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W B EEKE6,) SHBMEESEA LA R S (TDR) #4544 9% A [
(DEFEIR L ERITEMLO, = (T/T,-T,/T) [ (KO - DEEATHELHEEKE.
AFAKRYA TORME T AR EHEAFAZEAGTHRT LM T,/ TE. EREXY, UF#
BW LR T,/ THEMT 1.61~180, EXBAEK, T,/ MWK, Rkl +88 T,/ T,F
HEMR 1.68. ARTERMS KEMNDRBE LA LM I RBERKH, BAREY
T,/ TME, S &K BIR2E55129 0.001~ — 0.005 cm®/cm’H1 0.007~ — 0.006cm’ / cm®, %
FTOREL ELREKEAEAR TR ENIEL T, TDRUEH SKBELHRIKE
KF 0.30cm’/ e’ Bt A B B A2, FLIRE F+#, TDRWSE I &K BIRAE, R 2 IR, R LiE4
H T IR A (FRR) 1 C SR A& /K B S 18 I 22 98 B WA R 64T IE M 7 8,

X@IR BB Bk ARV EE

hEFES  S1527

i 3R 53X (Time domain reflectometry, f&j ¥k TDR) & — 1% 2 18 B I & £ A, 214
EXENATERTEMRERN. AiE 70 ERKE, BERNA FHIEEHNATF -
BB RN E, B WEN LA RO EE S KEY, BT TDR K. ek
MESENE LA, Bt EEZHE N LRI EH - EENFH TR,

Topp % & Rt 3t A L AM T EWENS/KE (6) 5 TDR W E & 3% (EM)
NEER(KOBLTEAN KO)REMR, BT SRR E U H%ES AN TR &K
TELT K(0)XR", BHMHALRIN, S F— 2 Rbe M3+, T Topp
FRIMERIREMERBERES/KE, TODRWEMES LA, KEGETEY, R
Rk — SRR ERY, TDRUEHW S KERZ TRABLEEENEMTY, LedienZ
B, REAENUEEKENE MBS, HEEFET MR #5E S5 %
P Jacobsen ¥ HEFE K(O) X ARTMAT LBATE M SBEMAN KRS BN E T
HF, LI E TDR WU E & KRR ED,

ELEIK K(0)175E t B LEILB P KM RS B fkMEY, T EHRIEE
HIBQOC)TF. ELRAKIEEARRNAK LT, %50% IR B xH K8 it R

* BER AR EESEAME GEAES. 49391600) KIS A A
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FWH. Weast & 15 1, B B fUKRI A BB BBEIR B, EAREEDY, LEEA,
SAHE A R B IR AR LK B /ME B, IR AR, B B KB A B R A AR
AL, i 38 L B R B K A & BB A B B A s, T L ey T AL B K 5 A SR (B A A
EH, BREGYH MBS EAELER. EANBEOS58HKMBERK,)INE
BRI,

K, = 78.54[1 —4.579 X 107 (= 25) + 1.19 X 10 7°(t — 25)" = 2.8 x 10"}t —25)’1 (1)

Topp F AN, BEE 10~36C 2, L& KETE 0~ 0.35cm’/cm’2Z 18] 25 4k B R
BERENE KB EERBA N2 MY, Zagoskii FWINNEELE ST U LT, W
ERFKEARYE, BHRERT SCH, i TRNEBEEZAER. ZWT EKEHNE
{E[ll]n

BAREAHKILA KO REARX PR TET L5RE MK A B85, BAITRYE
SHEERERNLRERS Y, EFNE, Pepin % A TDR FEA FIRE T W E T JLAP 1%
MEKED, A TRENERE, 2 UES KB, BEMKIEMRMH 0001756 / C.

ARG EMETE L TDREAREZEMARBERMTHEN HESKES
LhRE KB LR, 2 i 3 A T IR B AR AL X TDR W 5E & /K 8 1 4w 2 75 B A AL IE
Fk.

