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Effect of chicken manure and its co—application with urea on aroma substances,
aroma-related enzyme activities and gene expression of oriental melon
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(1. College of Horticulture and Landscape Architecture , Heilongjiang Bayi Agricultural University, Daqing, Heilongjiang 163319, China;
2. College of Horticulture, Shenyang Agricultural University, Shenyang, Liaoning 110866, China)

Abstract; An experiment was conducted to study the effects of chicken manure and its co—application with u-
rea on aroma components, aroma-related enzyme activities, and gene expression of oriental melon with urea treat-
ment as control under the same amount of nitrogen. The oriental melon cultivar “DX108” was used as experimental
material. Aroma compositions and aroma-related enzyme activities in oriental melon fruits were investigated , and the
expression levels of related genes from melon fruits under the different treatments, including alcohol dehydrogenase
(ADH) and alcohol acyliransferase ( AAT), were analyzed. The results showed that there were significant differ-
ences in the contents of aromatic compounds and aroma-related enzyme activities, and gene expression of oriental
melon fruits. Urea treatment promoted the syntheses of C6 and C9 alcohols and aldehydes in melon fruit, however,
the kinds and content of esters were significantly increased by chicken manure and chicken manure co—application
with urea treatment, especially acetate esters. Furthermore, the content of non-acetate esters in fruits of chicken

manure co—application with urea treatment was 3.1 times higher than that in fruits of urea treatment at day 35 after
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anthesis, and some characteristic esters were synthesized in fruits under the co—application treatment and chicken
manure treatment, which were not observed in fruits from urea treatment. Both chicken manure and the co-applica-
tion treatments increased the activities of lipoxygenase ( LOX ), aminotransferase, ADH, and AAT in fruits from
day 25 to 30 during the development stage but reduced the activities of ADH in fruits at day 35 after anthesis.
Meanwhile, the expressions of CmADH1 and CmADH2 in fruits with chicken manure and the co—application were
suppressed, nevertheless the expressions of CmAATI1 and CmAAT3 were increased after day 30 during the develop-
ment stage. In summary, either chicken manure or chicken manure co—applied with urea treatments may regulate
the coordinated changes of aroma-related enzyme activities and gene expression of the aroma synthesis pathway of
fruits at different developmental stages, which further affects the synthesis of fruit aroma substances, especially the
synthesis of esters.

Keywords: oriental sweet melon; chicken manure; enzyme activities; aroma substance; gene expression
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Table 1 ~Sequence of primers used for gene expression

analysis by real-time quantitative PCR

N 519 520

Gene Primer Sequence (5-3)
CmADH1-F CTAATGAAGTCCGATTGAAG
CmADH1
CmADHI1-R ATGATCTCCTGGTTGAAG
CmADH2-F GCCATTGTTGATTCACTCA
CmADH2
CmADH2-R CATTCGCAGTCACTTGTAA
CmAATI CmAATI1-F CCACAGGGGCCAGAATTACA
" CmAATI1-R TGGAGGAGGCAAGCATAGACTT
CmAAT2 CmAAT2-F CTATAATTGGAGGGTGTGGAATTATC
" CmAAT2-R AACATTTGCCCTAAATCTTTCCAT
CmAAT3-F CGCTTGATGACATGGCACAT
CmAAT3
CmAAT3-R GGCCTTACGGATAGCAGAGATC
18srRNA-F AAACGGCTACCACATCCA
18srRNA
18srRNA-R CACCAGACTTGCCCTCCA

. #5 5E F7E GenBank W% 55 CmADHI ( ABC02081) ,
CmADH2( ABC02082) , CmAAT1 ( CAA94432) , CmAAT2 ( AAL77060)
F1 CmAAT3( AAWS1125)

Note: THe GenBank ID; CmADHI ( ABC02081 ), CmADH2
(ABC02082 ), CmAAT1 ( CAA94432) , CmAAT2 ( AAL77060), CmAAT3
(AAWS1125).
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Table 2  Effects of different fertilization treatments on aroma compounds and contents in oriental melon fruits

FW HAEPN CK A B
Aroma Days after Fpk T Fpk o Fpk i
compound anthesis/d Kind Content/ (g + g™!) Kind Content/ (g + g™!) Kind Content/ (pg + g™')
20 5b 26.68¢ 9a 73.20a 9a 46.66b
e 25 7e 131.83c¢ 12a 182.32a 11b 150.64b
Esters 30 l4c 312.79b 17a 429.29a 15b 309.79b
35 e 291.84c 22a 890.77a 17b 546.17b
20 10a 99.97a 8¢ 30.04b 9 40.6b
e 25 10a 118.33a 8¢ 50.07¢ 9 70.14b
Alcohols 30 14a 154.49a 4b 32.66¢ 4b 59.26b
35 14a 150.84a 4b 27.22¢ 4b 35.16b
20 5a 149.85a 4b 67.36b 5a 69.04b
K 25 5a 149.68a 5a 84.83b 5a 75.43¢
Aldehydes 30 6a 102.76a 5b 67.06¢ 5b 80.91b
35 6a 99.13a 4b 59.31b 4b 47.70c
20 2a 1.66a 0b 0b 0b 0b
R 25 5a 47.30a 2b 23.32b le 18.15b
Acids 30 9a 165.32a le 82.28b 2b 89.17b
35 8a 129.15a le 12.95¢ 2b 64.58b
20 la 2.09a 0b 0b 0b 0b
oAb 25 3a 12.21a 0Oc Oc 1b 4.23b
Others 30 4a 17.59b 3a 12.29¢ 2b 34.70a
35 2c 4.83¢ 3b 10.04b 4a 31.74a

