2021410 A Z%ikm fiﬁi?"ﬁx’ 52 % %10 M

doi;10.6041/j. issn. 1000-1298. 2021. 10. 037

AERBHR TR EBA LA HES FORRRHS

HAKE'? #TmEk 24 kX! x # X B
(1. ZRJeAe b REK R 5 1R T2, W/RIE 1500305
2. ARAuA ML R = AR M AT AR M K B I8 R R FH A 0B =, /RIS 150030 ;
3. KA R SCRIE R, AJRIE 1500305 4. BT A K FIRLARTST B, M/RIE 150080)

TEE: G ARICE A KR 206 2 R K RS A KA BARAE A2 o), # BN R i i i o i 8 T R
& (DH) 2V 5 B (MH) A B 4% (HS) 3 AMASRANHE , LY H AL A B v (CK) A X R, sl A i 4k
SERMAT T AN RIS R ) 4 R AR B R sh A AR RE DL KK R4 A B BOG SRR IR b i AE 4k, S 5R 0, R IH
A BKAE T A R B AL T R M IS PR Y ST i AL A BT B R P Kl 1k
) A e S A R A T 0 3 B0 s I S = S TR T AS ), 4 AR SR o K B /MR Ykl HS \MH \DH, CK,
Hip CK ACH Ty S i KA R B 3 190. 65 g/m* | i DH MH A1 HS 4b B4 it g i KA E B3 CK B
17.74% ~52.57% , 4 3 756. 81 ~4 867. 88 g/m” ; CK Ab ARG ek A B TF4h T BEh ), HoAth b BROK A P s A1 2
AT R 43 BE v 0 1) A0 BE AR HA 3V 9 B, S TR A B9 /KR T ST e s R R A 25 o T 2L, S R =X ol
AR bR A TR R B AE T , P B R AL HN 4 3R SPAD ¢ CK AbHE T BB ; BR A4S BEAR W1 AN, P 3R AL H v
A (P,) FEREHAR (T ) ML R (G,) R T CK Ab3R, SFLIRBIME (L) ¥ T CK ZbBE, AHE M,
BEHBEKETY R R RS04 SPAD P, T, .G, EW B EFEMIE(P <0.01) , @ XHEAFRESER T 5 R
SRR, 2R DI MH Al HS AHDEA RS T CK AR, i T s A R IL T CK A B HS 4G & 4
PEX T TR AT DH 5 MH 23, BT 55 T R AR 02 + OK R P AE A% X 8 BB (R AR 4
KHEE, RALBEX; REFEKRE; EMr, TR, SeAet ]
RESKES, $274.3; 511 XERERIRAS. A CEHS. 1000-1298(2021)10-0358-11  OSID. SR

Effects of Different Irrigation Methods on Photosynthetic Characteristics
and Dry Matter Accumulation Dynamics of Dry Direct Seeding Rice

