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Abstract: Objective The ecological environment of Loess Plateau is fragile and once the soil quality of cultivated land changes,
it will directly affect the level of soil productivity. A long-term cultivated land in Tianzhen County, a typical county in the north of
the Loess Plateau, was selected to study the spatiotemporal evolution of soil organic matter and total nitrogen and their
influencing factors. = Method Based on the cultivated land quality data in 1983, 2008 and 2019, the temporal and spatial
evolution characteristics and distribution patterns of organic matter and total nitrogen in cultivated soil of Tianzhen County were
analyzed using GIS and geostatistics methods. Result (1)In the past 36 years (1983—2019), soil organic matter and total
nitrogen content in Tianzhen County showed a significant change characteristic, which increased as a whole and rose rapidly in
the later period. The average annual increase of organic matter and total nitrogen content was lower in the early period
(1983—2008), showing 0.20 g-kg ™' and 0.01 gkg ', respectively, while the number was higher in the late period (2008—2019),
showing 0.29 g-kg ™' and 0.03 g'kg . In the early stage of the study period, the ratio of carbon to nitrogen showed no significant
change, but showed a significant decrease in the late stage, from 9.32 in 1983 to 8.43 in 2019. (2) The semi-analysis of variance
(ANOVA) results revealed that over the past 30 years, the block-base ratio of soil organic matter increased from <25% to 49.8%
and the block-base ratio of soil total nitrogen increased from <25% to 38.5%. This indicated that the influence of natural factors
such as topography was gradually diminished, while the influence of human factors such as fertilizer application was enhanced.
(3) The spatial distribution characteristics of soil organic matter and total nitrogen had similar characteristics and showed a
pattern of low in the west and high in the east. From 1983 to 2008, the content of soil organic matter showed an overall increasing
trend, with a significant increase in the northwest and a slow increase in other regions; total nitrogen increased significantly in the
northwest and decreased in the east. Also, from 2008 to 2019, soil organic matter decreased slightly in the south while it increased
in other regions; total nitrogen increased significantly in the north but more slowly in other regions. ~ Conclusion Over the past
36 years (1983—2019), the soil organic matter and total nitrogen content in Tianzhen County showed an overall upward trend,
and factors such as fertilization and straw returning to the field were the main factors leading to the changes in organic matter and
total nitrogen content. Combined with the local conditions to increase the application of organic fertilizer, straw returning and
rational application of nitrogen fertilizer can quickly improve the soil fertility of cultivated land. Therefore, this study can provide
a theoretical basis for improving the quality of cultivated land on the Loess Plateau and protecting the agricultural ecological

environment.

Key words: Loess Plateau; Tianzhen County; Organic matter; Total nitrogen; Space-time evolution
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1983, 2008 and 2019

1.2 HEEXESSH

1983 4EHF )2 1 S 1 B AR A >R U 148 — Rk g
AR TOR T 1983 AR Y B EHE T0 28 25 i A A
W0E, (A AR, AR hH S F %
MR B Rk - A R IR I SR b S R, )
RS AATECXC R . MBS . 28 H0 0 A S5
BB, R REEE 107 41, ZSESr AR
XIS, ARG E. 2008 4EHTEFI 2019
AE I A - SRR 38 Ry S EORE A 2, R A
FIERESL 350 ASF 148 Ao RAEERT, DASE ik -4
AT Y R AR S5, R ARME A
BIAT T IN B RS S R S HoRAE, B
SKRE S BEYLRE 15~20 > +KE, MR A)E, DU
ITIE BRI kg ZEATRESD , T GPS 5 i3 AR AR A
MRS, SRR, BARCRAE S A 1 PR,
W RN R =N AR, SR s 5% i

http://pedologica.issas.ac.cn



34

o B e U A Y S - SR SR 2 7 SRR

& ANSES 677

SRS & . ME R PR AL (SOM)
a2 (TN ), Horp 58 HL5F 3 4% TR B9 A1 i #4
e, AR PR LRI e .
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BRI M LI, 2008 4EF1 2019 4 SOM
SHEOEEMES BN 11.84 Al 15.00 gkg ', 20 HE¢
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Table 1 Descriptive statistical characteristics of soil organic matter, total nitrogen and carbon to nitrogen ratio in Tianzhen County in 1983,
2008 and 2019

A HLIE Soil organic matter/

4% Total nitrogen/ ( g-kg ') C/N
(gke!)

