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Allelopathic effects of organic acid allelochemicals on melon
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1 College of Horticulture, Fujian Agriculture and Forestry University, Fuzhou 350002, China
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Abstract; Melon is an important horticultural crop worldwide. In recent years, melon cultivation has been significantly
affected by increasingly serious continuous cropping problems. Allelopathy is an important factor in the continuous cropping
problems of melon. Organic acids are allelochemicals that are commonly found in Cucurbitaceae crops. However, there have
been no reports on the isolation and characterization of allelochemicals from melon. In this research, we analyzed the effects
of seven organic acid allelochemicals on the melon germplasm ‘ New Silverlit’. We evaluated the allelopathic effects of
malic acid, citric acid, hydroxybenzoic acid, cinnamic acid, ferulic acid, salicylic acid, and coumaric acid. Seeds and
seedlings were treated with different concentrations of the seven organic acids and seed germination percentages,
morphological indexes, and changes in protective enzyme systems of melon seedlings were determined. The results showed
that the selected organic acids in the experiment affected seed germination and seedling growth to varying degrees. Different
concentrations of the same organic acids had different effects. In general, lower concentrations of organic acids showed
promoting effects, whereas higher concentrations inhibited seed germination and seedling growth. In some cases, the same

concentration of different organic acids had different effects on the various germination and growth parameters. Malic acid
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and citric acid increased the seed germination percentage and germination index. Hydroxybenzoic acid resulted in decreased
seed germination percentage and germination index, while ferulic acid and coumaric acid showed a promoting effect on these
parameters at low concentrations and an inhibitory effect at high concentrations. Cinnamic acid inhibited seed germination.
Salicylic acid promoted seed germination at low concentrations and inhibited it at high concentrations. Seedlings treated with
malic acid, ferulic acid, salicylic acid, and coumaric acid showed significantly lower fresh weight compared with the
control. Seedlings treated with low concentrations of citric acid, hydroxybenzoic acid, and cinnamic acid showed increased
fresh weight compared with the control, but showed lower fresh weight than the control when treated with high concentrations
of these organic acids. Malic acid promoted radicle growth but inhibited hypocotyl growth. Hydroxybenzoic acid, citric
acid, cinnamic acid, and salicylic acid inhibited radicle growth at low concentrations and inhibited hypocotyl growth at high
concentrations. Coumaric acid and ferulic acid inhibited radicle growth and hypocotyl growth. At high concentrations,
cinnamic acid showed the strongest inhibitory effect on seed germination and hypocotyl growth among the tested organic
acids, suggesting that it may be one of the main allelochemicals of melon. The changes in the protective enzyme system were
relatively complex. The activity of superoxide dismutase (SOD) decreased with increasing concentrations of hydroxyhenzoic
acid and salicylic acid. SOD activity increased in response to low concentrations of citric acid, ferulic acid, and coumaric
acid, but decreased in response to higher concentrations of these acids. Cinnamic acid and malic acid treatments tended to
cause a decrease in SOD activity. All of the tested organic acids significantly enhanced catalase activity, but the trends in
catalase activity differed among the various organic acids. Peroxidase activity did not show a particular trend in response to
organic acids. The malondialdehyde contents in melon seedlings treated with the seven organic acids were lower than that in
control seedlings. These experimental results partly reveal the allelopathic effect of seven organic acid allelochemicals on

melon and the mechanisms involved in the response to these compounds.

