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Influences of Na,SiO, on phenolic contents in hull-less pumpkin
and its resistance to powdery mildew

LIANG Qiao-lan' , WEI Lie-xin', XU Bing-liang'*
(College of Grassland Science of Gansu Agricultural University/Key Laboratory of Grassland Ecosystem of MOE
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Abstract; The contents of phenolic, chlorogenic acids and flavonoid in leaves of resistance and susceptible
pumpkin cultivars were determined after those cultivars were treated by sodium silicate solution foliar spray and the
inoculation of Podosphaera xanthii. The results indicate that the contents of phenolic, chlorogenic acids and
flavonoid in the leaves of Si supplied plants are significanily increased. The contents of phenolic acid in leaves of
the resistant pumpkin cultivars of the induction treatments( Si + Px) are higher than those of the control (CK) and
the inoculation treatments (Px) in 5 d,7 d and 9 d respectively, the contents of chlorogenic acid in leaves of the
resistant pumpkin cultivars of the induction treatments( Si + Px) are higher than those of the CK and the inoculation
treatments(Px) in 1 d, 3d, 5d, 7 d and 9 d respectively, and the contents of flavonoid in leaves of the resistant
pumpkin cultivars of the induction treatments (Si + Px) are significantly higher than those of the CK and the
inoculation treatments (Px) in7 d and 9 d . The contents of phenolic and chlorogenic acids in leaves of susceptible
pumpkin cultivars of the induction treatments ( Si + Px) are higher than those of the CK and the inoculation
treatments (Px) in 5 d, 7 d and 9 d respectively, and the contents of flavonoid in leaves of the susceptible

pumpkin cultivars of the induction treatments (Si + Px) are significantly higher than those of the CK and the
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inoculation treatments ( Px) except in 1d. The contents of phenolic (except 7 d), chlorogenic acids (except 7 d

and 9 d ) and flavonoid in leaves of the resistant pumpkin cultivars are significantly higher than those of the

susceptible cultivars after treated with sodium silicate induction, the powdery mildew disease indexes of resistance

and susceptible pumpkin are decreased significantly at 10 d and 15 d after the inoculation.

Key words: hull-less pumpkin; Podosphaera xanthii ( powdery mildew) ; sodium silicate; phenolic compounds
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Table 1 Phenolic contents of leaves of different resistant pumpkin cultivars under different treatments
R d RSB E Time after inoculation
Abya 1 d before inoculation 1d 3d
Treat YA R o o o R
Resist. Suscept. Resist. Suscept. Resist. Suscept.
CK 0. 756 Ab 0. 590 Bb 1. 144 Abc 0. 690 Bab 0.484 Bb 0.677 Ab
Px 1.025 Ac 0.729 Bb 0.872 Aa 0.769 Ba
Si 0.952 Aa 0. 859 Ba 1.423 Aa 0.795 Ba 0.422 Be 0.710 Ab
Si+Px 1.287 Aab 0.557 B ab 0.393 Ac 0.379 Ac
PP S BHE] Time after inoculation
43 5d 7d 9d
Treat. A Ko A Ko A Ko
Resist. Suscept. Resist. Suscept. Resist. Suscept.
CK 1.237 Ad 0. 744 Bb 0. 629 Bd 0.710 Ad 0.734 Be 0.784 Ac
Px 1. 460 Ab 0. 682 Be 0.790 Ab 0.751 Be 0.689 Ad 0. 623 Bd
Si 1.324 Ac 0. 616 Bd 0. 698 Bc 1. 060 Ab 1.524 Aa 1.356 Ba
Si+Px 2.011 Aa 0. 806 Ba 1.016 Ba 1.348 Aa 1.216 Ab 1. 176 Bb

E(Note) : RIfTARIAE FRFR R—H HHL . BmRMZEE 1% KF L 2R BE; RFARNEFHRRF—ME4 N ARLEZ
[B]7ZE 1% KF EZ£ F B 3. For the same sampling day, different capital letters in the same row mean significantly different between resistance and

susceptible cultivars, and different small letters in the same column indicate significantly different among the four treatments respectively at the 1% level.
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®2 FELEFRHEELMFREFERRESE (pg/mL)

