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Mitigation Effect of Exogenous Silicon on Inhibiting Cucumber Seed

Germination by Continuous Cropping Matrix Extract
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Abstract; The ‘Xinchun No. 4’ cucumber was used as the test material in this experiment. Meanwhile, the
effects of exogenous 4 mmol « L ' Na,SiO; « 9H,0 on the cucumber seed germination and growth, mem-
brane lipid peroxidation level, antioxidant enzyme activities and starch transformation were studied under
continuous substrate leach solution (subtract : water = 1 : 6) for revealing the alleviating effect of exoge-
nous silicon on cucumber seed germination inhibited by continuous cropping matrix extract and its physio-
logical and biochemical mechanisms, moreover, providing theoretical basis for solving the problem of con-
tinuous cropping obstacles in cucumber substrate cultivation in production. The results showed that: (1)
continuous substrate leach solution significantly inhibited the germination of cucumber seeds by increasing

malondialdehyde (MDA) and proline (Pro) contents, decreasing the activities of antioxidant enzymes and
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starch hydrolase activities, and enhancing starch content during seed germination. Also, the leach solution

decreased soluble sugar content, and the gene expression levels of AMY and BMY were significantly down-

regulated. (2) Application of exogenous silicon could effectively alleviate the inhibition of cucumber seed

germination by reducing MDA and Pro contents, enhancing activities of antioxidant enzymes and starch

hydrolase, elevating soluble sugar content, and up-regulating the expression of AMY and BMY genes. The

research showed that 1 ¢ 6 concentration of continuous substrate leach solution can inhibit the germination

of cucumber seeds, led to block starch transformation, and gene expression down-regulation; However,

exogenous addition of 4 mmol « L™! Na,SiO; « 9H,0O could accelerate the rate ofstarch conversion and

maintain the normal physiological function during germination of cucumber seeds and to alleviate the nega-

tive effects caused by the continuous substrate leach solution on cucumber seed germination.
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Table 1 Primers used for relative quantitative real-time PCR assays

2|4 %% Primer sequence(5 —3")

FH e R

Gene Accession No. E T Forward Il Reverse

AMY XM_004151148 CACGGTTATTACACCCAGGACT TAAATCATCTTCGTTGCCCAT

BMY XM_004138543 GGTGTCAAGTGGTAGCAACAATAAC TGTCCTCTCTTTCTCTTCTAATGGTCT
Actin AB010922. 1 TTGAATCCCAAGGCGAATAG TGCGACCACTGGCATAAAG
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R2 FREFERERAKETELAMFHELHENEW

Table 2 Germination characteristics of cucumber seeds under different continuous cropping substrate concentrations

b3 KRR
Treatment Germination percentage/ %
CK 95.5540.02a
h 87.7840.02ab
J2 81.1140.02b
I3 76.6740.04b
T 70.2240.02¢

FHieK i - i
Sprout length/cm Fresh weight of seed/g
5.51+0.51a 2.30+£0.02a
4.8740.55b 2.19+0.07ab
4,0840.27b 2.13+0. 04ab
3.78+0. 28bc 1.5640.12b
3.17+0. 48¢c 1.0740. 03¢

F:CKL 2 J5 00 20 BRI R X R GEBAOD (12 12,12 9.1 2 6.1 ¢ 3 B LU A9 12 4R 5 [ 91 R ] 5 1 8 7 AL B[] AE 0. 05 K P17 78 B35

P22 553K 3 [H

Note: CK, J1, J2, J3 and J, represent the extracts of control (distilled water) , dilution ratio of 1 3 12, 1 9, 1: 6 and 1 : 3 respectively;

different letters in the same column indicate that there is significant difference at 0. 05 level between treatments; Table 3 is the same

