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Regulation of Phosphorus Levels on the Interaction Balance between
Endophytic Fungus Phomopsis liquidambaris and Rice
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(Jiangsu Key Laboratory for Microbes and Functional Genomics, Jiangsu Engineering and Technology Research Center for Industrialization

of Microbial Resources, College of Life Science, Nanjing Normal University, Nanjing 210023, China)

Abstract: [ Objective ] The interaction between endophytic fungi and plants is affected by many factors, among which the
content of phosphorus in soil plays a key role in regulating the interaction between them. However, it is not clear whether and

how phosphorus fertilizer in the environment affects the interaction between endophytic fungi and plants. [ Method ] In this
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study, the symbiont of Phomopsis liquidambaris (B3) and rice (Oryza sativa L.) was used as the experimental model. Three
different phosphorus levels, i.e., low phosphorus (LP), medium phosphorus (MP), high phosphorus (HP), uninoculated
endophytes treatment (E—), and inoculation endophytes treatment (E+) were designed in this experiment. Physiological indexes
of rice and B3 colonization were detected under different phosphorus levels to explore how phosphorus regulates the
interaction between B3 and rice in the outdoor experiment and greenhouse experiment. [ Result ] In the outdoor experiment, B3
significantly (i) increased the phosphorus uptake ability of rice, (ii) promoted rice growth in the whole growth period and the
formation of rice grain in the mature stage, and (iii) increased the rice yield by 7.05% under LP treatment. In MP and HP
treatments, the effect of B3 was weakened. In the greenhouse experiment, under LP treatment, compared with the uninoculated
treatment, the root/shoot ratio of rice inoculated with B3 increased by 22.48%, and resulted in an enhanced phosphorus uptake
ability of rice by 39.98%. There was a significant enhancement of photosynthesis in rice and the accumulation of carbon
sources such as sucrose, glucose and fructose in rice roots. However, the colonization of B3 was significantly limited under
this condition. Also, consistent with this result, the biomass of B3 cultured in the LP medium was significantly lower than that
in MP and HP mediums, which meant that B3 would be significantly affected by the phosphorus concentration. In the MP and
HP treatments, B3 had high colonization in rice roots, but had little effect on rice growth. [ Conclusion ] Phosphorus
concentration affects the symbiotic relationship between B3 and rice. In LP treatment, B3 colonization was low in rice roots,
but it significantly promoted plant growth. In MP and HP treatments, B3 had high colonization rates in rice roots but with no
significant effect on rice growth. Understanding the influence of phosphorus fertilizer on the interaction between endophytic
fungi and plants will be helpful to improve the utilization efficiency of phosphorus fertilizer and microbial resources, which
will provide a new path for the sustainable development of agriculture.

Key words: Phosphorus; Endophytic fungi; Phomopsis liquidambaris; Rice; Interactions
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1.1 gt

MR TR MR R N A LR R $U2E 5.8 ( Phomopsis
liquidambaris ) ', XK RG (Oryza sativa L.) i
T A R RE 5055, A 3 R VT 95048 R Bt Uil K244
Yyl K R FH A A, - eI I pH 7.25,
& 142 mgkeg', HAHE 717 mgke', A
489 mg'kg ', BAFA 98.0 mg-kg ', & 320 mgkg ',
AN 64.0 mgkg .
1.2 EikHl&5E

P 1E WURLIRL G 1 K REFR T, 70% LR TS 5
5min, 3%KARMEEHEFE 10 min, FICH K
VRO, fE 28 CRMTITA. BAE, HHER
EAKEEANE RSP S mL B3 MR E
250mL PDB i, B TRIKH 28 C.
180 rmin' #4597 2 d, W3k 3.40 g( MM TF 037 ¢
T ) WHZE, HIXHZEBKERMNIK, I
% 500 mL, fENERI. KRR KE 10d B, R
TR 2 mL B EVE, AREAAINME A 2 mL G
B K .
1.3 #iFigit
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28T CANOVA ) sififi Al FEAR T K258, LI E
A PRTE A B E TR L R R N+
FRifETR

2 4 R
2.1 AEBKET B3 MABEETHERKNZN

% 1 IARFBKTE T B3 XKL LA bR 15
Wi, RTLLF D, FER AN BEINT, B3 $E AP S REK

VIR WE R BAENT, TR T hA B
EH (P <0.05), 7RI X KAEA K 5™ 5
LA K (P<0.01), SR,
HATE LP AKFT, B3 #fhas b F 3 nsr gl | 42
FEM . AR RE AR e S EEE, R KRS TR E
7.05%; T MP K- T 428D B3, /KR KIEIRAN
P SR AL BEA L 22 N 3 7E HP KT,
A B3 WEREL TOKREGEE . TES TRE, 5

RAERIAE AL, KR TR R T 5.15%.

