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Effects of exogenous silicon on growth, physiological and biochemical
characteristics of zizyphus jujube plant
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Abstract: In order to explore relevant physiological mechanism of exogenous silicon in improving drought resistance
of zizyphus jujube and determine the optimal concentration of exogenous silicon, zizyphus juyjube Nanzao No.l was used as
material for hydroponic expriments. Using PEG6000 ( polyethylene glycol 6000, osmotic potential was about —0. 15 MPa)
to imitate drought stress, and the effects of silicon on growth and psychological characteristics of zizyphus jujube under situa-
tion of drought stress were researched. The result indicated that drought stress caused oxidative stress and osmotic stress on
leaves of zizyphus jujube seedling, decreased photosynthetic pigment content and photosynthetic rate, and inhibited the bio-
mass accumulation of zizyphus jujube. The relieved degree of different concentration of silicon to drought stress for zizyphus

Juwube was different, relieved effect of silicon was better when the concentration ranged from 0.5 mmol/L to 1.5 mmol/L.

Under drought stress, with the increase of silicon

Y #m B #A:2017-12-12 concentration, water use efficiency increased, antioxidant

EL£WH . BEARBFEESTH (31260202) ; Mol 2> 28 PEAT LR

enzyme activity and biomass increased first and then de-

WL (201504412) . .o
BRI 283 (1991-) 40 . 955 5B TL-BF5E 4 £ 5 e creased, inorganic ions content gradually decreased. In
FeWALBIARIZE . (E-mail) 1572666975@ qq.com conclusion, the application of silicon can strengthen photo-

BIWAEE 248, (E-mail ) 13848817183@ 163.com synthesis of zizyphus jujube, improve the antioxidant en-
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zyme activity and improve the light use efficiency of plant for helping plant to defend drought stress by regulating the nutri-

tional status of plants and metabolism, the protective effect of 1. 5 mmol/L silicon treatment on plants under drought stress

is the most significant.
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Y s AL Y H R SR BRI R 2 5 LK
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fe it —E RIS U .

IBPR S

1.1 kiR R b

DIRRAL AR A 1 5 ARl iy 2 2 iR T
Mol Bl AL . T 2016 4N SR K 2EF
HORVE X FF 5T, 8 Hoagland & FRBKE B 1,
PR A4 i 3SR AR LI 3 N A T 1l 0 (a2
JER 28 CLiAT , FRIARRHEEE N 60. 16% , i K7 [H]
JEHERE K 1 400~1 800 wmol/ (m” « s), JHAEZAE N
IKIG A SRR AR T T FLIS B T 43R RS S Ak
B B G REXTR R L B RGN, R 2 3 1 1
D B4 ARTELS cmx 15 emx 16 cm BN, B4
AT 2 R, I H R M & 2 | CE T Hoagland IR
W RESR pH W2 6~7, B 3 d Hi—Ik, 1F
YK Z 6 i 1DE R EI S R E Rk 24
IRPFLKES 1T PEG6000 b3,

R I 6 S4B, XF R (CK), PEG 4b B,
PEG+0. 5 mmol/L Si 4bP#(B,) ,PEG+1. 0 mmol/L Si
AbH(B,) , PEG+1.5 mmol/L Si 4L ¥ (B,), PEG+
2.0 mmol/L Si 4B (B,) , BN b HE I 4 K, PEG
IR EFR TR O ZBER IR E R 15% , 553
25°-0.15 MPa, A0 30 74, 4304 3 41, BlHLIX
HHEF A aE DS RERR AT, th T R IR A A
B NEC il Hoagland 5 75 W A A BH 2 B0 Hh 5 B3
L3S B NO, ™ &K AR IS BR AN, DL B fk 2%
25N HT 4l PEG ALEE 10 d J5 SR AR DU 5 4% 20
55
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1.2 NEIEREFE
1.2.1 AWFTEFRmenl e PR, 5750
- EBFN LR, FHZE R K, WK 4RI T 2R 1H Y
KAy FREUEE TR, SR AR AR 110 °C 44T 30 min,
F75 CHL T EEE, R R, SRR
AUV T S ARG A K R T S 3 0 ) )
Y AR K & TR R RCE
122 sthkeEersswine NAEOROHE
M2 R a MR b LSRR RAIKE RS
Jr AT E A8 FH 58 A1 43 S0 B I s AN )k Bt
TRIOGEE AR 3 IRE R
1.2.3 RAMBEFERG N T KL 0.5 g A,
BT ml F¥ O BERR 22 MR AE VKV LIPS 1,4 C
T4 000 t/min®.L> 15 min, [ RO RLEG , T
i AP EG (SOD) i A ALY (POD) Flid &
S (CAT) WS PERINAE . SOD T PRI R FH &
VU (NBT) 7, POD 540 2 2k H BB K B i, CAT
T PRI R AN T
1.2.4 =g E &A% NERTERE L)
RSN —&,6 H 1 HERHIEE Walz 2wl A4 ™
(1) PAM-2000 fE 45 XA A E 5 3 EL A (1% -4
RWIRTOC(F,) FRZENG(F,) IR 250
(F,=F -F,) ,PSTEHDCREFRE LR (F /F,) .
1.2.5 RAH-FAZenE  FRELO0.3 g BT B
I R RE SRR 150 ml = AR, IIA S ml = SR
F1 15 ml HRARFRIZ I (B ) |, AR5 FE L #viR |
T 180 C FIHAZRBEYI M B HIGH LB FIKER
% 50 ml, H Vurian 2~ A (3£ E) 4 = K Spec-
trAA220FS I i WG 3% I 52 Fe™ | Ca™ |
Mg®* K* Na' &+,
1.3 HiEAE

