT ork B & B gk T 3R
Y B PRI . 5 1 S R AR 1)
AR FAEOCEH R, KR SfLE
B, oA A L BERRAE ] i e KoM —0.95, R 214
DA R AN K FE 3000 R 0.73 F1-0.78, ik Sk
REZLECEERMM R ILEEA L, B2 F
A3 HRK S R 23R 0 ) RAE AR, 0,76, Hivk
SALR B IERHE N i Kol 0.45, 26 3 F LA TE

SALFLR KR ] f AR R, Sh—0.68, HUOR ALK
/NA0.560 55 4 FE N B AR AR AR AL
T FRAE H5URE) BUARFAE 1) 5 53901 A 0.59 i1 0.53, F %
5SS AR DA B G, b A g,
AL ALK R IR 4 AR
F T F, X B A RRE 5 A ALERE R i
FEAEH.

24 BEBMBXESHE. MK, HEURSTL
BHAERESH DA el Kook 5E R
FLHRAFIEAERKS 25 OyFp B EA T 3RS o (] 2),
HAr k32 (A. B, C), HH, AKM$E grin_
UPG144. PI647912, Bahama, KC9. HI101, TYB2.
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Tab. 3 Principal component analysis of phenotypic traits of leaves of seashore Paspalum germplasm
AR Traits F 531 Comp.1 F 532 Comp.2 F #4533 Comp.3 FE #4534 Comp.4
Pn/[umol- (m*+s)™'] 0.73 —0.14 —0.44 0.21
Gs/[mmol-(m*s)™'] 0.62 0.45 —0.53 —-0.09
iWUE/[mmol-(m?'s) "] —0.20 —0.76 0.07 0.31
LL/uym —0.78 0.18 —-0.05 —-0.26
LW/um —0.69 0.28 —-0.01 -0.31
SD/(stomates. mm ) ~0.95 0.02 ~0.03 -0.01
SW/pm 0.58 0.26 0.49 —-0.30
GL/pm 0.47 0.40 0.42 0.59
GW/pm 0.43 —0.57 0.06 —0.08
PVL/um 0.22 0.43 —0.68 0.13
PVW/um 0.52 —0.40 0.18 —-0.21
SPI —0.63 0.35 0.31 0.53
SS/(ind-pum2) 0.60 0.43 0.56 -0.22
$51F{H Characteristic value 4.05 1.69 1.20 1.01
BTRR/% Contribution rate 36.80 16.27 13.88 8.85
RIFIULEL% Cumulative 36.80 53.07 66.95 75.80

contribution rate

Bahama

| PI 647900

17HN-62

B I 17HN-23

Spence

2 B MBERERDGEEARESN
Fig.2 Clustering analysis of the composite scores of principal components of 25 accessions of
seashore Paspalum germplasm

I
PI 647912 (SIPV 28-1)

PI647902 (Adalayd)
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PI647900. P1647902(Adalayd) 8 N Jii; B 254045
17HN-62, 17HN-23. Spence 3 FfiJii; C ZSFh Fif
i PI647909(Templel). Sealsle2000. PI647903
(Taylorl), grin UPG198. PI 647904 (Taylor2).
TFP7-4, KaiLua, HH, P1647908, TGCGC. TCR3,
17HN-02, TG Kona, Salam, 14 FjF, M3 4
AR, SALTRE KRR AL L AALABR

KEETE 3 MBI ZERIR R . A BMFEE
HOR B E T B R, (LS B EIT B 24
B RO AHR B EINT A R B ZEHF, Hit K
B RS S SILmBYE S R E R T A
I C 260 C BBEARILYE | AR DA K E . <AL
PR SN E =T A F B S, oG
RREET BER, ST ALHEERARRE.

