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Abstract; Neotyphodium endophytes and cool-season grasses are mutualistic symbionts. The host grasses provide necessary
photosynthates for the fungi. The endophytes often enhance the hosts’ growth and protect them from biotic and abiotic
stresses, contributing to their widespread adaptability. Abiotic attributes affected by Neotyphodium endophytes include
drought resistance, light, temperature and mineral stresses. Studies on endophyte-related responses of grasses to nutrient
acquisition have focused upon the influence of soil nitrogen (N) availability, since this element is a constituent of alkaloids
in infected plants. Similar to N nutrition, phosphorus ( P) availability influences ergot alkaloid production in EI
( endophyte-infected) grasses. But reports of endophyte-related responses of grasses to P nutrition are relatively limited. In
this paper, Lolium perenne L. cv. SR4000 infected by Neotyphodium lolii (originally from Beijing Clover Seed Company,
China) was employed to establish EF ( endophyte-free) and EI populations. EI and EF ryegrasses were grown in the field
and tested for their ecophysiological response to P deficiency.

The experiment was carried out at the campus experiment site of Nankai University, Tianjin. There were two separate

2-month periods of P stress treatment. The first began in mid July. The second began in late Sept. Two-factor randomized-
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block design was used. The first factor was P treatment and two levels of P treatments were imposed, i.e. P supply (P + )
and P deficiency (P - ) ; the other factor was endophyte status, i. e. EI and EF. Each treatment was replicated five times.
P + treatment was achieved by addition of P to the soil in the form of Hoagland nutrient solution. For P — treatment,
2000pM KCl was added instead of KH,PO,. Two liters nutrient solution per pot was added once a month, and four times in
total.

The results showed that endophyte infection did not have significant effect on leaf growth but did improve root
development of perennial ryegrass under P deficiency. In response to P deficiency, EI roots were longer and had higher
mass than EF roots. The root: shoot ratio was also greater in EI individuals. The content of total phenolics and organic acids
was greater in EI roots than in EF roots at low P supply. However, the concentration of both did not increase with endophyte
infection. The results suggest that higher root dry weight contributes to higher content of total phenolics and organic acids for
EI plants, and endophyte infection might have negligible effects on chemical modification of perennial ryegrass. Endophyte
infection did not increase the rate of P uptake but did improve P use efficiency when P was limited. Higher P use efficiency
of EI ryegrass might result from higher acid phosphatase activity ( APA) for EI ryegrass. Higher APA may contribute to

ryegrass ability to reuse a limited P source, which is further beneficial to the development of ryegrass roots.
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AR FrAL BRI E 2R ER X,

SRABIAL, Bt 5 A R R PR A A R £ o Azevedo!™ IA N P A B T BB W 1k P B B
PR At R B A L B 2 W] LI R EHLBE, X — SRR R E AL, R BEA R i 7T BBV 18 A $R 4L pk
DAV R A KB E, BHRT EEHERIERE, H)5, Malinowski 2" LIF L 00RO BIIL R B, 5 R B
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1.2 SERFE
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2 H#FE
2.1 EEBERM T ARG REE M FE S E N
2.1.1 MR

LB RPNE 1 AR, TENAEERBRESE , BN X BE T E N ERERKY TR E
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K P A B K, B S A S SR R AR B M R M BB 2 5
2.1.2 EEHRSIEEE
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Fig. 1 Effects of endophyte infection on leaf growth of perennial ryegrass under P supply (P +) and P stress (P - ) conditions
B iR Z LA FEIRHESE, TR bar in the figure denotes standard error, the same below
a. MFRIEMER;D. HEVT BER;c. HEMEER;d HEHEEKHEZR a. Leaf elongation rate; b. Leaf widening rate; c. Sheath

elongation rate; d. Leaf area enlarging rate
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Fig. 2 Effects of endophyte infection on tiller growth of perennial ryegrass under P supply (P + ) and P stress conditions (P - )
a: 7pBERL tiller number; b; BB 43 BEE B dry weight per tiller
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JulA BAE4k, T EL REA IR B B B &N (R 2) . BRASIH ELEARRANANREERER T EF &
Bo HE—PXTAMERRATAINRK G E CAIBRIKRE) SE1T007 , RBSBEA T WA ERRR S5 R
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F1 ERHBHCP+)MRE(P- ) XETHEREBENRER
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Table 1 Effects of endophyte infection on total phenolic content
and concentration in roots of perennial ryegrass under P supply