Table 2 Chorogenic acid contents of leaves of different resistant pumpkin cultivars under different treatments

R d RSB E Time after inoculation
Abya 1 d before inoculation 1d 3d
Treat. P o Fomi o Fomi o
Resist. Suscept. Resist. Suscept. Resist. Suscept.
CK 1.153 Aa 1.147 Ab 1.856 Ad 1.735 Bd 3.944 Ad 3.053 Bb
Px 1.963 Ab 1. 866 Be 4.200 Ac 2.197 Be
Si 1.139 Ba 1.257 Aa 2.250 Ac 2.038 Bb 4.400 Ab 4.362 Ba
Si +Px 2.387 Aa 2.174 Ba 4.535 Aa 1. 386 Bd
RS BT A Time after inoculation
griie:i| 54d 74d 9d
Treat. om o iR o iR o
Resist. Suscept. Resist. Suscept. Resist. Suscept.
CK 4.328 Ad 4.192 Bd 4.503 Ad 4.031 Bd 4.321 Ad 3.967 Bd
Px 8.464 Ab 5.067 Be 8.793 Ab 8.124 Be 7.780 Ab 7.589 Be
Si 8. 864 Ac 8.632 Bb 9.093 Ac 8.368 Bb 8.780 Ac 8.330 Bb
Si +Px 9.049 Aa 8. 683 Ba 9.185 Ba 9.960 Aa 8.650 Ba 9.096 Aa

E(Note) : RIfTARIAE FRFR R—H HHL . BmRMZEE 1% KF L 2R BE; RFARNEFHRRF—ME4 N ARLEZ
[B]7ZE 1% KF EZ£ F B 3. For the same sampling day, different capital letters in the same row mean significantly different between resistance and

susceptible cultivars, and different small letters in the same column indicate significantly different among the four treatments respectively at the 1% level.

R3 FRLEFRHERERMHAHEERSE (ODy,,/g, FW)

Table 3 Flavonoid contents of leaves of different resistant pumpkin cultivars under different treatments

BRI d RSB E Time after inoculation
Abya 1 d before inoculation 1d 3d
Trea. Rt KR o K o KR
Resist. Suscept. Resist. Suscept. Resist. Suscept.
CK 0.568 Aa 0.210 Ba 1.149 Aa 0. 687 Ba 0.632 Ab 0. 356 Bd
Px 0.585 Ad 0.577 Ab 0.729 Aa 0. 374 Be
Si 0.536 Ab 0.170 Bb 0. 806 Ac 0.523 Be 0.596 Ac 0.411 Bb
Si+Px 0. 897 Ab 0.422 Bd 0.603 Ac 0.450 Ba
RSB} E] Time after inoculation
b3 5d 7d 9d
Treat. iR RFi A i A RFi
Resist. Suscept. Resist. Suscept. Resist. Suscept.
CK 0. 508 Ad 0.459 Be 0.511 Ad 0.414 Bd 0.498 Ad 0. 405 Bd
Px 0. 653 Aa 0.559 Bb 0.551 Ac 0.478 Bb 0.530 Ac 0.450 Bb
Si 0.530 Ac 0. 459 Be 0.587 Ab 0.459 Be 0.533 Ab 0.437 Be
Si+Px 0. 637 Ab 0.529 Ba 0.634 Aa 0.510 Ba 0.594 Aa 0.489 Ba

E(Note) : RIfTARIAE FRFR R—H HHL . BmRMZEE 1% KF L 2R BE; RFARNEFHRRF—ME4 N ARLEZ
[B]7ZE 1% KF EZ£ F B 3. For the same sampling day, different capital letters in the same row mean significantly different between resistance and

susceptible cultivars, and different small letters in the same column indicate significantly different among the four treatments respectively at the 1% level.
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Table 4 Effects of the Na, SiO, treatments and challenge inoculation on disease index of powdery mildew
of different resistant cultivars of pumpkin

PLG 5 Bt Resistant cultivar JBIR i At Susceptible cultivar
10 DAI 15 DAI 10 DAI 15 DAI
Treat. B Induced B Induced B Induced B Induced
Disease resistance effects Disease resistance effects Disease resistance effects Disease resistance effects
index (%) index (%) index (%) index (%)
Px 42.33 Ab 74.52 Ab 52.32 Aa 87.11 Aa
Si+Px 38.89 Be 19.94 48.59 Bd 34. 80 35.1 Be 35.21 52.90 Be 39.27

