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Effects of double inoculation with arbuscular mycorrhizal fungi and rhizobia
under different water treatments on growth and nitrogen transfer of Alhagi
sparsifolia

GAO Wenli, CHEN Xiaonan, YILINUER - Aili, MA Xiaodong "
Xinjiang Key Laboratory of Special Species Conservation and Regulatory Biology , College of life science, Xinjiang Normal University, Urumgi 830054, China

Abstract: In this study, three water gradients and four inoculation treatments were established to analyze the effects of a
double inoculation of arbuscular mycorrhizal fungi ( AMF) and rhizobia on the growth of Alhagi sparsifolia and nitrogen
between the donor and recipient plants. The water gradient included normal water (soil relative water content (70+£5) %) ,
drought stress (soil relative water content (20+5) % ) and rewatered treatment (return to the water content after 60 days of
drought stress). The plants were inoculated singly with AMF or rhizobia. In addition, other plants were inoculated with both

organisms ( double AMF+thizobia inoculation) , and there was a control of no inoculation. The infection rate of AMF, the
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aboveground, belowground total biomass and the nitrogen content of double inoculation treatment was higher than that of the
single inoculation when there was a normal amount of water. The nodule number, Fm, Fo and Fv/Fm did not differ from
those of the single inoculation treatment. However, the AMF infection rate, total biomass and Fv/Fm rate of the double
inoculation treatment were all lower than those of single inoculation under drought stress. There was no difference in the
aboveground and belowground biomass, nodule number, Fm, Fo and nitrogen content compared with the single inoculation
under drought stress. After rehydration, the aboveground, belowground and total biomass and the number of nodules on
A. sparsifolia that had been treated with both AMF and rhizobia were higher than those inoculated singly. The rates of
infection and nitrogen content rate of AMF after rehydration were lower than those that followed a single inoculation. The
values of Fm, Fo, Fv/Fm did not differ from those of the single inoculation. An analysis of the amount of nitrogen transfer
indicated that there was no difference between double and single inoculation under normal water conditions. However, the
growth of A. sparsifolia that had been double inoculated decreased significantly under drought stress and could not be
restored even after rehydration. It was apparent that the double inoculation of AMF and rhizobia compared with their single
inoculation provides more benefits when the water content is normal and that drought stress will weaken the ability of AMF
and rhizobia to synergistically enhance plant growth. After rehydration, A.sparsifolia that had been treated with both species
quickly responded to changes in the water content. This ability can somewhat compensate for the effects of drought stress.
However, it still cannot offset the damage. Arbuscular mycorrhizal network promoted nitrogen transfer and increased drought
tolerance of A. sparsifoliaseedlings to a certain extent. However, the nitrogen transfer rate of double inoculation was lower

than that of the single inoculation of AMF under drought conditions, which could not be reversed after rehydration.

Key Words: Alhagi sparsifolia; arbuscular mycorrhizal fungi; rhizobiua; mycorrhizal network ; nitrogen transfer
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Fig.2 Changes of AMF infection and nodule growth under different inoculation treatments
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Table 1 Effects of different water and inoculation treatments on AMF infection rate of Alhagi sparsifolia

AMF {24 Arbuscular mycorrhizal fungi infection rate/%

KAy S A R WL R
. . . . . . . . . . CK
Moisture regime Single inoculation Single inoculation Double inoculation No i ati
of AMF of Rhizobia of AMF+Rhizobia © mocwiation
DO 83.33+1.53bA OcA 91.00+1.00aA OcA
D1 69.00+8.00aB OcA 46.33+£2.08bB OcA
D2 66.33+4.16aB OcA 47.00+4.00bB OcA

[RIFNAS ) KB B R A R A AR B R S 6] K 43 45 0 ) 25 57 10 3 (P<0.05) | TR ATAN [ /NG TFRE R R MR IR K 4 45 1F R, A TR) 422 Ak L ] 22
F 5.3 (P<0.05) ; AMF : M\Ei IR B Arbuscular mycorrhizal fungi; DO + AR K B (70+5) %soil relative water content (70+5) % ;D1 +3EAH
Xt 7K & (20+5) %soil relative water content( 20+5) % ; D2 T 2138 60 d J5 Z /K EIEH K4,5 d JGUL3K drought stress 60 days after rehydration
5 days

