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Effects of silicon application and drought stress on photosynthetic traits and

mineral nutrient absorption of rice leaves

CHEN Wei, CAI Kunzheng” , CHEN Jining
(Key Laboratory of Ecological Agriculture of Ministry of Agriculture, South China Agricultural University, Guangzhou 510642, China)

Abstract: Drought stress is one of the major constraints for rice production in the rainfed lowlands in the world. Silicon
(Si) has been verified to play an important role in increasing plant resistance to biotic and abiotic stress, although it is not
considered an essential element to higher plants. In addition, there were some reports about the beneficial role of Si in
alleviating drought stress, yet the mechanism is still poorly understood. Here, two near-isogenic lines of rice ( Oryza sativa
L. ), w-14 ( drought susceptible) and w- 20 ( drought resistant), were chosen to study the effects of exogenous Si
application on the growth traits, photosynthetic characteristics and mineral nutrient absorption of rice plant under drought
stress. Water was withheld 10 days during heading stage. The results showed that 1.5 mmol/L Si supply had no significant
effects on growth and physiological parameters of rice plants under well-watered conditions. Drought stress was found to
reduce dry weight, leaf water potential, photosynthetic parameters, basal quantum yield ( Fo/F,) and maximum quantum
efficiency of PS Il photochemistry ( Fo/Fm) in rice plants, while Si application significantly increased dry matter
accumulation, water utilization efficiency, water potential, chlorophyll content, Fv/Fm and Fv/F,, photosynthetic rate

(Pr), transpiration rate ( Ir) of leaves for both rice lines under drought stress, but stomatal conductance ( G,) and
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intercellular CO, concentration ( Ci) were decreased. Silicon content in leaves was significantly increased by Si treatment
whether drought stress occurred or not. In addition, Si supply could influence mineral nutrient level of rice leaves.
Significant increase in the content of inorganic ions level of leaves were found in the two near-isogenic rice lines under
drought stress, but Si treatment significantly reduced these ions, K* Na" Ca™ \Mgﬂ .Fe’ content in leaves were reduced
by 16.38% , 24.50% , 19.70% , 21.52% and 18.58% for line w-14, 11.64% , 12. 11% , 16.06% , 11. 11% and
19. 15% for line w-20, respectively. These results suggested that silicon application is useful to alleviate drought stress of

rice through the enhancement of photochemical efficiency and adjustment of the mineral nutrient absorption in rice plants.

Key Words: rice; silicon; drought siress; water utilization efficiency; photosynthesis; mineral nutrient
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Ao WFFE R KRR R AE R I RERR , 98 J5 fek o B2 s VR Ot T SRR 19 b 35 53, de S K o3 A 25 38 e
RO, R fek P WU TR A 2 B A M 1) S5 J28 b T 3R B 40 L %y &7 A0 248 oL v - 24 2 A VAT L R i ek PG 7 W
FE——2F AR [R] W SO A o A X 38 2 DORREE i R 3R, TR 8 o IO — XA )2 254 33 o 285 4 T IR <
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X ] e HEA SR PU A 56, A SGE PRI R A R ) — X K R S5 3 R R R, 38 S st o ik
FET S AE ST R Al R KRS I AR A YRR B TEHLES TR
1 #R5H%
1.1 HEahk R S ge ik it

BEAE R AT R AR 22 T KR SR R MR w- 14 (BT RME2E) MR w-20 (F1 541
5R) B SR AR 74, B AR R AR K2 A AR B ARt e S B S, TR A ARl R A A A B T = N
7o BRI EHAR KN R 25 em, B JEH 30 em, BR4E%E 5 kg - AHR R RO R E IR R K RE £
TR PEAR A B AL 179. 2 me/ke, MR 45. 4 me/kg, AL 134. 4 me/kg, 25 0. 98 g/kg, 24 26.2
o/ke , AHLIT31.3 o/ke, HRLGE 52. 6 mg/kg, 13 pH (H R 5.9, KRGERFAE 3 7, Ak A 20 A IR R
0.15g MIE G 0.2g(N P K SN 15% ) = KA P BRTHH IS8 10 H T4 4,11 A
9 HIEZIRE5H