R SPSS BT O 22 38, Horbak

x1 TEBPETHENBEDHERKHIZE

PRS2 ) 22 57 i MR Duncan” s 1 & W 257k
TR

2 HR5Hr

2.1 FTEMNE THEXNBRELSEE KN

2% 1 AT, — 1 B iE ( PEG ) 235 59 AH XT
Az A T 8 (CK) A4S it ik Ab B (B, B, B,
B,) , EA5 it Ah FEAH ot A R T BE, R
EAPE T RS AR LT, RS TR
AR AR AR, TR 10 d,
B, .B, B, B ACFEARXS A K HZ L PEG Ab #5348
& 11.54% . 23.08% . 50. 00% . 15.38% ., PEG b3
55 CK AR, B 2 350 0 b T 350 e o o DA B b |
TSR - F 1 BT A BRI (P<0. 05) , 43 i FAIG
T 43.76% F1 59. 88% .55. 06% Fl 49. 38% ., 5 PEG
ACEEAR EE, TR E N AL BRI T A AR
P R AE | HLBE A Al rt o v 3 TR A 4y v
R T A T DA A B A T R B
Je T i Je AT A B I 5 v B e A B AT LA
PR FE PR AT b FR AR A A o DL S A T
BRF R AR ,0. 5~ 1. 5 mmol/ Lk Ab FEAE k3% T
B8 T RRAS A T 2 B OR , 1 B 7R X 3R] AN [R5
EREREXIRB IR U AR ) & B, WU T R M aE X R
Y A A BPLRE S, FERE R RV E R 1.5
mmol/ LAY S 35 21| f5 4, 1 A8 ff o VR Ry 2.0
mmol/ LA, iR A by |- 38N b F5 6 Joi i DA W by |35
U ST i R R, 5iAh, AL BA 2
PR T TS BRI A K 43R R e T 4R
15 41, 67% , X e 24 BL i B RESE = T AR BR 1 R OK BE
J1o IRIGEE IR, it FH IS > BT v B A W G2 A T
A R 0 R TR,

Table 1 Effects of silicon on growth of zizyphus jujube seedlings under drought stress

o MRPERGE® L FWBERht L LWBRR LW TR LW RR A AACE
(mg/d) (.1 ) (.1 ) (.1 1) (5.1 1) (pumol/mmol)
CK 0.45£0.03a 8.00+0.08a 17.80£0.02a 0.81+0.03a 8.90+0.15a 0.48+0.02ab
PEG 0.26+0.04b 3.21+0.23d 10.01+0.23d 0.41+0.56d 4.00+0.11d 0.57+0.01a
B, 0.29+0.01b 3.67+0.11d 11.33+0.44d 0.51+0.16¢ 4.13£0.28¢ 0.60+0.03a
B, 0.32+0.04a 5.11+0.36b 14.90+0.40b 0.55+0.01b 4.66+0.66b 0.64+0.02a
B; 0.39+0.02a 5.44+0.15b 14.94+0.13b 0.60+0.02b 4..67+0.17b 0.68+0.03a
B, 0.30+0.02a 3.99+0.99d 12.98+0.21c 0.50+0.10¢ 4.01+0.17d 0.68+0.04a

il — B &l A Rl /NG R R R 22 5+ 3% (P<0.05) |, FIl, CK. %t PEG. S —F i 43 ; B, . PEG +0.5 mmol/L Si; B, :PEG+ 1.0 mmol/L

