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Characteristics of spatial and temporal variability of
soil nutrients in cropland of Baishui County

XIA Liheng'*?, SHEN Jianglong', SUN Yutong'”, LIU Jing’
(1.Institute of Land Engineering and Technology, Shaanxi Provincial Land Engineering
Construction Group Co., Lid., Xi’ an, Shaanxi 710075, China;
2.College of Natural Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China;
3.Shaanxi Provincial Land Engineering Construction Group Co., Lid., Xi’ an, Shaanxi 710075, China)

Abstract; Study of spatial variability of soil nutrients is very important for improving the yield per unit area of
food crops and protecting the agroecological environment and is a prerequisite for the implementation of precision
agriculture. To understand the spatial and temporal variability of soil nutrients in the northern Weibei Plateau region
of Shaanxi, the spatial autocorrelation and center of gravity models were integrated to analyze the spatial and tempo-
ral variability characteristics of soil organic matter (SOM) , available phosphorus ( AP) and available potassium
(AK) in cultivated land in Baishui County from 1980 to 2007 and 2007 to 2017. The results showed that the aver-
age contents of soil SOM in the study area increased by 1.29 g + kg™ and 3.22 g - kg™', respectively, and the aver-
age contents of AP increased by 6.89 mg - kg™' and 24.45 mg - kg™', respectively, while only the average contents
of AK had a trend of the first decrease and then increase. The coefficients of variation of soil nutrients in arable land
in all three periods ranged from 30.2% to 90.8% , which was moderate variation. The global Moran’ s I indices of
soil SOM, AP, and AK in arable land decreased from 1980 to 2017, with a weakening spatial structure and an in-
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crease in the role of stochastic factors. Soil SOM, AP, and AK content all increased to different degrees, and soil

SOM content generally showed a low north-south high distribution, while the distribution of soil AP and AK content

was more consistent, having a high east-west low distribution. The center of gravity of SOM generally shifted in the

southeast direction, and the center of gravity of AP and AK generally shifted in the northeast direction. The spatial

distribution pattern of the soil nutrient standard deviation ellipse was consistent with the distribution direction of the

study area, and the turning angle showed an increasing-decreasing change pattern, with the ellipse area decreasing

and the spatial distribution of nutrients tending to be concentrated. In summary, this study has identified the spatial

distribution of soil nutrients and the direction of nutrient gravity shift, providing a basis for rational planning and

use of land resources and soil nutrient management.

Keywords: cropland; soil nutrients; center of gravity model ; spatio-temporal variation
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Table 1 N\ value of soil nutrient and normal test
of cultivated land in three periods
TiH Item A P || TiH Itlem A P ||TiH Itlem A P
SOM-1980 0.14 0.07* |[SOM-2007 0.58 0.18" |[SOM-2017 —-0.67 0.96*
AP-1980 0.06 0.13* || AP=2007 0.02 020" || AP-2017 —0.10 0.99*
AK-1980 0.75 007" || AK-2007 0.14 0.16" || AK-2017 -0.18 0.90*