1 AEBEKET B3 MKIBEKIEFRIE N

Table 1 Effects of endophytic fungus B3 on growth index of rice under different phosphorus levels

A 44 BEAKF ab 3 PR fitf T T
Stage P level Treatment Height/cm Fresh weight/g Dry weight/g 1000-grain weight/g
E- 34.52 £ 0.84 249 +0.37 0.56 +0.07 —
- E+ 32.28 +1.03 1.79+0.35 0.39 +0.07 —
Hi E- 35.36 + 0.60 2.76 +0.28 0.72 +0.07 —
Seedling stage P E+ 35.12+0.96 2.64+0.31 0.58 +£0.06 -
E- 37.40 +0.43 2.35+0.24% 0.78 + 0.04%* —
HP E+ 36.32+1.07 1.64+0.11 0.48 £ 0.02 —
E- 51.52+1.75 13.70 + 1.65 3.24+0.39 —
L E+ 59.63 +1.77* 16.23 + 1.48* 423+0.75 —
5 BEM E- 52.47+£2.79 18.38 £2.64 4.09 £ 0.54 —
Tillering stage P E+ 51.74+ 1.71 16.23 +3.65 4.42 +1.47 —
E- 5433 +0.92 21.94 +2.36%* 4.49 +0.46% —
w E+ 56.85 +0.96 10.18 +1.90 2.78 +0.43 —
E- 76.47 +2.36 82.32+1.56 19.24 +0.65 —
L E+ 82.10 + 0.75* 87.50 + 0.76* 18.91 +0.78 —
Zp R E- 86.67 + 0.82 97.98 + 4.61 23.78 + 0.99* —
Booting stage P E+ 85.14 £ 0.91 89.24 £2.14 20.46 +0.91 —
E- 84.27 +3.25 106.53 + 3.41* 24.40 +2.19* —
w E+ 86.55 +0.95 86.03 £ 5.69 19.41 +0.79 —
E- 94.07 +2.21 137.71 +£2.26 25.58 +0.82 29.73 + 0.66
- E+ 98.58 + 0.65* 143.86 + 1.26* 28.98 + 0.54* 31.82 +0.40*
I E- 99.90 + 3.89 174.40 + 8.13 3435+ 1.21 33.27+0.16
Mature stage P E+ 100.05 +0.35 160.20 +4.15 32.07 +1.09 33.87+0.17
E- 106.10 £ 1.97* 165.26 + 4.95% 34.46 + 0.40* 31.70 + 0.40*
w E+ 98.73 £ 1.30 147.00 £ 5.11 3133+ 1.17 30.06 + 0.21

{E: LP, MP., HP Jp3l R 08 . Pk, Wik s B—. E+0Ml 375 REFR B3, #£7 B3; * P<0.05, ** P<0.01, F[il. Note:

LP, MP and HP were low, medium and high phosphorus levels respectively. E- and E+ were uninoculated B3 and inoculation B3. * means P

<0.05, ** means P < 0.01. The same below.
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(P<0.05), ANEFh B3 B}, MP 5 HP /K- /K FEATRiL
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KETF, R B3 BEM D E KR AR R L S
KB (P<0.01), H5 MP, HP /K40 b 3
ZRARNEE, XERPLE LP KT A B3 GEA L
G2 S AR X K FERF AL T 81y R 1

