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The periodicities of water content and temperature variation for tomatoes in the

cumulic cinnamon soils and the loessial soils
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Abstract: In this paper we report the findings from experiments using soil columns to investigate changes in water content
and temperature in cumulic cinnamon soils and loessial soils which were used to grow cherry tomatoes ( Lycopersicon
esculentum var. cerasiforme Alef.) . A mathematical model for soil water distributions was used to simulate the vertical
changes in soils water and a sinusoid model was selected to analyse soil and air temperature as well as the changes in air
humidity. The results show that the average soil water content and the infiltration rate in the cumulic cinnamon soils are
higher than those in the loessial soils. The temperature in the cumulic cinnamon soils is higher than that in the loessial soils
at the same depth. The soil temperature has obvious hysteresis as the depth increases. The water use efficiency of tomatoes
in the loessial soils is higher than in the cumulic cinnamon soils. The air temperature relative humidity soil temperature
and soil water content influence one another. The mathematical model in this study effectively simulates the water movement
in the soil above 20 cm. Within the variable range of the variables in the mathematical equation the water content in the
small depths can be accurately determined using the elapsed time in the cherry tomatoes at the full fruit period which
provides a theoretical basis for improving the drought resistance scheduling water — saving irrigation plans and improving

water use efficiency.
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Table 1

( CWh.CWm.CWI.LWh.LWm.LWI)

1
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The partial physical and chemical properties of cumulic cinnamon soils and loessial soils

Soil properties

Loessial soil

Cumulic cinnamon soils

Topsoil capacity weight/( g/cm?) 0.95 1.20
Field capacity/( g/kg) 220 240
Organic matter/( g/kg) 8.73 9.60
Total nitrogen/( g/kg) 0.42 0.52
Available nitrogen/( mg/kg) 9.78 9.57
Total phosphorus/( g/kg) 0.56 0.64
Available phosphorus/( mg/kg) 24.75 26.93
Available potassium/( mg/kg) 91.92 102.37
pH 7.2 7.9
1.2
. (N 46.4%) . ( P,0,42% NI5%) .
(K,0 45%) 2 75ke/hm? - S 26, 2012
4 28 1 6 ° 10d
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Fig.1 Schematic view of soil moisture measurement
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Table 2 The amount of irrigation under different treatment in the growth period
Treatment CWh/L CWm/L CWI/L LWh/L LWm/L LWI/L

The water content before sowing 6.57 7.75 6.40 3.02 3.45 2.09
5  May 7.80 4.29 2.93 6.12 3.37 0.92
6 Jun 21.48 14.48 7.69 16.65 11.92 7.03
7 Jul 16.15 13.54 6.16 16.39 9.81 6.72
8 Aug 11.11 7.96 3.61 10.96 7.31 3.91
9 Sep 3.13 2.11 1.09 3.21 2.10 1.12

The water content after harvest 4.23 3.88 3.35 2.50 2.61 2.02

Total 62.01 46.25 24.53 53.85 35.35 19.77
CWh: cumulic cinnamon soils with high water; CWm: cumulic cinnamon soils with moderate water; CW1:
cumulic cinnamon soils with little water; LWh: loessial soils with high water; LWm: loessial soils with moderate
water; LWI: loessial soils with little water
1 . 4 A) Al
HOBO ( HOBO Pro v2 Temperature/RH Data Logger ;0 £0.2C;
£ £2.5%) 1.5m .
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Fig.2 The regularity of water movement in the cumulic cinnamon soils and the loessial soils from July 26 to August 3
© Whe 90% —100% ; Wm: 70% —80% ; W1: 50% —60%
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3 2012 7 29 0:00—23:00 N

Fig.3 The daily variation of air temperature relative humidity and soil temperature within 24 hour on July 29 2012
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Table 4 The daily variation fitting equation parameters of air temperature relative humidity and soil temperature within 24 hour on July

