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Effect of the Epichloé endophyte on the root morphology of Stipa purpurea infected
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Abstract: The root hemiparasite Pedicularis kansuensis derives nutrients from its host, Stipa purpurea, through
structures known as haustoria, and this suppresses the growth of S. purpurea. Previous studies have shown that
Epichloé endophytes, microorganisms that form a symbiotic relationship with their host, are able to ameliorate the
damage to S. purpurea caused by the hemiparasite P. kansuensis. The potential mechanism of this effect may be that
Epichloé positively regulates the root morphology of its host infected with the hemiparasite. In this study, we
conducted a pot experiment to compare the root morphology between endophyte-infected (E+ ) and endophyte-free

(E— ) S. purpurea parasitized by P. kansuensis at different densities. Our results indicate that parasitism by P.
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kansuensis decreased both the shoot and root biomass of S. purpurea, and resulted in substantially decreased values
of all the measured root morphological traits. The values of biomass and root morphological traits of S. purpurea
sharply decreased with increasing density of P. kansuensis. The values of biomass and root morphological parameters
of S. purpurea parasitized by P. kansuensis were higher in the E+ group than in the E— group. A structural
equation model indicated that as the total length, surface area, and topological index of S. purpurea roots decreased,
the biomass of S. purpurea decreased. The inhibitory effect of P. kansuensis on the growth of S. purpurea was
positively related to the density of P. kansuensis. By contrast, the presence of the Epichloé endophyte facilitated the
accumulation of biomass of S. purpurea parasitized by P. kansuensis through altered root morphological traits
including root total length and surface area, and the number of externally connected grass roots. In conclusion,
Epichloé endophytes are able to alleviate stress imposed by a hemiparasite upon P. kansuensis by facilitating change
in its root morphological traits. Our findings reveal new information about the mutualistic relationship between
Epichloé endophytes and their hosts, and demonstrate that the introduction of the Epichloé symbiont is an effective
biological method to control hemiparasitic weeds.
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Fig.1 Planting pattern of S. purpurea and P. kansuensis
E+: 717 AR BB 19 22 46 5T 5 Endophyte-infected S. purpurea; E— : Ry P94z BB 1Y 8 4E4T 3 Endophyte-free S. purpurea. F ] The same below.
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Table 1 Two-way ANOVA analysis for the effect of Epichloé¢ endophyte status and density of P. kansuensis on biomass, specific

root, ratio of root to shoot of S. purpurea

Tt H Ttem b B Treatments dr F P
Mo 1A YA FLB T DR Es 1 2516. 90 <0.01
Shoot biomass AL Pd 2 1060. 58 <0.01
A AL LR A IR S X AR B Es X Pd 2 136. 99 <<0.01
R ALY B A ELTE A IR Es 1 321.32 <0.01
Root biomass AR Pd 2 96. 93 <0.01
P A BB AN DR S X PR % Es X Pd 2 9.75 <0.01
AR B2 AR BLTR A RS Es 1 10. 36 <<0.01
Specific root length 2% B BF Pd 9 3.83 0. 04
P AL LR AT BRIR S X AR B Es X Pd 2 0.34 0.72
AR I AR A LT A IR Es 1 14.14 <0.01
Specific root area 95 5 Pd 2 21. 46 ~<0.01
P A BT AN DR S X PR % Es X Pd 2 0.69 0.51
e AR A AR BLTR A RS Es 1 8. 11 <<0.01
Specific root volume 2% B BF Pd 9 12.95 <0.01
A 2L LR A BIRAS X AR B Es X Pd 2 4.12 0.03
58 L AR A RS Es 1 0.01 0.91
Ratio of root to shoot 951 5 Pd 2 1.97 0.30
P9 A LB AT BRDIR S X A AR B Es X Pd 2 1.24 0.30