R4 B5HBEMBUERARLBEZERSWT

Tab.4 Analysis of differences of traits among different groups of populations of 25 accessions of seashore Paspalum germplasm

PR Traits AZERE Group A

BZ5#E Group B CZ5#E Group C

Pn/[mol-(m*s)™"]

Gs/[mmol-(m*s)™"]

23.37+1.12°

127.43 £10.13*

13.48 £0.43"
101.91 +4.76

23.96 £1.19°
154.45 +18.03*

4.54+0.67 4.63 £0.36°
99.11 £3.16° 45.96 + 3.86"
4.68 £0.25° 3.13£0.07°
70.13 £3° 39.7 £ 1.29¢
16.47 +0.84° 18.19£0.3°
27.43 £0.69° 30.76 + 0.64°
7.07 £0.06* 7.71+0.17°
15.61 £ 1.51° 15.98 £0.73*
1.03 £ 0.06 1.57+0.11°

iWUE/[mmol-(m?s)™"] 5.11£0.3°
LL/pm 53.56 £5.61°
LW/um 3.25+0.13°
SD/(stomates mm ™) 51.87+1.6°
SW/um 16.16 £0.29°
GL/um 2831051
GW/pm 6.95+£0.17"
PL/pm 16.33 £ 0.5°
PW/pm 1.14 £ 0.04*
SPI 42180.51 +1 808.8°

52 897.75 + 881.53* 38 664.19 +2 240.81°

TE: ANR/INE PR 22 59k R E K- (P<0.05) .

Note: Different lowercaseletters indicate significant difference level (P<0.05).

3 i #

FPCA VIR 22 7 5 H A B 88 R
AW R DL AN B B SRR S A O, AN
[e] ity A [R] HOG A BE I AA R OR 22 M AE o h
25 iDL E S (GG R SILRE . K
SRRIHER) Ft R PRR (G 58 SFLEEE .
FLIERE | PR DA | PR AR v i . AL B
KB AL BRYEEE  AL AR, LR
YRR EES . MYOLEHERNERSHA
B AL REVE . A2 W2 m Rt LA SO B AR A 2R A
WA K, D48 B (Solanum tuberosum) /N [A] b
it B HOG G BB I AAAEBR 22 57 20, ML (Lycium
chinense) M) EOGEHAR 5 SAL R IEA M, X
FLAFEE 5K 3 R AR 5 AR DG e B 55 40 7
ZRRPCE 5K AR R R, FOth

MR TSR B B SRS R
Mk Z 8] A SRR APE 0 A 4 R A5 21, Bt G R 5 X
FL A 0 28 IE ARG HRRI I PSS, 36 1A
[l M SO & R I 22 5 e B R e R 5 R
FL 2 W IR AR G, AP TR A AR, ot S
ARG AL T AR IE A SO, )RS b
EIBEIEAE R —8. FEECI FEH R A S
il AR5 T A B, oA R AL R
B TG, (HE AR R oA R S AL
FERIAR SN 5 H RO h &5 R AR S, BARH S
AR BLR 9 RASBHE Y, A5 RA [R] i A AT fiE
JeEHEY) 5 AR Y X ), ] RS PR A
[ Bt G20, PR AL A B K 2 02 A i g 2B A7 B
B A B e DR
ARSI FT IR R SE A 3 i SR
AHEAT AR S B i T, AT L B AL R
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YEWI b, B ny it e W 228 % S 22 /K 43 B 1k
W 7 e R R BE A2 BB 3, DT B2 i A ) 2 s
R, BEMTREAR T KGRI, X T H AR AR
2. (Glycine max ), M Fr 350 /N RE ke 88 v Tt Ak, 2%
it AR AR, KRR TR . AT, iR
2 5T ] 722 S5 R BOCHTE D 0.13% ~ 40.7%, H
o, LA AR K FIHER R MR R R
BRI 20%, MRS 5 R AR IR 40.7%, PSR
M58 A R 3 IEAH G, 5 LRSS X /N A
(Populus simonii) "t i PEARBF ST 45 - —3 . A5
R, W58 5K AR 3R 3 R G, X —45
5 FRET AL RA LS, 7T RE = B 52 3
S5 by DX B R 1) S il 3, (K 231 R BE A
1 U S TN £ AR A B, T 9 el R
S E O, T K A A ot E
T 23 22 i AR A W] e, 4 SR DA T i e 1
Vi 5 AEP K o3 P 8 5 ORE OCE, R4 R S R
VERD) e 5 ik PRI A ] 7K 73 1) FH 2 g 1) 000 6 A 1Y
SEHAREN DL ] ORI A E O R AR
RS