1983 2008 2019 1983 2008 2019 1983 2008 2019

Ie/ME® 2.8 33 7.7 0.16 0.28 0.66 6.04 2.54 3.24

TN 20 25.5 30 1.2 1.37 1.86 15.8 21.96 14.95
-2 8.83c  11.84b 15.00a 0.55¢ 0.74b 1.03a 9.32a 9.33a 8.43b

FRifEE® 3.3 3.79 4.96 0.2 0.17 0.2 1.4 2.5 2.08

) 1.25 0.91 0.99 1.06 0.64 1.16 1.9 1.37 0.83

U pr® 1.94 1.02 0.61 1.5 1.08 2.64 6.1 424 1.64

AR ZBO% 3735 32.05 33.09 37.22 36.64 23.5 19.71 31.36 15.03

STEE ~ Box-cox ZF  Box-cox A% Box-cox 4% Box-cox 4% Box-cox 2%
NEiESIR O OPBER® WEERY MEEA® i i
&Y D B TR VR T

e AT RS AR BN R — LSRR8 AR AN R AE 0y [0 A7 4E i % 22 5% ( P<0.05 ). Note: Different letters after the mean value
in the same line indicate significant differences in the same soil nutrient indexes among different years( P<0.05 ).(DMin, @Max, @Average,
@SD, ®Skewness, ®Kurtosis, DCV, @Distribution type, @Log-Normal, (0Box-Cox transformation.
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Table 2 Theoretical models of soil organic matter and total nitrogen variation functions and their parameters in Tianzhen County in 1983, 2008

and 2019
Ei Lo SRS PRSI Theoretical — R4l AT Pt AT TRIERE
%2 RSS
Index Year model Nugget Nugget/Sill/% Range/m R?

AL Soil 1983 i Gaussian 0.0526 02392 22.0 80 020 8.728x107* 0.965
organic matter 2008 $6%0 Exponential 0.0353  0.0740 47.7 3300 2.212x10°° 0.810
2019 ERAR Spherical 0.1166  0.2342 49.8 50 680 3.338x10°° 0.754
4% Total 1983 i Gaussian 0.0049  0.0326 14.9 51788 1.008x10°* 0.915
nitrogen 2008 5% Exponential 0.0072  0.0144 49.7 105 900 1.090x107° 0.707
2019 #5% Exponential 0.0134  0.0349 38.5 7950 7.206x10°° 0.495

2.2.2  A[EIE IR A 3EA HLS R 4 R s 2 o) A
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Fig.2 Spatial distribution of soil organic matter ( SOM, Top ) and total nitrogen ( TN, Bottom ) in Tianzhen County in 1983, 2008 and 2019

114°20'0"E 114°0'0"E

http://pedologica.issas.ac.cn



680

+ o i

61 %

=3

1983 £E. 2008 EF0 2019 FEHIEFHFEIE RS S EE LG

Table 3  Area ratios of soil organic matter and total nitrogen content in 1983, 2008 and 2019

M & L Area ratios/%

EizgaN Efhy
—% -3 =% UtES 3 Bk N
Index Year
First grade Second grade Third grade Fourth grade Fifth grade Sixth grade
AHLEL 1983 0.0 0.0 0.0 19.8 78.6 1.6
Soil organic matter 2008 0.0 0.0 0.0 88.1 11.9 0.0
2019 0.0 0.0 4.5 90.2 5.3 0.0
2R 1983 0.0 0.0 1.6 6.4 53.7 38.3
Total nitrogen 2008 0.0 0.0 0.1 38.3 61.6 0.0
2019 0.0 0.0 44.0 56.0 0.0 0.0

