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The spatial distribution characteristics of soil nutrients in walnut

orchards based on geostatistical model
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Abstract: [ Objective] Despite the importance of soil nutrient management in walnut orchards,
there is little research has focused on the spatial characterization of soil nutrients and the impact of
topography on nutrient distribution and overall fertility. Consequently, the purpose of this study
was to elucidate the current state of soil nutrient content and fertility, as well as to investigate the
spatial characteristics of soil nutrients in walnut orchards. The findings are intended to inform the

division of management units within these orchards, making it easier to establish focused and
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accurate fertilization strategies. Finally, the study aims to enhance soil nutrient management and
contribute to the sustainable and efficient production of walnut orchards [ Methods ] In this study, a
5 km grid was used ti designate 110 plots of walnut orchards in Baokang County. Soil properties,
including pH value, organic matter, hydrolyzable nitrogen, available potassium, and available
phosphorus, were tested. Soil fertility was thoroughly evaluated using both statistical analysis and
the Nemerow index method. Geostatistical analyses were performed using GS+9.0 software to fit
the variogram and select the optimal model. Moran's index was employed to assess the spatial
autocorrelation of soil nutrients in the study area, with local spatial autocorrelation clusters
identified using local Moran's I. Kriging method was applied for spatial optimal unbiased
interpolation, and spatial distribution maps were created using ArcGIS software. [ Result] In
Baokang County's walnut orchards, the average soil pH was 6.68, indicating predominantly
neutral to slightly acidic conditions with weak variability. Mean values for hydrolyzable nitrogen
(HN), available potassium (AK), organic matter (OM), and available phosphorus (AP) were
109.41 mg-kg', 125.43 mg-kg', 27.63 g-kg'!, and 23.74 mg-kg"', respectively, each exhibiting
moderate variability. According to the Nemerow index, the soil fertility index ranged from 0.90 to
2.26, with an average of 1.57. Approximately 78.3% of the land was categorized as moderately
fertile, and 20.7% as fertile. In analyzing the facultative properties of soil nutrients, it was found
that HN, AK, OM, and AP, as well as the comprehensive soil fertility, predominantly exhibited
clustered distributions. Concerning the directional trends: HN concentrations were observed to be
higher in the eastern and southern regions, with lower concentrations in the western and northern
areas. AK displayed a localized polar distribution. AP concentrations were predominantly higher
in the central and eastern regions compared to other areas. Finally, OM exhibited a trend of being
higher in the eastern and western regions while lower in the northern and southern parts. These
spatial and directional trends provide insights into the heterogeneous distribution of soil nutrients,
which is critical for targeted soil management and fertilization strategies in walnut orchards.
Notably, HN scores were significantly lower than other soil indices, indicating it as a primary
limiting factor in soil fertility. Correlation analysis of soil fertility index and average acreage yield
of walnut dry fruits showed that soil fertility was significantly positively correlated with dry fruit
yield. The ranges of HN, AK, OM, and AP contents were 8.175, 5421, 7.44, and 6.634 km,
respectively, which were larger than the sampling distances, indicating that they could satisfy the
needs of spatial analysis. The coefficients of determination were 0.894, 0.724, 0.742, and 0.844,
respectively, which were larger than 0.5, indicating that the fitting effect was good under the
corresponding theoretical model, and the spatial variability of soil nutrients was more accurately
reflected by the spatial variability. Spatial autocorrelation analysis of the soil revealed that HN and
AK block base ratios were 14.4% and 15.6%, respectively, with block base ratios below 25%,
suggesting influence predominantly from natural structures. Conversely, OM and AK block base
ratios were 35.2% and 39.2%, respectively, indicating influence from both natural structures and

stochastic factors. All Moran's I values of soil nutrients in the study area were positive, denoting a



significant spatial aggregation. Z-values of Moran's index for HN and AK were 4.30 and 3.05,
respectively, with p <0.05, which indicated that there were significant spatial aggregation effects
for both of them; while z-values of AP and OM were 0.63 and 0.98, p >0.05, indicating that the
aggregation effect of the two was not significant. High-value nutrient aggregation areas were
primarily in higher elevations like Longping Township, with lower values in lower elevations such
as Mazhiao and Dianya Townships. Elevation significantly influenced soil fertility, showing a
strong positive correlation with HN and AP content, a significant correlation with OM content,
and no significant correlation with AK content. [ Conclusion 1 The soil pH in the area,
predominantly neutral to slightly acidic, is conducive to walnut growth. Currently, the overall
fertility of the walnut orchards ranges from medium to high, indicating a beneficial environment
for walnut cultivation. Despite this, there is room for improvement in soil fertility to further
enhance walnut yields. It is well-established that better soil fertility correlates with higher yields
of walnut dry fruit. The management of walnut orchards at the county scale tends to be basic, with
soil nutrient content primarily influenced by natural structures and secondarily by anthropogenic
activities. Elevation is found to be an important natural factor that significantly correlates with soil
fertility, HN, AK and OM, making it a critical parameter for delineating soil nutrient management
units.To optimize the comprehensive fertility of orchard soil and, consequently, the yield of walnut
orchards, it is necessary to adjust soil management practices. Specifically, increasing the
application of nitrogen fertilizer is specifically recommended to address the identified deficiency
in HN and boost overall soil fertility.
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Fig.1  Sampling point distribution map
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Table 1 Classification standard values of soil properties

