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Effects of cinnamic acid on peroxidization of the plasma membrane of cucumber

seedlings
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Abstract: Cucumber is one of the most important vegetable crops grown under greenhouse conditions in China in terms of total
production. Continuous cropping systems have become common practice in many vegetable-growing areas, especially under
plastic greenhouse conditions, giving rise to a series of problems for sustainable production of cucumber with high quality and
high yield. The autotoxic effect has been considered as an important obstacle to continuous cropping of cucumber from previous
investigations. Cinnamic acid was found to have an autotoxic effect on cucumber in solution culture. However, whether the
autotoxic effect also occurs in soils and whether the effect is long lasting and dependent on the concentration of cinnamic acid is
still unclear. To answer these questions, field experiments were conducted with cucumber (Cucumis sativus L. ) growing under
plastic greenhouse and open field conditions. The autotoxic effect of cinnamic acid was investigated at varying concentration
levels in the two experimented conditions.

To prepare cucumber seedlings for treatment of cinnamic acid, soils were taken from two vegetable fields at the
Horticultural Experimental Station of Northeast Agricultural University. One field was in a plastic greenhouse where cucumber
had been grown continuously for 18 years. The other was an open field with no previous history of cucumber cultivation. Pots
were filled with 400g of either soil containing cinnamic acid of 0, 25, 50, 100 or 200 mg/kg, respectivety. Healthy and
uniformly sized cucumber seedlings at the two-leaf stage pre-cultivated in vermiculite medium were transferred to the nursery
pots. The pots were immediately placed in the two fields from which the soils had been collected. In each field there were 4
cinnamic acid level treatments. One treatment occupied a 0.3 m? area of soil with 20 plants, separated from other plots by a

border area. Three replicates were set up in a randomized design. Plant samples were taken at growth stages of 4, 5 and 6
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leaves, for analysis of SOD, CAT activity and MDA concentration. The permeability of the plasma membranes of the leaves
was measured in terms of solute leakage at the 6-leaf stage.

The allelopathic effect of cinnamic acid was measured by the Williamson method using the expression RI=1—C/T when T’
=C or RI=T/C—1 when T<<C, where C and T stand for the comparison value and the treatment value, respectively. When
RI™0, it indicates a stimulation effect and RI<C0, an inhibition effect. The absolute value of RI indicates the strength of the
allelopathic effect.

The results indicate that the allelopathic effect of cinnamic acid differed with enzyme and soil. In the case of seedling SOD
activity » cinnamic acid showed an inhibitory effect at all concentration levels under greenhouse conditions. Furthermore, the
strength of the inhibitory effect increased with cinnamic acid concentration. Under open field conditions the inhibitory effect
occurred when cinnamic acid concentration was above 50 mg/kg. CAT activities of the plants were inhibited when cinnamic acid
addition levels were higher than 100 mg/kg, and the degree of inhibition increased with the cinnamic acid concentration in both
fields. Cinnamic acid exerted an overall stimulatory impact on MDA content of the leaves at all concentrations in both fields.
Furthermore, the strength of the stimulatory effect increased with cinnamic acid level added to the soil. Cinnamic acid above
the level of 50 mg/kg in the greenhouse and 100 mg/kg in the open field led to higher permeability of plant plasma membranes
and actually destroyed the cell membrane at the highest concentration in this experiment. The allelopathic effect of cinnamic
acid was greater in the greenhouse than in the open field.

The results indicate that cinnamic acid can break the balance in the plant tissue between the free radicals produced in the
cells and the capacity of the plants to clear free radicals, resulting in a decrease in the activities of the membrane-protective
enzymes of cucumber followed by accumulation of MDA. As a result of these reactions, cell membrane permeability decreased
and solutes leaked out of the plant tissues.
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Table 1 Agri-chemical properties of the tested soils
. . . EC
Soil OM Total N Total P Slow exch K Alkaline N Avail. P Avail. K (tms/cm) pH
% %) 9% (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Greenhouse soil 4. 65 0.34 0.28 1072. 40 207. 80 239. 80 460. 20 0.67 7.44
Open field soil 3. 26 0.22 0. 14 951.10 150. 80 178. 60 329. 00 0. 34 7.66
1.2

