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Abstract:  Objective Soil fertility is significantly influenced by plough layer thickness. However, it is still not clear how the

transformation and fate of fertilizer nitrogen (N) in fluvo-aquic soils would be affected by plough layer thickness. Method In
this study, a soil column simulation experiment in the field was conducted throughout three crop cultivations. The experiment was
performed in a completely randomized design with six treatments including two plough layer thicknesses (15 and 25 cm) and
three soil textures (sandy loam, sandy clay loam and loamy clay). A "’N-labeled tracer technique was used to evaluate the
dynamics of fertilizer-derived organic N, fixed NHZ and mineral N in 0-40 cm soil layer and the fate of fertilizer N in soil-crop
systems.  Result  The transformation of fertilizer N in soil-crop systems was significantly affected by plough layer thickness,
and showed the same varying tendency among different textural soils. The residual fertilizer N existed mainly in the form of
organic N, which accounted for more than 83% of the total residual fertilizer N and played a pivotal role in the storage and supply
of fertilizer N. Increasing plough layer thickness degraded the conversion of fertilizer N to fixed NHI pool, while increased the
stocks of fertilizer-derived organic N in 0-40 cm soil layer. In the current season after fertilizer N was applied, the average value
of fertilizer-derived organic N stock in soils with 25 cm plough layer thickness (PLT-25) was averagely 8.9% higher than that in
soils with 15 cm plough layer thickness (PLT-15). The stocks of fertilizer-derived mineral N under PLT-25 treatments were also
higher than that under PLT-15 treatments in the current and subsequent crop cultivations; promoting the fertilizer N uptake by
crops. The N use efficiency under PLT-25 treatments in the first two crop cultivations was about 8.0% higher than that of PLT-15
treatments, while the current seasonal loss rate and cumulative loss rate of fertilizer N were 12.3% and 9.1% lower, respectively.
The stocks of fertilizer-derived organic N in sandy clay loam and loamy clay were significantly (P < 0.05) higher than that in
sandy loam, while the trend was the opposite for the stocks of fertilizer-derived fixed NHZ. And the fertilizer-derived mineral N
stock was usually to be higher in sandy loam. Overall, the percentage of recovery of applied fertilizer N in crops and soil under
sandy loam treatment was significantly (P < 0.05) lower than that in sandy clay loam and loamy clay. Also, the percentage of
cumulative loss of fertilizer N in sandy loam was 20.4% and 18.2% higher than that in sandy clay loam and loamy clay,
respectively. Conclusion The fluvo-aquic soils with higher sand content have lower fertilizer N storage capacity, restricting the
enhancing of N use efficiency. For fluvo-aquic soils with different textures, increasing plough layer thickness could improve the
annual N use efficiency and the residual amount of applied fertilizer N in the current season. This, could be released for crop
uptake in the subsequent crop cultivation. In typical fluvo-aquic soil areas, increasing the plough layer thickness may be a
potential means for regulating the transformation and fate of applied fertilizer N, increasing fertilizer N retention, enhancing the
fertilizer N uptake by crops and minimizing fertilizer N loss in soil-crop systems.

Key words: Fluvo-aquic soils; Plough layer thickness; Soil texture; Transformation and fate of fertilizer nitrogen; Nitrogen

fertilizer use efficiency
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Wi, ARSI RUILAE L RS A e, BEE IR X
1 L A AT R IR 5 5 A 2 B B AT i

T FOALR R E IR AR R E SRR
Wz B Gabm AL, B0 i -
Prxt & AL G P A 2 W BT LAROE B 2R 1A
AHLRSE AT gy B LRSI = 0 MR R
2 R U T e AR T A S R T T S 4R
SAR RSN A 4 B B A B 22 U3 T R AR
PR, TR A KPR S ) R
JE B AR S S R HOK IR A S A R P2
BFZ R AR R R R S A R R T
DR e S 5 b ) AN (5] T 7 7 2 55 o o 28— A0 DA