2.1.2 K B A B AR B 1 AR 1k

PARERN A FURNEERN X RT3 2R e AR | 1A SR AR R T 5 U P A 38 v 5 MR i A G, B
5 TP IR AL B LA R AR I8 TR R FE P AR R4, 5 B A SR — 20, KA X AR R AR T W A R S e (P>
0.05) , A[FEIZKA; KA AL EE T YR ECR AR b an 3k 2 Fi7R , B Pl S5 A X AR 9 50 TG i B R IR e i, — 4K oy 2%
7 (DO.D1.D2) i R A H A 355 B il FOBUEE o Ach BHL ) 96 S ) ) AR 98 5 i 24 T (e P 22501 (P>0.05) . T2
AL B TP £ 2 A A B A MR R BOTE (3 24 57 (P>0.05) L fHAE R K AL BSR4 P A4 55 P 56 B o) ) R e 0 I
SEATR T U o Ak 3L 1 98 5 3R () AR IR 43 ( P<0.05)
2.2 AN[EIK Y R B b BT i - B ) A K B 5
221 ARIAIK A Be A2 Fof A B XeF i 6% S 3 A= 4 G R )

W 3 Frs , AR (A R OBUERD) A0 35 A8 45 Fhoke T 12 1 35 2 5 1 0 i B SRR A AR e (M
T URAEYIE) (P<0.05) . DO ZKAFAMET  SUERN A TR A3 B3 5% 56 3R 9 b A= 53 0l) AN F2 b (%) %
HRAH 5] 143.59% 76.92% 84.62% , %F T- M b 2E ¥ AR AR T, XUl il 2 00 T PR A 4280 (A \R) ;D1 K43
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SRMFR BUERD A FITR AL BH B P U 4 b A a3 i) LN R 6 R ZH R 191.30% ,191.30% F1 169.
57% , WAERD 5 W4 B 2 [8] 0 & P22 53 (P>0.05) D2 /KA 2046 F B8 3% 5 ) 19 3 A= 954 5 DO /K
Oy AAET B 8 G o AR AR AR A — B, DR T A B A A B M T AR A e Y AR
s R S i EAE Y RS0 00 DO AT D2 JK 3 A B SRR L T B i D1 K3 ST
PRI T RU%R

x2 AEKSREMLETREHENEN

Table 2 Changes of nodule number under different water and inoculation treatments

Ko Ak MR KR Nodule number
Moisture regime A R WL CK
DO ObA 2.33x1.15aA 3.00+1.00aA ObA
D1 ObA 2.00+1.00aA 1.67+0.58aA ObA
D2 ObA 1.00+0.00bA 3.33x1.15aA ObA
R3I FAEKGREMLETENSHEL
Table 3 The changes of nodule number under different water and inoculation treatments
KoMl B b b TR WFTE RErE

Moisture regime

Inoculation mode

Dry shoot weight/g

Dry root weight/g

Total biomass/g

DO A 0.00720.0019bc 0.0347:+0.0065bc 0.0419£0.005bc
R 0.0069+0.0008bc 0.0313+0.004bed 0.0382:£0.0072bed
XU 0.0095+0.001a 0.0652+0.0031a 0.0747+0.0049a
CK 0.0039+0.0008d 0.0209+0.0018de 0.0248£0.0014def
D1 A 0.0067+0.0011¢ 0.0251:0.003cde 0.0381:0.0034cd
R 0.0062:+0.0008¢ 0.0233£0.0071cde 0.0295£0.008cde
XU 0.0067:+0.0006¢ 0.0186+0.0023def 0.0253+0.0022de
CK 0.0023+0.0014d 0.0142£0.0025¢f 0.0165£0.0017¢f
D2 A 0.0071£0.0023bc 0.0347:£0.0042bc 0.0415£0.0054bc
R 0.0066+0.0022¢ 0.0359£0.0021be 0.0425£0.0032bc
XU Fh 0.0086+0.0014ab 0.0431+0.0215b 0.0517+0.0228h
CK 0.0038+0.001d 0.0076£0.0024f 0.0114£0.0033f
A # # *
R * * *
AXR * ok % % * sk
D1 ns ns ns
D2 ns # *
AxD1 * # "
AXD2 * * .
RxDI1 * * *
RxD2 ns ns ns
AXRxD1 E % %
AXRxD2 * * *

[RIBIA /NG T B R AN ) AR B A 22 57 8 3 (P<0.05) ; * FoR 2257 3 (P<0.05) , " RN ZE AR 3 (P<0.01) , ns 378 0 3 1 22 57

(P>0.05)