Es: Epichloé endophyte status; Pd: Parasite density; df: H H1JE Degree of freedom. T[] The same below.
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9 6339.92 cm-g 'H 1556. 96 cm®+ g ') M oA A A2 E4 5K B 57 19 LUK B2 e/ {0 2021, 92 em- g '( 2¢), 3
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Fig. 2 Effects of P. kansuensis density and Epichloé endophyte status on the biomass, specific root, ratio of root to shoot of S.
purpurea

AN TR R 5 B 2 70 AR TR] I 5 50 2 2 %8 T Y R A0S T 58 AR B 26 18] 28 5 .35 (P<<0.05) s AN [l /NG 2 B3 7R AN [ T 7 2 5 A4 5 58 4 T B
AN RS AR R 3P 1] 22 5 3 (P<C0.05) o RA /RN E+ B E— S5 30 A A4, W8 TRRERR T RS AR AT 59 (E+ 30 E— ) RIRRBE 1 bR O T e i
aFHE L AR 3RARR LR AE ST 5P (E+ 8 E— ) Mk 34k H R B 5885 % 4 . T Different capital letters indicate significant differences between E+
and E— S. purpurea under identical parasite density of P. kansuensis (P<<0.05) , different lowercase letters indicate significant differences in E+ or E— for
S. purpurea among different parasite density of P. kansuensis (P<<0.05). Without parasite indicates S. purpurea naturally grew in the absent of P. kansuensis.

It is noted that one and three parasites indicate single S. purpurea seedling was parasitized by one or three P. kansuensis, respectively. The same below.
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A U = G X S8 AE AT SP AR AR R RE AR 80 T AR AR T BR AR R T AR AR A B AR R AR 0 SR AR
B AN % 2 HIOR PR S T B BT A B S R (3R 2, P<0. 05) , T X AR R B ARSF 3 4R RS BTG B, H
IR B 5 v A AR R S AR AT S AR AR R AR B AR T AR MR SR T AR R AR MR R AR AR AR
SURIC RS SRR AR T 2 50 A IS e R PR IS e M AT A S 3E R R (P<20. 01) , T X AR ARG Wk 35 5 i (P>
0.05) ¢ PN A= LB A7 2R 5 B0 58 AR B 58 2 R R SRR ARS8 A5 A A7 A0 3 S HAE T (P=>0. 05) o B H R & 56
A BN, LA SR AR B AR T AR AR T AR AR R T AR AR AR AR A B R R AR SR AR
A SUBS AR T ORI A P i e R R R R R B CTRT 3) o BRAR T s 0 AR SO AR S SO AR ORI A o e K
SbEA S AEAT S I AR BB AR B R T B AR T AR AR R T A AR R B AR R AR AR QORI A i e v
T E— bk, X 5 HM 0ol & A SORAFET G . RAFEHMN B0 i E+ S P IR AR BRI RER |
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R2 NEHEREANMERDAETETEMERHFREXSHERLMONEERT EZHH
Table 2 Two-way ANOVA results for the effect of Epichloé endophyte status and density of P. kansuensis on root morphological

characteristics of S. purpurea

Tji H Item Qb Treatments df F P

R B A LR A DR Es 1 12.71 <0.01
Total root length LB Pd 2 20. 40 <0.01
P A L A RDR S X AR B Es X Pd 2 2. 44 0.11

R % 5 1 R AR FL A RS Es 1 11.56 <0.01
Root projection area 2 Pd 2 9.00 <0.01
PR A BT TR S X AR AR B Es X Pd 2 2.17 0.14

HE T R AR BT A RS Es 1 13.51 <0.01
Root area FEHE Pd 2 1.96 <0.01
2L LR A RS X AL B Es X Pd 2 2.39 0.11

MR AR AR ELTR AT RS Es 1 11. 56 <0.01
Root surface area 2 B Pd 2 9.00 <0.01
A 2R LB RS X AR Es X Pd 2 2.17 0.14

