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Effect of endophyte infection on the concentrations of free proline

and ABA of leaves of Lolium perenne L.. under water stress

CHEN Shi-Ping-, GAO Yu-Bao, LIANG Yu, REN An-Zhi (College «f Fife Scrence. Nunkar
Unsversiey, Tianjim 300071 ,China), Acta Ecologica Simica.2001.21012) : 1964~ 1972,
Abstract; Endophytes or Endophytic fungi are a kind of fungi that live inside plant. They widely exist in
higher plants. particolarly in grasses. The fungi are members of class Ascomyceetes. family
Clavicipitaceae. tribe Balansiae, including some imperfect fungi that are in close relationship with -ribe
Balansiac. such as fungi of Acremaoniem. 1t has been well documented that endophytes and their host
plants are mutually symbiotic, On ¢ne hand. plants provide photosynthaies for the fungi; on the other
hand. endophytes may enhance the host’s growth and resistance to abiotic stresses (such as drought. high
temperature ) and biotic stresses (such as herbivore graze ). Although the mechanisms of how enduphytes
enhance the drought resistance of host plant are still unknown. it is clear rhat endophytes benefit their
host through affecting its substance metabolism, or through produring physiologically activated substances
(i. ¢. alkaloid, hormone), Some researchers have found that the infected plants have greater ahdity of
asmotic regulation. so as to maintain a higher turgor pressure and thus keep growing under water stress,
Muost of these studies. however. were focused on polyols. Two tmportant molecules in osmotic regulation,
proline and ABA . have seldom been mentioned. A comparative study of HI (highly-infected) and 1.1 (low-
infected ) populations were conducted under two different water stress conditions.  Physiwological
characteristics related to drought resistance of plants, including leaf water content (1LW(C), {ree prolinc
content and abscisic acid {ABA) content. were determined. .

Seeds of Lolium peremne ¢v Pinnacle (from Oregon Sced Campany. USA ) were treated m two
different wavs: some were placed on moisi [ilter paper and germinated under room temperature 1o get HI
plants. others were exposcd to heat treatment in bath (43 C15min, then 537 C 33min) and then placed on

moist filter paper to get LI plants. The experiment was conducted on the campus of Nankar University,
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Tianjin. China, There were 18 plots, 40cm % 50cm 11 size each. and 15em wide interspaces between plots.
HI and LI seedlings werc transplanted inte each of the nine plots. respectively, The drought stress
{(without watering) was impesed 1o the plots from September 18 1o September 30. 1999, and the plos
were fully watcred a week belore the experiment started. HI and LI plants were transplanted into culture
pot. which was filled with 530ml 1/2 Hoaglund solution. One week later. osmoticum {(PEGE000) was
added to impose osmotic stress (caontrol, mild stress and severe stress). PEG content for the above
stresses ts 0%, 10% . 20%, respecrively. Newly expanded leaves were taken for the deterrmination of
water cantent, free proline and ABA concentration. In field experiment . [eaf satnples were taken between
2,30 and 3:00 pm on daily basis or at 3~1 day intervals, In PEG osmotic stress experiment, the sampling
work was carried out between 9:00 and 9.30 am at 1~ 3 day intervals, Immediately after leal blade was
cut off the plant. the sample was taken to laboratory and fresh weight was measured. The ~ample was
then placed in an oven at 105 C for a quick termination of enzyme acuivity before it was kept at 60 C for
24h. and then the dry weight was mecasured. Proline was determined following the procedure by Zhang D7
et af. (1990). ABA concentration of leaf was determined with ELISA and the kits were purchased from
Nanjing Agricultural University, China.

