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Study on the Relationship Between Total Nitrogen and Nitrogen Functional
Microorganisms in Soil Aggregates under Long-term Conservation Tillage

WANG Weiyan'?, SHEN Pengfei', ZHANG Houping', Mo Fei', WEN Xiaoxia'’, LIAO Yuncheng" *'

(1. College of Agronomy, Northwest Agriculture and Forestry University, Yangling, Shaanxi 712100, China; 2. Ministerial and Provincial
Co-Innovation Centre for Endemic Crops Production with High-quality and Efficiency in Loess Plateau of Shanxi Agriculture University,
Taigu, Shanxi 030801, China)

Abstract:  Objective Long-term tillage practices can significantly change the distribution of soil aggregates, microbial
abundance and total nitrogen storage in farmland. However, whether there is a correlation between these properties remains
unclear. This study aimed to reveal the relationship between total nitrogen content and nitrogen functional microorganisms within
different particle sizes aggregates under long-term conservation tillage in dry farming areas of the Loess Plateau. Method Based
on the 10-year (2009-2020) long-term tillage experiment (conventional tillage: plow tillage, PT; conservation tillage: chisel plow
tillage, CPT and zero tillage , ZT), the effects of long-term conservation tillage on the distribution of total nitrogen and its
relationship with the abundance of functional genes (amoA4-AOA, amoA-AOB, nirS, nirK, nosZl and nosZIl ) within aggregates in
dry farmland were studied. Result Long-term conservation tillage (CPT and ZT) significantly increased the mass percentage of
mega-aggregates (> 2 mm ) and macro-aggregates (0.25-2 mm), while it decreased the mass percentage of micro-aggregates (<
0.25 mm). Compared with PT, long-term CPT and ZT treatments significantly decreased the soil nitrogen mineralization rate,
nitrification potential, and denitrification potential but increased the total nitrogen content in the 0-20 cm soil layer by 53.4 % and
49.9 %, respectively. The total nitrogen contribution rate of macro-aggregates of CPT and ZT treatments increased by 16.2 % and
21.8 %, respectively. Using qPCR technology, it was found that CPT and ZT significantly increased the abundance of bacteria,
fungi and nitrogen functional genes (except amoA-AOB); and the abundance of fungi, nirS, and nosZI in macroaggregates was
significantly higher than that in microaggregates and macroaggregates, while the abundance of nosZII gene showed the opposite
trend. Mantel analysis showed that aggregate size, soil texture, mineral nitrogen content, sucrase activity, and urease activity were
the key factors regulating the abundance of nitrogen-functional microorganisms within aggregates. Correlation analysis showed
that the total nitrogen content in aggregate soil was positively correlated with MBN, DON, and the abundance of bacteria, fungi,
amoA-AOB, and nosZIl genes, while negatively correlated with the abundance of nirS and nirK denitrification genes.

Conclusion Long-term conservation tillage can increase soil total nitrogen storage mainly by increasing the contribution rate of
nitrogen in macro-aggregates. As the abundance of bacteria, fungi, and nitrification process genes in macroaggregates increases,
the abundance of nirS and nirK denitrifying microorganisms decreases, which improves the trend of the nitrogen cycle and
significantly increases soil total nitrogen content.

