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Growth characteristics of endophyte-infected and endophyte-free
Lolium perenne L. seedlings under osmotic stress conditions

REN An-Zhi, GAO Yu-Bao" (College of Life Science, Nankai University, Tianjin 300071, China). Acta
Ecologica Sinica,2003,23(11):2307~—2317.

Abstract : In their evolution, grasses have developed symbiotic associations with fungi including mycorrhizal
fungi that grow in or on the roots, and endophytes that live their entire life cycle within the aerial portion
of the host grass, forming nonpathogenic, systemic and usually intercellular associations. Currently,
seven genera have been identified, namely, Atkinsonella, Balansia, Balanstopsts, Echinodothis. Epichloé ,
Myriogenospora and Parepichloe » among which the anamorphic (imperfect) stage of Epichloé spp. is most
closely related to cultivated grasses. In 1982 Morgan-Jones & Gams erected the section Albo-lanosa to
accommodate anamorphic stage of Epichlo é spp. in the genus Acremonium. In 1996 Glenn et al.
reclassified the genus Acremonium section Albo-lanosa in a new genus Neotyphodium to separate

clavicipitaceous Acremonium from Acremonium with other affinities (usually saprotrophs). The most
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widely known Neotyphodium endophytes are N. lolii (Latch, Christensen and Samuels) Glenn, Bacon and
Hanlin, and N. coenophialum (Morgan-Jones &. Gams )} Glenn. Bacon and Hanlin. which colonize
perennial ryegrass (Lolium perenne 1.. )} and tall fescue (Festuca arundinaceae Schreb. ), respectively.

Endophytes and their host grasses are mutually symbiotic. On one hand, the grasses provide
photosynthates for the fungi; on the other hand, the endophyies may enhance the host’s growth and
protect the host from biotic stresses (such as mammalian, insect, and nematode herbivores) and abiotic
stresses (such as drought and high temperature). Since Read &. Camp first reported the close relationship
of endophyte infection to drought resistance of tall fescue in 1986, a lot of research work has been done on
the effect of endophyte infection on drought resistance of tall fescue, while rather less work has been done
on the effect of endophyte infection on drought resistance of perennial ryegrass. Thus in this paper Lolium
perenne cv SR4000 infected by Neotyphodium lolii was chosen as experimental material. Seed germination
and seedling growth in normal and osmotic stress conditions were compared between endophyte-infected
(EI) and endophyte-free (EF) populations.

Seeds of SR4000 were stored in two different ways: some were stored at 4 C in refrigerator while
others were stored at 20 C in illuminating incubator for 18 months to eradicate endophytes in the seeds.
After being soaked in distilled water for 4 hours, the seeds treated in the above ways were placed on filter
papers moistened with distilled water, 5% PEG. 10% PEG and 15% PEG solutions. respectively. Seed
germination was daily recorded from the 3 day until the number of germinated seeds no longer increased.
In seedling growth experiment. El and EF plants were transplanted into culture pots filled with 500mL
Hoagland solution. One week later, PEG6000 was added as osmoticum to impose osmotic stress (control ,
mild and severe stress). The PEG contents for the above stresses were 0, 10% and 20% . respectively.
Leaf elongation of marked shoots was measured every three days. and the number of leaves and number of
tillers were recorded every six days. By the end of the experiment, green leaves, wilted leaves,
pseudostems and roots were harvested separately. All data were statistically analyzed with SA5 package.

Endophyte infection accelerated seed germination under normal and osmotic stress conditions. Only
under severe osmotic stress, however, seed germination rate and germination index of El seeds were
significantly higher than those of EF seeds. For example, under 10% PEG stress. EI seeds began to

erminate from the 3 day. and the germination rate was 79. 6% on the 6" day. and 90. 4% on the 8" day;
g 4

th

while EF seeds began to germinate from the 4™ day, and the germination rate was 73.4% on the 6" day,
and 89. 1% on the 8" day, which was close to the germination rate of EI seeds. Under 15 PEG stress,
however. germination rate of EI seeds was 10%~ 16% higher than that of EF seeds in the whole
germination period. When vigor index was concerned. there was no significant difference between EI and
EF seeds.