F T IR ERD S S8 G L
FASAUFFIEREbRE AL R 4 A F Ry, 4 A E R
TR PRI 75.80% HYME B . Hovh, ol
FARATE RSN, A 4 4> AR
I T, R R B 3 A AR S R
Bio A KRGS HRIZERE, TS I TER
FLAF HAb bR IR 5526 RF . B OB RCR B IR
T AL CPIZEHRE, EMHK M58, LB IR
FIIIZERE . C B RO HRBR R, HAAL
VoS DR AN | AL A BRI DL S AL R
3 T HAL 2 SR ANVLX RAALTT
TE 0 I [R] 3 PR 45742 Ak, AT DA I P AL s 2D 5
WEG AR SR AL/D LR, AR
FL2E B2 RN ASL R/ IV B MR E T 1065 3 R A
SALFEE DR UL A R 7K S R HIZRE0 X
A ER R R AR A 132 ¥ (Salicornia europae), TE
TR EER 4% BB AEES BE TR, SBOLEG
AE )T B 1% 3 2 S R AL OGP S By LR 1
AR A A B Ay o 07 B 3 17 R Y A AL BR
I A BE RAR IR SL IR B0 2 T OU A 1E
A GBI R Y, AP AL SR LA K

JBE, AALTERE AL AR/ 2 Bk,
A R R i AL SRR R AR (R Y
Wi SO, LSS SRS RTABIFE— 2, ROCRCEA X
PEYIIE & W CRCE Fh A SCBE, BT 10 R i B O
VRN RO FHRAR, 580 A R A AL AL,
]S T R ORI R R A R A el

Lk LRk, RO A RSS2 AL A
TR IR, B G R 5 LE R R
A, R o 73 Mrks 25 Dy i A B AT IR 264
2 3 AANRZERERN B, 3 DI G E AR5 55 0
¥ C> A > B JEfE, CRBERADLAE R & 1
Jit, HAFLARRAE AL AR, LR/ AL
Vi LS B AR e T AL A R
S A SERE B RE AR o ASBIETE R A PR R AR AR ) T
RO A S AL IR A QIR PR SR AL 1T 7
%, [ Bt g I ST J 5 A AR v DI R e AR
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Stomatal and photosynthetic characteristics of halophyte plant,

seashore Paspalum

SUN Quanquan'?, ZHU Qing"?, HU Xu'?, XU Tao'?, WANG Zhiyong'*", LIAO Li"*, LI Xinhua’

(1. School of Tropical Agriculture and Forestry, Hainan University, Haikou, 570208; 2. Sanya Institute of Breeding and Multiplication, Hainan University,
Sanya, Hainan 572025; 3. Borland (Nanjing) Biotechnology Co., Ltd., Nanjing 211100, China)

Abstract: An attempt was made to analyze the relationship between stomatal and photosynthetic characteristics
of different accessions of seashore paspalum (Paspalum vaginatum Sw.), and 25 seashore Paspalum germplasm
were analyzed in terms of photosynthetic parameters, leaf length, leaf width and stomatal characteristics. The
results showed that all traits of the paspalum germplasm were significantly different (P < 0.05), and were
significantly (P < 0.05) positively or negatively correlated with each other. The net photosynthetic rate was
significantly negatively correlated with the leaf length, stomatal density and stomatal area index (P < 0.01), and
significantly negatively correlated with leaf width (P < 0.05). Stomatal conductance was significantly
negatively correlated with stomatal density (P < 0.01), and positively with stomatal pore length (P < 0.01),
while water utilization was negatively correlated with stomatal size (P < 0.05), but not with other stomatal
characteristics (P > 0.05). The principal component analysis showed that the cumulative contribution rate of the
four main components (net photosynthetic rate, stomatal conductance, stomatal size and guard cell length) was
75.80%. Twenty-five accessions of the paspalum germplasm were classified into three groups (A, B and C) by
using four indexes. Group C includes 14 accessions that have the highest net photosynthetic rate with the
largest stomatal size, the widest stomatal pore and low stomatal density. Group C are accessions of seashore
Paspalum germplasm with better photosynthetic characteristics, with their photosynthetic capacity regulated
through the function of stomatal accessory cells, and the stomatal traits are also key indicators for regulating net
photosynthetic rate.

Keywords: Paspalum vaginatum; halophytic plant; leaf stomatal characteristics; photosynthetic characteristics
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