R3 TRABERKEMEEERZRBLETERNM T L RSN

Table 3 Effect of different silicon concentrations on germination characteristics of cucumber seeds

under continuous cropping extract

Aab R AR
Treatment Germination percentage/ %

CK 95.5640. 04a

I3 80.78+0. 06¢

T 81.1140. 02¢

T, 81.5640. 04bc

T, 82.2240. 04bc

T, 84.2240. 04abc

Ts 93.33740.02a

Ts 89.4440. 06ab

ALK o7 ff
Sprout length/cm Fresh weight of seed/g
6.64+0. 4a 2.17+0.17a
4.2940. 29¢ 1.6340.04d
4.33740.58¢ 1.6940.07cd
4.66+0. 38bc 1.7340.07d
5.114£0. 33bc 1.81£0. 07bed
5.4740. 19abc 1.89+0. 07abed
5.827+0. 27ab 1.93+0. 12ab
5.78+0. 48ab 1.92+0.07ab

H:CK\J5 Ty Ty JTs Ty JTs T 43 i e % IR (ZRABKD (1 + 6 @323 .J5 +0. 5 mmol/L Si,J; +1 mmol/L Si,J;+2 mmol/L Si,J;+3

mmol/L Si.J; +4 mmol/L Si #1 J; +5 mmol/L Si

Note: CK, J;, Ty, T2, T3, Ty, T5 and Tg are the control (distilled water), 1 : 6 extracts J3+0.5 mmol/L Si, J;+1 mmol/L Si, J;+
2 mmol/L Si, J;+3 mmol/L Si, J; +4 mmol/L Si and J; +5 mmol/L Si, respectively
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VRIS 38 SR AMIE AR I St AT L) g 2 R B
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iR 38 25 1 T Y I ZF B R AR A B AT (SOD) |
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Fig. 4 Effects of continuous extracts and silicon on the
contents of soluble sugar and starch in tissues at seed

germination of cucumber at 0—48 h

PEAR A B A — S, HLPAS 4b P A) 22 5 0 I 35 (&
5.0)0 J3Ab A AN ZE B o UE M 1 1 35 1R 2 1
B-VE #53 Wl (05 AR 10 £ A4 (B 5.B.O),

2.3.3 AMY # BMY FRikKFE AN E T 5
JAF T & 36 h J5 1) AMY #l BMY 3 [H &k &,
SR (K 6, A BRI, ] A BB E TR T 8K
AMY Fl BMY fy3EH k7K F, 5 X CK A L 4
BRI T 48.59% .35, 22 % s R AN UE Si b BRI 2

—-O0-CK —@-Si —&J] —AJ+Si

A

e min")
N
whn

TR R T
Amylase activity

/(mg -+ g
)

* min~")
N
(=)

(=]
T

B - A Al
B -amylase activity
I

A(mg * g

W

12 24 36 48

hed
O//
7/
(=)
+~
=)

* min~')
N
W

a -JE R I
a -amylase activity
-1
—_ = N
o o ¢

f(mg+ g
=
W

o i
T

0.4 . 8112.24.36‘48I
iy 18] Time/h
Bl 5 BRI SR AL 8 AP F i & 0~48 h
LR BVE A B o BT M I M Y R 1)
Fig. 5 Effects of continuous extracts and silicon on
total amylase and o-, B-amylase activities in

cucumber seeds at 0—48 h

OA4amy

ol

CK J+Si
SLIE Treatments
Bl 6 3% A B3R WORN ff ) 3 AR 785 & 36 h By
AMY Fl BMY [ 2 1K K- B9 52 TR
Fig. 6 Effects of continuous extracts and silicon on

the expression levels of AMY and BMY genes

B BMY

—
[\S]

—
(=

<
=)

MR IE B
Relative mRNA abundance
(=)

oo

<
~

in cucumber seeds treated for 36 h



1606 odt O % il 39 &

LT AMY il BMY 95L&k K7 A1 e T Ab B
Al LIET 19O 1.6 5 5% R CK Mt ,
Si kb BEXF 8 AP T8 & 36 h ZE W AMY R %
KR T BMY SR SRR B, UL
AR SiAE AR 5L BT B W b A0 A5 R T i 2 A
HORZE ) AMY F BMY 82255 K F .

