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Abstract: [Objective] To study the growth of rice seedlings as well as absorption and transport of zinc (Zn)
and copper (Cu) under different silicon (Si) application levels. [Method] ‘Wandao 71° was used as material
through water cultivation to study the biomass, zinc and copper contents and accumulation of rice seedlings
under different silicon fertilizer levels of 0 (CK), 30, 60, 90, 120, 150 mg-L™", respectively. [Result] The leaf
number, plant height and root length of rice seedlings were all higher than those of the control, and the biomass

(fresh weight) of rice shoots and roots increased over the control by 5.44%—52.81% and 4.83%—42.49%
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respectively. The leaf number, plant height, root length and above-ground biomass were the highest in 90 mg-L™

Si0, treatment. Zn and Cu net absorptions of rice root increased over the control by 5.79%—77.43% and

6.51%—44.96%, respectively. The Zn transport coefficients of 60 and 90 mg-L™" SiO, treatments increased over
the control by 10.91% and 38.18% respectively, meanwhile those of Cu increased by 8.70% and 26.09%

respectively. The contents of Zn and Cu in rice shoot increased with the increase of SiO, concentration, reached

the peak value at 90 mg-L™ SiO, concentration, and then began to decline with the increase of SiO,

concentration. [ Conclusion] Considering the factors of rice growth index, biomass, and absorption of Zn and

Cu, 90 mg-L™" SiO, treatment is the best Si fertilizer level for microelements of Zn and Cu absorption in the

present study.
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B PR AR 52 ST B2 38 in 11 52 i 5 B AR —
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Si0, AbBEIA B i =i fE, 2 5 Bl Si < B (1) 4k £ 38 hin
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B 5 B A ST T B 0 S B S B B A R
sk, ANF Si R KT R KRG L A= & A
R AR AR AT S 2 1 — 8k, bt

b FBEE R B AE 90 mg-L ' Si0, AbFEIA B KAE, H.
5120 1 150 mg-L™' SiO, A [a] £ B E # 7
(P<0.05), TMARIBEEFTELE 60 mg L™ SiO, AbFLAF
KA

F 1 FEELEMKESEH AR RSFIRKEIRMED

Table 1 Effects of silicon application on leaf number, plant height, and root length of rice seedlings

p(Si0,)/(mg-L™) 3 Pk Ei/em K /em
Silicon fertilizer concentration Leaf number Plant height Root length
0 (CK) 6.85+0.55b 42.08+4.85a 11.62+2.55b
30 7.10+0.69b 51.26+7.33a 12.72+2.12b
60 7.70+£0.31b 52.42+7.69a 13.47+1.88b
90 9.00+0.67a 53.32+5.84a 16.13£1.54a
120 7.05+0.68ab 47.95+4.69a 15.45+3.32ab
150 6.85+0.40b 44.31+4.45a 13.74+2.93b

)& P 2% A T AR E £ (n=3), B ) 3458 )& 09 R R/ B F 4 & T A 32 6] £ 5% B % (P<0.05,LSD % ¥ rbiab 1)

1)The data in the table are average value + standard deviation (n=3); Different lowercase letters in the same column indicates

significant differences among different treatments (P<0.05, LSD multiple comparison test)
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Different lowercase letters on the columns of the same rice seedling part
indicate significant differences among different treatments (P<0.05, LSD
multiple comparison test)

1 FEREALIBN KIS S RREYIE EERE) R
Fig. 1 Effects of silicon application on plant biomass (fresh
weight) of rice seedlings
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FEGHT Zn & BRI 3K FAREE, &b 3
KL B B3 Zn & B BE Si AE/KT P I o6
10 J5 BEAR, AR Zn & =M FFSE 0. 90 mg- L™
SiO, AbFEA /K FEHh 30 Zn & & B E & T CK Al
30, 120, 150 mg-L™" SiO, 4:#, 120 1 150 mg-L ™
SiO, M /KR Zn T EEE & T CK
(P<0.05).

ME 2B FTLLE H, BE#E Si AEA BRI, /K
T4l th B3R5 Cu & &IN5 BEAK, J 4 90
1’1’1g'L71 Si02 %iﬁﬁ@ﬂ(*EﬂﬁL%B% Cu?® =3 Em%ﬁ
F 150 mg-L ' SiO, A3 (P<0.05). KFEHRES Cu &
B AR A R .