FUAE A 135 7 3 A= W A 2 R 9 UK ) T
ACHAPLA . PR BESEFEARES, &
i 5 RN R 2 S LA 2, AR SCHE TS X et Fr T4
PN FH S22 2 5 3 43 e e A 1 e 1,
FIPIZ: 3 AMED AR R PN FRic B R A
W, PRI R T b, B R
A AL AL ZAE - S 2% 0% ) % 1 B A - S -AR
ARG R AR, DU N R BOE B AEAL . B
A THAS B it 2 41 i U R P 5 4 B B Al

1 MRS Ik

1.1 HARXER

8] A AE AR 56 57 T v [ B 2 B 1 e AR
B R G0 KB ANRE2E W A 5T 5 (35°00'N,
114°24'E ), %I IX S5 AY Ay 2 1 5246 1 i 19 12 1
KRBl 2 RS, AF KR 615 mm, AFEHR

a) b)

T 13.9C, MR E I /NE-B KRN F.
1.2 RKIEEit

ARG AR E O £, F 2017 45 5 A 43dilik
BUM R £ B BN 0~40 em + )2 5 L )
RAPIEL . PRI SIER . (FREPRE] ) R,
S (0~20cm) 5WHHZE (20~40 cm ) R4+
B, WTJEd 2 mm i, SIRRERSAHEHTH
157 o G L g = e i 1 D= = b BN 2
F R ARG . AR IEAT, B B AR
J 40 cm, REH 40 ecm B HREUE, BANGSE RN
39cm, fHA 50 cm MRE LM (PVC) &, RER
P v A 2 T K SR A 1) - HERE 5 o0 2 S
JEMR T PVC T, B 40 om, &40
FAERE R E O 135 gom”, WEHEE 4
BTN 1.55 gem ™, FHAHE, R4
LT, AL f 3o Rk 2R 2 Al 5,
Hrp + R AR 1 | AR L RS B
S22 15 cm ( PLT-15) #1125 cm ( PLT-25 ) W Ff,
o6 PabBE, fpabPE 3 WHER . AL H ]
HEF 5 B E 1 s R S R
THER AR, TR E M EIESS R, T 2017 4F 6
H—2018 4% 9 HAEWA K2R N 7E H] F AR5 1F T i
TS, TR B I 1 28R A A 7 172,

PN ARG T 2018 4F 10 A & 2020 4F 6 AfE
PR AT, A g A SR ) 2
15K 20 fE/NEMRZE, A B A
BN N 2.39 gPot!' (N 200 kgthm?), P,Os 1.43
g-Pot ' (P,05 120 kg-hm *) £l K,0 1.38 g-Pot ' ( K,0
120 kg-hm 2 ). HeHr 60% i ZUAE FI-4x 35 i 40 AR A S 3k

The surface of

-20 cm ;

H=
Plough layer

— the soil
2%

B N
Plough layer lj)li;fé Ft)l:{g E
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¥ bottom
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B EEEEHES (a) KAFBHREELSHLE BT (b) RER

Fig. 1 Field arrangement (a ) and experimental design of the soil columns with different plough layer thickness (b )
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F1 XK FHEAT 0~40 cm L EHYTIRERIRLER (2018 F 10 A)D
Table 1 Basic soil properties of the tested soils before the experiment (Oct. 2018)
- SRR ZH A AHLEL 2R
Alkali-hydrolysable Available  Available
Soil particle composition  Soil organic matter Total nitrogen
nitrogen phosphorus  potassium
AbFE Treatment
T AR 1Y
Sand Silt Clay / (gkg") (mgkg™)
%
)2 Plough layer
b4+ Sandy loam 777 109 8.6 12.7 0.58 60.7 18.4 221.8
Wi+ Sandy clay loam 594 157 22.1 15.1 0.79 80.5 15.5 264.4
¥E%h+ Loamy clay 45.9 21.6 29.9 21.9 1.04 84.4 16.5 3793
W#F)Z Subsoil layer
Wi+ Sandy loam 79.1 6.5 11.7 2.5 0.22 32.9 1.8 18.9
WHE L Sandy clay loam 592 15.6 22.8 10.6 0.56 37.2 4.4 58.7
HEZh 1+ Loamy clay 36.2 23.7 36.2 8.6 0.62 31.9 1.7 94.9

B R 41 R B Ok FBE A %E . Note: Soil particle composition was measured by the laser particle size analysis method.