3w

T AR W % R B A0 R R A AN T, —
SN O RAEAR R A FBEER
SRS R B Y AR DLE AR 8 4R
BT I 5 0T ) 25 0 4 R SR B AL T i) 32 A I A XoF B
NP FHI RS, SRR RE R 1 6(J) W
AR TR AR 2 R TR R 2R
AR OR i F L X 5 2R B g K BOAR B A bR
PO T T & R A I 2 R — B

R ZER RIS R RN R A R
Mol W &R O A T LS ARTY L R AR A A BB AE
Yy G AN HLE 2 R AR Y (&R UE
TRVl ERRE T 5 VR R LR TR SR S R A 4D T
WMEREA LR . FEARE b, 35 R
124 T 38 A0 JE T AR A 4 28— F o, AE R
T U B Y B B 8 AT R R 3% AR ik IR B VA B X
BT B & 00 3007 A Cln 35 4R v & 2 R R
R B A R AR L X 5 7E KRR TR
IKFERNF L BB FE 245 e — 5, (02 ST i ik
J T3 R VA R T PR L SiOR A A L TR 4R R B 3
TR R 22 AR ORI,

B i S W gT R R B a8 R B R A Pro
KRR, I EL 5 42 55 5 A Pro & & K T it £
PER R ) SR 5 A e BV InAMIE SR T 8 I
PrEh e e Sy A Si BRA% T SR Wria R R F
Pro & . Bu P58 R W, CA #EHIM A &
i3 &3 o T s R A (an O, « (HL O, 55) MDA
Ml Pro WA R & UMM Si J5 1 2 BRAR T 2N 4)
HiZH 2005 M4 MDA fil Pro (A 2FLEE, A5
SRS RTABII A B — B 00 1 s 6T R Y I AE
FE TR P A B 2 3G i T # R 7 ZE i b MDA
Al Pro FUE B HAMER I 4 mmol « L' Si B & FF
IR 1 s 6 (s v BE B 48 i Ab 3 3 N Fh 5 2F 3
MDA #i1 Pro fl & &,

Tk 28 i W 38 1) — A~ B B ML 76 T RE 05 38 o b
WA N I M SR BR R G0 TE P BB S A RO BRI T
S, T 20 A 9 45 0 A R 9 % B, I T REE

40K fif 0] 14 38 K FF SOD,POD I CAT f4 1% #E
Jiti Jin A0 VR A Al B 8 144 5 AR A AR AT SOD L POD Fil
CAT RIS HERY . ARAFFT 25 R, 5% B8 CK Fil s
A Si b FAH L 7 1 R T IR 4R VA B I 3 AR T B
JNFR T 25 1 SOD, POD 1 CAT (3% 1, ¥ i &k 5
fik 12 35 g T 32 W8 2R R 2R 1 SODL POD il
CAT (3 P, 3 W1 % AF 2L B i S8 W W 30 T 3 )R 5
FHRNTAE T KEREN « O, 1M Jh A fg
BOH BRAEMRAR N B0 B Rl CR AP AT W B 45 Y
SEREME WU T AR 2 B ke 15 .

ol 7 3k R v, b P TR ) BT 1 B D1
ANEL/D T LA R AR AR T R A R G R
WA Bl 8 & FE 2R A B A IR BT an e
TR TR R B R L A R — Fp
HEREY) T, S8 0 3 3 — R 91 K A i AR R R ) A A
BB A 2 2F =R KA 2R L AR 2
T Si FlE A 5L 5 I8 $2 900 B TRD 7 W ik L W 3h 0 7
oo BIER EEIG PER B A AR A, SRR o TE M
Pt 5 1 A B INRR W AW (B & 8 he i S {ED R
SR (R T B-UE A I PR T R R A48 (Y R 36
h i 3K B WD L 3X AT BE TR IR 2E & B R R
(GAYIFES o TE By i B9 S A2 1k 8 s iy . JFH
ARG AL R AR AR BR AR WAL PR T o U8 4 il
13- Hoy I A 0 M b 2 R RO A BB R TE R
TS A IR AE T DL 3 2 1 o B0 K B 09 3 1k O
AR TER & . JGE , PEG Bl 2 e &
EREALT BAR AN 0 R R o BUE A B TR
PES AN SiAT I R R U R I A TS M L O 02 F v
3 B K i TR Ry R OK 0 & AR L AR T L A E
TR H AR AR 5T 45 R 5k S 47 3 A 45 IR
—5,