Zn Fl Cu 2 EP) 06 75 8 3R e &, AL
H1, 0~150 mg-L' SiO, &b F/KFEMEIL ) Zn, Cu &
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The data in the figure are average value + standard deviation (n=3); In each figure, different lowercase letters on the columns of the same rice seedling part
indicate significant differences among different treatments (P<0.05, LSD multiple comparison test)
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Fig.2 Response of Zn and Cu contents in different rice seedling parts to silicon application

EITEM AR IE R A,
2.4 AERERRKFE TKFELE Zn, CaFiEE
& 2 AT LAE Y, KRG XS Zn A 5 9
T TR Cu R RE, 2hEH B Zn RERE
IR = T AR Zn BUER &, 90 mg L' SiO, 4bEE/K
FE A b 7 16 Zn A R & 235 & T CK M 30,
120, 150 mg-L™' SiO, &b ¥, 60 F1 90 mg-L™' SiO, 4b
HUKFELh AR Zn B R B B E =T CK A1 30

mg-L™' SiO, 4 FE (P<0.05). /KAEL b 35 Cu #1
REMEE Cu HREMHEAK, 60 F1 90 mg- L™
Si0, A FKFES L B4 (1) Cu R R E B S
T CK #1150 mg-L™" SiO, 4b# (P<0.05), A [E] 4b#E
AR ERE Co HBEELREZR. 5 60 M
90 mg-L™" SiO, AbFEAH L, 120 A1 150 mg-L™" SiO, 4b
HK R4 L5 Zn, Cu FR R EH FRFRAIES.

®2 TEREIEXKFESE Zn. Cu REEMNZMY
Table 2 Effects of silicon application on Zn, Cu accumulation amounts of rice seedling
Znfl R H/ug Cufi R iE/ug
(SI0,)/(me L™ Zn accumulation amount Cu accumulation amount

P b -7 R b 1 RS

Shoot Root Shoot Root
0 (CK) 75.94+14.36b 28.10+5.60b 9.75+1.98b 8.81+1.94a
30 102.94422.11b 27.96+5.07b 12.0542.58ab 10.15+2.47a
60 126.68+29.54ab 37.65+£5.98a 17.2944.30a 12.56+2.90a
90 174.78442.01a 39.25+13.09a 19.794+4.29a 11.72+4.21a
120 78.61+£23.54b 33.96+4.01ab 11.1442.87ab 10.19+1.88a
150 74.60+16.06b 32.57+4.00ab 9.30+2.89b 9.97+2.06a

DA PHIES FHMELAFEEZ(0=3), AFNKEEHRE B

FAE A RN EF R F(P<0.05,LSD % Erb&

1)The data in the table are average value + standard deviation (#n=3); Different lowercase letters in the same column indicate

significant differences among different treatments (P<0.05, LSD multiple comparison test)

25 AEEERKFETKELHERE Zn, Cu FR
WEMEEE R
2 3 Al &, BEAE 90 mg L' SiO, AL FR ) /K
FELNEARES Zn B E A 12 RBEE & T CK

A1 120 150 mg-L™" SiO, 4bH (P<0.05). AS[F]4b 2 [H]
IKAE ) B ARER Cu W o B EMEZ 7+, 60 Al
90 mg-L™' SiO, HIKFEH) 1 Cu iz R &
(P<0.05).
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xR 3 FERELIEXKFERED Zn. Cu BRI EFEE RABHIF "

Table 3 Effects of silicon application on Zn and Cu net uptake amounts and transport coefficient of rice root

R/ (me kg ™) iz 2%

p(Si0y)/(mg-L™) Net uptake amount Transport coefficient

Zn Cu Zn Cu
0 (CK) 154.12+15.52b 27.444321a 0.55+0.02b 0.23+0.01bc
30 204.69+19.82ab 34.78+2.68a 0.58+0.06b 0.194+0.03bc
60 203.86:+36.20ab 37.06+5.80a 0.61£0.05ab 0.25+0.05ab
90 273.45+78.37a 39.78+9.15a 0.76+0.09a 0.29+0.02a
120 169.17+£27.46b 31.96+4.37a 0.45+0.08b 0.224+0.02bc
150 163.05+17.06b 29.234+4.54a 0.46+0.06b 0.18+0.02¢

1) S0 T AR £ (n=3), B 51 SR 80K BB 4 ALE2 1) £ 5 2 5 (P<0.05,LSD % ¥ It 4iib i)

