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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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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 BRSO Theoretical — R4l AT Pt AT TIEREL
%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
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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
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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.

40°40'0"N

114°0'0"E 114°20'0"E 114°0'0"E 114°20'0"E
r . - :
z| N z z| N
s s 2 A
=35 4 g S L
g i s g (i
F Xinping Town + = Xinping Town
Lujiawan Town Lujiawan Town
Zhangxihe
Z £ Z
) S
St 18 & &
N }”}‘/’T?‘é"f Som Nangaoya Township S S| 2008—201950M R s o
T | svarage , it F T e i, Wit
change rate of . ‘% , change rate of SOM P
% Z o y Zhaojiagou <o
~5% Townshi| 50
[ 5%~ 10% ~E EJo-5%
5%~ 10% 0 10 B 5% - 10% 0 10
OO km N . km
114°0'0"E 114°20'0"E 114°0'0"E 114°20'0"E
114°0'0"E 114°20'0"E 114°0'0"E 114°20'0"E
z| N z z| N
1N L g
St 13 &t
54 e s
F Xinping Town F =
SRE L IERHL
Lujiawan Town Lujiatan Town
Zhangyihe
Township
Z Z Z
= S 2
St 12 &
S| 19832008 TN i YNSRI N 20082019 TN NESEEINR et
ARl ﬂw‘]‘ft:’é Jnjiotun R T XW ® Jijiatun B
nnual average 3 nnu: . n
change rate of TN Iownshmu{ - change rate of TN lmshlr;ﬂ* -
Rl (e
C1<o Zaoragon C <o “ Zhacnagon
C10~5% Township [J0~5% Township,
[ 5% ~ 10% 0 10 [0 5%~ 10% 0 10
OO km O km
. . . .
114°0'0"E 114°20'0"E 114°0'0"E 114°20'0"E

K3 HHEAPUREE (L) MardE (F) FResR
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H 3 ATA, TN & dE 28 fh 2 fl SOM & it
AR AR ZR N AR A AR L, 7E 1983—2008 4F
BZRAGHR . OR BT CHE M (=1 S 13T A B ri o
SARHE TN S BB TR, LR RRR 3Em
HiHL 2R 4.9% (£ 4), HoAth £ BRF /- X 2 T
FHiaH, o TN SRR 0~ 5% + 3 E

di bl 91.3%, TifE 2008—2019 4E ], £ £ Y
TN & AR AR L R R P B a4, L HJE L
FRRHT - BURR G A, R X TN & i
AEXRAE RN 5%~ 10%, TIEERL N 9.8 %.
SRS, I 36 4Rk REHE H 1 TN & pudtihix
B, R X G N

x4 TRANEMEREHTARERALLH

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

SRR G
e ‘ Ratio of the area with an annual average rate of change/%
B[] B¢ Period
Index W 1 0~5% 1T 5%~10%
Reduce Increase of 0-5% Increase of 5%-10%
AR 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 3 ®

3 ZtEANRSEMERTUNIERSR
SR N2 LUAE A L SE AT, 1T SOM. Al
TN VB R #F 1 5  (AA% 0 DG, L 35 i 1 s (E 2 Al i
Bt b T 1 MR T A IR bR T ARBFSE R, T 30
AR, Bl AR AR 72 KO I 2 5 FORS Bk A A Ml b
FEAR A, R EHEH 1+ SOM Al TN & i M
1983 4% 2019 4E[AT TR AEET (£ 1), P
ZAras R R, SOM Al TN 3225 ¥4 M R Z AIBEHL
PR R ILFE W (%2 ),
3.1.1 HARKWE 1983—2019 4F R LK S
KR4y SOM Fl TN & i ¥ BN [FRR EE ) Lo
e AL T SRR AR, K240 F 9K (&
2 MR 3), MG ATRIT, RELE 1983 4E) SOM
5 TN SRS EENELEHLE (7=0.941, P<
0.001 ), 1 2008 4EH1 2019 4EAY SOM 5 TN & &
BN FENELMEMX (=0.633, P<0.001;
1=0.619, P<0.001), {HIHA5CREEL 1983 4F-AHXT
B/, P SOM A TN (28 fRtR 0 2 31 H — 5 1 AH