ALV WS B R AL S A 5 L A
AR MBERFRMERER 7, ARG LSRR,
25 Kb P JTCZE B A B R O e R AT I M S A B Ak B
I [] 4 4 34 52 BB W R B e 3. (AR E 2,
AR S IR AR W 18 A BEFE 0~48 h BB 18 & i
i, 557 REOME LU o 8 IR R0 20 15 A 38 1Y TE
ORI A B o 3K AT AR T AR A IR 4R
T3 S ST SE B K A R P DT A T 0E
Wy 5G4k T AN IS VR N St 2 B T 3% A L R
TR 6 AR G TR BTG L+ STAL B ZE R AT
WA AR 2 LT O ERF TR Rk S AEK
THAESE AL T e i Al

BEAN A 6 18 I 5E B AP 5 & 36 h AF 45 Ab



9 ] &

H 85 AN XoF T A1 S SIS R YA ) IO T I R B % A N 1607

FRZE I AMY F1 BMY A% 263k &, ok i — 20 B64IF
AR ORI St X o 1 B-TE K B RNA 1Y
FBAF 2w, R EER R, 5X R CK AL,
VR IR I T AR T & 36 h i’F AMY
I BMY AHXF R IE K MEs AR St i 2 L #p
T & 36 h i AMY Fl BMY Xt Rk K-,
FEREA TR0 A s Bt Si A 3R 0 2F
1 22 45 br 5 3 B CK 470 B 3% 22 5, ixX KB Si
A g A FHAE 8 TG A7 3% A 56 o 322 2 9 ok 30 B L 1E 8
SR RIAF T R LI R FE g Ma 00 F
FEAESE . B BRI 2 0F T i A
RERT DL HE (1 e 220 BB DS SR Y R T
KX RESE BT AR AR AR DL T AR i AR

S % Uk -

[1] AIFHAMZAWI M K A. Effect of Calcium Nitrate, Potassium
Nitrate and Anfaton on growth and storability of plastic Hou-
ses cucumber (Cucumis sativus L. cv. Al-Hytham)[J]. A-
merican Journal of Plant Physiology, 2010, 5(5) . 278-290.

(2] WAL, M585E. B 2880 it A% 4% vl 35 82 & J8 P 0 3 1 e i 7] 2
LI, e BHA K24 . 2000,31: 124-126.
YU J Q. DU Y S. Soil-sickness problem in the sustainable de-
velopment for the protected production of vegetables[ J]. Jour-
nal of Shenyang Agricultural University, 2000,31. 124-126.

[3]  FEAEME. Frers 2. 5. HOG IR = M BHIE 35% 56 5 09
BE[T 1. il B2, 2008, (3): 78-81.
WANG JH, QIHY., LI X W, eral. Screening of organic nu-
trition substrate for melon production in greenhouse J]. Henan
Agricultural Science, 2008,(3) . 78-81.

[4] REW, ZRE. & &H %5 BREFNEFERSETERE N
JNAER K MRS LT ] RS, 2014, (5) .
1 401-1 407.
WU CC, LIT L, CAO X,et al. Effects of nutrition medium
on cucumber growth and microenvironment in greenhouse un-
der continuous cropping[J]. Journal of Applied Ecology .
2014,(5): 1 401-1 407.

[5] EPSTEIN E. Silicon[J]. Annual Review of Plant Biology.
1999, 50(1) . 641-664.

(6] Sk P, moRT R 55 kX o 1F 3 R &1 % A 48 1k A d
ARBTG5 [T 1. B A A 4 4, 2014,25(6): 1 733~
1 738.
ZHANG P Y, GAO R G, YANG F J, etal. Effects of silicon
on photosynthetic characteristics and activity of antioxidant en-
zymes in continuous-cropped cucumber seedlings[]]. Chinese
Journal of Applied Ecology.2014,25(6) . 1 733-1 738.

[7] THR./NE— Tk CKE) &R X R EF R 5
[J]. Rl B2, 2009,15(3) : 87-90.

WIR R BT S 80N 22 5.