Si;B; :PEG+1.5 mmol/L Si;B, :PEG+2.0 mmol/L Si,
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22 TEBETHNBESEXEGERESEN
=AU

2 2 15 H ,PEG &b B F iF 4 % a(Chl.a) i
%% b(ChlLb) M%:Z a+b(Chl.a+Chl.b) M%4#%E
a/MeE b 5 CK M KM H 2 7 8 #F (P<
0.05) , 73 B AR T 50. 86% ,44. 51% . 49. 82% FI
11.57% ., FakEnl 4 @A R & ik, I ACK [R5
HIRE AL ELS , B, B, (B, (B AL FERR AL i Y
Chl.a % iE 5 PEG AL #AH L4338 17 1. 75% |
3.13% 9. 63%#1 11.13% , B, .B, B, . B, Ab BH i &
T Chl.b & &5 PEG b HAH o4 95 fn T
12.99% .28.81% .75.71% F1 74.58% ,B, .B, B, .
B AL B AL Y Chl.a+Chl.b & &5 PEG Ab B

®2 TEBETENBRFENIHEAGEESENIM

AEE A B8 T 3.79% . 7.78% ., 21. 60% FiI
22.62% ., UiBtifEAL PR AR T T R W aa X b g R
W0 HANBEYR & 2% IR, IF Hoit Rk b 2R
Chl.a/ChLb {EX T PEG 4- ¥ B, B, B, B, b B
f) Chl.a/Chl.b & & It PEG b3 /Y Chl.a/Chl.b U5
/19.76% . 19.96% . 37. 69% H 36.36% . + 5
B, AR RE BT R v RS 3G 0 Y W] B, Chl a
Chl. a+Chl. b ¥ 2 - F+ &% Chl.b B & TE 0.5~
1.5 mmol/ L& AL B F Z 38 i, 2. 0 mmol/LIF if
FF%,Chl. a/Chl. b 7£ 0.5~ 1. 5 mmol/LFE 4k #
BT 1.5 mmol/ LAE AL ¥ A} 21 38 fe /ME., N
2. 81 mg/g, ZJ5 B Bl

Table 2 Effects of silicon on photosynthetic pigment content of zizyphus jujube seedlings under drought stress

4 4 4

e %) s> " AR /A
CK 16.28+0.32a 3.19+0.18a 19.47+0.21a 5.10+0.18a
PEG 8.00+0.56¢ 1.77+0.12d 9.77+0.02d 4.51+£0.22b

B, 8.14+0.08¢ 2.00+0.50¢ 10.14+0.15¢ 4.07+0.19b

B, 8.25+0.01c¢ 2.28+0.16¢ 10.53+0.11c 3.61+0.25¢

B, 8.77+0.20b 3.11+0.21¢ 11.88+0.30b 2.81+0.31d

B, 8.89+0.70b 3.09+0.16b 11.98+0.26b 2.87+0.11d

[ —F A NG FRERR 22 7 B3 (P<0.05) , CK ST PEG, A—F 2 4b 3 ; B, . PEG +0.5 mmol/L Si;B, :PEG+ 1.0 mmol/T. Si;B;:

PEG+1.5 mmol/L Si;B, :PEG+2.0 mmol/L Si,

23 TEBETHNBRESEEESERETHE
spAG)

SOD .POD CAT Mtk M I 1 S8IH BR 71, 78
390355 v G P 3 A R T v A A B
Mt 52 ¥, B3 3 Al%0, PEG b3 T IR &4 1 SOD |
POD . CAT W75 M43 5] e CK 1% 39.91%,32. 57%
F137.80% ., HMifkAbF S SOD . POD Fl CAT 75 1 1%
i EEABE T CK, 5 PEG 4h¥iAH I, B, B, B,
B AL PR ) SOD 1% 1 43 i £ &5 19. 46% . 58.72% |
63.98% F1 52.10%, POD % ¥ #& & 18.70% .
41.53% . 46.89% F 36.35%, CAT 1% V£ 4% &
23.12% 32.12% .57.91% 1 27.00% , T 5 ia
T, Bl R T VAR R R B, TR 4 i e SOD
POD [ CAT {f 1 2 56 T 5 Kt 5 #E 1k 0T o vk 5 2R
1.5 mmol/L i}, 35 B iz K AH, af ¥ & & 3 2.0
mmol/L( B,) i}, SOD . POD . CAT &£ 43 % 1t B, &b
PHFEAR T 7.24% 7. 18% . 19. 58% . i I 45 B &

