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Abstract: Long-term chemical fertilization (especially nitrogen fertilization) under intensive land-management practices in
agriculture is of great concern globally due to its adverse influence on the environment and human health. Returning the
eco-friendly crop residues to farmland is a promising way of reducing chemical fertilizer input and alleviating environmental
problems. Objective Protists are unicellular eukaryotes with enormous abundance and diversity, and play versatile functional
roles to improve soil fertility and agricultural productivity. Thus, they comprise an integral component of soil microbiota in the
agroecosystem. However, little is known about the responses of the soil protist community to nitrogen fertilization in combination
with straw incorporation. Method Here, a fixed field trial with 2 > 4 full-factor interaction was performed to examine the
variations in diversity, composition, and potential function of the protistan community using Illumina high-throughput sequencing
under eight different fertilization treatments (2 straw returning groups > 4 nitrogen gradients), Also, the key forces driving the
variation in soil protistan community were determined in combination with edaphic property analysis. Result The phyla
Chlorophyta, Conosa, Cercozoa and Ciliophora were dominant in the soils for all treatments. Nitrogen fertilization diminished the
diversity of soil protists, whereas straw returning in general modified such impacts, with more pronounced effects under higher
nitrogen application rates. Regardless of whether straw was added, the relative abundance of Chlorophyta exhibited an overall
decrease with increased nitrogen gradient. Cercozoa and Ciliophora presented an increase in proportion with the amount of
nitrogen fertilizer in the straw returning group. In the current study, the protistan functional community was predominated by
phagotrophs in all treatments. Compared to treatments without straw addition, the implementation of straw returning enhanced the
relative abundance of phagotrophs, but suppressed the proportion of phototrophs. Protistan parasites preferred a high nitrogen
input under exclusive nitrogen fertilizer, with highest proportion in N300 treatment, which was significantly higher than those in
all other treatments. Soil properties were important environmental factors determining the shifts in soil protist community, with
soil organic matter and pH exhibiting the most intensive influences as revealed by redundancy analysis (RDA) and Pearson’s
correlation analysis. Conclusion This study provides experimental evidence that nitrogen fertilization coupled with straw
incorporation have consequences for the soil protist community. It also shows that the phylogenetic and functional taxa of protists
are responsive to such agricultural management regime alterations. Future studies should aim at deciphering the trophic
associations among microorganisms, as well as constructing agricultural soil microhabitat beneficial for crops based on
reasonable fertilization regimes and utilization of biotic resources like protists.

Key words: Nitrogen fertilization; Straw returning; Protists; Diversity; Community composition; Functional groups
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AbEE (N300), FEFFIR HAREE (S ), FEFFA HECHE N
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Br ) P SR B a2 4 HE % K & ( Moisture
Content, MC ); RS A HEMZENE 3% pHIK -
e viv A 2.5+ 175 1386 HLF( Soil Organic Matter,
SOM ). 4% ( Total Nitrogen, TN ). 4# ( Total
Phosphorus, TP ) FI45%# ( Available Phosphorus,
AP) SR HEB R AR . FREILIRE .
HC10,4-H,SO, 1§ #—H#HL L (L F1 NaHCO; &
P BB L AR E ;. HIEFERZE 0.01 molL!
CaCl, Wi iR 4 I i 1 i sh 43 BT ( AA3, SEAL
Analytical, fE[E ) W& #%ER (NH;-N) FAHSA
(NO3-N ),
1.3 SEENFREVEEESN
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Biomedicals, 3£ ) M 0.5 g +3EH#EH DNA, 21
RS R &R RO 5 . DNA 19 58 B Pk ia i
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R 4366 EE T ( NanoDrop Technologies, hermo
Scientific, MA, 3¢ )l & DNA BG%, 3158 DNA
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K.OEFRE FAK . HME R ER (s Lo
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Information, NCBI ) #(#iJFE, &F 5~ PRINA
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4 0.05. BZ/K#k (Pearson ) #H2G43 41K Hl SPSS 20.0
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HERAL (P <0.05), FEFFEHRER 3RS T L3
pHo 5 it A FF AL FRAF LL, o0t b AT Ak 2 B0 o o
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Table 1 Soil physical and chemical properties

i AHLET £ X Rk AR HER FoK
Bt
pH Organic matter /  Total N / Total P/ Available P/ NH; -N/ NO; -N/  Moisture content
Treatment
(gkg!) (gkg!) (gkg!) (mgkg™) (mgkg™") (mgkg™) / (gkg")
CK 8.40 +0.02a 18.49+0.39d 0.96+0.0lc 0.78+0.05b 55.94+1.18bc 8.73 +0.28bc 13.87+0.80d 208.4+2.7¢

