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Effect of Soil Aggregate Size-distribution on Thermal Conductivity

ZHANG Jianwei', YAN Dongl, WANG Kaihua?, WU Huashan'!, XU Congl, XU Xianjunl, WANG Xuejunz, ZHANG Yongchunl,
WANG Jidong"”

(1 Institute of Agricultural Resource and Environment, Jiangsu Academy of Agricultural Sciences | Scientific Observing and
Experimental Station of Arable Land Conservation (Jiangsu)! National Agricultural Experimental Station for Agricultural
Environment (Luhe), Nanjing 210014, China; 2 Jiangsu Yanjiang Institute of Agricultural Sciences, Nantong, Jiangsu 226541,
China)

Abstract: In this study, a laboratory simulated experiment was conducted to analyze the variation characteristics of soil thermal
conductivity (A) under different size-distributions of soil aggregates. A was measured for six proportions of large (0.25-2 mm),
medium (0.53-0.25 mm), and small (<0.053 mm) aggregates (100-0-0, 0-100-0, 0-0-100, 50-25-25, 25-50-25, and 25-25-50) by
using a double-needle heat-pulse probe and time-domain reflectometer technique. Results showed that A of dry soils with a high
proportion of large and medium aggregates were significantly lower than those of soils with high proportions of small aggregates; A
of unsaturated soils and their changes with aggregate proportions of 50-25-25 or 25-50-25 were the lowest. Soil organic matter
content was higher with increasing medium aggregate content. Regression analysis showed a significant linear negative correlation
between A of dry soil and the proportion of soil small aggregates, a quadratic relationship between the change of A and the proportion
of large or middle aggregates, and a negative correlation between the change of A and soil organic matter content.

Key words: Fluvo-aquic soils; Soil aggregate; Thermal conductivity; Water content; Organic matter
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W, RBAERAEEKRT, HRK (<2 mm)F
PR B E LT AR R AR +3(<0.1 mm)., BfERAEN
T PR AR 5 T i R, R IUEUIR 1S
PR RS T T AW, ARCEOCTHIRRS 1%
SRR FOC R MBS, M T 5 — P R AR AR
VSRR LS R B RE M, e = AT SR MAORLAR 23 A1 0 38 5 4
FEMWBIOTTE o B, AWFTE LU E X 15
WX S, RS AR A5k, R #K
PR 5 AN ] AT SR AR A 23 T 3 R R
PEHRRAE , AERFE AT SR AORAR I3 A 5 398 S A 2 [ 1Y
KF, N ST R N R AW TR L P A

R A R 4R B AR
1 RS

1.1 ik 1

HER R AT A T AR B2 BRI 2
AR H (120°37'E, 32°07'N). KIEAHARELR T 1979
AR, PR B KA N KR - K 3 4F
6 A, HHESRUM K+, BN ) R
M 5K 2021 4F FOKRIBGR G RANIAE(CK) . FRitA
BUIEM) . AHLCHUEECE(MNPK)3 SME R 5, SREE
WA 0~15cm T2, HIMEMRIRILE 1.

F1 B TIERERIE R
Table 1 Tested soil basic properties under 42 years of fertilization
ik AR AE PR A3 417 (%) HUBZ (%) FHAE(W/(mK))
1% (g/kg) (g/em’) 0.25~2mm 0.053~0.25mm <0.053mm Zik. KPR J iz T+
CK 16.4b 133 a 185¢ 415a 40.0 a 73a 53.0a 39.7a 1.01a 032a
M 315a 1.11b 28.4b 39.0a 326a 72a 533a 395a 0.75b 0.27b
MNPK 36.0a 1.05b 46.3 a 23.0b 30.7b 59a 535a 406a 0.71b 0.27b

. CK, M, MNPK 3 5 + 3 &K 518 30.21, 31.53, 29.19 ecm’/em’®; TSR, BiE A E HFEHLT G 19 S 34K

[F) Z1) AN [7) =7 4k e 7R A [l AL Ak B R] 22 5 . 3 (P<0.05), Tl

1.2 RIgit

TR E N RT, AERCT AR, AN ] W Aoty
R T A R Y /N T 2 mm, [RIASSIBRAR
IR A RFEFF . BJS, 2% Tian SUNRIHIL S
HIXF CK. M. MNPK 3T RAR S, 408
H0.25~2, 0.053~0.25, <0.053 mm =Flkitt K/
B A B AR kL, 4% IR (0.25 ~ 2 mm). H1(0.053 ~
0.25 mm). /]N<0.053 mm)H R 7 H(%)100-
0-0(S100_0-0) » 0—100—-0(S¢_100_0) » 0—0—100(S¢_0_100) » 50—
25-25(Ss0.25.25)  25-50-25(S15.50.25) + 25-25-50 (S35 25 50)
6 MHE (R 2), A H (T 1.36 glem’ , B RAE £3%
PNE R EHGE S cm, HAE S cm), BN 3
ANEE, 54 HH SRAENHE LS FREE
A LA, BE AN AR 7K &40 #H(0.,0.10.,0.20
0.25. 0.30 cm’/cm’, XJ R /KA AIE(S,, SR/
LB 504 0, 0.14, 0.20, 0.27. 0.34, 0.41),
PREEIEE TS, 76 40 °C HIRE A PIE 24 h, 15
IR TV 24 hE, W BESHCR, B H
MZE 4%, BOFAE.
1.3 MEmMHESAHZ*

