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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, S ALRON XS T F B A 8
47 10 5 7 2 9 /0 - T BRI ) A G, (A5 25
Y A2 2 52 mm, DT 42 55 7K 23 FFH #6090, Xiao
SE0O 3 3 i FRIAE WK AE (Oryza sativa) W i 2
¥ & B5, BRI AL R AR 7 3=
T SFLRE, DI 0 2 B I AE A ) AL 3 B, i
THET RS R AR T e LA T [n] A8, [)
AP 7K PR RE T . Wall S50 HE /N
(Triticum aestivum W58 W & B, M A 1E 1< ALY
rae al LRGSR 0yt Rl B, it 5 TS
FLARSTHIS 1 RO S EIZ 50% BIFE]
AR (Paspalum vaginatum ) JERAS
&} (Poaceae Barnhart)%£ B (Paspalu) & £ 4F 4 H
Yy, Ve R R i B R 2 iR 25 H
MR Ik | A= b e HE R ] 93 ek, nl H
TR i, ROK BN BRI HLIX 2~ 2, 2
WFFRUESE, Cy MY Y I i) 2540 5 HOG G RE T
ZIFETENTERFR o 53R (Sorghum bicolor) )i
I FE HIK A3 R R, AR BGER . A1
J6A AR R IR L T T S NE T B R ERL
HIE(Saccharum) fhFptl, BHRAEN X 152 4 HRE
HESEW TS T 7 D HHIEE 1585 ) 5
B J) F #R (Cynodon dactylon) 5 B2 547 ¥ (Lolium
perenne) [Fl R ARAFL R ERL M) FARTEA R AL T
MR AR 2 S 2, TERRAE R R, SAL R
SERZ L G RE AR K 2 R 2 ) 2R
R PO, IERBYE R C, MY S &SR EKRA E
v BE TR BT, [ PN A X T i A R A
RRZEPFEMFIETS, QTLM, i FEM it #h
PEROSET T . BTN PIBESE O ZRIESE, Cy A
F S5 4 5 1O A AE L RE 1 Z A7 AE N AE G
B, BT 1B C, dhA Y i B HOL A Rtk
5 SAURAIE R A SCPERIE 5 08 AR DLAGE , BRI, AR
55 R 25 3 2 A5 AT 4 RS [ 52 A A9 60
A AL 5O0AE R R AR O, B 7EH
INEBERDCEER S R g g Z B r e R,
R4 e e R AR AR A AR B PR R A AR

1 #RERE

1.1 #eEF 25 (IR B IOR A G | 28
e v ] A5 T R A L X (3R 1), BRAF Tt

T R T ) A X AT o e g A o % R
AR R K FE B 97, W ph R AE S L 4,
#AMBEEM, EXRE 2 aies — B e =
5cm. MORHAEKIE 4R 4 KBE 1 ROK, & 10 K
NG L E SR AL B, CIHAS 50 mL, 1541 R4
K 1A H G, w85 e R Ha 2 208405 545
S HEATRR BRI A, RO SRR RN B

R1 25 HHiBEMFMREBKIE

Tab. 1 Information sources of 25 accessions of seashore
paspalum germplasm

MR R
Name of germplasm
KT Australia P 647 902( Adalayd)

oA 5

Germplasm sources

[ 5 5 Bahama Bahama
1§ FdHainan,

EP. A grin_UPG198, 17HN-23

China

Z% & Thailand PI 647900
TG Kona, HI 101, TYB 2, Spence,
17HN-62, PI 647902 , P1 647912, PI
647909(Temple 1), PI 647908,

& [E America grin UPG144, PI 647903(Taylor 1),

Sealsle 2000, TFP 7-4, TCR3, Salam,
Kai Luna, TGCGC, HH, PI
647904(Taylor 2), KC9

12 XEREZHRNESSAHRRE LEHE
Frilll & T 2022-11-13—2022-11-18, & % 11 7]
WS H R EE 28.5 °C, H YR EE 77.4%. H
T B 2 A5kt i b Aa P/, M EE G2
B AT PEATAR IS BRI A v 7 AR DL U
WA SHBHA, AR R . i ]
FAMEIR)_ LA 9: 00—11: 00, { ] CIRAS3 {5
Y 5E R4 (PP Systems, Amesbury, MA, USA)
AR R /NS 0 (7 mmx25 mm), 8 BUfEE R | 13k
—E B = e A R R T A AR S
TERIN ARG LA S50 6 B3R (Pn) L K5
HZRGWUE) . SILFE(Gs) o (UER RS HE:
CO, 400 umol-m?; M2 558 1 200 pmol-(m?-s) ',
SR IREE CO, HR R 8 6H I E S50 5,
HAME CO, /NI, BRI S AEE . R
Je o B B IR Jr I A S B I R R R A AR A
70% 1Y FAA 878 W/ IMFfR (520 3 mL) P fj
A7, ME 5 225295 i 1P

