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Effects of short distance sampling on the prediction accuracy of
the spatial variability of soil respiration

XIE Mengjiao', CHEN Qile?, ZHANG Junmei’, KANG Ying?, WU Chaoyu?, LIU Qi', WANG Yang'""

(1. College of Land and Resources, Hebei Agricultural University, Baoding 071000, China; 2. College of Resources and
Environment, Hebei Agricultural University, Baoding 071000, China)

Abstract: Sampling design is important for the prediction accuracy of the spatial variability of soil respiration. In this study, a plot of
1 km x 1 km was selected in a summer maize field from the northern part of the Huang-Huai-Hai Plain. Each of the forty-nine
sampling sites were set on the basis of three different sampling designs, including a regular grid of 7 X 7 unit rule (with a spacing of

167 m), completely random (with an average spacing of 433 m), and a regular grid of 3 x 3 unit rule combined with completely
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random (with an average spacing of 405 m). To optimize the layout, based on the 3 designs, we maintained the total number of
samples (49) and replaced the original sampling with short-distance sampling points for 2% to 14% of the total number of samples
(with a spacing of 4 m). The spatial interpolation was finished with the ordinary Kriging interpolation method. The root mean square
error (RMSE) and determination coefficient (R?) were chosen as indicators to investigate the effects of short distance sampling on the
prediction accuracy of the spatial variability of soil respiration. The results showed that the spatial distribution of soil respiration
under the three sampling designs was high in the west and low in the east, with moderate variation. Different sampling designs had
significant impacts on the prediction accuracy of the spatial variability of soil respiration. The short distance sampling under the three
sampling designs increased the prediction accuracy of the spatial variability of soil respiration by 7%—13%. Without short distance
samples, the sampling design of the regular grid combined with completely random had the highest prediction accuracy, which was
10% and 22% higher than the regular grid and completely random sampling designs, respectively. Upon the replacement with short
distance sampling, the prediction accuracy of the optimal sampling design (regular grid combined with completely random) was
increased by 4%—7%. The prediction accuracy of the spatial variability of soil respiration was most obviously improved when the
proportion of short distance samples was 10% of the whole size. This study found that setting short distance samples based on the
same sample size could increase the sample density within a region and improve the prediction accuracy of soil respiration spatial
variation and the reliability of experimental results. Therefore, a completely random sampling design combined with a regular grid
and 10% short distance samples is a better choice for the soil respiration spatial variation estimation of a 1 km x 1 km plot in a
summer maize field from the northern part of the Huang-Huai-Hai Plain. The results of this study provide guidance for relevant
research and field sampling designs.

Keywords: Soil respiration; Spatial variation; Sampling design; Prediction accuracy; Short distance sample; Ordinary Kriging
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Fig. 1 Samples distribution of different sampling methods in the study area
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Table 1 Sample layout of different sampling methods
Sampling method Basic sampling method Short distance samples number'
(49 ) 0~14%, 0~7
a Regular grid (77 unit with plots spacing of 167 m) 0-7 (0—-14% of total samples) short distance samples
b (49 ) 0~14%, 0~7
Completely random (49 samples, average samples spacing 433 m) 0-7 (0—14% of total samples) short distance samples
© )+ 40 ) 0~14%, 0~7
¢ Regular grid (9 samples) and completely random (40 samples) 0-7 (0—14% of total samples) short distance samples
1) R 1) The total number of every sampling method is kept the same at 49 sam-

ples, including basic samples and short distance samples, i.e. with the increase of short distance samples number, the basic samples number decreased.
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Microsoft Excel 2010 SPSS 17.0 ()= 2N (k) z‘ [2(x)-2(w+m] @
3s 2 h , (range), N(h)
h Z(x)) X;

