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AEZE, FHRM15.7 C, FHFEKEL 072.9 mm,
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FEM R T20154F9 H N A), B AE SRS

3RS RS, BIERJIRE . PVCA JEUR 1 4E
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X 7K A A it i S b - R AT 98 K ORI St T Ak
M, SR E SN, . (1) HIEEE
KEDRZS; (2) Wi7k12 hy (3) 40°CHE30 min;
(4) 110°CHE30 min; (5) 110°CHE12 h, HAAb
PE3YE A, SEde it b 25 Ak B BT B K B 5 0
ISR NI R = Wl A = U5 N i R G 7 N i
P SEVEATED AR, BB, DA 4K

Ir .
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Table 1 Moisture status of different soils

S A K

Measured mass water content of soil

o AR K i 43 b

Percentage of field moisture capacity

(gg', %) (%)
KRG+ K b A KAE+ % e b - 1
Paddy soil Vegetable soil Paddy soil Vegetable soil
T B 35 K AR 2 32.2 30.8 100 100
The condition of field capacity
K12 h 28.1 27.6 87 90
Draining 12 h
40°CHE30 min 25.6 21.4 80 78
40°C oven—dried for 30 min
110°C#4t30 min 20.3 18.7 63 61
110°C oven—dried for 30 min
110°CHE12 h 11.2 7.9 35 26

110°C oven—dried for 12 h

1.2 %R iRIRE

Wi 3 (nuclear magnetic resonance,
NMR ) 2—Fp sl . JoHi Al s8R, a] DUROW
LB R RE ORI T e R SR A
AR, TR SR AR IS AR SR S i 77 =X
BRI B HOIRA, X i B it B R it
T4t A Pl it S I (B PRV St RN R) o K S TR AN

7] Py B~ PR 350 18 2 B2 W) 38 S0 01 B Bt P e e
PRI Al A TRPIR 25 25 PR R K R B D A () A B 7 ik
] (A e - ks st 3R I )T R A € - A 5 sl B ik 1]
Ty) o PRSI EICAREA D %E fE SR IK 531 T
Bk B S e - A% B BRI AT A A e - 1 S
FRINIEIT,, AT 0 R i P K 231 52 Bl 17 D S
FEAEMPIRES
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Gill ) [ Ji€ [B1 ok vh e 41 B Ik, 45 3] 13 e ]k
BRI T, HAE S 2 A R R/INL B N K U5
TR THE, HE AR 515 B ARG 3
RT3 . L, T304 RO T LB RN, RSB
XERLTL{E, /NFLBRXT BT, {H o

AR HF 5 K FH B — (9.9 0 ° 5 4t ik v AT C P MG Jik
P B T (E . 90° kY 514 T 4 e
ZJE . ARG S A b BN Z I (free
induction decay, FID ) E5 . FID[ESH =R EE
M I G 3 5 BEXT T, R 200, R % T g
WIS X T, 520 . A HFIDIAS TR N T, B
FF AT RE S ELS2 T, . FID FE Tl & 34 =
ol A DR o R ] Bt TR DRI ) o T A T =
HHE 2 W Z A SBR[ [R] 7K 43, W ZAE I 4t rh
BT BR A A2 w0 32 B AR 2 53 P X T, 3t R B 52 00
K CPMG ik v 7 51 I 2 T, 5 7T LA GA 284~ H Y .
CPMGJJk #h 5 31) Z 48 BOE A AL AN T A s

A=YAen (1)
K, i=1, 2, 3 FREREP KA D DE
(Mi=10), HPIEHOEWAR ) | ARRFIRD
Witk R i, ARRIRR DA K53 45 1) B G A
SRR, T, AR 0 TR 414y BB 1
W, eFe/m HARXTEAIREL, (FR gm0

ATEEE ]

JECHR A R i T AL R A BR
N FEH EFRB923 MHz MesoMR23-060H-1 i X
SRR R T SRR RS (B EAR60 mm, 7
Yo E0.52 £0.05 T) , EIESHr R HALA B FF
HoA PR W A F A A 09 A% 0% 2L 4R 20 47 3 B Veer
1.0, A SEEE N #EZHHUETE] ( Receiver
dead time ) 520 us, ko0 k% (P1) K
16 ps, K 180°kTE (P2) H30 ps, IR
FEAERERTE] (TW ) 2 000 ms, 155 RAFE S %L
(TD) #4120 000, [E#% (NECH) 243 000,
A RAEREL (NS) M32, 2P (SW)
250 kHz. FESIRETE S BB AR MERE S (41K )
ARERFEN, FAHEERERL, SR5 3T 1%
LIS