The soil water content (SWC) and leafl water content (LWC) decreased progressively during drought
stress. [he LWC of both HI and 1.1 plants changed in «ximilar way, but the LW of HI planis was higher
in the middle and larer stages of stress. which indicated that HI plants could maintain higher LWC under
prolonged water stress. The SWC and LWC of plants were positively corrclated (correlation equations are
as follows: HI 4, =0.6509x,-1 0. 6796, r,=0.78, P<{0.01; L1 y, - 0.84%93x,+0. 6254, r.=0, 79, P<C
0.01). The changes of proline concentration of HI and LI planms were similar and both showed a wave -like
increase. After two waves, however, the increasing trend of HI curve exceeded that of LI There was
significant difference in LWC of HI and LI plants between different stress treatments. When no stress was
imposed » the LWC of HI and 1.1 plants kept a high level during the experiment period: under mild stress.
the LWC of HI and LI plants decreased slowly and demonstrated a relatively stable stage in the middle of
stress; under severe stress, however, the LWC of HI and LI plants decreased sharply. Bath HI and 1.1
plants showed an ability of osmotic adjustment and their proiine content increased under osmotic stress.
Under mild stress, Tl plants had a substantial incrcase in proline content while LI plants did not. Under
severe stress. the proline curves of HI and LI plants had a “peak” in the early stage of watcr stress and
proline content of L1 plants was higher than that of HI plants. In the middle und later stages of stress,
howecvers proline content of HI was higher than that of L1, Because proline acts as osmoticum, the
accumulation of proline may be a protective reaction to water stress. Under no stress conditions. ABA
content of HI and 1.1 plants kept low and shifted slightly; under mild stress. the change of ABA content ol
HI and L1 ptants exhibited “single-peak” curves, but the “peak” of HI plants appeared in the early stage of
stress. while that of LI plants appeared in the later stage; under severe stress, the change of ABA content
of both HI and LI exhibited “two-peak” curves and the timing of “crest” and “trough™ was same for HI and
1.1 plants. Under severe stress, the accumulation of ABA occurred earlier than that of proline and there
existed a 23 day time-lag between these events. This result indicated that the increase of ABA induced
the accumulation of proline. Under mild stress. for HI plants, the time-lag between the changes of ABA
and proline still existed. but it was shortened to one day long; for LI plants, the accumulation of proline
occurred before the accumulation of ABA . which implied that the accumulation ol praline might have other
mechamisms. Under severe stress. proline accumulation of HI and LI plants was mainly ABA-dependent.

d stress. proline accnmulation of HI plants was ABA-dependent while that of L1 plants might be
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ABA-independent. Endophyte may affect the signal transfer path of proline accumulation.

Under different stress conditions, especially i severe stress. I plants demanstrated greater ability
to keep a high LWC 10 sustain growth than LT plants. The proline concentration of HI plants was lower
than that of LI plants under mild or short time water stress. higher under severe or prolonged siress.
During greenhouse osmotic stress. ABA content of HI and LI plants increased and the dynamie
charactenistics depended on stress levels and stress duration. There was no significant difference in ABA
content hetween HI and 1.1 plants and the positive effect of endophyte infection on ABA accumulation could
only occur within a short period of mild stress. There was a time-lag between the increases of ABA and
that of proline. which indicated that accumulation of ABA induced the accumulatton of proline. This
cause-effect relationship between ABA and proline was expressed more markedly in HT plants.

Key words ;water stress;iree proline; Lolium perenne 1.. ; ABA
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M4 KK (Endophytic fungD B - KABPEANER. HETiFrZ5FHY b ERTHLARE
BEE - HURABHYFEAER Y, BN FEE R (Ascomycetes) & il # (Clavicipitaceae ) 3§ B
W % (Balansicae \/WIT A EN CEBESHERBEXRFIN - PAELXNMAER (Acremontum ) #)
HE .
KEZRENORE HYIAMELEXRECEENY. HDVERERESSYIIAdRTED
Ht#E MEE>X LN AR HME A KaAa Wi Ras . RAAREgLEFEYHE
B8 HMEHS TR HESF BB aNRAERFAKED . NEBiiWIRERKXE NEAEBTER
BEEwETREAMHDRAE. AR EEY RN LR REF O RN TR Bt R E
KRS, MEEEE R, CAARABBERMMEERZERDEANBAERATEA MANMET R &M TS
FEAEHE DEFEER. BXERTEEPTAELZITE (polyols) .k TR B FH T REEKREAR
ERIRARERS BRI TR WNIKIE.

AXHEMAEK SO AGET . HREHMFARBBMNBAEKTHIABROLWVO RYHREEEBR
BREIBRATTHEAR DOMEA KM A THABRARREYHEPEAMER S LN THEST~FRm,;
FlE A BT R EMEFEFT S BRERFENERLIAK AN ARBA SR T4 R ABA L&l .2 = § X
R T ¥ 0%

1 MHESA®
1-1 TR HE

ERMBHBERE (Lolium perenne 1.) . R B MR EANEFHET EARSHEFHE. SHER
W Acremonium lolii RITAEXR ., BERWHFPR Pinnacle, H FRERBBABR T ARABE . ERNER
R AT 85%.