B RRR T RE AL PERE O RS T R T
SOD .POD CAT iX 3 Fhif (038 7 | 2% fift TR 2 4y 1 1A
PR A B P 3 X A % 45 1 T, AT 4R
YT 5 e

®3 TEPETEXNEBELE SOD . POD # CAT &R
Table 3 Effects of silicon on the activities of SOD, POD and CAT

of zizyphus jujube seedlings under drought stress

e SOD it POD &1k CAT ?‘ﬁﬁ
(U/g,FW) (U/g,FW)  [U/(g* min) ,FW]

CK 143.87+6.53a 153.80+8.78a 87.89+1.12a
PEG 86.45+7.21b 103.70£6.41b 54.67+6.26b

B, 103.27+5.98b 123.09+5.01b 67.31%5.45b

B, 137.21+2.20a 146.77+3.72a 72.23+3.28a

B, 141.76%8.25a 152.3326.01a 86.33+6.56a

B, 131.49%5.59a 141.39+4.29a 69.43+2.50b

] — S EHE A NG FRER R 24 573 13 (P<0.05) , CK: X f#; PEG.
B PR B, . PEG +0.5 mmol/L Si; B, PEG+ 1.0 mmol/L
Si;B; :PEG+1.5 mmol/L Si;B, :PEG+2.0 mmol/L Si,
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24 TEBDETHMNBEHEHREZLALSHEN
=l

Fo g2 PS T 0 58 4 TR ) de /N e 7
i, PS TS0 A0 A B SR B AT 3 2k 36 25 510 F,
RN s F, 2 PS TR HCs 58 4 5 AT s 1) die ok
Jereag, et PS A HL FAZ BN 00 F, & 0T AR5
o, R PS I EHIHL 324K QA MR IE ML, & PS
I s s et s i P s R bn s .t 4 i,
PEG AbFEF R F, & T X oAl 4 4>t Ak
ARERE) Fy KT PEG AL FE, 2 BIFFAK T 3.93% .
3.93%.0. 36% 4. 64% , Ui I HE A] LLGZ i 15 aa %
PS I B L2 , PEG AEBRAI CK i, F, 5

F4 TEBETHEIBEHHEHRRERASHNZN

F % FFET 1.67% 3.11%,B, B, B, B, ZbFHF0
PEG LA L, F,, 3 I0E B BN, F, i B
B ULIANEY) B RE RE SR T T R A T A R POk
Fei, F/F, 5 F /F, ARHRIEZ BSNHR ERDE
e A rp LA Ry S 0 IV 36 b, ] st g LA %o 3
BACHUERE R ST B 48 Ar . T2 WhE T, PEG A4t
PINTRENY F /F, 5 F /F, (HEME T X & 4351
MR T 1.55% .6.67%,B,.B, B, B, AL B YR A 4))
Wil F/F, R F /F, A3, JF BF CK A3k, 16
B AN RESR 5 T PS TSR Ho0 WD G RE R AL 0%
FVE AR C A2 TE P 580 T R A8 &) 1 Xl BE S 855 1Y)
iR NE WA

Table 4 Effects of silicon on the chlorophyll fluorescence parameters of zizyphus jujube seedlings under drought stress

e W EFOL(Fy ) BRIE(F,,) ATARSOL(F,) AR/ TR TSSO/ [ E PO
[ pmol/ (m? - 5) ] [ pmol/(m? - 5) ] [ pmol/ (m? - 5) ] (F\/Fy) (F\/Fy)
CK 270 1 200 931 0.776 3.45
PEG 280 1 180 902 0.764 3.22
B, 269 1191 921 0.773 3.42
B, 269 1193 927 0.777 3.45
B, 279 1 190 936 0.787 3.35
B, 267 1190 935 0.786 3.50

[l —3HHE A /NG PR OR 257 8% (P<0.05) . CK: X4 PEG : BA—TF S 43 ; B, : PEG +0.5 mmol/L Si;B, : PEG+ 1.0 mmol/L Si;B;:

PEG+1.5 mmol/L Si;B, :PEG+2.0 mmol/L Si,

2.5 FTEHETHENBRESEENEFIENXME

H % 5 vl MG IE B K 40T 4 i e AL
BEF RS —T R A b REH 2 PEG 4
FETFRR AL A K Na™, Ca™ Mg™ 1 Fe'* & 48
X B 43 ) B4 24. 33% | 62. 85% . 33. 08% . 30. 10%
F128.32% , HA DL Na™ (R B e kK, it ik b B
T, &8l R E% B, B, B, B4 b
Y KA A PEG AL 23 5 B AR T 13.38%