1 (Note) : DAI—3E#J5 R# Days after inoculation. [FFTARIKRE FHFRF—m YL BB ZEE 1% KF 27 8E; FFAAR
INEFRFRR R 4 DPARFSEEZEZE 1% KFE LEZ R B FE. For the same sampling day, different capital letters in the same row mean

significantly different between resistance and susceptible cultivars, and different small letters in the same column indicate significantly different among the

four treatments respectively at the 1% level.

3 e 54hE

BERMNFEFLEG , ARG LR F A5
ErRYIR . IR AR EMEAF N E S 'BAR,
T ELFTRS SN AR BT — e IEA XM, 5
Sb, NA IR SR AT DR Y, T RBYRYIR . IR
BRIE R E M, HR s A AR RAE e 1B] b A== 8] B R
A — e R TR, BRI [R] ff p d J0 JR  A88 1 S 9
BN, U i i ) 52 L R 58 PR AR B 1y TR
JREF, X5 Bell 8 A FTiA 0 BRI A AU i
FERGRE 5 AR R SR — 8 .

HAKBHHEYRETOEHACAELSRE,
Menzies % ''° F & 7R [V B RERR 411 8 R R AL 3 3%
JME R, FRAEM A B3R H B R & (Sphaerotheca
fuliginea) ,WE& FETE B F7 W W R B934, M A b
EAPRIERIEE | EARMAERM b Bk &84
TR RE AR, T HIER, HaReH R
B rk BRI BBV AR TR, T2 B SR
LR, FHBRERAT R e FR A R R AR A BB
EUBR , AT LB A 3 ek BR 4 B R 4 ) B TR IR

SEBREH RN EENAR Na" K™, &
AREIMA T R T B B3 B2 T L
Menzies 251 gr— 2RI R 0, B & R0 BN 4
b, B EE A RS E W R KRB, BIRIR
PR A AR T ARG R JE 32 B 4kl , DA TR 15 D I 1Y B
PEEET BE, #EB TR IE B 3 B. Rodgers 1
Shaw! " BF5E B, 7E /N F# Si 100 ~ 200 mg/L
B2 , 7T B S5 B R RS, X RE SR
REHAE THYWART SHRHEXYRNRES
Ko AABBIFT R, M B RN T R R AR
WA A PR AR B R R SRR
HKEEEE, MG 10 d, 15 d HERRERHNE
SACFRRPL | R R EE IO R 18 SO0 B R AR,
B HER SR PURBCR B B S TR m R,
X0} T b SRR AR SR Y B IR A 7= v Y
AAABREEN, BX—%85 Lang £° AT
BN G AEA R PR R M R REREDUR
PR S5 A R —3, Liang S 4 T pfird W] BB =58
AREVUREM i R SR R R R 8 B E
BiYE T B BR AR S, T AR FR ME Ak T A SR R AR



6 3 Ry = 4 BRIV SR BB B & BB R 53 AR R R 1543

FE TR O R 1 R R BB, B S
Menzies %5 EXF 5 45 SM — B0, M T TBF S B M- T s
RERRE A ROBBNA IR, BRAER A8

BRYIRRARE . MRS RO, Bk
YRR R E BRI, S EBEYER
L BB RFEME iR AR B ) 20 J , BB R B4R B B % R
Y, R EYERE S RN, AR RN,
B VORI R & BRI S
BT EOR G BRE, TR B RS
BIARIEERN, R TE3 dMET d SNTREH
WA B R TR R, X SEER | Eag
MEEZE" 788X E MR, X EERR
M FIISE T BRI 20 75 M BB R R
REFA R T ELNBAY RN RHE—3G 253
RERR IR SAC TS HOm G Rl o B B 0 5 1 B
Fy B [ B S AR S e , B B IR R o P By
KYRSBES14. S dM9 d B ETRRE
KR, T B BZEFURFBR BR R T3 d
1A BETA BN RASELE, HRH%
T AL T S 5% JE R VT 90D o 35 S DB G A K D
i, EEE" R RRRBRXR IR ERE BB
HVER , SO MR R R R & B S A B 1 M
B, B EETAETFRANERRERER S BN
PRI AP AT Aok A 0 ARG T ol R R B, AR
Yok R H , TS THOR G i S8 R , iR
WIS GR R & B 198 A REE K, B
BETFAME., BELHEN, HES 14,34
5 d PRSI E TR MR, KEREET
RUAY, KPS EMETERIANREERN
HRE, Fawe S B YIREE &K ot A7 2R
RRYFE, BINEHBES BN EE SRR AR
EIRY, XN TR ISA N R — MR E,
AFR3,5,37,4 -4 BHE-T-0-FEEKE
Wi, REBROAASALTRBTIR . BURE R FAnt
K E A B AR Rl I BP0 R i B TR
i, i 3% T4 B 7S BT B AR AL B