T —HBINYAEIRTRAHN: <6gkg'. 6~10gkg'. 10~20gkg". 20~30gkg'. 30~40 gkg'. >40 gkg'; — 5|
NEERGRDMN N <0.50 gkg ', 0.50~0.75 g'kg ', 0.75~1.00 gkg ', 1.00~1.50 gkg ', 1.50~2.00 g'’kg'. >2.00 g'’kg'', Note:
The organic matter contents of Grade One to Grade Six are <6 g-kg ', 6-10 g'kg', 10-20 g'kg', 20-30 g'kg ', 30-40 g'kg ' and >40 g'kg ',
respectively. The total nitrogen contents of Grade One to Grade Six are <0.50 g-kg™', 0.50-0.75 g'kg™', 0.75-1.00 g'kg™', 1.00-1.50 g'kg™',
1.50-2.00 g'kg ™' and >2.00 g-kg™', respectively.
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M & 3 AT, TN & AR AR A SOM & it
AR AR ZR N AR A AR L, 7E 1983—2008 4F
BURIEER . KR FOCHURI RS & B £ AT A S ey 2
SHRH TN Frm2 il FREfass, HNRR £ 3Em
dib2R 4.9% (£ 4), HAth £ BRI /- X 52 |
FHaH, o TN SRR 0~ 5% + 3 E

di N 91.3%, TAE 2008—2019 4EAE], 4% 2 B
TN & AR AR L R R P B ka4, o HJE L
TR BURR S B, R X TN & i
LE AR 5%~10%, +IEHAE N 9.8 %,
BRI F, I 36 Aok R E + 3 TN i it X
B, R X G N

x4 TRANRMEREHTARERLLH

Table 4 Area ratios of annual average change rates of soil organic matter and total nitrogen

AR AR AR IR L
Eistan ‘ Ratio of the area with an annual average rate of change/%
i 6] Bt Period
Index W AT 0~5% T 5%~ 10%
Reduce Increase of 0—5% Increase of 5%—10%
F LT 1983—2008 2.3 89.0 8.7
Soil organic matter
2008—2019 6.2 92.0 1.8
£ 1983—2008 4.9 91.3 3.8
Total nitrogen
2008—2019 0.0 90.2 9.8

3 1 ®

3 tEANRSENERATUNETERE
B2 N2 LA AF W) B Ll , T SOM. Al
TN VE R 1o i i 20 S, L5 1 1) (IR R Al
Hi st B S B S SR AR HET Y ARBFSE R B, T 30
Aok, Bl AR AR TR KT R R FORS B AR VR AL Fh
PSS ), REEELPE L 145 SOM Al TN &t
1983 4EF] 2019 4E[EA TR AR (F 1), FIr
EArHras R R, SOM Al TN 32 25 ¥4 M R Z AIBEHL
PERZRIL S (% 2),
311 HARHEE 1983—2019 4F R4 5
KR4y SOM Fl TN & i ¥ BN [FRR EE 1 Lo
e, ABAAE T S AR KT, R 240 T K- (&
2 MR 3). MG RIT, KRELE 1983 4E) SOM
5 TN &S0 S0 IELEMSE (7=0.941, P<
0.001 ), 1 2008 4EH1 2019 4EAY SOM 5 TN & &
A E R IE LA G (7=0.633, P<0.001;
r=0.619, P<0.001), {HHACHREE 1983 4FHIXT
BN, I SOM Fil TN AR AR 0 Z2 0 HH — 22 A AH
I, X ST AWFFT A4 SR g — 3,

AN R HBTE H 55 (0 63 KoK o3 SR ANTR] 235 M)
2| SOM 1w AL AU 5 bk 2, AT 520 SOM Al TN
Fr P SOM MR 2R 5 40 fif B W % R K AE L HE
Ry AR AL, X TP R AR SRR 9 E
FHo RELEERTE 900~2 000 m 247, ABFFEH IR
L R oA (F 5), HhrEm
1 000~ 1 200 m A KF 1 400 m 78 Fl N A9 SOM Al TN
FrEAR bR K WFAE R B, =N 1.000~1 200 m
R FETE T P AKE R SOM f i (10~20 gkg ')
TN friE (0.75~1.00 g'kg ') (95 HL B s hn,
SOM & (i [ 1983 4FEHY 38.7%I4 & 2019 4E/Y
74.1%, TN & & 7 i 1983 4FAY 25.0%38 % 70.6%.
R T IZE T, MNP0, S HER,
gk e kik, REHBAFEHEAKCFEE, (15
SOM Fll TN & 8w o WA =/ BHIKTF 1 400 m
VLR T SOM &I TN &1 (5 F B AR
SOM i i il 1983 4FEMY 35.5%F% % 2019 4F[Y
7.4%, TN &5 i 1983 4R 50.0%% % 8.8%.
T NOZBLGE  JEUR AT BE R R R R 2 R e B AN
Bhi, REOBAKAL, SOM Hl TN & &AL