Ik IKFETE R HN A AK AHLE OM BB AP pH {H pH value
Soil properties / (mg-kg™) / (mg-kg™") / (g'kgh / (mg-kg™) -7 <7
Xa 60 50 10 5 9 4.5
Xc 120 100 20 10 8 5.5

Xp 180 200 30 20 7 6.5
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Table 2 Classification of soil fertility
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Table 3 Comprehensive evaluation of soil fertility in each town of Baokang County




pH f& P (VAR5 QN SV i) TRME

] IKFRPER ARERE ESR g2
S # ) ) i ) Fertility ~ Fertility  Yield of dried fruit
iR H #H
Town pH oM index evaluation  / (kg-666.7 m?2)
HN index AK index AP index
index index
SEFFA Siping 264ab  1.52b 1.93 ab 225b 2.06 ab 1.386 d s 57.5
ooy W M 2.52ab 1.73b 1.97 ab 2.57 ab 2.47 ab 1.483 cd LR 67.0
Guoduwan
J§ 548 Chenguan  2.45bc  1.62b 1.91 ab 2.42 ab 2.41 ab 1.439d LR 71.0
iy #® B 222¢ 1.94b 2.22 ab 2.53 ab 2.67 ab 1.643 be s 67.5
Huangbao
I ¥ Maqiao 283a 143 b 1.70 ¢ 2.39 ab 2.48 ab 1.428d s 62.5
JaPP4E Houping  2.66ab  2.39a 2.21 ab 2.81 ab 2.86a 1.855 ab REIR 85.0
JoFF4E Longping  2.83a  2.66a 2.30 ab 296 a 2.84a 1.930 a [iutVR 67.5
B Xiema 28lab 1.78b 2.11ab 2.42 ab 2.44 ab 1.598 be s 65.0
Wil 2 Liangyu 2.78ab  1.88b 251a 231b 2.89a 1.736 ab s 75.0
R4 Maliang  2.76ab  1.60b 2.26 ab 223b 2.38 ab 1.554 cd s 72.5
JEHE4H Dianya 278ab  1.65b 2.10 ab 2.24b 197 ¢ 1.482 cd s 68.0

e BEAENTRE. ARTEERORFESFEZER BEE (p<0.05) .

Note: The date are average values. Different letters indicate significant differences in the same column (p<<0.05).
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Table 4 Descriptive statistics of soil nutrients and pH

izt pH { pH IR AR HN/ AR AKY AL OM/ A R AP/
Index value (mg-kg™ (mg-kg" (g'kgM (mg-kg"
BB AR 2
Mean = standard 6.68+0.66 109.41+42.35 125.43+65.26 27.63£11.59 23.74+19.30
deviation
f/ME Minimum 5.04 415 28.5 8.27 3.8
5 KAH Maximum 8.05 370 556 90 111

A5 53 2 ¥ Coefficient of
9.89 39.62 52.03 41.96 81.31
variation/%
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Table 5 The number of abnormity values and skewness and kurtuosis of soil nutrients and

pH value
+3 pH 775> y JE IR K Ak 3R T ot e e s
S A B
Soil pH and Raw data Data after processing and logarithmic conversion
Number of
nutrients W VA FiE i % VA FiE
abnormity values K-S(P) K-S(P)
Skewness Kurtuosis Skewness Kurtuosis
pH { pH value 0 -0.665 -0.462 0.000 -0.819 -0.226 0.000
KRR HN 2 2.648 12.382 0.000 -0.361 0.477 0.047
B AK 1 2.934 16.349 0.005 -0.432 0.322 0.200
HHLE OM 1 1.876 6.846 0.000 -0.377 0.860 0.200
B AP 3 2.209 6.528 0.000 -0.255 -0.569 0.173

Xt 4 Fft 3% & BAS 1A R R ME 04T (R 6), HNL AK. OM. AP & BAFE/ 510N 8.175.
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Table 6 Theoretical model of variance function of soil nutrients and its related parameters

