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Effects of continuous application of different nitrogen rates on fungal community
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Abstract: In view of the imbalance of soil microbial community structure and the decline of diversity caused
by excessive application of nitrogen ( N) fertilizer in potato production, a positioned field experiment of different N
application rates (NO: no N application, control, N75; 75 kg « hm™>, N150: 150 kg - hm™*, N225. 225 kg -
hm™, N300: 300 kg - hm™>, and N375: 375 kg » hm™) was conducted in 2013. Rhizosphere soil was collected

during potato ripening period for 7 years. Molecular biological sequencing methods, Illumina PE250, was used to
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study the effects of different N levels on the rhizosphere fungi community structure of potato in semi-arid areas for 5
consecutive years. The species composition of the potato rhizosphere fungi community was significantly affected by
different N application rates. Ascomycota, Mucoromycota, and Basidiomycota were the three dominant fungi ( rela-
tive abundance >1.0% ). The relative abundance of Ascomycota was the largest, accounting for 75.48% ~ 83.95%
of the total sequence. The dominant species were Plectosphaerella (29.92% ) and Fusarium (13.54%). The relative
abundance of Fusarium, the pathogens of potato dry rot, and Fusarium wilt, increased with the increase in N appli-
cation. Alpha diversity of potato rhizosphere fungi decreased with the increase in N application. Over-application of
N for 5 years resulted in a significant increase of NO; =N content in 0~20 c¢m topsoil. The NO;—N content in N375
treatment was 3.76 times higher than that in NO treatment. Over-application of N for 5 years also significantly re-
duced the pH value and available phosphorus content in rhizosphere. N375 treatment decreased 0.17 units and
32.10%, respectively, compared with NO treatment. RDA and correlation analysis showed that soil nitrate N content
was the main factor affecting the changes in fungal community structure in potato rhizosphere (F'=1.571, P=
0.043" ). Continuous large-scale application of N fertilizer significantly reduced potato tuber yield: after 5 years of
continuous N application, due to the accumulation of NO; =N in soil profile, the maximum yield fertilization de-
creased from N225 in 2013-2014 to N75, and other N treatments reduced the yield by 3.46% , 22.81%, 26.05%
and 25.32%, respectively, compared with N75. Long-term excessive N application resulted in a large accumulation
of nitrate N in potato rhizosphere, which led to a decrease in pH, thus reducing the diversity of rhizosphere fungi.
At the same time, excessive nitrogen application increased the relative abundance of soil fungal pathogens in the
rhizosphere, which was not conducive to soil health and improving potato yield.

Keywords : excessive nitrogen fertilizer; potato; fungal community structure in rhizosphere; community diver-

sity ; soil-borne disease pathogens
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Table 1  Effects of continuous application of different N levels on relative abundance and diversity of rhizosphere fungi community

Kb ¥R BTN & OTU %=/ R ZREERR B Diversity index
Treatment Effective reads OTU/No. Coverage Chaol Shannon Simpson

NO 51455 488 0.9982+0.0006a 555.25+23.01¢ 4.18+0.18ab 0.0512+0.0073a
N75 48267 541 0.9979+0.0010a 632.75+30.58b 4.20+0.14ab 0.0494+0.0173a
N150 46436 660 0.9972+0.0004a 758.25+14.08a 4.00+0.21b 0.0543+0.0108a
N225 46092 569 0.9978+0.0006a 649.25+22.94h 4.07+0.12ab 0.0473+0.0080a
N300 53014 624 0.9973+0.0011a 748.25+8.96a 4.28+0.09a 0.0565+0.0055a
N375 52359 577 0.9974+0.0011a 652.25+25.32b 4.18+0.09ab 0.0440+0.0040a

T AN ) PR AR A B R 22 57 8835 (P<0.05 ) , T 1]

Note : Different letters indicate significant difference among treatments ( P<0.05). The same below.
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Fig.1 Continuous application of different N content in

rhizosphere soil fungi phylum community composition
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Table 2 Composition and relative abundance of genus communities of rhizosphere fungi