1.2 SRR HDAAEMERELOMEMNEAS Ko BELEC

A 55 5538 LT R TR A BRAE B R R A 3K 18 HI A LI f g
1.2.1 BEEHETEHEISE ERHLY WHAFH T —-BoxsedmHAEeBd3CaA®B 15min &0
WESTCRS smin) g . HERTFRERA L . FRHERXHUSE LIFE) ;5 o VERENTBE
HEFERSGEHUSE HI A, BRSO F4 A1 H)EUBMERNBFHEABREH . S
BRA a2 om BRI I8 A 40450 em? KA T ZEER R 10em, MEREBHARGATH
MEB AR T3 EAS T LT ABEAMHIFESN ST PRET. B S ARHTNE ElEE

BIAMER. TSR LA (highly-infecred ) #Y W8 0 HI #8825 Qow-infected )RR BE R 8K 8 L1 FF
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FHRR. RANIZREREPAECHEER Y. RMEREHI T FRAEER 671 LI I
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FOoOHI8HE SH 0 BfF%E 13d. MEaMHEIEEK EEAFARLIRKIFIERASR FRE.
1.2.2 BEFEPECBEMHAXE HALIELMAHFHERAZRL. EMNOALERHREED 5
60V /0 BRIBEKARE CA/AD—EWHI ALY M S AR TEFE D 5 AE4A 500m] 1/2 Hoagland
BEHE) A ETFA 7 RAL G K. NI ML B BA 2T B36y H.0FE 1B
Bt . XMHIM LI &4 9700, YBABFHAEENE EFERRENSCTH S &M G4 M,

BEBAMA200FETIHIAE] A 16 HENZE l4d, ALRXAFMEELB AT BIHEMNT
EFERZEM AR ITHEMFEH. SHE L ZE(PEGSOOOTE AB EM . HI A LI HAF&ESMEE 1 X
B (1/2 Hoagland {8 IEFHOM 2 4B (1/2 Hoagland 1§ ~PEG 35 75). 2 MEB PEG IRE S R 10
(REPHEOM220 (HERHHA), EEGMEHEEITES DadEbiE B4 Frrh ZBHR%E
MK IR AR — R
1.3 HPERMNRESHEIAR . BERAR TR ABA T BAOAE

AR TEH N TRE.CA D AR FERTY 230~ 3. 00 EA D KEN QLo &E 2 1)
AR 3 . MEHASKENEEMEAMES . REEEMELEKHNA. L I~3d hFER. TRAX 5 9.
00~9.30 B ULSTRUABRAI B L RFE 2 AR I WEMA ZKE FrEMEAMSENABA 8%,

M b & 7k @ (leaf water content. LWC) 8 R M MR 1~2 MM FRH & & (fresh weight, FUW),F
60 CHL T 24h B H T & (dry weight, DW). . FRITEH K & A

IWC (% = [ (FW - DW)Y / DIV ] x 100%
WA S RN ERARE KL,

AR (AR SR ZHE ARG B 2N E & (ELISA) .ELISA Mg A . L4

BAFERSMEANTE BT,

2 ZERE5aW

2.1 BEE#ERTEhavE

2.1.1 TEMOHA FREKBEWOANRE SKBEIWORELY EBTMGEHN SWC B FRE.
IVC LR TRASE L. HI AL By JWe B ids . mamas 50 H fsEs
LWO BT LIS FEEEMENIEREE X o RABEHF M GRS GEL HI HERFRERS LWC
ERE -, SWC H LWC ZIH B SR EW AT M LIEER SWC R IWC ) hiE 4T H
¥R E SWC HRBRIE.LWC BLEBEK,. —EHRSFESI N HL 3y =0.6509,+0. 6786, ri =0,
78, P<C0.01; L1 y,=0.5493z. + 0. 6254, r;=0.79.£2<C0, 01 , LT i 8 LWC RRALE R HI H Rk . i
AR 1T BBk LWC 2 SWO B L 4h B iU,

201.2 TREBOBAMHI AL FHEEERPo)SENTL BET T AR BT Mirs . HI
MLIAKHEY Pro S ENASERHA LT TABREA -BLHEETEIERSEANCE L
o CHI sRZR i L s LT i ge ([ 20,

W4 Pro f1 LWC BB UE R —HFHTABEBTHER LW RBLAE B T B0 Pro &
BEMERHESN LA T HIMLIAEN Pro S8 LWC ZHEMWHXE SN HRL F ZEHEZMFER
FHNMEMHLERE S TRSHAN vi= -96193r. 475948, r.=0.86. P<TO.01(HIY: v, = — 553244,
+ 44621 r,=0.82. P<0. 01(LD).