K F METER A 6] 4 7= 1) Tempos FARFIE 53T
A SH-3 XUEHME RGN 2 + 3 SRR B 208 %
FT Pk TR PEPIR FIS T AR 2] SR | B HAD

x2 BULEMIREARKEILRTHEEER
Table 2 Soil aggregate proportions and mean weight diameters
under different treatments

i PR A 3413 (%) Ay A
0.25~2 mm 0.053 ~0.25 mm <0.053 mm  (mm)
S10000 100 0 0 113
So-1000 0 100 0 0.15
So-0-100 0 0 100 0.03
Ss0.2525 50 25 25 0.61
S2s.5025 25 50 25 0.36
Sas5.25:50 25 25 50 033

I35 5 R 7 v R A8 408 J T AR £ B ), e RO R
Hi /D PRI B ARG 7K 03 A% , 338 o {1 ) o
B o SR P B8 T TR Y VAR S A T T T, L S 1
A MR SR, T8 1.724 4L 2 BOTE A HLTE (SOM)
T,
1.4 HESESSH

R T S SRS [ A R AR R AR S A T S
PR G FKRZMIMIER, APFFEET Johansen!”
HAL ) FHE L 5 Ke(Kersten )2 LR, 456
Lu S92 AR 1) Ke 57K 1R HE 5
PRARIRE, X T SHCREIKMUFIEE S, AT
BIG . HRWF .

A=(AsAq)*Ket+lq (1)
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Ko Ay AN B3 G IR (A T IR KRR K
B, W/(mK)); g T EFHEW/(mK)),

Ke =exp(m(1-S,""*)) )
b m HBLE S, AN+ RO & T
40% ZeAv, PIHHUE 0.92%; 133 -3 RS8.

BHN, AR SPSS 22.0 AR BIE AT T 2%
A K LSD 125 G 56 . 3 1% (P<0.05), SR FH Origin
2018 AR AFHEA TR LS AL H 7347

2 HEREHSWH

2.1 TERSHETHHE

WP 1 7R, 45 AR AT He AL BE 4 S PR B K
SRV BTN o EAR K MR T, 45
FREZHRIRA R R 2E R B (R 1, & 3).

XTSI AR G e e AR e
R /N R e i 3, HARRILN Si00.0.0>
S0-100-0> S25-50-25 > S50-25.25 > S25.25.50 > So-0-100» 3 FIHIL
HHEA AR RSB 1 RIE 2A, 3 3). MK
FIEEM O B4 AN%E 0.41 B, Sigp00. Sso2525+ So-100-0+
Sas.s0.25 AL FRIY T ISR IHE = T 3.01 £% ~ 3.17
7. 2.89 1% ~2.94 fiF. 2.84 fF ~2.96 f5. 2.78 fiF ~
2.89 %, fKTF So0-100 F1 Sas.25.50 LEFRE 3.35 £ ~3.86
PR 3.23 7% ~3.45 7. RENMHTEEREY, 7EMFE
ORI ST, 25 A0 BRAY AR 1 A 1 S AR
(LS (B AP K 58 4 il , BRI [FIR AR S K
23 SORHA AR I 118 1 38 T AR A fa B 4 e Iy
S100-0-0 > S0-100-0 > S25.25-50+ S0-0-100 > Ss50-25-25+ Sas-50-25( /&l
2B ~ 2F),

08 - - Smu.u.u 08 ] S]tm-n-u
(A) ® S0 (B) ® So.100:0
S S(l-(l-lilil
— 20-0-100 ~
Z 06 0 Syasas i 0.6 8 Ssg.05.5
§, 0 Sy55005 ) © Sys.50.25
§ - Sss5.50 % =" Sas.25.50
o 0.4} 5 . v 0.4 F S - 037
M; . Slm_o_“: y=0.769XeXp(0.96(l—x’“ 37))_‘_0. 179 %{—’ / S‘]UU—U-U: y‘0.751 XeXp(0.96(| x71)37))+0.|60
?l]% —— Sy 100.0: ¥=0.701xexp(0.96(1—x""""))+0.170 e — So.100.0° y=0-687XCXP(0-96(|—X_W))+0.|59
B 02 So0100° y=0.777xexp(0.96(l—x‘”‘”))+0. 143 ® 02 So0.100: ¥=0.696xexp(0.96(1—x ‘> 53)"'0- 145
H T —  =Sypsa5 =0.656%exp(0.96(1-x ") +0.162  H [ — - = Sspa5050 7=0.660xexp(0.96(1-x"))+0.157
— = S15.5005: ¥=0.681xexp(0.96(1-x""))+0.165 — = Sys.5005 =0.627xexp(0.96(1-x"""))+0.159
0ol , Sas5.501 y=0.762xexp(0.96(1-x*""))+0.152 00l . Sas25.50: =0.686exp(0.96(1=x *))+0.151
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Relationship between soil conductivity and soil water saturability under different treatments

