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Accumulations and Physiological Performance Effects on Cucumber

after Application of Polycyclic Aromatic Hydrocarbons to Leaf
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Abstract; Cucumber leaf was treatment with different concentration of polycyclic aromatic hydrocarbons
(PAHs) such as NAP, PHE, FLA, BaA and BaP mixture by the smear method. We studied the effects of
PAHs on growth, physiological performance, and quality of cucumber and to understand their patterns of
accumulations in different parts. Objective was to investigate the growth effects and toxicity mechanisms
for vegetable with PAHs stress. The result showed that: (1) with PAHs treatment concentration rising,

PAHs accumulation in seven parts of cucumber firstly ascended then descended. The highest PAHs con-

Wfs BH.2019-02-01; & fm W 2 H #1:2019-05-31

BELHE . HEHARR RIS (31360479 ;)75 H KRB 54 (2014GXNSFAA118100) 5 [ 5 BAL 4 b 2= b 5 A M 2 7 76 R R 5 3% 01 397
BA 3% i H (nycytxgxextd-10-03)

EBEB AN KRS 994 —) 4 A AR g0 Ak BB s AR i AR S B S P 9E . E-mail : 936208326@ qq. com

* BAEMEHE AR L U, RN ST R R )™ 5 TR % 2 TF5E . E-mail: longmhua@163. com



6 4] SR S RO 22 B D R TV 1A R AR BR A B x G A TR ) T 1065

tents were in leaves for the vegetative organ, the lowest contents in flesh for the fruit. (2) Low concentra-
tion of PAHs stress had positive effects on cucumber plant height, stem diameter, root length, leaf
length, leaf width, fruit longitudinal stem, fruit cross stem and single fruit weight, whereas medium and
high concentrations had negative impacts. (3) With PAHs treatment, leal SOD and CAT activities re-
duced, MDA activity firstly ascended then descended. With intermediate concentration PAHs stress, POD
activity obviously enhanced. (4) Low concentration of PAHs stress had positive effects on cucumber fruit
vitamin C, soluble protein, titrate acid, whereas medium and high concentrations had negative impacts,
the reduced soluble sugar and soluble solids were inhibited by PAHs. The study considers the PAHs had
distribution characteristics in cucumber and the part easier to absorb and accumulate PAHs that exposed
directly to the atmosphere. As a typical organic pollutant, PAHs have brought about harms also plays a
positive role in growth and development of cucumber. There are certain threshold values for the leaves ab-
sorption of PAHs and the positive or negative effects on physiological characteristics of cucumber.

Key words: cucumber; polycyclic aromatic hydrocarbons (PAHs); accumulation; growth and develop-

ment; fruit quality; physiological performance
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Fig. 1 The standard chromatogram of NAP & &P 8 T X5 i, b B4 FLA & &3
five kinds of PAHs %?X‘Tﬂq s Bﬁ% PAHs /Fé%(@lﬁiﬂ{ﬁfﬁﬂ@iﬁﬂ ,PHE.
x1 ZRFRIZEMEESREIKER
Table 1 Standard curve information an recovery percentage of PAHs
ZHIT R Y LIPS ¥ a i LOD A X A 1 Mk s
PAHs Linear equation Correlation coefficient /(g kg ") 2 RSD/ % Recovery/ %
NAP y=1.13e+003x—4. 43e+005 0.999 925 2.0 0.92 70.0147.82
PHE y=6.19¢e+0022+3. 39e+004 0.999 726 2.0 1. 87 139.23+6. 37
FLA y=1.66e+002x—4.72e+003 0.999 995 0.5 0.96 111.56411.59
BaA y=6.89e+001lx—1.97e+003 0.999 388 1.0 0.53 97.39410. 77
BaP y=6.36e+001lax—1.41e+003 0.999 988 0.5 0.53 89.454+13. 21

1 :NAP. Z5;PHE. FE;FLA. 2% ;BaA. #Jf () B ;BaP. #If ()1 ; T

Note: NAP. Naphthalene; PHE. Phenanthrene; FLLA. Fluoranthene; BaA. Benzo(a)anthracene; BaP. Benzo(a)Pyrene; The same as below
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FLA.BaA #1 BaP i)k H B 5400l iy PAHs B & &
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Table 2 Concentrations of individual and total PAHs in root, stem and leaf of Cucumis sativus L.