T R ARNG TR A — YA R AL BEE] Duncan’ s B2 225615 5% REKF-

Note ; Different lowercase letters represent different treatments at the same stage are significantly different at «=0.05.
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Fig.1 Effects of different fertilization treatments on the contents of acetate esters, non-acetate esters,

C6+C9 alcohols and aldehydes in melon ripe fruits
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Table 3  Effects of different fertilization treatments on esters content in oriental melon fruits/ (g + g™*)
R AbFH Treatment
A Z 8
Aroma substance cK A B
20 d 25d 30 d 35d 20 d 25d 30 d 35d 20 d 25d 30 d 35d
LR Tk
Fthyl acetate 3.92b 11.24 23.82 59.20 10.12a  20.70 98.10 97.50 nd 12.90 46.10 105.70
/) y 2le
7 =3
Flgﬁﬁgrile nd nd 0.55 nd nd 12.65 16.89 34.78 nd nd 6.93 12.23
~thy. yre
2 i
Bivﬁi&;;?;e 0.71 0.75 2.54 4.53 1.36 3.44 11.68 14.88 1.02 2.68 4.77 7.98
_ 2 ik
Et}?yl T—%nzh@}iﬁfrjme 1556 99.74 101.20 106.18 10.76  22.53  45.53 107.70 3.79 10.43 17.57  30.27
— y 72y =3
2 zMjh%lbitﬁT;’;fsite nd nd 2.54 3.77 nd 3.46 5.66 15.23 nd 6.38 11.27 25.67
_ ylbutyl acet:
—H 3 7 Wi e
22 Miliifﬁ%il 5.87 9.66 38.53 48.25 38.63 71.09 38.19 54.46 15.23 40.76 39.91 58.03
~Methylbutyl acet:
— 7y =3
Meti li%m—le—t?;&l?j ﬁ;ﬂldte nd nd nd nd nd nd 12.47 29.56 nd nd nd nd
yl 2= ylbutyre
250 [ i
BZeJnﬂ;;lzizElTe 0.62 0.75 0.89 0.70 3.65 8.64 16.39 19.55 2.14 5.68 7.66 11.32
LTS
Etl?yl %—tta;?fuifl:late nd nd nd nd nd nd nd nd nd nd nd 10.88
7 e i
GC‘@&?;F T?Hl nd nd ndn nd nd nd nd nd nd nd 10.99 nd
erany acetate
v A=y
Glycif}lﬂ—z?—:%ﬁfenate nd nd nd nd nd nd 9.89 5.58 3.01 4.11 8.70 16.53
z 7 i 7 e
(Melhiﬁlﬁ%i{ifiiﬁ?ﬂester nd 6.65 20.87  21.01 nd 12.66  25.06  38.90 6.65 20.87  21.01 nd
e 1
Isiffyj]*;f;e nd nd nd nd nd 1234 2598  44.16 nd nd 22.08  30.76
1B ik
Perﬁi&l?uct gﬁate nd nd nd nd nd nd nd 55.97 nd nd nd nd
B TR 7 T
Et;’yIEiﬁf:;w nd nd nd nd nd nd 754 21.25 nd nd nd nd
P v
Caﬁi%ﬁfﬁ'@'m nd nd nd nd nd nd nd nd nd nd nd 56.17
2 i
Ethi%eiﬁ!ate nd nd 13.94  21.74 2.56 1.53 54.57  48.05 5.58 17.84  32.89 nd
SE iR =3
El}T lpﬁczir%;lale nd nd 44.11 nd nd nd nd 65.59 nd nd nd nd
Wle .
7 =3
Efﬁfp %‘:le nd nd  32.09 nd nd nd nd  82.06 nd nd nd 8271
y1 capr
A =3
DL sz‘cméfl];%qiﬁ(elale nd nd 28.79 23.75 nd nd 28.90 19.74 nd 8.22 19.09 28.79
~sec-Butyl acet:
2 1 i
Hi‘fﬁiﬁzﬂ) nd nd nd 22.41 nd nd 29.97 65.28 4.03 20.77 47.29 57.45
2 [T il
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