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Research on characteristics of root surface and rhizosphere nitrification for Indica
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Abstract; Two different Indica cultivars, Zhong Han 22 (ZH, high yield) and He Sheng 10 ( HS, low yield) popularly
planted in red paddy soil were used to study nitrogen ( N) nutritional characteristics using a rhizobox with three
compartments and a soil-slicing method. Rice plant biomass, N accumulation, N use efficiency ( NUE) , porosity of root
(POR) , rhizosphere mineral N concentration and nitrification activity were determined at 40, 50 and 60 d after sowing.
The results obtained were showed as follows. The rice plant biomass, N accumulation, NUE and number of adventitious
roots per plant for ZH were all superior to HS. Furthermore, aerenchyma development ( expressed as POR) of ZH was also
much better than that of HS. The ammonium (NH, ) concentrations in rhizosphere and bulk soil for ZH were much lower
than those for HS, but the reverse was true for nitrate (NO, ). The mineral N (NH, and NO, ) concentrations in root
surface soil were not significantly different between ZH and HS. Interestingly, the maximal nitrification activities were
always found at the distance of 2 mm away from the root surface, and they were 0.48 and 0.31 pmol kg ~'h ™' for ZH and
HS, respectively. The nitrification activity decreased with the increasing distance from the root surface, and it was almost
the same at the zone of 10 —20 mm away from the root surface as the bulk soil. The rhizosphere nitrification activities for

ZH were always much higher than HS, while there had no statistically significant difference of nitrification activity in root
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surface and bulk soil between both rice cultivars. Compared with the CK (rice plant free), the rhizosphere nitrification
activities increased for 2 —3.5 times. Although rhizosphere nitrification happened in red paddy soil was very weak, it might

be important for rice growth and N nutrition at the seedling stage.

Key Words: Indica; rhizosphere; nitrification; nitrogen use efficiency

H TR H T EARESUESRA(NH, -N) £, I AN KBRRERVIVRZES T NH, -N Hf
R R TKREEAES AL, BE R AN H b BB AR B35 5, HoWr b — 3R B S Bk B AR B 43
i AR FAARFR - 3ES7 BV R A AE R - Y . MOk TSR B, BAR PR ALV TR RN RS AR (NO; -N)
KRR EREEEENERS,

DAERFFE R, R X M+ & B /KRS EAME ST AURS P AR PRl (Lo B B 2 = TAE RS, B 5 A
WAEFZRRETIE - HAERKMAZMAR(NUE) ZR K EBRFZ 7o H0H R P20 58 b X K IR
FE B OR, EREEENKE X Z—, MASKELHT pH BEREFRR, FELEHAERMR
5. HETHARALFKAELMERGT , ARUKRE SRR LB ER, L SKEE AR KAR
WSRO R A SCHRE . AWFSE 645 DAAE H [A) 300 07 18 LB 1) — AR [RD 7= 08 ) DRI b, A 9 L v AR
Pres e 22 5 M 5K REAE K & NUE Z[RIRSR R, DA 8 S 4 XOK R = &, B K AR B R ig it
WK
1 #RERZE
1.1 %Ak

F AR T B R e L IR TR E 3T, 5 R B H E R B AR RS Il (R4 116°
530", Jt£h 28°5'30") ,J& I 2= AR IX, - <R 17.8 C,AEREF & 1785 mm, 4E78 K & 1318 mm, JoFE
261 d, fHA HIEE R INL AR T AEEF KR L, R B S ERYLAEE (F BERRE T 50a) . HH
PR B 27.3 mgg ' 2R 1.74 mg g~ ' \NH, -N 2.27 mg kg ' \NO,-N 0. 48 mg kg ™' Kbi( <2 pum)
12.7% .pH 5. 02 (/K £ H. 2.5:1)

I KA i b B PR VI PG AURLAS b, o B2 22 (ZH, 7 ) ARG 10 5 (HS K7 ) o
1.2 RFrEEFRMEIT

AR R FIAR PR B SR AR B IR K AR, IRAE N A WL IS RS, A 12 cm x 8 em x 8 em, lF R 400 H JE Ji
PPRARAE SRR 1 MR EM 2 MR MESHERDHNN 2 cm fI5 om, KAFFE TR ES , KFERRBR
HFREFAER, K SFRSATUAERES 2 MIZEZ A B H#ET,

