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Exogenous salicylic acid affects photosynthetic properties
and antioxidant protective enzyme system of watermelon
seedlings under waterlogging stress
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410128, China;3. Hunan Xuefeng Seed Industry Co.Ltd, Shaoyang, Hunan 422001, China)

Abstract: To investigate the regulatory effect of salicylic acid(SA) on the growth of watermelon seedlings under flooding
stress, the ‘Xuelong 1’ watermelon variety was used as material. Six concentrations(0.0, 0.5, 1.0, 1.5, 2.5, 3.5 mmol/L) of
SA solution were sprayed, and the growth of watermelon seedlings, root system configuration, photosynthetic parameters,
chlorophyll content, SPII light energy conversion efficiency, antioxidant enzyme activity and other indicators under
flooding stress were measured and then were subjected to the principal component analysist analyze the effects of SA
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treatment on the physiological characteristics of watermelon seedlings under flooding stress. The results showed that
different concentrations of SA alleviated the adverse effects of flooding stress on watermelon seedlings, and increased the
activities of chlorophyll content, carotenoid content, actual photochemical efficiency of PSII, superoxide dismutase
(SOD), catalase(CAT), peroxidase(POD), and decreased the MDA content, of watermelon seedlings under flooding stress.
It could be concluded that exogenous SA could improve the flooding tolerance of watermelon seedlings. Compared with
0.0 mmol/L SA treatment, under 1.0 mmol/L SA treatment the plant height, stem thickness, fresh mass and dry mass of
watermelon seedlings were significantly increased by 18.80%, 34.74%, 23.57% and 67.27%, respectively; the total root
length and the number of root tips were significantly increased by 116.41% and 101.25%, respectively; and the content of
chlorophyll a, chlorophyll a+chlorophyll b and carotenoids were increased by 66.55%, 67.46% and 73.81%, respectively;
CAT activity increased significantly by 20.92% and MDA content decreased significantly by 53.32%. The results of
principal component analysis showed that waterlogging tolerance of watermelons treated with 1.0, 1.5, 2.5, 0.5, 3.5 and
0.0 mmol/L SA decreased successively.
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Table 1 Agronomic traits of SA-treated watermelon seedlings under flooding stress

Ab B R milem Z5H fmm fif JFi /g T Bty MR L

CK (46.5326 61)ab (4.9520 54)a (20.541 54)a (1.8320.34)a (0.13020.019)a
SA0 (42.0323.10)b (3.08=0.44)c (9.1220.37)d (0.5520.05)c (0.10220.002)abc
SA05 (47.23+4 57)ab (4.1620.36)ab (9.5620.25)cd (0.6620.06)bc (0.08620.013)c
SALO (49.93+1.78)a (4.1520.61)ab (11.2720 53)hc (0.9220.04)b (0.12320.012)ab
SAL5 (45.9345 35)ab (4.0620.50)ab (12.621 59)b (0.6820.13)bc (0.11620.006)ab
SA25 (47.13+1.95)ab (3.6920.27)hc (10.88=0.42)bcd (0.7820.04)bc (0.12320.020)ab
SA35 (43.23+1.70)ab (4.3020.61)ab (10.661.07)cd (0.7120.04)bc (0.09926.009)bc
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Fig. 1 Plant and root conformation of watermelon seedlings under flooding stress with different treatments
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Table 2 Root conformation of SA-treated watermelon seedlings under flooding stress
b BRI fem SFHEAR Imm AR em= i em= PoZ miFem= AR
CK (1328.82453.76)a (0.9340.05)a (8.33+1.03)a (385.1045.38)a (131.83+11.14)a (3 390.33#400.51)a
SA0 (335.43472.63)d (0.5140.03)c (1.2240.23)c (54.52415.90)d (17.3545.06)d (986.334644.90)c
SA0.5 (480.93+137.70)cd (0.5740.10)ab (2.45+1.88)c (89.93441.09)cd (28.62413.08)cd (1 438.334227.40)bc
SA1.0 (725.92494.88)b (0.6620.05)b (5.08+1.46)b (157.85429.92)b (56.84+13.64)b (1 985.00+135.19)b
SAl5 (685.36+186.55)b (0.5840.01)ab (2.9420.64)c (124.27431.10)bc (39.5549.90)c (1 982.334568.06)b
SA2.5 (555.87461.06)bc (0.5240.01)c (2.1420.18)c (92.36+12.61)cd (29.3944.02)cd (2 141.00+187.32)b
SA3.5 (401.36486.49)cd (0.5249.08)c (1.3420.23)c (64.9242.33)b (20.6690.74)d (1 545.663577.92)bc

RIS AR TR AR B ] ) 22 57 A B it 3 X (P<0.05).

