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Spatial Variability of Soil Moisture in Kiwi Field under
Different Sampling Density Conditions

Xing Xuguang Zhao Wen'gang Liu Ye Ma Xiaoyi
(College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; A study on spatial variability of soil moisture for micro-scales was conducted in a kiwi field in
Yangling region. The mesh generation was formed based on the separation distance of 8 m, 2 m and
0.5 m in the 40 m x40 m field. The spatial distribution and variation of soil moisture in 0 ~60 cm soil
layers under different sampling densities were analyzed based on classical statistics and geo-statistics
theories. Results showed that as for three micro-scales of 40 m x40 m (L), 8 mx8 m (M) and 2 m x
2m (S), the variability of soil moisture in 0 ~60 cm soil layers was weak and moderate in horizontal
direction, and it decreased with the decrease of scale and the increase of depth. Meanwhile, the
variability of soil moisture in 0 ~ 60 c¢m soil layers was also weak and moderate in vertical direction.
A strong and significant spatial correlation was found in soil moisture in these three scales, and the semi-
variance models for soil moisture varied with scales. This meant that semi-variance models for soil
moisture in L scale could be simulated by spherical and exponential models; semi-variance models for soil
moisture in M scale could be simulated by linear model ; and semi-variance models for soil moisture in S
scale could be simulated by Gaussian, exponential and linear models. Besides, the reasonable sampling

amount in L scale was less than actual amount, but the reasonable sampling amounts in both M and S

ek H#H: 2015 -05-15 &I HH#H. 2015 -06 —17

* [ G ARFHEIE A B (51279167) - A IR SR B B0 H (2012BAD08BOT ) FH/K FIFHB A 25 PEA Tl B % 3 3% B350
H (201301016)

PEE B TG, R, 2 A+ UK -3 R W S5 BB , E-mail ; xingxg86@ 163. com

BIVES : D2 0,80, WA S0, EZNF LK+ TR, E-mail : xiaoyima@ vip. sina. com



F8 M

TG 45« BRAEAl SR BT A R RAE 8 B T 3 5 K R s (i) A SR 5 139

scales were more than actual amount. And as for L, M and S scales, the reasonable sampling amount in

0 ~30 cm layer was more than actual amount, but the reasonable sampling amount in 30 ~ 60 cm layer

was less than actual amount. These results indicated that a reasonable layout of sampling point needs to

be further optimized. In Yangling region, a significant difference of the spatial distribution of soil

moisture could be found in the north and south of local kiwi field due to topography. These results could

provide some guidance for irrigation and water control in precision agriculture.
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Tab.1 Particle composition of experimental soil
Rt/ mm /INF0.001 0.001 ~0.002 0.002 ~0.005 0.005~0.01 0.01~0.02 0.02~0.05 0.05~0.1 0.1~0.2 0.2~2
S5 % 12. 11 5.19 6.21 10. 78 27.31 33.22 4.93 0.25 0
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Fig.1 Mesh generations of different micro-scales
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Tab.2 Statistics parameters of horizontal soil water content in 0 ~ 60 cm layers of three micro-scales

R TJRRE/ em R fE/ % T&/ME/ % H{E/ % s v i 2 FriER 22 AR5 R A
0~10 34.47 18. 69 22.91 3.8922 0.108 1 0.1699
10 ~20 48.43 20. 40 25.56 5.104 6 0.1418 0.1997
20 ~30 37.31 17.61 24. 64 3.576 0 0.099 3 0.1451
L 30 ~40 34.38 19.24 23.77 3.1288 0.0869 0.1316
40 ~50 35.73 19. 38 22.85 2.7820 0.0773 0.1217
50 ~60 23. 66 16. 61 21.33 1.4803 0.0411 0. 069 4
0~10 38. 05 16.22 23.74 4.7079 0.1883 0.198 3
10 ~20 38.62 18. 13 25.36 4.4553 0.178 2 0.1757
20 ~30 32.85 19.59 24. 66 3.359 1 0.134 4 0.1362
v 30 ~40 30.21 20. 47 24. 14 2.2379 0.089 5 0.092 7
40 ~50 29.67 19.93 23.85 2.644 6 0.1058 0.1109
50 ~60 23.42 20. 05 21.51 0.9921 0.0397 0. 046 1
0~10 31.95 17.91 22.39 3.1033 0.1241 0.1386
10 ~20 38.76 20. 81 25.44 4.8181 0.1927 0.1894
. 20 ~30 41.85 21.57 24. 36 3.968 0 0. 1587 0.163 4
S 30 ~40 32.75 20. 87 24.29 2.4898 0.099 6 0.1022
40 ~50 26. 56 20.93 23.45 1.4875 0.059 5 0.063 4
50 ~60 26.55 19. 81 21.91 1.3338 0.053 4 0. 060 9
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Tab.3 Statistics parameters of vertical soil water content in 0 ~ 60 cm layers for all samples of three micro-scales