FRPRME (- L) 4), BB, AL
B Sy0.0.0 ALBR MU H 3 S MRS E RS .
S100-0-0 AbHE S0-100-0~ S0-0-100+ S50-25-25+ S25-50-25 S25.25-50
b A T 3 R PRI A (E AR T 7.14% ~
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Table 3  Variance analysis of soil thermal conductivities under different treatments

KGRI
P 1+ PSRRI 1
0 0.14 0.20 0.27 0.34 0.41

CK S100-0-0 a a a a a a
So-100-0 a ab b b b b

So-0-100 c ab b a ab a

Ss0-25-25 a b c b c b

Sa5.50-25 a ab c a b b

S25.25-50 b ab a a ab b

M S100-0-0 a a a a a a
So-100-0 ab b ab be ab b

M So-0-100 c b abc b ab a
Ss0-25-25 ab b be d b b

Sas.50-25 abc b c cd b b

Sa5.25-50 be b c be b b

MNPK S100-0-0 a a a a a a
So-100-0 a b c b b b

So-0-100 c c b b c b

Ss0-25-25 b d e b c b

S25.50-25 b e d b c b

S25.25-50 b b d b b b

T RPFESIARRE/ NG TR R AR LIS R MU ST, AR HER AR AR FLE L P<0.05 K- 122 5% 3% .

S100:0.0(0.75 ~ 0.78 W/(mK)) . So.0.100(0.70 ~ 0.78 W/(m'K))
HT Sp5.25.50(0.69 ~ 0.76 W/(mK))E’JTE'FmKQH{,{EﬂJ
BT Ss50.25.25(0.64 ~ 0.66 W/(m-K))HI Sys.50.25 (0.63 ~
0.68 W/(mK))(F 4).
23 TEBNRTWIFE

TEARF B RIRL N T, CK, M fil MNPK + 34
ML AR AR Rl 530k 18.03 ~ 19.79, 33.62 ~
40.74 1 33.03 ~ 41.46 g/kg(d 4), TEFFAALRE,
So-100.0 AL BRI A AL 5555, Soo-100 AL BRIRAR,
BARERIHA So1000 > Sasso2s > Ssoas25+ Ssos2s >
S100-0-0 > So-0-100, 3 At IC AR H R I —2L
24 TESRERERARGHNEST. FHEEER

FEMENRSEZENXR

mEl s P, TSRS SN R IK )
(R=0.59"") F1F- 1 & B 48 (R*=0.26") 5 i & £k 1
(PSP S S R R i N T R N A ]
(R*=0.63""), ™ HIRAK L (R*=0.51"") I F- 14 5t
B(R*=0.64")Z KA E— LK e, HHES

PORAS LA 5 R BRI HL(R?=0.537") . I ZR 1A I
Bil(R*=0.56"")F1F-34) i 48 (R*=0.59 "V FAE— L .
WL R , 5 R HEA LT & 5t B 2R Pk A 565G
Z(R=0.19").

3 iTie

ARWFFEH , AR ERERAL T TSR
IO RLRIEE 22 [ A DG R A5G Lu A5 TR H P8 5 eR 4
Feika, BRBEK SRR A3 AN, 139 S PR e b
JE S R ARL L, X5 R A T s R — Y, 1
S, FHCRK/NAEIAH2.90 W/(m-K))> AT
(0.57 W/(mK))> S AH(0.0025 W/(m'K)), TEAEHE K%
BB, -t /LA R AT AR Y
Bl Rl KSR, BRE L R o %
T K BRI RS, TR “OKATR”, [ AR [R] 1 i
B SR Al AN, LI A h A/ R
[ 1) L/ B A, ot A PR g g 10200
Radhakrishna %5120 39 S BCRBE & 7K 3R/
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Fig.2 Clustered heatmap of soil thermal conductivities under different soil water saturabilities
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T 1L AE(W/(m°K))
Table 4 Fitted dry and saturated soil thermal conductivities and
change of thermal conductivities under different treatments

Bk BRI T BHLESFPER Al
e 424 R WA A
CK S100-0-0 0.179 0.948 0.769
So-100-0 0.170 0.871 0.701
So-0-100 0.143 0.920 0.777
Ss0-25-25 0.162 0.818 0.656
S25.50-25 0.165 0.846 0.681
S25.25-50 0.152 0.914 0.762
M S100-0-0 0.160 0.911 0.751
So-100-0 0.159 0.846 0.687
So-0-100 0.145 0.841 0.696
Ss0-25-25 0.157 0.817 0.660
S25.50-25 0.159 0.786 0.627
S25.25-50 0.151 0.837 0.686
MNPK S100-0-0 0.174 0.957 0.783
So-100-0 0.171 0.860 0.689
So-0-100 0.151 0.860 0.709
Ss0-25-25 0.156 0.800 0.644
S25.50-25 0.158 0.803 0.645
S25.25-50 0.156 0.847 0.691
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Fig. 4 Soil organic matter contents under different soil aggregate
proportions
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