WEI Yongxia'® CAO Xiaoqgiang' JI Junchao' ZHANG Xuewen' LIU Hui’ WU Yu*
(1. School of Water Conservancy and Civil Engineering, Northeast Agricultural University, Harbin 150030, China
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Ministry of Agriculture and Rural Affairs, Northeast Agricultural University, Harbin 150030, China
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Abstract: In order to explore the influence of different irrigation methods on growth and physiological
characteristics of dry direct seeding rice in the black soil region of Northeast China, according to different
irrigation methods, three test treatments were set: drip irrigation dry direct seeding ( DH), flood
irrigation dry direct seeding (MH) and basin irrigation dry direct seeding ( HS) , with conventional basin
irrigation (CK) as control. The dynamic changes of dry matter accumulation process and photosynthetic
characteristics of rice at different growth stages were quantitatively analyzed by fitting curves. Results
showed that dry matter accumulation of rice under different treatments presented a slow — fast — slow
S-curve change rule along with growth time, but dry matter accumulation, start-stop time of rapid growth,
growth rate and growth period varied with irrigation methods. The dry matter accumulation of rice in
descending order was HS, MH, DH and CK. The rapid growth period of rice treated with CK started in
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the middle tillering stage, and the rapid growth period of rice in other treatments started at the transitional
stage from the middle tillering stage to the end tillering stage. The rapid dry matter growth period of the
different treatments all ended in the milk maturity stage. After heading and flowering period, chlorophyll
SPAD value in dry direct seeding treatment was decreased faster than that in CK; except late tillering
stage, net photosynthetic rate (P, ), transpiration rate (T.) and stomatal conductance (G,) in dry direct
seeding treatment were lower than that in CK, and stomatal limit value (L,) was higher than that in CK.
The correlation analysis showed that the dry matter accumulation of dry direct seeding rice was positively
correlated with chlorophyll SPAD value, P,, T, and G, (P <0.01). The analysis of photosynthetic
characteristics parameters and dry matter accumulation showed that dry direct seeding DH, MH and HS
had lower photosynthetic characteristics than that in CK, while dry matter accumulation was better than
that in CK; HS had better photosynthetic characteristics and dry matter accumulation than DH and MH.
The research results can provide theoretical basis for selecting rice planting mode in black soil region of
Northeast China.

Key words: black soil region of Northeast China; dry direct seeding rice; irrigation method; dry matter

accumulation ; photosynthetic characteristics
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AR EXEN IR = RKBEERZ —, ERE
YR SRR AR P, KA R TR EE AR EAE
Wz —, 2018 4FAY & B VT 44 7K A8 B A 17 A e Gk
378.4 J7 hm® JKFE ™14 2 685.5 J1 t, i 2 EKAH
PR 12.7% 1 ML SRR B E R A S, B
EARA R B R AT K RRAE ) T8 i 3 [ K
Al 4170 LW /ool =1 BT oY & SO T N ) VR £ 8
FER 5 A A AR O Al 2 2R DR TR
J IR E R B2 e AR HEE L,

K e B AR AR B W i 4 A2 B R KRS
AR SRR R e e M 22, T8 BB K R 2B 7 o
R 7 AU KRR P e AT R R K R
BT BRI R W f, 525U 6 G Y T
FRREM AR I 22 B W5 £ W Logistic 4= K
M2k e 0% i i fl R AR T 9 B AR R i i A8 ki
R 5 o A oy Logistic A= 1< il 42 352 4 s 4
W NEA T Y AR Rl 7 G it &Rk S 4L
ST T T BB R, M AYES 2 ] Logistic
A A XS T B AR R B I R) A2 A S < S7 IR 3 4
SRR T LA 0, AT 58 Logistic 4=
TR 5 K 2 52 Bl 1y 5 AR 2R 3 25 R AT A
L, R K A R S e R B R . LA EWFSE
W] Logistic A= 2 REAR 4 b 40L& 1) T4 B iR
SRR, A RIRE B DT O KRS T AR R AR
HURRVE = AN R R B s X R A B g R
P 3 P 9 T A AT DA e A R 9 T e R
e R AR AR Y SR K R4
R U 285 e B T 5 2K 5 A R TR O &
FIRFNE E K, N4 & Ty B R, 2 mfF
S BRI F oS A R

I

THEHEALBE , {F e R AN AL T SR T Bk
Rl I R ATE SR i FURCN Y (P (Y
2 Y52 PR R i B T AE 5 2k R AR i
(SPAD) FREBIKAERFEME, PRI B9 <AL
BRI ELADE A RS BRI, AR LK 2 5
B PR, T3 B2 K 23 25 AL R A
1R IR O G R MR R

FAT, 12 A K A5 T B R A+
JTAR 3k 7 2l 25 2 B DA% G 4 B E K A
E X TOCA R R A 32 LA ) AN
VETES 20 R R HE T Sy = XA [ Wy =X
AR T BUR RS S U S A A i
15, PR AN SCLAAR b 8 X5 B R 7K A o BIF 5 %)
G, VAR R A N R 4t 3 K R AR Kk T E R Y
BN 38 e AR T 2SN (7] Ak B K AR - SR R
WA, A A AL B RS T R RIS BSOS
Rtk SR A R HOCZR | DI R AR 4 XOK Fi
PR P B AR

