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Effects of endophyte fungal species and host plant genotype on the leaf shape and leaf area of
endophyte-grass symbionts
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Abstract

Aims Epichloé infection can play an important role in the growth and development of host plants. However, few
studies have been reported on the effects of endophyte infection on leaf shape and area of host plants.

Methods Our study used Achnatherum sibiricum as experimental material, and explored the effects of endo-
phyte species and host plant genotype on the leaf shape and area of A. sibiricum-endophyte symbionts through the
combination of the length and width method with the revised correction coefficient and the scanning calculation
method.

Important findings Endophyte infection status, endophyte species and host plant genotype had no significant
influences on the correction coefficient of leaf size calculation, leaf length, leaf width and leaf length-width ratio
reflecting leaf shape. By calculation and verification, we determined that the correction coefficient of leaf size
calculation of A. sibiricum was 0.594 9. There was no significant difference between the leaf areas measured by
length and width method with the revised correction coefficient and the scanning calculation method. In addition,
the leaf areas measured by two methods were not significantly affected by endophyte infection, endophyte species
and plant maternal genotype.

Key words fungal endophyte; Achnatherum sibiricum; leaf area; maternal genotype; correction coefficient

Qin TZ, Ren AZ, Fan XW, Gao YB (2020). Effects of endophyte fungal species and host plant genotype on the leaf shape and leaf
area of endophyte-grass symbionts. Chinese Journal of Plant Ecology, 44, 654—-660. DOI: 10.17521/cjpe.2020.0037

WA B AR A e R . e R, WA RG] DR E EED R EK
R RE e R o B A B ARV B, (B XN X A AR (Novas et al., 2003; Vila-Aiub et al., 2005; Kannadan
7 AR B R JRRE 19— 2R FL B (Carroll, 1988). K EHFF & Rudgers, 2008; Song et al., 2015), 1 Hitw] A3z

AR H HiReceived: 2020-02-10  $:5% H # Accepted: 2020-03-31
FETH: ERHREAHE4(31971425). Supported by the National Natural Science Foundation of China (31971425).
* J#{Z{E# Corresponding author (renanzhi@nankai.edu.cn)

©U 00000 Chinese Journal of Plant Ecology


Hp
打字机文本
扫
码
提
问


ZERLEA: A U AR SR BEASE PR RO 9 AR RO - R AR AR AR A AR 5 655

e E Y A PR R A Y e A KRR
(Bittleston et al., 2011; Estrada et al., 2014; Song
etal., 2015; Wang et al., 2018),

KT WA F B E EED A KRR 32 2
PR BILAE 4 BE X4 N (Clay, 1987; Vila-Aiub et al.,
2005; Oberhofer et al., 2014; XIE%, 2015), RR4E
K:(Vila-Aiub et al., 2005)F14E W) &3 1(Clay, 1987;
XELSE, 2015)5 51 . MAENHEYIROG G 4 B0
YK BAEERm, I AN TAS RGP REE
AL R 2 G B (TR B R A, 2004). I TEAR
S E . PR, Y RS YA
J(Rymbai et al., 2014). AN 4K
ROUHE ZES4, H R/ INAT B 425200 i 7 A EUR]
W 3RELfE /7 (Knapp, 2001), H.A] - S i 4 i 4=
KRE . PusitEse s F= 500 A N AE LR 1
FAKREWZ S SRR SEFxK? H
HIHIAHOCHIRIEIR D>, HERARKRER . FkEE
(2010) B4/ 15 2F 3 (Festuca. arundinacea) i Fil A HfF
AR, RIWEGAGRMERAR L, Gk
TR, HM K FERE AN E] SR R, R 24 S A g
PR I B, 1 55 AR 24N b B I K A
YU B RIS YL B M PR 2 [B) 2 3% 22 5 . Kannadan 1l
Rudgers (2008)7E % Poa alsodesftJ it 5t 1, kB 4% B
AR B AR G TR AR ) it e, (H =2 B TR I
BEER ., (EXCAE Panicum rigidulumf i 72 i,
RenfClay (2009)A 3, G il FEL AR K - 58 50 50 72,
AR B N