VE: * 2R P<0.05 B FEKFE,

Note: * represent P<0.05 significant level.
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AP AK AEX &840 11.7 ¢ - kg™ \5.11 mg -
kg™ [ 158.68 mg - kg™';2007 4E43 5N 12.49 ¢ -
kg™ 11.93 mg - kg™' .135.64 mg - kg™ ;2017 4E43 5
41621 g + kg™' 36.45 mg - kg™' 258.88 mg - kg™’
TE 1980—2007 41 28 a [B], 13 SOM Fl AP 7 &
B T, AK i B B R AR, 2007—2017 4F, = Fp
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Table 2 Soil nutrient description statistics of cultivated land in three periods
it H AL SR bR 2 R/ME N IE] e A5 R K %
Item Samples Meanzstandard deviation Min Max Range Coefficient of variation
SOM-1980/(g - kg™") 154 11.70+5.50 0.40 46.32 45.92 47.0
AP-1980/(mg - kg™") 152 5.11+4.34 0.20 37.50 37.30 85.0
AK-1980/(mg « kg™!) 152 158.68+47.91 3.00 373.00 370.00 30.2
SOM-2007/(g - kg™") 156 12.49+4.66 2.20 31.40 29.20 37.3
AP-2007/(mg - kg™") 156 11.93+7.28 1.60 49.80 48.20 60.1
AK-2007/(mg - kg™") 156 135.64+58.72 32.00 327.00 295.00 43.3
SOM-2017/(g * kg™") 73 16.21+8.45 7.96 77.33 69.37 52.1
AP-2017/(mg - kg™!) 73 36.45+33.11 5.00 155.00 150.00 90.8
AK-2017/(mg : kg™") 73 258.88+147.35 82.00 861.00 779.00 56.9
®3 ZHIERIOFHTEERES Moran’s 1 18H
Table 3 Semi-variance model of soil nutrients in three periods and Moran’s I index
T H sl A A I/ % A/ m ) Moran” I z
Ttem Model Nugget (C,)  Sill(Cy+C) Nugget/sill Range r oran s
SOM-1980 E 0.12 0.248 48.30 4410 0.865 0.35"" 32.92
AP-1980 E 1.81 4.21 42.95 6470 0.995 041** 32.47
AK-1980 E 0.016 0.037 42.27 5050 0.957 0.44" 35.48
SOM-2007 E 0.496 1.21 41.03 8890 0.994 021" 32.36
AP-2007 L 0.165 0.217 76.14 17350 0.867 026" 24.89
AK-2007 L 0.277 0.46 66.56 16280 0.816 017"~ 19.06
SOM-2017 E 133.26 270.6 49.24 7460 0.775 0.31" " 15.40
AP-2017 E 0.24 0.422 56.88 9950 0.824 027" " 24.96
AK-2017 E 0.061 0.128 47.64 11800 0.785 021" " 17.56
o xR P<0.01 B E K,
Note: #* = represent P<0.01 significant level.
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Fig.2 Semivariogram of soil nutrients in three periods
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Fig.3 Spatial distribution map of soil nutrients in three periods
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H I 3 o] LIE H, =13 SOM 7 =28 (8] 3 A
FRARL, 27 R A R 5 9 20 A FRIE . 1980 AT
X AR 43 Hh DX £ 3E SOM 57 = AbF H IR, & /b
T 12.5 g - kg U TE FLIK 400 km®, & KT 20
g« kg BT BN A 1.47 km? ;2007 4EHF 57 X + 4
SOM F&A eI, & E/hF 12.5 g - kg™ M1 A
ik 296.26 km®;2017 4EHF5E X 13 SOM & &= /M T
12.5 g - kg” WIS E] 13.5 km® , T HKT 17.5
g« ke ' MITRIFRA 129.5 km?, T B AE T IEWF 5L X 1
ZREER, HIXFTF 2007 4F 13 SOM 1Y% A KR
IHE

1980 4F -4 AP & F AR, 4> X K AR 43 b X%
AT 10 mg - kg™, AF W58 X B &6 &
2007 4E T3 AP FHRA K, FE/DT 10 mg -
kg™ AT AR D 3 164.7 km? , SRR T 15 mg - kg
() T AR i E)] 58.08 km? , {H A A B M 43k, BBy
ATEMFSE X AR p ML X, A EE 1980 4FA T —E 2%
MEE R . 2017 4F 58 AP % f 3¢ 2007 4F A KRB
3K W9 X AP & BRI K T 15 mg
. kg_lo

1980 M5 X 1458 AK 5 & R ) JL 2 38 ks
POAK FH/NT 130 mg - kg™ B9 BALA 17.02
km?®, 2007 4F 14 AK & /N T 130 mg - kg™ BT
FHU3E 270.7 km®, M e 1980 4F A5 1R KRR JEE 1 9 /0

A D ER 3 1S B . 2017 4F I AK F 8K
T 250 mg - kg™ Y TH AR A 288.37 km?, i LT AR IR
54.9% AR5 A [ AR 2 AR s PO AR 3 A, A L 2007
AE, 3 AK A T B EMNRS,

232 #HEEHRsEHETEAL NFK4ME 4L
245 W) A L& H, 1980—2007 4F +3E SOM 5 AP
TR AK &R 2RI E S, 1 SoM
SEIE AN 383.28 km?, 5 BFSE XA 1 X
B 73%, Hrp BiEKT 4 ¢ - kg™ WTHEFLA 91.59
km? , FEBLA A 1E H A R 1 s 1K L PR A TR
FRM/N, SOM THAE/D 1Y [F] B -+ 358 LR AR 22 114 3
PRI T SOM i, 3 SOM 5 =K
FITE R A 142.21 km?® A 7 4 DR b T R 279% 22
A, BB TS X EEHB, 7 BE i T # b R R
AT, A AU it PR AR S R BT S, % 1
AP AR EEAERAE 0~ 10 mg - kg ZJA], 54
XA AR 87% , T2 AP & 358 Th i i Ji A
AT RE R SEAT FBE AR AL T AT ] LUK, B b 43 3 5
TR AEAE A RS REAS 2 vz i, 55 40, 4R 7 i #F
YNVE RNt A Rl AP B & A BT T, X
THE AK, KR X F s b, Horp AK 5 &b
KF 60 mg « kg™ WTHIFLN 78.34 km?, (5 WF 5T X
TR 14.9% , F B FAF5E X AL EB , AU /D4y
i IX B g TR, A B A

