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

cumulic cinnamon soils and the loessial soils

WANG Kefeng', LIANG Yinli"* ", ZHANG Chaowen', MU Lan®, SHI Guohua'

1 Northwest Agriculture and Forestry University, Yangling 712100, China
2 Institute of Soil and Water Conservation ,Chinese Academy of Sciences and Ministry of Water Resources, Yangling 712100, China

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 ecm. 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.

Key Words: soil water movement; cumulic cinnamon soils; loessial soils; temperature; cherry tomatoes
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hm*(51 JiRT) o FEATERRVE44 45 uds G o34, Hodp LUBUSH B e PE 42 AT XS 0 32 0 56 s X 7 434 T AL )
70% 6 15 20% b5 109, HHEK S 5 X Al A 25 R GE Y T2 BB R & ) R K &
AR E SR B K- TR A2 B L R R - KSR AR P Y R R i R R
BRSSO B AR T i AR B G R R K A R e A T R R E N
o, T PN A5G A T80 IS b T T K A A B, 1 A/ 9 JEURT AR A TR 9% | A SR 40 R SR AR T
7 20T DARA S 48 R K A AR . BT KA 1) & R ANCEE B 3K R ™, i HL S8 SRR AT B s i VE 7K
SRR S R B K PR S B B ORIAE AR, BRR AR A7 ) A B L F K 4 45
AR R (AR — G AR sh " MRS SRR T R K S AR R KO X - B H AR
A EE M, B NN FA 8 K o IR (A G TRl BT J T R ST, K S 0 E 2 R oK S
B )2 KA TR BE SR Bl R 1) R R Y R O K s B A AR KA R
T AR 5K s Bt F s K SO B AR B K 3 B A AR Y A T RAE A T R
JE, T 2 7K o0 = RN I RUR W R A28 & 7, B 4 R b A Ry i b X 00 A A W R 2 2 08
I FFEAE D A S5 1 T T 8K S8 B8 R B AR AL R | Xo) Tl Bk e W o B A2 B R K I LA
ERIR A A FISTE S Y AR SGE ST B A AN A oK S8 RS AR AR AL, ik — 2 R
A TR B RE 1 AR 1 AKE R TR B R K R ARCR SR S AR

1 #MRERHE

1.1 gt

I 2012 4F 4 A 28 H—9 H 19 H , 7B PUAZ % PYACAMPBHEL K 227K 1 AR FERIF T I A 108 R 2808} AR 1Y)
R 14 (5B 100em, NAE 32em) AT, HAEE THUF KT & B, 364 HE A, AHE 12 4, Wi
wa At HER SR RO A E YRR L WA U BE Ik, RV, RIRAS IR R, JR IR - R
8 B R TR BRI RAE B b R B RR G UK -  RDIR A B, o AR R T A 3R
1 s, R EH3E 2 2 4 (C) Mg £+ (L) R 3EAT & K& 1% 3 /K 90%—100% (Wh) |\ 70%—
80% (Wm) .50%—60% (W1) , 3t 6 AL (CWh . CWm .CW1 LWh .LWm LW1) , 4:-4b 3 H & 8 1K,

F1 BIMBERLHBIBLER

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

FHEPET Soil properties 4L Loessial soil 1+ Cumulic cinnamon soils
BHZ4STE Topsoil capacity weight/ (g/cm®) 0.95 1.20

A 3E7K A Field capacity/ (g/kg) 220 240

A AL Organic matter/ (g/kg) 8.73 9.60

4% Total nitrogen/ ( g/kg) 0.42 0.52

LA Available nitrogen/ ( mg/kg) 9.78 9.57

41 Total phosphorus/ (g/kg) 0.56 0.64

AL Available phosphorus/ ( mg/kg) 24.75 26.93

AN Available potassium/ ( mg/kg) 91.92 102.37

pH 7.2 7.9

1.2 KR

RIS AP TRARBE R, B AR R (& N 46.4%) Wik %% (& P,0, 42% ,N15%) i 2 A
(K, OF MR 45% ) 45 2g fEMIRAL, & 75keg/hm’ . 4550304 H B B IER R BEIE HFIEA 2g, 2012 4F
4 H 28 HEH, M 1k 6 tHPMSkE ., SHJG 10d FF4G BEFT K 0 A B, 22 A 45 4 BV /K 2 AR 4
—%,
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1.3 HIEESKEE S HEKE
A KR E CEM S 10d FITEE TGk, T