CABRMA, WA E EHE KR
WA S NAEREMAESSHRL, SN ERR
11 Fh 254 < (lannone €t al., 2012; Simpson €t al.,
2012). Simpson%5(2012)7F 2 3 i (Lolium perenne)
HABBIHMAFRIESM N AERRE, i, ®HEE
T ZUR B B RO A AR KOG 2 35 o, (H v 24
BRI R AR 1518 AR . #2228 (Bromus) 1)
— P Y A= MR Bromus auleticusT] 5 9 fb P A B0
Epichloé temblader aeflEpichloé pampeanumit 4=, E.
tembladerae/f J4 2. 3 FEAIC TG E A B 7 7= &, ME.
pampeanumx 1 3 F - 7= & G i 3 52 1 (Iannone
etal., 2012). B WNAFEMIE B0 E F
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K(Zea mays)Fl7KF5(Oryza sativa)(fiiik 74, 2007)
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P IAR L, DRI AT R it iy 78 HOAH B AR
TEHIAIUFEE (Du et al., 2007). HAZIE REIEUE
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27 i) R
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P AR AR I & (Achnatherum) F) — Fif
KA, BFAMAEHE AR, N5 R R
X BP0 N AR LR R L AR i, 4230100% (Wei e
al., 2006), Epichloé gansuensis (Eg)#lEpichloé si-
birica (Es)/2&/& 4«25 I AR 25 B Pk (Zhang et al.,
2009), Esidid 1 3 F0 53k 17 8 B AL #F; Egf Egl A
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- EAL R, M Eg2A =4 ¥ HE, 1] el B H
KA RE(Li et al., 2015).
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CHAF T AFI30RFR), 77T R KR
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K55, 2010).
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ARSI A RS AR R S T . WA
Fh A FNAL 5% 77 =X DA R 78 T AB ) BEARSE DR 20 (1) 5
SIS T 46 T 12 B )9S BEAS I R B (1 E+FIE-2
R F 0 BIFERTNMETT(90 em x 90 cm)H, T
AbER N B3N E A, JLihS44 . SIS B A REAR T
201240 FhHE T R RS = 2, ARS8 R I i
201947 A i £

ek Ab BEAR A FE AR A S G 00 128 A [R] P8 1) 1
Fl| FHCanoScan LiDE 700FF7##{¥(Canon, Tokyo, Ja-
pan)fllImage JERAF I & F Fr ) SEBR I THIAR o [RJ ISR
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k=A/(L x W)
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FH K 55 B (em)
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K HIMicrosoft Excel 2010317454 ) Ab 3 A1 /E
K. @i SPSS 20.0% Bl AT 2 KR T 250, H
DAPR Tt N A2 B S G A 2 2 B AR 35 R 2 (1) S [ 55 21
SRR TR KT DA TR R 5 e (REAS

www.plant-ecology.com

RAR R E T ARNAERER);, 8T #BARANE
HHE AR PP R R S8R K38 LA
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ECATH T AR HEAT 5 22 0 W, RARTE N A LR AR AN
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AT FC AR IE 2 LRI g A BEAR AN SR P 5
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Table 1 Analysis of variance for the effects of endophyte infection and

host plant genotype on leaf length, width and length-width ratio of Ach-
natherum sibiricum-endophyte symbionts

A -5

K it

Leaflength (cm)  Leaf width (cm)  Length-width ratio
F p F p F p
E 3.503  0.068 0.563  0.457 1.970 0.167
PG (EG) 0372 0.893  1.955  0.095 1.596 0.171

ExPG(EG) 0349 0906 0.801 0.532 1.728 0.143

E, WAEREKEY; PG (EG), MY ERARFE R (RE T A N A ERH).
E, endophyte infection; PG (EG), plant maternal genotype (nested within
endophyte species).

2 NGRS P KR, TREATK SR L i S R Ry %=
i

Table 2 One-way analysis of variance for the effects of endophyte species
on leaf length, width and leaf length-width ratio of Achnatherum sibiricum

RS -5 KL
Leaf length Leaf width Length-width
(cm) (cm) ratio

F P F P F P
0.190 0828 1.024 0374 1917 0.169

[SERNEPLES
Endophyte species
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212 ANEEEMHENBEBAEREWTHFH
FIERERZMm

AHFFERN T XM R A BA (GLMM)IR 7 A
[F) b EE 6T P S I A IE SR BRI, S B A2 X i
KA SERRH AR LA T FERER I . &5 1R
B, WA ARG, EYRARRRMLL R —#F 5K
B R AL AR A i AR 35 T Y2 2 g e, (H I K
B B P S TR B RO R (FR3). [H i R
o R H A KA S AR LR B3 2k
5% Z ([ 2 25090.596, p< 0.001). %45 BL M A
T ARRA T R 2 [] B 2P D6 R AN 52 9 A B TR R
515 AR REAR LR B 1) 5m