Ay 1 r] L, KR M b A T S e
KRR AR S B 0 P BRI A e 2 s R A ke
IKRER B & I 22 A 3 (P < 0.01), /K

e 0 b O i B A A SRt Tl 1% 1 g
B, AT B3 R, EAEEASE, B3 HR
AR ENZEER, RAELPKET,
Rl B3 JE KR ML R v TR R AL

FE 43 BE RN 2B R0 A B 25K F (P <0.01) JFH
IEARBEFP LR I 28.36% . 23.33%; b T #HE S
AR AP EER | R R I AR AL (P
< 0.05), T7E MP 1 HP /KT, B3 $ER0AEHEXT 7K
FE A1 A A 5 2t BRI R B4R, 5l MP /K-
T, SRR, KRR B3 5 B
R - R0k 2 i R HE R R B ik 25.87% . 12.50%

FR2 ATEHKET B3 3tk IEFFH A9 80

Table 2 Effects of endophytic fungus B3 on rice grain under different phosphorus levels

RS PR
b3
Seed width/mm Seed length/mm
Treatment
E- E+ E- E+
LP 3.79 £ 0.06 4.05 +0.06%* 6.75+0.08 7.10 £ 0.08**
MP 4.12+£0.03 4.03 £0.07 7.17+0.10 6.95 £ 0.06
HP 4.02 £0.09 3.97+0.08 7.12£0.04 7.17 £ 0.09
a b)
T 6r o 4r
$ ‘91) —— [ P+E—
o0
§ a g/ —a— [ P+E+
3 3 3 a
I 2 4t . © a —— MP+E—
<HI o— IH G a
?ﬁ § = § 2
4 E a3 g —— HP+E-
BOo2r b b
E 2 ,L b ¢ 4 —— HP+E+
;5 C & 1 c
.g- d é. d b
‘Q:oq C 1 1 1 % é G N 1 1 d 1 N ¢
W EEl ZRREN el W EEN R e
Seedling Tillering  Booting Mature Seedling  Tillering  Booting ~ Mature
4 Stage 4 Stage

o F— L F WA FFREERIRTE 0.05 /K255 12 3 . Note: Different letters affixed to the data in the graph indicate a significant difference
between treatments at P < 0.05.

K1

AFEBEKTT B3 X 7K Rl A i) 5 0

Fig. 1 Effects of endophytic fungus B3 on phosphorus uptake in rice under different phosphorus levels
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Log:bA)

& 2a f7, A A T KO 35 e K e
K (P<0.01), K#EZEF B3 B, LP, MP KFETFK
AR K & T HP ALBE (P <0.01); B3 40 5k
HKFAAE R E RS HAER] (P <0.01), B3 #&M)51E

LP 7P TR AR KA AR AL R 2 25 9.01%, 4351
MP Fil HP A FKREMRCHY 1.23 f5 1 1.20 5., 7K
REARTE EE (18] 2b ) BORFEF AL Ly 22.48%, 3ol /2
MP 1 HP /K- T KRR GE LL B 1.23 A5 1.04 1%

I 20 BER L WK T B K RE R B A B (P <
0.01 ), B2 41 SRR Lt 186 0 , 7K R PACRA 3 LR
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Fig. 2 Effects of endophytic fungus B3 on root length( a ), the ratio of root and shoot( b )and phosphorus uptake( ¢ )under different phosphorus
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Fig. 3 Effects of endophytic fungus B3 on total chlorophyll
accumulation in rice under different phosphorus levels
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Fig. 5 Colonization of the endophytic fungus B3 in the roots of rice
under different phosphorus levels
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Effects of endophytic fungus B3 on sucrose (a), glucose (b), and fructose (c) accumulation in rice roots under different phosphorus levels
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Table 3  Effects of different phosphorus mediums on the biomass of the endophytic fungus B3

SEMRFEFE Plate culture MRS SR Liquid culture
A3
T 22 ff W22 T T 22 i T W22 T
Treatment
Fresh weight/g Dry weight/g Fresh weight/g Dry weight/g

LP 0.050+ 0.007b 0.016+0.001b 1.831+£ 0.105b 0.076+ 0.005b
MP 0.101+0.013a 0.032+0.003a 3.007+ 0.186a 0.098=+ 0.008ab
HP 0.089+ 0.007a 0.029+ 0.002a 2481+ 0.422ab 0.103+0.012a

e W3 e R PR R TE 0.05 K22 57 3 . Note: Different letters affixed to the data in the same column indicate a

significant difference between treatments at P < 0.05.
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