IR EXTfEt 1 mm i, B ARFESE 600 g - (M= 100 g, =4 250 g) . HIESRE (LA
120 mg kg "' +) F KH,PO, (93 mg kg ' +) IRAVEZE AR+, 858K RIEHFH 30% H,0,3H 8 KRS
Mr(EER) B TRESD, B RERH6 b, —FAEHY, 588 3 i, BB INEFRHE, B RE®RE
KPRFE L em KR . 50 [FE 3 B AR KRR XS IR (CK) 438, 35 5% 07 X 5 FvE K R b 28 7 XA Rl
1.3 RAEEF R R 5

KL [E] K A #EF S 40.50 d #1160 d, MBIk /KJE N NH, -N Hl NO, -N BT #iJ5 22 1380 RS
REBNE , FEBUCRIERT—RMLEBZIRPEK o SRR ERFE, I /K ARG S FP 2 B 6 355748 , [RIATE 3
A CK 4T LRV R o SRAFERIE K REAR L M () 1 58 (IR PR BE 55248 b 5340 1) 158, 8 SR 4 480
R+ 3) AT w0 RIER , FRHR AR 7 T 0 5 AR AT AR 3R 13 NH,-N NO; -N B {58 B I <2 o
W HIRETE ST AR BE FK/ANORAR R v U T4, 37 F K 405 sk T 15 5 K FE AR 35 18 & 19K IR T
R K REAEARFE RSB T , BEATAR PR B ik TR R AR o O T A R 13 B K B K s e 138 U0 - 19
[, KA IRAE R E T - 20°C KA VR 2 h J5 , (2 A 2k REERES R G B # 17 9 o BARY)

http ://www. ecologica. cn



3706 B ¥ R 29 &

TGRSR A WA E TR, 568 2 mm [EEERAHLIEIEE A (K 8em  FE 8em ) WIS Z2 i & Ml
I P RE GG AR A K B HIR D) T RS FEAR R 2 mm (Y HIEAE R T AR T ERIE A Z B 2 mm JEEE 46
Fr, BPAT R4S BEAR 2 2.4..6.8.10.,20 .30 mm F1 40 mm BB H 3 E) -1 ER A - IEARE B4 B AR PR A
T A+ 4 NH, -N \NO, -N FIAEAL5RBE A o

1.4 WER RS 5H

1.4.1 MEHE

FK MR EE E f5 , T 105°C R 30 min J5ZE7T0CHET 72 h BIEFHHE., HABBE, A H,S0,-
H,0, 17 , 14 Z W B fa FESL I 3l 40 BT (AA3, #E[E Bran & Luebbe 23 H]) Ml EH & A&

IKFEARTLBREE (POR) W52 J7 3 IR e ik Kludze 257 107 vk, Bk RS 28 Tk whse Tr)a , AR
IKYCK R K BRI T o FEBUGH B KRR, R B RIR IR 2 ~2.5 em /NEZ G . % 50 ml L1
BRI R FKERE, 0.5 ¢ ZAMR, R G B TEWKHWHERYE, RE, FEARM LLERHH
B2 2 h 5 B RBGE B T TR IS 200K . Bt AR ES A BRI E. PORITE
= w1l

POR(% ) = [ (Pgr -Pr)/(r+P-Pr)] x100

K H,POR JARFLBRRE (% ) , Pegr WFEE J5 FIAR A2 iKY L E A B E & (g) , Pr MR AW MR Fde
WKRLLERWEER(g) ,r ANE(g) ,P: RFKMLLERER(2).

HHERE SR 2 mol L™ KCL W (/K £ EE 10:1) IR %R 32 30 min J5 , FIELEH ZH A H7{X (AA3, #8E Bran &
Luebbe /A H] ) & NH," -N & NO; -N & &,

S T A B B P T RAE RS LA AT , 45303 % 3£ 4k Berg A1 Rosswall " j 78k, FRELS g &+
BE3 4y, BB T 100 ml =AM, iNHE R 75 mmol L~ NaClO, 2. 5 ml ()14 NO, %3k NO; ) ,170
remin "' &% 30 min J5 , KA BHLE 25C T35 24 h, 5 — BT -20°C WKF+ 24 h 1EXHR, EREREE
#3im 5 ml £8F7K .10 ml KC1(2 mol L™") ,170 r-min ~'#%¥% 30 min J5 7 B3 3E ; IR B S ml JEBR AR S S,
fin 3 ml NH, Cl 2% Wi (0. 19 mol L! ,pH 8.5) .2 ml AN, A5 E IR FHCE 15 min, 520 nm K F H
EIE NO, -N &&, WMiREHRTIAXITE:

(UEW NO,; -N YR - Xt HRUE W NO, -N ¥kJE) (mgL™') x12.5
5 x dwt x 24
KA, 12.5 5 B ARFI AT, S o IrfR B B E R, dwt o8 B MM T, 24 0 LB FRETE
T fh 5 BE R B AL B[R] 7= A4E ) NO, -N &R RIR .
1.4.2 SEitor#r

NO, -N (mg kg™ 'h™") =

REFMAFE(NUE) = TYRRERE / RERREE

BRI R AEAR BRI ERR R E S R B BE (X £S.D. ) o FIAI SPSS v 13. 0 B4 7 ik 14 3
1375 225351 (ANOVA) BAH M40 TAE
2 BRE5HH
2.1 ARUKFESMAERKESR

FrIEF IS 40 d B KAE A B3 AR T B E M Z RN, B A ZH 2 R4 K B 2 5 T
afh HS, “EMAY BT ENER . S RMEREF G 40.50 d F160 d #y - # T E 45K S
1.28.1.39 f%5H11.40 f5(FK 1) o Wi FFPR 7 Lo Bl s 18] TG (2. 35 48 1k, ZH AR L3 2 HS BRfIK , (HZE R KRB B
EKF(FR D) o B AR R A YRR & TR S, BARSE HBAR K7™ a A, (B[R] i (B AR R AR
YEMRELZRIFARE, MEARAERBEN BER TI= S, RS RU SRR R R
R, —HHERR TYRARR SERHRR OB, 57— EREZ A EREE IR T/KFER R
RE MR
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*1 AEKBRHMEKER
Table 1 Growth difference for ZH and HS at different sampling time
‘ i 3 i FERE .
ain g plant™) Root(gplant™!)  Plant(gplant™)  gugy  TAOVERBER e
. Sampling time . Adventitious root
Variety (d) W FE iy FE iy FE Root/shoot ratio number per plant POR (% )
FW DW FW DW FW DW
ZH 40 4,384 0.91% 1.48° 0.22° 5.86% 1.13¢ 0.25° 54¢ 26. 4%
50 5.56¢  1.47°  2.15* 0.38> 7.70° 1.85" 0.26" 81° 29.9%
60 7.75%  2.10*  2.53*  0.49* 10.3° 2.592 0.23b 103® 32.1°
HS 40 3.61° 0.71¢  1.43° 0.21° 5.04¢  0.93¢ 0.30% 28¢ 19.64
50 4.63¢ 1.06° 2.01® 0.35> 6.64% 1.41° 0.34* 61°¢ 22.0
60 6.41> 1.50> 2.46* 0.42> 8.86> 1.92% 0.28% 82b 23,1

[FF AR FE RN LSD K36 5% /K 2583  Means followed by different letters on the same column indicate significant difference at 5%
level by LSD test

IKAEAR PR AR A PS5 K R AR 2R M0 48 RE 04 UG, T ZK R AR 2R 18 S 4R e 2K BRI K S At A L FROAR R 28 4
RE B, ERALKFRE, o LUARILBE (POR) Fon . "= ZH ¥ POR 237 i Ff HS
L4 £, bR ™ s PR E A RBZM MAE Z IR (R 1) o HRMEDHTRY, POR TR P - 3 L3
BEERBEIEMERR(p<0.01), Fn SKREEYE REHREM NUE B BEMKGKS) .
2.2 AFRKBHEMARHEMARFIHRESR

ANIE L B R AE R AR R R RAEK RS 40 d TRE 25, MAEREF)F 50 d #1160 d &7 &
i E AR AR R B BE R TS MM, RARHRENRALERWEE (R 2) o YR
ZH PR R WA B R 1 L _E R 2 B 00 TR ™ dh A HS, HLBE K RS A2 1 H R R e B e 32 A B o
AR o