N100 8.19+£0.02bc 24.81+0.92a 1.20+0.04ab 0.79+0.04b 49.88+2.49cd 9.89+0.57bc 21.59 +3.33cd 237.1 +8.3bc
N200 8.02+0.09d 2527=+1.16a 1.28+0.07a 0.72+0.05b 50.19+1.39cd 12.77+5.10ab 91.90+21.67a 253.7 +3.5a
N300 7.98 £0.04d 26.38+0.66a 131+0.02a 0.74+0.05b 35.10+3.30e 8.99+0.59bc 81.40+9.47a 247.1 +10.5ab
S 8.40+0.05a 20.11+0.93cd 1.04+0.06c 0.72+0.01b 47.45+1.95d 6.98 £0.23¢  16.44+0.33cd 231.7+7.3c
SN100 8.28+0.07b 2231+1.30b 1.15+0.11b 0.90+0.10a 67.51+3.87a 7.10+0.61c  17.46+2.07cd 229.3 +5.0cd
SN200 8.22+0.05bc 20.34+0.73cd 1.22+0.05ab 0.74+0.07b 56.69 +6.11b  10.92+2.23bc 32.49+1.68c  250.6 +3.5a

SN300 8.17+0.02c  21.71 +1.58bc 1.22+0.07ab 0.71 £0.02b 33.66 +4.88¢ 16.23+4.78a  58.68 +7.80b 216.8 + 11.5de

TE: BERFTPE a2 (n=23); FIIARRVNG FERRAF A 253 8% (P <0.05). CK AAMAIALEL, N100
N 100 kg-hm 2 b \N200 Jy N 200 kg-hm™ ZbFE N300 2y N 300 kg-hm™ ZbFE S Sy #% FF 36 FH 4L FE . SN100 J9 5 FFik FHECHE N 100 kg-hm™
ARFE . SN200 S FF A H i N 200 kg-hm ™ b ¥ . SN300 % FF 14 H it ifi N 300 kg-hm > 4b ¥, T[], Note: The data were average value
+ SD (n=3); different lowercase letters in the same column indicate significant difference between treatments ( P < 0.05) . CK indicates
treatment without nitrogen fertilization and straw incorporation, N100 indicates treatment with N fertilizer application rate of 100 kg-hm 2,
N200 indicates treatment with N fertilizer application rate of 200 kg-hm2, N300 indicates treatment with N fertilizer application rate of 200
kg-hm™?, S indicates treatment with straw incorporation and no nitrogen fertilization, SN100 indicates treatment with straw incorporation and
N fertilizer application rate of 100 kg-hm™?, SN200 indicates treatment with straw incorporation and N fertilizer application rate of 200

kg-hm™, and SN300 indicates treatment with straw incorporation and N fertilizer application rate of 300 kg-hm . The same below.

x2 TEBUMRMELEENZHEEMNERAEST

Table 2 Two-factor ANOVA for soil physical and chemical properties and protist diversity

A LB FKE AR BeAS A AR B0 £ AL
Organic matter Moisture content ~ Available P Pl NH; -N NO; -N Total P Total N Shannon index
N 0.00%** 0.00%** 0.00***  0.00%** 0.01* 0.00%*** 0.01* 0.00%** 0.36
S 0.00%** 0.24 0.03* 0.00%** 0.84 0.00%** 0.73 0.31 0.26
NxS 0.00%** 0.00%*** 0.00***  0.01%* 0.01* 0.00%** 0.11 0.12 0.05

e NOREUEREA . S HFEFFEH , NxS AN H STFHE HAZHAEH . *FRR P <0.05, ***F/R P<0.001., Note: N indicates
the influence factor of nitrogen fertilization, S indicates the influence factor of straw returning, and NxS presents the double factors of

nitrogen fertilization and straw returning. * indicates P < 0.05, *** indicates P < 0.001.

