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1 MRS

1.1 gt

TR0 LE W R R R 2 b % N EAT AR I X 2 4R P38 9—10 H O 2R Bt PR Rk 38 A 7% 0 5 1
HD 2 SR EE AR B, R B R VIR AR FE 233l R 28123 °C L, IR BEHE I N 82% 0 B8R FH T4 328
A LU0 6 5 VALES A BT HESE S ARG UL X SR s Ak A i RO R, AR MM SRR T B A
o, = O BUE KA K — S B R BRI BN 15 emx 15 em AE R, f 4 1 PR AR
I B R R A SRR A 0~20 em )2 R IB-H 2035, LA PR AR A 122.90 mg/kg , 3E
R B 39.89 mg/kg , LA B 0.19 g/kg, A AL 2.89%, pHE 6.75. 37 AT 2 mm i , VR 51 J5 B 73 1
2.5 kg, 345 FR 92, M E 2 b A i A & AT L S8t A
1.2 REFHE

R R e B Y — O i, A i A 3K 35— SO PERR R i B 10 4%, ~F 3593 9 2 A3, 73 70 st B (CKO
MK AL B . SR E LI R AT MK AL B, RGN 20 emx17emx 19 em (_E FAR < JIEAR > &) K
b, KT 1 2~3 om, B R E IR K DL s CKONIEH /K 70 Ab 28, 38 5 /K e R O 3 i K ¥
IKZEI 75% A (BF 2 R 1 IRAERERR L&, AR 48 BORBEAT KD o BEAS i Bl IR %% 40 B2 23 S0 3 AR IEAT 38
MR AE N3 IRE S, 73 BIHERE K 55 0024816 Rl JE % 4b BEEE B 25 Alibk = 2280 V58 4 v R IT i i
J5\SPAD A ; FFAEFE /K ER 16 R 43 7 Wl 5 25 Ab B[] 78 FEAR I H5 DL SRS 4 B g i AR L SR 3R 0O S 40,
AT DRI E AR RIS Ta bR s B B A B 3 N E P IMA .

PR F A RO &, 256 P B2 R Ui s RO 2 5 P T AR R FH o RO 228 4 v Je I b 119 K R R e K 5
£, AR e R TR Cem®) =K Cem) x 58 (em) x0.78 74 255 M BUR 80, R e &R P AR
FEW s F SPAD {i 2% F 47 SPAD LG 5E , W48 2 O S BRI 4 38 98 AL FluorCam7 &« MIE RS, 5
H4 iy G Y 20 min, 25 R ACES D58 AH OGS 800 iR VIR B4R AR SR T AR AR AR R A5 S 300 AR R 6
A3 5 , A WinRHIZO AR 2 /0 b 45 .

1.3 BB
46K F Microsoft Excel 2016 134T #4f 43 #1 » H Graphpad 6.02 22 & .
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PR 5 0 75 VA K 2 I ke v A7 3 B R 2R 38 I 1) 95, (B 5 CKOAR LL , 7K A B % ot bk v #0F PiT B&e
1%, I HL Bl A WE K I [B] IR RE K , 15 CK 22 57 8Tk B 2 3 (R 1D o AN[R) h Bl /=0 52 2078 7K i 3 1 5% i AN [+
(KD, K2 e G MR SR KE 16 KRR = CK W3 T 7 12%F1 10% ; T8 A1 S8 48 W 2
MK S 2 8 RIFUa bk s it i I T CK, M 4040 6 5 7EFE /K A 5 CK AR L 2 5 AN 2 3, SR VK I ia
RIS S PR = T2 5 2 BRI, 2100 6 5 52 BRI LN