MRk NUE RAESAL HIRRF = B TR &, F Ut NUE 7] AR K R 3t 0 R I e 0 = AR 7B 3088
PrRo HIR 2 ATRAE K A SR AIAE AR NUE BE 1) 538 T, TR R B AR S a3 e BRI/ A ol ol
TEFEFG 40 d R AR NUE LIRAER)E S0 d 3t B3R NUE TR E 2550, 57 i P ZH 7EHR A K B3l AR
Tt K NUE 28 3 5 T & Fh HS,

®2 FEABEHEERUFIAER
Table 2 Difference of N accumulation and N use efficiency for ZH and HS at different sampling time

S Rh SRARERFE](d) AEMEHR N accumulation (mg plant~!) RAEFFZ N use efficiency (mg mg™!)
Variety Sampling time Hh 3% Shoot 2 Root HHifk Plant Hhi |3 Shoot # Root FHi#k Plant
ZH 40 23.7¢ 3.39¢ 27.14 38.5¢ 66.3* 41.9%

50 33.9% 7.22b 41.2° 43.2b 53.2% 44.9%
60 43.4* 8.04> 51.4* 48.4* 60.6% 50.3®
HS 40 21.2¢ 3.64¢ 24,89 33.8¢ 58. 4% 37.44
50 25.0° 9.73® 34.8¢ 2.1° 36.5¢ 40.4°
60 35.20 9.95% 45.1° 42.6° 42.2% 42, 5%

[FF AR FE RN LSD K36 5% /K 2583  Means followed by different letters on the same column indicate significant difference at 5%
level by LSD test

2.3 AFRUKASMF L NH -N SEZR

BEE KRS FHAE K, P/ RS A AR SR 4 NH, -N & 8L 0284k, ARPR A 1 fA £ 3% NH,-N & 2 F
] B T RE(E 1) o AR N -N SBAA7EN R 5 GBS, AR Br A L A - 358 Bl AR 2 R 28 50 3 fon i
B o PIE A ERAREE 1 K AERN S 50 d #RFR 43 NH, -N &8 T2 540, AL K RIUNE ™= A HS
BERTR™ MM ZH, BBEEKEER, ZFERBA, —EREM LA N N SEEREEEHT
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7 A R AR PR A AL PR 3 T A (] 3) , R EUE 2 19 NH,'-N #3808 NO; -N, H & 7™ i AP I B 2 /Y
NH, -N g, fil& 1R AE H, SAFMKRER CK A8 B, Wik 8 5 fh LR 138 NH, -N S B RART
CK, X FZ R i TR KRR NH, -N B

& A —e—7H —o—HS 5r 5 —e—7H —o—HS
20 |- 20 |-
15 | 15 b
10 |- 10 -
5+ 5+
= 0 | | | I | I | I | 0 | ! ! ! ! ! 1 | 1
§ 0 2 4 6 8 10 20 30 40 0 2 4 6 8 10 20 30 40
5 SRR (mm) SRR (mm)
Ij"” Distance from root surface Distance from root surface
o0
E —@—7H —6— HS 40
% C D O cK
S0 B
:: I
4 ¢ 30 .
25 | I
6 - 20 |-
4l 15 -
10 -
2 5|
0 | | | | | | | | | 0
0 2 4 6 8 10 20 30 40 40 50 60
SRAEPEE (mm) FAE ] (d)
Distance from root surface Incubation time

Bl 4 NHS -N &z 485
Fig. 1 NH," -N measured at different distance from the rice root surface in the flooded paddy soil growing with ZH and HS at different sampling time

(A)#EFPE 40 d; (B) #EF 5 50 d; (C) A5 60 d;(D)CK  (A) At 40 d after sowing; (B) at 50 d after sowing; (C) at 60 d after sowing;
(D) CK

