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Effect of Foliage Spraying Si and Se on As Accumulation and Photosynthetic Parameters of
Rice

YANG Jing, WANG Ruixin, FANG Zheng, ZHOU Xinbin"

(College of Resources and Environment, Southwest University, Chongging 400700, China)

Abstract: A pot experiment was conducted to study the effects of foliage spraying silicon (Si) solution, selenium (Se) solution
and mixed solution of Si and Se on As accumulation and photosynthetic parameters of rice varieties Jinglyouhuazhen and
Cliangyouhuazhan with lower As content in grains and Fengyouxiangzhan with higher As content in grains. The results showed
that single foliage spraying Si had the best effect on reducing As content in grains, which was better than single foliage spraying
Se and mixed foliage spraying Si and Se. Compared with CK, foliage spraying Si significantly reduced As content in grains of the
two rice varieties with lower As content, but had no significant effect on the rice varieties with higher As content. For rice
varieties with lower As content, more As was fixed in stems, which resulted in lower As accumulation in grains. Photosynthetic
parameters (such as photosynthetic rate, stomatal conductance and intercellular CO, concentration) of rice leaves were increased
by foliage spraying Si and Se. There was a negative correlation between photosynthetic parameters and As concentration in rice.
The differences in the effects of foliage spraying Si or Se on photosynthetic parameters of rice leaves may be an important reason
for the difference of As content in grains, and the sensitivity or response of photosynthetic parameters of different rice varieties
was different to exogenous Si or Se. In conclusion, foliage spraying Si has the best effect on improving photosynthetic parameters
of rice leaves, which is economic and effective to reduce As content in rice grains.
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Wil R A D B o g i, o EREAE LA
BT K R AR B S B R Ik 1.0 mg/kg, o TR E A
YA EFERE 5 5 <02 mgkg, GB 2762—
2017)%, Lei 250 R 34 47K R S RioRFAR e 75
(0.26 ~ 0.52 mg/kg) A 52 45 F 2 W, 40 SR DLk Se 7K Fe
HEE, RASEMAEAREN 0.10 ~ 0.21 mg, #
o T DA VA R H AR AR
A5 FEAS e, e . R S,
FEE M T ONRAEEEY KA R AR 3 (L AR,
B HADR Y ARANEY) 25 5 A B A, KR
A B 2 ) BRI, B LA/ D i 7E RS A A AL R
Xif A 3 R AT Y i XA AR K R 26 0 A AT] B Ak
FEECEEL KRR R RSIEE EE,
HIRAERY5 e - Herh , FEALHE : An e R
P = L LS Uy AT} g A e | A E A <27/ i
YEWIRPRLR , SRR LA Py S AT i, 3
r I i A AR B DA Ry S R R E P AR R A K
AR

IKFE e LR REREE D), REXD KRR AR K R Bl
Aew EEMMEM . TG X 30 ™ 5 XUk
RS . JBLRE RN SRR A, T E R KRS A A
A AR IR R I, LR (20 g/kg) Rl
F KRRk a AR R T REE A )
B, R AL IS R R REAR L, T it
Ve ISR AR RS & LAY BE S TR . Hlt, Zhang 25
BRI A R, SRR L, oo T S e AV U
FEAIRT 20.3% BIRDKAN & &, A, AR ER,
I i il AR A B Ak (R < =100 @ 1) AT B A A 7 7K A
LY ETUR YA B AN AE Y R, o I e VA T
A kG e R A B AR B e m . Wu Y
HEATT 6 P[RS AR ARF it ik 156, & SR = k)
PRRE S I AN RE AR AT AT KRS A Al 5 i, 2 il
FEXT KRR AR SRA SO AR AR il 25 5. BIH TR E, R
EA V2T RN R RERE IR FERp AL 2R, (H
T Mt ik P VRS G ] 52 AN ] S oK R AR 3R, H i
VAT AH I 4G -