-~ AR BRI EEH Rk G 18 Pkt A FE YesE A
T8y Pl
Distribution Theoretical Base Partial Block to Variable Coefficient of
Soil nutrients Nugget
type model value abutment value  base ratio/%  range/km  determination
JKARMER HN XTEOERS [ g 0.00268 0.01856  0.01588 14.4 8.175 0.894
HRH AK WHEUER T s 0.00610 0.03910  0.03300 15.6 5.421 0.724
AP OM TEOERS FRHUE T 0.00885 0.02514  0.01629 35.2 7.440 0.742
A 3% AP MTEOERS TR 0.03574 0.09120  0.05546 39.2 6.634 0.844
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AL 5 (7 (B SR AR AR, T AP A1 OM 1) z {E 3714 0.63 1 0.98, p>0.05, BLHIPIE
REMNALE . BREEETUES (K2 , SN HN. AP. OM FENEE &M
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(C), available phosphorus (D), Nemerow index(E) and Baokang County topography (F) in study area

2.3.3 BHREFXTIRF SRR
VRN 3 5% 03 HEAT Pearson AHKR M (R 7D, &5 RFEW], K5 HN. AP fl+3%
SEA B Fa B AR IEAHE (p<0.0D) , 5 OM 2EFHIEHK (p<0.05) , 5 AK L&
FARNE, EXRUIBEEER T, HIEEF TR SENE, RIEMEEL.
® 7 BRI IIRF SRR SR
Table 7 Correlation analysis between elevation and soil nutrients

KRR HN R AK HHLF oM R AP P 2 i H NT
154K Altitude 0.454%* 0.198 0.239% 0.268%* 0.445%*

W e RINAE p<0.01 AP FAREEM L, *RARLE p<0.05 /KT T REFEHK.

Note:**means significant correlation at the p<<0.01 level. *means significant correlation at the p<<0.05 level.
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3 HN. AK. OM F1 AP & &2 B3R IE JPE i S sk FE br . VR WFFURI], it
A B AE S LIRS B RN, Rk I R T A B AR TR ) R R ML
WEE LT )T AR TE AL e LR PR AR AT EEBUR L, REEE 4 P LIRS R
BN T RIS, B0 2 A Ak el R 2 B B A X o (81020281 HR, TN SRR 2
KT 76 BRERIRIEAZME e R = e 13 IR A0 BEAT R I R B L 4% HN. AK. OM F1 AP
TSR AL 154.41 mg-kg!, 330.13 mgkg!, 36.01 g-kg!, 37.52 mg-kg!. fREEE
HN. AK. OM Fll AP & &¥{E 4 5N 109.41 mg-kg'. 125.43 mg-kg'. 27.63 g-kg'. 23.74
mg-kg!, T 4 S ARk b LR o PO, EARE T K B e AR A A B R R
XY LA B e A R — BRI L g S

WD LI VPO S5 AR, e PP S PR Ak IV E SO AEIR, AR A X g5
PO R R B AL Bk el 1) L 338 55 20 AR SPAE P A DA b, 3 A AR X S T - S 5 15 AR 3T
B, HED — 7 T2 B iz X L 398 BE L 388 IE 8y, 1358 pH b ik, LI #h Bt A
FEwr . LHORAEALARRE 1. SZriRE S PR B AR s S —Jr T FA A A
JRiE, MBGEM R 2R L ERE . LB, BKA RIFHIE TE A 5 R . 1E
A, R A S R A SRR DS, R AR S ORI, LIRAR
T IAE 666.7 m? = &jdE, RURTE LI IR RO iz bk & . 3% HN F1 AK
TN IZ AR R RS B W RO T e, Sk R BRI R A B 2 B A OCR638, r
SEFAEAHE I R BB T Hofh 98835 7y, HN SRR, 1B 7EAZ Bk -3 I8 /I AR e AN 2
MIZEAETS, SR A UL DASR = Ak ot S 7

AT AR A P R AT 2 (R AR A R P 22 e, 2 B) S B R S i B L AR Fh AR
PR B Mk S5 8] 2 AH DG8-401 i 7 /N RUBE AT 9 X 30 g IR 7 g e 23 A8 5 2 B2 B Chy
RIZ S2m, T R R 7t X 3 i ) PR 2252 HARD 2 52 md . 5 P 2007 4EAT 2020
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NAEFERFEFEIER, L3538 3 AT IRES, 2R N BRI 3RAE F  i2x se i 43825 A
HAHSENE . MG B LA AR Moran” s T #5508, (R EBkE HN. AK 3%
ZRIERERIME, B EA B E R AP. OM 2 E| H AL M A IR 2 (1)
XUEE R, B 5 8] IEAH DG (H 2% (B SR AR AN AN 25 TT A DR O A AR PR RELAE L Lo, 8 B
DR, 52 B OB AR ST N, R R BRI A% 1 A2 3R 7 ) E B (R R
BN AT NEATS SR 500 T R bk el L3N0 70 TR 7R 20 A o AR 28038 7R SRE A, 17 PG AP A% A o 4
7 SRAK TR 421, BRI AE R i R B ] B AR AR KR B, AT B R A% 2 1
BEHAEZHREA,

AT S, LIRS I AR X EAR R FE RIS s X, G AE 2R X T 43 A 72
IR S B AR L X, g kot 30 70 2 2 R o A% TE Ll KRR PR AR AR AR,
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