T4 1980—2007 &£ HIEFH A EIEIEH TR KL E LB

Table 4  Soil area and its proportion of soil nutrient increase during 1980-2007

WiH TR | LA o3 b HE 5%
Item Area, percent and classification standard Soil nutrient content raised classification
59 Grading/ (g - kg™') <-2 -2~0 0~2 2~4 >4
AL 2
SOM T Area/km 52.51 89.70 162.11 129.58 91.59
Lt Proportion/ % 9.99 17.07 30.85 24.66 17.43
s %% Grading/ (mg « kg™") -5-0 0~5 5~10 10~15 > 15
R R
AP MiF Area/km 3.44 175.09 282.71 52.27 11.98
LL 5] Proportion/ % 0.65 33.32 53.80 9.95 2.28
S A9 Grading/ (mg « kg™!) < =60 -60~-30 -30~0 0~30 > 30
L‘;K T Area/km? 78.34 146.10 186.43 83.19 31.43
L8] Proportion/ % 14.91 27.80 35.48 15.83 5.98
RS 2007—2017 FEE L EF S A EIGIER L EER R HE LA
Table 5 Soil area and its proportion of soil nutrient increase during 2007-2017
iH TR | LA o3 b HE 5%
Ttem Area, percent and classification standard Soil nutrient content raised classification
59 Grading/ (g - kg™') <0 0~3 3~6 6~9 9~12
AL 2
SOM T Area/km 87.84 211.24 153.18 63.41 9.83
LL 5] Proportion/ % 16.71 40.20 29.15 12.07 1.87
e 5r%% Grading/ (mg « kg™") 0~10 10~20 20~30 30~40 40~50
K 2
AP MiF Area/km 20.27 116.20 227.41 128.64 32.98
LL ] Proportion/ % 3.86 22.11 43.27 24.48 6.28
S A9 Grading/ (mg « kg™!) <0 0~60 60~ 120 120~180 > 180
b;K X Area/km? 0.39 41.61 195.28 244.08 44.14
L5l Proportion/ % 0.07 7.92 37.16 46.45 8.40
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M5 FIE 4 7] LA H,2007—2017 4F#fHb £
52 SOM (AP Fl AK & i B fAR S 38 inia #, Horp AP
5 AK MHEIRAR . LR R T RS2 3 AF R AR P BN
T N A b B it A AILAE A A AR R AT A BE A
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Table 6  Soil nutrient gravity shift during 1980-2020

TR SOM AP AK
Shift of gravity center 1980-2007 2007-2017 1980-2007 2007-2017 1980-2007 2007-2017
*Zlﬁlﬁrﬂ—] % Southeast % Southeast % Southeast %3t Northeast ™ South %4t Northeast
Moving direction
BN /m

. 3579.31 922.76 880.07 1488.92 2489.22 1311.34
Movement distance

Fz7 1980—2017 ETEFHIREEHMESHTHL

Table 7 Changes in standard deviational ellipse parameters for soil nutrients during 1980-2020