IR S5, PR 78 0 4 v 2R PR A A AL B AR, 3 U o 4 A 7K O 2 ) 38 &0 e =R A7 8
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(£2). 5CKAHLL, #E/K AL FE ) 2 & /N2, A6 /K B TR] R e K, 5 KT 22 BE B AR K, 1A 1) 12
Ko HARTAE SLHTEERE LA A SRR ) N HEIK 6 R 46 , 7K A B () A PR 250 B 35 K T CK, 21
IKE 16 K% 3 A S A 1) 250 5 CK AR H 20 1) 52 35 PR 21% 22% R0 21% 5 T 214008 6 5« S VB B8 22 40 1 1) 256
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R 1AM T B Fa AR 8 R cm
SLFEI 1A /d

=] T
R e 0 2 4 6 8 16
CK 20.70+1.39a 21.25+1.26a 22.75+1.66a 23.38+1.44a 23.88+0.25a 26.00+0.82a
T4 K 20.70+1.39a 21.13+1.31a 21.63+1.49a 22.00+0.707a 22.75+0.87b 23.25£0.96b
A 0.00 0.13 1.13 1.38 1.13 2.75
CK 18.28+1.91a 19.00+1.78a 20.63+1.49a 21.75+1.26a 23.25+0.87a 25.00+0.41a
SLHTEAR K 18.28+1.91a 20.25+0.29a 20.75+0.87a 21.13+0.48a 21.75+0.65b 23.00+0.82b
A 0.00 -1.25 -0.13 0.63 1.50 2.00
CK 20.15+1.66a 20.80+1.41a 22.38+1.11a 24.38+0.63a 24.63+0.75a 30.00+2.45a
065 K 20.15+1.66a 21.00+1.08a 23.00+1.16a 24.50+1.08a 24.75+1.041a 29.25+1.26b
A 0.00 -0.20 -0.63 -0.13 -0.13 0.75
CK 22.58+1.82a 23.38+1.70a 24.75+1.85a 24.88+1.75a 25.88+1.55a 30.38+1.80a
ARV ST K 22.58+1.82a 22.38+0.48a 23.63x1.31a 23.38+0.63a 24.13+0.63a 26.75+0.96b
A 0.00 1.00 1.13 1.50 1.75 3.63
CK 15.95+1.67a 16.63+1.49a 18.63+1.03a 19.75+1.5a 20.50+1.47a 26.25+0.96a
BILHE K 15.95+1.67a 17.00+1.41a 17.78+1.82a 19.38+1.70a 20.25+1.85a 23.63+1.11b
A 0.00 -0.38 0.85 0.38 0.25 2.63

TE TSN NG 5 RER R — G A 2 A A 22 57 .35 (P<0.05), AR IS KM ZEME , FONBIIRDE s F N9 s F/FW A PS I E¢
RIGHEERTR s ETR NGt B FARBIE TR P ALK A5 NPQ ARG K A .

R 2 K xR R AL F R cm
o Ak BRI A]/d
R I 0 2 4 6 8 16
CK 2.16+0.16a 2.24+0.14a 2.41+0.07a 2.55+0.11a 2.85+0.17a 3.3240.12a
T1E K 2.16+0.16a 2.32+1.16a 2.37+0.09a 2.37+0.055b 2.45+0.08a 2.64+0.12b
A 0.00 -0.08 0.04 0.19 0.40 0.69
CK 1.79+0.09a 1.842 5£0.10a 2.19+0.04a 2.69+0.16a 2.81+0.14a 3.10£0.08a
SEFEERE K 1.79+0.09a 1.922 5+0.05a 2.17+0.10a 2.38+0.16b 2.30+0.15b 2.42+40.15b
A 0.00 -0.08 0.02 0.31 0.52 0.68
CK 2.07+0.10a 2.10+0.18a 2.19+0.19a 2.38+0.93a 2.61+0.18a 3.15+0.10a
lht65 K 2.07+0.10a 2.10+0.09a 2.17+0.11a 2.37+0.16a 2.59+0.17a 2.79+0.17b
A 0.00 -0.01 0.02 0.01 0.02 0.39
CK 2.05+0.11a 2.13+0.13a 2.23+0.05a 2.29+0.05a 2.59+0.09a 2.97+0.11a
AHA K 2.05+0.11a 2.06+0.06a 2.08+0.06a 2.10+0.15b 2.17+0.21b 2.35+0.21b
A 0.00 0.08 0.1425 0.20 0.42 0.62
CK 1.58+0.21a 1.63£0.19a 1.93£0.14a 2.46+0.10a 2.58+0.11a 3.27+0.21a
BIEH% K 1.58+0.21a 1.68+0.23a 1.96£0.31a 2.37+0.17a 2.45+0.15a 2.7240.16b
A 0.00 -0.05 -0.03 0.09 0.13 0.55