1 e FRE 5%

1.1 BRE
TDR AL % 5 09— A B 55 BB R Ak o OB o o 1330 b BB U0 A 00 & B AR AT P AR 38, B SR AT
A B 5 R, + 3R A T A R R R
K= (cT1/2L)* )
RH CHEZE P EHE, A S T A BB, 700 i B B IR Aok AR 4B M Bt ), RIRIRETE R
25 HR AR 1] N 7, T
T,=21/C 3)
RALRK Q) ¥, W5
K= (1/T,)* (4)
THXREANFHERE=HEAY, WLE KSR, NTHREXENEERESKENE
BXR, REMN-ECEXEANFREGEERHAEHESY RN M AR RS EAT M EEHNRE
RY, BAEMLREREERY, BN TREEN T LEE, LKA R,
TT,=T/T,+ 6,(K - 1) (5)
L Hp.
0,=(TT,-TT) | (K'°-1) (6)
A T, 0 RA —EILREN T2 TR LS P4 B R, K KA EE R, B2 TDRE
FHoE E1E A B P K AF R ET A (7), R AR (6) IR LB EKE(0,). AR (6T, 1
AEMBE N TDR WE RS KB EBERAE 1/ THEM K EHELT 0 HR M.
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1.2 BEHE
121 ARTHAAFRAE 7/THEKWE AW O+, b+ B R L R AR R
g, Hh =/ — gl dm R 8, DIRRESm Ik 1 iR,

F1 MOFHIMHBRZST

Table 1 The particle size distribution of four soils

ol PR E (%) R R (%) MR AR (%)
Sand Silt Clay
Texture
(>0.05mm) (0.05~0.002mm) (<0.002mm)
wt 89 4 7
doe: 69 21 10
Bt 41 38 21
AT b e 16 53 31

¥ BRI+ 7E 105SC T 24h, A FRBEBPRHE20C, HR-ERERAPVCEE(K
35cm, A2 10cm, % + S BR B F 9 30cm, TR, RHR A MK ESI 2 ® 8 MP-91 78R 5, 4T
K BE 2 30cm, X 2% BT B B4R G 2R B2 K (6), B MP-917 4L 7T B 3 32 BUE W U 2 /9 4% 4% B 8]
(T), #F 30cm KHFES, T, = 2ns, T,/ TAEF 50 W E B F-Bi{E.
122 ARIHHEKENEAR SRURELAELAIEALR BRE-ENFE@EEL
13g/em®, it 14g/cm®) AN LEFR R PVC 14, B Tl b A SRRMAERKE L BEEEN, GR—
SE I ] (2R ZOROL T 2 ) A TDR M€ H38 &K &, SWWEE A 20 MUE R FHE. PVC EETHE
FEKBEREERNE, WE 24 Precisa 30000DFE L), BRAFHE 30kg, BE 0.1g.
123 FARBET TDRMETLHEEKE HOPRELHEFE 13g/omEAPVC LH ABKRMAT
W _EmK, S KBEKLEFAE 0.06.0.12.0.18, 0.24.0.30.0.36, 0.42cm’ /em’ B B B LA DABF IELEE R,
FHTHERAERE ERANBEMNSCHE 45C, 8K sCHEL 5 TDR AFRRNE —KE
KE., ABRIEPHEESEREAMNEBE -, THEFEFERET, U P B EXBRERY
5B M.

2 FREITE

2.1 AELERT/THE

MELERFH R, EARARBIBEENEHET, T/ AN BITEERKK S, B+
1.73~1.80s 3% 1. 1.68~1.79: W FE 1. 1.66~ 1.7 P K E L. 1.61~1.66. MHFH 138
M T/ TAEAALTERE N 1.61~1.80. SEPR B 5 8T A [ b + S8 J50RE 52 4 T 4R B i A
BERK = (T/T) WX/ A—FHIBEAREZETH T/TELEFER, FEHK,
T,/ TAEt K. R NG =B A 135 (R — kol 138 ) #Y 20 35 B ()L, U3 19
T,/ T/ER 174, S RE L T/TME R 1.67, RN E LW T/T18 R 1.63, ¥ T/T,
X 1.68. EREAAX(O)HEHESKEN, T/T, = 1.68 AIfER— MK\ M T/T,
. WRAHIENE L TERAREFERSE HEFH0E KU T, W3R L
BEXKEE)RARM 1/TE, UIRBHERN T/THEH. WELE, JELBRETUER
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®2 AELMEMTEEN T,/ T KE