1)The data in the table are average value + standard deviation (n=3); Different lowercase letters in the same column indicate

significant differences among different treatments (P<0.05, LSD multiple comparison test)
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3.1 FEEEXIKFER ZMARAEZ T

AR ELARUESE Si 2E G SR /K RE PRI 1 41
T 7K T r= 8 A0 o T AR R R 2 48 I
B WL Wb S it Si BB, 2K R 389 7 g i
PLIEE] 10%~20%. & ELIRE T Si AT LAKE I 52 7K
FEw SR R AR b RIS &, s Rt
AR, R R B E 77 SR EA T, BEE KRG
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T, FKFE () A2 K A8 b FH A= ) B 2 B R Sl 388 s B
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3.2 FEREFIKFEIRUL Zn. Cu ZERIX RS
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SRR R DL R B B A ARG I, Bkt
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P AIRA R Zn S Z IR MR N EYE KD

MEEFRICEK, Zn, Cu F EM SRR REIKTE
MAEKKE, M5z Hn] &80 g s H" e,
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&2, BUKFEY i 3 Zn & 2R SR EE RIS
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IEH Zn, Cu & &G HEN A KR . Zn, Cu 244
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FERE SO 2 EMARK = ERIEN .. ik
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YR TR G R & R B2 AR A A s
FER R B s, oAb A= 245 PR BT 16 52 oK 38 4% [R]
Fo Zn 1 Cu AHELEL, Cu & S SZFA RS AEAme BE RPY,
IKFEL S I, AR Zn, Cu TEKFEAN R 88 B
HI) B B R > 2R, X 3R B KR M g8 A
Zn. Cu KEB5 5 B EMR, D& EiB T .
R Zn. Cu 15 S T /KRS 4 B AR & 5 Zn.
Cu WU RE T, iz REURBE T Zn, Cu 7E/KFE %)
B R AR B 1 b IR (M SRR . AR,
FEMJR Zn, Cu 7 8 154 6 Bl A it A Si ARG, fiGH
Zn RIS IRE T 5.79%~77.43%, Cu {# Wi B4R
&7 6.51%~44.96%, [FIK} Zn. Cu iz 2EW A A
[F) 2 2 3R 0, 60 A1 90 mg L' Si0, AbFE ) Zn #%
iz ZEE IR BIHE T 10.91% 1 38.18%:; 60 AT 90
mg L™ Si0, & HE 1) Cu iz R M4 Al &
8.70% #126.09%. HHILT] UL, Si AEHG N 7 /KFEHR &
Xf Zn F Cu WU, FIBSfERE T Zn A1 Cu HHAR
[F1) 7K 1 3508 (1) A% AR Hn, gk 3 0 T K AE b b
) Zn, Cu & &, W EWX Zn. Cu IFH K. 5
60 1 90 mg-L™' SiO, ZbFAHLL, 120 A1 150 mg- L'
SiO, A HLKFEL) it b5 Zn, Cu LR R HIL T
B, o3BT R — K RE A K A2 2], SR E
T, BETG R T H_EEE Zn, Cu AR, HAF—A
JR PR K FE XS Zn, Cu W SO ARk B A

AT 7T 45 S F, 90 mg- L' SiO, 42 A
TARRAEKKE IEHMEE IR ITER Zn, Cu UK
A Si fEAKT. MREBEAES RS, REH
X 13 Si & & (UL Si0, i) & T 4K, ik, 76
P E G 8 Si B AT DAk /KRS R K R bR AR )
&, R KRR R E 7R o R BRI, D JE SR K
Fer= R g T T RS Al
3.3 g

AN STIKRFE S, AKFES) i A KAR DA B R 1
ZESE MR, IKFRA B R iR LR b 3Ry
i J57 T /E 90 mg-L™' Si0, AbFik B H KMH . Si it
e FH 16 T /K FE AR 2206 Zn, Cu BRI, TR B fig 3k
T Zn. Cu HHARES A1 K g b1 358 (T R A is i, Bk
B T K FE S e R4y AR B Zn, Cu & & AN
AR, KELHH L3 Zn, Cu & &7 60,90
mg-L ' SiO, AbBHE Bl b, BAL TR AR IE
WG N o 2555 KR A KRR, LE PR A
Xt Zn. Cu FIIRRZER 2, 90 mg-L™' SiO, AbHE ) H
B VEAE R E NS, BEF TREAS
R E IR IGE Zn. Cu FIRIKL.
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