(P +) and P stress conditions (P - )

F2 ERHEETP+)MRB(P- ) EETHERAREINEREE
RBAV B S BMEIEREHZMN

Table 2 Effects of endophyte infection on organic acids content and
concentration in roots of perennial ryegrass under P supply (P +)

and P stress conditions (P - )

EBEE EBRRE AR EE LB
BH Ttem ( mg /#) (%DW) BEAF (pmolH * /) (pmolH* g~'DW)
x Total phenolic Phenolic P level Content of organic acid Concentration of
content ( mg /pot) concentration (pmolH* pot~') organic acid
P+ EI 0.81c 0.0027¢ P+ EI 0.40b 0.018a
EF 1.39bc 0.0049b EF 0.57b 0.021a
P- EI 2.64a 0.0086a P- EI 0.79a 0.026a
EF 1.90b 0.0081a EF 0.53b 0.023a

FHHERZHNAEE, FEAAMEZHNBE (2 =0.05) Same

letter denotes non-significant difference while different letters denote a  as in Table 1

significant difference (o =0.05)
2.2.4 BRMBEREGTE M

HEFRBEET  ELEFR 5 R BEIR S 15 A 0T EF AR EE R4 T, EF MR ITH
B4k, T ET AR TR HEBERRBE A Mg n (1 4) , A3 ELERIR R R EBRENE R T EF flitk. &
TEREY, b R A BB SE 2 BN, — R R IR BB T e R B , B E R E /e
MRIEER BER W, MR A RER R BN EEASSEREEN I RESIR S ) B2
ey

FHP ¥R 3% 1 Explanation of the data in the table are the same
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Fig. 4 Effects of endophyte infection on activity of acidic phosphatase
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Fig. 3 Effects of endophyte infection on total root length of perennial

in the root of ial der P ly (P d P stre P
ryegrass under P supply (P + ) and P stress conditions (P -) in the root of perennial ryegrass under P supply (P +) and P stress (

- ) conditions
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£3 EREHED+)MEREP - ) ZHTHEREBEMNBREEEYBRSERE RN
Table 3 Effect of endophyte infection on biomass allocation of perennial ryegrass under P supply (P + ) and P stress (P - ) conditions

e ATE TR 0 LT E BFE Wk HeEME(s)
: Leaf DW(g) Sheath DW( g) Shoot DW( g) Root DW( g) Root; Shoot Total biomass
P+ EI 21.29 +1.390% 16.96 +2.282*° 38.25 +1.578* 29.92 £7.347*% 0.79 £0.305% 68.17 £9.043*

EF 20.92 +2.930° 27.21 £6.636% 0.76 £0.262% 64.11 +4.811%

P- EI  21.19 +3.446" 17.13 £5.141* 38.32 £5.915* 30.58 +3. 142 0.82 +0. 175 68.90 +4.873*
EF  21.45x2.777° 17.08 +6. 044" 38.53 +8.102° 23.20 +3.334" 0.62 +0.118" 61.73 £6.151"
RPYARLPIE £ iREETR 6 AT EHRZNARE, FRAFNZEFH B2 (0 =0.05) Data are presented in the format of mean +

STDEV; same letter denotes non — significant difference while different letters denote a significant difference (o =0.05)

2.4 PuA EERGE X R 22 S BRI A A P S R

HiZ 4 WTLAE ), A BERGHE AR N MBS B AR, X — RS YA R E A, X
TR S, EIER BN ELERMN AP BE S B B8 B T EF Mk, ZE6kBEN 5 EF MR B & 257 7EM
B ELEMREBES BA T EF MARKES: T BEBEIE I A S B2 KF W FRA, Lk IEF AtBE
REBBEARM T, EL M EF AR E B BE M L HOE, BAK 3 WM, WAREEN T REENM T IEY
&, Hilt, iR AT S PR S, EVERE T EF ik,

H— 20 R X B R AR SR AT B (3R 5) , RBEIE BB, EL AR B9 BRI MO R & T
EF fE#R, SRBHN , —FBRBGE R TR, BT M ZMLUKF BER AR B R S5 1A &, 72 1E H 408k
i}, EL F1 EF MRABEA IR LB E 25, Y= o, & ¥R g 8 g i, H2 B AR
e R SE R, AT 53 EL AR BERIRCR BE /T EF Ak, B A RE B R E A TS £
REEIEGRBEARF T BRI FIRCER , LI sR FE T Y X B8 B i