ARFGERM, AERG A, Kl
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Tt Bt REE, AIYBERERR,
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WA R AT TR A1 KA K A A
WAL, 22 AR B R sl AR, HL AR AT
KEEARY A —4F 3, ZREK . BRI,

SR AL BUICR I, ROy AR, SOM 45 s
FIE B, A0 i i AR R, S8 SOM ]
ST B B R B L S A R ) L
) SOM &M TN FHMZERIFALE (£ 6),

X5 KR IE (25 R ASAHIE R RE % J5 R 2 F
G DX I 3 T AN [R) L iR e - R o e Ak
FATKMER I TN Fl SOM By & #0129, R H 40
B2 RN O AU R,y 4 B R T ALY
86.67%. YEHEIT, KAEHE 65%) wifa + i b e,
HAY BB KT 50%, Hi@E s, HHhH
HHR SRR S, BEKEDSP, HeRpw
i) + 22 Jp AL ) £, H SOM HIl TN & i AR B #IK
TS5+ R 22 o P A, IR A TR
RAS, AT SOM MIA XM R 5817, g
5 tigs A, DRHAERWLGAERT, ik
S+ I E A 1 SOM K TN SR EF AR E.

x5 TRFHMSERIBAINRFTIEASESRSLL

Table 5 Graded proportion of organic matter and soil total nitrogen content in different years and altitudes/%

T HEFHLF Soil organic matter

44 Total nitrogen

Ay [=TE
<6 6~10  10~20  20~30 <05  0.5~0.75  0.75~1.00 1.00~1.50
Year Elevation/m
gkg'  gkg' gk gkg! gkg! gkg! gkg! gkg!
1983 <1000 18.8 153 9.7 0.0 16.3 14.0 0.0 16.7
1000~1200  75.0 50.9 387 0.0 69.8 42.0 25.0 16.7
1200~1 400 6.3 203 16.1 0.0 11.6 20.0 25.0 16.7
>1400 0.0 13.6 355 100.0 2.3 24.0 50.0 50.0
2008 <1000 8.3 3.8 5.1 59 0.0 3.5 7.8 3.2
1000~1200  75.0 42.9 532 47.1 47.4 517 51.6 41.9
1200~1 400 0.0 333 18.1 17.7 21.1 24.4 18.8 226
>1400 16.7 20.0 23.6 29.4 31.6 20.4 21.9 323
2019 <1000 0.0 11.1 11.1 273 0.0 0.0 5.9 20.5
1 000~1 200 0.0 44.4 74.1 727 0.0 0.0 70.6 71.8
1 200~1 400 0.0 44.4 74 0.0 0.0 100.0 14.7 5.1
>1400 0.0 0.0 74 0.0 0.0 0.0 8.8 2.6

312 AHNHEE

IRV 2

Jites A PR 25, 0 P ) A6 B 45 A 0
M SOM Fl TN Hf 23 Ji AR FRAIE Y 2 R 2R

YIRy R, B9 SOM, AT Al 4dR i 1 13 TN
PO ORTR) R R BE R ) AR et T

20 {22 70 AFARTITAR, R RS EED™ R 5T
R, AEAE T8, A X r L AL A H 53
Wz, WaETERESERA, WA TR
WEBERZ, Hit SOM &= LHETHY, 20
22 90 AFAUR, Tl flad & | [ ¢ AL fr 3
PARAC P IR ALRESE A S5 42729 SOM I TN 5 it fr) 34
InFRAE T FPLIT. A, B AR BEA G AT

5, AREYRRMTRAR, SHHARHEA
EARFP, KRR BRI 55 W) 2 S BR bR s
PIFhds b2 R0 st 2 R 4 R E G A
FEAEDO, AT 1984 ARARACGH A 6 710 t (HF
afitg ), 2019 AEALNE i H & S ik 14 820 ¢, Jif e &
KIGEERTE, fEW AR, BT HEMRA
A HFSFFE RN, M3 SOM fil TN & &
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Table 6 Variation characteristics of soil organic matter and total nitrogen in different years and different soil types