Key words: Conservation tillage; Total nitrogen within aggregates; Nitrogen functional microorganism; Dry farmland
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S0 AR AR WAL A P ) RE e T LR (1 T
AESEDR A =E BEAR AR nif | A AL ( amoA-AOA
1 amoA-AOB). nirK. nirS. nosZ ( 1 M%)
DR B 4 ) 2 g B [ e . 2 A L S
T WAL R )l . Az cdl LAY AR Eh 4 5
i NLO 30 5 il Fry 5 PR 177 36 S il 31 A A 4 51 24
fE AL AN S A, % 3 AU ) e Ak A
TERT, KGRI mr g W], (b Ak
VEE 3 W REA nirK . nirS Fl nosZ 1 Fe K = B Fliig
I nifH . amoA-AOA Fl nosZ 11 J& R EFE, fifd + 1
RGP 1) 2 340 4 JB B R AR A Y 5
Ik BT A A T RN LT R R TR 2R, TR e
A £ HER R RS B B R IARAR E A H
MASAL, X HHERCAEY) . AHOCREEZE SR DL Z 18]
s G, BRI A B, BRI R
PRI A A RERCE Y, seAh, AR
VBN TR ML= IE IR AR BT, HHEA L
RGBS 50 ) WUORLAS & 5 = HAE e rh i e
P, [RIE ATR R P R E R Re R A HLA S
SR A W) B FL A3 A P L A it R 25, AT o) - 8
AYLAR B AT T, iTAR AM, LR
TR e R B A A RARRAR (3G I A8, A
MURIEM R AL RIAZ R 2.61 S H , FERIAT R
g m ] 9.30 A~ A, FERBRAK A A LIS & AA7E
21.10 A A M SR 56 F 2R A H AR Bk T
AR AR R R & i . AT Re B R = B R AIE S L
TR Z A R AR v D LR E

T, AU USSR WA PEBE & A
BoAR H R ge x4, il e K R BE T £
HE (0~20 cm) HRKEH . e, AoE A
HAEPERT, JFRSEm 286 %E ft PCR ( Real-time
Quantitative PCR, qPCR ) AR, FITA FIRAL AR
{7 e S V7 I N | =) L A ER 7/ B T S (T D
197 1) W SRR F DI OR AP PE R e A SR AR i
AL BT A P BR S AL ], A2 X R PR 4 PR
it P 228 R AR AL AR

1Bk

1.1 #hk#r#
BFFE T DY JEAARBE R 2 AL XY X RSP PR

PEHIE & A5 (34° 28'N, 108° 07'E, ik
521 m )JFJ& 5T X @ ity 08 i 2 T R KU
30 AR 12.9 °C, 2FETLFEW 221d, FHE
K 880 mm, AFSEHFEKER 632 mm, R EE4E
e 7—10 A, K HE e+, PEEERGE
HEH L HREH AN L. +HE pH 8.0, AHLE
1225 gkg', &R 1.21 gkg ' WA 10.15 mgkg ',
SR 074 mgkg ', ARLHE 18.25 mgkg !, AP
128.63 mg'kg ', ZAHE 1.28 gem™>, TIEBURHLIL
R HTRL 58.76% . ZHKL 39.38% . WKL 1.86%.

1.2 RIIEt

KGR EBRE 2 07 1056 T 45 F 2009 47, FiAs
B — AN - FORE R L = Ak
YEALER: Sk (ZT, PR EEBRE ), WA#HF (CPT,
P MRE ) FEIEE (PT, B5HHME), KR
BEMLIXZH B, 3 AEE, 39 AN/BIX, DMK
125 m* (K 25 mx58 5 m), EAEHHEL IR : %
HER AEBRILIEAT 5 om PURBEVE Y., DA R PBR EERE
K R SRR IEVE D FP 7 & 2F 5 TRAAHF B el
TEFAMLIRRS H 38, TRAA G [ HE 40 om, TRAATREE 30~
35 cm, BRI FHEREHLEES PR IR ; BB 1 S (o F i
BEPLEEAT RIEBIBEE L, BFR 20 cm, SRJ5fH A iE
PR R o BRVEVE L AE A/ N2 R Rl A 2 K
WEANATHEAT . 2 /INEE AN T KA A 4 i M e LA 1
RV G, 9200 2 /N X i, ARG AT B
YEFEE .

ZNFERE SR Ry “BRAZ 1397, B EOKFE
Pl “BRER 6097, &/NETFHRAE 10 H P A&,
WA 6 A LAk, #Fa 225 kghm*, #EFTHE
20 cm; HEKRTRAE 6 Aa#er, 10 7 LA
e, FEFATHE 70 cm, FRIE 23 cm. AERL LG,
PS5 AT R AL 3 . Bt A AR
JRZE (N> 46% ) 375 kg-hm * FIBEAR — 4% (N > 18%,
P,0s > 60% ) 375 kg-hm > YEW 2L N R kAT
TEWE, ) AR > b A 7 S PR AT .