Table 2 7,/ 7, and K, values of soils with different textures and bulk densities

A AHE (g/em’) L/T K
Texture Bulk density

Bt 1.5 1.73 2.99

1.6 1.78 3.17

1.7 1.80 3.24

L 1.3 1.68 282

14 1.74 3.03

1.5 1.79 3.20

g s 1.1 1.66 2,76

13 1.67 2.79

1.5 1.71 2.92

WD UK R L 1.1 1.61 2.59

1.2 1.63 2.66

13 1.66 2.76

m 80 T/TME.
22 ABE T/TEX TDR MEZKBHKEE

HTRIENEYN T/ T AW RS, URETET 1/ THENSE TS LES
KEWEIRZE, A TDR A FI B LEM S KEFHTTUE, HEREETMMSKE
(ERRE) AT T B (H la,b). EREZWH, TDRUEH S KESHEETNM T KER
A& FR—BH, $eb B R E S R F R E i — 2, Xt 5 Topp! !l Zegelin'*'%%
ML REE2—BW. EEMEF, EEFKEKXT 0.30cm’/cm’ B9 W E EE W 10%~
20%, X AT BB B F 3 ok R 5 - S FL Btk B9 R B T B AR T FLBUK B9 A s v R BB

R TDRWESKEWLEREALNM 7/ T M, KL, 5 F HE L8, £ EaEn

0.5 0s
g;‘ 11 E:é 1;15/
H ME 04 [OY77:& k= ,0/ g,"\é 04 } OF £
B E L
B 03 o o3l °
BTE 3% °
E&? 0.1 e gg o1 b
g M ° =
g B 5 b L{
‘;"ﬁ 0 g}hl-] 0
3 ;&Mﬁ 0 0.1 02 03 04 05 Z € 0 01 02 03 04 05
@x A

TDRAIER LM EAKE (em’/om®) TDRAIEML HEAKE (cmom®)

Soil water content measured by TDR Soil water content measured by TDR

Bl TDOREHREXRWEN LB KELEQUHEEL, bEL)

Fig.1 Comparison of soil water contents determined by TDR and gravimetry respectively
(a. Sandy loam, b. Loam)
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T/TAH—-ENEEGELEABECH), B TARSEN LBHR 7/ TERARK (K 2).
A4, o[ —F L, AR 7/ TSI E TDRAUEN T REKEHNREFL K WiE
TDR LW T/ T, AR (6) iy T/ T, BT BRAREN T/ T EN&KE, ULERE
BH(T/TME) FTHSKENEEM @ EEL T/ T, = 1.67, 8L T,/T, = 1.74), TR
AR T/ TEMEKERE (K 3),

®3 TR 1/THEENEkBRURENRE"

Table 3 The deviations of determining water content affected by various 7,/T, values

WEE L+ Sandy loam B+t Loam
HRBRE FhBRE
L/ T Deviation of L/ T Deviation of
water content water content
(cm3 / ch) (ch / ch)
1.66 0.001 1.68 0.007
1.67 0.0 1.74 0.0
1.71 —0.005 1.79 —0.006

1) BEE T LREKEREE R 0.022~0413cmYem’ , 3+ 550.008 ~0.431cnd /om®.

RIGRD R, MOEEL, ATHRAAR 7/ T,EFEMEKEREN 0.001~
— 0.005cm*/cm’; Xt +, R 7/ TE5 B ZKEMERN 0.007~ — 0.006cm’/cm’. %
REBHRAEHNBENRAREER, MEHT T/ TEAXRBRAERFGIEY. B, 3T
LR ELFTRA TDRIMES/KE, BiIEENE 18 7/TE, XETURBNES
REEE. :
23 ARBET TDR AEM LT HEKE

B 2 % TDR M EM SKERRENELE L, T EEFREKEKRT 0.30cm’/cm’af,
TDRMEMW S KBEBENTHELXEXR, HREAR, WE & KBR/D, BERRK,
MEMEKEMA. EERHTERENEAHRET HBEABRP KB BELHR BHARR
BETKHNMEEHRRARN. BRRRBRET HET YA G4 B8 HEATL, B

+4 FFERETTDRAIRA LS KE (cmY cm’)

Table 4 Soil water content measured by TDR under different temperature

EES HE Temperature (C)
Water content
(cm’om’) 5 10 15 20 25 30 35 40 45
0.06 - 0052 0.052 0.053 0.052 0.051 0.051 0.050 0.051 0.050
0.12 0.104  0.102 0.103 0.092 0.094 0.092 0.104 0.104 0.103
0.18 0.171  0.169 0.170 0.171 0172 0.172 0.172 0.171 0.163
0.24 0.236 0.237 0.237 0.243 0.241 0.237 0.238 0.234 0.232
0.30 0.302  0.301 0.300 0.301 0.298 0.297 0.296 0.295 0.291
036 0367 0.364 0.363 0.360 0.358 0.355 0.354 0.351 0.350