F2 B TIEF AN

Table 2 Soil mineral composition of the tested soils/%

pusiil WA WA Kbk NAT mlea gk KA 6 Hzof
Treatment Montmorillonite Vermiculite Hydromica Amphibole Kaolinite Chlorite Quartz Feldspar Calcite Dolomite

#Z Plough layer

i+ Sandy loam 1 1 3 1 4 4 39 42 3 2
WEE+ Sandy clay loam 1 4 8 2 10 11 29 24 6 5
HZL+ Loamy clay 5 3 10 1 15 13 27 17 6 3
WHFZE Subsoil layer

b4+ Sandy loam 2 3 5 2 10 8 23 41 3 3
WA+ Sandy clay loam 2 3 8 1 10 10 30 26 6 4
HZ+ Loamy clay 10 3 13 0 15 16 21 11 9 2

W T WAHRCR A X SRS . Note: Soil mineral composition was determined using X-ray diffraction techniques.

NEZERERDRTIEA , 40%M BAE T/N22 1R 75 0] BEE 7K
T T, EE KA S, WM ES N 2.39
g'Pot' (N 200 kg'hm?), P,Os50.72 g-Pot™' ( P,O560
kg-hm?) Fl K,0 0.69 g-Pot ' (K,0 60 kgrhm?), J:
Hr 40% 1Y ZUAE 14 AR B A AL A Sy i HE 7 496 b iy it
A, 60% 1 EUIE F F K KB WL HIBERE KA . Sk

JIES 8 it FH 347 it 43 b iy B AT, BICKE B2 30
B, SRS EEIME PVC & . T B IE R
i WA ES AN ER AT, 7 2018 4 10 H % 2019 4 6
A& NEARKBFEAM S PN fricRE (FE
20.19%, AR TOFSERE ), FERESS Y 2 MEPAEK
2 N il RIE 4 A PR 2 iR ], BT b B
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SR FH A [) %) i) 48 2L i
1.3 HFmREENE

ST 2019 4E 6 4 HA/NE R . 2019
F 9 H 26 HE E KNS 2020 4E 6 A 3 HA /D
% BCGAIR S S I RRR AR S . AR
HHZE RS UHZE RS BIRE, HANERN
1.9 cm SMEHR 2 em ARSI L FE RS PVC B h
BEALRAE 3 EHALE— MR G . UHHZE RS
JE FHEARN 2 em (e el BUREFLEE 1, LB 1k #F
JZEHEEATHZ, LAOKSy . NERHE i BOREFL I
Ko Brlef LHGLIIE 4R 2 #5y, —EBaH T E
+HES KR, THLA (NH,-N 5 NO,-N) & K H
PN 5 —#a XTI 0.15 mm §fi, T 4%
SRS B AR N R RIE . REM
FEAREE S 7E 65C LT 2 1EE, M5 0.25 mm
i, ATHEERS "N FENNE. Irf s
IYBAEEILL 0~40 em 4 )2 R A% R

B3 2 mol- L' KCHA IR 5 F e (3
M5E 38 NH, -N 5 NO;-N & #2), JI N,O 241
W UN R EEPY L 4 b A A I R R
KOBr-KOH %, F &SR & 1E i Bl FC 74 52 4 158
SRESED, ke r e A A LA .
NH,-N [ 5E 254, HAfHE NO;-N il NO,-N. #i
e A S E LRI E . W Ee S8, HIY
FEE AR, 2B . W46 5 )
31 2 L R %A (1soPrime 100, Elementar, [ )
e H PN R R
1.4 HEHESAE

FIH Lu 2225 Ma 229 1 2 2Ok R
RAE 45 ZU%E A 43 e DA B AR AR RPE -1
RE k.