15.98 +3.535* 36.90 +4.851*

T4 EEHBP+)MGE(P- ) RFTHERBERENERE
ERHERHEMN

Table 4 Endophyte effects on the concentration of total phosphorus
in shoot and root of perennial ryegrass under P supply (P + ) and P
stress (P - ) conditions

®5 ERHETP+) EREB(P-)EETHERAREINEREE
BRI R AR

Table 5 Effects of endophyte infection on P use efficiency and P
uptake rate of perennial ryegrass under P supply (P + ) and P stress

(P -) conditions

2P HE(%) P+ P

Concentration of total P

P P B RS
+ - (mg-day “pot~')  EI  1.539 £0.176a 0.744 £0.075a
I B Blade EI 0.414 £0. 028" 0.186 +0.021° P uptake rate

EF 0.339 +0.028°
H-#Y Sheath EI 0.315 £0.013*
EF 0.339 £ 0. 043*

0.205 +0.014* EF

0.140 +£0.016° B R
0.182 +0.009* (gDW - mg - 1P) EI

1.412 £0.079b 0.765 +£0.107a

0.356 £0.013¢ 0.734 £0.054a

FRER Root EI 0.210 £0.021° 0.121 £0.007* P use efficiency
EF 0.211 £0.007* 0.125 £0.012® EF 0.364 £0.037¢ 0.622 +0.011b
FPHAEVLEE .35 3 Explanation of the data in the table are the same FHPHIEEAH .38 3 Explanation of the data in the table are the same
as in Table 3 as in Table 3
3 iFig

B0 o g A ELPR R R A M T 6 B S B PR A PR B ., Malinowski 873X 2% Py A= EL 7 VT BESE
W PR AR 15 EAE Y BRI B R — BARBITE AR AR AR AR REBUE R, MBI R I RE
S AR S S, A BB AL A Y™ BT I 4 A T Y AL Fe Al Mn(3X
BILR T 58S S AN BB TR R 132 R T R B AR R X B R . ARSI REN
TESRBEARME T , SRBRIFEA I, WA RR R FEANMUR G EREEHHNRAER EYEER, W
BB 2 MR A YAA YR, #—$IEL T Malinowski BB, BEESEENE, AEEERRE
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FEE EMYR R EE S B RA S YA URE RN R EEER R —F W RN, dal R SRS
HHRT B RS YGRS RRORAREYER X, TAE REAESCEE EREZERABE
75 T B SRR RETRA PR o

TEGRBEAR T R RAE A DU B 3 % PEREE BB p0 = ) SR R o 17
7T R PR B IR R K AR B AT B RSCE 2 OB ™ o BR M B PR RGAEAR 4y M o B R P R L
P BERR IS B WK i 0 T BERRE: , B TR BR GEAB MR R 9 (U B BB O SR, BR 1 BRI 15 1 i
L, BEE AR . B, BR P BRIR A MR R 2R B A HLBR LS W1k i B R v R R A 9 IE B BR 2R, B
M IR R IR M BRI T M SR B B R B B — Rk I EABIAERY, Bia
TEREEMGEATUSJEELE Y RSN TR AREBREENE A, AREREAMUSE
WAEYEA X, MBS HRPBRRHECROE XK. AAREXN S MY RS RA R 5T, B A
BRI , A4 R R, B8 T P A R R ) 32 1 A i BR PR DR IR T 1

TEGRBRARE T, A EL RS JL1E AR B AR RUR AR & 7= A — E IR o Malinowski 25 A"
FEXREF TR PR, EBERAT , BN AERE R AT iRehS B3 B & w TR,
Azevedo Fll Welty'™ RBP4 LB B4 A rh & A RV AOBE , UV AR T RE R E R EF i S it
BhPE (BP9 E HH X — S B R R BN A R AR, 2R AERBAGT, T
WM B (AN A A ) B R T R, NERRR BN EAREHNE &8, BEN AR
T REREM T ARAEYE, HI, R AP ESPHEN S, EL HHEERT EF M. #H—2otEH,
A B BRG BAR TR BGE B TR BERKRE ), BB IR T 18 AR B BEF AR, A R BE
TLRBENIEHI A A, X 1] BEFIP A F R RS MR RO BR P DR R B T 0 K
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