AR AR FLTR A RS Es 1 4.52 0.44
Root volume A A Pd 2 1.72 0.20
PN AR LR RS X AR Es X Pd 2 0.36 0.09

i NS AR LA RS Es 1 3.56 0.07
Mean root diameter HHAEE Pd 2 8.41 <0.01
A A= ELTR AT DR S X 5 A% BE Es X Pd 2 0.66 0.52

i1 P 2E FLER A RS Es 1 10. 04 <<0.01
Root tip number G FE Pd 2 8.96 <0.01
P 2E LR A BRR S X AR 2 Es X Pd 2 2.45 0.11

AT REL YA ELT A B RES Es 1 5.99 0.02
Root node number 2k Pd 2 13. 32 <0.01
P A LT TRTIR S X 25 2 B I Es X Pd 2 1.88 0.17

43 SR P LB RORES Es 1 6.49 0.02
Root bifurcation number 2B Pd 2 14. 89 <0.01
P 2B LR AT ROIRAS X AR B Es X Pd 2 1.84 0.18

22 SR YA LB DRSS Es 1 2.51 0.13
Root crossing number 2 B Pd 2 8.32 <0.01
AR BT BRDR S X AR % Es X Pd 2 1.38 0.27

R R N A B A IR Es 1 5.12 0.03
Number of root connections FEHE Pd 2 12.90 <0.01
PN AL LR RS X AR Es X Pd 2 1.73 0.20

AN 4 AL N A B A IR Es 1 9.42 <0.01
Number of external connections PP BE Pd 2 29 14 <0.01
N A= ELTR AT DR S X 5 A % BE Es X Pd 2 3.36 0.05

B % AL A B DR Es 1 4.53 0.04
Number of internal connections A E Pd 2 12.83 <0.01
AR LR TR S X AR B B Es X Pd 2 1.61 0.22

I 4R AR FLR A RS Es 1 0.62 0.44
Fractal dimension 2k Pd 2 8.78 <0.01
PN A BT IR S X A A 2 E Es X Pd 2 0.63 0.54

ECELS AR FLRR A RS Es 1 5.30 0.03
Topological index 2B Pd 2 51.49 <0.01
2L LA A RS X AR B Es X Pd 2 0.54 0.59
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Fig.3 Effects of P. kansuensis density and Epichloé endophyte status on the root morphological characteristics of S. purpurea

M AR AR e T AR AR AR AR OB AR AR B AR 0 SO R A SO R B R R A T 3 R ORI A T O R Y
fe (FEL3) 5 T H A S5 5 2 A TR E4- 55 A5 50 R F 35 AR Je i (0. 88 mm) o
2.3 AAARANRREEHNDAEFEELATRE DY A ABIERG Y0

AR LT R G AR 58 A B 50 AR AR A M RO AR B 2 2 (3R 2, P<<0. 05) , T H R B 5l v 2 A X 2 4B 41 50 R
F 038 4 RO 0 F 48 B A R AR 2 (P<<0. 01) , 5 = 3% 19 52 AR I 73 4E SORT 0 0 18 20 835 52 R
(P>0.05) ¢ %A= 1R 5 ALEN S0 09 70 JE 4ERORI A0 P45 K i TR A7 4 VA7 22 SRR AR50 (B 4) o R A A R o 2



534 B 1 Bl 2R 3] 2025 4 143

A E A P R 4R BR T E— i E— S A P R IREMEBOR T E4 o BEA RS BRI, S AEE P R
TR R s FE A

2:5 -t 2.0

g — E- _q;g

@ A

% 2.0 Aa Aq Aa Aa Ab Aa E 1.5 Ab Ab Aa 48 Ab Ab

£

= 1.5 Eﬂ

£ o 1.0

s =9

= 1.0 2

£ S

£os 0.3

- £

& S

0 — 0 .
ARt AL AR R LB A3
Without One Three Without One Three
parasite parasite parasites parasite parasite parasites
Qb3 Treatment

B4 HEDEBFEMNEEHERANELSFRESHELIAHMERB X0
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Fig. 5 Structural equation model (SEM) based on effects of Epichloé endophyte status and P. kansuensis density on root
architecture and shoot and root biomass of S. purpurea
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