1 HRSH%

1.1 iXIe LR

RIETF 2018 4 5—9 H 7E R Ip VI PO B 50
BRI T 5 G (46°527417N, 127°30'4"E) i#47, %
L Z AR 2. 5°C , AEFE R i 500 ~ 600 mm, {E
Yk R 156 ~ 171 d,FX¥ LR 128 d, )8 T
FEHT KB ZE R, 150 X BRI FE b 1
Gy DX, - HEIS R Oy g R R g b AL R
61.8% MM IKF 50% , 4 H 1.01 g/cm’, pH 1
6.35, TIEELANIE ) (B R ) R A HLE
41.8 g/kg AR 36. 22 mg/ kg AR 112. 06 mg/kg
47 15. 06 g/kg AW 15. 23 g/kg 44 20. 11 g/kg
FIBA# A 198. 29 mg/kg.
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1.2 Rt

R LA e oA 3 5 KA AL EY  FERS 3
BRI (2 m x2 m) P Ef7, RIS 4 b
435 A R E A (DH) 18 S K (MH) |
HER AR (HS) Sont B H MBIV VE (CK) , 1>
AbEE 3 REE A, S 12 ANET, DH O MH AT HS Ab 3
YR T &R, 45 10 ~ 12 ki, 7 10 em, 47[H]
PSR FH 5 il 15 0 R 1 0 R L AH [R) 7 [B) BE (A7 R
10 em +26 cm +10 em, BE A E T 547) . DH 40 H
A 3 A7 P HE Ay R AT K o3 B RS I T PN
W3 ZM R X FEA T Sk BRI 8 30 em, %Sk I
1.2 L/h  TAEJE F7 0.1 MPa, % 8 & 38 1 7k 32 0k

friEfil, HS A BURRFAP 1 A 2R e R i, R
SYBEARMNHEAT I HH Ah A A 7 B Be PR 43 ~
5 em K2, CK AR TAGBF A 7 2, S
ﬁg\glf@ﬁﬁ(f?(ﬁfﬁﬁ 30 em 7 13 em) |, BF7CS BR, 4540
FRARE 1 A EUE 110 kg/hm® P, 0, 45 kg/hm” K, 0
80 kg/hm” , U FE BE KL AL A BEAE A2 FE AR | PRAEAE
LRy 4.5: 2 1. 5: 247t , B AEATE A BE A0 — ik M it
A PO B EERE JRAENE L5 R 12 1430 2 ¥k, DH
AbPRBEZK I, LA AL BRI A it . CK b3 F 5 A
17 HIER, AR R B TS5 H 1 HEEM, T E
PRI 9 F 22 HIBGK , AR AL BKFE 25 A4 B B B
KA EMTREWEL,

x1 FRELEAEEEENRKSERTR

Tab.1 Water management scheme of rice with different treatments

Ak Ll B S BEHTIY SrEE Y S BEAIY P 2 ) AT E) FLEA)
CK 30 ~40mm 20 ~45 mm 20 ~45 mm P 20 ~45 mm 45 ~85 mm 15 ~45 mm

DH  (80% ~100% )6,
MH  (80% ~100% )6,

(85% ~100% )6, (85% ~100% )6, (60% ~100% )6, (85% ~100% )6, (85% ~100% )6, (70% ~100% ),
(85% ~100% )6, (85% ~100% )6, (60% ~100% )6, (85% ~100% )6, (85% ~100% )6, (70% ~100% ),

HS (80% ~100% )6, 30 ~50 mm 30 ~50 mm g FH 30 ~50 mm 30 ~50 mm 20 ~50 mm
b K BEVREE WA 0, LRIk %
1.3 WEMBS5HE W