RERGHWERA, FALEYBESE O B FIHXTEE R 4.29%~15.95%.
HA . 19017, 61414, 108 1~H . 202 41EL, 338 WK 3 FrR, AN H AL, Bt 205 35,
ANJEA 396 AR, HIERRA A EEIEAET TKE B 283E1] (Chlorophyta ) AN BERRAG, HER T
HMIEONE 2 Fos, ARSI TAERE, H (Conosa) FMZFEHI] ( Ciliophora ) HYAHXF+ By
th2g3%E0 ] ( Chlorophyta ) “F¥JAHXT 3B R 20.74%~ SR - A, 22 R 7] (Cercozoa ) HYAHXT
42.21%, HE 2 W] ( Conosa ) A X} =F & H FRE R TR T R, AT ( Apicomplexa )
15.50%~35.05%, 2z H[7] ( Cercozoa ) “F-¥JAHX} FIFRXT = BEFE N300 Ab#irh i 5 (P <0.05 ), FEFFie
FREH 11.18%~27.09%, £FEH ][] ( Ciliophora ) FHZ, B E e, 2% 07] ( Chlorophyta) fY
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4bFR Treatment [ 07 Ciliophora [ Dinophyta [ Malawimonadidae

1« *3&R P<0.05. T [H. Note: * means P < 0.05. The same below.
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Fig. 1 Shannon index of soil protist community of different treatments
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Fig. 2 Soil protist community composition at the phylum level
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Fig.3 Changes in relative abundances of the dominant phylum of protist community

23 TEFEEEYEEIIGEARTE
I E A A YRR T RE AL AN R 4 TR . 4%
AL PR SR A AR Y & EE 57.00%~79.57%, 6

FH B 12.11%~27.78%, ZFEFK L 1.40%~
13.54%, RIS AR, FEAF WAL A RS AT
AN FH Ak B S IR AR AR W A R T
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7.95%~14.01%, T '6F=E I A A 90 %) AR X 3= 3 )
FEAR T 0.8%~12.0%. N300 AbHH (14 27 A 2K J5 A A=
Fef] (13.54% ) 3% & FHALALEE (P <0.05 ),

2 100 = = — — N N
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Fig. 4 Functional composition of soil protist community

24 TEFLEEYEEENTHL
PCoA /3 Hras i (B 5) %W, FEAFAE M4,
AL PR E] A AR YRR G 2 AR B, (HE B

R=0.199, P=0.015

04|
®CK
® N100
® N200
S ool ® N300
$ 02 HA
o & SN100
= & SN200
&) 4 SN300
Z 0
02

~0.4 0.2 0 0.2 0.4 0.6
PCI (20.35%)

B s HHERAE YR I bR AT (PCoA)

Fig. 5 Principal coordinates analysis ( PCoA ) of soil protist

community
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Table 3 Pearson’s correlation analysis between the relative abundances of functional groups and edaphic properties

AL oK

A AR AR g Ko

Organic Moisture pH

Available P NH, -N NO; -N Total P Total N
matter content

242K Parasites 0.460* 0.280 —0.264 —0.473*  -0.095 0.376 —0.209 0.361
5725 Phototrophs -0.054 -0.071 0.225 0.103 -0.227 —0.024 0.256 —0.163
i 2% Phagotrophs -0.140 0.017 —0.041 0.033 0.174 —0.045 —0.148 0.009
HAth 7 %% % 25 Other consumers 0.470%* 0.258 -0.234 -0.486* 0.188 0.431* -0.17 0.323
HAbZE Others -0.263 -0.233 0.089 0.37 0.063 —0.355 0.142 —0.205

T BUE N R ARA M R B, *#£/R P<0.05, **3%/8 P<0.01, R[E. Note: The values are Pearson’s correlation coefficients,

and * indicates P < 0.05, ** indicates P < 0.01. The same as below.

x4 FREEVINEEREN FE BB K RHFEXM

Table 4 Pearson’s correlation analysis between relative abundances of functional groups

EEES 9B S WAE%E HoAta e 28 HAtag
Parasites Phototrophs Phagotrophs Other consumers Others
774224 Parasites 1
3% Phototrophs -0.280 1
35 Phagotrophs —0.410% —0.505% 1
HAt i 2875 2 Other consumers 0.798%* -0.065 ~0.465* 1
HAhZ Others ~0.166 -0.238 -0.337 -0.235 1
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