under continuous application of different N application rates

HTH Fungi NO N75 N150 N225 N300 N375

Plectosphaerella 14.44+8.29b 21.71+4.78ab 29.92+8.11a 16.21+£2.57b 16.61+2.68b 18.55+5.48b
Fusarium 9.63+1.96ab 8.38+1.88b 9.34+2.58ab 8.55+3.26b 9.00+3.34ab 13.54+3.56a
Thielavia 8.07+3.70b 5.37+4.29b 8.35+3.64b 20.95+7.74a 8.29+6.75b 5.30+1.52b
Trichocladium 6.84+4.05a 4.93+£3.01ab 2.26x1.02b 2.95+0.51ab 3.67+0.58ab 3.94+2.68ab
Mortierella 5.59+1.03ab 4.81£1.65b 5.79+1.44ab 8.55+4.99ab 9.71£3.37a 8.24+2.68ab
Cladosporium 5.50+4.47a 6.04+2.38a 7.29+6.64a 4.38+2.22a 7.51+£5.78a 5.16+2.45a
Paramyrothecium 3.09x1.4a 2.62+1.56a 2.23+0.69a 2.42+1.35a 1.49+0.70a 1.89+0.76a
Tetracladium 2.81+1.65a 2.51+2.25a 1.89+1.73a 2.09+2.48a 1.46+0.80a 1.80+1.03a
Alternaria 1.89+0.43a 1.39+0.51abe 1.17£0.10bed 0.70+0.03d 1.07+0.31cd 1.80+0.69ab
Vishniacozyma 1.66+2.46a 1.01+£0.23a 1.42+0.36a 1.06+0.65a 1.86+1.89a 1.86+£1.99a
Chaetomium 1.60+0.56a 1.5+0.84a 1.11£0.27a 1.36+0.25a 1.72+0.72a 3.60+4.70a
Lectera 1.43+1.47a 7.16+2.89a 7.11+4.33a 5.99+7.62a 5.09+3.07a 3.58+2.31a
Acremonium 1.29+1.50a 1.13+0.17a 1.37+0.67a 1.10£0.32a 1.48+0.82a 1.2+0.26a

*x3 EFEATRAREMNTEBEAERNZ

Table 3  Effects of continuous N application on soil physicochemical properties

e NO;-N % i NHj-N & AL PR
Trez Nitrate N content Ammonium N content pH SOM Avail. P
reatment 7 _ - _1
/(mg + kg™") /(mg + kg™") /(g-kg) /(mg - kg™)
NO 5.82+0.42d 0.61+0.09d 8.20+0.03a 17.06+0.13a 32.99+1.52a
N75 7.23+0.62d 0.62+0.08d 8.14+0.01a 17.61+0.19a 30.57+1.35ab
N150 9.88+0.47¢ 1.60+0.03ab 8.13+0.01ab 18.02+0.40a 26.95+0.7abc
N225 11.29+0.89¢ 1.14+£0.23¢ 8.12+0.03ab 17.98+0.07a 24.35+1.53bc
N300 17.32+0.66b 1.25+0.10be 8.05+0.02bc 17.25+0.23a 23.2+5.15be
N375 21.90+0.59a 1.69+0.07a 8.03+0.04c¢ 17.64+0.50a 22.4+0.94¢

23 HEMESTIEBAMERMITRSH(RDA)
RitE 25 T fif BT DR 3K AR B TR R R 45 1
ARSI, K L T AR 19 78 Ak 5 PR B8 IR i A L s
(SOM) pH fH JHALWE(AP) fHA R (NO;-N) FlL
DA (NH, -N) Z [T T IUAR5H7 (RDA) |, Z5 5 4n
Bl 3 7R . FLIRHE IS 45 08 22 S AE 1 A HE P 5l 1 fige
BRIy K 8.10% ,5.22% ,NO; ~N I NH] -N £ 1F
FHOG, T pH (BRI AP S 97URH DG OC R | R A DI i)

RDA25.22%

O
PIE 1, NO; -N 811 T N150,N225 N300 Fil N375
TR SR, FIHER S R | ;
RIS PR 1 X P oA B R R A 45 2R B 2R, NOS -N R E o
SRR EA R AR EE N T (F=1.571,P g g 2 - < 2
=0.0437), RDA18.10%
24 EEFHBEEHNTHETEELERNMESE 4 :SOM, AP ,NO3 -N,NH} -N 45 4% & £ A WL, sk
Ay i B RS AT, A A P EE T 999 K E BRI,
s - e e s BEHERRIEN * P<0.05; # * P<0.01; * * * P<0.001.
ﬁlﬁ*iﬁﬁﬁﬂz%ﬂﬁﬂﬁﬁE‘J{jﬂ%@ﬁ?ﬂ‘]%iﬁﬁ[?, Note:SOM, AP, NO;-N, and NH} —N represent soil organic
’I%%Bﬁj:i%%f@%ﬁIﬁ'ﬁ*ﬁ%ﬁ%ﬁ?@%% E@ﬁ%ﬁﬁ matter, available phosphorus, nitrate N content, ammonium N con-
,’ri‘ Spearman *H?é‘fiﬁﬂ‘ﬁ ,%%D—LL%:{ 4 \%‘:2 3 %H%‘:{ 6. ﬁ tent ; i val(;l(z)xlvas obtainer;by z9§0rleplacement tests. * P < 0.05 ;
D, N * % < 0.01; * s =* < 0. .
rah R WoR B BEE LS TE ] TR XK FE K B3 +EEES5HERETZEN RDA 44

5 NO;-N i A WA ﬁ’é‘l‘i, 5 AP 2R FIE Fig.3 RDA analysis between soil fungi and environmental factors
AHIC Y T LS R A HE S )8 (Alternaria) , 5 pH