2.2 BIKEMESHERE MM EM R E . [EE X SPAD ERIF

M 7K AL EE 16 FABBE TG i 00 A BORE (B D, K5 PR 6 i B $0S CK A EE A — & (198
D ABAN ] it M D R EEANR] . R ALAE 6 5 R S SR (R I  H CKOBA 2 208D, T 48 SC e Al
ZLEN AT BUE KT CKG A BT CK AR R B T 25% , 1t B AT 7K 25 44 1T DA 25 401 T4 S A A0 4l
AR S K RIRE, HEK AL IR S PR Al ) i AR ER A T CK, B T4 LR R AL A A BT
3 H CK M2 R B B E KT, 5 CK AR 7 51 2 35 T B 20% - 14%F1 8% , 7 B 7K ol A8 e 8 52 i PR Bk 2%
A AR, O TA0AE 6 5 I 52 2 /N T oAt i Bl O [R) N5 P RER R (R — PP 2 AN b 2 22 e 2 25
P<0.05, F[AD
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2 2. ' 7 L1 ' 0 / A : 4 an/
T4 S alides  afhn BInHEE T SLHHEE aides LA BInHE
il fih A
(a) 3 (b) i 7

B 1 &K Mt B & s et @ ARFe et 7 R F R

10



AR A5 2 TR Tl b R A e JE AR B SE T v i PR A 35 (R 3) 5 (B CROMT EL, /K Ak 2
& A R A LU AR . Herh B I B SRR K 4 RIN I F B 25 i T CK, BMEKER 6 ROT IR &
FART CK, T8 LLIC 6 5 2L A AR B L K AL BRI Py 8 R I T CK, HAAESE 6 RIOT IR v B i .35
T CK, SLB A8 32 2K I8 5 i JB 5 CRAH AR 225 22 57, RIS 16 K, MRk 38 7 4 B v r
JF LS CKA ELBOA B35 224K, Ut BV /K T30 T 8 R FEAR MR 38 i v JE R, o 8 d 2 Jm e /K il e x4
PR P S R AS K

k3 BRI AAE et R F R cm
o AbFR A /d
i e 0 2 4 6 8 16
CK 0.10£0.01a 0.11£0.01a 0.12+0.01a 0.22+0.03a 0.09+0.02a 0.08+0.01a
T4 K 0.10+0.02a 0.11+0.02a 0.12+0.01a 0.11+0.01b 0.11+0.01a 0.09+0.06a
A 0.00 0.00 0.00 0.11 -0.01 -0.01
CK 0.11£0.01a 0.1240.01a 0.14+0.01a 0.20+0.01a 0.11+0.02a 0.060.02a
SEHTEERE K 0.10+0.10a 0.11+0.10a 0.13+0.00a 0.18+0.02a 0.11+0.01a 0.08+0.02a
A 0.01 0.01 0.01 0.02 -0.00 -0.02
CK 0.14+0.02a 0.15+0.02a 0.15+0.02a 0.20+0.02a 0.11£0.01a 0.09+0.02a
L6 HEIK 0.13+0.01a 0.14+0.01a 0.15+0.01a 0.1420.01b 0.11x0.10a 0.10£0.01a
A 0.01 0.01 0.00 0.06 0.00 -0.01
CK 0.14+0.02a 0.15+0.02a 0.18+0.02a 0.22+0.02a 0.15+0.01a 0.100.02a
AP K 0.13+0.02a 0.14+0.02a 0.18+0.01a 0.15+0.02b 0.100.02b 0.10+0.04a
A 0.01 0.01 0.00 0.07 0.05 0.00
CK 0.09+0.02a 0.10+0.02a 0.12+0.01a 0.16+0.03a 0.10+0.01a 0.08£0.01a
BIBHE K 0.11£0.03a 0.12+0.03a 0.160.03b 0.11£0.01b 0.10+0.01a 0.07+0.02a
A -0.02 -0.02 -0.04 0.05 -0.00 0.01