JHEF 38 52 514 TDR ( Time Domain Reflectormeter ) il & [ 4 e

10,2030 .40cm -3 & kB TR 3 0 BOEME, 5

4T e A K BRI S B A K A N |

A S E K A E A E 1 s @
SRR KT 3 YA E R A2 1 HH2 AR L

FETF AR 4051 R 2012 4F 7 H 5 H 8:00.7 H 26 H TDR i it
8:00.8 J] 25 H 8:00, /K £ LAz I} k7K 52 4y o, 0
BFIE] 43530 4 2012 47 A 5 H 9:00—7 H 13 HS8:00.7
H 26 H9.00—8 A3 H8:00.8 H 25 H9:00—8 A 31 - —
H 9.:00, 32 1 4987K 433 H iz B I, 45 1 3 o I o 73
1. 16L/h, 25 A FRFE A AU AR B 4= HEAf 7K £ S A= K )

TDR#EL

60cm

B1 TEERSNEE

Fig.1 Schematic view of soil moisture measurement

KRN3R 2 BT
F2 BRHEERKBENEKE
Table 2 The amount of irrigation under different treatment in the growth period

AL FE Treatment CWh/L CWm/L CWI/L LWh/L LWm/L LWI/L
1T 1 44%7K The water content before sowing 6.57 7.75 6.40 3.02 3.45 2.09
5 J1 May 7.80 4.29 2.93 6.12 3.37 0.92
6 A Jun 21.48 14.48 7.69 16.65 11.92 7.03
7 7 Jul 16.15 13.54 6.16 16.39 9.81 6.72
8 H Aug 11.11 7.96 3.61 10.96 7.31 3.91
9 H Sep 3.13 2.11 1.09 3.21 2.10 1.12
3R - 4E4i# 7K The water content after harvest 4.23 3.88 3.35 2.50 2.61 2.02
SFE/K i Total 62.01 46.25 24.53 53.85 35.35 19.77

CWh. B+ E KA cumulic cinnamon soils with high water; CWm 18+ FRK AL P cumulic cinnamon soils with moderate water; CW1 . 1+ Ik Ab
Hi cumulic cinnamon soils with little water; LWh #4514 755 7K Ab # loessial soils with high water; LWm: 75 48 + H /K AL B loessial soils with moderate
water; LWI; 48 + K /KALFE Joessial soils with little water

1.4 ZSORBE ARXREE | 3R B e

KA H E/ANIR S B 8hid 54 HOBO (HOBO Pro v2 Temperature/RH Data Logger , i &5 & . £0.2°C ;
YRR EAGRE : £2.5% ) XF 1.5m i B2 A AR BE FN R AR X MR B AT sh 25 el

FH 35895 B %2 4% ( Thermo Recorder TR-52, accuracy +0.1°C) %€ 10,20 .30 40cm + )20 E , & /NHE
&1 WERETT IR — B D KB AR A KIS
1.5 7l KoK o R R0

S ARAN AL BRI e RE 1 ARA) i SOR SR, SEI A A LT A AR R A i, KR
FHRCR = 7/ K &
1.6 Hdageitatr
1.6.1 JKITiaisbinl

e FH 3 h K Gy 3 50 A 4 B T A AL

y=(a=be™)e ™ +f (a,b,c,f>0)
K,y FoR HIEEKEL (em™/em?) .« FORIHAI(d) ,a b e d [ HFEMESE B x=0 B ,y=0,0 f=b-a,}
REAYAR Ty .
y=(a=be™)e ™ +b-a (a,b,c>0,b>a) , A x]i}r){ngO y=f=b-a
R B 9 LA B TR
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(1) HAKVP-Hirek yi=f
(2) BRAE AL [E] x,= (1/¢)XIn[ b(c+d)/ad]
(3) M RAEAL -3 5 K i y. = y(x,)
(4) 3 s A BT ] x* = (1/¢)XIn[ b(c+d)*/ad®]