Endophyte infection enhanced growth of both aboveground and belowground tissues. Under normal
condition, leaf elongation of EI populations was slower than that of EF populations; under mild osmotic
stress, leaf elongation of both populations was similar; under severe osmotic stress, however, leat
elongation of El populations was faster than EF ones. The ratio of leaf length to leaf width of EI
populations was higher and leaf area was larger when compared with EF populations. There was not any
significant difference in leaf width between El and EF populations regardless of water status. Tillering
ability was also affected by endophyte infection. Under normal and mild stress conditions. in contrast with
EF populations. tiller number of EI populations was smaller, but weight per tiller was greater and number

of leaves per tiller was larger; under severe stress conditions. tiller number of EI populations was larger,

When root system was concerned, EI population also possessed an advantage over EF population in terms
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of total length of root system and root hiomass under osmotic stresses.

Seedling growth of both populations was inhibited by osmotic stress: the biomass of above-ground and
below-ground parts decreased as the stress was strengthened. Endophyte infection improved vegetative
growth of its host grass. Regardless of water conditions, green leaf biomass and total biomass of El
populations were higher than those of EF populations, while wilted leaf biomass and pseudostem biomass
were not significantly different between EI and EF populations. As far as root biomass was concerned,
under normal condition, there was not significant difference between El and EF populations; while under
mild and severe osmotic stresses, root biomass of EI populations was higher than that of EF populations.
There was not significant difference between tissues of EI and EF populations in water content, which
suggested that water status of host grasses was not improved by endophyte infection. Endophyte may
enhance drought resistance of its host's root system and therefore made it grow better under osmotic
slress.

Key words : Endophyte; Lolium perenne L. ; seed germination; seedling growth; osmatic stress
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PERE¥F -HER EREELRBEFENTRNE,

A 3 L& & W4 H ¥ (endophyte-infected, EDHIBEHH FRHLERHB . RM 20CKHBEXFBATR
18 ™~ H 9 #7 X KB A & W 4 A (endophyte-free, ER) M F R EI MEF MBEZER RGN TR
MERGTHFREVEFKSTENEZR KITALABYEREAYHAREWEAXNE EHYH
BEMEEE AR OERBNEABENRETRPAERE W EBESIN . v —FPANREKER
Y — NEARZRANEERAEXR EARBEPIMAX - RBRESKE.

1 MHEMFE
1.1 ERHME

KZERE T (Lolium perenne L. ) KR, MM H SR4000, BEXFFREBHWHEMETE, 1 F
HERX RS, RFERKAEMH FARINE WERREREET 90%.

FrPOREREETEMA T RENBREIRG HL2EmMEH . RALARK T HITRNELZ
MK . SEEL . EHBHR. SHTFPHELZEL WHEFHHLTERRM. MHFLEMH. £ PDA K
XL NEHHFERHEHRRATE 30~40d . BEMAB. LB ERRSERNL BHFLRE R .CEX
T RBEPAABARERRIERT. ANEEREK BB EERDERTHWEILRE .SRICOHNERE Y
Naffaa 228538 0 Neotyphodium lolii 54—,

LR R AR FEIHNAE20CHBEAEA(12h B +12h BEOM4CKRBPEE 18 TAU
s E1 #1 EF WA REC,

MFPAHEPRE AN RAILR-BMEREROAERD A FE 5% NaOH P REAH . RRE
EHELRREFE 3~Smin, REASFEANR, ZHTERAEREFTFITALEAENAF L . EAEREANERN
MEA B THERERENE D . BLFFER 4~5 HERSEATREETAERENKRNE . 4HRxE
B 20CHMIERBRACKEFRF IBIMNERM TFHNREPANERERS A, BEMR T RKEHY
BHEP AEICKHREFATARERNERBEN A I ER T K 00% . 15 Ay % Fe b B b 7
BERUBHFERGHBEATRENHE. TPRDABRETE R SRUWENET 30~40d FHF 4 CHKHE
R FRAEHNSEHRPHAAEARNEERRY . M 20CKBEERBTHNHTHHEHREA
NERKEENHAHRBENBAERTRRAG). AHERXEERDZY BT TE 1 CHKEH
20CHBBRAQzh KB +12h BEOFHRE B MEANFXWBEINEF B MMHBERESEINITH,