1.3 HILRERHIESNE AR PREZH
SALFESN T T RE, IBER L RESHMA
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2025 4F

Rk SR M FLRD LTS A L3R AT A AL, Fh
JoT AN [R) B 5 AN [, s BRI R 3R R LAE N S
TFRAS . SSLIGETR R A BB ER LR, B L
PP FAA @ WA/ MEBGH H R R T e, 78
R WR 2B I R R RUE R TS
A FH Vo 02 I ety 7 5 26 TR A 4 R I TR A2 1L
TR A S 4T EEE  h asm f
B R -85, TR B AR D62 70 BE (Olympus
BX41, Olympus, Tokyo, Japan )X} i 17 K 1% >k
£ f# ] Imaged 3PF#EA T AL T AR A LB AL
PRI E , 4245 L% B2 (stomates'-mm ™, SD) . T AL
Y B (um, SW) . & T840 A B AR 98 B (pm,
GL. GW). AL = B K M98 B (um,  PVL,
PYW) . JPH B A0 S ALARRAE, 45 <AL
HAFEEL(SPD) , ALK/ pm?, SS=SWxGL) (F i
TR H B/ NEEEE 50% DA 1 ANSFL) 1,

14 HESEITSHH K H Microsoft Excel
2019 B A MR EAT B B 2, 72 R(1.4.1) %K
i corrplot i A7 A G 43 A, MR

FH IMB SPSS Statistics 25 #4748 20 #r F 2. &
PRSI, R 8053 o0 B b T 45 R AT IR 2 4y
B2, 1SR REREZS IR T ERY, FR 8 A
M + bRiEDR .

2 BRI

21 BEMMREZIERERST K2 WTH,
A PEARFEA R BT () A AR 325 5 (P < 0.01) .
Horp, AL BEAR 5 RBUBUR, N 40.5%, fie/ME AN
B RAESY 3 M 71.89 Fl 378.41 mmol- (m?s)™', H
KR EOGCE R AR G R, 28 57 REU 5 R
26.01% F1 27.4%, W5 5 RAB A S /M Y £5 8005
Bl 5.25 F 3.35 4. ) i R K KR AL A
FAIN R & B (55 2), ih R4 B 25 S AR HoAth
SEF IR AR S R B KGR 40.7%, Hds /MR KA
351k 19.81 pm A1 113.12 pum, M58 K 2 78 53 £
B CV R 22.5%, SALEEE L RALSERE . PR D40
KEE PR DA YE R . SALAE B (AL KB 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 BEEMHREEMEREHEXESHT A
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 BEMZEROERDDT XSRS
FLFFE S BT W05 AT, T 4 4 32 B RRAE
HIB KT 1, BA RS Bt siwk o500 36.8%.
16.27%. 13.88%. 8.85%. RiTvifkR ik 75.80%
(3% 3), Z BT DT & E R iR Ak
Y IR A HRIEAL . 55 1 S R RRAE )
AT KM HFAEOLE R KB, JfL%
JE, oA A AL SRR ] i e Ko —0.95, R
eGR4 5 0.73 F1-0.78, X LE
REZLECEERM R SILEEA L, B2 F
BT HOK AR R 2R A REE SRR, Sh-0.76, JLR
SALR B IERHE N i Kol 0.45, 26 3 F LA TE

SALFLR KRR ] AR R, S—0.68, HLKE ALK
/NA0.560 55 4 R B AR AR AR AL
T FRUAE H50HE) BUARRAE 1) 5 53931 A 0.59 i1 0.53, F %
B AL AR DA B G, ot A i,
SALRRE . SAUON, F DK SR 4 TR0
F T T, X BUOE A RRE 5 AR R
FEAEH.

24 BEBMBXRESEH. MK, HEURST
BHAERESH Dt el Kook 58 &R
FUPEAREFAEAERKS 25 (o BEA TR 2ER143 (] 2), K¢
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 i

YOG E PRI 22 5 5 H B B 08 fL Rk
AR R DL A A AR S A B A O, R
[e] i M [R] OG5 BE I AA R BOR 22 e, A5 h
25 Y EMOLE SR E R ST K
SR A R (L 98 LB R
FLIERE PR DA | PR AR ST . AL
KR LA PR EE . LA T 8. KAL)
R REES . MYOLEHERNERSHA
B AL REVE . AW 2R R LA SO B A A 2R A
B A K, D48 (Solanum tuberosum) /N JF) b
FhEIHOGA B I AF TR R 22 57 MAd (Lycium
chinense) G E AR G TAL TR IEA L, X
FL5 B 5K 3 R 3 S AR G e B 55 4500 75 2
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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AN LR R /INIE AN R PR T A M 8 B 1Y)
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
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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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