I, R ABFIT A A5 RIS o — 3

AN R TR 50 (0 S IR KoK o3 S A ANTR] 235 M)
£ SOM My w AL A 5E Ak ok 72 , A TT 520 SOM Al TN
Frm Y, SOM MR 2R 5 40 fif LR W 3 R K AE L1
AR AL, X R AR SRR s R E
o KRB EFELE 900~2 000 m A2 47, AHF5EE IR
AR VL DR R g (% 05), HPhEREE 1
000~1 200 m FI KT 1 400 m J& Fl A9 SOM Fil TN
TR W LB, =AY 1000~1 200 m
E R B R 2K SOM & i (10~20 gkg ')
TN &8 (0.75~1.00 gkg™) (95 B #shn,
SOM Fram i thH 1983 4FEfY 38. 7% & 2019 4E[
74.1%, TN &4 5 Ho i 1983 4E119 25.0%38 & 70.6%.
OB TR T, MR P, R ER,
Pl b Rk, R BRI ATE BB, i
SOM Il TN & 8w o MAE =B KT 1 400 m
FFEIE T SOM &8 il TN &8 1Y i Fe B A,
SOM & il 1983 4FEMY 35.5%F% % 2019 4FfY
7.4%, TN &85 1983 4511 50.0%F% % 8.8%.
T NOZ LG Y SRR AT BE SRR R T R 2 e B RN
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1) SOM Fitfl TN S ZEFIFARE (K 6),
X5 R B ZE R AAHIE 1T RE 4 S5 R 2 F
G DX I ) 3 T AN [R) G R e - R o Ak
FAT R TN Al SOM &R, K41
B2 RN PO AU R,y 4 B R T ALY
86.67%. JGEIT, KA H 65%1) i fa) + it A ELIE,
HAY DR KT 50%, K@ s, HHhr
HHR SRR S L, BREKEDSP, HeRp
i) + 2 Jp Ak ) £, H SOM HIl TN & it AR B IK
IS4 + PR 22 o P A 0, R A TS
R, FHT SOM MA R MR 5 iff7 . H eI
HEmAma A, UKHAMERWZAERT, ik
A I E A 1 SOM K TN SR EF AR E .

x5 FRFMRNSEIBBINRMEASESRALL

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

A

+HEA P Soil organic matter

4= Total nitrogen

e <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'  gkg 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 47.1 474 517 51.6 41.9

1 200~1 400 0.0 333 18.1 17.7 21.1 24.4 18.8 22.6

>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

Tl LS BR: 0 T R )47 B A5 N

PR, B SOM, Ml #4213 TN

L IEZ I SOM FI TN I 2 VAR FRIE A B Z R .
20 {22 70 AFARTITAR, R RS EED™ R A 5T
R, AR TR, e X i LAL A H 53
Wz, WaETERESERRA, WA TR
WERBER L, Hit SOM & &3 LHETHY. 20
228 90 ARV, Tl flad & | [ ¢ AL fr 3
PARA P IR AL HEBE A S5 32 2 SOM R TN 5 i f) 14
InFRAE T FPLI. A, B AR BEA AT 0

SR ORFEMEHE T AR S B RA T2
5, AREYRRMTRAR, SHHARHEA
BRI, REVEW AR R W82 S 8UR bR A
PIFhds b2 R0 st 2 R 4 R E G A
FEAEDO ) AT 1984 AEARIE T AR 6 710 t (4T
afitg ), 2019 AEALNE H & S i ik 14 820 ¢, JifIE &
KIEERT, EYEpEiRe, w8 TLEPRA
A HFSFFE R, M3 SOM Fl TN & &b
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Table 6 Variation characteristics of soil organic matter and total nitrogen in different years and different soil types

