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Effect of soil temperature on soil moisture content
in solar greenhouse

Saiyinchaogetu', MA Wenjuan?, Tana'’
(1. College of Mechanical and Electrical Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China;

2. Academy of Army Armoured Force, Beijing 100071, China)

Abstract To investigate the correlation between the soil moisture and temperature of topsoil, the moisture and
temperature changes of soil were measured in the solar greenhouse located in Hohhot. The relationship between soil
temperature and moisture content was analyzed by Gaussian function multi-peak fitting and linear fitting. The results
showed that the soil moisture content changed linearly with soil temperature in three test areas on different soil layers.
Between soil temperature and moisture content, the closer the depth of soil to the soil surface, the more significant of the

linear relationship. The relative error of the calculated soil moisture content with the actual data was less than 5% . This

study provided guiding significance for monitoring and controlling soil environment in solar greenhouse.
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Fig. 1 External dimensions of test greenhouse
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S.M and N are the codes of three 1. 5 m>X 1.5 m test areas 1. 75
and 3. 25 m from the front foot of the greenhouse,and 1. 75 m from
the north wall, respectively. Figs. 4 and 5 are the same.

S1—S3,M1—M3 and N1—N3 are the codes of MS-10 sensors.
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Fig. 2 Soil sensor layout
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Fig.4 Diurnal variation of soil temperature (T) in solar greenhouse and its fitting
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Table 1 Coefficient of fitting equation for daily variation of soil temperature in solar greenhouse
R X 5cm )2 5 cm soil layer 15 em £ )2 15 em soil layer
Test area o z. A w Yo Ze A w
0.463 1 0.763 7(—) 0.520 3 0.5310 0.667 2(—) v 0.611 94
S 12.759 4 13.490 2
0.679 2 0.408 6 0.259 6 0.737 8 0.222 9y 0.276 04
0.450 7 0.782 5(—) 0.4757 0.563 1 0.623 7(—) v 0.647 84
M 13.224 1 13.524 7
0.658 2 0.562 9 0.268 6 0.761 3 0.193 1y 0.292 44
0.482 5 0.868 9(—) 0.539 9 0.566 4 0.650 2(—) v 0.647 14
N 13.425 4 13.964 6
0.682 7 0.493 4 0.2818 0.766 7 0.194 2 y 0.291 84
RN R TE X T MR, ¥ 7 A 7RI 5 om 2L IR ATEE w EFFEURRE LR 2 .
Note:—indicates the amplitude of the curve below the X axis. y and # indicate that the amplitude A and width w rise or fall relative to

the 5 cm soil layer. The same in Table 2.
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Diurnal variation of soil moisture content (W) in solar greenhouse and its fitting
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Table 2 Coefficient of fitting equation for daily variation of soil moisture content in solar greenhouse
5 X 5cm +JZ 5 cm soil layer 15 em )2 15 em soil layer
Test area Yo X A w Yo X A w
0.378 5(—) 0.521 0 0.774 2 0.3050(—) 0.683 84 1.341 84
S 36.997 2 37.809 14
0.743 7 0.117 8 0.302 6 0.843 1 0.086 3y 0.280 8y
0.008 3(—)  0.1305 0.411 2 0.0816  0.1165y  0.517 24
M 38.749 6 38.080 0 v
0.705 2 0.121 1 0.309 9 0.8570  0.0855y  0.3852A
0.037 1 0.151 6 0.446 9 0.837 3 0.094 1 v 0.2859 v
N 35.513 9 36.101 34
0.763 3 0.166 3 0.397 9 0.143 8(—) 0.464 64 0.983 14
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Daily linear variation of moisture content and temperature of soil
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Table 3 Verification of simulated data and measured data on different test dates
2016-12-19 2016-12-21 2016-12-23
i 5 X - . . .
e S PRLEL MUSEE/Y SEMET PREL MR/ SEME R R/
area Measured Calculated Relative Measured Calculated Relative Measured Calculated Relative
value value error value value error value value error
S1 36.869 6 36.944 0 0. 20 36.379 7 36.604 4 0.61 36.232 2 36.404 0 0.47
M1 38.389 8 38.5329 0. 37 37.6529 37.994 0 0. 90 37.109 5 37.862 5 1.99
N1 35.3294 35.768 5 1.23 34.712 4 35.390 8 1.92 34,2889 35.247 7 2.72
S2 37.804 5 37.857 1 0.14 37.436 5 37.5850 0. 39 37.141 8 37.343 5 0. 54
M2 37.949 5 37.974 4 0. 06 37.565 5 37.662 3 0. 26 37.2529 37.5377 0.76
N2 36.023 6 35.840 6 0.51 35.568 6 35.505 8 0.18 35.3391 35.3352 0.01
R TOKRIEAT B A5 3R )2 b K R 4 g R
Zm Tk

AAIFGE LAAG Ty Hh DX A (5 S A DR 0 = 5T
— 7R HCIRE MRS, M Gaussian pR R
LU A RIS ik R RS KR S R
(A8 Ak 56 2R BEAT A AT F 5T . 45 B LA R 45148

1) 388 5 S5 0 50 A0 5 A v B M R Y B
T - R R e R (B B B ) & A AE SR L A iR
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2)5 ecm + 240, X3 S.M N 397 -8 7K Rk
PESLA 7 #2090 & BE 43 51 A 0. 853 4,0. 863 9,
0.891 7, 15 em + 24 LR P40 & 7 FE LA JE 43 3
7 0.443 5.0. 801 8.,0.573 4,

3) AR b R )2 IR AR R UG Oy R
A5 H SR 2 B K RAE L X B S D B 56 I T 40
BT R HERA M
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