o B ok W B AR o AR | R &K &N BE Rl itk 5t
% l% /% P22 R Ei4 % l% /% (LS R B4
1 23.82  18.93 21.83 1.8052 0.3009 0.0827 19 22.92  20.42 21.63 1.0414 0.1736 0.0482
2 26.23  19.58 22.84 2.5482 0.4247 0.1116 20 26.87 20.81 23.01 2.0516 0.3419 0.0892
3 25.92  19.39 23.22 2.4538 0.4090 0.1057 21 38.62 20.05 24.43 7.0730 1.1788 0.2896
4 27.46  21.38 24.39 2.2629 0.3772 0.0928 22 31.61 21.37 2455 3.8532 0.6422 0.1569
5 29.82 21.48 25.04 2.9399 0.4900 0.1174 23 23.44 18.69 21.70 2.1381 0.3564 0.0985
6 29.12  19.40 24.75 3.2857 0.5476 0.1328 24 30.03  20.65 24.70 3.6199 0.6033 0.1466
7 27.31 21.52  24.30 2.2249 0.3708 0.0915 25 20.40 16.61 18.99 1.5452 0.2575 0.0814
8 27.61 21.88 25.05 2.3016 0.3836 0.0919 26 23.05 21.88 22.70 0.4217 0.0703 0.0186
L 9 24.81 20.20 22.88 1.7107 0.2851 0.0748 27 22.46  20.16  21.77 0.9352 0.1559 0.0430
10 27.89  22.34 24.37 2.2030 0.3672 0.0904 28 23.64 19.38 21.46 1.5608 0.2601 0.0727
11 35.73  18.92  24.90 5.9445 0.9907 0.2387 29 25.37 18.69 22.74 2.2451 0.3742 0.0987
12 34.38  20.73 25.84 5.1677 0.8613 0.2000 30 25.34  19.62 23.20 2.1484 0.3581 0.0926
13 29.13  20.07 23.71 3.3746 0.5624 0.1424 31 24.02  19.90 21.43 1.3781 0.2297 0.0643
14 31.43 20.64 23.85 3.8870 0.6478 0.1630 32 29.96  20.60 23.13 3.4635 0.5773 0.1497
15 29.36  22.76  25.28 2.3310 0.3885 0.0922 33 48.43 19.41 25.09 11.4746 1.9124 0.4573
16 31.37  20.60 26.32 3.6003 0.6001 0.1368 34 23.18 20.42  21.94 0.9032 0.1505 0.0412
17 37.31 20.18 26.35 5.9139 0.9856 0.2244 35 23.21 21.60 22.15 0.5706 0.0951 0.0258
18 26.13 20.33 23.71 2.1975 0.3662 0.0927 36 34.47 19.10 23.21 5.7533 0.9589 0.2478
37 26.05 20.29 22.51 2.0830 0.3472 0.0925 50 23.29 20.57 22.07 1.0872 0.1812 0.0493
38 25.26  20.61 22.98 1.7380 0.2897 0.0756 51 24.14  19.68 22.20 1.4532 0.2422 0.0655
39 28.90 19.47 23.00 3.1751 0.5292 0.1380 52 26.04 20.62 23.55 2.0957 0.3493 0.0890
40 32.85 22.01 27.28 3.6628 0.6105 0.1343 53 23.28 16.22 20.09 2.6918 0.4486 0.1340
41 24.17 21.55 22.86 1.1329 0.1888 0.0496 54 30.80 23.42  28.51 2.6698 0.4450 0.0937
42 27.36  20.93 23.53 2.7945 0.4657 0.1188 55 24.29 20.93 22.31 1.2134 0.2022 0.0544
M 43 22.90 21.15 21.86 0.6221 0.1037 0.0285 56 25.96  20.57 23.62 2.2325 0.3721 0.0945
44 29.87 21.57 23.59 3.1664 0.5277 0.1342 57 26.45 20.65 23.95 2.1926 0.3654 0.0916
45 34.23 20.47 24.55 4.9535 0.8256 0.2017
46 24.97 19.88 22.37 2.0388 0.3398 0.0912 15 29.36  22.76 25.28 2.3310 0.3885 0.0922
47 25.57 20.78 23.13 1.5589 0.2598 0.067 4 16 31.37  20.60 26.32 3.6003 0.6001 0.1368
48 24.66 20.87 23.05 1.3899 0.2317 0.0603 21 38.62 20.05 24.43 7.0730 1.1788 0.2896
49 38.05 20.92  29.31 5.6894 0.9482 0.1941 22 31.61 21.37 2455 3.8532 0.6422 0.1569
58 24.46  20.87 22.40 1.5808 0.2635 0.0706 71 31.95 23.15 25.27 3.3607 0.5601 0.1330
59 24.57 17.91 22.94 2.5004 0.4167 0.1090 72 22.58 20.83 21.96 0.7822 0.1304 0.0356
60 24.31 21.42  22.88 1.2035 0.2006 0.0526 73 23.71  18.76  21.96 1.7171 0.2862 0.0782
61 26.53  22.24 23.84 1.7652 0.2942 0.0740 74 38.76  21.78 26.70 6.3076 1.0513 0.2363
62 24.69 21.83 23.29 1.1299 0.1883 0.0485 75 27.62 18.86 24.15 3.1110 0.5185 0.1288
63 23.36 20.79 22.35 0.9732 0.1622 0.0435 76 41.85 20.89 27.18 7.8018 1.3003 0.2871
g 64 37.90  21.39 25.21 6.2909 1.0485 0.2496 77 23.64 19.81 22,22 1.7464 0.2911 0.0786
65 27.86 20.17 23.09 3.0190 0.5032 0.1308 78 22.96 20.45 21.65 0.9185 0.1531 0.0424
66 32.75  20.64 26.05 3.9591 0.6599 0.1520
67 29.76  21.35 23.94 3.1322 0.5220 0.1309 51 24.14 19.68 22.20 1.4532 0.2422 0.0655
68 23.06 21.07 21.99 0.7828 0.1305 0.0356 52 26.04 20.62 23.55 2.0957 0.3493 0.0890
69 25.25 22,10 23.59 1.1336 0.1889 0.0481 56 25.96  20.57 23.62 2.2325 0.3721 0.0945
70 34.00 21.33 25.06 4.6127 0.7688 0.1841 57 26.45 20.65 23.95 2.1926 0.3654 0.0916
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Tab.4 Semi-variance models and fitted parameters of soil water content in 0 ~ 60 cm layers of three micro-scales