+HEA P Soil organic matter

4% Total nitrogen

G0 +2% R ¥iE /ME YN ¥fE . F/ME = INIEL
Year Soil catalog  Samples Mean/ #5rifE22 SD Min/ Max/ Mean/ k2 Min/ Max/
(gkg") (gkg') (gkg') (gkg!) > (gkg") (gkg')
1983 im0 73 9.33a 3.45 2.80 20.00 0.60a 0.21 0.16 1.20
=) £+ 21 7.40b 2.02 2.90 11.20 0.43b 0.13 0.21 0.66
2008 FAEHD 286 11.87a 3.79 3.30 25.20 0.75a 0.17 0.28 1.37
=) £ 43 11.91a 3.52 5.60 20.00 0.76a 0.17 0.45 1.21
2019 FEEED 106 14.28a 4.69 7.65 27.33 1.00a 0.19 0.66 1.52
iy £ 20 16.28a 5.78 9.88 29.95 1.06a 0.30 0.83 1.86

e AN FRRRRE LR R—F D TR 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 EFHEY ARG TR R R R
BEAVE W B KA Al A 7 it AT A A L, R I
2008 4F Ji5 i 4= e 7 i N2 4 AR AT B 80 S, R AL
JIE it P 2 A B e, 1 2008 4E 1 8 863 t 19 % 2018
AEM) 9 608 t, (HAERALASH [, BRI IR
iy, EALEC AL . AARAR R A EEHA B 2008 4F
() 6 074 t [ 2 2018 4F 1Y 5 255 t, B A HEF A 2008
AERY 682 t I E 2018 4K 1 739 t, [HEK“HAEAN
Wr 7, 2008 4EAY 100 171 t 392 2018 4EAY 146
487 t, PHULFSAF BB M AE AR K, A RENA
ML e A 38, o | RIRSE T, e iE SOM
TN (AR 2009 4EILTE4E LA T 6 FHER L
PO RO 2 S AR EEROR s, KR
VEVIREFFERE R RS20, RRAF IO 2710 U . 43
FERE A AR BERERE AT NG, iR i — ek T
FEFEAR B A AT o B3 DA FFAA H 32 22 el ad
S i R A R JE Y SOM, & I ULE Wi shfd
FFFEFE TP ML TR I o R, AR AL A HLAR 45
PR B AR e, DT RGN - 9 00 AT DA 6
32 TEMATUHNREREX

44 C/N H U He A i A A Rk UE IR AR
B, AT A b R A OB AR, A B Y -
RAEFE R, RETE A AR R A AR LR . KRB E
2008 4F SOM %4 1983 4EAY 1.34 f5, TN & iH
1983 4FE(W 1.35 fi5; F A3 CO/N LW WAL, (A48
SEBTE . 2019 4E SOM &K 2008 4EAY 1.27

f5, TN F&k 2008 4F 4 1.39 fi5, HAHE C/N H
9.33 &% 8.43, TR AW ERM, X H)IP
X PR EE AT, AT REAY R PR 1 v e XN 2%
&, TR ARBEE S, AN RE, B
SR T PR A . PR, TSR AN [R] X3
2 [8] S R L 1 23 () AR S K ) B 898, LA
IR IR B Ak ) 1 s R 2 0

+3E O/N R AR ) W R R AR
—o C/N Ry Inge— 2 fR B L REaE I il 35 A 4 o0 i
A E I RE 1, I FLIEE - HEm MR Tt 2B,
AT I S 3G I 3 iR AR B RO . R RS
BBE A O/N, RIS IR R . A AR
N EEFET, R A, — B B
RN, $2m AR R, etk AL LA,
Y O 22 b it FEAT AILAE A S A R AR R
it RS EER, SR AR R
BUA M 1 T SRR

4 4 ik

K 1983—2019 4F SOM 1 TN & (K 2
TR, 3EmA LR 9.33 B2 8.43, BRA
B EREAL, HARA MM CRECT R, EHITE
MiEYE . SOM Fl TN B} 23 J A8 k% Jay By 35 2232 S5 kb
DK 2R 1 5% W) 2 738 SRy 52 235 /) Y R B AL P PR 3R 5 )
1983 4F SOM Fll TN %227 3| + HE MG L5 I R
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