WIS AESE 0 44 L o0 51 i B R (CK) , T 52 (D), X B +1. 5 mmol/L i (CK+Si) , T +1. 5 mmol/L fi
(D+Si)4 LB EEA PR AERE AR FING 1.5 mmol/L AYRERRER %] 39 vy | 3 1 Bl feby ok A0 B 30 3 % o 25k 1Y)
KCl DAY EREP R0, Rk bk A K BB (B85 65 d) EAT T S AL (4L BF 10 d) il i R vEps oo
IKEFERIFE 21% , FIEFKE(EE% )= (JREHE -+ L 5FH) 4T £ FHX100% , % Bk B, 44k
I 4 ANEAE S 2 MhEIx4 b FExa AN EA L 32 2 BT REMHa 4505 10 d(BARS 85 d) BURRI & b I
WA R KB SRR i SR IOL RS DCEER S O T SRR KRR, B
SEE AR K & R TR A R HACR
1.4 WEdats STk

AW BUKFERIAR , FZ8 MK Uk i, R K 4008 T R 16 19 K 43, FRICEEEE AR5 B L AE 110 C R
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30min, T 75 CHL T2 1HE , FRECTE

KH GE—HEZERE 2 0 SRS E Yamato 23 R AE = 1) WP4 K BAGHEA TN E , B0 K MPa.,

M2 3% P I A 2 BEAT OGSk 77 PSR E O FHSE =1 0S- 30P A4 R 2 ) e
T, B R IRIIREOE(F,) , TR (Fo) K5 E(Fm) o

e S RN T A ED, ¥ 0.1 g BETEERAY R RE SO 100 mL T 5 SR
LM 3 mL 50% B NaOH ¥, 6 L35+, IR G as L3RS, TR KRy 121 °CF KR 20 min J& , -} 5%
2 50 mL AR, 28K E 2 BEIFES) 10 IR, RS AR T mL A0 % 50 mL 25 50fi P, A 30 mL
20% FOVKEERR , B8 A 10 mL SHFRERIATR (54 o/L,pH {H 7.0) , %2475 min J5 , RE A 5 mL 20% K978 4
R B DSHE A 1 mL i85 VAT A VA% 2 g Na, SO, F10. 4 g 1-583E-2- 253 -4-B5 R T 25 mL 26087k
PSR B 25 ¢ NaHSO, T 200 mL Z818 /K IR GV A F1 B, IF B4 2 250 mL, & TR O (SR
BB TR A RAE (2 2 ), fiee L 20% B VKES IR 2 45 28 50 mL, 30 min PLJS, F 650 nm &b e, 521K
OD {8, RIS ERMEMZ EAS S A R A RE 5

WEVEFSEL B R AR 8] 3 M ] LI-COR A &) 4: P2 ) LI- 6400 A {50 28 0 5 et
AR ZEEHCR AL SR Cco, WREE,

T F &R FREL0.3 g MEFEER A B BEM T 150 mL = AP, A 5 mL @&ARRA 15 mL WRAHIR
2 (FET ) ARG PR T 180 C FHA RSB A  BEFH LB F/KEARZE 50 mL, H Vurian A #]
(&) 7= SpectrAA220FS KA F IO EREAN E Fe’* Ca™ Mg K" Na' & i,

1.5 Hdaabr

B BRI Excel sEARME HIVERIZFHE, DL SPSS13. 0 A e 401404, A BB B2 W 22 1
( DMRT) I 56 A [ b 3 11 25 S5 2 1
2 BEREHH
2.1 REAIT S0 b A P FK o AR AR e