Key Words: Cucumis melo L. ; organic acids allelochemicals; allelopathy
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SE IR EAY 7 FhA MLER IS AR T3 0 SRR AR R SEOR R  NEERR B BRIR KA IR A
SR RN R el W T A TAEY) TRRABR A A, £ FIA HLIR e FHIE i R R 5, 53 0 JC TR WL
FKARFRIL AL 1x107° 1x107* 1x107 1x107% mol/L (I EREREASH
1.3 ENF T A& 2E Al A K U DG R 3 Bl 1 18 0 o2

Pk 10 H/N—BEDER 7, F IR TR 24h J B T REEFEIL( D=9 cm) H1, 57 ML F 54 2
JZTCTAURAR , B LS4 30 KR, 43 SIS A [F] Ve B2 17 45 T AT AL IR 2R AL B TS W 4 mL, 3B HEHL 7
FRAPLRR IS ALY T, 4 DA BRVR FEBR I, 60T 28 DNU1LG, LAJC IR SR K AL BRAE %ot B K 55 2% L& e 1
TR 25 CHEFE A R AMINTE 0 B AR, AR5 i 4870 0, WL 15T S b8 & M4 A K AE I, 4 2d
B 1 YR UEARIE IS IR L e B ) AR STV W 5 35 5% 2 e e PR AR K IRl | & i R OR B il S M 4
bro PAESZET d NFEATHR T & ZEVE RIS R AOARE , TR 25 Bl & ZEAR e A7 58 11K B 1k 21
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PP T R 2 BE SRR MR, DARERRSRS 2 3 FoBrE T aE AR, IR EE 3 K,
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2 ZER55%
2.1 7 P HLER ) 5 X B TR 4 28 () 5 T

7 B LR AL BT IR & 28R 05200 W3R 1, IS SRR R R N e 28 6 AR R I AR RN, %
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3 RRERR 7K A R Ab BEV AT e 0 HE B AR . 78R MR B (1107 mol/L) X J& 2 5841 il f ™ B A 2 IR
FERR , LU B N T 35% A7 A B35 25 57, R SZ /KA TR N BT8R 5 %o & 28 e VR FH o A9 & 1x107° mol/
L& G, LRI T 7% , 2255 583,

R1 7 WEVERIA B BT E M F R ZF R FI/ %

Table 1 Effects of seven kinds of organic acid allelochemicals on melon seed germination rate/%

HHLERFPE Kb ERY FE Treatment concentrations/ ( mol/L)

Kinds of organic acid 0 1x1073 1107 1x1073 1x1072
AR Malic acid 89 b 92 b 88 b 96 a 92 b
FFEEIR Citric acid 89 b 96 a 84 ¢ 96 a 96 a
K} FRFEFE IR 4-Hydroxybenzoic acid 89 a 84 b 84 b 88 a 88 a
WAEER Cinnamic acid 89 b 92 a 84 b 88 b 54 ¢
BIBLER Ferulic acid 89 b 9 a 9 a 92 b 84 ¢
KR Salicylic acid 89 b 96 a 88 b 92 b 80 ¢
F MR Coumaric acid 89 b 96 a 96 a 98 a 86 b

AR FRAHE p=0.05 KFETHEFBE

FH 2 2 AT, SR AT B X I IF I -9 & 24 B A R I AR T SGE R R TE 1x107" m ol/L &
FER %2 ZEFE B T B, 1} 107 mol/ L ¥ BE AYFTE IR X & 2548 B0 £ 1k 1 FH 78 T A A B v e e, 5 o) 1 e o
10.32% ., PRVBEER RN SR 5L FH R B R AT 1 2 28 50, 400 ol e i A ALy 8 185 o o o | G o PRI AR 2 1) 410 1)
VB3  7E 1x1072 mol/L ¥ FE R FL A IRIEAR T 78. 9% ,fE7E W25 5 . BUBLIR /K% IR A B N & 25 45
B 5 R B AR S IR, FI7E 1x107 mol/L ¥k BE B IR BRI I 12625 T B, FLAR X B, BT 2R R e =5
WBE R BRSO AR T IREERR
2.2 7 PG HLER ALY 6T NG i AR K Y 5 )