AR (N, gPot! ). NH;-N ( Ny, ,
mg-Pot ' ). NO;-N( Ny, , mgPot '), &5 &8 ( Ny,
mg-Pot ') AHMKER (N,, gPot) H3kH PN 5
ICPRZE WA

E
FN

X, Mygr M EIEASR . NH,-N, NO;-N. [EEZ
EEHR AR A PN ARICIRE A& MR
+HEA A . NH,-N, NO,-N. [#5E &8 FH R4 A
fifitt s E, Al Epn 200 % AU ShRic R E PN 5

FESHE, RIS MES ARFEREEM2EE.
REEL S U5 B9 TEHLE (N, mgPot!) S5A LA
(N,, gPot") fitife.

Ny = Ny, + Nyo, (2)
Ny = Ny =Ny, +N;) (3)

PN Fricfb IR TE LR R Bk (N,
g-Pot™):

N, =N, +N; +N,, (4)

PN AR e IE EAEEY) ( PR-Nerop, % ) i1t 3
( PR-Nsoil, %) AFRICRS5HIJER (PL-N, % ):

N,
PR-Ncrop = —2 (5)
FN
PR-Nsoil = —r (6)
Nix

PL-N=100%-PR—Ncrop—PR—Nsoil (7)

KM Excel 2016 #1784 AL 730,
Origin 2020 R{F#EATEHEVERI . R SPSS 21.0 4K
AT ST, A /N 2 Rk (LSD),
SR FH BRLER 2R 5 25 20 AT RS 96 A () 4 498 J b 22 [ ) 8
PEZESE FOXREAS ¢ K230 F o0 b A oBk 2 R b
L2 ) R E RS IR Ry 200 T+
M BRI A R o 2 8] 52 HAE XA A
RAE LAV R G0 10 DL AR R AE 44 R
JEE TR A B S R R

2 4 R

21 HEERELTEEYRERSZFHNER

M 2 ATRLE L, YRR IR &R WS e e
RO B L AR S 2, 1F 2019 4F 6 A&/
FWFRZE, HHEAEER 37.4%~ 44 8% AL AL EWA/EY
W, 26.5%~36.3%M AL IR &k BIREE . BiJ5
A4 %55 A B 018 W A5 TS 2R 8 2 0 T R AT
R4 2 55 3 MEMAK S, A 7.1%~12.3%11k
MEZN BgErh R ok, Hd A 4.3%~5.0%81F
Py o #F 2 IR 5 A 0 B b 2 1 5 e IS AU
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T RE TR LE, EWE B EERH.
HABHREE R B E (P <0.05) EFEEEYES
% 2 MEMAKFENEY S Hgrh e & Rk
ROE 2), fERAE 2 55 2 MEW A K 2=, PLT-25
A B AN [R] J5T b 3 VR AR I R R T3
(B3 %8 PLT-15 b P 7.4% 5 8.5%; %3 3 ME
YK )R, PLT-25 kbR VEY AL AR & R FUR
RPEEER PLT-15 4bBEE 7.6% (E 2, % 3).
PLT-25 /b3, AN [R5 ] £ rh AR RS R AR i A > 2=
Ak (K 2g )5 BRI (3R 2 PFIEL PLT-15
AEFRAR 12.3%F0 9.1%, H2EREE (P<0.05).

FERT 2 MEMAK S, DR+ S5 A
TAEY AL A R TRME L, MRS 3 4
VEY A K 22 2 A 04 1 v V6 AR BB 28004 Tl i3
e, WELRZ (K 2a~KE 2¢). B3 3 7141,
WP+ R AR IE U SRR R R R+ 5
HEEE MK 10%. AP35 A+ TP AR RE UG DRt 2
(P<0.05) X TR L 51 (& 2d~ & 2f),
AP £ AR U BB R R A+ 5
R+ 20.4%5 18.2% (% 3), TEMIAE Y Z, &
PRI A R R, AR 2 MEAERK R
MRS T P e ek (1 2g, & 2h),