= NS b 5 B SRR, W AR BT AR
AN T R Y1 2 o AN T v S| s e O (Y E RS
SR, FREZY 51% B LMo =6, Gl 0 21k
224, T3 39% ~ 61% HJERAE H RS e A A%
F WHO/FAO #fEF#MHE R A m ', fFse i,
IV} T G T LA S K R AR Al 2 T O L
I i WS TG T R K R L R R OR S5 2 PP 42 )8 B Y
2, REKREPTEEN i P i T R

P P A VA VR I 0 PRI 19.0% R Kb B AR
17, PREEAECORRIT R, K FH it 2 A A i i A Xt
TR FERG KRR K R A B VAT W 3 R o 1) — 01
5T R, T e IR B2 (1.0 mg/L)BEAT A
IKAGZERI i i, {H SR EE (5.0 mg/L) AT
FVERPY, RV ZIT R, SN AR K R
PR SR AR | (EATRSR B/ AT R (I K RS A R R 11
FEFBLEISE . R, XK REUES T I I, A
R e ) A S B g N T AN = O i 0 (A @ 2 A
B, R T CHMERERR 1R

FSRATVFZ W ITASG T i 187 e ke A0 o) 7K A
AR SR A R 1 RS, e W it ARG o i 5
158 R KR 090G 1 T 08 52 i AL LA SO AN [+]
IR R SRR 22 S i R A, X R T TR AR
ST i 1B R N A G B BRAROK R R AR B .
I, ARG LA 3 ASFFR iR B2 B AN [R] 9 7K R i A ik
B PRL, BIFFT 3 Fofrid it A SEG K R A AR SRR A
e 2 4iop A T IDS LR I oy 0= SR T % A @ A
SHLEE, AR 7= S A AR AR R A R SR AT
(14 1o FH SR

1 #BEFE

1.1 fkarat

At 5 ok A [ E AR XK RS 0 ~
20 cm), HARKT 1AM, o 4 mm i, 78RS,
AT R0 . HBGHEaKRE L, TiREN, A%
AT 24H, i 0.84 mm i, MR, AT A
BAL T i i A AR T e 1
BELARPRAEPERR . pHS.6; &R 2.12 ghkg; AMEA
126.7 mg/kg; 4% 0.93 g/kg; ARME 15.67 mg/kg;
AR 132.5 mg/kg; A LI 23.2mgkg; Al
0.23 mg/kg; ARLAE 151.3 mg/kg; 4f 2.36 mg/kg.

Y T HIS MR H AR 5 (NaAsO,) ik . AR 4fg
GB 15618 —2018 { ™ [E ¥F 5% i &= b5 ok ) (i
30 mg/kg ), AR INA BRI E A 35 mg/kg. X%
AR R . BEAMAIE 250k . N200 mgkg, H
CO(NH,), #t; P35 mg/kg, Hi CaHPO, * 2H,0 #&
fit; K 70.5 mg/kg, Hi KoSO,$24t, ANRK 6 b 4kt
5, REAE Tt 9 ke W IS IR FIRR G350
#h, WK 4, Z R BE A SR e, ASRIRT,
FFREME, SR KRR MR R A2 .
1.2 Rt

IKFERT T W kS Ok [22], FEKRELh
EHBARR, R, T 201945 A
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| HR A B0 SRt D, ARk 3 k. ke
G HKFE, B TIREER: 16 ~38 C, HXNRE:
60% ~ 70%), HIRCRAU, $H5F 140 d.

VEFE 3 PRI R B8 AN R 1 KRG A T 5
Frhr AR SR BE T AR X B IR Y KRG b R 1 4R RN C
P Y, Rk R 22 66 0 A5 o i K R i b =
i, BRI SE KRG o 3 Fb i i AR A o Ak
FRALER LA 1, B FR R 3 N EE ., BRI,
FEPR T 0B84 B B i FH - e A B R 0 o e 4
iz Pk, ATEKRER S EEDI(20194E 6 A 1 H)
A (2019 4F 7 H 1 H )Wt i i e .