1.2 XRFE®

1.2.1 HFEETE MNHREFLENMF@EIEIMEF PO FERH %R T BE 0 50
SR TFRIGAMSY.,10%.15% BZ M (PEG600O)BRENBEAL L. ERSNMNEE.MEIRNEF &8
W2 R.EBAVR.BTHCERAPETAFIR. AFXIRSRUEPTREMNE GB/T2930. 4~2001
R EEFRE . BRXERB AR TENSOER . EZXHEAMTLHRAS L BEAENHE RAERT
HHHERE RRDPEAFERLOM T HR. Vet B FRERUBLENEX LB GE RO
BEHBUTHARRS MREHK= D (G/Dr)  Hb.Gr B T HERHRER. Dr 7 HEMRHFE
RBGEARE=REEEXHBEE., RFLEN2001FE3A 15 HFHHEPI 3B 26 RER. Hef 11d,
1.2.2 #E4EREER ERYNRKYEINEFA T RS ERERREL . SBHR REFF B
HINEEFRAREHEP EKIPMAR MEKGEATAHEANNRNURERERE. RE . EKE
RiF.K/h—%H EI #1EF B EHH 500mLHoagland T2 ERBHERA . Gx LR 7 L. F7F
BMRIE. SBABTEMNOERKATREKNTHESEHALE. ALXREXAMAREAZHR .0
XN ERBAEESHERHENER. RARZ M (PEGSOOOE RB EN . E1 71 EF #R#4 3i
¥t A 3B (Hoagland RSB FHW )M 2 408 (Hoagland £ EH W +PEG E#). 2 M4k 8 A PEG

O # XM, T 308 P34 KB B 3 (endophyte-infected ) 9 # Bk 8 #k 7 ET HUBR 3 & 85 P9 4 X % Bt (endophyte-
freey i R 10 35 2 EF %k
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EE EI MM EMEKF AR EFMERE X1 FEAPEGRETHERMNERMREEHTFH
e MEBEWAET NERKENGFEEANE EH OEM
MBS T —ENREER. Table 1 Effect of endophyte infection on vigor of seeds of

Lolium perenne under different PEG stresses

223 MMAR_HREHNER
TR 4 %44 F JE1 71 EF FhBEOE H 4 R FE 69 RRECO - REBE o mm
A AL 07 2. 22 T 0, B O 5 36 3 2 ote index  Vigor index
oA ERMHAEMNMH K . HE KRB MBS dBE EI 98.442.077 53.241.840* 2.7240. 388°
FRD - REESE BETE PEG KEA AR, % ControlEF 92.4+2.720° 49.64 1. 327" 3. 33:£0. 308
F EL B, 10YPEG BB HE T i K K5 e fg °%  ED 96.813.766° 50.03,810% 2.8340. 167
o PEG EF 96.0+2. 483" 48,941,008 3.1640. 155
HEFSEERTHE.ES 204PEG ETHE 10% EI 92.041.756* 44.1+1.514° 2.85+0, 414
WighrE LB X¥EZR T EF BB HMEBBEHE PEG  EF 90.743.907° 40.942. 553 2. 674 0. 438°
BEBEEREAMINIME EZRE.EHRMEKTER 15%  El 36.0+10.82° 14.345.926° 0. 6040, 1859
E20%UPEGEHBTABREERM. MFHRALEL M PEG EF 25048377 §.77144.606° 0.38+40.199

g% PEG B2EMAHA X FRHAEERME. B EIA
EF Mg 17 8. EI 8 a0 K A H X B3
HMEXAEEDEESBEXRN T EF Fpif El Hatn
KEWKWREEFEWeEABERTEF M ZTH
EEFRELBRFBET. - EZAHLTEBEER,

EHPRBEUIHE LIS U REERER: A LAFR
HRZEMNAZE.FHARNENE X (a=0.05)Data are

presented in the {ormat of mean+ 95% confidence range;

same letter denotes non-significant difference while

different letters denote a significant difference (a=0. 05)

N2 AEAPECRETHERANBENRENT R _BEREBEMN

Table 2 Effect of endophyte infection on leal dimension of Lolium perenne under different PEG stresses
i 4 (cm) M % (em) HEK/ME m i Bl (cm?)

Leaf length Leaf width Length/widih Leaf area
Xt B El 14.2140. 812° 0. 289+ 0. 0145° 50,08 +1. 318 3.77+0. 159
Control EF 12. 56+ 0. 925° 0.265+0, 0172 47. 93+ 1. 629 3.12+0. 264
10 PEG EIl 1. 804 0. 826" 0.260+0.011% 45, 7441, 935% 2. 83+ 0. 109b
EF 11. 16+0. 854° 0. 24340, 011" 46. 02+ 2, 079% 2.51£0. 236°
20 % PEG El 11, 29440. 781" 0, 268+0,017° 43,554+ 2.042° 2. 8010, 064°
EF 9.52+0. 741° 0.248+0.017" 39.35+1. 281° 2. 204 0. 2259