ZE LAk, AR 2R U IR I VR A B 2 4 o IS Aol
T A AR S Ak T S 2 O A IR R 0
T v 3 A R O U A VXTI Ao - ) A6 0 LA
FIAEAE = A 20 28 A 20 i ORI & B T
PR AN ST 5 58 3 A R o TR 4 W Ak BT BT
R o 1 B-UE R BTG T DA B AT T M A BRI L
MDA F1 Pro & &, i AMY F1 BMY A%} %35 7k
V. KW S ATRE S Rl T kA A b i AR R
IR R E R A SE AR . R, AR ST AT 2 fig
T AR BT B RO B IR - B 0 30 o A L A2
BRF T I & .

WANG D M. Effects of silicon and potassium fertilization on
the area of multiple and continuous cropping for wheat and
maize (Soybean) [J]. Tianjin Agricultural Sciences, 2009,15
(3): 87-90.

[8]  NEGDY. rkZE % & KA 7 05 & A 4h i 2B K A 3 1E A A L3
LD 22 M H Rl K, 2016

[9] KAUSS H. Silica deposition by a strongly cationic proline-rich
protein from systemically resistent cucumber plants[J]. Plant
J., 2003, 33: 87-95.

[10] FAISALSHAJI, CALLISKRISTINE L, SLOTMARTIJN, et al.
Transpiration-dependent passive silica accumulation in cu-
cumber (Cucum). [J]. Botany-botanique, 2012, 90(10):
1 058-1 064.

(110 BERHEE. RMAHY) 1 SR 3 W6 B 4% 5% 1 L e B A Wt v
I MRS R (D], 22 90 < H i 4ol K%, 2016.

[12]  mfRR. Y459 R IM] dbat. @ % 80H Ak,
2006 142-231.

[13] PINHEIRO H A, DAMATTA F M, CHAVES A R M, et
al. Drought tolerance in relation to protection against oxida-
tive stress in clones of Coffeacanephora subjected to long-
term drought[J]. Plant Science, 2004, 167: 1 307-1 314.

[14] LIMA G P P, BRASIL O G, OLIVEIRA A M. Polyamines
and peroxidase activity in bean ( Phaseolus wvulgaris 1.)
grown under saline stress[ J]. Scientia Agricola, 1999, 56
(1) 21-26.

[15] HAVIR E A, MCHALE N A. Biochemical and developmen-
tal characterization of multiple forms of catalase in tobacco
leaves[J]. Plant Physiology. 1987, 84(2); 450-455.

[16] VASQUEZ-TELLO A, ZUILY-FODIL Y, THI A T P, et
al. Electrolyte and Pi leakages and soluble sugar content as
physiological tests for screening resistance to water stress in
Phaseolus and Vigna species[ ]J]. Journal of Experimental
Botany, 1990, 41(7) . 827-832.



1608

[N A N 7/ B S

39 &

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

LIVAK K J, SCHMITTGEN T D. Analysis of relative gene
expression data using real-time quantitative PCR and the
27 25CT method[J]. Methods, 2001, 25(4) : 402-408.

SUN G W, CHENR Y, LIU H C. Causes and control meas-
ures for continuous cropping obstacles in protected vegetable
cultivation [ J ].  Transactions of the CSAE, 2005, 21;
184-188.

LARKIN R P, GRIFFIN T S. Control of soil borne potato
diseases using Brassica green manures[ J]. Crop Protection ,
2007,26. 1 067-1 077.

BLUM U, SHAFER SR, LEHMEN M E. Evidence for in-
hibitory allelopathic interactions involving phenolic acids in
field soils: Concepts vs. an experimental model[ J]. Critical
Reviews in Plant Sciences, 1997,18: 673-693.

YU J Q. MSTSUI Y. Effect of root exudates of cucumber
(Cucumis sativus) and allelochemicals onion uptake by cu-
cumber seedlings[J]. J. Chem. Ecol. ,1997, 23 817-827.
ZEE NGARGE SR LB RN A S AERH R
[DJ. Pevits e 10 AL M AH 2 K4, 2013,

BTG R, R M5 AMNE H'S 28 % 5N R T 8 & it
i SR 38 4 5 1 2 BAL R LT . w8 b ol A% 3l L 2018, 27
(9): 1 328-1 334.