Fz1 HEREKSSHE

Table 1 Compositions and particle sizes of foliage fertilizers

piszH B - Bkt
(nm)
i B8 EKETFK -
FEV 2.5 mmol/L LV 50.1+1.7
fipz3id 40 mg/L iAW 653+2.1
TR R A W 2.5 mmol/L FEH &+ 151.3+£22.1

40 mg/L A

SR Liu 25230y il 46 A R 15 T o I 1 g
TERER IR A AR H 4 . 7EH] 48 2.5 mmol/L fEVA TR
B R, JNA 40 mg WHRERSEN, FFeEaAE 1L,
AR B (3 )M TET ISt £ R 200 ml, T B FT 0
A 2 ml RHEEPEFRI (R 80), I HL7EmitE g A ¥k
AN AR A ACHE B SR} 2 T BEAE Sl S0 A E I it 179 ) A
HRARIR A ZE . B BOEHRGE (BT-90) I & 1 4%
Tl FIRE AN TR G i W T RORLAR S0 A, 25 R 1.
1.3 XEESHEHWNE

TE S E AR K2 7 d J, SREE RS
(201947 H 9 H), F L4 9:30—11: 30 #1155
BRI E o AR C1-340 FHHEHE LS 1E
FHIE ASGHA TG A S E I o I B A K R L
PEH 3 o, JRZESIAE AR R B B T , LLE
ROCTRIR BB A RURS, # COo, EA N
200 mg/L, WET HAFHEEER | AL RE . M
CO, M FNZE I 2
1.4 HmrigsEmLE

IKFE R (2019 4 9 A 18 H), WikakAg, I
BERRE o AR . 25 MHRDFPRL . FEFPR S A1 2 i e 2%
B, AR BIROK KRS P AR — B RR = 4H(DCB)
TV L PR AR SRR fe 5 25 B 1K A /K A ot e
T, i 65 °C HUMLARLL 72 h(DHG-9240A). #F

rn BT FRE S, ML, 2
FH 8 A 5

Tt 80 2 >R FHTR G BRIV M (HNO5 = HClO4=4 : 1)
TP, R ECS I 2RE SR [ B A TR A R 42 )
— T EAEZS AR . ] AF-610A J5 792 6%
FE TR BX2S ERAREY B EA T T I . Heorp
YR HEY) T (GBWO7602(GSV-1) T [E A5 Y
Bt
1.5 HUESH

fift N SB[ R4 19 % 12 REU(TR A Y &
B RZBBCFHEARXWT .

PRI AR,

TFy2=C/Crx100% (1)
TF s5m=Cu/C%100% 2)
TF sar=Cran/C2x 100% 3)
BCFpux=Cux/C 1 O]

e Cuy Cxy Cwy Cox Ml Cow P HNCER . 25,
L OREARFD I AR S B (mg/kg, DLT BRI,
FEA B9%E ] SPSS 22.0 il Excel 2007 #4740 FE,
Origin 8.0 YEE. FiA MEHEIATXSH BR R Jr 20
HT(ANOVA).

2 #R

2.1 MEBEREE. BAEEESRIAEBEAR

AR R0

ML T AT5, 3 FoKFER IR Rl Ee TR TR, %
Wy FOAG>C P G >E 1 RS, Rl
A ) 22 AR I ZE R, 3 Rk R AR AT
22 5(P<0.05).

XFFHE 1R, SXREA L, T otk
VSR AR | 25RO K A B B A R, Al R
T 9.9%. 17.9% 1 26.4%(P<0.05); % T C Mt
AU, S HEAH B, i Ak A Al L 2K R R
KA B WAL, SBEIR T 16.7% Al 21.1%
(P<0.05) . Frt- I 5 it G 3725 VA RN A S TS 45 A ROV O7E 1
R C PALTE S &5 Ump & i s, 0
REPEAREMTRR & & X FHRIEEF kUL, BER
T I A FEE T LA o0 i VA S, (XS
BB i RN —E BURMER . £ L, i
W it ik V5 YRORT T B8 AP /K e 1 AR RICR 2 48 T Wit
TG sl AP A VA T, O L 1T B i e S5 ) R B
82 WA TR A R X A AR A S K R S e
R TR g