M Ha] LIE KRG B R R S % B LA Bk AR 14 R0 20 43 BIREAR 14.36%
M 7.23% MR 14 RIS, T RWa 20T e b B RE 5 35 5 in /K fg b 1 3B 0+ 3, 14 31 5 0 i 4
VLAY K P B SR 22 O RRE 14 B NIRE EE RS K, N 36. 58% , LS ESR BB RE 20 BEIMIERE N 17.97% . %
HH it ik ) S e T T SR B X K R AR AN R 52

F1 ENTFEREXNKEERE EBTE MRS RERESENZN

Table 1 Effects of Si and drought stress on shoot dry weight, water status and Si content in rice leaves

o i T itk 3 KA R AR e
ES pOBL . . . .
Rice i Treatment Shoot weight Leaf water potential Water utilization e Si content of leaves
ice line reatmen
/(g/BR) /MPa fficiency /(g/cm®) /(g/kg)
w-14 CK 37.89+1.24 b -1.19+0.05 ab 0.42+0.02 ab 32.31+1.89 b
CK+Si 44.66+1.51 a -0.85+0.08 a 0.53+0.03 a 41.76+1.40 a
D 32.45+2.30 b -1.71+£0.24 b 0.37+0.01 b 33.32+1.71 b
D+Si 44.32+2.07 a -1.20+0.06b 0.56+0.03 a 44.77£2.42 a
w-20 CK 38.33+2.94 ab -1.33+0.23 a 0.42+0.03 b 30.91+0.77 b
CK+Si 46.32+3.21 a -1.27+0.02 a 0.56+0.02 a 45.98+1.16 a
D 35.56+0.96 b -1.92+0.19 b 0.48+0.02 b 32.82+1.24 b
D+Si 41.95+3.22 ab -1.41+0.08a 0.44+0.01 b 49.19+2.72 a

CK,D,CK+Si,D+Si 435I Fm X i, 32 6 B+ b, R+ GEA B 2P [ — 3 [F— & R R R B A RER R 3 22 Rk Bl B 22 573 (P<
0.05)

T LA PR I 2 PR K AR I K A T IR A B0 B8 ACE I A K AR, A3 B AT RE w- 14 1 w-20 AR
FrK B 0B TIN 29. 82% F1 15.17% K AR w-14 PIRCRE NI B, BN, AR B E 1S T T 5WhaF
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BERE 14 BI7K A FIHRCR AR RL 20 B B 5, X seah B Ui AR @ 1 /KRS A R B AR 7K RE

TR IEF M KIS T R WA 5 0F T, NG AL B B8 K fE i B i RE S . IE R K AT
AR FEIE TR AL w- 14 F1 w-20 (9 R B B 5 A0 R 20 3R 29. 259% 1 48. 75% , T Bk 3E 4 D) 43 551 14 o
34.36% F149.88% , Horr w-20 B BE T K, 3 15 BH BT SR i A /KRR o R A R AL E 7 B AR
2.2 GEACFEANT R A X ARG R 2 S R AR R G R

IKAT TR0 G 2 R AT I B (RIS 2R B i MR R IS EL Fo/Fy I Fo/ Fm AR, 1IN AL B0 6 8 35 45 v 31X
SERERR B T RN NGB Fo/Fy R Fo/Fm (EREA B IEH A KA FRKFE(F2), SHEMLEL,
FAEE w-14 Fl w-20 W5 R3S AE T FH5 20 IR 30. 299% F1 38.09% , TTAE AL B ( D+Si) 5l 23 5138 Jin
22.43% 1 24.62% , WA RZIAI2E 55K Fo/Fy K Fo/ Fm AHWA ZUIIRCR