FRIRE A AL B AR 2R 26 4F T BB B BE AR M i (b b B RUE AW i) LR, B DO—D1—D2
UKo AEAL , = L FE R AL B 0 B P S B R R L T A AR A A A 2 PR Ak B B g 0% S U AE DI

IKIPAAE T R AEE YRR T DO K2R 26 4F T BB BEBEA, D2 A5 T B — s I AME O,
{EH b MR ALEAE B AR T DO Ko 25, HZE SR B35 (P>0.05) 5 XU Rl i3 SE A A9 3 b
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SAEYIRETE D1 KA 544 T B2 REAR, 730 DO 7K 73 45 HIK 41.79% .250.54% (195.25% , D2 7K 53 45 108 4%
Fofrogis 35 G R A b b LS A WA — R AMEEVE T AT SR AT DO K 43 4548, 43 Il LG DO 7K 43 45 ARG
10.47% \51.27% 44.49% , Z5FULEH , JCIS R A HEF , 7K 43 Il 3E 475 S B AV g - 3% g ofl) A it AR R ) R 2L A
T Bz oAb B AT M) LA S 5 e ot 5% e A A R R SR R DE K A R K S, SCEZ BRI 6
DAIVAER /R0 Y=Y UK L7 S (YRR R X v 7 O = Ry S 0) SEP S L AP £ ST A o (YA (1R e e /it B

2.2.2 AN[E)IK G5 B ol Ak BT B 5 B - 2t OB A 5 )

Wk 4 Fios  FEMIFIK I 50T AR R AL BR8] U3, =Rk 43 (DO D1, D2) 25 T A FIRUE Ak # A5
SRBE T T B B U R e K2 it (Fm) B S5 ANEEFP (%)% BEZH TC il 25 22 5% (P>0.05) , 1 R A3 1% it g
] Fm 75 D1 KSR 5508 F HEXTREZHAIG 23.81% , 225 M 3% (P<0.05) . —ZH4ZM (A (R OBUZHD ) Ab B 1 g i
BRI Fo ¥/NFXTREAL HAE DO /K451 T, 23 MR B3 (P>0.05) ;76 D1 KA ST, AL B3 Fp ik #1
FYEE 55 BE R Fo 43l EL X RRZH/IN 22.73% \28.26% , 75 75 8.3 (P<0.05) , RUZFh AL B (A5 5% B il Fo Eb Xt
WEAH/N 7.91% , RIKF B FE M 225 76 D2 KM EAF T, =4l BF (A R OB FR ) ARG B 35 e il Fo 43 31 e
XTHRRZA/IN 21.41% ,14.35% 29.98% (HHLZRD R AL N Fo SXTHRAI 22 A B 2

R4 TRKS RZFEMSEIERMIEIERII R RN

Table.4 Effects of different water content and inoculation on green fluorescence in the leaves of Alhagi sparsifolia

BRI (Fo/ Fm)

KAk HeFh LT BRI 5 (Fm) WIS (Fo) ‘ ,
Moisture regime Inoculation mode Maximal fluorescence Minimal fluorescence Maxu‘IzuTn phOtO.Chemwal
efficiency of PSII
DO A 533.00+12.76a 139.33+£9.94bcd 0.74+0.182ab
R 461.00+32.23ab 127.00£10.02cde 0.72+0.006ab
KR 536.33+50.63a 126.0010.26cde 0.760.04a
CK 504.67+18.44ab 151.67+9.13abc 0.70+0.007bc
D1 A 499.33+39.25ab 130.33+8.33bcde 0.73+0.010ab
R 336.33+24.83¢ 121.00+9.64de 0.64+0.003d
XU HeFh 453.67+17.07ab 155.33+4.67ab 0.66+0.020cd
CK 441.33+2.72ab 168.67+2.85a 0.62+0.004d
D2 A 453.00£25.42ab 122.33+0.88cde 0.73+£0.016ab
R 448.33+£55.31ab 133.33+10.17bede 0.70+0.024bc
XUHEFh 413.67+33.12bc 109.00+6.11e 0.73+0.024ab
CK 524.33+27.51a 155.67+15.41ab 0.70+0.019b
A ns * *
R ns #* ns
AXR ns * #
D1 ns #* #*
D2 ns ns ns
AxD1 ns ns ns
AxD2 ns ns ns
RxD1 * ns *
RxD2 ns ns ns
AXRxD1 ns % %
AXRxD2 ns ns ns