£5 TEBETEMNBRFENIHLINEFIENIM

16. 85% 20. 27% 1 24. 65% ; Na* &5 & 43 B FEA% T
5.43% 9. 74% 38.35% 11 38. 47% ; Ca™ & 143 7| f
T 7.88%.9.73% .18.91% F1 19. 30% ; Mg* % &+
Iy IR T 5.91% 8. 74% 22. 11%H1 22. 62% ; Fe™*
S WAL T 10.30% . 10.84% ., 19.08% i
21.71% , T FWHa T, ft sk vl LLJE A 4 7 R 22
TCALE 5, T A R 0 BT Rk

Table 5 Effects of silicon on the content of inorganic ion of zizyphus jujube seedlings under drought stress

e K* Na* Ca2* Mg?* Fe3*
(g/kg) (g/kg) (g'kg) (g/kg) (mg/kg)

CK 15.99+0.04h 4.98+0.84hc 9.34+0.03b 2.99+0.04b 278.90+0.04b
PEG 19.88+1.78a 8.11+0.89a 12.43+0.01a 3.89+0.03a 357.89+0.42a
B, 17.22+3.22a 7.67+0.24a 11.45+0.03a 3.66+0.02a 321.02+0.37a
B, 16.53+0.34b 7.32+0.58a 11.22+0.03a 3.55+£0.01a 319.08+0.20a
B, 15.85+0.56b 5.00=0.11hc 10.08+0.02b 3.0320.05b 289.62+0.04b
B, 14.98+0.37b 4.99+0.83be 10.03£0.01b 3.0120.01b 280.19+0.04b

Il —F & HiE AN [l /NG B R R 22 5 38 (P<0.05) . CK. XF I PEG . o —F 5 iA 403 ; B, . PEG +0.5 mmol/L Si;B, :PEG+ 1.0 mmol/L Si;B;:

PEG+1.5 mmol/L Si;B, :PEG+2.0 mmol/L Si,
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3.1 FTEmBETHAEMNEYWEKNZN

Ay R AR P A B BE RS SR LR Y
HEEW, B a2 HEdEmyn KR
LI AR AT DL e R R PR, H R A=
Yyt IRl B T RE AR R 036 RN R SR AR,
TEWSR IR T, Z WRa AR AR R S 7= A N AR 1k
MR A ) T Z B fE 0 IR as R,
BB T, B gl i A Rk & A i S AN A 1Y)
RHAZE, 16 PEG AbHN Bl 25 Tk Jo o vk B AS K7 14
e b R AR AR R R R A, H
W Y R R T 0.5~1. 5 mmol/L, i Z it i
RiE=A MG EN, BfEEREERE N 1.5
mmol/ LA Ab BRI B iy, AT g 25 412 vo R S AL BR 19 BT
Bk S HTAAE ALY B S T B 1 458
AR—F TS i O U RE YRR R, H R
Pt AR 2K KA R SR R AR AR X K 43
(R SN At A, I e K 0 R RCR AE T 2 e
At i, PR AT B T R A A — A A R
(R BEPREE T, 3 3 OGP B 43 AL 25 10 R TR
U T 2 K X SR 2 6 T AR K A R
PN A 5 — 8, 38 B VR A x5
Joir3E T R Ly v ) B LA R AR T 5 R
S TR R P A A 3R X 38 5l e UL ) S B
A3, R R e R R T SO R K
PRI R R RE A A ) SC B R R I 258 DL R LA
5 18T A28 3 23 i b, U8 R K 45 AR AR
HORASP 1R R K AL A WS 1 R R BRI
DS = 0 WA o A eSS L 85 3 g w2227 T
WK K SABRAR, R MR K A B, X
PN 2 Stk R A Rt S0 %F 4 2 R A A R R G A
SRS AL R A A BRER BR (0 B2 M A5 HE A 2538 AR
32 FEBMETHAEMREMEETERMZE
RS

FEYIAR I SOD ,POD \CAT JEREYI AP TE 2L 1Y
P RS, B R R A o5, B kR A A
UMBAEAZ B0 ) 30T B B (0 A 4 1 QS
FIRE , 16k SR R = A D R R R A A R4 5, DA
S RE )G A G H RO A i 3 40 B A A Tl 4R
s> IREEEE LW, T 2E R SoD  POD .
CAT 15 AR T X T2 T, P b 5=

G2k TR AN AR R I AR B TR B
i B BEE TR BB T 2 B A e o v
o3, HR B L TR R R A, ik A e
DO W NI ED 0 B = i B0 S e o T = 2
RV EEH 0.5~ 1.5 mmol/LIN, SOD . POD .CAT %
PERER , S5 A0 X R BOR (A 7 A5 H B 2 ek o
TR CAT 2 TR AR 25 AN, LR
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