1.3 MRAE

131 BHERESLAE 201945 A S BB
U205 WP 20 emx20 cmx20 cm B+ 5,
HERFFURA M S2 80 %, AN TSR A AR
ZELEMIBEN/N B, i 10 mm B, AR/ X R
A SRR AR A, A B 2 1329 1 kg +
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T R GO L LB PE R 2 5 55— 1R
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THER SR (NO-N) FIEAA (NH,-N) &=
HR -1 B vkt AT . B AR EA (MBN)
F AT BB E, AR5 0.45; AlEtEAL
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Table 1 Effects of long-term conservation tillage on aggregate distribution and stability
BUA RS P 1 B 1R Mechanically stable aggregates
BHED
Rk PNEIE-ZIN T A1 R ik
Tillage method DRy »s5/% MWD/mm GMD/mm
Me/% Ma/% Mi/%

WIHE CPT 59.04+2.56 a 37.23£1.27b 3.73£0.76 a 96.3+6.8 a 3.85+0.47 a 2.49+0.19 a
Gk ZT 57.90+1.85 a 37.51+1.88 b 4.59+1.02 a 95.4+2.3 a 3.91+0.22 a 2.39+0.16 a
B PT 50.42+1.57 b 45.40+£2.36 a 4.18+0.89 a 95.8+5.7 a 3.33+0.17 b 2.06+0.10 b

F 1A * * ns ns Hok *
Ik B g P B IR Water-stable aggregates
BHED
. PRGE 20 PNEIE LI T A e i
Tillage method WR25/% MWD/mm GMD/mm
Me/% Ma/% Mi/%

wRAHE CPT 20.87+1.28b 56.43%3.66a 22.70+1.69b 77.249.7a 1.71£0.14a 0.62+0.03a
Gk ZT 26.05+4.52a 58.33+2.91a 15.62+1.88b 76.5+7.0a 1.98+0.24a 0.71+0.07a
B PT 9.38+1.36¢ 50.74+3.18b 39.88+2.69a 68.0+8.8b 0.92+0.10b 0.37+0.02b

F ﬁ *k * * EES *k TS

I Me, BHIERMA; Ma, KRN Mi, SPARM; DRoos T b BEAT 2] 59 IO B AE>0.25 mm ki 2% P A HY B0 FL 95 WR s

Shy 18 7 Ak FRAS B) ) 0RE ELAE>0.25 mum R 2R AT SR AR A BT LU s MWD J2 MR (R - 2 A AR

GMD J&: BB (R L3 AR . R

[F] /NG g 7 b B R) 22 57 8 35 ( P<0.05 )5 * 43 Bl /R 48 0.05 F1 0.01 7K F-4b R[] F74F 135 25 5%, ns F/n AbF W] 22 55 A . 3% . Note::
Me, mega-aggregate; Ma, macro-aggregate; Mi, micro-aggregate; DRy,s, > 0.25 mm mechanically stable aggregate; WRg s, > 0.25 mm
water-stable aggregate; GMD, geometric mean diameter; MWD, mean weight diameter. Different lower letters in the same column indicate
significant differences among treatments ( P < 0.05) . * and ** indicate significant differences between different treatments at 0.05 and 0.01

levels, and ns indicated no significant difference between treatments.