http://soils.issas.ac.cn



550 + 1% 95 54 %
CK B Si B Se =3 Si+Se
120 121
(A) B)
_lof
= 90t g
= B
i o
<1 ﬁé
: z
2 &
CPRflLA
IKAR
- 0.6
1.0 © D)
) ® a
> = 04f T
g )
1 1
& &1
ity bty
2 & 02f
8 Er
A 0.0 -
AR CHILAE & A & FEUERRE CRRAR S AR &
IR i KA A
(/NG SEREA R 3R 73R [ — 7K ity A AR ] b B8 1) 22 e 3k (. 257K F(P<0.05, = 3))
1 MEBEEE. MAEERES RN TR RMKERA). ZMHB). HEROFIEHKKBO)MHREZNZMN
Fig. 1 Effects of foliage spraying Si, Se and Si+Se on As accumulation in roots (A), shoots (B), brown rice (C) and whole rice plants (D) of

different rice varieties

2.2 MERHERE. WAETRESRIKBEYE.
M RHAEYEE REAENE
e 2 AT, SR RAR EL, o SR A R A
ERE C WM SETAYE, BET 59%
(P<0.05); HAthm mimi i ab #HXT K AR . ZErF RS K
AR, HAEAORE, S5XTIME,

P T S i Ah P B e 3 AR R AR W A R A FE X R
i, IR 22 RIS AR, 3 FloK A AR Y
A 35 22 57 (P<0.05).

Hie 3 a0, FExf Mg b, 5 A P FR K R AH
W, W 1 AR A Fsi i) TF s,  DASRARIY TF s
TFusmnfl BCFux; C MALAE 5 R EE iz FIRL R 6. )

F2 MEMBMERE. WANETRESRM AR SMKEAREY ST

Table 2  Effects of foliage spraying Si, Se and Si+Se on tissue biomass of different rice varieties

K e b b3 T B (g) £t ik (g) oK ) i (g)
WE 1R CK 3.98+0.87a 31.83+2.07a 1423+121a
Si 462+0.61a 33.16+ 1.64a 14.89 + 0.68 a

Se 4.46+0.47 a 3343+ 1.41a 1454+2.11a

Si+Se 421+023a 3242+3.56a 1433+ 134a

C MfiLe CK 327+029a 31.18+1.29b 14.68+1.19 a
Si 3.89+0.68a 33.01+1.43a 1572+ 121a

Se 3.68+045a 32.43+235ab 1535+1.32a

Si+Se 2.97+0.64a 31.86+ 1.11 ab 1498+ 1.71a

FHAE N CK 321+0.12a 2635+ 1.43a 13.15+1.29a
Si 3.97+0.76a 27.77+182a 1405+ 1.17 a

Se 3.69+032a 2643+287a 13.76 + 1.68 a

Si+Se 3.43+0.29a 26.96+ 1.64 a 1335+ 1.71a

T ESNEAE /NG T REAS R 37 ] — 7RO AN [a) Ak B ) 22 5 1 35 (P<0.05, n=3), TF[Al.
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Table 3  Effects of foliage spraying Si, Se and Si+Se on As transfer factors (TF) and bioaccumulation factors (BCF) of different rice varieties

TR R Ab 3 TFsp= TFozsimx TF-s BCFpx
JE 1 RAER CK 1597 a 532a 51.60 b 022a
Si 1473 a 472a 52.63b 0.17a
Se 1459 a 492a 56.26 a 0.16 a
Si+Se 16.03 a 4922 53.92b 0.18a
C miflife s CK 1537 a 5.6la 65.94b 0.27a
Si 13.42b 5.46a 68.89 ab 022a
Se 14.09 a 591a 70.83 ab 024a
Si+Se 1471 a 530a 7230a 023a
FARAE A CK 14.58 a 7.58a 69.51b 0.41a
Si 14.08 a 7.09 a 7733 a 0.34a
Se 1438 a 7.98 a 76.20 a 0.34a
Si+Se 1470 a 7.80a 7531 a 0.46 a