(1 #bHE+ Sandy loam fibZhE £ Sandy clay loam B }45 1 Loamy clay

2019461 Jun. 2019

20194£9J7 Sep. 2019

2020461 Jun. 2020

N Br a) AL Soil texture (ST): F=6.42, P<0.05 8 [b) 4 Soil texture (ST): F=16.3, P<0.001 r C) ML Soil texture (ST): F=18.9, P<0.001
5 by & BEZJSE Plough layer thickness (PLT): F=7.55, P<0.05 BEZJEEE Plough layer thickness (PLT): F=5.07, P<0.05 WHZIEEE Plough layer thickness (PLT): #=3.91, P=0.071
= P o L MR STXPLT: F=0.021, P=0.980 | HHOTHOHHRELE STPLT: £=0.959, P=0.411 L T2 ELE STXPLT: F=1.525, P=0.257
=2 60 4 60 60
B — [ —
=28
28Z 4t 4 aa b 3 S st 45t
58
=
I DE 30t 30t 30t
EE<
LT
OO *
;@f__ E = 15 15+ — | — 15
g p a a b a @ a a b 2 b
— 77 [ 771 Fay — S — —
PLT-15 PLT-25 PLT-15 PLT-25 PLT-15 PLT-25
© 607 d) A Soil texture (ST): F=100.3, P<0.001 60 ['€) -HHEH Soil texture (ST): F=172, P<0.001 60r f) L Soil texture (ST): F=11.9, P<0.01
‘M‘ c‘s < HRIZJEE Plough layer thickness (PLT): #=19.5, P<0.01 HHZELE Plough layer thickness (PLT): F/=7.29, P<0.05 HBEZIEEE Plough layer thickness (PLT): £=0.260, P=0.620
X o FHET BRI STPLT: F=0.236, P=0.793 FHT I STPLT: F=0.470, P=0.636 IR STPLT: 1=1.289, P=0.311
=2 _; 45t 45+ 45t
= § Z ok
=) o.N 30t b _a b & 30r 30F
S 9E c c
g8 Ly
5 b
BSg I5F 15+ 15F
HEE
<
O O
©
PLT-15 PLT-25 PLT-15 PLT-25 PLT-15 PLT-25
3r 8) +HEF Soil texture (ST): =253, P<0.001 . ['h) 45 Soil texture (ST): F=62.5, P<0.001 r 1) +HOFH Soil texture (ST): F=0.491, P=0.624
° HRIZJSE Plough layer thickness (PLT): #=15.7, P<0.01 HFIZILE Plough layer thickness (PLT): F=0.824, P=0.382 HFIZIELEE Plough layer thickness (PLT): =135, P=0.268
% 60k A BEZ R STXPLT: £=0.035, P=0.966 60 F eI E ST*PLT: F=0.537, P=0.598 60+ +HERTHL S STPLT: F=0.934, P=0.420
2 w3
,M. ga, e [ — [
Ko7 45t a 45t 45}
B2 by 2
= EF b
065 30F ¢ 30 30F
o= 5 [
ez
= 15¢ 15+ 15
g a a
< b b a a a
ol 2 Do — L0 ] .22 =i
PLT-15 PLT-25 PLT-15 PLT-25 PLT-15 PLT-25
AbFR Treatment AbFR Treatment AbFR Treatment

W AN/NG FREFR R R —BF)2 R A 3 R AN R BT A BE R 25 5 3 (P<0.05), * 5543 i 3R AN Rk 2 V5 A 74 ) 2 S 3
0.05 5 0.01 &2 #F /K. PLT-15: $HZJZE 15 cm; PLT-25: #HZJEE 25 cm, FIAl. Note: Different lowercase letters indicate significant

differences ( P<0.05 ) between different soil textures within the same plough layer thickness. * and ** indicate the difference between the two

plough layer thickness treatments at 0.05 and 0.01 significant levels. PLT-15: plough layer thickness 15 cm; PLT-25: plough layer thickness

25 c¢cm. The same below.