E2 0 SOM AP AK
Parameter 1980 2007 2017 1980 2007 2017 1980 2007 2017
1 Rotation/ (°) 56.32 72.63 61.98 45.68 72.54 44.75 47.65 76.13 50.81
o bR 22
Standard deviation along 14.72 13.38 13.29 14.43 13.66 10.77 14.60 13.51 13.79
the x-axis/km
Wy BlvbRiE2E
Standard deviation 13.48 11.63 12.32 12.61 11.91 14.55 13.34 11.89 12.31
along the y-axis/km
Wi i AL Ellipse area/km? 623.69 489.24 514.61 572.28 511.53 492.45 612.31 504.85 533.48
*ﬁﬂ__ﬂ]‘ﬁg ﬁ[gﬁ j][] Eﬁ IKJ/I\'EQ ‘l‘i E/\] ﬁfIJ %ﬁﬁﬁ% X %% éj\/é\ % GIS and geostatistics[ J ]. Chinese Agricultural Science Bulletin, 2019,
(T A AR 7 | XA K Il 1 32 43 14 5 45— A BT 4853
" o o o - (3] WA, BRI, SRR A5, /N R s )R S AR BT[]
%E‘lﬁa E/(J Tﬁﬁ‘ s Mﬁﬁ HK%X‘T |J__[ 7J(E;%121§j:i§?§ﬁ = Kﬂmmi‘?ﬁ’ 2014, 45(3) . 90-96.
RO DX AT LA B X M 0 48 5 a0 X 451> S B SLH, ZHANG Z Y, LYU M X, et al. Spatial variability of soil
%‘lﬁ‘F ﬁ}ﬁ ‘[‘)iil:_l:ﬁ? ﬁ:]\*ﬁ , ﬁlT_Elf H:ll ~ Iﬁ] g %E E/‘J %ﬁﬁ N E*Z nitrogen and phosphorus in small watershed [ J ]. Transactions of the
\ — e VA Chinese Society for Agricultural Machinery, 2014, 45(3) : 90-96.
&_A / N ThY E ’ N 3 ANy ey - -1
H E;#:ffﬁ&% PPIORGETE, AT S BRI ) e s o sser s S OESE ). L
bii RE 175 ~Fo HEAR, 1993,(1) : 69-78.
RWFFEZE B, 2007—2017 4EWF 5 X+ 3 SOM . LIANG C X, YAO X L. Spatial variability of physical properties of red
AP AK é\ii [I]Eﬁj( ’ j:i%% SOM EE%:Y‘FE:I:?HE [X}E soil in hilly land of central China[J]. Acta Pedologica Sinica, 1993,
N o (1) 69-78.
FITRHRIEECA, AP A AK AEBFSE DCALTRIR I RER sy e asemm bse, 5, st S S Sy a2
AHE T NS Sl 5 AL AERE Y i it AEHLJ]. AR, 2013, 33(2) ; 554-564.
}Eﬁ , fl:%%[]%}\xﬂ‘]ﬂg Tig;k&ﬁﬁ , ﬁ%ﬁﬁ}ﬂﬁﬂa@iﬂﬂ , CHEN T, CHANG Q R, LIU J, et al. Temporal and spatial variability
o o o f soil available nutrients in arable lands of Heyang County in South
13 SN Bty e 4 o ok | o yang y
{ii /%%?%Jf E‘lii)( =15 ﬁﬁﬂlﬂ: %W %B " 1:@ ’ Z:;FJ T Loess Plateau[ J]. Acta Ecologica Sinica, 2013, 33(2) ; 554-564.
AAEWEREE SR AT RS, UG, RIFRIE (6] s, s, ik, 5. 36T GIS FOZEOARI 507650 2511 25 5
PRI X AL AR X B4 A A , I 7 A2 5 e H BFELD]. AR, 2013, 33(8) ; 2586-2595.
HE \@;HE . %q; HB E/‘J % E'L'H IS {JI_ E EF' %//I i fD % E"J %I\ é/ﬁ\ . LIU G S, CHANG D, YE X F, et al. Spatial variability characteristics

of soil nutrients in tobacco fields of gentle slope based on GIS[J]. Acta

A I R AR e S AR R4y, 5 A Eoologica Sinica, 2013, 33(8) ; 2586.2595,
ZIE IS R A E AR & A RIR (7] i Wak e, 506 25, ST GIS ARG 0 I 3940 5

B R 2R TR ), B ST BRIV E bt BARAAAE (T ]. B, 2018, 29(6) : 1893-1901.

5 - N R YANG Z J, CHEN X M, JING F, et al. Spatial variability of nutrients
FR%TP}ﬁ%E{JE@HE?Eh‘ﬁ:%O %EEZ?F,E%ﬁEﬁ and heavy metals in paddy field soils basf:d on GIS andygeuslalistics
{@iﬂ@i%ﬁ%ﬁﬁﬁ?ﬁ;@%‘%?ﬂ? ’ @%EEJ:F&EP% [J]. Chinese Journal of Applied Ecology, 2018, 29(6) : 1893-1901.
R B, DASR R BT (8] SWIAE, SR VAR, % 2T CIS MG RS2 s 5

WHEL)]. HEREER, 2018, 34(23) : 72-79.
S ¥ 3T k. GUO AT, CUILJ X, XU X, et al. Spatial distribution of soil nutrients

[1] MATIAS L, CASTRO J, ZAMORA R. Soil-nutrient availability under based on GIS and geostatistics[ J ]. Chinese Agricultural Science Bulle-

a global-change scenario in a Mediterranean mountain ecosystem|[ J ]. tin, 2018, 34(23) : 72-79.
Global Change Biology, 2011, 17(4) ; 1646-1657. (9] ZRifgoim SRR SR8 5. TR - ARAFHE R S b+ R o i 25

[2] RSEF,MEIC ST GIS FUBGUH=AR VLAl bl X - 5707 AESERER[T). EHEER, 2017, 48(3) : 707-714.