IO i Fo/Fm 3R PSILREYIGREFAL0R 78 DO /KA 56 4F T, RN (A (R 3R
RO PRI e s IR BRI Fo/ Fm, 23 ) FE R EZH S 5.71% 2.86% 8.57% , ABAN A3 Fh it 22 S ik 25 ( P<O.
05) ;D1 KA 5T AL A AFRAY Fo/ Fm 535 O BB 17.74% , R AOSEEFAE R Fo/ Fm 55 % B T0 B
FMEZER (P>0.05) ;D2 AKAAMT , ZH ML B Fo/Fm B HCXTIRAL @  (H R YRR B W 22 5,
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AR AR AL B ORI K 3 250 T o Ase . A SUZFR ORI AR 2R 0 6 B2 1 fie KA = i Fm 78 = Fl/K 43 (DO,
D1.D2) &/ N ¥ JC i 25 5 A0 R AL 38 5 35 5] Fm #E D1 K53 4544 F AT DO K 4-BF (P<
0.05) , 27K (D2) J5 K Z DO /KAFIF RN, P BEE Rl 55 68 2 Ak 3814 i - 8% 6 PR BT R 98 Fo A — il
K43 (DO D1, D2) 5 AFZ 34 J0 8 35 1) 22 5 AN SUE R AL BT B DO—D1—D2 7K 481k, Fo {HA 5
TG T RER S H2E 70 B2 (P<0.05) . A KB 3% SERI 1Y Fo/Fm 78 =K 0 504 o k2 5
(P>0.05) ,1fii R SUEERFIXS BELH Y Fo/Fm B DO—D1—D2 BIK 37284k, ¥ 055 TR T, H2E Stk 3%
(P<0.05) .
2.3 A[RIZK A3 B e b BT g 5 B o) 20 28 W A1 3o 1) 5 i
2.3.1 ARG B AR AL B T {22 (AR 5% D ) 4 0 AR Ak

SRR FRAE R [ K 3 2R B RE AR g g S R R LR . Wk 5 FR, 7E DO KA, A R A
XU A B A 6 % S 0 0 3 0 i) LU AN B R 8 ot HE 4L 25 48.06% .52.66% .61.60% , AR B 20T A Al R
PHAL B FP AL B ( P<0.05) 5 7 D1 K451 R XWUEF 5 A Fil R AL SR Rh Z M 0 | o o S 22 55
(P>0.05) ;D1 K48 254, A LR RIXSUHEE i 4 3 ) st i 5 0 0 R0 5 12 29 1) LU AS 42 ol 19 X6 LA 757 30.03%
35.94% 43.27% , = HIEFAO IR 2 (8] TG B 35 E 25 55 D2 KA S5 TF , A R FIUUAE Fh Ab 38 14 1 I 36 0 ) 4L 2 b
A3 AN (0 6 B AL 757 61.43% \51.73% 44.78% , WAL AL HE 5 T 4] PR Rl 2 (B TG 25 5, — AL Ab B1 AL
ANEERT R R B B8 BE R U & i AE D1 KSR 451 T 328/ DO, H 25 71 B 3 (P<0.05) ;A A1 R W41 542
Tk B A i 8% B I R AR D2 KA A N B =T DL, P RGE R R B AL B RS S AE D2 KA F T S
D1 Z[EJRE2ZS(P>0.05), Ui, VBT 28T A & & BT, Z KX A R 2 — @ M PE
FH X T REEF T, B KGR A e G2 i T 5 X0 05 5 Ty R (1 SA RN

x5 AEKSREMLGEMNGEHIRERNRSENINE

Table 5 Effects of different water and inoculation treatments on nitrogen content of Alhagi sparsifolia

Hikk Ky S A %% 1 Mitrogen content/ (mg/g)

Plant Moisture regime A R KR CK

LR DO 3.3520+0.0164cB 3.4563+0.0178bA 3.6587+0.0261aA 2.2640£0.0268dA

Donor plant D1 2.8087£0.0207aD 2.9363+0.0218aC 3.0947+0.0182aB 2.1600+0.0361bBC
D2 3.4917£0.0165aA 3.2820+0.0253aB 3.1317+0.0164aB 2.1630+0.0179bBC