Y >5 mm fH 2~5 mm N [I~22mm [ 0.5~1 mm B 025~0.5mm [ ] <0.25 mm
a)  100r b) 100 b
a a HHAb
b 11T b
7k e o
S el S sl
g 75 = 75 a T a
G M5 a
[ — -
&2 2« S£
=g m &
NSRS a a e s ab b
oo 50 2 o S50F
AR AR a
Kﬁu X 2
hﬂ%a a %gb
E[@D b b 3230 b b
S & 95|
¥ 25 225
a
b b a
a a a b b
0 a a a 0
CPT 7T PT CPT ZT PT

HEVEALFE Tillage treatment

. CPT, WRIABE; ZT, Gwfk; PT, BBk, REM/NG FHRERRAC BB A7 25 (R K £ 5587, P<0.05), Note: CPT,

Chisel plow tillage; ZT, Zero tillage; PT, Plow tillage. Different lowercase letters indicate significant differences between treatments
( one-way ANOVA, P<0.05) .

BT RGP PRV U E PR IR () RURBEPERIRIR (b) 195

Fig. 1 Effects of long-term conservation tillage on soil mechanical stable aggregates (a ) and water-stable aggregates (b )
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AbF i E AN T 13.5%1 12.5%19> 0.25 mm /KF& Pk
PRIKE 4 L, JFREAR T A R IR IR

I ORAF I B 0 1A SRR b A2 Jd 5 5 ) T 3
TN. DON #l MBN 15 (& 2a, %2). 5 PTAH
le, CPT #1 ZT B&E#Em HIELA SR 51.36%F
53.90%; CPT fll ZT AbFE T 72 A 4K TN X 11 TN
(Y TR o 2 B e, TR SR A TN X 4= 4% TN (19 BTk

a)
LOp

o
=)

=g
(=)}
T

TIELAESE
=
~

Total nitrogen storage/(g-kg™)

f=
[\
T

CPT ZT

PT

PR TR A TR AR

Contribution rate of total nitrogen/%

T FERAL, MRAIRMAK TN STk RAEA R HE b
MZEESALE (K 2b), ks, 5 PT AL, CPT
A ZT AP JFOIR A9 MBN 3 588 hn 86.87% Al
121.80%, DON 43534 i1 53.83%1 104.97%; 45Ki
RATRIKN], SRR, KARAFZ A R
R MBN 43 BIPES A 11.73%H1 24.84%, {HZ
DON 435 °F- Y438 fin 19.00%F1 8.94%

b) 100

75 a a b
N Me
[ Ma

50 D Mi

25 - a a a

0 L b 1 b L a

CPT ZT PT

HHYEALFR Tillage treatment

H: Me, ZBIEMA; Ma, KERMA; Mi, MEARMAE, RELFR=ZAFELZNEWIRMELE . Note: Me, mega-aggregate; Ma,

macro-aggregate; Mi, micro-aggregate. The error line shows the standard deviation of the three repeated measurements.

B2 KRR PR ERN e R &

(a) FUAFRAR A R 2R TR (b) KRR

Fig. 2 Effects of long-term conservation tillage on soil total nitrogen content ( a ) and total nitrogen contribution rate ( b ) of different aggregate

particles

22 RIPEFMEMBABRFLEERMNRELER
=g

5 PT ACFEAH L, CPT A1 ZT 4351 i & 54 m T J&R
IRFhR AL BRI R, SOC, TP, NO, -N |, NH,-N,
R % 1 R BRI 4, JRRRAR T - R A
pH. ST RIRM L, 2 A R AR R AT R AR 43 51
EHOINTORPRL A BRI R pHL IREETE P A
BEBE S M, I 0 2 B AL TR & L SOC . TP .NO;-N
MINH, -N &8 (£ 2),

t & 3 A[%0, CPT Ml ZT AbFEF +I3EM AN 1k
R R Ak T R Ak T AT 3 43 ) 3 R A
21.76%~29.80% . 23.25%~27.69%%F1 32.14%~
58.61% ( P<0.05 ); KA R AARFIZ A RAK + R A0~
Al A I 3 e TR AR, R P SRR 2% P SR K -
0 Ak 0 A 2 R TR SR AR, A R AR K A
R - 4911 SR T vk 34 2 o T R A SR A