2.4 A[FJKASHF L NO; -N S EER

BE/KFEAE B R IE K 3% NO; -N S BG B Z 18 4k, (HEREFI G 60 d i Tk A8 A & Wik NO; -N B3
i, FEAHENO; N FEIA THE(E 2) . 4 NO; -N 7E/K-F25 650 B 5 NH, -N P 7EBR 25, R
R AR 2, X T RERR B T NO, JB T55 IR B BA B 7, S 5 e L 33 AR P MR e, 7 398 v i A% i BE
R, BARAEME, “ERK LR NO; -N S REEEER, MRKREEFNG 40 d —F L&+ NO; -N
HRLEEZFI, HRERXRIUTE ™ A ARP A LK 13 NO; -N & B IR A B3 & T™ M fh. B
ZAFIREH CK AL, BRAK™ fFf HS 7EfJa — YU 13 NO; -N &8 5 CK BREFZERIN, I TIRR W
FARHARPRAEACVE T, S ERMEK AL B2 38 NOS -N S BB E & T CK(& 2) . HS 7Ef&/a — KB F +
HNO; -NFEE CK BBEESR, FER M T HS RERARFRAHAL/ERESS (B 3) , B/KRER R KERIL
NO; -N B3 NO, -N &BEAR, b TLOEMKRE L pH EEUR, B KRR Bray s B (18 3) , B
B TR AR R =42 5 NOy -N & BB, AN /KRR R XS NO; -N iy lie, I bt & 2 - 3% NO; -N S B,
BARAEIR], 13 NO; -N & EHEI7E 0.09 ~0.21 mg kg ™' ZIAI (I 2) .
2.5 ANRIZKAE b L3 A5 B 25 5

M3 AT ARFRFBEAR SR 20 ~40 mm ) {4 - 390 Ar A0 35 B2 /K R A 1 T B 25 AR A , TIAR PR L e As 1L
5 BE /K Rl A B AREAS GNP /K A R A T B2 D AR B 3 s, YO R ARFIR R L3 . Atk
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030 -, —o—m ——us 001 4 —o—7H —6—1s

025 - 0.25 -

020 - 0.20 -

0.15 - 0.15 -
010 0.10
§ 0.05 0.05
> 0 .
o
I 0 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1
2 0 2 4 6 8§ 10 20 30 40 0 2 4 6 8§ 10 20 30 40
E FREREH (mm) FREREH (mm)
Z Distance from root surface Distance from root surface
g 00 . ——7H —6—HS 012 0 cK

0.25 0.10 - T

T

020 | 0.08 |- L J_

0.15 |- 0.06 |- I

0.10 |- 0.04 |-

0.05 - 0.02 -

0 1 1 1 1 1 1 1 1 1 0
0 2 4 6 8§ 10 20 30 40 40 50 60
SRAEHEE] (mm) SRAEITH (d)
Distance from root surface Incubation time

B2 13 NOy -N &Iz 425 (A) #&F)5 40 d; (B) #&F)5 50 d; (C) #EFh)5 60 d;(D)CK
Fig. 2 NO; -N measured at different distance from the rice root surface in the flooded paddy soil growing with ZH and HS at different sampling time.
(A) At 40 d after sowing; (B) at 50 d after sowing; (C) at 60 d after sowing; (D) CK

SRR & A AL R AE AR R 2 mm AOARPR £498, ZH 1 HS RS 1638 B B (653514 :0. 48 pimol kg ™'h ™!
F10.31 pmol kg ™'h ™", BEHE B KREIRARIT , W5IL3E B R AR S , Bl B B AR 10 ~ 20 mm b+ Ry 108 B w3k
FriE+8, M KBEMMERTNS, “EERRMIERE 8 ~40 mm b, HIEMHAREN TR EEZER,
1M ZH #3 P TR Lo B IR 2 KT HS . ZE/KFE#EF 5 40.50 d 7160 d,ZH 7EREAR 2 mm 4 AR Fr 4 3845 fh 5
BEAR A2 HS [ 1.55.1.49 £5F01 1.38 /5, AFUKAER CK b3 d, 356l 4k 58 BE BE AT (] g A T B, (HTC .3
HARL, CK 5FE HS 3% 20 ~40 mm ) R+ B EWHER (B ZH RERA L&+ 2LK% HS #3F7 £ 3580
R EHBERT CK(E 3) . SAMKRE M, RPR HIEHARER S T4 2 ~3.5 £5, Bk, BT
WAWARERE TRR B AIRE, XS REY IR RHERE SKREERK SRR TR HT
BEMKKR, MARPR LR N 5K A5 E K NUE B MK (£3),
3 itig
3.1 RFEAFGESFERR LR ESASEER