29 2012

z Ty(2) A(2) I3) &D(z2)
Treatment Soil depth/em Mean soil temperature/°C Amplitude/C Angular frequency Initial phase
CWh 10 30.368 2.55 0.26 3.4034
20 30.48 1.90 0.26 2.8798
30 29.9 1.25 0.26 2.3562
40 29.296 0.70 0.26 1.8326
CWm 10 30.508 3.00 0.26 3.2725
20 30.284 2.10 0.26 3.0107
30 29.796 1.30 0.26 2.4871
40 29.068 0.70 0.26 1.8326
CW1 10 31.888 4.25 0.26 3.2725
20 31.004 2.80 0.26 2.8798
30 30 1.55 0.26 2.3562
40 29.268 0.75 0.26 1.8326
LWh 10 29.9 3.80 0.26 3.1416
20 29.424 2.35 0.26 2.7489
30 28.852 1.50 0.26 2.2253
40 27.7 0.55 0.26 1.5708
LWm 10 30.244 3.95 0.26 3.1416
20 29.528 2.25 0.26 2.8798
30 28.884 1.25 0.26 2.2253
40 27.956 0.60 0.26 1.5708
LWl 10 29.732 3.05 0.26 3.1416
20 29.248 2.35 0.26 3.1416
30 28.432 1.15 0.26 2.3562
40 27.676 0.55 0.26 1.8326
Air Temp 32.40713 7.478333 0.26 3.6652
Air RH 65.2148 24.598 0.26 6.8068
5
Table 5 The furit yield and water use efficiency in the Cherry tomatoes growth period
Treatment Plant dry weight/g Per plant yield/g Per fruit yield/g Water consumption/L  Water use efficiency/( g/L)
LW1 39.750 +3.614bc 393.875 £50.548b 7.549 +0.962ab 19.765f 19.928 +2.557a
LWm 55.000 +8.109ab 489.625 £25.178ab  10.432 +1.154a 35.336d 13.856 +0.713b
LWh 64.250 +10.292a 666.125 £107.692a  10.316 £0.789a 53.859b 12.368 +2.000bc
CwW1 28.429 +4.450c 183.857 +23.748¢ 5.819 +0.582b 24.517e 7.499 £0.969¢
CWm 35.143 +5.002bc 347.143 £51.848bc  11.107 £2.215a 46.251c¢ 7.506 £1.121¢
CWh 53.286 +6.879ab 515.143 £77.598ab  11.147 £0.837a 62.000a 8.309 +1.252¢
F 3.827 % 6.437 % 3.306* 2.006*** 9.128***
+ 5% * P<0.05

* % %P <0.001

httn:. /i wwwi ecologica..cn



2169

10

11

12

13

14
15

16

17

18

19

20

21

( References) :

Shangguan Z P Shao M A Horton R Lei TW Qin L MaJ Q. A model for regional optimal allocation of irrigation water resources under deficit
irrigation and its applications. Agricultural Water Management 2002 52(2) : 139-154.
2013 (6):
24-29.
D . : 2011.
2012 (9): 12-15.
Gao L. Shao M A. Temporal stability of shallow soil water content for three adjacent transects on a hillslope. Agricultural Water Management
2012 110: 41-54.
FanJ Shao M A Wang Q J Scott B. J Klaus R Cheng X R Fu X L. Toward sustainable soil and water resources use in China’s highly
erodible semi-arid loess plateau. Geoderma 2010 155(1/2): 93-100.
2012 32(23):
7421-7429.
2012 23(3): 310-316.
D . : 2009.
2003
(1): 10-12.
Panigrahi B Panda S N Raghuwanshi N S. Potato water use and yield under furrow irrigation. Irrigation Science 2001 20(4): 155-163.
2006: 55-181.
Lin X J Liang Y L Wei Z X. Hysteresis of soil temperature under different soil moisture and fertilizer in solar greenhouse conditions. African
Journal of Biotechnology 2011 10(63): 13729-13734.
2013 24(1): 125-131.
Ruidisch M Kettering ] Amhold S Huwe B. Modeling water flow in a plastic mulched ridge cultivation system on hillslopes affected by South
Korean summer monsoon. Agricultural Water Management 2013 116: 204-217.
Ma D H Shao M A Zhang ] B Wang Q J. Validation of an analytical method for determining soil hydraulic properties of stony soils using
experimental data. Geoderma 2010 159(3/4): 262-269.
Fu W Huang M B Gallichand ] Shao M A. Optimization of plant coverage in relation to water balance in the Loess Plateau of China. Geoderma
2012 173-174: 134-144.
2001 (2): 59-62.
( ). : 2009: 104-115.
Kanzari S Hachicha M Bouhlila R Battle-Sales J. Characterization and modeling of water movement and salts transfer in a semi-arid region of
Tunisia ( Bou Hajla Kairouan) -Salinization risk of soils and aquifers. Computers and Electronics in Agriculture 2012 86: 34-42.
Bai Y M Inosako K Liang Y L Inoue M Yamada S Takuma K. Practical estimation method for soil hydraulic properties based on observed data

in short-term experiments conducted in a foreign field. Sand Dune Research 2008 55(2): 71-84.

httn:. /i wwwi ecologica..cn



