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Effects of endophyte infection on tall fescue in different phosphorus levels

and forms
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College of Life Science, Nankai University, Tianjin 300071, China

Abstract; Phosphorus (P) is one of the essential nutrient elements for plant growth and development, but the effective
phosphorus in the soil is often low. Many studies showed that mycorrhizal fungi could improve the ability of the host plants in
using sparingly soluble phosphate fertilizer. Similar to mycorrhizal fungi, endophytes are symbiotic with plants to some
extent. Cool-season grasses and fungal endophyte Neotyphodium coenophialum are reported to be mutualistic symbions. But
reports on endophyte-related responses of grasses to P nutrition, particularly to P forms are limited. In this paper,
endophyte-infected (EI) and endophyte-free (EF) tall fescue were used as materials and their ecophysiological response to
different P levels and P forms were compared.

The experiment was carried out in the greenhouse on the campus of Nankai University. There were three phosphate
fertilizer treatments, i.e. application of sparingly soluble phosphorus [ Ca,(PO,),] fertilizer, water-soluble phosphorus [ Ca
(H,PO,),-H,0] fertilizer and no addition of phosphorus fertilizer. Each treatment consisted of 5 pots of EI and 5 pots of
EF tall fescue plants. In addition, N, P, and K fertilizer were applied with 300, 100, and 150mg/kg, respectively. At the
end of the experiment, we noted the number of tillers and leaves, and measured the dry weight of the shoot and the root.

Besides, we detected the content of total phenol and organic acid as well as the activity of acid phosphatase ( Apase).
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When no P fertilizer was added, there was no significant difference in growth between EI and EF plants, and EI plants
tended to perform worse than EF plants. When normal P fertilizer was supplied, EI plants had more tillers and leaves than
EF plants, which may partly prove the viewpoint that the beneficial effect of endophyte infections usually occurs in high soil
nutrients conditions.

As for the responses to different phosphorus forms, we found that the root organic acid content and the acid
phosphatase activity were significantly higher in the sparingly-soluble P conditions than in the water-soluble P conditions,
while total phenol content of the root was similar between the two treatments. In the water-soluble P conditions, EI plants
had both higher content of total phenol and more tillers, and leaves than EF plants, which indicated that the endophyte had
certain contributions to shoot growth of the host plants. In the sparingly-soluble P conditions, EI roots had higher content of
total phenol but lower content of organic acids than EF plants; meanwhile, endophyte infection just increased the root-shoot
ratio of the host plants. This indicated that endophyte infection contributed little to the host plants in using sparingly-soluble
P. Since we did not determine the root morphology of the experimental tall fescue, we could not rule out the possibility of
endophyte infection changing the root morphology of tall fescue without changing the root biomass, which needs further
study. Besides, whether endophyte infection is beneficial to the host plant in the P-deficient condition depends on the host

plant species or varieties. In a word, our experiment indicated that endophyte infection was more beneficial to host growth

when water-soluble P was supplied.
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Fig.1 Effects of endophyte on the number of tillers and leaves of tall fescue in different phosphorus levels
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Table 1 Analysis of variance summary of endophyte and phosphorus level effects on the growth of tall fescue

WA EH (E) WEH B (PL) PR A LR Bt v

E3 Endophyte Phosphorus level ExPL
Variable

F Sig F Sig F Sig
Ay BEFL Number of tillers 8.667 * % 89.81 * % 9.181 *
L% Number of leaves 17.57 ® ok 374.5 ® ok 11.46 * K
T2 Root dry weight 2.313 NS 39.33 s o 0.538 NS
Hb_IFH Above-ground dry weight 0.178 NS 257.2 I 0.154 NS
BT Total dry weight 0.910 NS 176.6 ® ok 0.341 NS
HIE L Root-shoot ratio 3.028 NS 52.81 * 0.021 NS

w % ok JPRIEIR P<0.05,0.01,NS FREF A E
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Table 2 Effects of endophyte infection on biomass distribution of tall fescue in different phosphorus levels

Ak W F /g

Treatment Root dry weight

L e s VS
Above-ground dry weight

BT /g
Total dry weight

HUE LE

Root-shoot ratio

To ik EI 4.906+1.022a
Phosphorus-free EF 5.363+0.957a
Pk EI 8.123x0.842b
Phosphorus-supply EF 9.433+1.851b

8.681x1.111a
8.706+1.178a
22.040£2.957b
22.730£1.699b

13.59+2.038a
14.07+2.075a
30.16+3.672b
32.17+3.322b

0.563+0.068b
0.614+0.057b
0.370+0.027a
0.413+0.076a
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Table 3 Analysis of variance summary of endophyte and phosphorus form effects on the growth of tall fescue

o I SUEA () LA (PF) PR SRR
12 Endophyte Phosphorus form ExXPF
Variable

F Sig F Sig F Sig
S BEE Number of tillers 12.92 w ok 0.174 NS 0.751 NS
SrBEE Average tiller dry weight 8.896 w o 6.730 # 3.110 NS
24 Number of leaves 9.113 * % 1.119 NS 2.871 NS
i T HE Root dry weight 0.086 NS 0.136 NS 5.829 *
Hi_F T H Above-ground dry weight 0.165 NS 52.791 ® ok 0.135 NS
BT Total dry weight 0.019 NS 26.257 w ok 1.907 NS
35 F Root-shoot ratio 1.258 NS 25.097 * 6.615 *
S Total phenol 6.335 * 0.023 NS 0.037 NS
HHLFR Organic acid 16.19 o 86.81 S 24.84 ok
APase &1 Acid phosphatase activity 0.968 NS 15.334 w ok 0.053 NS

% # P RIEIR P<0.05,P<0.01,NS /R %A 3%

222 YRS

FERE RS, AR R E 28 EL M AR A
L4y BERL, T HBEER W E /N T EF AR, R e
IKESPERE ST, AR LR = P A i e i 3
M (P>0.05,3 4)  TEMEEHEBESAMF T, M ESF EF

FERRAURE AR, T EL AR bR AR EE L 52 3 38
T 5 45 B A bR AR 8 e 3 5 T BF MHR (P <
0.01) o N B Py A BUBRIE R 00, Ml & 2
M LT R T A T P AR e L
TR

R4 TRAESHELETHEEERENSFEF FEMRE LM

Table 4 Effects of endophyte infection on biomass distribution of tall fescue in different phosphorus forms

szl

Treatment

R
Root dry weight

o T HE/g

Above-ground dry weight

BTHE/g
Total dry weight

HUE L

Root-shoot ratio

KR
Water-soluble P
AE LR
Sparingly-soluble

PEF

8.123+0.842a
9.433+1.958a
9.386+1.025a
7.715+1.424a

22.037£2.957b
22.733+1.699b
15.838+1.140a
15.872+1.796a

30.160+3.672b
32.166+3.322b
25.224+1.298a
23.587+2.930a

0.370+0.027a
0.413+0.070ab
0.596+0.085¢
0.486+0.069b
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Fig.2 Effects of endophyte on the number of tillers, leaves and average tiller dry weight of tall fescue in different P forms
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Fig.3 Effects of endophyte on total phenol, organic acid content and acid phosphatase activity of tall fescue in different P forms
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