1.3.1 KB TP SR

5 45 Ak K R AE 43 BERTI (PT) | 43 BEH ]
(MT) FPEERMI(LT) 4575223 (JB) AT 18
WI(HF) FL2JH (MM) | 82U (R) B9 T4 BT
TN 3 7, B 7GR BCE KRS , LABE R bR
LAY 35 em x 35 em x 85 em Y ] P HUAS L kR K
FERE B K REAR SRR JE TR A8 v g 34, AR [
RIS K B R KRR e AR f A8 A H FAEE XL
PR 76 105°C F A7 30 min, 2R)5 80°C F T &
e WO JE L ROF (RS EE 0. 01 ¢) FREBUR
) A s KRR 1 T o
1.3.2 ARSI

KA LL - 6400XT AUEHEAOC S/ & R 40
(Li — Cor Inc, 3 ) M % 5 4b B K #5 O &
(P,) ZEBHRE(T,) SILFE(G,) HMiE Co,5K
S CORELL(C/C,) TN B S5, W E ]
WA F WA 09:30—12:30 MK, BTk
B —3 AE KRR R A 5 9T, BT E
1 MRAKRE , R RS e B KR R A TG0 L
(T e i 5, T AR R A8 AR e, B R IR
Tl
1.3.3 W4 SPAD JiE

K SPAD — 520 7 - &3¢ 22 AU 58 A [) Ak B 4%
AEE B BOKREM a2 SPAD, B i X A% B 3h
BEH e B ) A AR F N 09:30—12:30 11

1.4 IEHRITE
1.4.1 TR EARKMLE
K HI Logistic A=K 4 7 B2t T4 iR R it 47
WG, TR
K
= | 4ot (1)
K Y— KBS TP R, g/m’
Rl ], d
K—He Ty i KR, g/m’
a b—FEESE, H b <0
X (1) K —Br- RET R T R R R (G,
g/(d-m*))H

Y

X

_ _Kbeu+bx
R_<l+ea+bx)2 (2>
IR (2) THE— B L 0T LS BT
Yy AR RG] (X, d) PR AR 2R 4, A ]
(X,,d) GEFNERAR RBRAE (X, ,d) PLdR
BMBEHER(V,, &/ (d-m*)) , BRI H A3
ik

X():_% (3)
X, = ——“_ln(bz +43) (4)
X2:_a+ln(§+ﬁ) (5)
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Vmax - 4 (6>

DARROCH 257" 45t 24 4 i B 3k 3 e K AR
YIEny 95% B 0. 95K BF A AR A= K A5 1k, $ 1
BEVEY AKX, ,d) N

1

In —~-a
19
Xmax - b

1.4.2 SALEEHIAE
Har s e a LR WIE L 5k h
BERRY %512 #2 1 i A 5X

(7)

Cc,-C,
LS = C[L _F (8)
A T——CO, %M, wmol/mol
IR 2 (8) AT
¢,
Ls =1 —Ci (9)

a

1.5 HiRAETTE

% A Microsoft Excel 2013 XFi 56 55045 147 90] 25
ARFE FH Origin 9.0 #4722 Bl A Logistic A=K 7
2, Ifiz Al Mathematica 8. 0 I & /K TY R 2 &
FEES KL, ) SPSS 22,0 #E4T 2 3 PE 4 Hr (LSD
2, BEHKT P <0.05, FHREMERHER R E
LR BR— LA SIS UE S DU AH 5 AU AR O R 8K
R, Lt ¥75 iR 2% (RMSE ) i i£

2 ZR5HMH

2.1 AESEKETHRMEDNS

2.1.1  A[ELEFEKRS T o AR R A E] Y722 Ak
1 Ry AN ) b 34y Jon R 2R e it A K i & I T

AR o AT UL AN [] Ak 3 KRS ) o B 2R S B

I )22 A B S AH ] B B A2 18 1y S JE Y

K mrae Logistic EEKEEH?)%%%@E,%%%K@E{%
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Fig. 1