F2 HEMTEREXNKEHEHEESENHERILSHNZN

Table 2 Effects of Si and drought on leaf chlorophyll content and chlorophyll fluorescence parameter F0, Fv/Fm of rice leaves

g E A
3 hb 3 REAR
. leaf chlorophyll content Fv/Fm Fv/FO
Line Treatment
/(mg/g)
AR w-14 CK 3.07+0.09 a 0.786+0.001 b 3.66+0.009 b
Line 14 CK+Si 3.30£0.10 a 0.801+0.002 a 4.14+0.008 a
D 2.14£0.012 ¢ 0.764+0.01 ¢ 3.02+0.011 ¢
D+Si 2.62+0.012 b 0.780+0.01 b 3.56+0.010 b
W w-20 CK 3.1540.13 a 0.792+0.001 a 3.83+0.006 ab
Line 20 CK+Si 2.87£0.022 ab 0.798+0.001 a 3.96+0.011 a
D 1.95+0.009 ¢ 0.764+0.002 b 3.09+0.012 ¢
D+Si 2.43£0.0 12 b 0.789+0.001 a 3.74+0.009 b

2.3 REXFTERRA A T KRR AL A R A R
2.3.1 BOLHHRMZEN R

AR R K RO A TE R S AR AR L E I 225 (| 1), TRPa &0 T, HA
IKFERE R B ot & 5 B3 PR, AR w- 14 F1 w-20 4351 F % 29. 89% F1145.39% , ¥ K w-20 F B
BRSO, TAE T Wl TS , M w- 14 F1 w-20 F9EG 4 3 240 FH 26. 17% 1 62.56% , 25 5
&, w-20 BE AR E

TR R, AR AR R B KRR AR R A0 258 1 R 5 ) R AR LU AR AT P . PR (1 2) , St
FEAH L, B1RE w- 14 i1 w-20 23 BIFEAR 25. 62% H1 24.38% , INEEALBS , BIASREREE - F- 2% 1 530 A< 1y I 3% 1
T, w-14 F1 w-20 43591 b Bzl T AL BRI 15. 63% H123.74% , it R 25 AN o 2 il TRES & T ARk
B K AR IK RE 7, DA B U it ik KRB AR AR 2% 1 S R A AR AR E

e 16 . OCK ©CK+Si 8D mD+Si ~ 12r OCK GCK4+Si ®D mDSi
@ 14 a a ‘9
9 o 10+ a
2 - | a a
E2 12t : £ T b ab
Q 10k O(\I s gl T HEH B
53 T8
£ 8| = 2
e £E6
250 £2
ME 4 BEY
& =
2+ & 2k
RE} ;
0 s
Line w-14 Line w-20

(=}

Line w-14 Line w-20

BEl1 EAENTEPNEZG TKEMFEEERAF
Fig.1 Effects of Si and drought on photosynthetic rate of rice

B2 FEAEXTREMEEMTREM A EBERNZMN

Fig. 2 Effects of Si and drought on transpiration rate of rice leaves
leaves
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2.3.2 SALTERME CO, W

IEH KA ZAET A KR B I RS AL S S0 IR 25 5 (18 3) . 5l 2 AR B
LT MR w- 14 F1 w-20 53 5IBEAIR 18 18% #117.65% , INEEALBLT , I /K RS RHIG SAL S BE S 45
— TR B R, AR w- 14 B FL B TR 1L 1% , 3858 8 35 K, AR w-20 A B 3%
FEFt,

M 4 BT LUE W IeE 575X 1 K 48 BEAA U R KRR B A L ] B Co, MR BEE A W i, T 52
JHR3E S P K FE AL I AE T B CO, W FE 1) B 2RI, AR w-20 A R R IREE R T w-14, 5 —T 540
L, AL PRAE — E FRFE Db — DRI T R M (R B CO, ROV BE, BB w- 14 FIT w-20 43Il REAIK 9. 19% Fil
3.48% , HH& L 0 EER,

450 OCK [DOCK+Si ®D
400 a
350
300
250
200 -
150
100
50 -

W D+Si

mD+Si ab

<
~
)

OCK OCK+Si ®D
a

03 r

02

0.1 v

Intercellular CO, concentration

M E] COL3K FE/(Lumol CO,/mol)

Stomatal conductance

K FLFJE/(mol H,O-m™2s71)