2.3 SA AIEBxIEKEMNE T AN EMHREME

ME NE

A= 8/
SENEN

MFE 3 AT, TEH/AKMNAT, #AbBEPE R
M2 R EET CK Y, SAO FE/RLNE M H Rt

ZRE a. MHERER b, MERE a+iH4RER b, KW b

Kool & T % 46.98%.

63.51% . 50.44%

32.80%; SA AbHIRIFLEE a, MEEE b, 4K
atMtat b S EWEE ST SA0 iy, H SALO

&3 EKHET SALEBAMGEHERMNERE MRS E
Table 3 Chlorophyll and carotenoid contents of SA-treated watermelon seedlings under flooding stress mg/g

b M4 a 4% b M4 a+F 4 &K b KE MR
CK (5.3040.02)a (1.4840.02)a (6.7840.03)a (1.2540.01)c
SA0 (2.8140.07)g (0.5420.04)e (3.3540.12)g (0.8440.01)f
SA0.5 (3.4640.18)e (0.9720.01)b (4.4340.19)e (0.9249.02)e
SAL.0 (4.6840.11)b (0.9340.09)bc (5.6140.17)b (1.4640.01)a
SAL5 (4.3640.03)c (0.9840.05)b (5.3440.04)c (1.3040.02)b
SA2.5 (4.1620.03)d (0.8120.01)d (4.97490.03)d (1.04290.04)d
SA3.5 (3.1320.01)f (0.860.02)cd (3.9940.02)f (0.8740.01)ef

IS ) B Ak BRI ) 28 5 e 7 L (P<0.05)
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Table 4  Fluorescence parameters of SA-treated watermelon

seedlings under flooding stress
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CK  (0.81#0.05)a (0.5740.01)a (0.9240.05)a (0.4440.03)c
SA0  (0.7240.03)b (0.4640.02)b (0.7840.02)c (0.6640.05)a
SA05 (0.7440.01)b (0.52+40.01)ab (0.8540.03)b (0.5540.07)b
SAL0 (0.7740.03)ab (0.5040.06)b (0.84+0.06)bc (0.52+40.06)bc
SAL5 (0.7440.03)b (0.5740.05)a (0.88+0.02)ab (0.48+40.07)bc
SA25 (0.7640.01)ab (0.53+0.02)ab (0.84+0.02)bc (0.47+40.02)bc
SA3.5 (0.7640.02)ab (0.51+0.04)ab (0.8340.02)bc (0.5640.06)b

[FIZAN ) B Ak BRI ) 22 5 e i 5 L (P<0.05).
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Table 5 Photosynthetic parameters of leaves of SA-treated watermelon seedlings under flooding stress

Abg Pn /(umol- m=2 s1) Gs/(mmol m=2 s1) Ci/(umol-m=2 s1) Ts/(mmol m2 s1)
CK (12.26+1.93)a (0.4340.26)b (216.98+438.63)a (4.6240.62)a
SA0 (7.53+1.81)b (0.4140.25)b (122.10+13.68)d (2.86+1.66)b
SA0.5 (8.2240.43)b (0.5640.10)ab (153.93437.55)bcd (3.6640.61)ab
SAL1.0 (9.84+1.04)ab (0.4740.19)b (174.30+18.09)ahc (4.2442.21)ab
SAL5 (9.68+1.35)ab (0.7740.04)a (191.707.59)ab (4.9140.19)ab
SA25 (10.1242.00)ab (0.8840.11)a (149.00+12.49)bcd (5.530.64)ab
SA35 (7.6340.69)b (0.380.16)b (135.20+19.90)cd (3.2240.55)b

[RIB AR TR AR B ] ) 22 57 A B it 3 X (P<0.05).