PR 5 0 HA LR Do /K W38 J5 SPAD (B #1852 B Fryita 38, LIt o5 v /K 8 i A B TR] 1) ZE K, e /K Pl a Ak
PRI R B SPAD (H5 CK I Z R IZHT AR K (R 4) s TEWE K ER 8 K a » T-44 s AP B 1) SPAD 1 5. AL T CK,,
FEKIG 316 K, SR EERE LU A DL I & T H 58 Sh R SPAD B B #10 5 K F CK, 4L I 6 5 7E# /K 5

SPADE 5 CK JC 238 2= 57 , Ut I VAR /K B 3 2 ARG AR A 5 50 1) SPAD 8
F 4 oK Wit 3B B 55 SPAD AR 6 % o

s e Ab PR [H] /d
0 2 4 6 8 16

CK 26.98+1.23a 27.35+1.34a 26.73+1.39a 26.00+2.19a 27.40+1.54a 25.2+1.92a

T4 K 26.98+1.23a 25.80+2.12a 26.40+2.00a 27.15+1.67a 23.53+1.40b 16.65+1.26b
A 0.00 1.55 0.33 -1.15 3.88 8.55

CK 27.45+0.74a 27.75+0.85a 27.53+2.12a 26.75+2.46a 28.13+2.64a 26.58+1.88a

SEETERE K 27.45+0.74a 28.48+1.45a 26.95+1.42a 27.28+1.31a 24.25+2.25a 17.58+2.23b
A 0.00 -0.73 0.58 -0.53 3.88 9.00

CK 27.73£1.53a 27.95+1.51a 28.85+0.96a 30.43+0.85a 29.00+1.35a 27.17+2.08a

AR R K 27.73+1.53a 30.43+0.61a 30.33+0.59a 29.58+1.13a 29.85+0.63a 26.68+0.91b
A 0.00 248 -1.48 0.85 -0.85 0.49

CK 28.18+1.94a 28.70+1.88a 28.00+1.69a 28.33+2.42a 27.40+1.06a 27.63+1.35a

KLy K 28.18+1.94a 28.00+1.55a 27.93+1.27a 28.40+0.81a 27.33+2.08a 17.47+0.46b
A 0.00 0.73 0.08 -0.08 0.075 10.16

CK 29.55+2.67a 29.68+2.68a 30.20+2.51a 28.23+0.98a 29.70+1.58a 27.02+1.82a

RS K 29.55+2.67a 29.78+1.56a 28.55+0.66a 28.85+1.78a 28.08+1.66a 23.48+1.70b
A 0.00 -0.10 1.65 -0.63 1.63 3.73