Line w-14 Line w-20

Line w-14 Line w-20

E4 fEAENTFEHNE &S TRENFRE CO, RENZM

Fig. 4 Effects of Si and drought on intercellular CO, concentration

3 BEAEXMNTEBESGTAENHRFSLSENZM

Fig. 3 Effects of Si and drought on stomatal conductance of rice .
of rice leaves

leaves

2.4 RERTSHEE 6 R LS IR R e

FERNT 5038 5 2 S e K R (LS 7 & . D3R 3 WL, 1B /K43 254 B Rie it fk 5 75 XoF
TS 5w A IR, 1 5 30 ) S 2 1 hn e R i EAL S 5 b R w- 14 i 5 KT Na® |
Ca™ Mg™ Ml Fe’ it 7 34 i 15.93% 41.88% 28.40% ,24.30% F1 31.95% , K18k w-20 43531 ] 43 551 284 Jon
25.43% 47.22% 21.12% ,16.93% F1 15.38% , KK} 14 1 F Ca® Mg™ Fl Fe’* & 5488 i ) i B 5K T 44 8}
20, K" Na" (R R MEEE W LIA R 20 80K, 72T 0 28, Ik b 300 68 22 /i b 11 5 38 Jo s ok (1 4
PRI N B TR B ARG, b 2 B A S R A B - i, (i 2R 3 5 0 B 1K o e AR w- 14
M) K Na® Ca®™ Mg™ Fl Fe*" &0 HIFEAR 16.38% 24.50% 19.70% ,21.52% F118.58% ,#HHl w-20 43
S A 360 11.64% 12.11% 16.06% ,11.11% F119.15% .,

£3 MEEMTERENKEHRFINETFSENFZN

Table 3 Effects Si and drought on the content of inorganic ion of rice leaves

EA b OB K* Na* Ca®* Mg?* Fe’*
Line Treatment / (g/kg) / (g/kg) /(g/kg) /(g/kg) /(mg/kg)
w- 14 CK 16.81+0.043 b 4.72+0.018 be 9.12+0.022 b 2.87+0.004 b 263.30+0.041 b
CK+Si 15.82+0.082 b 4.26+0.045 ¢ 8.66+0.024 b 2.80+0.011 b 257.43+0.049 be
D 20.00+1.64 a 8.12+0.089 a 11.72+0.012 a 3.57+0.016 a 347.43+0.042 a
D+Si 16.72+0.050 b 6.13+0.031 b 9.41+0.038 b 2.80+0.016 b 282.89+0.083 b
w-20 CK 15.59+1.19 b 4.77+0.032 ¢ 9.50+0.014 b 2.75+0.009 b 310.15+3.06 b
CK+Si 15.61+0.052 b 4.41+0.026 ¢ 9.26+0.027 b 2.71+0.005 b 289.31+24.60 b
D 19.55+0.045 a 9.03+0.020 a 11.50+0.027 a 3.21+0.006 a 357.84+5.84 a
D+Si 17.27+0.073 ab 7.94+0.019 b 9.66+0.039 b 2.86+0.008 b 294.01+10.10 b
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TRV EY A K R A PR ) i R B A B N - 2 — " T R eV R A ek %, AR
I E MR, AN BE R S R T R A APt . TR A SRR RERT LA S SR T R
HRTEE HE , S AR X A A W A A AR 230 5 TS e vl D3 o 488 5 T S s 45 00 /N2 ARG 5 K B 388
INFE WK SR AR L B SRR Ui/ K oy 2% R AR T R /N B RS AR 45 SRR, T R b
ZUFF AL B AE A 1 K RS AOAE R AR PR K 3 B R K R IACR , e e A i e A AR A
MGt . Ho b 2R 55 KRB (w- 14) 32 T 5 W30 52 e AR ik A 385 6 il 38 1) 22 i 380 R
ORI SR A W R oK S5 K A3 R AR IE I B R (R 1)
3.1 TREEFREAH S 4R IO KO A TEIN L &R