0.42 0431 0427 0.426 0.420 0.419 0.415 0.413 0.410 0.404
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S5KEMEERYEAHEREMAREENY, X— AT U TR AEMRSKELEEGT
TDR W& £ R B BHEEL, R E/R T &KE/DT 0.30cm’ /cm’BF, TDR W & 5 & K B &
A E AR E M AT AR (R 4),

MABERALAXMPAFRBETH KARALR@OFTHRELRARBE THEKE?
BEEREEN. FEARARX (M K~ THRRRNE B HK, T 58700 5 K 89 A s i
BEARRE THEAERERBL. LTht, RITLRERARXR()M K ~TEERXK
BREAFBETEKENMERE, BERIAEE, AEBR, EHRMAAN LER
FENEKEEERI - MEANREARXKEEE, FEE, EARFBET TDR W
EREKEERS TETVYAGRERE X U5 REKERX. AMABRTHBER
28 51 R A R W 2 AT T 4, B 2 Ron T LR & KR4 58 0.42.0.36.0.30cm’/cm’ At
TDRMEM SKESHEENMHEXMLE, BHXHRYHE, TURAESHSKELY
TRESM M EEA)1CTIERN & KEEMME, 755 0.06 x 1072 0.04 x 107
0.02 X 10 *cm*/ em’ « T, DA 20C T TDRWE M &K B AARMEME (SFRERE SMA &K
BEREe—F). HHBRARENLTE TDRUEHN T KERELES. AETATUEN,
18 B HE 5C BT kL 207C B I %2 /9 & /K B R & 0.0037~0.0095cm’ / cm’, I B 7E 45C B Hb
20C B I € 9 & K BRI 0.0061~0.016cm’/cm®. FESERRRE it B o, 47 I R A R

& o~

E \E 045 0.39 0.33

>

-% B .44 |=-0.0006¢ + 0.4342 | g3g | #=-0.0004¢ + 0.3688 032 | 8= -0.0002¢ +0.3041

: 15 R* = 0.9831 R? = 0.9918 & = 0.9046

¥ 043 037 031

E 4

§ﬁ 0.42 o 036 - - - 030 \\

s &

5 ¥ 04t @ 03s | ® 029 | (© °

%2 b

5 8 040 SR : 0.34 e —— 0.28

« 0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 S0
&E (C) BE (T) B (T)
Temperature Temperature Temperature

B2 TDRWRE & 7k B B B9 4k

Fig.2 Variations of water content measured by TDR with temperature

*5 WRABIETFABRETIDRAEZNS ABRKEY (X107, cm¥ cm®)

Table 5 The deviations of soil water content measured by TDR for sandy loam under different temperature

GRS i Temperature (C)
Water content
(cm’/em’) 5 10 15 20 25 30 35 40 45
0.30 +0.37 +0.25 +0.12 0.0 -0.12 -0.25 -0.37 —0.49 -0.61
0.36 +0.65 +0.43 +0.22 0.0 —-0.22 -0.43 ~0.65 —-0.87 —1.09
0.42 +0.95 +0.63 +0.32 0.0 -0.32 —0.63 -0.95 —-1.27 -1.59

1) BR20C o, EERRME, SRR REK.
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HERELHAR, VA TDRMERBRE LES KB M ZEERENKIE.

B2z s BARAE TEERE/KEN 0.42.0.36.0.30cm’/cm’BF TDR W 25 R B AL
B R P R A 28, B SEBR R 09 A B, (R AE T 23 R RHR BT TDR W 5E i & K & #47
BIE. FEEE, MRLFRE/KECH, WIS A TDR T ENE; 5 —Jrm, WEr 1EEK
EX - EHREER=ZFEKENEE. BEXHEEKER - MEARXREBRUER
BLH. Hik, BT R—-FELMIIE. REENBERESEADES TDR L&
IKE KN, BB IE B R R S &K B H BB 3.