B FARIR A AE /K R K P e A — Uk RUIE , T K RS A AR X 1458 NH, -N R B 28 38 K, 5 s Al + 38
NH, -N & B FEe a2 E TRE(E 1) . "= ZH ik 14 NH, -N & 24 B ZE LTI HS(E 1),
1M NO, -N & &0 83 & T HS(& 2) . —J5TH ZH Wi NH,' -N 25 T HS(ZH fEMR A LIk & OB 1 3%
T HS ATLGIER i I 5 SRR B ) , 55— B T ZH ARPRAsAL/E AR T HS(1& 3) , BE L NH, -N 5%
#: g NO; -N, [t i F/KFEAR R XS NH, -N il NO, -N MRt LA K + 3% A5 22 5, SBOR R /K F i R By 13
NH,-N #INO; -N G BERBE, DEHERKEE R R0, R RER S EFERR L% NO, N & &
WHEREZER, S MFRER 1 NO, -N &8 B &5 TAU-MmA. B, RER 15 NO, -N & &&K7E
—ERE ES5KREFERRREY), W LAMEN B[R H o2 Wi s ez —
3.2 UR[RVAUASE S R AR PR A AR 2

ARG BRI KRR R TR BE R TR LR (18 3) , FARR Y45 SRt Hh BLAE A EE RO B o
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03 0.6 -
A ——7H —6— HS B ——7H —6— HS
03 05
02 04
02 03
0.1 - 02
'E; 0.1 0.1+
E 0 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1
> 0 2 4 6 8 10 20 30 40 0 2 4 6 8 10 20 30 40
iy RAEHIES (mm) RAEHIES (mm)
j“’ Distance from root surface Distance from root surface
g
&
IZ. 06~ ¢ &— /i —o— HS 014 - p O CK
S o5t 012 |-
2 T
04 - 0.10 J_ T
L L T
0.08
03 F L
0.06 —
02+
0.04
0.1 0.02
O | | | | I I | I | 0
0 2 4 6 8 10 20 30 40 40 50 60
SKAEPEE (mm) AL (d)
Distance from root surface Incubation time

B3 b Ao B i s AR S
Fig. 3 Nitrification activities measured at different distance from the rice root surface in the flooded paddy soil growing with ZH and HS at different
sampling time
(A)#EFRIE 40 d; (B) #EFPE 50 d; (C)#EA5 60 d; (D)CK  (A) At 40 d after sowing; (B) at 50 d after sowing; (C) at 60 d after sowing;
(D) CK

#3 FEKESMEYE. ARREF AERHUSEEXES T
Table 3 Correlation matrix among biomass, N accumulation, N use efficiency ( NUE) , and nitrification activity for both ZH and HS

MR PR AR AL B BRRARE
sk Rhiosphere 8¢ TE O OREERER hect or
Parameter Nitrification FW DW N accumulation Root number

activity per plant

ﬂﬁﬁﬁﬂﬁig P . 0.713** 0.293 NS 0.372NS 0.281NS 0.573* 0.327NS 0.650*
Root surface nitrification activity
m%ﬁ%ﬂﬁ&g - .. 0.533* 0.580* 0.461NS 0.784 ** 0.603 ** 0.679 **
Rhizosphere nitrification activity
ffHE FW 0.977 ** 0.979 ** 0.832** 0.893 ** 0.599 **
+&E DW 0.979 ** 0.898 ** 0.905 ** 0.650 **
AZEFHZEE N accumulation 0.800** 0.897 ** 0.560*
NUE 0.845** 0.759 **
FBRANRE AR 0.675**

root number per plant
NS BRZERARBE, « Fl = =« FHFRRSP M 1% %M T ERBE ; RPBEAMHEARE(r ) NS: not significant, *and * s : significant

at P <0.05 and 0.01, respectively; Data are correlation coefficients (r-values)

H 3 AT BRI AR AR WA HLRR 5 AR % 138 pH fH T W, LA KR SR NH, -N SRR (1), SBUR KM
SNEBCRAR A6, fi I 3 W, ZH A HS e 158 B R (4 PR AR R 2 mm &b, 53X 5 ATE Y
BroT s R MR o T RS LA R A SR , TR I 224 49 NHL N 5 S B R0 38 I, e 4
55+ R BE R L™ KRS 4 e B LR % LS T I . A, R B A3 i AR L
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T 2 A (181 3)

LTSRS 3 T pH (EBAR, S BRI AN AR K RS 2 B, L ks BEAR 5SS o AR OB
FH AT DM L (pH HE ) MK AR PR AL 3R BEVE I 7E 13.9 ~ 14,7 mol kg ™'h ™' 245, T A 36
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