FH 2R 3 AT SRR BTBRIR KA IR AN A R A 1 I 4 v o A B, v oK A R RN R B Ak
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PR P2 5L v P R AN INR , 76 1x107% mol/L ¥R~ — 3 7051l EL X BER#AR T 66. 5% F150. 7% , #4355 T i
FRESFIKT, FPIEIR R TR R PRI F o) ) i ff o 3R 00 A PR v SRR, 1 fif o {1 s LT ) v B gt
F2E5 AT RRAE MR BN 1x107 mol/ L B &)y i i 2 (19 012 A 2801 2 S 50 o T A A 38 v S5 5 1, 0% TR o
21, 42% , RAEFRAE MR 0 1x107 mol/L B I A0 fre ik, BXF BRI T 72.2% , S50 7 Fof HILER b 2R
VA S SR v LA S &N AD v AR A | I Ak B A 5 1 1 fin EC AR R L0 AN B 58, 7F 1¢107° mol/ L R & B2
VRSO J2 S 6 BT AT Ab B B A, EEXT RE T 45.10% o 1x107° mol/ L e 5 %) B B2 78 BT AT A B8 v 30 i 4 FH
B, HEXTHRA R T 96. 9% ; XEIETR NG | TARERR /K4 R A7 5 1R S A4S I A TR 8 A 48 o o R S

Wi msi

R2 7 WHEVBEREL Y RIHIM TR TR0

Table 2 Effects of seven Kinds of organic acid allelochemicals on melon seed germination index

AL JbFE R B Treatment concentrations/ (mol/L)
Kinds of organic acid 0 1x107 1x107* 1x1073 1x1072
SEIRER Malic acid 10.79 b 11.80 a 10.23 b 12.14 a 11.62 a
PR Citric acid 10.79 b 12.01 a 10.96 b 11.92 a 11.66 a
XTI B R 4-Hydroxybenzoic acid 10.79 a 10.46 a 10.13 a 10.29 a 7.47 b
PIEERR Cinnamic acid 10.79 a 9.15b 6.46 b 4.06 ¢ 2.27d
FTBLAR Ferulic acid 10.79 a 10.84 a 10.64 a 5.60 b 3.98 ¢
KR Salicylic acid 10.79 a 11.10 a 10.16 a 7.98 b 5.48 ¢
FHE M Coumaric acid 10.79 a 11.17 a 9.09 b 5.85¢ 5.89 ¢
x3 7 WAV B EH NS & £ KER A0
Table 3 Effects of seven kinds of organic acid allelochemicals on melon seedling growth
LR W AF5FR JbFEHE BE Treatment concentrations/ ( mol/L)
Kinds of organic acid Morphological indexes 0 1x107° 1x107™* 1x1073 1x1072
SRR {7 Fresh weight/g 5.93 a 5.23 a 5.77 a 5.66 a 4.83 b
Malic acid JEAR I Radicle length/cm 6.23 b 6.80 b 6.87 b 9.04 a 6.66 b
R4 Hypocotyl length/cm 4.54 a 3.15b 3.37 b 3.48 b 2.85b
Frigme T Fresh weight/g 5.93 b 6.29 b 7.20 a 5.27hb 4.13 ¢
Citric acid JEAR1 Radicle length/cm 6.23 a 6.14 a 5.29 b 6.08 a 4.13 ¢
R Hypocotyl length/cm 4.54 a 4.64 a 4.82 a 3.39b 2.77 ¢
Ko} 3 HE R TR R fif 7§ Fresh weight/g 5.93 a 6.94 a 6.49 a 4.26 b 3.47 b
4-Hydroxybenzoic acid AR Radicle length/cm 6.23 a 6.13 a 5.93a 5.75 a 2.02 b
R4 Hypocotyl length/cm 4.54 a 5.78 a 4.93 a 2.50 b 2.32 b
RIEERR #E T Fresh weight/g 5.93 a 6.48 a 6.34 a 2.72 b 1.65 ¢
Cinnamic acid JEAR 1 Radicle length/cm 6.23 a 5.98 a 5.49 a 2.74 b 0.46 ¢
R Hypocotyl length/cm 4.54 a 4.87 a 4.04 a 1.51b 0.78 ¢
B 22 £ E Fresh weight/g 5.93 a 4.78 a 4.93 a 4.16 b 2.07 ¢
Ferulic acid JEHR 4 Radicle length/cm 6.23 a 4.89 b 5.22b 3.68 b 0.19 ¢
JR%IH Hypocotyl length/em 4.54 a 3.31b 3.30 b 2.39 b 1.25 ¢
KR it T Fresh weight/g 5.93 a 5.60 a 5.12a 4.77 b 2.92¢
Salicylic acid JEHR K Radicle length/cm 6.23 a 4.19 b 2.15¢ 0.914d 0.68 d
R4 Hypocotyl length/cm 4.54 a 4.81 a 4.42 a 3.44 b 2.33 b
R £ Fresh weight/g 5.93 a 4.86 b 3.04 ¢ 1.96 d 1.99 d
Coumaric acid B4 Radicle length/cm 6.23 a 5.51b 6.57 a 3.37 ¢ 0.81d
%K Hypocotyl length/cm 4.54 a 3.3l b 2.54 ¢ 1.09d 1.27 d