K2 RNFEBZE RS T B AL B IS BT R -VEY) R e i 219

Fig. 2 Fate of applied fertilizer N in soil-crop systems under different plough layer thickness treatments in soils with different textures
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Table 3 The fate of fertilizer N under different treatments after three continuous crop cultivations

TR A R 2

Residual rate of fertilizer N

A LR O R

Percentage of cumulative uptake Percentage of cumulative

in s0il/% of fertilizer N by crops/% loss of fertilizer N /%

b3+ Sandy loam 14.7b 43.1b 42.2a
%% 1. Sandy clay loam 17.0a 47.9a 35.1b
H%i+ Loamy clay 16.5a 47.8a 35.7b
BEZJEE Plough layer thickness 15¢m 15.9 44.6 39.5%
BEZJEE Plough layer thickness 25¢m 16.1 48.0%* 359
PR R 2508 Two-way ANOVA
+HEF L Soil texture (ST) P<0.01 P<0.001 P<0.001
BEZJEE Plough layer thickness ( PLT ) ns P<0.05 P<0.01

e HFZ B EE STXPLT ns ns ns

s ARG PRI TEAE] FT s A B E] 22 5 3 ( P<0.05), *3R7R AR Z 5B AL B A] 22 523K 0.05 B3 KF, ns 3R 4b B )
_?%#T\m% , N, Note: Different lowercase letters indicate significant differences ( P<0.05 ) between different soil textures. * indicate the
difference between the two plough layer thickness treatments at a 0.05 significant level. ns represents there was no significant difference

between different treatments. The same below.

22 UEBREETERARREFNEL

PR RE ZEUTE 38 v (1 5k B B A A K 2 1 S 252
BT (% 4), e 2 MEWAKZ, MXHT
PLT-15 b3, HInAHZIERE % 25 cm 5 R LAE
R EFRRAENERE T 5.7%5 4.5%. i+
PR Y B8R B D A E RS K 6.1%~
23.8% . B2 5 B 5 - 1 5 b %of - 398 rp AR AR Uk R
Mg JCse AR . thak 4 M 3 Bt nr
AR IR AT AL 8 A8 M IEHLA S L3 e Ae

RS B 5 83.0%~95.8% . 0.9%~
6.6%5 3.3%~10.9%. FEEYERKBMES, IE
LU [ A B 5 TOHLA AR IS LR B A 1 L A9
A, TAE R IEA HLE b7 Lo T s o 3 a2 =
JEE AT 4 v it S 4 M AR R U A LR o R R B P

TR, DT 2 AMER AR 2R AR RR TR AL
R PR R BR B A R T PLT-25 AR B AR
o U 181 5 2 8 7 R ER R A IE LAY ) U 4 21K T
PLT-15 4Zb ¥,

x4 EINMEMEKFAFRELET 0~40cm tEHURBANDKER

Table 4 The residual amount of fertilizer N/ (g-Pot™) in 0-40 cm layer under different treatments among three continuous crop cultivations

2019-06 2019-09 2020-06
fb3%+ Sandy loam 0.539¢ 0.431c 0.350b
WE#E L Sandy clay loam 0.582b 0.483a 0.406a
#¥Zh+ Loamy clay 0.668a 0.457b 0.393a
BEZJEE Plough layer thickness 15¢cm 0.580 0.447 0.381
BEZJEE Plough layer thickness 25¢m 0.613%* 0.467* 0.386
PR 2508 Two-way ANOVA
+HEFTH Soil texture ( ST ) P<0.001 P<0.001 P<0.01
BEZJEE Plough layer thickness ( PLT ) P<0.01 P<0.05 ns
+ e B Z R STXPLT ns ns ns
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K3 #HERE
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it R

Fig. 3 The effects of plough layer thickness and soil texture on the stocks of fertilizer-derived organic N, mineral N and fixed NHZ in 0-40 cm

soil layer among three continuous crop cultivations
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