2.2 PEG BEMBELR

2.2.1 HEBEEE HUMLLGHE LWCRELR BEBBLR VAR EEMEE 482
IWC EAEHIRAE. NE S LAY, S EEMFT.HI A LIAK LIWC -BEEFRETHaRY FF
A T OHTD ALY MR LWC Z@ TR Bk 3B — /B R E e B 'S T CHIL ML E
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Fig. 1 Changes of SW(C and LW of plants under AT AT

drought stress in field plots Fig. 2 Changes of free proline content of leaves of HI

and LI plants under drought stress in field plats
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Fig. 3 Changes of LWC of HI and LI plants under Changes of free proline cunent of leaves of Hl

asmouic stress in greenhouse:0,1,2 represents contral, and L] plants under osmotic stress in greenhousc: 0,12

mild stress and evere stress.respectively represents control, mild stress and severc  stress.

respectively

MIX/HEH. ARYMEFMOT HIALIEEBESEES IWCZEHERNHBEERN UM
X, REWBEFHRSHTR Ny, — 270740 + 338102, — 9222. &, 1, =0. 90, P<C0. 01 (HD): v =

— 7275322 + 966360r. — 29976, r,=0.84, P<<0. 05 (LI), EEFEME TS A B F:v=— 1013505+ 6537.
21,4+1363. 5, r.— 0, 88. P<C0.01 (HD; y, = — 14433 £+ 120160, —7. 1682, . -0, 83, ’<0.05 (1.1),
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2.2.3 BAMORE HIf LT Mk ES ABA FBOT ME 5 Brac. %4 Mran 8 6. 35 M & %
T U1 #1 LI s k0t & ABA RSB EAE. RAe8/NEEAREEMA T . £2FEHA T U L]
Mk H e ABA SERT IR p iR . AR HI AN S REMEMAT M LI 5
“EECINREMARNGEY. &M ABA BAEERAK, EERME T JHL A LT #8ketH ABA 811
AR RN TG — T [LAT— D E ) BT s " H BB E] R B 5% - R
BEs LI WA HL 5 T8 P Binl —HMEHEXEEER.
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Fig. 3 Changes of ABA content of leaves of HI and L1

planis under osmotic stress in greenhouse; 0, 1, 2 11000
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respectively Wiy SEL (] Stress time(d)
2.2.4 BEPHGHIR HIA LUK R ABA 88 A':igig“g; ;m;ﬁgﬂ':gﬁig;}} MR,
s Pro FREAZEINXE LEHEEMET.HI

MLTE&GEHFSTABASABE T Pro WER(F Me mMESEHET H A LIAHEYHK ABA § 8%
SA) ABA B BT Pro S BTN ZEEFLA - A5HERERIBELZIRMXE

= BN ol LAUEN ABA S9N I BT Pro R, AEEZENG.BREERBRHE
HI AILI % BIEABASE | PREFAGRE 2 X5 4f Fig 6 Relationship hetween ABA content and free
Pro kM EF ABA S 2 MY ME LI @B Pro 5 2 pruline content ol leaves of HI and LT plants under
ok PR, &S HT HibE Pro & B 7EJLJG 3d i Blsg g OOt stress n greenhouse

W BTt (R PR EL R B R R A ST AR R O Srress il e
MHREAASED SN Pro #IT2EWWYHRIIEE . W Pro SBRMENATEEMN FAKIEHHBLT &
MERESBERY, R -t FARMARBESAE ABA 5§ 2 T 0&H AW A,

BT 3 HI Bk 8. ABA MTE4hYS Pro WL MMATFANE L. AE2HEZE 1d.${H
fo T BN R R R R E R A T Y G 8 AYGE R R W (I 6B T LY Ak R % . H Pro i £ £
MELXTE ABA TRABZAL. XS ABAESR Pro REMBEHE . W Pro W BHANL ABAN I &
HXABTREZHHECEENZH.

3 it
3.1 AKAYMERET HT #1 LTEHEY F S KB ELL

TE W fob A &) 2 B K 40 B a8 se s op  HIT 0 LI A BR LWC 359 B8 R 8 B (] 1) 2E K i AW T 3 H T RE A
EESHABEFEIMHE. Arachevaleta F'*- M HIl F AR EHMRE G AEIASTHE FHE
B OEA KRR EARESES - TEROAR BAER. EFALRB TR RNE K2 MHE RS T H]
B LWCHETLIHAMREREBEWE F - F LR EX R, HFE MR | /9 2E K R A 55 BEAY