FH W % | Explanation of the data in the table are the same as in table 1

2.4 NREELSITREER
ERANERENEAD LR 458 888 & 5 BT (8] o #E 8 1 ¥ 0 (& 30, A F ) PEG AL ER

HREERADENNMOEE,.MHE ElI MEF REMEWNERTRE. EXNRAREEERET . AL
AEMEENRERSGNN S EE T REEAER HREMBEAAT . EIRENITREEEEMRT EF F
BE, M PEG BN L0%E . —ENABERBTEIR ME 0% PEGME T ALEEH LT —EREHAIE
H, B AEIMBENSEEXEERTEFME. BARX GEREAM AT ERENBARANEI FHE
EETFEF M. ZE I0OYPEGH_HR XD ELEF . M#E 20%PEC AT .EIFFBER T EF ME: &
AREHREYRTEURESARGAERN HEAMREM 10XPEG BEAAH T EINBRESER T EF
B, 7 20%PEG MM E#F.EIMEF MR LEEFERE D, XEUENBARENEENE
F HEAENECERRAREEABRFEYOEMIER) . BHFAN P REX UM EERZ, TEEER
EMET HAAEMNEESEIRYMIRENLRE —THEA.
2.5 HELKHE

EXBRBEA BCI20 BEMBERAMSLBHAYREANAKEATHE@ O, ATEREH . X
WRPEGUBEARNEABESRR A REER_ENDAFARANRESYERALRRKESRARENE
Wi, F PEG B ERENMM.EIMBNBELKRERA N L AKBY T EF BUERER DAL TRERG UK
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# B4 I8 K ¥ . % E1 #1 EF B FRBESHAT IR, R BRAE % o0 -
%t B 41 E1 F1 EF R BE MR 8 80 K B0 48 24 B T 75 ~5 50 | —o—DR
10%F 20%PEGC BB T . EIRMBNBRRELSKE By
M B EW T EF FBE. SR B ROk 4 B0 B A Ef “
Her El BRI R B KEE PEG BB T X3 T EF gE- “
BENEERS. BHNLAFNESEEDAMER g-g 16
RE T TRABEEERA. § 2 N - "
M3 KEPEG REALNMBRIMERSRERKGOER ] Time (d)

Table 3 Effect of endophyte infection on tiller production of

B3 ARPEGHRETHEAREBRUYREE SRR

Lolium perenne under different PEG stresses

BANE S4oammE oE%/aR  HEE
Total tiller ¥ETE( Number of B 0,.10.20 4% PEG A B4 5 X% 0.10%,
number Tiller weight leaves /uiller 20%
TR . YA . 0, 007 . . a2
X# EI 64.8411.52° 0.032:+£0.007" 3. 88:0. 414 Fig. 3 Effect of endophyte infection on tillering rate of
Control EF 77.248.89* 0.02240.009* 3.16+0.518"
10% E1 63,8 10. 32b% 0.0314.0. 005"  3.8440. 4641 Lolium perenne under different PEG concentrations
PEG EF 58.446.61°  0.026=-0. 006° 3. 40+ 0. 327> 0,10 and 20 denote PEG concentration of ¢, 10% and
;o b} 1vel
iE{: EL 47.447.05°  0.02340.009® 36040, 312% ° # respectively
EF 35, . 669 .0 0. 007" . 0. 414%
35,4+ 6. 66 0. 02120. 007 3. 67+£0.414 - §.4000r.El
P KBRS LB 1 Explanation of the daia in the table are § 3500 | O EF
the same as in table 1 Eg 3000 |-
= & 2500
26 ERBREHSERR ﬁ*g 2000
BEMETFARRYENERIRAAMEA D5 5
(#4), BF N LT RS A B BRI R m‘g» 1000
WMInT D . BEAEDERESERBER . GH40R 5 500
(=] 0 | I
=

ST EMHAMERRELER b HSERNN NS 0 10 20

R BEEEYRRETEREMAT A 8 X HMK;
4t kA EF #p8F P i BE 3 % B 18 38 B () W o i 2
ERE AT RERE/N. RB EF BRARES
HT RERME. B BT Dy M8 58 AL A

Aif 8 1 .
RERNMWAFEBEFRBR THETHINESRL

PEG /¥ , PEG concentration (%)