2.3 KB I EHRE AN A E R R SFHER ST

ARG MR AR B AR5 CKOMH LA 2 35 22 57, 0 WA VA /K 3 S P2 Ak 2% 6 7 AR R EL AR B2 AN K
(E12) o AR SR BBk 2 A5 52 B A K B 5 B iR K 5 CKAR BERUEE A [R], A 48 5 CK AR bE R 25 PR AIK
6%, ZLIC 6 5 5 CK M b S22 TH i 10%, Hodth ik 5 CKAH LR 35 2 7. RB AR S BARKE I LA
AR, T8 5 CK M EL B PR AR 2%, 2040 6 55 CK AR EL B TH 5 1%, HoAth W Fl 5 CK A EL ik B35 %
o KRR T A ARAR S CK A A — @ M Bt A arid 6 SR G35 CK AL . TH i, 433
FHiE 12%8 7%, HoAth i Fh 5 CK TER3E 2 5. DA BB 1 B e /K i v A48 AR R A (R4 6
SIRAMAEK,
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3 = e 9 a
g 100 / ’ 9’ ’ & a 2 ag a
E g L | |tA / 5y g 4p b ¥y a rig
=B 216G 2 BB gg e
Faorl A || , K ZUE /N
SRR ARSI AR
0 a a L L ) 1 1 1 1 J
TH# - SCFfER AleS A amik 5 T UHHER 06T AR AWRE
P i e
(a) MR K (ORI
026 OCK Btk 60 ECCEes
025 2 50 b a T a BNy N
0.24 | g T FA | LY - =¥ ; ﬁ X
= a g 40 ’ ’ ’ / ’
£ 023} . 7 £ v s /] v ’
@ a {] a v g0 A s v /’
= 022 | a ﬁ = 1 ﬁ ﬂ ; ﬁ !""
<021} - Y ’
020 | ; g T ﬂ ﬁ: I'"' ; ":
0.19 : 0 ' ' ' ’ '
e B gl;za&? UEEA G ﬁ;e% T8 LEERE 4aides ki GRS
fn mn A
(o) HREAE (d) HAAFA

B 2 # K Mhif 3 A Ga Ak B S A8 AR A R v

2.4 FBIKEMBEI R EM S EN AR RE A D FES RN

WK 16 d J5 , HEBR A Al B 2R 3 OB D1 S HUZ B, Hm M A R fE A — R (R 5).
PR 0 52 2 /K 3 Z):%)Jﬁ 9N (FOA BT, HoP S As 204N A S5 CRAR HL 23 ) 2 3% BT 19%
F17%, T8 L0400 6 ‘S A G #E3E 5 CKAH LA B8k . AR PRk it it Pt 52 B A8 7K i 2 5 e KK
I (F, )%%EJ”T*?AI,,\EP$T B 52 B K e 2 J5 5 CKOAH B Y2 25 B AIK 14%, 308 48 5 CKAHEL B3 T
12%, HoAth i Ff 5 CK TE 2 3 22 5 o MR 0 52 B /K W18 2 5 B KO % 30% (FUF.D 5 CK AR EL AT Fr %
IS, Hrh T48 L FH R A LU A 5 CKAH EL 70 70l i 25 PR AIK T 12%.3% 1 8%, 2140 6 S M &5 #8356 5 CKAH EL
WA RET . RUWEFEEIEEETR 5 K RE (gP) AR I AL LA, 5 CK AR LU AR A
— BRI TR, KT L A A M S AR CKML ER BE  MAL 6 SHAREZE
o WEAKACEE R AERE TSGR AE L B K R B(NPQ) 5 CK AR EL A BT BT, Hodh 4040 6 5 A2 4l A %
CK &3 b, T8 LA G e 5 CKH LA B E ZE S . MR E A IR a G4 6
S M SR R ROCE) ) S HT RN