JErh s FOUAE AR TF paz, PR TF o FERR &I B AR HO A S 808, BB %5

TFaaufl BCFuxo 7EHE 1 LR, SXTHAHLL, 3
Pl B AL BEXT TFiss . TFassmx Al BCFpur JC 23
SEME, SR, AT A , (8 TF o 0 353G S0
T 9.0%(P<0.05), 7E C WL S, SXHHAAL, 3
Aot 1T i A BEXGT JHE T sy 1 BCFgan G i 35 52 1]

SR, FHTEITIERESW, TH TFeas BEFEIKT
12.7%, M M AT A W, (L TF a0 3514
T 9.6%(P<0.05), 7EHLF LT, SXIHEMLL, 3
At TSt AL BT L TF jsps . TF s A1 BCFxe JG
A, SR, PR L A TR R RE TR
AR IRARBE N TF o, A3 T 11.3%.

9.6% il 8.3%(P<0.05).

23 MEBEEE. BMEERESRXIKBEES

b=
I S e A A DR TR AR 3 MK RS RS
SHERE G AR (B 2). FEXTRRA T, A 22N

PERGIGEE R, 3 Rk R SR IR — e &S5 2
SR BAORE, 3 bt b B K ARG
B SHENRE ST KNI Ay « RV T > T 75 T > R AT R
B TEHE 1 AR, SXTIEAHLL, Wi me i
WA DA R . ILFE . M CO, WeIE Iz
R B F I T 33.3%. 171.8%. 11.1% Fi
56.4%(P<0.05); - [F] M il G 75 Y fefT O 45 3 58 R
] CO, M B4 A B E N T 27.2% F19.4%(P<0.05);
I T S i A R Y A VR FL L] C O, R I 3
T 8.4%(P<0.05), T C Wift4eirp, SXIHEAHLL,

I TR SRR E VA T, (o HOE A b SRR S AL T8 0 o)
BT 19.7% H1 140.5%(P<0.05); P 1 M5 it il 1 K
fii HZE R B AN T 30.1%(P<0.05); -1 M i

. EFEOLF S, SXPREAAL, o meiaE . A
T 7 YR 5 VAR B W 35 48 in HO'G & BURFN AL 3
(P<0.05); 3 Fefriet rar i e b 34 FR SR RESE I M) CO,
W FNZE B AR, (025 KRR 3 B KT
24 KIEMEESHESHNXE

R kKA 2 i 506 A S0 )R G fn ]
3R, S5RRYL, JKAEREE S5OLESEOC B EA
XK iR, SALFEMMEE CO, WA 5K
TR, XU, KRR S R S5OLESEOCR
Yl
3 iFig
3.1 M EREHEREFNRRE X A [B) ma ik FE R AR 2 A9 220

3 MUK R R BHEE AR, KB FILHE
di>C PICAE > 1 ARARES | DK IR ZH 20 [7) 22 S PR AG
WK, 3 POKRE S S A B E 2R
(P<0.05), X Ui /KR A K R & A i 5
Mo LI R PTREA LA R W . —J7 1l , AR S Fh K R
AR LB BB, X EZH P24 8] 25 A 1 25 R 3R
B, AlEl oK RS AR LB A B35 25 5, X IRdd
3MUKFELE YRR, HRNIUT R i 1 IHEE>C
PIDLAE S >FA0 T o (36 2), A=W BRIl g2 T3
ANTR) SRR RS S i 22 UL S — T, AN
i PR R AR S s e IR ], FEXTRRA Y, 1
AL A = 1 T LA IR TFsnmr, FIREF
7 A7 B TF s LA S B 185 19 TR ssimn (R 3), Ui HA XS
THE 1R, SHAM A KRS AL,
TERGiE R, R 2 i e AE L2 v, IR HOFF
LA 2 K R AR T R I (B 1), Li %2
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Fig. 2 Effects of foliage spraying Si, Se and Si+Se on photosynthetic rates (A), stomatal conductance (B), intercellular CO, concentrations (C)
and transpiration rates (D) of different rice varieties.
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Fig. 3 Relationship between photosynthetic parameters and As concentration in rice

R, AREEFAKRE, R | KB
SRR BRI LA S i i ae AR R . Bz, DL g
SRV TR 2 2 R X AR Y AR i i o 22 L)
AR T AR 25, NI BOLRR A SR B8 ) 3855 -
iX 5 Bhattacharya 25O fF 7745 S — 50, AR
RS AR 1) 7K e it e i DR 38 25 1) 5 3 B T L AR X
B, XGRS HA TR P IRE .