http://www.ecoagri.ac.cn



424 ( ) 2020 28
A n .
Z(x0) =2 4Z(x) 3) —
i=1 = 2
N RMSE = Z\(x;)—Z(x; 5
Z(xo) Xo 5 Z(x) \/n—lg[ ( l) ( ’)] )
Xo X; 3 Ai Xi Xo ) S 2x)  Z(x) i
( 7
) ( ) ,
n 2 BEREHH
y)
; ! 2.1
R (n=1, 2,3, ,n) 4
n b
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Table 2 Descriptive statistical results of soil respiration rate of different sampling methods
Sampling method
Standard Coefficient = &)
. oelrcien
Ratio of short MHEZ 1 Ma),(z 1 Averzigze 1 deviation ~ Skewness Kurtosis of variation K-S iest
Basic method distance samples (mmol-m™s™) (umol-m™s™) (pmol-m™™s™) (umol'm™>s7") (%) (P value)
(%)
All sampling 1.16 4.88 2.65 0.72 0.58 0.41 27 0.84
0 1.58 4.88 2.89 0.76 0.72 -0.21 26 0.92
Regular grid 10 1.58 4.88 2.86 0.74 0.71 —0.18 26 0.91
0 1.16 4.88 2.49 0.65 0.38 0.50 26 0.91
Completely random 10 1.16 4.88 2.51 0.64 0.35 0.55 26 0.91
+ 0 1.16 428 2.55 0.67 0.26 0.18 26 0.86
Regular grid + com-
pletely random 10 1.16 428 2.61 0.67 0.28 0.15 26 0.86
2.2 + Co
) (0.05), R’ (0.68)(  3),
[17]
s [Co/(Cot+CO)] 25%~75%, 247~350 m,
( 3 ; +
[18-24] 3 ’ , :
+ , ’
(range) 296~325 m, + ) >
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Table 3  Semi-variation function models and parameters of soil respiration under different sampling methods

Ratio of short distance samples (%)

Basic sampling method  Model Model parameter 0 2 4 6 8 10 12 14
Co/(Co+C) (%) 48 50 54 60 63 70 69 71
Regular grid Spherical R’ 0.58 0.6 0.6 0.6 0.63 0.68 0.67 0.68
Co 0.11 0.08 0.07 0.07 0.08 0.06 0.06 0.06
Range (m) 296 325 312 350 314 307 307 301
Col(Co+C) (%) 42 49 55 57 62 68 70 70
Completely random  Spherical R? 0.47 0.56 0.57 0.59 0.61 0.62 0.65 0.65
Cy 0.16 0.12 0.1 0.1 0.1 0.09 0.08 0.08
Range (m) 325 306 249 247 296 315 317 306
+ Co/(CotC) (%) 55 53 52 56 65 70 71 72
Regular grid + Spherical R’ 0.68 0.65 0.64 0.69 0.74 0.78 0.8 0.8
completely random Co 0.05 0.03 0.03 0.05 0.05 0.05 0.04  0.03
Range (m) 305 289 270 287 295 295 312 308
x4 PRXETJEFRELITEE. TIRAKITH +
Pearson *E?é |’:’Eﬁﬁ _ 17.2%~44.7%(  3),
Table 4 Correlation among soil respiration, soil temperature
and soil moisture >
Soil temperature ’
Soil Soil 10% , 0.65
respiration moisture 5cm 10 cm
b
. L 1.000 0.179 0.020 0.023
Soil respiration
14.7%~31.9%( 3) )
. . 1.000 0.044 -0.005
Soil moisture
2.3 ’
) 10% ,
( 2), 10%
b b
’ ’ 2.4
b
100% , 3
, RMSE "
26
(261, , , + RMSE
0.54) r (0.78),
2 > >
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Fig. 2 Spatial distribution of soil respiration rate based on Ordinary Kriging interpolation under different sampling methods
(top: no short distance samples; bottom: with 10% short distance samples)
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Fig. 3 Variation of estimation correlation coefficient and root mean square prediction error (RMSE) of soil respiration rate with the
proportion of short distance samples under different sampling methods
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