FETEHAT KR4 R & i, TER R DO/ G E 3R 281 H AU S  BE SE  W B RR AR, P
PESE 1 SRR REAEFFRORADC SR ™ Fo/ Fm B0 Fu/ Fy 890 VERR D1 BRES 30 R BE (048 b0 A5 £, AT 1
FPTRERG I A AR X AR BER B EE RN, Fo/Fm R Fo/F, #8326 50 B ARG -8 fn-FA A A 34
Hodr Fu/F R0 Fo/Fm 3 5UREE PS T RIEAETGVEA PS T WG REF AR ™ |

ARLIGLER LRI FE TR T KR B SR R DS E Fo/ Fm B L Fo/Fy B HOG B8 35 T %
X5 F BB FE A Fe—30> ) BRI KRS 78 38 52 S /AR 0 B 6 B e b 3 22 21 7™ 5 40 ], 52 30 BT R i
THAEERMBE LR CO, R, (GG B LB A4 B & 78 NI CO, IR Ak 1 2 37 21 J i
G, (A H A R DG & R EOR TR, A iR s . Lot ek Ab B S | X W E# A B Tt
PEAT X BEK A3 R A (0 H BT 3 A S il LA B 5 190 e B R AR Ak ol Ak 2 B M R B TR AL 4R 43 7 o
InFE A R, DR RO AR

FERE 0B 0 T 500 R AR I SRSt . Agarie 2505 BFGY 20, REREREAR PEG T- 530 F /KA
H 8L 5 88 DA T 38 1 295 o A TS 38 1 e Ak B 1 8 TR A 5 s R K 23 B B R RE RS 38 4 )
AEIEE T WGE S S K GPUR A A BN, BEF A RS R AR A A K R P R SR e
KGR HRCR R RSk e PR oK e D8 E . AR, T R Wha 400 T ek e R 5 25 0%
R AYFRARA A2 R ANBFSE & B, REAC PR 2 3 I T T R0 R KRS R 2R s R LAY 4
SRAE TR/ NAZ BT rP A HRIE T, Hattori 557 A RESE S HTRME S R K R 2Z LR B S7 E R
R G A FAY) PR U R 2 i) — D R T IR AR T i

AL R LI, T 5 B IR AOK R A A KA UK RO & VE . miomak b BRREA 23R & T 5 Wi &5
PETRKREEIM B AR FEE R | ML 5 RN F] B CO, vk J3E 1 35 T W, I S SR 15 T M55 460 A
Chen 250V Y ZESRARML , A BFFE I 5k AT LASYE 000 S ALz 30 R0 0 B 00 B8 i e P8 119 5 A A R AR SRS 7
TR B R R EE AR il R PR B4 T K R AR 209 , 26 W R 9 DT AR BOA R S A T YR A S R 4
Hattori 2511\ S Tk B (1 25 S AR R 114 A< L5 38 A 35 16 — AR 0 19 K SF A R T 42 1 WROK RE 7, ) 4 5 i 52
P RERRAR T W0 F 8RR S FL SR 328 T B R K AR T, 6 25 1 s R AR e e — A R AR A2 17K
ST A AR R R K BRI SR AT A S B Ak A T A R T ORAE AR B AL T BRI
TS R R A ZE B A DR T T S0 S IR e A ZE I R DT O A R A AR B i
IR FIK A TR AW GE 5 LB, IRE AL FRS , F FWhaf 25 14 F BIAS K R bR A vl A e R D 3 4
5, R ORI E T, TRMRA KT, KRS B AL EE AN R BR CO, W Bt 2 AR, ik A B
TELATARFAR , (R R A B S v & R A 3 I 2 1 T, X T B S T RESR S T RuBP MRS 1 fr 8 1
ML T T4 it — 2ot
3.2 TRUEMNA T RS TOHLE IR 5E R