ZLRR, RN ES B LR, SRR
K B S AR 2 AT R A e U e 7
AEFIRRE , T ELX =R B4R 25 0 B 4L B
REA— R, BARR T R BB
R B e LR R R I & BT T
WSE , Tixh TR A % SRR ERAE X
SRR AR YL MR8 K, BB B T —
B2

& % X W

(1] E3ifh, KEF. BFRNBRAFIRHERI]. RH SR,
2004, 20(4) : 55-56.

Wang H W, Xu Y Y. Research progress in the functional factors
of pumpkin[J]. Food Mach. , 2004, 20(4) ; 55-56.

[2] E8. B)NE—ER4E (Divesity) Z&[J]. FEFE/KEHIK,
2002, (3): 42-45.

Wang M. The most of diversity of cucurbita [ J]. China
Watermelon Melon, 2002, (3); 42-45.

[3] BRUT, 45 FBERREYH AR T HBIRHERIT].
PEBE, 1996, (1) 55-59.

Feng D X, Li B D. Research progress of breeding for resistance to
powdery mildew in cucurbit crops[J]. China veget. , 1996, (1)
55-59.

[4] EFE, T34, Ak, § 490K45H 50, SHYERR
FREMRRIT]. LRl kEER, 2001, 20(6) . 593
-597.

Wang L J, Wang Y H, Zhou Y L et al. Relationship between
nanostructure Si0, and occurrence of plant fungi[ J]. J. Huazhong
Agric. Univ. , 2001, 20(6) : 593-597.

[5] 2Z=89, B, WM. REAW=DEEYRIIRENE
FETERLT]. PEEWE, 2009, 23(3) : 269-273.

Li M, Zeng R S, Luo S M. Secondary metabolites related with
plant resistance against pathogenic microorganisms and insect pests
[J]. Chin. J. Biol. Contr., 2009, 23(3) . 269-273.

[6] Epstein E. The anomaly of silicon in plant biology [ J]. Proc.
Natl. Acad. Sci. U.S.A., 1994, 91(1) . 11-17.

[7] BFRUT, Z45. EEEEEYREREPRERLIT]. &
YriREAER , 1998, 28(4) : 293-297.

Feng D X, Li B D. The role of soluble silicon in disease
management of plant[ J]. Acta Phytopathol. Sin. , 1998, 28(4) ;
293-297.

[8] Liang Y C, Sun W C, SiJ, Romheld V. Effects of foliar-and root-
applied silicon on the enhancement of induced resistance to
powdery mildew in Cucumis sativus [ J]. Plant Pathol. , 2005,
54 . 678-685.

[9] XIFP, wR%E, Bt BHIRARREREEREE

EITEBR[I]. PEKSE, 2006, (1) 10-13.
Liu X B, Zhang J H, Cui C S. Identification of pathogen and
evaluation the resistance to pumpkin powdery mildew in
Heilongjiang Province[J]. China Cucurb. Veget. , 2006, (1)
10-13.

[10] ROGHR, #0008, KES. HYLEBELEIEIM]. Jtxt. db
B R, 1990. 38-39.

Zhu G L, Zhong W H, Zhang A Q. Plant physiology experiment
[M]. Beijing; Beijing University Press, 1990. 38-39.

[11] HBxEH, RE, RE=, BLE EUENRIAHSDE

»ERHRTLERIR R [T]. YRR, 1986, 16(3) : 169
-173.