23 RIPEMENEARGLEAE. EENRY

e Y E BRI

HHEXTEE . BEMEREREAFEE (B nosll
Gh) B B B RIAKAENT amoA-AOA | nirS.,
nirk . nosZ 1 1 nosZ Il {Y=FFEWRAT W&, (H2X)
TYH . EE M amoA-AOB JC WL E 00 ; BHERAIER
IR AR B ELARAU K AT FI nirK B A 25200 (%
3), 5 PT AbBEAHLL, CPT Al ZT W3 #2014 Al
HEFRE (B 4); ZT 4B 30 amod-AOA HE
ERFEST CPT Ml PT 13, SR, PT L
amoA-AOB K FEEWI I & T CPT #1 ZT +4% (P <
0.05); nirK. nirS M nosZ 1 idfb IR FEELE CPT
M ZT I F R 3w T PT +4% (P <0.05), [A]
i nosZ I S AMALIE R FEAE ZT b iy 35
F CPT #1 PT +4E( P <0.05), KIAIRIEPEE . nirs.
2 TR RIR 2 AR A (] 5), amoA-AOA Fil
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Fig. 3  Effects of long-term conservation tillage on nitrogen mineralization rate ( a ), nitrification potential ( b ) and denitrification potential ( ¢ )

of different aggregate particles

x3 HHMEEKXAEARKREN R MEN FE N

Table 3 Two-factor variance analysis of changes in soil nitrogen functional microorganisms under conservation tillage treatments and soil
aggregate particles

- B B A R R
A S R U gl HIA
df Ammonia oxidizer Denitrifying microorganism
Source of variation Bacteria Fungi
amoA-AOA  amoA-AOB nirS nirkK nosZ 1 nosZ 1l
HHESIE 2 5.729% 7.319* 6.935% 6.908**  25584%*%  16.906%** 1995 15.889%#*
Tillage practices ( T )
AR A kAR 2 0.182 1.381 3.957* 1.485 3.261% 4.123* 3.333% 3.934%*
Aggregate size (A )
TxA 4 6.318%** 1.687 0.690 0.313 1.678 3.776%* 1.999 0.803

W W R 25001k HIR
0.05.0.01 F1 0.001 7K F-4b B W, 2% 5

B ROV AT, R BCEBE 7 2R 1 0
3 ns FRon b B IE] 25 R \[u%‘oNote:Two—factor analysis of variance was carried out using the mixed

PSR ARLAR RPN . *, *%, **03HI R 1E

effects model, in which the tillage method was set as the fixed effect and the aggregate size as the random effect; ** represented extremely

significant difference ( P <0.01 ); * represented significant difference ( P < 0.05); ns represented non-significant difference ( P> 0.05) .

nosZ 1 FePR7E 22 I R A SRR Y =F 5 B3 &
T BAK, T nosZ 11 Y K2 il 1 35 PR = 3 7 1 1A
BR3P R AR OR R A R AR, A B R
nirK 3R EEELRELHEN TR EER.
24 FARGLENE. EEMANGREDEE

B3R 3h & F

Mantel 4387201 (& 6 ), Z0EA AL 3 5 A0 G s+
VR ROR SR o T . SOC, pH., JFEWEEE IS
PE. NO,-N. NH, -N FUREGGVE; BUR S A IR
ST NHAREKKAN, L. TP, NH, -N, i
A T T O R G 5 AR 3 PR B A 3K B0 IR Ry A
BARKN . REBERGIEME . NH,-N Al TN; J2filfh st
R = B A 3R Bl R - B3 . TN | RREREBGE M |
R PE . NOG-N. NH,-N. HIEME KN, Aok,
DA B A - SR AR DGR T LA, TR R 0

TN, SOC. TP FIl NH,-N il pH 23 & 7%,
17 -5 JUR R SR A 5 A L B B2 TE A OG5 TR, pH 5
IR 0 R 2 S P TR O
25 FARGELTESR. HEARNESRS5IEER