£ 5 kMG B E A4 W e A ot S E S A a9 B

S yiseil F, Fa FJF, ETR qP NPO
. CK 55.15+6.44a 179.49+15.85a 0.69+0.01a 0.04+0.01a 0.17+0.03a 1.1140.11a
%
K 60.82:£0.48a 154.69+3.36b 0.610.01b 0.02+0.00b 0.10+0.02b 1.08+0.15a
S~ CK 49.48+0.04b 176.39+0.43b 0.72+0.00a 0.05+0.01a 0.19+0.03a 0.79+0.07a
SRS
K 61.03+4.63a 201.07+19.05a 0.70+0.01b 0.02+0.01b 0.09:£0.02b 0.97+0.16a
CK 51.13+6.31a 168.39+13.59a 0.70+0.01a 0.05+0.01a 0.21+0.02a 0.99+0.02b
2465 i
K 46.29+10.68a 164.74+23 26a 0.72+0.03a 0.04+0.01a 0.16+0.04a 1.12+0.04a
- CK 44.52+3.29b 173.08+7.41a 0.74+0.02a 0.03+0.01a 0.12+0.01a 0.69+0.04b
AK:
K 53.34+3.95a 167.58+9.72a 0.68+0.01b 0.02£0.01b 0.08+0.01b 0.97+0.09a
CK 62.69+7.38a 195.7211.39 0.68+0.02a 0.04£0.00a 0.19+0.02a 0.91+£0.06a
BT n
K 54.55+8.47a 183.13+20.22a 0.70£0.02a 0.03£0.01b 0.10+£0.01b 0.94+0.052
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WA RS SR AME I KR E . WEKIRE R G YA RS ISR, BN S 2L, &
SEEMILAZ R, G5 AT 0 &1 R TR, HE 22 /b BB I (G A RE T E
TR AR N, ISR 3R 22 52 B AN [ BE B R, 10 3 B FRAIC s T 2 3 0O S 3N AR A e e e et o & 4
FHATRKE B 100 o 2 F T80 0 4006 5 1 R S () 2 0790, HLIUG 98 6 (PO R K 5 (Fo) 2%
SHUZ B0 2 5 B T LR MR S o0 2 BISE IR, R, R A b SPAD [E R R 6 S
KBNS S WA 2 RS 7, 388 I LIS K JH 3 R A1) SPAD (AN 43 2552 6 S50 (LT BL T R &
BE 12 IR ARRE o BF ST WU 22, M K W36 T DA BAAE R 4 19 SPAD LAY &3 2, T 76 AT 9 o
L, 5 A EEBE T A SRR 12 B MK A 2 5 SPAD (E#5A BT FEAR 3% 7T 82 R K S350t Fr i i B
FSEAR B, R P53 3 A, 3 T 003k P 453 25 1) 2 8 4 35 B BRI 5 T R A 9 e S 1 L 2
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Effects of Waterlogging on Morphology and Chlorophyll Fluorescence

Characteristics of Cherry Tomato at Seedling Stage
TONG Mengying, HUANG Jiaquan, LI Changjiang’

(Hainan Key Laboratory for Sustainable Utilization of Tropical Bioresource,

College of Tropical Crops, Hainan University, Haikou 570228, China)

Abstract: [Objective] The aim of this study was to investigate the responses of cherry tomato to waterlogging at
seedling stage, and to provide reference for waterlogging resistance cultivation of off-season cherry tomato in the
tropical area. [Method]Five different varieties of cherry tomatoes were used as materials in pot culture experi-
ment, with soil waterlogging treatment and normal moisture treatment as the control (CK). The morphological
characteristics indexes of shoot and root and chlorophyll fluorescence parameters in leaves of cherry tomato were
measured in different days of waterlogging. And the effects of waterlogging on morphological characteristics and
chlorophyll fluorescence parameters at seedling stage of cherry tomato were analyzed. [Result] Results showed
that waterlogging significantly decreased the plant height, stem diameter, leaf area, leaf number and SPAD value
of cherry tomato, but had no significant effect on leaf thickness. The root diameter of cherry tomato had no signif-
icant affects, but the root volume was significantly increased in HongFei 6 and TaiwanZanMei during waterlog-
ging. Compared with CK, the root length and root surface area of HongFei 6 increased significantly, while that of
QianXi decreased significantly during waterlogging. Additionally, waterlogging increased the initial fluorescence
(F,) and non-photochemical quenching coefficient (NPQ), and significantly decreased the maximum photochemi-
cal efficiency (F\/F..), apparent electron transfer rate (E7R) and photochemical quenching coefficient (¢P) of cher-
ry tomato leaves, besides HongFei 6. [Conclusion] The results above indicated that during waterlogging the
growth and development and chlorophyll fluorescence in leaves of cherry tomato were seriously affected, but
there had different effects among five different varieties . Among five varieties of cherry tomatoes, the strongest
waterlogging resistance was HongFei 6, while the weakest waterlogging resistance was QianXi.

Key words: Cherry tomato; flooding stress; morphological characteristics; fluorescence parameters
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