X T[] — R R I 5, A KA AR B R] o, 2 FiT 7K 43 15 386 I S 22 32 5 AR RS, 7E &, Z 05, KA &
R TOLMERE RARE RAIRE R R AL COMRBESERIREN , «, 1R/ 32 2 32 BT (1Y
94t 555 i Ty =AY S, G R R RRTAR B | AU % R KK o, ARG AR/ 5 TR B R AR 55, G 4 4 240 °
SR P RE R 7 2o, AR LUK o 7KV LRy, B R/ 22527 1 SR AN - IR B 5 0, 1 5K 2
— B KO A 2R RS R, HBA W SCE AT R RO RGN, B s b I ] & R
S K 2 W AR T A SRy R o IR ) A RS T LI TR AR R S5 S R e
TR 2 L HOK s B,

1.6.2 AR
T(z,t)=T,(z)+A(z)sin[ wt+P(z) ]
K, T,(2) o HEEE YR A (2) AR, @ (2) AL, 0 IR 2 IR,

BT 2 Bz A Mathematica F1 SPSS #E47 43 AT AL B

2 HR55%H

2.1 it w4+ UK MBI

Y7 H 26 H—8 H 3 H Al 43 & /K 2 I E AL 45 R h 48 Won 7e & 2 o, o] B H 35K
LIRS $0G HE R 105 D7 R — B, 23 3R i 7K R KRR 7K A B A 2 4% TR 14) 4 38 5 7 WL S WL
DUE LG e = 7 AR 2k
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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
R B K A . Whe 7K 90%—100% ; W ; 557K 70%—80% ; W1 B 7K 50%—60%

http ; //www.ecologica.cn



2165

JEAS A ML

H
i1l

i

i 38 L R A K S

o
a7
(=]

o

E5

FRHE

7 39

F A S A 100°0>d xR AN 10°0>d ¢ TR AN S0°0>d YT HYErEHN g Bl

Sug10°0 SUpy9g su0co'0 SU980°0 SUELL™O Ki
¢0T’0F16L°0 LOO'0F¥81°0 901°0FSHy°0 910°0F9¢I°0 9110+ x060-° (ageog-2L61°0-180°0) =4 010°0%6L6°0 WAD
CIO'0FLIB0 100°0¥202°0 €10°0F59%°0 110°0F611°0 0TT 0+ xggig- (ryz6¢-26¥C0-6CT1°0) =4 100°0%066°0 WAT
SuQe9'¢ v 0E87918 SU990°¢ wxx L9070ET SULBy0 A
0CI°'0%9IL°0 900°0F¥0€°0 0L0°0%60¥°0 800°0F01C°0 60T 0+ x,g50-2 (xzzg01-°8CE0—611°0) =4 LO0'0F186°0 qmo
S9T°0F0LT'T €00°0F121°0 £v1'0F889°0 L00"0F€S0°0 SP0" 0+ xgog9-2 (x109p-2€ST°0-801°0) =4 600°0F€L6°0 UMT wo0C
SULLEO L 0vCCl Sugee0 « €80°VC Sup9CT 0 A
8L1'0FL8CO §20°0F0SC°0 L60°0FSST°0 600°0F2¢01°0 TOT "0+ xy001-° Crgeer -PLLT 0-SLI0) =4 S00°0F886°0 IMD
8€0°0F66¢°0 LI00FEVI0 CC0°0F€1CT0 200°0F8S0°0 8500+ z00- (11651265 T°0-101°0) =4 S00°0F¥86°0 AT
Su900°0 wxx 9€9°89Y Sup00°0 . 65€°8 Sug9C0 A
YIT'OFI¥S 0 ¥00°0F80¢°0 LSO'0F€6C°0 Y€0°0F8¥1°0 8710+ xz9,0-2 (xg16¢1-2€SE°0-S0T°0) =4 200°0+886°0 WAD
S60°0F€SS°0 ¥00°0F161°0 1S0°0+88C°0 S00°0F610°0 6700+ 2g090-2 (a1 08TT0—=6LT°0) =4 100°0+L86°0 WAT
SugSl'y w14 8°0CC SUe9S e « CEL'8I Suge00 A
650°0¥96¢°0 [TO0FVIE0 1€0°0F11C0 LTO'0FSYI0 PP 0+ rgoe0-2 (re1¢-?€€°0-981°0) =4 S00°0F686°0 ymd
6€1°0FS0L°0 100°0FSST°0 L0°0F€9¢°0 S¥0°0FL20°0 LTO 0+ xgper-2 ( xgg06-2T61°0-591°0) =4 100°0F066°0 I w01