7 FAT AR e v B2 A BRAF B0 T STy v IR 69 A= (T L-P- B9l 1 (36 3) , Fovh SR iR i A7 Ak Bl i 1
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AT A A AR X R R R | PR R RN 7K A% 18 Ak 3T il 9 A4 4 SR 30 i B Jed A (TR AR e 1Rz, 1 x
107 mol/L [ FE 56 F R b BRI 14500 Sk, BEXS =T 27, 31% Al 0 R 7 o T Ach 38 1 o0 ol 1 FH e AR
B A 3R B 8 TR T AN TS 5 . 1x107 mol/ L V& FE 1) IR R AT I FHAE 7 Rl HILAR Hh ok, U X B B 17
82.8% ,FFIERFEER .

2.3 7 A ARSI BT 40 i 3 Bl 1 5 )

7 AR Ab B N0 v A P R B 1 S e DL 3 4 SR IR RN PR R R Ak B R AR A ) Ik Ak i
(SOD) i P XA T %8 B E AR A 4B A B S A 1 5 X P B8 F IR A /K A IR AL BT SOD 17 14 K S bl b 3
W REBA N2 A T R AR MRMR T I VE R BE 8, HA R IR B sl id 1x107° mol/L B A B 1 35 1
PO, ATEETR P ERIR A R SOD I M JEAR e BN AR = PSR, e vk B BT BRI X SOD 3% M iy 1 il £ FH
JESLIR TP AR Y FE 1x107° mol/L MR BERT SOD W& Toik ki th . A HLRR AL B it S AL Wy s ( POD) 1Tk 4 228 £k
BONE S, SEARTR KA TR BEAL B M B T 5 52 30 - R - R 38 A A e | PR e i R ) 8 % =% B e e O T
S X R T R U] A - - ka3, HL A& Ab BR8] POD 35 M 0k Sl BE A K 75 W B2 X POD 17 4 19 5% i A 1
o 7 BT ALERAE = v B D P 5 A 34 S 2 B0 T RIS i R P i A AU ( CAT) 36 (0 CAT 36 Hh 3
(RIS B4 A B S — 3 SRR R I TR 1x107° mol/L, AR X LA R | Kl 8RR A KA R N
1x107 mol/L B, BRIEIFRIMILAY 6 B MUERAEARVE BE 25/ T CAT I PR IRAS K, b PR B2 3k 3 sl 1ot 1
X107 mol/L B} CAT {fH:FF 1R AR LT, For IRAERR A3 i e K, S X BRI 273.69%