1.3

2 RS
2.1 THMZEE L IER R MER

K 222 A WL & i 373 g kg, A
FHI1.25 g em™, pHRKS5.0, k4 e 26 [ ) %)
S3)E TP BRI . DS S M 3R 2 I L
FHN23.6 g kg, HEN1.36 g em”, pHHI4.2,
- 58 o kb A S5 L R0 o R AR JE TR b BRI (R
2) o WitEE S b 3R KRS bk, B
J& TR, StBEBAE, A& R

HRUKAE B s e s, K= HIER
LT & s/ . S, SALBR D> . LR
b, MORLZH R R PR B, RS D, B
B BRI, B KRS FH A A R 18 it i S b 5 1 3

F2 FMERTIEEREUER
Table 2 Basic physical and chemical properties of two types of soil
AL R SFLB R TR 2H
FIHIT= Organic matter Bulk density Total porosity Particle size composition ( % )
Land use type ot Wk . .
(gkg™) (gem™) (%)
Sand Silt Clay
KA+ 37.3 1.25 53 5.0 5.4 65.7 28.9
Paddy soil
B 13 23.6 1.36 42 4.2 7.3 60.1 32.6
Vegetable soil
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BB , LR AR A WA AR B 4 48 1% 7K
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e Sz e AL B g Ak e

mE AT AL, KRS gL, KR /N G
HEA VT R 22.5% ,  J st T A K6 o A i T L
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22.5%F77.5% ., Vg Ik, Kl
FR) /NI 7 AN I TG AR A 20.5% , T 10 R e o
AT RN 79.5% , ik B e % 52 b = 48 rp KL
B AT 5 EE ) 20 2 20.5% F1179.5% o X B FP 2 +
B R K BRI T IS L BT 28, AF5E X 115
LB A A, MLBREZ, KL, +
gk, AdKED, HEEEAEKEE
W%, FPKRE R, Wik, RES HBUK AR
F L REMAVEY) I R

6 000

Xof 5 il i S5 b, - B R B KR - )R K AR
BTIEZXT LA, PP IR s 225l Bk
IS FWERN2 ~ 3 /N2 AN, UK A 1 5 1Rt 6%
S ML A A AL FLBR 2 A REAE . SRR RAH L,
il gk 2 b+ AT L BT AR A, IR WA X ) A
ARFRTAE T /1N, SR R, XA, KA 8
PR B FLBR P8 K Tt i S 1 1= 498, HL7E H Rl REoK
RS I ARy AR 5 A rp It S L - S R
TH }300 ms, KAEEMHEKTHEH K2 000 ms, A]
1, KR A B B R AL R AR R T 1At i S b - 3
R LTk, EOK RS B AR B 5 SR M6 4F 5
TIEALBR AR N, AR

TEA RS IR 50 A A FLBR AR s, o0
B4 1R R A G R R AR R T3 0
IR E B 9T e BRAD 5 (R T, 3 52 WU, 82 I T,1%
SRR MBRA TR = IgE, 7E0RA T3S
2 AT 1 R S R TR LB, B SR RALBR .
AHEFE R K SR A B R R 2 s, T,
T 2 Hh A T U SR LB, X SRS AT, ISR
AL AT L, 3 3 43 A R 1) St T4 T3 2 AT AR B -
Ferp LB IR KRR E R KON (5 R, i — 2k
PRI B PR AL B B R T B
23 KIELANEMEIR T TIBRKNT T

0z

XoF KA - 5 15t gk S b I A TR K R

4000

2000

M1 4G 7% 5 NMR signals

—u— i 1 Vegetable soil
—e— K I Paddy soil

10 100 1 000 2000

B[ 5l PR (] T, Transverse relaxation time (ms)

P AR RS SR T, 3

Fig. 1 T, relaxation spectra of soil samples from the fields full in field moisture capacity
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BUEF ) 3 g, LT S5PVCE R B, Ui
I RALBR K 22 Bis, FLEBS ™5, i/
LB B KGR R 5 4 5Bk