2.6 SA RIEXTEKIE TANYEME LT
X% MDA & £R/I52M
MFE 6 AfLLEW, 5 CK MLk, SA0 A9
POD. SOD. CAT i} MDA & w3 &Pk
S, Hidh POD. SOD. CAT &4 i 2 F K
40.72% . 29.54% . 28.61% , MDA & & 4
132.37%. SA 4bFf5, POD. SOD i PE) 5 & 5

F SA0 19; Hh SA05. SAL.0, SALS5 AbFETF
CAT ihiMEH &8 2 & F SA0 Ay, 439 & & 1
25.55% . 20.92% . 1550%; 5 SAO AbFHAH I,
SA0.5. SAL1.0. SAL5. SA2.5. SA3.5 AbHIJ5 I
T MDA SR E EEM, S HBEIKT
17.61%. 53.32%. 26.31%. 13.75%. 13.75%.
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*6 EKIMET SALERAMYEMELEEER MDASE

Table 6 Antioxidant enzyme activities and MDA content of SA-treated watermelon seedlings under flooding stress

A3 POD i 4#/(U g min) SOD /(U g min) CAT /(U gL min?) MDA & & /(umol g1)
CcK (52.5345.20)f (77.6542.37)d (71.0543.02)a (14.1540.10)f
SAQ (31.1420.83)g (54.7141.53)g (50.72:4.96)de (32.880.09)a
SA0.5 (76.5049.75)d (63.1040.50)f (63.680.32)ab (27.0949.18)c
SA1.0 (63.2442.34)e (80.0349.77)c (61.3340.42)bc (15.3540.12)e
SAl5 (87.49+410.33)c (90.1840.31)b (58.5845.31)abc (24.2340.12)d
SA25 (107.0020.41)b (101.0420.83)a (53.606.30)cd (28.3620.23)b
SA35 (120.461.28)a (741420 51)e (41.8141.02)e (28.3620.23)b

[FIZAS [F) =B Ak BRIV ) 22 50 e i 5 L (P<0.05)

2.7 AREEAENGENSEERESITN
& A FRVE RS bk . ZERL . ST
TR, M. SRS 27 AMERHET T E R
SMre HHER 7TATHN, AT 5 FRA RIS KT
1, Zitsikaik®] 98.19%., 45 1 F A HEHIE Y
MTTHRCE 5 18.56. 68.75%, AR . MR
B, MR a+mtaEE b MEMEE S, WET

0.96; % 2 EM MRS 14.82%, SfLFE
MM ER R, o 0.92; 5 3 T M BTRkE N
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Table 7 Principal component load value of watermelon seedlings under flooding stress

. B2y gi0E ALY (E]

PC1 PC2 PC3 PC4 PC5
B (X1) 0.57 0.35 -0.45 -0.52 -0.15
ZEHL(X2) 0.80 -0.14 0.44 -0.37 -0.12
i Jifi 1 (X3) 0.92 -0.24 0.21 0.24 0.06
T (X4) 0.91 -0.33 0.13 0.18 -0.09
HRIEE L (X5) 0.75 0.25 -0.30 0.45 -0.27
S (X6) 0.98 -0.18 0.01 0.10 0.05
T HAR(XT) 0.91 -0.40 0.00 0.04 0.02
HF(X8) 0.95 -0.29 -0.13 -0.02 -0.05
R RRMFR(X9) 0.94 -0.31 0.04 0.13 0.04
R B M (X10) 0.94 -0.33 0.01 0.12 0.00
MRARHL(X11) 0.97 0.04 0.13 0.17 -0.06
TR (X12) 0.85 -0.16 0.20 0.02 -0.42
SRR (X13) 0.75 0.35 0.38 -0.05 0.37
FefbF UK R E(X14) 0.91 0.09 0.27 -0.11 0.26
AR R B (X15) -0.87 -0.46 -0.16 0.06 -0.01
42 a(X16) 0.96 0.17 -0.20 -0.01 -0.05
42 b(X17) 0.93 -0.15 0.28 -0.17 0.10
MHERE a+it 43 b(X18) 0.99 0.10 -0.09 -0.05 -0.02
ZEHE D &K (X19) 0.73 0.22 -0.48 -0.20 -0.14
ot A% (X20) 0.96 0.13 -0.11 0.20 0.02
AL (X21) 0.07 0.92 -0.10 0.13 0.32
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F S A

PC1 PC2 PC3 PC4 PC5
JE] CO ¥ BE (X22) 0.95 0.03 -0.03 -0.10 0.20
ZE % (X23) 0.62 0.75 -0.11 0.15 0.07
POD i (X24) -0.12 0.68 0.62 -0.21 -0.32
SOD i #:(X25) 0.44 0.86 0.04 0.16 -0.19
CAT i1 (X26) 0.78 -0.17 -0.32 -0.22 0.41
MDA & i (X27) -0.89 0.14 0.22 0.25 0.23
FRAE(H 18.56 4.00 1.77 1.12 1.05
5 ZE TR % 68.75 14.82 6.57 4.15 3.91
iy 25 BTk R 1% 68.75 83.57 90.13 94.29 98.19