Yang J S, Wu W, Wu Y S, Xue Y L. Relation of metabolism of
plant phenylalanine and resistance of wheat to powdery mildew

[J]. Acta Phytopath. Sin., 1986, 16(3) ; 169-173.



1544

EYWERSERZR

18 %

[12]

[13]

[14]

[15]

[16]

[17]

[18]

B, BREIE, DR MbRPS FTSER FO4R JFER & B J K WA
FIRBIERRRT]. MAEEIR, 1990, 2(2) . 81-86.

Feng J, Chen Q Y, Ma C. Content of ferulic acid and chlorgenic
acid in cotton plants related to the resistibilites for cotton
Fusarium wilt disease[ J]. Cott. Sci. , 1990, 2(2); 81-86.
PAERE. EERR RN G RR YAk R £ ) 4 B R BT 5X
[D]. M. BLKFEWLEARET, 2004. 36-39.

Wei G Q. Studies on physiological mechanisms of powdery
mildew resistance and salt tolerance improved by silicon in
cucumber ( Cucumis sativus L.) [ D]. Hangzhou: MS thesis,
Zhejiang University, 2004. 36-39.

Bell A A, Stipanvoic R D, Howell C R, Fryxell P A.
Antimicrobial terpenoids of gossypium: hemigossypol, 6 -
methoxyhemigossypol and 6 -
Phytochemistry, 1975, 14 . 225-231.

Menzies ] G, Ehret D L, Glass A D M ez al. Effects of soluble
silicon on the parasitic fitness of Sphaerotheca fuliginea and
Cucumis sativus[ J]. Phytopathology, 1991, 81 84-88.
Menzies ] G, Ehret D L, Glass A D M et al. The influence of
silicon on cytological interactions between Sphaerotheca fuliginea
and Cucumis sativus [ J]. Physiol. Mol. Plant Pathol. , 1991,
39. 403-414.

Rodgers G B S, Shaw M W. Substantial reductions in winter

deoxyhemigossypol [ J ].

wheat diseases caused by addition of straw but not manure to soil
[J]. Plant Pathol. , 2000, 49(5) . 590-599.
Menzies J, Bowen P, Ehret D, Glass A D M. Foliar applications

of potassium silicate reduce severity of powdery mildew on

[19]

[20]

[21]

[22]

[23]

cucumber, muskmelon, and zucchini squash[J]. J. Am. Soc.
Hortic. Sci., 1992, 117(6) : 902-905.

EO M, RAE, % MERTRARGERFHEREE
RS R B2 & BB T]. 4dbR%aR, 2001,
16(3) ; 46-51.

Wang H, Liu H, Yuan H X ez al. The change of enzymes activity
and phenois contentin cotton cultivars with different resistance to
V. dahliae after inoculation [ J]. Acta Agric. Boreali-Sin. ,
2001, 16(3) ; 46-51.

BEDR, BRI, RUE,F. BN R B
5T [J]. 4dURER, 2004, 19(2) : 84-86.

Wei G Q, Qian Q Q, Zhu Z J e al. Investigation on resistance of
cucumber against powdery mildew and its physiological
mechanism [ J]. Acta Agric. Boreali-Sin. ,2004,19 (2) . 84
-86.

BER, ZHR, 298,%. YRS M 15 (B. napus) X5
BORBLYERIBTSE [T]. 1Rk, 2003, 29(5) : 715-718.
Guan C Y,Li F Q, Li X et al. Resistance of the double-low
rapeseed cultivar xiangyou 15 ( B.
sclerotiorum[ J]. Acta Agron. Sin. , 2003, 29(5) ; 715-718.
Friend J,Regnolds S B, Aveyard W A. Phenylalanine ammonia-
lyase chlorogenic and lignin in potato tuber tissue inoculated with
phytophthora infestans[ J]. Physiol. Plant Pathol. ,1973, 3(4) .
495-507.

Fawe A, Abou-Zaid M, Menzies J G, Belanger R R. Silicon-
mediated accumulation of flavonoid phytoalexins in cucumber

[J]. Phytopathology, 1998, 88(5) : 396-401.

napus ) to Sclerotinia