PAHs Ab # ik f LI T )5 &= PAHs content/(pg « kg™ D)
HBAL PAHs
Position C/?;;fge‘{lflig“ NAP PHE FLA BaA BaP AR
0 13.20+2. 37a 2.82+1.48¢  14.56+2.34b  14.334+0.91b  12.3240.78b 57.23+5. 36¢
- 300 10.954+0.60a  23.27+2.00b  24.36+2.43b  19.1540.70a  12.04=%1.93b 89.77+5.42b
Root 600 12.54-£0.55a  33.04+14.34a 19.7749.82b  15.42+0.95b  22.01+2.85a  102.78=+6. 28a
900 3.8340.90b  28.8442.54a  35.37+4.57a  13.82+1.31b  11.86=+1.31b 93.72+7. 43ab
0 9.0641.50c  22.26+1.97c  46.79+4.1da  26.46+3.70ab 18.16-£4.05b  122.73+1.29¢
- 300 12.3541.59c  23.2043.38¢c  51.0342.26a  27.75+5.97ab  10.2340.96c  124.55-46. 79¢
Stem 600 24.92+3.00a  108.40+5.37a  51.08+3.87a  21.81+0.84b  24.9840.56a  231.19-+8.22a
900 18.004+3.99b  75.56=44.04b  50.30+2.47a  32.94+1.84a  18.05+1.97b  194.85=+5.07b
0 19.05+3. 18b 9.174+2.66d  51.6440.60a  24.53--4.03d  25.1942.27be  129.53-+3.99d
uf 300 28.74+1.25a  26.60+4.78¢  23.50+2.6lc  46.7943.16b  20.9042.00c  146.5347. 65¢
Leaf 600 18.214+1.46b 103.3743.52a  36.3741.03b  71.70£3.67a  26.40+2.08b  256.07=+3.00a
900 13.67+1.98c  85.0444.74b  33.86+1.39b  38.64-1.43c  33.22+1.96a  204.43=46.85b
0 3.6440.93b 6.05+1.25¢  22.1743.23a  12.23+2.05b 4.3341. 27¢ 48.4240. 59¢
- 300 4.30+1.91b  19.13+2.07b  11.88=+1.58c¢ 6.6940.97c  22.43+1.97a 64.43+3.74b
Petious 600 7.1841.15a  32.33+3.09a 6.654+2.72d  16.53+1.49a  11.6541.00b 74.34+5. 332
900 8.28+1.95a  22.49-+2.56b  17.08+1.59b 7.49-40.66c  11.65+0.89b 66. 984 4. 78ab

LE < [R5 R) 3 (5 A [R] /NG 5 B e 7R AL BT TE 0. 05 /K22 53 i 35 T )

Note: The different normal letters in the same column mean significant difference among treatments at 0. 05 level; The same as below
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Table 3 Concentrations of individual and total PAHs in petiole, pulp and flesh of C. sativus L.

PAHs kb ¥ Z W7 % & & PAHs content(pg » kg™ 1)