—U\EZEWX.NE

(o wo) o1 dn om0 (qwo/ wo )/
/- ~ m - D > c
P/oAImd 3umiiy oy Jo /IUAU0D IoTeM - oo Sumiy sy jo wonenbo Fumg oy 1J-Jo-ssoupoos, S— spdog
jutod wompoayuT BYJ, [10S wnwiIxew oy, ouny posdepo oy aoidwifse [euozLoy ! %h\wﬂ_u_“m oy ! S, T -y
N ouy posde[o oy, LG W< A< [iggy ¥
LYEEEE B w e i N > ;
A AT FAsTVACE = UL

7107 ST 1sndny pue 97 AN g AMf U0 Bjep UONBAIISqO ) woaj siajowered uonenbs 3umyy Jo sas[eue dueLIEA € dqe],
WEBRSHUEHBSMATEN Y EHSCHSHHITH L'HSH LFTIOT €%

//www.ecologica.cn

http



2166 JAE = 35 %

BRI ENE )7 R M SBGHAT TR 3, QR 3 B y, 3R T B B /K- R 42 A RIVRT 1 - 23 1) 5 7K B B P ]
PR E (B 5, 32718 X N7 1) - SFETR B > 5 7K k38 B8] A RIS T P %) B T 5, 3R 75 R 07 (4 % B T 3. 381 74 1 438 5K
TR OKME ;o " FR A KR G MR A PR G B e it R B ] A

FEREA A B Bl 3R A N , AUR B 1R 05 R A AOL A L B SR AL, U H AR AR = ] L
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W KA A 1558 5 K iy, B IR EE (R 3G oz iyl /), Ul B IR 2 19 3 T 1 2 R AR 2R 48 I I K A5 i
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LEAE R KA, R—REE 3 AR EEBR T 78 @ KR K 10em &b /NF #4040, A & T84 LR
B, BEE TR R, 1 BRI R ELAA B S, WS TR S @ (2) BT LUE Y, Bl A TR
FEIBEIN, D (2) B #TE/N,

255 TR AR T B AR AR G -0.908 ™ | Uk 56 HLIK B 1% i K F

SR UGBS W B RS BN 4 iR, TA(2) N HAETEEE A (2) IRJEAENE,; D (2) AHNL ;0 R
iR, 0=2m/T, X H T=24 h;z N HIHEHRE
2.3 PERRFR R KK o R TR

MFE S T LA Y SRR R v KA B 3 R K A BRI K A B v K Ak B i 22, H oK AR ELIR
Z ARARAL 3 /b 5 B ALY B g AR oK AL 30 0 25 TAROK AL B A - IR A B K 3 R PR 250 o 2 e T L
MALER , B2 4 K FHRCR Y Tt BAEOR &0 AR 80 i K 43 R RO A s