B4 FARPECGHRETHEAERERRIRZIRRR
KEHEW

Fig. 4 Effect of endophyte infection on total length of
root system of Lolium perenne under different PEG

concentrafions

K. RENENBARELBERG T . EIRBHEZYEY
BRABAYRHMBEETEF MR A ABRIAYRE_REZASZLEBELZRRAEIHBRNEY
REFEFAHRE:ETHTLEYR . EXRAEI HEF R LYELR MERFNETBEDEXHT.
EIMRSERSFEF MY, EASRENASIRRE ERAEAMNBHERBRMBEH HFRXEA _EFZ
FMEBFERMEBEXFAIN XBANEEENFEFRKXBE EAYRKY ZM4 . T Be 802K
AR THYBREASTSEME ITHBR T AERER AT HRAGBERMERESN.
3 itig
EREEREMAEAEA S TR T B R ZERKFABTENERARE RN -FHT
M B FEENEERETNEAEEINERRR . GSRCHRENXTHEAEERSERR
FPEMEEFE. TEAFARNEAED NAREED  TREREFIOATIERRE SIS, B4 10408
Neill iR S F+ BFEEMTFEETREAGTEF BIABE . HPHAERE LB AT HE Welty &
AzevedoP L iRl , A K BT 1.5 UM BEREMFESCULEEFR . HTHANERENBTHERART
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Table 4 Effect of endophyte infection on biomass allocation pattern of Lolium perenne under different PEG stresses

& = st ¥ H= ¥ £ 4 fi MR/ b BEYR
' Wewht Green leaf Wilted leaf  Pseudostem Above ground Below ground Above ground Total biomass
£ (g} (g) (g) (g) (g} /below ground (g}

AE El 1.24140.206* 0,27410.106° 0.77440.181% 2.288%0.103* 0.384+0.084* 0.1694+0.061*® 2.67310. 032"
Control EF 0.938+0.025% 0.25040.045* 0.519%0.129® 1.70710.106% 0.361£0.094* 0.213+0.067% 2.068+0.021"
10% EI 0.854+0.135° 0.288+0.016" 0.67140.205* 1.812+0.299® 0.3434+0.058* 0.189+0.017* 2,155+ 0. 349°
PEG EF 0.66610.148% 0.30510.093* 0,.706+0.267" 1.67710.083" ©.248+0.053% 0.148+0.027° 1.925+0, 127
20%  El 0.6254£0.135¢ 0.23940.009*® 0,3984+0.122° 1.261120.318° 0.364%0.031* ©0.205+0.062° 1.62540. 3457
PEG EF 0.19140,101° 0.18110.106" 0.32640.112° 0.6990.148% 0.26240.051° 0.376+0.034% 0. 96040. 195

W F | Explanation of the data in the table are the same as in table 1

. Melbalds'" ' R MK AEEAN . ZRFHE RV HEREBREEAHFIONEAR SRERAE —
FRHBENFTERBMTFEZR2ICTHEREDY 3a. 5 Nell™HERBEHRAR . KRETRES &5
HTEBNZRFATEERBELAREX, AWMELAE 20 CABRERERFR I8 MHBATXKIEANE
HAHEMBRER -HHOEF M. MEXFENBTE£5EHERE DN HUEAREF MR YEERN
i .
AEREREEENHTHTIEED . AIAERENFEATRRM W ERHTHE OB ER
H_RAAMESTEEN. Clay" R, ERFVBELRGT NEABERENBEINSEFHTH
REERHEANNERBRES TR IONER . AHAEREUBPEGC HANALARNBRNBREZEH TR
FEBAEREXW RS, LR PEG WX BARMKKEN PEG B H . HERBBRN BN R IR
REAK, AHERBEPECHET HARENMABERAI R rER LR RAEEI B THORFHER
UBREFRYBERTEFAT. RARMH TENNEESH — ENERNF, Xk PEG EKENHFHEL
MEFHT2ZRNEBREERFIBAS TEIR FREAREEMETEF &), RURAXRIERH
AR FENEEREES FHRHLE T EARREF SKMHBERTITH.
E2FRNEREETADY S ESEKNER. B 25 FRAPECHERAERAMELMEATNMERNYE
ERKE BERRERAREESANRYE EERHF ERERNETRE
— %%, Maclean £ EEKERW I M AREERW Table § Statistics analysis of the effect of different PEG
Ei%ﬁﬁﬂ%-ﬁﬂi%&;iﬁ%ﬁﬁ%ﬁ?- concentrations and endophyte infection on seedling growth
EIHsr i B RS R T EF M RFERERET

of Lolium perenne

i L%, Belesky %09 M 4R 8, 24 B & % M AR [ GH% 'I’fﬁ; 488 fﬁ?ﬁﬁ
ERABEEVHAEREKNERSERBR.EED Tte  longeh THIET oo syf;em
Eﬁﬂq:‘fil *ﬁﬁﬁ:‘{: EF ﬁ%!ﬁ%&@@zgﬁ PEG ¥ *® I * ¥ *