Change curves of dry matter accumulation with

growth time

T tE—E B KRR A K EE (AR
KRR AE K R FBEH . R Logistic f1ZXT A
[F] b HHK e T4 o AR R AR B AT LG A it
LS GUE RBOLER 2, SO R R
¥IFE 0. 95 VUL R AL A 25 R AR Ui I A o
LR AT LAMER A A KA T4 ot bl A 7 ) g AR
A AR 2 A FIAALUE 5 SEIME LA OC R EL R, 3442
W1, WA R SO TR 2s R T R B —ik
XSS S A E RMSE HIAH XA, 2 B il
SRGOREE R ST A, BARSARPLAHE RMSE /T
5 EFEF R, UL Geih B AR L& M s BEAL
TREREMRAE, B Logistic A7 HE15, MK RStk
G IR « T J055 Kt T SR B3R T4
JHS R AR B 2 2 W, CK A HE T4 e
ARFRERR K R 319065 g/m?, A [FIVERE 7 =X T 1
S EFE KR TR 2 R, T Y e i KR &R
W CK B8N 17.74% ~ 52.57%, M 3756.81 ~
4 867. 88 ¢/m” ;HS AbF i T3 BEM] 2 2L UM (R 43 BE
ARSI TR TR T B R R R
& DH MH LB 53410 29. 57% F1 12. 59% .,

*F2 A EAIE Logistic FRESH R TYWRMERSFMTESH
Tab.2 Logistic model parameters and dry matter accumulation characteristic parameters of different treatments
Hi 2k 2 B S AR 21 EEHE S
Ab ¥ K/ RMSE/ Viax”
a b R? R, Xy/d X,/d X,/d X/ d
(grm™) (grm™?) (grd " m2)

CK 3190. 65 3.12 -0.0579 0.9755 0.965 8 227.36 53.81 31. 06 76.55 104. 66 46. 18
DH 3756. 81 3.79 -0.0529 0.9597 0.966 5 239.29 71.73 46. 82 96. 65 127. 44 49. 65
MH 4323.58 4.00 -0.0562 0.9611 0.9597 269. 81 71.17 47.74 94.61 123.56 60. 75
HS 4 867. 88 4.33 -0.0612 0.9569 0.9655 308. 92 70. 81 49.27 92.35 118.96 74.42
AR5 B % 13.04 19. 44 10.17 8.39 20. 14

2.1.2  TYBRR R EERHE SO H AL
HE(3) ~ (7) A AT A Rt e Y
FEAHESH, AR 0K 2 s A REM )T AT %

AL BEHE A1 o DR B R AR LR ) (X (X)) Ik
P i e KB S R 6] (X ) e R B R
(Vo) FIPER A KT TR (X, ATF], CK AR 2
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FH J3 BE R HE AT o s AR R A, A A B R T
B SOKRILH TR RRIZERE, T K
FEE IR A E AR B T o BE b W 21 o3 BE AR A 5 0
B Bt A KRG T P R R &4 BT o fi
R SRR I B 2 R 2 e R T A A e
BB, S B KAE T 9 i KRR MR & T CK
AR BE A DH FT MH AR B ) e KA S 45 HS Ab
FHAT AR T 33. 28% F1 18. 37% , FE W A [R] 4 5 75
O X 25 A PR e KRR B R 7 A 5%, CK \DH
MH il HS 4b 235 21 14 it e KA R R EHG T4
A 2 BN 1 0595.32, 1 878.41., 2 161.79.
2433.94 o/m’ A HEK T B R E 1 50%
AP e A R A T FL A4 5, {3 DH
AL B4 % MH A HS AbBRIG 2.04 d F14.30d, A
[FI b B K FE A K F JE I 104. 66 ~127.44 d, H
AR EE R B KR)/MEYK S DH OMH (HS  CK, 48
SEREHN 8.39% , VL L FBE K ZE M HE R H
K FEAT R HE S e R KR e T AR AR
S AT YRR,
2.1.3 A[FEACEETY AR Ror WP R H0R 4y
BB A R R