EsFIEg U@ A FF RN AW, HEATEAHE
A (4 4% 773, Egl MEg22 HAT AR FALHE 5 3 A
PR A BB, GLMM&E SRR B 2P0 i K 5 AR A
AR Ze o8 RAZ WA JE MR, HAL R
75 TSR] A 5 10 2 5 K B AR T AR 1) 2
KA. [FHE R RERHRAN FKER S
F3 ORI L SO -BIS AL AR, PR SRR 1 2 REACHE R %
SELSE PSRRI TR B 1) S eI R S
Table 3 Analysis of generalized linear mixed model for the effects of

endophyte infection and host plant genotype on leaf length-width product
and leaf area of different Achnatherum sibiricum-endophyte symbionts

P M A Leaf area of A. sibiricum

F P
KIEREA! Corrected Model 595.131 <0.001
E 1.112 0.292
PG (EG) 0.843 0.537
LWP 15 233.050 <0.001
E x PG (EG) 0.683 0.707
E x LWP 0.707 0.401
PG (EG) x LWP 1.567 0.131
E x PG (EG) x LWP 1.858 0.063

E, WAERBES; PG (EG), MY EFAKE R B (MR T A [ A A ),
LWP, MK 5841

E, endophyte infection; PG (EG), plant genotype (nested within endophyte
species); LWP, leaf length-width product.

Fd4  AERERNZE P K AR AR K SRR A AR R S
Hr
Table 4 The generalized linear mixed model analysis for the effects of
endophyte species on leaf length-width product and area of Achnatherum
sibiricum

SPIZEMH A Leaf area of A. sibiricum

F p
KEIEAEA Corrected Model 2 687.209 <0.001
EG 0.041 0.989
LWP 10 131.957 <0.001
EG x LWP 0.381 0.683

EG, WA M LWP, A K.
EG, endophyte species; LWP, leaf length-width product.

T AR A AE 0 35 2R MO0 R (188 REN0.591, p <
0.001).

gr bRk, P R KRR AR R A R
BMERR, HAZNAERRBERES S, NAEREEM
NG - BEARBE DAY 1) 225 ), BPSPISE i AR GE
REAZNAERFEBRREESE. WAEREMEMEE
REACTE (R B S 25 2
2.1.3 FFHREBRERE

DL EGIRE WA AR R G 1 R DA K
WAE R AP SRR A 2 S 2R o e AR IR R . A
Uk, BATEA IR SLEE 19390 F 4 34T (=13 20 #r, &5
REHPFH R IEREN05949 (F =
82 090.714, R® = 0.952 5), [AlJ975F24Ep < 0.017K°F
3 (B FFREALEE00 F B, B B33 21 18L
1R H, P GRS 205 i AR R, 5
W 5E 25 S LA, BoE 17K EIE M T AT HE(E2).

W
(=]

y=0.5949x
R*=09525

[\
S

MTRIFH Actual leaf area (cm?)
S

SRR
(=]

0 10 2.0 ?;0 4.0 5.0 6.0

- A 55 #1 Leaf length-width product (cm?)
Bl PSR ShRm AR S K ERKIK R n, B E
H
Fig. 1 The linear relationship between the actual leaf area and
length-width product of Achnatherum sibiricum. n, total num-
ber of leaves.

30

y=0.9736x +0.2117
R*=0.9790 °

20

10

SEBRHTHEIFR Actual leaf area (cm?)

0

0 10 20 30
S 7 ULEE LT Y A

Leaf area measured by length-width method (cm?)
B2 sehrm A 5K SRR AR KR n, SR
R,
Fig. 2 The linear relation between actual leaf area and leaf
area measured by length-width method. n, selected number of
leaves.
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RS AFEANERE-PEP AR T, AL BB R Ge B A 3 BEACIE R R X
PSP T AR A K T 22 204
Table 5 Analysis of variance for the effects of endophyte infection and
host plant genotype on average leaf area of different Achnatherum si-
biricum-endophyte symbionts
SEBRM T
Actual leaf area (cm®)

LT DA - THIAR
Leaf area measured by
length-width method (cm?)

F p F p
E 1.677 0.202 2.324 0.135
PG (EG) 1.101 0.377 1.256 0.297
E x PG (EG) 0.291 0.937 0.205 0.973

E, WKL PG (EG), HAEEARF R RE T AR N AERE).
E, endophyte infection; PG (EG), plant maternal genotype (nested within
endophyte species).