MOU X J, ZHANG Y B, WU Y, et al. Physiological mech-
anism of exogenous H;S in alleviating drought stress-induced
injury in germination of cucumber seed[ J]. Acta Agriculturae
Boreali-Occidentalis Sinica, 2018,27(9) . 1 328-1 334.
QIL L, CHENY, JIA H X. Effects of organic and inorganic
silicon on the germination of rice seeds under saltstress[J].
Journal of Gansu Agriculture University, 2002, 37 (3):
272-278.

ZHANG W Q, HUANG Y Z, ZHAO L J, et al. Effects of
silicon on the germination of simetant rice and wildrica seeds
under salt stress[J]. Asian Journal of Ecotoxicology ,2009,
(6): 869-872.

MRAE T, 45 DU, R Bk 48, g ik i f 2K Ho O, /Y
RGP A S RLT], YA B2, 1988, 14(1) .
16-22.

LINZF, LISS, LIN Z Z, et al. The accumulation of hy-
drogen peroxide senescing leaves and chloroplastsin relation
to lipid peroxidation [ ]J]. Acta Phytophysiologica Sinica .
1988, 14(1). 16-22.

BU. Autotoxicity in cucumber (Cucumis sativus L. ) seedings
is alleviated by silicon through an increase in the activity of
antioxidant enzymes and by mitigating lipid peroxidation[ J].
Plant Biol. ,2016,59: 1-14.

XU R SR 2 A QWL A5 R 2 A AR W 4 B E AR AR S
BLRILT ] AR 252447, 2017,37(23) . 7 799-7 810.

[29]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

LIU CF, SHIG R, YU R G,et al. Eco-physiological mecha-
nisms of silicon-induced alleviation of cadmium toxicity in
plants; a review[ J]. Acta Ecologica Sinica ,2017,37(23):
7 799-7 810.

WANG S H,.WANG F Y,GAO S C. Foliar application with
nano-silicon alleviates Cd toxicity in rice seedlings[J]. Envi-
ronmental Science and Pollution Research , 2015, 22 (4):
2 837-2 845.

FAROOQ M A, ALI S, HAMEED A, et al. Alleviation of
cadmium toxicity by silicon is related to elevated photosyn-
thesis,antioxidant enzymes; suppressed cadmium uptake and
oxidative stress in cotton[]]. Ecotoxicology and Environ-
mental Sa fety 2013,96; 242-249.

LIUSJ, XU H H, WANG W Q, etal. A proteomic analy-
sis of rice seed germination as affected by high temperature
and ABA treatment[]]. Physiologia Plantarum , 2015, 154
(1): 142-161.

OKAMOTO K, AKAZAWA T. Enzymic mechanisms of
starch breakdown in germinating rice seeds 7. Amylase for-
mation in the epithelium[J]. Plant Physiology, 1979, 63
(2): 336-340.

B. BIAECKA, J. KePCZY NSKI. Germination, a-» Bramyl-
ase and total dehydrogenase activities of amaranthuscaudatus
seeds under water stress in the presence of ethephon or gib-
berellin A3[J]. Acta Biologica Cracoviensia, 2010, 52(1) .
7-12.

MA J F, TAKAHASHI E, MA J F, et al. Soil, Fertilizer
and Plant Silicon Research in Japan[ M]// Soil, Fertilizer,
and Plant Silicon Research in Japan, 2002.

TODAKA D, MATSUSHIMA H, MOROHASHI Y. Water
stress enhances B-amylase activity in cucumber cotyledons
[J]. Jouwrnal of Experimental Botany, 2000, 51 (345);
739-745.

MA J F. YAMAJI N. Silicon uptake and accumulation in
higher plants[ J]. Trends in Plant Science, 2006, 11(8):
392-397.

TOLEDO M Z, GARCIA R A, MERLIN A,et al. Seed ger-
mination and seedling development of white oat affected by
silicon and phosphorus fertilization[]J]. Sci. Agr. . 2011,68;
18-23.

TORABI F, MAJD A, ENTESHARI S. Effect of exogenous
silicon on germination and seedling establishment in Borago
of ficinalis L[J]. J. Med. Plants. Res., 2012, 6; 1 896-
1 901.

(% %t 3T )