AP S B EGHKERIS NO;-N Gt g g 25 EEEARERRLENLRESRIZN
S E AR A Mucoromycota_norank F1% 175 REZ DR BIY B CHERR 6 K+,
J& (Mortierella) , T 2€5¢ 1 44 ( Sordariomycetes ) Fl4 SRR AR L P A AN 4 TR, S
TV ( Fusarium) {5 AP 5 B E R, SRR NT5 AR BEEL B 55 R R, 26 410 ke
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o538 %

- hm™, 5 N75 A, NO N150, N225 N300, N375
(IHZE 7= 5 43 M B AR T 7.58% . 3.46% . 22.81%
26.05%F125.32% , 4510, Bt 0 1 3G Eh 4%
HYEE PRI A T i it 2 s
SRS R NI SR E AR EIR 2

X A e S Y NO; -N NH; -N |
pH A HLJT A 00 A OGP 23 B, 45 R 3k 7
INo AR R, B RS NOS-N 0 A
KHKF(P<0.01,r=-0.578) ,'5 NH;-N &2 B ¥

TAFHEFFR (P<0.05, r=-0.437) , 5+ pH (&
Wi A E K 2 (P<0.01,r=0.556) , 54 HLE I

x4 HEABEHSIHEEBEAERZEH
XS (1TKF)
Table 4 Spearman’s correlation coefficients between

soil characteristics and fungi relative abundance ( phyla)

B - AHLBT R
= _ H = 1
Fungi NOG=N— RHi=N- pH SOM  Avail. P
Ascomycota -0.183 0.182 0.293 0.225 0.150
Basidiomycota 0.279 0.199  -0.220 0.053 -0.384
Mucoromycota 0.507* 0.189  -0.494" -0.264  -0.160

# Note: * P<0.05; * % P<0.01. F[f] The same below.

x5 HEABEESIEEAERZE
BRI KM ST (KT )
Table 5 Spearman’s correlation coefficients between soil

characteristics and fungi relative abundance ( class)

=) AP

o -
Fungi NO;=N- NHi-N- pH SOM  Avail. P
Sordariomycetes 0.191 0.287 -0.217 0.151  -0514"
Dothideomycetes 0.053 -0.008 -0.038 -0.100  0.170
Ascomycota_norank —0.410" -0.326 0.249  -0.100 0.237
Mucoromycola_ ) sose v 0337 05217 ~0016 ~0410°
norank
Tremellomycetes 0.253 0.183 -0228  0.092  -0.097
Leotiomycetes -0.287 -0.483 " 0329 -0.131 0.230
Eurotiomycetes  —0.075 -0.269 0.081 0.137 0.062

xo6 HEMBERSLHEEAMR
Z B XSS (BKTE)
Table 6 Spearman’s correlation coefficients between soil

characteristics and top 10 relative fungi abundance ( genus)

AP

HIA

Fungi NOS=N NHEAN e oM Avail.
Plectosphaerella 0.131 0.382 -0.173 0099 -0324
Fusarium 0.217 0.369 -0200 -0277  -0457"
Thielavia 0.012 -0.047 0.174  0.190 0.090
Trichocladium ~ —0.203 -0.148 0.022  -0.069 0.162
Mortierella 0.555" " 0.337 -0.521* *-0.016 ~ -0410"
Cladosporium 0.065 -0.061 -0.029 -0.058 0.184
Paramyrothecium  —0.383 —0.388 0.319 0.058 0.165
Tetracladium ~ —0.251 -0.246 0.305 -0.181 0.028
Alternaria -0.218 -0.064 0.129 -0.116 0422

Vishniacozyma 0.170 0.272 -0.124 0042  -0.083

PRACHE WA 2 3 W AH OGP, X B NOS -N FiI
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W HT 4 pH R AR, M
Jith 2R BB, VR 2 A B A S AU R,
it & T 207 kg - hm 2N Bif 5 i R0 B 0+
HENO,-N BB B F I | X 5 A0 5T 45 3
FEA S HFE PR R TR T 28R A A
Befb, M PSS A S B R E E £, Wang Qi
PV BRI R AT PR A TE R AR 1R, 2
4221 kg « hm 7 3R)J2 £ 1 NO;-N BUREEH N, 4
it AN % 300 kg - hm 2 ,0~200 em 2+
HENO;-N B & g 1,

WEEA RN 5 B A KW, 5k
B B AR AR it FH £ A L, VR 7 VA S 1 T
Hy2s R AR SE H, NO b B i B A R
24 408 kg - hmfz,?,j\iﬁﬁ, MR E N 75 kg - hm™ Hﬂ‘,
PRI 26 410 kg - hm ™ {4 T 8.20%, 5 N75 4
Ft,N150 N225 N300 Fl N375 ;=450 B A 13.46% |
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Fig.4 Effects of continuous application of different
nitrogen rates on potato tuber yield

% 7 Spearman 18X ES T

Table 7 Spearman’s correlation analysis

miH _ AR R
0;-N H;-N N
Trem NO; NH; pH SOM  Avail. P
FoH Yield -0578* %  -0437F 0556 % -0.156 0.305
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