3 e

T+ 3K 7315 4% W R (E] A AL U O AT TS b, 22 A4 D7 vk 2l 5 Richard J7 RS2 T 25 1R F 0K
S ER ALY HRTHFSEK IR AE (b £ 1 Hydrus- 1D 3% Hydrus-2D , —/~ 77 FHSRAS LM ik i 1387k
U S T — s S A BRI B . S, Kanzari 55 H] Hydrus- 1d BERURBF K 7338 B A1 T A%, 4
HA OV E | 48 R A AR R S I, FLRZ 3o o AT s i W TR AT AL o P A 45 21 3 o 9 6 2 00 A
[BISEPRIE , ] Richard BEATHUE , 1550 T OB IO E RCR . ASCH K 7 s B R T AR BR T oK fE
A RFT AL (EL AT 24 T IAFRNAR G B S 28R, , B TR EE A3 I, (10975 R A RL & DR E B KR A1, Kk iz 7
MAHEAILE,, JE A AT GRS TRZ A LK R BRI 22 | sl 2 0 R A PR,y 17 S i 32 R PR il
JEE RHXRRRE G AR A KR/ DG E VR HIAE RS2 IR, AR 5 vk BN BRI I BR S B A ME— 1 (H 2 AR A
SRAGPRAL T — Ay, MR IR S IBRE R, AT LU 25 5 1) 23 il L8R 2 1k Sr s B

http ; //www.ecologica.cn



74 ERME AF R 00 1 LR A K S R A Al 2167

38 ¥ Soil temperature/°C
W
[
T

+ 49435 B Soil temperature/°C

I I I
0 15:00 20:00 0:00 5:00 10:00 15:00 20:00

LWh u]

36 Cwl

34

32

3938 ¥ Soil temperature/°C

+3838 )i Soil temperature/°C
153
o

30 28
27
1 : I I I 7 1 1 1
0:00 5:00 10:00 15:00 20:00 0:00 5:00 10:00 15:00 20:00
Og 33 oo
34 L LWm

32

32

30 1

+338 )i Soil temperature/°C

28 -

+338 )i Soil temperature/°C

% I I I 27 3 I !
0:00 5:00 10:00 15:00 20:00 0:00 5:00 10:00 15:00 20:00
5} 1] Time
O 80 80
S < O 10cm 3435 BN I{E
2 70+ 70 E & 20cm -3 BV IIE
5 RH(Obs) O 30cm -3 JiE W
E 60 Temp(Obs) 160 2 o 40cm - LMK
5 50 0 2 -, Dk
Q B 7 i‘g v A AR
p YAy i3
= 40l dao 2 W2 R A
y’
¥ 30 iy 30
1 1 1
0:00 5:00 10:00 15:00 20:00
I5f i) Time

3 201247 29 H0:00—23:00 WESEE HTEEMLTIEREATHNE

Fig.3 The daily variation of air temperature, relative humidity and soil temperature within 24 hour on July 29,2012
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FE Y H AL AR 28 SO 3 10em A — & B B, X 02 i 25 A0M 3808 2 09 1R B THER R b, i b iR 4
12 ,7.00 3] 16.00 FHE , MG E R4 2 K 7.00 2245 — ELFEIR , FHIR 0 s 6] /N T B o £ B )
X4 2012F7A29BKEBEE BMEERTEEEHTHINEFESH

Table 4 The daily variation fitting equation parameters of air temperature, relative humidity and soil temperature within 24 hour on July

29,2012

Qb3 IR 2 HEFHPRE T, (2) PRI A(2) MR o WIHGHOL D (2)
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
CcwWl 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
LW1 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
2 SHRIE Air Temp 32.40713 7.478333 0.26 3.6652
25 SAMRTREE Air RH 65.2148 24.598 0.26 6.8068

£S5 EMEMERPHNTERKSFAKE

Table 5 The furit yield and water use efficiency in the Cherry tomatoes growth period

1k Hibe TR B YRR Sk It KA TR
Treatment Plant dry weight/g Per plant yield/g Per fruit yield/g Water consumption/L. Water use efficiency/ (g/L)
LWI 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 10.432x1.154a 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
Cwl1 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 ***

JITA BUE Fos S E AR R XA b B RSSO G R RING B B3R OR X 2 B R TE 5% /KT 25 B3,
% % P<0.001 7K 0L 53

* P<0.05 /K83,

B2 L AR AR A ISR T e S e v AR T i A R R S e g v T 1o 4k B
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