1.2.1 s . 0( ).25.50,



1337

7
100 mg/kg 200 mg/kg ( ) 400g 10cm X
10cm s o
1.2.2 5cecmX5 cm , ,
s 2 m*, 800 2d 1 . 2 1
1.2.3 N ,
. 3 ; 0.3 m*, 20 ; .
4.5 6 3 3 s SOD.CAT MDA s, 6
3 b S o
1.3
(SOD) S (CAT) for,
(MDA) v o (%)= /
) X100 (r=[( - )/( - )] X100;
(RD) Williamson™"! WRI=1—C/T(T=C );RI=T/C—1,(T<C).,C T B RI>0
s ,  RI<O . RI ( ) 0
1.4
Excel s SAS
2
2.1 (SOD)
1 2 SOD . s
° ShF A Treatment concentration {mg/kg soil)
25 mg/kg 4 6 SOD P ol 50 100 150 200
; . 2% )
&2 0.1
. SOD |E 02
BE 43
6 , ¥z
2 04
’ b 9 A‘s
_ . —o— 4 —o— 5t —— G
° 50 mg/kg 3 SOD 4th leaf stage Sth leaf stage 6th leaf stage
1 SOD
SOD s
Fig. 1 Allelopathic effects of cinnamic acid on SOD activity in roots
SOD o s
of cucumber seedlings cultured in greenhouse soil
SOD s 6
. , 25 mg/kg SOD —0. 056,
SOD 0.002, 200 mg/kg SOD —0.473,
SOD —0.214,
2.2 CAT
3 CAT , , 25 mg/kg 50 mg/kg 4
0.1 - 4F# 8 Treatment concentration (mg/kg soil)
—o—4rtm o SHW —a GO ] o . .
sthleafstage  Sthleafstage  6thleaf stage ‘E 0
2. 150 200
wWe Ll
51
A
3 s
0.1 o4
02 —0— A —o—smi —a— G N
-0.3 L i3k Treatment concentration (mg/kg soil) Ath leaf stage 5th leaf stage 6th leaf stage
2 SOD 3
Fig. 2 Allelopathic effects of cinnamic acid on SOD activity in roots Fig. 3 Allelopathic effects of cinnamic acid on catalase activity in

of cucumber seedlings in Open field soil roots ofcucumber seedlings cultured in greenhouse soil



24

1338
’ 0.3 AEIRHE Treatment concentration (mg/kg soil)
- 02
.25 mg/kg ’ E.'E Olﬁ \\
50 mg/k B2 0o . ; -
858 #3401 50— 2
®E
NT -0.2
A 203
4 CAT 04
o _ —o— 418 —o— 50 —&— 6 B
. +25 mg/kg 50 mg/kg 45 Mhleafstage  Sthleafstage  6ih leaf stage
s 6 s
o 100 mg/kg 4
s Fig. 4  Allelopathic effects of cinnamic acid on catalase activityin
. root of cucumber seedlings cultured in open field soil
s —o— AW # —o~ SH —a— oM
E 4th leaf stage 5th leaf stage 6th leaf stage
s o 0.5
E-E 04
2.3 MDA ‘E 03
ﬁgo.z
0 6 ¥3 0'(1) 1 i ! I L i ]
MDA , , MDA 2 %35 so 75 100 125 150 175 200
b BHEE Treatment concentration (ing/kg soil)
, MDA s
200 mg/kg 4 6 5 MDA
0. 148 0. 367, Fig.5  Allelopathic effects of cinnamic acid on MDA content in
0. 084 0.283, roots of cucumber seedlings cultured in greenhouse soil
(p<<0.05), SOD .
’ L. -, N NLE.
’ , . 4th leaf stage 5th leaf stage 6th leaf siage
£ o2t
2E
b 9, ‘-g
£ 015
° 3
2. 4 = 005t
5 1 1 ) ]
2 , , 50 100 150 200
-0.05 -
s 4B AF Treatment concentration (mg/kg soil)
s s 18a
6 MDA
0-65%. 12.76% . 26.38%
Fig. 6  Allelopathic effects of cinnamic acid on MDA content in
50.32%; 0.61%. A , A A
roots of cucumber seedlings cultured in open field soil
1.34%.17.93%  38.29%, . .
18a s 50mg/kg (p<<0.05),
(p<<0.01), 100mg/kg . s
[18]
7 6 B s o
25 mg/kg s 0.0055  0.0061, 50,100 200 mg/kg
0.113.,0.208 0. 335, 0.013.,0.152 0.227,
3
, , [10~12.19.201 g
CAT . ey , (25 mg/kg)
., SOD CAT s B (100 mg/kg
200 mg/kg) SOD CAT s s SOD,CAT



7 : 1339

2

Table 2 Effects of cinnamic acid on permeability of plasma membrance in leaves of cucumber seedlings

Culture in greenhouse soil Culture in open field soil

Treatment concentration %) [€Z9) [€Z9) %)

(mg/kg) Relative conductivity rate Rate of injury Relative conductivity rate Rate of injury
0 32.45+4.01d 35.4543. 62¢

25 32.63+4. 24d 2.5441.22D 36.0343. 72¢ 3.56+1.46C

50 36. 594 3. 83c 8.12+2.08C 36.2944.41c 2.67+1.12C

100 41.0145. 22b 15.16+3. 21B 42.23+4.50b 7.73+3.66B

200 48.784+6.03a 34.56+5. 09A 49.5245.00a 14. 1743. 68A

* . »<<0.05, »<0.01 Numbers in the same column with different

letters indicate a significant difference; The minuscule represent p<0. 05, The capital represent p<0. 01
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