ZARK ) DO 3.0200£0.0312aC 2.1550+0.0241bD 3.0703+0.0182aB 2.2273+0.0137bAB

Receiver plant D1 2.6247£0.0115aE 1.9233+0.019bEF 2.6080+0.0247aD 2.1463£0.0195hC
D2 2.8167£0.0147aD 2.0180£0.0269bE 2.8070+0.0168aC 2.0023£0.0229hCD

R A3 32 1A% B8 ) JC SR AR I 465 05, ELICAR R B f 4%, DRIt 55 00 B2 194 2 PR 3 B il g b BRAR ),
5 R Kb P A7 A0 B ) 5 X6 REZH %) 32 AR 0% BE il 22 ) &L & TG B E R 25 5 (P<0.05) , A & SE g T
Z AR SER G S AN 5 s, A 5 OUE R AL 3 32 1A i 5 e ) A 2R 44 2 R TN R AT, 43 i) B X R
20 15 35.59% 37.85%(D0) ,22.29%% 21.51%(D1) ,39.64% .40.19% (D2) ,A 5 EEFALFEZ B A S E IR
TS KR TG R LY R RS R S (P<0.05 R ALFE SRS RR 1 X6 B ZH 1Y 32 A i B% BE I AE D1
KA AT RS B B ECT DO K544 F D1 5 D2 /K43 5k 22 18] 6 i E P22 3] (P>0.05) . A AbFFIIYL
FEADAL I 32 R B 8 SERIAE DO K43 55 N RS iR, D1 K55 T fediR, D2 K4 T I A& i B AR
T D1 EHRRTF DO, H25PE R 3% (P<0.05) .

2.3.2  AN[EIKSr B A Fh b BEXT L 2R G0 H R R L RS 152 i)

TE TGS BRI AR I 286 -5 (A 5 I 5% B ) A2 44 (R A 3L R X6 HELZHL A B ) R il 28 PN ) 3 i S 39(E R 0.77%
AR "N HARFIE 0.368% , 15 H 1 0.402% Jp /K 43 i sh s ke i /e B R w22 B P i i AU B 3 ¥
W FIRZE ST, IR R AR E B A F RS R G TR R R K 3 fizs, Do /K455
T, OUEM S A B2 [0 R GRS R T B 3522 5 (P>0.05) , IM7E D1 Al D2 /K550, A Ab BB U5 R SR 1 2L
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BETF RFEFIALFE 43551 e XA =7 91.19% (D1) A1 261.

75% (D2) , H2E 5Pk 8% (P<0.05) . A AL FIRL3% Fh SN Pl a
ABRABIH SR AR R R e AT A e g | DR
KA R MR, A LS G SR AR )
FERAE DI KSR PET 5 DO B R #250 76 D2 kA& & 8 b b
IR YRR SR T D0 5 DL T A F3 0T
AL RALRSRIELFAIR DL 4 D2 iRk s S pE 2 2 ) ¢ X
BEA AT EER 1 D0 A AN F AR ER
8T DA D2, e

DO Dl D2
3 W"Lll:\, K4 454 Moisture regime

“ o B3 TEAKSREMFHETEERERBRNEN
3.1 ﬂfiﬁ:ﬂﬂ‘/\ EEMKE/‘JE'} "l"ﬂ Fig.3 Changes of nitrogen transfer rate under different water

B FR WA AMEF FIRRRE RS, MR 21 and inoculation conditions
A EAEYAR R WA HE W, B AMF $2 k3453 RFV/NG TR R A R A B 1w 2% 53 5 4 ( P<0.05)
FIRVE TR, A FIT AMF 617 10 & DL RSN 22 19 1
K, M AMF BIRY ) AME BUFEAE , O] LR MR B A K B (5Bl 8 35, OF H AMF ] LU 4 22 3 1R 7
(Nod) ByZIE AR FEARIR LR K, IR [RT I $ i AMF FIAR R 1 72 Ak Db R A R0 . ASBIFSE 45 SR v, 1EH 7K
SMBOLT , REZF BT 95 SE I AMF (253 38 5 T34 AMF, S ABFe 4 R —20 Y (7 T2 e
DA RS WA G i9% SE I ) AMF {2 3432 500 1 I T B4R AMF, AMF FIAR IR B8 =2 ) e 30 1 45 4t
BEONE R AE  AT S DR AR 0 S5 AR e A S50 AMIF FIARRE B 2 ) ) 56 R R AR G A8 g I 6 B of 1 38— 2
IF, A2 MR 2 BRI T R A AR R A T AME RS 8 T 2 6] 2 A R IS SR (AR R A S
T UMRERZZN, —HRMEEH LRI