R4 7 FEVIERIAL B B BN 4 R AP ERE IR

Table 4  Effects of seven kinds of organic acid allelochemicals on defensive enzymes activity of melon seedlings

s (PRI RS AL PRV FE Treatment concentrations/ ( mol/L)
BRIk >
Kﬁﬂ}@&f‘?ﬁ e acid kinds of
mds ol organic acic defensive enzyme O 1 )(1075 l % 1074 l x l 0,3 1 XIO,Z

SEIRPR Malic acid SOD 282 a 208 ¢ 258 b 144 d 250 b
POD 138.6 ¢ 163.2 a 146.8 b 158.9 a 163.0 a
CAT 3.46 ¢ 5.53b 4.57 b 6.67 a 4.97 b

52 Citric acic S a a c

FrEERR C 1 SOD 282 b 310 328 240 158 d
POD 138.6 a 125.1 b 115.4 ¢ 139.9 a 145.9 a
CAT 3.46 b 3.94 b 3.18 ¢ 4.75 a 5.08 a

X R R H R SOD 282 a 283 a 274 a 186 ¢ 208 b

4-Hydroxybenzoic acid POD 138.6 a 81.0d 104.9 ¢ 146.7 a 130.0 b
CAT 3.46 ¢ 3.84 ¢ 3.92 ¢ 4.71 b 6.23 a

R 15 Cinnamic aci S a 7 a c b

PR C d SOD 282 250 b 26 164 219
POD 138.6 a 103.5 ¢ 122.5 b 122.2°b 141.9 a
CAT 3.46 ¢ 4.09 b 4.41 b 9.47 a 9.27 a

B[R ER Ferulic acid SOD 282 b 316 a 229 b 125 ¢ 0d
POD 138.6 a 128.2 b 120.9 b 95.7 ¢ 142.0 a
CAT 3.46 d 4.36 ¢ 3.63d 6.05 b 9.61 a

KA Salicylic acid SOD 282 a 279 a 260 a 261 a 221 b
POD 138.6 a 149.8 a 147.4 a 121.6 b 146.1 a
CAT 3.46 d 2.70 d 4.31 ¢ 5.46 b 8.32 a

75 1% Coumaric acid SOD 282 a 303 a 264 b 206 ¢ 230 b
POD 138.6 a 141.4 a 136.8 a 144.6 a 143.5 a
CAT 3.46 b 3.63 b 3.83b 9.47 a 9.03 a

SOD {f VE AN U/ pg TR ; POD I VEBAAL A470 ¢! BT min™' ; CAT {5 MEBANT mg H,0, ¢! BT min™!

2.3 7 M HURRZE AL JFO BRI N 10 5 8 B 2 TR
7 M PLMR AL B BT A B AR N N 8 (MDA) & (B B Ak (32 5) o SRR A BHLRH TR )y 1 44 7Y
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MDA F f KT 0 B Ay 1 T BT 2 1 Ak 38R IO e v W /1 MDA %7 £ 18 8 2 PR AR T 0 i, 0 8 O HH R
IKAGFR AL FLIITE 1x107° mol/ L B HY B T — W6 i 106 R AU, LAt R 3 2% S S8 PEAIR T R IR AN A 5
PR AL B A Wk BE AR T X R, BRI 7 A ALER b A 5 AN A4 A MDA i 8 T IR A0S BT Ay
REHRZH A 17.85%

®5 7 MEVNBRELBEYRNH/RLE MDA S2HF00/ (wmol/g # 1)

Table 5 Effects of seven kinds of organic acid allelochemicals on MDA content of melon seedlings/ ( pmol/g FW)

HHLERF K Ab PRV B Treatment concentrations/ ( mol/L)

Kinds of organic acid 0 1x107 1x107* 1x1073 1x1072
AR Malic acid 5.20 a 3.86 ¢ 4.68 b 2.69 d 2.87 d
FrEERR Citric acid 5.20 b 3.69 ¢ 3.59 ¢ 3.04 d 8.36 a
X2 FEFE R 4-Hydroxybenzoic acid 5.20 a 5.37 a 3.88 b 2.95 ¢ 2.53 d
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