6 A FCIR RSO PSS B T ARG I ) R R 3R T 22 0 A
Table 6 One-way analysis of variance for the effects of endophyte species
on average leaf area of Achnatherum sibiricum

SEBRH T AR K FEVETIAT TR
Actual leaf area Leaf area measured by
(cm?) length-width method (cm?)
F p F p
A R Rl 0.843 0.443 0.114 0.892

Endophyte species

22 AEEEMENEESAERREMPFHH
LR A

TEVR AL SRS AR, 3 K 98 R AL
IR RAE, MARZBINERFHBESE. N
A LT AR R AR AR 7 3R 2, PSP BEACIE
RYIAS [ AR AT A A2 B35 22 57, I HIX P A
DR 2 [ AT 525 IS HAR (GRS, 3R6).

3 iTtig

KEFFRY, WAERLFEBRI R (2 E E Al
Y HE K (Clay, 1987; Vila-Aiub et al., 2005; Ober-
hofer et al., 2014), ™ {EAFEY GG AT 25015 1 22
aE, B, KANFRREFES B SRt aem
Re 1B VIR, B2 st YRR B 2 A A
HREI(FREE, 2005), S EE K. EAHI
R 577 5 00 R 5 V) H I 58 R 128 A RSURE )
— M, HEMAERKKE T EE, BANER
PO 32 AR KR kA 2 15 5 i T AR A T AR
FWE? Cheplick (1997)7E X} H 22 B ({1 70 b, @i
A BT AL BRIRAT N AR LR AN B G, I
TERFRI AT, WA B E 2 AR 5
Wi 5 A K A A G, EAKIEN, @ik SR
PREMERARLL, MRS, AMERAK, HAEK
2585, B TR AE RN AS Gy AR R I T ARG 2 2 22
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S, BRI R . BN A E R
FHERIH20 CHMERFR A8 H 152 1A
LR PRAH B, 58 A0 G/ B B R KA R
EAM, (HH KR TR E K, R Y E
IR (T % Z FE LA, 2003). {H7EPoa alsodest?,
AR B R AR B OO T R K,
FEA A R AR, WA 2 R E £
Y4 Y) & (Kannadan & Rudgers, 2008). Renfll
Clay (2009)%F K H H A LB Q8 5 A L i
Panicum rigidulumfE#RIEATHFIE, S5 RENAER
PR 35 B AIK T E EAEH r K BE AN TAR, R
BERIN T M AR SRS, ALK
IR R B N AR B R B (s A 1 A
KAV E R IN(B fEAE, 2011; Ren et al., 2011),
MASEI 3 — 0 R AE RS AAERE
ol R R AL R R P SE fHKes HE5E L
FRSELL . TR IE R ORI AR TG W35 52 m, DL,
PR A T SR S AR K R A S R A BE AR K
(Ren et al., 2011)F 2%, 151 FHHAFIH TR Z
[F) A B S A oM

KT W AE R TE ER AR R, B A
B AR DRI, 1SS T P9 AR B A AR AR
[RgZmR, FECH B IE 85 IR A— 8, R B
55 P9 A B - R FIL AR U Rl 2R AN [ LA & AR K
% 1F A [A 5 2K (Cheplick, 1997; Kannadan &
Rudgers, 2008)4b, 5 B TE FIAN GL B S50 M ) 14
w77 A e, T R B AR A G
PR, AR AREEA G W] R XY A K PR AR R, A
AT e 22 3E A AR ELTE A P 2 B A A I TR 1) 28
Kl & AE SR St F Y RS YLt A Ak B R T
EARAE BT DU &, Gy i AN JY B R vk 2 [R] 1 22
FATREA R AR H B R S ™I R, AT ReHE
MAS W EKRAAEES .

- T AR R o] AR B AR KR B FR AR 2 —,
HXNEHEYCE TR R E IR . BIRRH
I TE AR ASCHE AT 7E A 5 kTR AR v L AR, (H
XTI R HLTE SR B R AR R HE A a0 SF S
I T ARASCHE DA SE SR AN 2. AR T b, FRAN
KK 5 REGF RN IE R E0CH0.594 9, 5
KRG H T RIS IE £2%00.75 (F %, 2005)F1 /N %
(Triticum aestivum) ()2 1E £52%50.67 (25155855, 2018)
FHEE, I SE R R R SRR B 80 55 R A% IE R 30
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