SMEEZERNXR

MRS HIEN (£ 4), BARIKELE TN 5
MBN., DON, NO;-N il NH,-N LIS 20 . LA
AOB Fl nosZ I B A B PR ~F i 2 19 2 1R AH G, T
5 nirS 1 nirk B A3 R 35 52 B A G ; H
K11 MBN F1 DON 5407 . FIE LAY RE U
AV EEYREREIEMS; ARELE NO-N 5
AOB T b P 42 B 2 10 35 TEARDOG, i S5 407 . LA
nirS, nosZ 1 Ml nosZ 11 FeH F J&F B i & 71 AHE; .
BIRLHE NH,-N 5 nirS , nirK il nosZ 1 % 52 it fb 3
AR B EIEMHER, 5408 M nosZ 1 FH £ &
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significant difference between treatments.

R wrk errk/hRIZEORTE 0.05, 0.01, 0.001 F1<0.001 K FALPEMEAFLE B EZE R, ns TR 2% 5K B3 . Note: *,

**** indicate significant differences between different treatments at 0.05, 0.01, 0.001 and < 0.001 levels, and ns indicated no

B4 KGR HERERT 305 (a), EE (b) Fl amod-AOA (¢ ). amoA-AOB (d). nirS (e), nirK (f), nosZ1 (g)
M nosZ1l (h) REACT)REHE F= B 1Y 52 el
Fig. 4 Effects of long-term conservation tillage on the abundance of bacteria (a), fungi (b), amod-AOA (c), amoAd-AOB (d), nirS (e),
nirK (f), nosZ1 (g) and nosZ11 (h)
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Fig. 5 Effects of aggregate particle size on the abundance of bacteria (a ), fungi (b), amod-AOA (c), amod-AOB (d), nirS (e), nirk
(f), nosZl (g) and nosZIl (h)
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Fig. 6 Environmental drivers of bacteria, fungi, and nitrogen functional genes abundance

x4 KERPESMETARNZARGKLIBETTYRERFES 2R . WERMETSRANBEXESF

Table 4 Correlation analysis between the abundance of nitrogen functional genes and total nitrogen, nitrate nitrogen and ammonium nitrogen in
aggregate soils with different particle sizes under long-term conservation tillage

N MBN DON  NO,-N  NH,-N Bacteria Fungi AOA AOB nirS nirk  nosZ1 nosZlIl

N 1.000

MBN 0.744** 1.000

DON 0.603** 0.848** 1.000

NO,-N  0.450** 0.501** 0.449** 1.000

NH,-N  0.560%* 0.734%* 0.541%* (251* 1.000

Bacteria  0.533** 0.628%* 0.624%* —0.454** —(0.265* 1.000

Fungi 0.339%*  0.452%* 0.360%* —0.394** —0.121 0.805** 1.000

AOA 0.027 0.249*  0.252%* 0.033 0.071 -0.129  —0.082 1.000

AOB 0.235*%  0.244* 0.337*%*  0.372%¥* —0.172 0.208 0.009 -0.194 1.000

nirS  —0.420%*%  0.520%* 0.630%* —0.266* 0.374** —0.199 0.131 0.204 —-0.371** 1.000

nirK  —0.243%  0.422%* 0.521**  0.146 0.321*%* —0.185 0.138  0.334*%* —0.269%* 0.761** 1.000
nosZ | 0.199 0.299*%  0.411*¥* —0.224%* 0.268* 0.005 0.279*% 0.291** —0.394**  0.806** 0.816** 1.000

nosZIl  0.364%* 0.414%* 0.568** —0.292%* -0.320%* 0.431** 0.272* —-0.100 0.312** —0.272* -0.156 -0.051  1.000

H: *FoRFE 0.05 KT (WE) EBEMIC; **FmE 0.01 KFE (E) LRFEAMIK (n=84), Note: * indicates a significant

correlation at the 0.05 level, ** represents a significant association at the 0.01 level ( double-tailed ) ( n=84 ) .
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