A RS R X RV HI MATER AR TRERFEE LWCHEED EDNF EE KL

ABA 41 (pmol/g DW)
ABA content

represents  control. mild  stress and severe stress, 0
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KoBEHTHEHDENNRSHEROFEEIHREHEY . FLERBENLILFHARE TR H
AWM R ER. R NEESREEN BREEN &AL K S0 — 8RN R A
B TAEREAHRANFEHARSENEFAVELZANTREBRRVA—-TRARMSE ", &
i 51 H TR 1k AT 4515 a8 A DE 35 LA 1 TR A4 1 P o o B0 U BR BRI By B4 22 [l B o7 00 AR Y
KE., —EARER.TRME rMEARNEXERSENRERLE /AR Wbl H4E A
BHEEHTHEHEER AT NS ENTAEVNMEMRBERMNNE R RHEFRE" L ARAXHGE
RAXFEWAOHLE HHEAEAFEEFEXAGEARY.

FEEHMETSHOEET AYHE S KRMIMA KB TRAEEHLLTE, NS R A
BEABMARIBRAEDIFT LA EHERTBMZMAAENERSESXERN HI BT LT R 20
A HIEES LTRAKMHILEFERMNNT A SKERERG O B ATRML RMLIATHHE * 5
IFLREFRMHANEREEIR SIS KBZHTEERE EMMHCCEH . TIT 4 bk B 2 15 i
A I A miof el LT QEE HL KRR BETF LD . TREERESEN LA X A& A
REE L EEFHTERMABER VR /1.

SaimmEEAR.CREBEMB FET AW S K2 UG A8 A 200 FE e R A
At HHI M LI RZBIHEE FRELAHABEN R, EHNHERSEMLCHTRERMRTE
1At B EA RS, FEMET LML A — 8 M8 HI 4087 R a1& | 8 &8 88
B, B FLTAMHI A2 - éE. A LISHL S 7Tk a7 8 LT 8 810 1 i 8 AR
ME TEHAGHH HENHEERSEHHBRET LIEESER ATRE—MEPHERMN . EERER
P B R AR S — R i T M T R A A
3.3 BEBEWH T HIAMLIFHENEF® ABA SEHM SR ASHBEMSBTLARER

ABA TR — P B E . CHYZR TR ML ELFIENEEHh At . REEa28 R
HAIEAEBRITEHWAKTBETENRNABA FB & . Hanson ¥. R 16 AP AR EFHB ML KR
( Pennisetum americanum (L. ) Leeke) {EKSHATH E B EA REREM ABA B2 de Bruxelles
ELMABERS T REIE (Arabidopsis thaliuna ) BRI S ABA K ESZEREY . RXREEE
Bl.fEBERMIA T HI F0 LI # £k ABA & G 527 M M X8 2 0% f , B 16 i i) 33 72 T o B2 55 Jin 18 28 FE PTAS
BBl A X IEEEMOT ABA BB TR EERK., NE RIS AY AN ABA KT 55w
SR B EE X . EREWE T A HI B ABA S5 FLILM/SHUHEKE . A EEMAT. 68
LIMABASBRTHI.MOH &8 T -B. AT AE N RS HEN ABA 2EMERN B R4E A8
B e T HEERHIERN.

EASHAT EHPENABA AEENSEREREHBL . BENA LEX aZ 0 W4 T8
A XEF ABA RO A £ TEmE B N2 prt™ . PR E RISk ABA el AR E (KA KHE
THRYMEANBERORE Y A ANTIA N ABA a8 % rBEBMNB NG | Stewart & Voetherg
ABRAKEMHRGESLHE ABA IBRAEIRYHESNEMASMENAEE ABAINZE A
M HA ARBA 8358 0. 3nmoal/g FW BT IHEB A K4 B4 ABA 858 TR EMNLE R . Stewart
N ABA BERMEAMBERNINHFERENE T AEMEMEARAIRY . HrA s &M ABA f
MEMMNEARZNMERLXARFET - YHEY T . BHEAEFETHAMES S s mHIEME R
F AN ABA KV EEABEBENE A AR BERME. MG MEMEMkKS ABA SR TH24ER
i K. BEM Hare iR 8 &5 T S8 #H HEZ ABA KM A (ABA dependent) F1 ABA 3E {8 B
(ABA independent) M Ep {5 S 5B OB T " .

FALRGRFL . ARENEFEBEMAET HI R W ABA HEBK BEHZ N HRFR N —
Frpgemhm 2" BN 7E ABA BB AHEE A 1~3d 5 e BEARKEA LM M LTEKRIETIEWN
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