S [BASARERTIE [ T]. PR 2AER, 2019, 35(17) ; 48-53. LI HQ, GUO CJ, CAI C X, et al. Effect of soil and water conserva-
WU M L, TIAN J W. Spatial variation characteristics of soil nutrients tion measures on temporal and spatial variability of soil nutrients in

in agricultural demonstration zone of northwest in Guizhou based on sloping farmland[ J]. Chinese Journal of Soil Science, 2017, 48(3):



55 3 1] SRS ; BBkl 357 70 i 25 28 SR 5 247

707-714. iation of soil fertility indices in tobacco field after land consolidation

[10]  XUZ%, FE/NGE Bl 45, AL SR et 2 A8 3 53740 in central-southern Hunan Province[ J ]. Research of Soil and Water

HrFE[ ). A HUEAAR, 2015, 46(2) : 110-119. Conservation, 2017, 24(2) ; 105-111.

LIU F, WANG X Y, ZHAO Y T, et al. Spatial and temporal [20] FALZUNE, SR 5. 8L DORE 12 3085 /2 6] 48 57

variation of soil nutrient and nutrient balance status in Weibei rainfed Ejﬁh?u[.] 1. i@??ﬁ, 2019, 56(1) : 55-64.

highland[ J ]. Transactions of the Chinese Society for Agricultural Ma- YU D X, JIA X X, HUANG L M, et al. Spatial variation of soil bulk

chinery, 2015, 46(2) . 110-119. density in different soil layers in the loess area and simulation|[] ].
(117 T, 80l o DR, TEAL SRR 1 s 77 o i 25 28 e Acta Pedologica Sinica, 2019, 56(1) ; 55-64.

fIE[J]. B3EsAdlz, 2015, 52(6) : 1251-1261. [21] IR, ¥, Pedte. st FHBKSN R i A K BT 2 43

YU Y, ZHAO Y T, CHANG () R. Spatial-temporal variability of soil TR ]. Rl FREERI 2254, 2020, 39(1) : 160-170.

readily available nutrients in cultivated land of Weibei tableland area XIANG S, WAN L, PANG Y. Spatial-temporal variation of inflow

[J]. Acta Pedologica Sinica, 2015, 52(6) ; 1251-1261. river water quality under land use effect[ J]. Journal of Agro-Environ-
[12] CHANDRA R, PRUSTY B A K, AZEEZ P A. Spatial variability and ment Science, 2020, 39(1); 160-170.

temporal changes in the trace metal content of soils: implications for [22] FEEDS 5K Heinm, 45 B A HEZE A MR A,

mine restoration plan[ J]. Environmental Monitoring and Assessment , RS [EAESAHELT]. Aolk TRE2AHR, 2019, 35(22) . 122-131.

2014, 186(6) ; 3661-3671. WANG G F, ZHANG W P, BI R T, et al. Estimation and spatial
[13] Xl P, 22 7S, 5. 1983—2009 41 P 2 T A0 [X #f £ 3¢ variability of organic matter in deep soil of farmland at county scale

AHUTES RAFAE S AR40[ 1], £l TR 244, 2013, 29(2); 132- [J]. Transactions of the Chinese Society of Agricultural Engineering,

140, 296. 2019, 35(22) . 122-131.

ZHAO Y T, CHANG Q R, LI Z P, et al. Spatial characteristics and [23] B/, RIBS. YIPEE N D43 AR2s i) HAHSEMIT[ )], AeZR il

changes of soil organic matter for cultivated land in suburban area of Referdl, 2014, 31(2) ; 131-138.