+ A P Soil organic matter

4> Total nitrogen

AEA +2% FE L N He/ME R ¥IfE o e /ME PN
Year  Soil catalog  Samples Mean/ #5ifEZE SD Min/ Max/ Mean/ ik Min/ Max/
(gkg") (gkg') (gkg') (gkg!) P (gkg") (gkg")
1983 magE 4@ 73 9.33a 3.45 2.80 20.00 0.60a 0.21 0.16 1.20
2ifa) 4@ 21 7.40b 2.02 2.90 11.20 0.43b 0.13 0.21 0.66
2008 magE 4@ 286 11.87a 3.79 3.30 25.20 0.75a 0.17 0.28 1.37
i fa) 4@ 43 11.91a 3.52 5.60 20.00 0.76a 0.17 0.45 1.21
2019 magE 4@ 106 14.28a 4.69 7.65 27.33 1.00a 0.19 0.66 1.52
i fa) 1@ 20 16.28a 5.78 9.88 29.95 1.06a 0.30 0.83 1.86

. NG FRFRIRNRE L RIEE 4D T 2R B3 (P<0.05), Note: Lowercase letters indicate significant differences between
different soil classes in the same year ( P <0.05) . (DChestnut soil, @Meadow soil.

K EFHEN ARG T R R R R
TR B KA R A 7t HE AR A O, R IR
2008 4F Ji5 i 4= e 7 i NI 4 AR AT B 80 K, R AL
JE it FH A B, 1 2008 4F 1Y 8 863 t 19 & 2018
AERY 9 608 t, HAERLALSSHE [, BORBIEE IR
iy, EALEC AL . AR R EEHEA B 2008 4F
() 6 074 t (%2 2018 4F 1Y 5 255 t, B A HEF A 2008
RN 682 t HIZE 2018 4K 1 739 t, [HEKEEAEAN
Wr BT, 2008 4ERG 100 171 t HEZE 2018 4EH
146 487 t, NULFEAF SR BAEBERK, 145K
A HL e A 35, 36 o KR4 T, i fe i
SOM #l TN BIFLEBI 2009 4E1LTHH & A T K T
FE LG4 A 32 S R A HE R R Y, R ke
HERAE YRR 256 R B S0, B34 IR 2215 BURT
WM A A B FE AT IS, LR it — 204
T REAFS H A AT . AFEE R RS AT A H
3 3 R M A R T SOM, £ MM A Wi
AR FEFF A ML TR s o iR, Ak AT AL
T 25 Ky 4 e e o, AT 14 0 = S8 9 A WL i o
32 TERATUHNRERX

+ 48 C/N H R Ay i - 8 i U 9 AR
B, AT A b R A OB AR, A B Y - e
TRAFE bR, fETE 4 I AR i A AR AR . KL
2008 4F SOM %4 1983 4EAY 1.34 f5, TN &N
1983 419 1.35 f%; H A3 O/N T EAfL, B4
SEBTE . 2019 4 SOM &K 2008 4EAY 1.27

f, TN F&k 2008 4F 4 1.39 fi5, HAHE C/N H
9.33 % 8.43, WRAKEBERML, X 5N EK
X P EE BT, AT REAY B PR 1 v e XN 2%
g, TR ARG, EANE RS, BT
MR T R A AR AL . L, T ISR AN [R] X 8
Z 0] i A L 1 23 (AR S Kosg i [ 858, LA
IR IR B Ak ) 4 s U 2 0

+3E C/N R AR ) R R AR
—o C/N [¥EInTE— & 25 L RE A4 i S 2k 9 o)t
TR RE 7, I HLU 2% + ik A UG 7 1k e DO
AT IR S 3G I 3 i AR S ORI RS
BB R S A 3 O/N, R A IR . A AR
N EEFET, R A, — B i
FHEE, 482 m 2R R, e R Z AR FLRIE,
O 22 Mgt FF A LIRS, o o R A o R ik R
T, SRS HEOR, e IR
PRA Y 1) PT Hp2E Je

4 Z5 &

REHE 1983—2019 4F SOM HI TN % 3% 1A 2
TR, 3EmA LR 9.33 B2 8.43, TR A
B E AL, HBRE A RECNE, TR IATIE
MPHFE . SOM HI TN B 23 AR Jay o 2 22 52 254 7
DKL 3R 1Y) 52 i 2 725 g 52 S5 A6 1k R BE LA L R S
1983 4F SOM Fll TN %227 3| + He MG L5 I &R
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