HABKFE TP R R E R g 2T
AR BT B AR SRR A A TR | P A R
WIS 1A R v 5 B0 0 T 9 T R R R Ty
(R (2)) AT BB 25 R W 3, TR
TR 7 LR, 25 A K e i 185 300 T o fR
ZE I 18.54% ~21.20% , 75 5t 2 E N 5. 78% ;
PR BT YRR RE R, FEHEEN
61.63% ~63.62% , L5 REN 1. 40% ; &34 W+
VB2 G 17.16% ~ 17.84% , 75 % R KN
1.71% , #i363 CK 4L B A F 258 R %5 T DH 4b
B F RIS /N F DH AR, S EOL
GER T AR EEE T DH LB J/ T 24, 73%
1 MH ZbEAT HS AR ARG ZE R CK 4b 2,
S R R KT CK AR i MH AT HS ZbFE T4
JF B R CK A PRI N T 55.70% ~ 80.18% ,,
MH 1 HS 4 B AE PR B 52 40 RN 92 384 1 1) 7 41 B 3R
BRI ST CK AR T WA B 5 CK b
ZS AN A3 X A~ Y B MH R HS 43T
YRR BT R T CK ZRBE; DH A 3878 P F7
FIZEHE I 3 B 57 B R R & T CK &b
OB ER ST CK AR, DL EAFRREM, T
J A R A G B R R O WS R AT K,
HACAE P (B AE 7 7 R B L 48 5 R 8 e, 14
PR T A R E 7 PR S ) 2 1 1 2o U
[ FR R A R, AT RS i T4 SRR R i

®3 TYURBRESHMNK RESEMFHREER
Tab.3 Dry matter accumulation stage length,

accumulation amount and average accumulation rate

. W PR S
S8 szl
(ONXl) (X1~X2) (X2~dex)

CK 31.06 45.49 28.11

DH 46. 82 49.83 30.79

Sy HntK/d MH 47.74 46. 87 28.96
HS 49.27 43.07 26. 61

BREB/ %  19.44 6.09 6.09
CK 536. 85 1842.09 516. 58
PR Ur A5 v DH 713.24 2170.30 603. 69
(g'm~2) MH 835. 88 2496. 35 697. 45
HS 967.29 2812.06 783.09

BREB/% 5.8 1.40 1.71

CK 17.28 40. 49 18.38

Wap iR oA DH 15.23 43.56 19. 61
F R/ MH 17.51 53.26 24.08
(grd™'om2) HS 19. 63 65.29 29.42
BREE/%  10.33 22.06 21.89

2.2 AER/EAEHESHTH
2.2.1 A[EACHKREH22E SPAD

4 AR FUK RS AR I 43R SPAD, i
4 W TEST BERTIN 2 4 BESR W DH MH A1 HS Ab
R4 2 SPAD .3 = T CK Zb B X 36 B 5 #%
PR A ) T K i 3 BEIM S R B 1, 4 BE
H#A HS A1 DH AbBRAR XS F MH AL FRIF28 25 SPAD 34
Jne 3 FTREE i T HS Ab P 4 48 5 /KR35 & DH
AbPE A HEE KIS R T MH Ab3 R 2RI &
FLEIY , CK b P-4 2 SPAD i, 3817 22 I 4%
AbFR 22 SPAD H K E|/NE B A CK,HS, DH
MH, 2 I AE 014 Ab 3 2 2 SPAD 43k B i K
{fi,DH MH F1 HS 4bFnt 4% 2 SPAD 43 91#¢ CK 4b
PRI E WD 4.53% 5. 19% 1 4.38 % (P <0.05),
AN [F) 3 8 7 =) 52 B A B ] 22 S AN B35 (P >
0.05), FLBUHS A48 E SPAD K E/MEIK
4 CK HS .DH \MH, Bl BT L AT 28 3 SPAD
BEBRE N 13.42% ~17.09% , Al A& i T 4% kb B K
FE e T oo 20, KR 2% B Wil 52 & T 80, DH AT HS 4b
PRE CK b2 R AR E 2 (P >0.05), MH AbH 5
DH HS F1 CK Ab¥H 25 57 1.3 (P <0.05) , Al fig &
THBRE S HRERTH LKt A e 2, RIESK
BISJEERAIR,
2.2.2 AFIFEFSCEH R ZEME BB R