R TBHEE/ em AR Co Co+C A Cy/(Cy+C) C/(Cy+0C) R?
0~10 ESSIN 1. 360 16. 120 18. 670 0. 084 0.9156 0.939
10 ~20 Bk 2.290 28.350 12.750 0. 081 0.9192 0. 942
20 ~30 ESSIN 3. 900 20. 930 61. 000 0. 186 0.8137 0.936
L 30 ~40 Eipael 3. 080 14. 169 10. 140 0.217 0.7826 0. 836
40 ~50 el 0. 170 7.653 9.720 0. 022 0.977 8 0. 867
50 ~60 2 1. 665 1.908 26. 156 0.873 0.1274 0.568
0~10 2k 1.442 25.051 6.519 0.058 0. 9424 0. 941
10 ~20 21 1.344 21. 602 6.519 0. 062 0.9378 0. 680
20 ~30 Rk 7.214 11.265 6.519 0. 640 0.3596 0. 387
M 30 ~40 2R 1 4.530 4.530 6.519 1. 000 0.000 1 0. 634
40 ~50 2R 3.196 6.947 6.519 0. 460 0.5399 0.991
50 ~ 60 Bk 0.014 0. 950 2. 860 0.015 0.9853 0. 009
0~10 ESSIN 0.010 8. 632 0. 608 0. 001 0.998 8 0. 001
10 ~20 ek 0. 126 0. 126 1. 630 1. 000 0.000 1 0. 869
20 ~30 Fe % 0.076 7.194 10. 725 0.011 0.989 4 0. 825
S 30 ~40 f=ain 0. 090 6.329 0.972 0.014 0.9858 0. 996
40 ~50 BROR 0. 042 2.201 0.743 0.019 0.9809 0.039
50 ~60 ESSIN 0. 059 1.782 0.819 0.033 0. 966 9 0. 130
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Fig.2 Spatial distribution of soil water content in 0 ~60 cm layers of different micro-scales