DA A 32 B 43 X 0 B 7 25 R G BT R 23 R A
&, AP RIZEETFM A F g = 0.70F1+0.15F+
0.07F3+0.04F4+0.04Fs, 1% 4 b 3 P4 R 4 1 I ik
CEARSY, AMEBR, ULIHIZAN BB

W& 8 AILIEH, LRGP &AL BRHTET P R
MUK SAL0, SAL5, SA25, SA05. SA35,
SAO. HILLE HH/KMA T, Bt 1.0 mol/L /Ki%
iR ToUAh P AR PG NS e B 7 Tk e

xR 8 WKIMETAMMENER DB IRMEETNER
Table 8 Component scores and comprehensive evaluation results of SA-treated watermelon seedlings under flooding stress
b3 i He4
Fi F Fa Fa Fs a1

SA0 -16.82 -0.67 -0.10 0.05 0.02 -17.51 6
SA0.5 -5.57 -0.16 0.03 -0.07 0.05 -5.73 4
SAL.0 5.27 -0.04 -0.19 -0.04 -0.05 4.94 1
SAL5 3.19 0.62 -0.00 0.00 0.05 3.87 2
SA2.5 -0.69 0.97 -0.01 0.04 -0.02 0.30 3
SA3.5 -9.36 -0.12 0.21 -0.01 -0.05 -9.34 5

3 Hi5iie

HPIER L TER T 2B e N, 852
PRIE SR AT B RE IR, VA 7K IR 2 5 W) i R B 1
AERWEENR, AR, 5 CKAMEL, WK
SERBE IR 111 It %o 2 D 2 58 S - R VR U F S
PR IR R SR HEAR BT, X
BTSSR — 2O, WK 5 kR 227 A —
RO AA N, Ko it 2 S Bk K
%, FEMRAR 2™ A2 A5 S5 B AL 128 S AR kb 30
IrRIBE IR, AALHS MR BN, K
R ERRARDY . REEMINIT R I, WK T
L \HHRA BRI, P ER . RARBREH
Bk, aisgEMIppr e e RN, Wk mE 11k
AR AR, HRARE . MRATHE &R
REEY R EREAR AUFTE, WK F R
MEMR AR BRI FRER . KR AR
L RARBCL IR ARIBUE E AR, Tt

MURBERY SA BT LA SR BER K A T 7E RS AR
REVER, SCERAMT, LLER KN .

2R R A N 2R ARG REM ORI 1k
LB R, TR & i S E HS A bR R 1k
PIRAR R, BEMER S LA VE R g5 3,
R RN R, Bl WK b i fe) B 2E K,
JRESRGH AR a. MR b, S b
FAAM SRR RE TS A nhT
AR LER . TS K a T BEREAS R BE 1K AR
A S PR P A S R RIS N R
VN SERO B aeex (Al 0y A0 8

FEHIAS B 110 A B A0 U w3 30 5 s S0
AE Tl I 05 PSITHEA, S2mikab rys2hr
ek EReR ) IR, mikA Al PSIT
97 R Ak . CRITCHLEY ZE0TfF 5% & 31,
PSILZ A TG AZ B, S AR/, At
¥, 7EWKIMATR, SAO0 AR Fu/Fn. OPSII,
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qP W E MR TIE R ALH, T NPQ 35 T IEH

AEFRRY, FERKIIATT , Wi SA AT LMk R

JEERETHIERTE .

TEAREYIIE S, MG TS ROS B9,
PLLERFR IR N A 4 ROS A HIL i 2281
MR & R, MDA [ AR5 05
FER DA DG A IG5 R R, WK A T
IRE AT 1 5 TR, MDA &t 2542
o WE/KIAFTAME—EWE SA ] IR T
POD F1 SOD Sl A fLMEE 1, F#IL MDA &, 2%
AU TiERE v N SER A S ST ) G U G
IKAEP B Y 45 A — 5

FRA A RRD], AT 5 D ERUT R
DUERAE Ty 98.19%, AL T W7 6 AR A9 K o3 15
K AT SR PG Tl T 8 EOE 2R B AR A
SA1.0, SA15, SA25, SA0.5. SA3.5. SA0D Ab#f
U R S A R BRI

25 BRI, WEKMHARTBEE SA R LMY
R 2R, BUBH R, S K Eh A
XOCEVERRR N, B sRpT A ARG T . WK
T 1.0 mmol/L 1 SA &b B T SR &I Ay 35 1 fee
U, FEARA RS BT IE R H AR, HiEK
FIMEARER IS SA X PG AR AR AR R S ik it ik — 20
5.
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