2 (R TR /NG S B 2R 7R A 2 [R) 25 5 1
FH(P<0.05), A KA R AL B KRGO G &
(P,) FEWEHZR (T ) FIILTE (G,) &2k,
HE 2 AT A, ANRIALBOK RS P, T F G SRR f i
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F4 AELEKAEZEFTHITZE SPAD
Tab.4 Chlorophyll SPAD in different growth stages of rice under different treatments

Ab R SYBERTHI(PT) SYBET(MT) SPEERIM(LT) WATRRINAIB)  EIT B (HF) FLEH (MM)

CK (25.15+0.10)%  (38.83+0.17)"  (33.85+0.09)%  (43.15£0.12)*  (45.65+0.32)*  (37.850.17)°
DH (32.80£0.34)"  (40.10+0.19)*  (35.15=0.19)"  (42.05+0.34)"  (43.58+0.13)"  (37.63 £0.24)"
MH (31.58 £0.11)°  (39.18 +0.12)"  (34.63+0.35)°  (42.03£0.17)"  (43.28+0.16)"  (37.20 0. 14)"
HS (32.130.26)"  (40.07 £0.27)*  (35.80£0.22)"  (42.58 £0.55)"  (43.65+0.19)"  (37.79 £0.20)"

T [ — 3T 5 AN RNG TR R A BRI TE 0. 05 K285 3

BT3B BRI, AR &L B BN RIVE
W R ERRAL B P, T A G AN T UG RGE
HECK ZbBR PTRES T CK A3+ etk 55 2 A
FLFFEE R, AT CO, A Ml #E & P, A0 T, 17 5
HFEKBEART&EAETW P TS, P EE
KFEEAETYIN P, T G AL 3Ny ST 55 )5 W
R th 2t P, T F G Y F K HS b3 KT
DH Fl MH 43, 53BERIWI P, T F G Ak T A%, HS
ALERAY 5% DH AT MH AR BE (Y P3N 6. 83% Fi
0.84% (P <0.05), T34 6.88% F10.39% (P >
0.05) ,G. M 17. 14% (P <0.05) F1 4.59% (P >

0.05) ., TEAMBEIFAEM P, T F1 G ik 3] K, HS &b
HE) P, T A G 435 % DH 4b 33 I 4.09% |
7.13% F1 13.48% , %% MH &b 343 548 fin 3. 28% |
3.28% 7. 62% , 7 4% DH 1 MH ALY P, Al G,
ZRAEE(P>0.05) 1 HS 4 #5 DH Fil MH 4t
P P MG 22573 8% (P <0.05) ,HS .DH Hl MH 4t
] T ¥ 25 3 B E (P <0.05) , Al i & i T DH Al
MH A 3R A K 73 A T /KRR R 35 1 A
SR WSCRE T, SE T e K AR A AR B B, DA -SRI,
K )ZE TR A B B B B R KR A A T RS ALIE
B AR CO, M, 34558 P T,

071 gk

—eo—DH
0.6r ——MH
—v—HS

0.5F

04F

031

SALFE/ (mol +m2-57")

0.2F

250 12r
—=—CK —=—CK
= —o—DH a ~ —e—DH
4 ——MH w10f ——MH
N‘E 20F ——HS o ——HS
K g gl
g 2
ERE g
< E ot
Fr Y
) iy
4]1 10F 4L
2 &
& | P w |
5_ I L 1 I L 1 L L
PT MT LT JB HF MM PT  MT

AHH

JB HF MM PT MT LT JB HF MM

EXeR ] EeR ]

K2 TR BARE O A A 2 R A AL S S e £k
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