BHRE  TAREEM TDR W MELE RS HIR0MO,, MA0, = 0, - 0 AHxHwE,
NG/ O, AMZRZE. *(0,—60) / 6, SHE ¢ HEFAHXMT, BEFERMTREFR:

(6,-6)/6,=a-t+b

Hea, b AEVIRE WAL, = (a-t+5)6,. HAG, >0, BRUEMRK,BIERE =
0.~ 100}, FAB, < 0, RATMEEM/N,BIESG0 = 0.+ |AD).

xtF b A A LR K& N 0.42.0.36 #1 0.30cm’/cm’ i, ZE A [RIHRE T TDR W€
ER AR 2 SEE (WEITELKLE 3. ARIEBET TDR WU EE K 45HR 27T A T35
BEHFEX:

A8 = (—0.0015¢+ 0.0337) 0, (Hg = 0.42cm’/ cm’®) (7-1)
A0 = (—0.0012¢ + 0.0245) 0, (0g = 0.36cm’/ cm’) (7-2)
AB = (- 0.0008¢+ 0.0133) 0, (Hg = 0.30cm’/ cm’) (7-3)
LR S, AR SR TDRMEEM KN, BUEES KERBEELREKENE
0.01 0.02 0.03
O\\9,=0.30 cm*/em’ 6,=0.36 cm*/em’
o 0.01 }
E 000 0.01 |
3w 0.00 |
*§% 2001 2001 | 001 |
¥ 002 }
& 002} (07 8,) 8, = (Or- 85y 0r= -0.03
-0.0008¢ +0.0133 0.03 I -0.0012¢ +0.0245 00015t +0.0337 o
-0.03 . —O0— -0.04 . . -0.05 . " .
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 SO
BEF (C) wE(C) BE(T)
Temperature Temperature Temperature

E3 BESTDRUEMEMTIRERNXER

Fig.3 The relationships between temperature and relative deviation of soil water content determined by TDR
ERBRAK HIBESIENHINEREHTEBLE.
3 i

TITERAARG)HELESKEN —PLESH, WA 3K 7/ T2KTERE
H1.61~180, FEKMTEH 7/THEK, T/ T, = 1.68 (IER=Ff L +3EM T/ TF
¥{E. B TDRIE +E/K A0 IR ENE, AARXG)IHTEN S KESHKREERBINE



152 + & = # 36 &

BREKEMYE, LHEESKE 0.10~030cm’/cm™ BB N, MW HEEL, EAFE T/ T,
H5 B EKBIMERN 0001~ — 0.005cm’/cm’; 3L, RFE T/ THFIEHNSKERE
B4 0.007~ — 0.006cm*/cm’,

TDRAEW S KEBEEBETHEHRRXR, HREAE, WEM &K BRI, BEE
R WMENEKEERK, SKEES, BEMNERLBR. AWRBPE L ARBE
(5~45C)F TDRMEK S/KBMERHE, FKEMET 0.30cm’/cm’BF iR B 5t TDR W& #
EARBEAMTAEMW, LESKELE 0.42.0.36 1 0.30cm’/cm’ B 18 FE & 38 hn (KM 1C
SR M A KERES N 0.06 X 10720.04 x 10721 0.02 X 10~ *em’/cm’.
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A LABORATORY EXPERIMENT OF TIME DOMAIN
REFLECTOMETRY FOR SOIL WATER MEASUREMENT
INCLUDING EFFECTS OF BULK DENSITY AND TEMPERATURE

Gong Yuan-shi Cao Qiao—hong Huang Man—xiang
(Department of Soil and Water Sciences of China Agricultural University, Beijing 100094)

Summary

The semi—theoretical and —empirical calibration curve, 6, = (T/ T,—- T,/ T)) / (K,*’
— 1), soil water content (8,) versus propagation time (7) of electromagnetic wave
along TDR probe inserted in soil, is used to calculate soil water content. In this
experiment TDR is used to measure 7,/ 7, value of oven—dred soils with different
texture and bulk density. The result showed that 7,/ 7, value from 1.61 to 1.80 for
four soils, and the larger bulk density, the larger 7,/ 7, value. For three agricultural
soils the average 7./ T, can be used as 1.68. The column experiments on sandy loam
and loam showed (water content from oven—dry to saturation) that different T, / T,
values lead to water content deviation 0.001~ — 0.005 cm’/cm’ and 0.007~
— 0.006cm’ / cm’ respectively. For sandy loam with varied soil temperature, water
content measured by TDR deviated from real values when it is higher than
0.30 cm’ /cm®. The higher temperature, the lower water content measured. This paper
also indicates the deviation range of measured water content with temperature
increasing (or decreasing) 1C and its modification method.

Key words TDR, Soil water, Bulk density, Temperature