P M ik Ak SR T A AR K R R RL A 5 S Y AL
SR WS B AT BAT A VR, T M A T S SRR ATG
E 1P C LA SR RRFARLA S B, (R
R OUA dkPRC i S B (& 1), XU T e

Jit ek e AP R R P L 35 2 A 7 e PR AR 22 S W T W
EIRAETE 1 RSN C PR RS KA 55 53]
M 0.341 2 mg/kg FFEF] 0.251 2 mg/kg, VA 0.432
1 mg/kg PR3 0.341 1 mg/kg, BAREAHEFERE
it PR IE(RR<0.2 mg/kg), fELI At Ak AU
R AR it FfOK REFERLA & B . Zhang 2 APOBF 9
FUH, T 1 mmol/L HREA R AE 25 PR IR AE K
T 5 F o I T B P R R K R IR L 25T BLRE U
A KA $E 7K R 9 A IR 2 BB T 2T e XU A
HLECAT T REA G T /KRS X Rh A S Fn % iz o [, i
T S A Y R3S T BB HE N T 7K et 4 B i) SR 5 2
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PEim T IR, BN T AR S KRR ZE A A REZE A
BB, BEAR T AR A 52, R I AR kRt )
P H—JrE, A R RE W KRS
HREB(Lsil F Lsi2) FI-§5 (Lsio) i W Wi 12 AH DG ]
Feas A P AR K R Rk A (4 LR

T AR AR A A R A 25 . IR EE R R,
EXFIEAR L, o A S 1 RAEE . C PR
e SR ELA bR AR B o B R RE 20.5% . 9.2%
M 12.9%, 5 LIRTAIRTSE 45 BARME, SRS,
I} T I it 0 37 AR I AP A e e 2 e %) 200 SR K T i ok
W i e A VR, LR T T e A VR A VA VR (TR 1)
X ] g S i T AN R AT L5 S R A E 4 i BE A R
W% B, XA B 40044 2 4 1) A S50 B b b 43
Eea ), wpnl 523 e H K (GSH) B # 5S &  (PCs)
BA, WE e R At b, A RE R A e H ke
AALRE(GSH-Px) FIABEH IR(GSH)AYIE 1, A TTITREAR
T R s R,

I T BRI i Ak TS G X 7K R e AR AR B SR
5 T T A AR S IR (B 1), SEHUR, Al EE
SR [ Wil VA VR P AR A ()3 ), G 8 TR A
/N, KRG TR 2R 5 R, TR AR R AR 2
FE TSR (R 1. Cui PRI R
INKIAR I Si0, RN K RE IR Cd™ A H50i (14 3 i
FH o ARBIFFE AN [R) R A 14 ik VR V35 Y0 X 7K R e IR A )
oM, ] REAFAE S, X B — I SR
WA AE ), 5 i fk A0 S e A A e,
T MBS 1% A5 2% M RERR R 5 VA T CREA2 35.4 nm)f%
IRE KA 7 2 A RCR B ™, s A L IR ST 245 AT
AN P I12 TRL ER ST A s O ot N PP 3 8
FELLG B A e Sz e, IR SR i B AR B/ N IS kL
FHEAT I IR, DA S A ) R AR
32 MEBEEMFESAERMKEEESERN

A

FEXT R, 2 R) 22 SRR IR A5 SRR I, 3 Rk
e SRR — A SR 0 25 AN 3, BARH 22 51 32
B W AN [R5 | S 1 o FRATT AT 5 FN LAFE B BIFSE
R, Ak B AR T KRR A A K A AR,
TR ISR AE | A AN ATV A5 W 2 T S i XA e
YEFRRSEI . A RASKRE , 3 i T it Ak R 5 7K
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