BORBE AR SMEL Y I MRET EF M pa
W, BEXLRP Ferens ER AW El B & Endophyte
B 4 48 2 3F A {E T EF M4k Elmi & Wese®) PEGXAEAN NS N5 MO x
REEFETFREMET El HEEMsEMERy  *RREREFG@=0.00) « » REERREE (o=
EF itk %5 . Elbersen & West"H BB LKL R E 0.01); NSfLZX B HF &£ RB. » denotes a significant

difference (¢ = 0.05); » * denotes an extremely

9.k ERBRA B F O EHEEERR. & T B T
‘B{'?‘Eﬁﬂ PEG %iﬂﬁﬁiﬁﬁﬁﬁ&ﬂ%ﬁﬁ&ﬁm significant diiterence Lo = 4. ; enotes a non-

HEERNEBEEH (RS ARNEAANER

BPEGHERENAFRGAR, EEREANYNHBA A4 EKENREFTHERH H EHELLEW, 0
HHEABEMET AEANBRASERBBEAGH O R EHESE. S5, Arachevaleta I HEE
EEEXSBOT BHEFEIMHMALEFNAER . ER AMERALTRRABELAEINALEFH L

* * x * X

significant difference



11 #4 FEs%.BEBETHEERRRMBEREYHE KK R 2315

Wk, “EMNEEMREZEAERAEEER.

A EMREATELAHTHAAGTRRBEIEYOHIREE L. RABENEDRRHA, A
Arachevaleta U0 fE 3 B E F PR P & B 54 P K A8 160d 5 . B UK F T EL#R IR A5 BEECH
SRkt EF #MEEE 360 52% B A B S A K M4 R 0B H 18 .Elbersen & West* R B & ¥
5k MEH e 3 A RA GRSt AR A AT e T S B, A A IR
g N AP BE R, 5 — b A R P Pk B AT S BE W T R s Assuero FIPIR AT EME T IEHR
WA REBREAMASHATESEFOEN SRARETERHT . ELAKN TEMSEHIHET EF K
W, ANESEER. ELEPEG AR RANEAEAR B -RAMBEENIREHBA D EHMGR
5): % BLTELE e A K BT IR 41 EI A By 0 BEBE T EF B 104PEG MHAT . ZHF BT 20%
PEG ME T, El BEM AN B SR T EF MBt, X TrEKEsE My s amm, Hill 00950
WA RS FRBEMEEKRTFRAAELEN AANR . LR IAAKREREN —LEXEANE
(EER. AME —EXERYUSMEEA: TS EARIAA MAEREN A RENSFAWER. T
AHERTFRESTRNTNEREEKRATYRNZ BT SEN L. West ZUSRIA N ET R
BT, AEHEHARBEBINIER N MREARETHEEMYMAKIRR NMERT > RAKKT
. SR EIMBN)ESRTEF MR ATELAHRNERLEMAT .EINEF MESHENI KR
HEDELR. HWUE —MREEEDIF T LB,

EFHEAMRRBTIAYH E BTHIEDROME ANEEIAIENELERR THELED
MR A FEC L EAASRRE AR TEN RO ER WA BELANER T2 RENS .M
HNBTHRZSHYLEAMA Y WA EEME AN T8 Y E A i EBorER XHE
WEEMEMMBRNBRELKE R TESERM S  AMB AWM L. EREF . RELF
EERPERS — RN A SRR Rl E RN ERSRENTIR. *
HERHERNNEERERA TR SN TR EYR. KRS ER=ZTEEAXRER.

4 it
4.1 BFHARMNBELSEIRNEAETE HEHRARERERENREEMN THARKMER TES,

UHTFHREKBERERD.

4.2 HAREWNEEWETE THYEZENPTHRANYBARSRAAMSEN . BREEESBE
BUBEEL. —-ERENBENAT NEAENBLESRARFRRTE EENFHEMERY
RIS S BERE S R R RSN AN RBER T IEERME.

4.3 HAHENBEMATETHYRAREFNMSERRRERE . — B BB T BRREBKI R

FRCEBRMENEYRERXR,
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