AL PAHs
Position i?(‘;f;‘ftffif);‘ NAP PHE FLA BaA BaP TPQSSP‘E‘%
0 12.874+3.07a  21.1144.50bec  27.41+2.32b  13.28=+1.64c  12.40+1. 6dc 87.07+6. 46¢
sy 300 11.37+1.41a  15.1943.07c  29.52+0.46b  23.81+2.65a  15.38+1.94bc  95.28=+3.73c
Petiole 600 11.44+3.04a  47.4243.76a  40.08+2.18a  26.33+2.07a  16.78=+1.28ab 142.05+1.89%a
900 12.384+1.02a  24.8243.75b  31.15+1.01b  18.58+1.88b  18.61+0.31a  105.53=+4.41b
0 7.624+2.15a  3.5140.46b  14.92+1.17a 3.2540.50¢ 2.8440.19b  32.14+2.16b
5 300 4.96+0.58b  3.31+0.23b  13.62-40.96ab  4.30+1.25bc  6.214+1.43a  32.39+3.43b
Pulp 600 5.4241.21ab  33.0142.06a 14.8440.66a  10.114+2.38a 0.00¢ 63. 383, 80a
900 3.854+0.51b  25.9740.93a 11.62+1. 75b 7.124+1. 5ab 7.56+2.68a  56.1344.45a
0 2.80+1.65a  4.24+2.42c  10.41%0.09b 6.40+0. 88a 4.7340.12b  28.5840. 45¢
o 300 1.5340.26a  10.58=0.30b 5.4841. 20¢ 5.2240. 88a 7.9940.22a 30.80+0. 88¢
Flesh 600 2.9440.79a  31.030.79a  14.00+1.41a 4.82+0.61a 2.3440. 93¢ 55.10+1. 47a
900 2.45-+0.45a  32.29-+1. 86a 5.52+1.02¢ 3.00+0. 76a 6.4641.28a 149.7244.05b
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The different normal letters in the same concentration level mean significant difference at 0. 05 level

Fig. 2

The distribution characteristics of total PAHs content in seven parts of cucumber

R4 FRRENESHFRABTERHERKER

Table 4 The growth indicators of C. sativus L. plants under different concentrations of exogenous PAHs

PAHs ¥} PAHs concentration/(pg « L1

AR AR
Growth indicator 0 300 600 900
k7 Plant height/m 1.9940. 18ab 2.14+0.13a 1.8440.12b 1.9040. 15ab
2L Stem thick/cm 0.73+0.06b 0.82+0.03a 0.61+0.05¢ 0.67+0.02bc
MK Root length/cm 8.56+0.11a 9.04+0.12a 7.8640.97a 8.0440. 75a
K Leaf length/cm 14.64+0. 56ab 15.71£0. 67a 13.01£0. 14c 13.95+1. 10bc
-5 Leal width/cm 17.69-+0. 88b 19.42-+0.78a 16.00+0. 23c 16.9040. 71bc
529028 Fruit longitudinal diameter/cm 28.944+0. 81b 31.0740. 35a 26.9240. 35¢ 27.67%0.31c
SRSIHEZE Fruit cross diameter/cm 3.66=£0.11ab 3.80+£0. 65a 3.23£0.11c 3.51=£0.10b
PR Single fruit weight/g 305. 87413, 25b 333, 9544, 24a 285, 7544, 45¢ 295. 8546, 02bc

T« R AT AR TR 8 AL A [7] /N5 52 B e 7 Ak B RITE 0. 05 7K S22 53 i35 T W)

Note: The different normal letters in the same row mean significant difference among treatments at 0. 05 level; The same as below
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The different normal letters in the same index mean significant
difference at 0. 05 level, the same as below
Fig. 3 The chlorophyll contents in cucumber leaf stressed

by PAHs with different concentrations
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Fig. 4 The enzyme activities in cucumber leaf under

different concentrations of PAHs
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Fig.5 The MDA content in cucumber leal under

different concentrations of PAHs
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Quality index content
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Quality index

A iR CyBiEME A C ] E M D. nlE e
E. 7] {i§ 52 R
K6 AT E PAHSs 4b B X 3 TSR 52 5 TR B9 82
A. Vitamin C (mg/100 g); B. Soluble protein (mg/100 g);
C. Soluble sugar (mg/g); D. Soluble solids (%) ;
E. Titrate acid (mg/10 g)
Fig. 6 The quality change of cucumber fruit under

different concentrations of PAHs
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