B2 AT, TR B i b - 398 DA FH [] 95 7Ktk

IKE RSB, HUOR/MLB. EEEGER L, K SBUKE26% M EHRKEE, A HR39 176
6 000 200
a —— 100% FMC b —— 100% FMC
——87% FMC —— §7% FMC
= —— 80% FMC sook —— B0%: FMC
EJ =635 FMC == 063% FMC
= 4000 ——35% FMC —— 355 FMC
=
=
- 400
2
E 2 000
= 200
0 - L ﬂ s
0.050.1 | 10 100 1 000 2 000 3.3 10 104 1 000 2 000
B ) 38 PR A T, Transverse relaxation time (ms) B 3t BRI T, Transverse relaxation time (ms)
6 000
700
) _ e 100% FMC | d —— 1004 FMC
L : —— 905 FMC ook —— 0% FMC
2 —— T8% FMC | —— T8% FMC
= 4 000 —— 265 FMC 300 — 26% FMC
& o0}
- 00}
E 2000 i
b 200 j
100
u & n '\-. Ll . e
005 001 I 10 10} 1 000 2 10 100 1 000

BT 1 f PR ()T, Transverse relaxation time (ms)

TE: FMCOy HE K 85 ay KR 1 R Kod
FKoKiTH

T, relaxation spectrum of the whole water losing process in the paddy soil;

ms in relaxation time; c:

BRI 3 LA 1T, Transverse relaxation time (ms)

AR AT, 3% 5 by KRS L B A R AA3.5 ~ 2 000 ms T,1%; oy 1%t S8 3 1 4
AR AT 5 R B BE S% H + HE b 3 i [ A2 ~ 1 000 ms T,i#% Note:

FMC represents field moisture capacity; a:

b: T, relaxation spectrum of the paddy soil from 3.5 to 2 000

T, relaxation spectrum of the whole water losing process in the facilitated vegetable soil; and d: T, relaxation

spectrum of the facilitated vegetable soil from 2 to 1 000 ms in relaxation time

2

EN G EIER Y Sie N e 1N

Fig. 2 T, relaxation spectra of soils from fields different in field moisture content
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Study on Water Holding Capacity and Pore Characteristics of Soils Based on
LF-NMR

KONG Chao" > WANG Meiyan'' SHI Xuezheng' XU Shengxiang' GUO Naijia'" > YANG Peiqgiang’
(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing

210008, China )
(2 University of Chinese Academy of Sciences, Beijing 100049, China )
(3 Shanghai Niumag Corporation, Shanghai 200333, China )

Abstract [ Objective] It is recognized that soil pore size distribution and soil water holding capacity
plays an important role in soil aeration and crop root development. This study is to explore changes in
water holding capacity and soil pore size distribution induced by the change of land use from paddy field to
vegetable field. [Method] A new method of using the low field nuclear magnetic resonance ( LF-NMR )
technology was adopted to acquire features of the T, spectrum of soil samples collected from the fields full in
field moisture capacity, and on such a basis, relationships of amplitude and relaxation time of the signals of
the soil samples dehydrating with soil moisture content and pore size distribution were analyzed. [Result]
Results show that pore size distribution did not differ much between paddy soil and facilitated vegetable
soil, being quiet scattered, and composed of more small pores than large ones. After paddy field being
turned into facilitated vegetable field, soil pores became smaller in diameter and soil structure worse. In the
process of the soil losing its water, peak reduction and spectrum shift took place simultaneously. Small peaks
disappeared first, with a reduction rate much higher than that of the main peak, indicating that during the
process pore shrinkage and water loss of water occurred simultaneously and the water in big pores drained first
and then sequentially that in small ones. [Conclusion] All the findings in the study indicated that the method
based on LF-NMR can be used to instantly monitor changes in soil moisture content and more directly and
accurately determine soil moisture migration processes and pore distribution rules without disturbing the soil,
and hence may serve as new theories and technical support for the study on mechanisms of soil degradation and
soil amelioration in facilitated vegetable fields.

Key words Low field-nuclear magnetic resonance technology; Paddy soil; Facilitated vegetable soil;

T, relaxation spectrum; Moisture holding capacity; Pore distribution
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