TCALES TR B B IR AE Y 16 I T R AR B A W E R 2 — M K Ay i 5 23l ad B R
— BB TR ORI TIB B Y, 32 HAE R K 43 il i BB A BEAL A O X BB E R Y Y LS A BL
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Wy TR B LR RS MIJCHLES T4 K¥ Ca® Mg™ Na™4%, AWFEEmM, 76 T 28 T
AIKAER B w- 14 F1 w-20 FEAR B9 TCHLES F 7% 2 KR LT, R 0002 w-20 #ERFE SR BR B RO ATk
BT R A B T R S KRR R A R A JCHLIBE Y Y AR K Mg A S KR B ini HL
LIRS A S R A YT 3 X6 7K 40 i Bre B A Bt ) L T B ek, 2R AR T NI R W B 2 K
A RN R R LB E R R (K Ca™ Mg™ ) AYHRBE A 8 hn i a3 AN R A2 B 3 B A [] i b 2
2SR R E , XEEH A W ad Xt NaCl Bt & 3 i P79 B 2 J@ AE W 7R N O JCHLES Pl 4T T 400 te i 3k
WY SRR AR T30 T JEHLES & i ARk, 7oA T HAEB SR h otk 22 7. T FEEB &MY
TR Bt £ 1 3 Ve T R AT

ARG FI AR IE T K EBAME T fEAL S i R TCHLES & S8 R K e TR a8 44K ik b
PR TR T AR Y K 2RO, D38 T ok Fir s g 1% B0 TR S ), v 1t S 38 B AU iy W 3 T i i 1 T L 25
T (K" Na* Ca™ Mg® Fe'* ) FUR (i Z K2 2 5% (CK) B K, Pei 21258 1d X /N2 984T PEG #i48)
T8 WA RRILEE, AIEEAL PR AEREAR K Ca Mg BN, H i TAET S0 444 F , kAL FEE 14
R B MREE (6 1, BPRE 14 120 HEIN0E 253518 36. 58% F117.97% ) KT ICHLES FREAR AR (£ 3, 4K
14 F120 JCHLES T AR AR BE 23510 16.38% —24.50% 1 11. 64% —19. 15% , PR 5 ) S Dt ik b 3R A FAR
R JCHLES 3 (HA B0 T JCHLES Pl i B it Kaya 4810 BFgT oA IS R, B2 0 R, iab
HRAERE N TR R Ca K. Si s, B FRAEHICHLE TR HLER , A B 55 2 B, B8 KAl mT 5 =
36 2 PF RN A ST HY -ATPase IEPERIIEIEA 2 Ca R ATz 5500, 528 EHI C R %
Y1, T2 W0 P b B AERE N ZE R VR, R R 2F Ca AR PRI ZK 40 kit £ 0 Rk BE R i) AT 4
TCHLE F AU AR 2 (IR A R DL T B — IR A 5T
4 Zig

(1) FhREHA TR e 25, BRI A KRS AR A KRG G 1 32 31 B ), R AL B0 28 ff 13X
RO A O, Jop 2 o A S R B M R AR | R K SRR A RO A T R 55 K RS A R
(w-14) 5Z T R WHa s MR, fEAL 5 X0 7 22O R T8y W SR A= Wy i R 7K 35 KoK 43 1 K
IR BT R, REAL AR W2 kg i R RO G S VE R B i SR R B i M SR R OO S EUE P/
Fm J Fo/F {83800 R (9566 SRR ZE S % s inxd S btk

(2) TRMHa s, WA KRR I R TCALE B R Y & A B E Ak, /K K™ Na®  Ca®™ Mg® Fe'™
Fr B TR T Ak P U] S AR Ak B ) B i il 2 ) A B S 0 IR R K, (R T AR
w2 R TR K TOHLES TR A B, DR ek A BR300 T AL ol i e, PRI e v T R bk
A5 REAE AN M BE OB DG, T LS RES 5 0 4508 T AR 0 P9 00 A A= B 2 8 DIAH G 1Y
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