Xi‘an from 1983 to 2009[ J]. Transactions of the Chinese Society of MAO X D, LIU Q F. Spatial autocorrelation analysis of population

Agricultural Engineering, 2013, 29(2) . 132-140, 296. distribution in Jiangxi Province[ J]. Journal of East China Jiaotong U-
[14] STYRISHAVE B, BJORKLUND E, JOHNSEN A, et al. Study on niversity, 2014, 31(2). 131-138.

spatial soil ecology based on spatial heterogeneity analysis of soil or- [24] T4, THE, S DR R ESERE A LR 2 A8 57

ganisms[ J]. Water, Air, & Soil Pollution, 2012, 223(3) ; 969-977. RS A BCRFEROFIE ()], AR BRI, 2016, 31(5):
[15] We3E, B, 25 mas A ds i e o 1 5 | B IX 38 4) 25 ) A8 5 855-863.

FHIEL) ] TR X BRS04 ,2023,37(2) :134-141. YU L, WEI D, WANG H X, et al. Spatial variability of soil organic

YAO Y, LUO P, LI J L, et al. Spatial variation of soil nutrients in matter and appropriate number of samples on county scale in Jianghan

the Jiamakou Yellow River irrigation area, Yuncheng City[ J]. Journal plain[ J]. Journal of Natural Resources, 2016, 31(5) ; 855-863.

of Arid Land Resources and Environment, 2023,37(2) :134-141. [25] ATINE, M, e, 5. Wi BRSO 3 H 4 E 5 Yeas ()41
[16] REL K F NI ZE, T 40 AFJRI I8 Fs it - e R KM BT T ], AV FREERl =2, 2020, 39(3) : 530-541.

FIRTZs AR 1], FrE TR SRR, 2019, 25(5) ; 851-858. REN J G, WANG B, SHI H D, et al. Spatial correlation and

WU B, WU F Q, TONG X G, et al. Spatio-temporal variability of variation analysis of soil heavy metals contamination in upper source

phosphorus content in cultivated soils in Nihegou watershed in recent tributary of Tuojiang River, China[J]. Journal of Agro-Environment

40 years[ J ]. Journal of Plant Nutrition and Fertilizers, 2019, 25(5) Science, 2020, 39(3) : 530-541.

851-858. [26] EAME XIEC, JRDY, 45 BePiiEdL PIR b 2% Ry (T
[17]  SRER 2R B SOMR, 55 RETTAOl T3 R HLT Y 2 [J]. 4ol TARE], 2021, 37(5) : 256-264.

[A0 A 4 AF T FLs ma R & [T ], 2B 4R, 2009, 29 (6): XIA L H, LIU J, WEL F, et al. Spatiotemporal pattern change of cul-

3163-3172. tivated land in Weibei Dryland of Shaanxi Province[ J]. Transactions

ZHANG J J, LI F Z, HU K L, et al. Spatial characteristics and im- of the Chinese Society of Agricultural Engineering, 2021, 37(5):

pact factors of soil total nitrogen and soil organic matter in Taiyuan 256-264.

[J]. Acta Ecologica Sinica, 2009, 29(6) ; 3163-3172. [27] ZERMGEL - JRINER, B, PRAR , 5. THENES JR 4 H 7R e % S e
(18] bk 2=, 5 BB, 55, PUZ TR & 7 XAHZ L HaH AR AERA= BRI il e BRRF ST [ ]. HEMEHEZK 44, 2019,

AYZEIAIRHEL ). APE SR S IERLEAR, 2013, 19(6) « 1376-1385. 38(7): 38-44.

ZHAO Y T, LI Z P, CHANG Q R, et al. Spatial characteristics of NIJATM E H B,DAI Y, SHI Q D, et al. Physical and chemical

soil available nutrients in the major grain-producing region of Xi‘an, properties of soil at southeastern edge of anabasis salsa in Junggar Ba-

China[J]. Journal of Plant Nutrition and Fertilizer, 2013, 19(6): sin[ J]. Journal of Irrigation and Drainage, 2019, 38(7) : 38-44.

1376-1385. (28] i U BRPHIRALSE A el LSS R IMFAE N 25 A7 B AT AN F 7
[19] B R 2 SRMGTE, 45, Wirb g L b B35 A0 R A 4 [ D] B : PYAEAMBI I, 2013,

BRPPAY B 25 1] 28 SRR AE (], 7K R R FEBFST, 2017, 24(2) .
105-111.
LIAO CL, FULY, ZHANG P B, et al. Assessment and spatial var-

GAO Y M. Study on spatio-temporal characteristic of soil nutrient and
effect of fertilization in apple orchard of Shaanxi Weibei area[ D ].
Yangling: Northwest A&F University, 2013.