Ay R AR A FEESR IO TR E E RO RE Y A T S B A 0 4 R A Al R
FEAK, S 34 Y AR R 8 M SR AMF AR TR RE 42 i A A= 9 s A R 2R il 1 52 I 38 o R 1 97 3K
PO AHIFGEA  BR, SR IS B i A A (M b M R AR ) B TR R X IR A (HJE AMF
IR P RS i e 56 e ) AE P et 0 B R AR AR Bl /K o AR AR AR b FEIE 5 7K 43 54 T B Rh B A2 AR AR
FH S 25 00 T PR ZE Rl (A 30 T 5 300 B RS o 55 19 2 B e o b 38 2 ) 1) A A ek T 22 5, 7K i WA
B A P 3 SUAR B AE | DRI A T S b3 2 e i AMIF IR 983 T BB [ A1 0 ) 52 80 IR ol ) 32 Ji P 207

M2 RUOCH AR A OV EA VR« INFEE” BURE 5, TR 6 A& 7R I e B Pk ol ot
FYPLHA I ARSI —HORME )iz 1 F T W DA Py XoF T 45 b PR A58 J0ih 38 B e 132, A B Fo/ Fm A — R AE 0.7—
0.8 [0], IEH FRBE F AT E ™ Y2 8T R0 % #2535 PS TOCHEIM IR BCR AR, 1 KT Fm
%, MRIERZEE Fo Thiss , Wi FEUR W) Y6 BEFE ALK Fo/Fm BRAR™ L ARWFFTFR A, K 435 $ R ik B X6 5 -
YRIEHN Y Fm TG 35520, (G 5% SR 708 T 2 WA B Fo W35 TH5, NI T80 Fo/Fm BEAK, BREERIAR
P8 T T T B 5% S DG BE R AR ORI RE A, T3 AMF ] LAZE g (R T 52 il S 80N Fo/Fm BRAR Y 8 %
PR B 5 P G U A L /K A I R i T HOGRER AR AR B AE T 38 T MBS PR i i 9 ROR | [
M LG LA B IR I, B /K5 TR SR 28 1E 8 7K 0 b BRI 7K -, 38 BH B2 KOG RCEE B g - 56 36 3l A9 D' B R AR 380%
HLAG W i BBk,

LA UL LIRS, R IR RD AMF FIUHR IR R AT DU 1 0 56 50 o) A8 ik DL SO B VE B3 5, (HK 43
ETH AR AT R, 01508 R R Ko & HHEE IR s ik ik T 20, £ E
FE R R AR, SRR A EFRAZ , HFin 5558 il 52 1 50 A s, A= P e,
Xt AR AR BB e i 2 AT A2 SRR AMF FAARSRE BRI, — 8 AR S AL S, JEFSE P IR R E IR, T3
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XA B AR AR ORBEAR, EE B R MR | 5 /K5 7K o 55 A5 31— ekt , AMF FIRR 8 181 SRR ) b ] 42
A=A, 2 B A KOG U it i35 0 ) A 4 1 KOG VR FHELA B 8 A A MEERRURE
3.2 UG R WU RS 1

REBEDARK KRG UATT DR CHE SR T, 52 T 20030 052w, A SRR, XE LA 4 i 1 )
FH T B 2 R A, SO AR R 2R Y BT AR ST R W 790 e BRI R} B AR T 0 =
BB, SCEEFT AME FIARIRE G R, AME iy K988 4L [ 00T 75 (0 il , £ 8 G RHE 90 1) [ U B8 g , 28 i A
PR R0 USR8 AMF A2 K AMF FIARSR T8 R B DR R UE PRI AR ge g Rk eI %
IKAT AT R PG 55 G R B v T R i, O T PO A SR A B Y 5 T SR B RO el
X TR R WM A R FH -5 7 20 BA 2 P b 1 G 22 53 ) AMIF IR S8 B 0 150 <% B A0 I [ A ik 1 P, A6 42 7K
Jei , RUFE oAk TR A S 55 S A R o PR RIS G 22 57, 1X 5 Tsimiilli-Michael 25 5 A4 W R BE = 14 57 1l
I AMF FIHYIE A AEAS AR BE S B 4518 — 30, 40 Fr i U2 AMF FIARYR B 2L [m A= K AEAE AR 2% | [
S4B BE A B A AL G ) B LA G 7, S AR W 1) e A (AR SR AL S R A R B, AMIF AR 988 R B A8 [ B AR
K, RPN PFEIFE SR, A ) 08 T R WA B SR FREAR, HAR 3R IR B2 A ARk [ 5 i 1 388
55 , PR MR A R R A B 2L, AMIF FIARIRE T s 5 4P A 2R ORI VAL , 48 177 Fh E 5 7K 2 B A B ) 402 AV 1
AR AT S E B R SE SR . BRI DB g 56 B AR R B 2 HUR AMF (R %R B 2 ARG, R it
RIS KRS T — 5 B 7K 43 45 AR RUEAhi v 3 SE i i 8 7 1A 5 A R E 25 5%