(a)L: 0~10ecm (b)L: 10~20cm (c)L:20~30cm (d)L:30~40cm (e)L:40~50cm (f)L: 50 ~60 cm
(g)M:0~10em  (h)M: 10~20cm (i)M:20~30cm  (j)M:30~40cm (k)M: 40 ~50cm (1)M; 50 ~60 cm
(m)S:0~10em (n)S:10~20em  (0)S:20~30cm  (p)S:30~40em  (q)S: 40 ~50cm  (r)S: 50 ~60 cm
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W, IURE ;B H B2 B AR K AL RS BE R M .2 < 2
EAG K ARIRI , & BEBURE £ H BEAL 508 2 19 1%
AR I/ 5 25 A 550K LA R, 5 PRIBORE 85 H B
FACFRREARITI A o 55 4, & BLEBORE 5800 H 7R TR
B (R ERE) B 5 HAR S R BUE A S
S

%5 FAREBEKAFSHERERGLARATE
Tab.5 Required soil sampling amount under different

specific confidence and estimated precision conditions

. 1R P=90% P=95% P=99%
R /em 5% 10% 5% 10% 5% 10%
0~10 33 10 47 13 8 23

10 ~20 45 13 64 18 110 30

20 ~30 25 8 35 10 60 18

L 30 ~40 21 7 29 9 50 15
40 ~50 18 6 25 8 43 13

50 ~60 7 3 10 4 16 7

it 149 45 209 63 359 106

0~10 44 12 63 18 108 30

10 ~20 35 10 50 14 8 24

20 ~30 22 7 31 9 53 16

M 30 ~40 11 4 16 6 27 9
40 ~50 15 5 21 7 36 12

50 ~60 4 2 6 4 10 5

I3t 132 41 18 58 320 96

0~10 23 7 32 10 55 17

10 ~20 41 12 58 16 99 28

20 ~30 31 9 43 13 75 22

S 30 ~40 13 5 19 7 32 10

40 ~50 6 3 9 4 14
50 ~60 6 3 8 4 14 6
it 119 39 168 54 288 88

S0 T ] AR BORE 5 4 vy e 5 R
R AELT] I 2 2 384 i A 2 A oA, A ot
TERIYIRE 07 1% 25 Wi 0 v, o A 2 7 AR 00 G 2
SRFNRBE /NI LA DK o A B 5 v, AR 406 52 P
[F] - 855 K A AR S R, DR EAS K F 95%
FVFIRZE 5% A APRE , AT & — MOl LAt
PRl B, 22 5 S B BURE B0 X FE R B, % T L

JUEE, b A BHUURE SR S P BURE R (216 4S) A
Bl X F M OAES R, 4 & BREEORE B8 52 B
BORER (4% 126 ) A Brdg e X F A [al RO i
A PUORE R B A 5 B B 2 R B R T
WD B 5 S BR BURE RO RS HE S K B, 4% )= &
SR it 1) BEEBORE 230 52 P BURE Bt A7 — 7 22
S L RE 0 ~20 em 4 J2 (& BEIURE B8 52 R
BRI (36 1) 2,20 ~ 60 emtJZ A5 FLECRE A4
Eprb. @ M FNS RO ~30 em 4 J2 /& HIK
PERICH S PR IORE 2 (4% 21 AN) 94 B 9 m, 30 ~
60 cm+ JZ & BEHORE B8 52 b BURE B, H
30 ~50 emJZ i) 52 B HURE B0 HAE BORE Bt
A1 LA b A L, 36 AN R RO A [R] 2 IR
WORE R A AP BRI A 2 1]

3 #ig

(1) 3FREEN,0 ~60 em A )Z L HEE K
ALKV Ty 1] b 09248 S B, DL R A% ORE i b+ 38
FIKFAE 0 ~ 60 em + 23 B Jy (] b 1722 S 5k 2 1y
RN 5572 5 B A (55 ) 28 5, 78 S AR B R
AR/ IN T ), LR 4 S22 R B A 1 I i ) o

(2) 3 M REEN, R L4 C/ (€ +C) <
0.25 H C/(Cy +C) >0.75, W] I E KA
KU A3 [RIAH DG , Hy BEATL PR 3R i 350 ) 5 ) 28 e A 32
e FF40mx40m 8 mx8m A2 mx2m R
JBE, e K A A A3 ) 73 A7 AT 1) by BROAR 8 R0
B AR e i AR R R LA

(3) 2% 1 JZ2 T KRAE 3 MR N A3 [A] 43
AT SAFAER R, BRI R AR IR, X
el 000 398 5 KR Ry R R X4 /), e
TIEEREB W T, T, 135 K
RIS (8] 534 2 L i 3

(4) & BRI U8 H 32 BAR /K FIAG RS 2
SRR, HAA HUIBCRE RUBH B AR KR B
F ALV 1R 22 W BTG 22 5 75 55 B FH () BORE A, 7 AR
P HAR SR E R SACH |, LUK I3 kg B Ak
RBA R H .
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