AMF YA 2 )5 5 I M R AR A A FLAR 1 TR 22 AN e e A, O] {2 Y HAth A 4, DT 2
BB R AT R4 SRR AR R = 4 B R A PR AR IR 9% BE i R 5T & PR, 2 AR E A Sk T
IR AN 10 IH A i MBS AR B2 194 5 BR AT DRI Y 5 2 (R R 2 (e e AT A% 18, AR5 TR REAE
ZARPRILT N AR B T B R R B R T s A2, Rt 2 R = 22 ARt IR T 2
] () SRR AT 2 A B R 22, 2 TG TR AR 9 45 A S 0 ok A A 3138 45 Y, K 0 3 30 45 IR T 24 18] 1 R R S A
0.402% ,3X 5 Sy B A5 A AR [ 48 A S 9.537%—37.550% A, 2 55 ¥ A HL , WF 45 SR i i 350 1y 52
M), PR ATF 5 285 SR UE B T S TRAR I 28 0] LU SR A Z B I R R e B, St AR 45 53— 3, hRid &
LTS pE B Bl AMF P80 5% SE R R R e R R 5 IR R /K o0 o i 2 M 25 5 SR T VB TR I 28 4 =
P A% 32 ELAT — 5 ATt S e, 2 SOUH Ao abic 2 0 o) 80 308 SR i i, R0 B 3 S5 R, BV & KR, 73
RAEWKE T Ramt 5 F AR 5, SR Y 3 T4 2 S 5 M AMF RS B LET (£S),
1M AMF {2 YR80 AR (3R 1) , FEHEBR HEAARSE JE 0 AL & A R R BB R RRAIE O R, 120 i 1 52
8 I AMF 2 5 R B AR R RS R IR A 2R

ZE LR, AR (A R FIXCEERR) S RE IR HE g 9% BE R B AR KB B IEH KA 5500 T, AMF FlAR
968 T 2R B0 D R 2R AV T R A AL 34 B S o PR A S 5 A T T S B B, B AR N b 5 R o 1 o) R
2 AH Lot BB AR 1 08 B ) 2B KRR S A B A AR AE SR o 22 57, K UG AU R A A= AR 34 A5 3]
WA, W UL, 7K A3 4512 530 AMF 5 AR T PR [R] i 2 5 400G 3R I DC B R 38, 207K 6 U3 s Pt 5% e fl 7 2 K
K HAHBEMEAER

£

&it

(1) IEH KR ZAE(DO) T, BUEFP ST I%BE Al 9 AMF 25 % M B e Ay BAE e LA
B PR T AR R B AR R GE Fm Fo  Fo/Fm S5RGBT 25 5%

(2) FETRMHA SR (D), SCERNS 38 SE | 1) AMF 23R AR Fo/Fm ¥/ T B Fp b 2
i EAEY e H T AR BB Fm Fo DL NA S B S IREMZ T AR,

(3)5K(D2) J& , W AR it O SE Rl i i b A= Py i T AR S Wi AR B LT R AMF
YR B S RANT HRIERN  Fm (Fo (Fu/Fm Y 5 BAZMAREE Z B J0 22 57 (BN T HIERN AMF 403
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(4) TERF R TTH, IEH K5 (DO) I, WUl Ak BE 5 B b B 3 3% ST R R e RS R 025 57, T
TR ZF (D) I, SR 5% G 9 SR SR R AR, RIS OK (D2) I 3 AN B
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