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Reviewing classical studies in soil physics

“Soil physical conditions affecting seedling root growth. I. Mechanical impedance, aeration and

moisture availability as influenced by bulk density and moisture levels in a sandy loam soil”
by Eavis, B.W., Plant and Soil 36: 613-622 (1972).
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Apparatus used to determine penetrometer resistance using
a root-shaped probe and a balance for force measurement.
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Effect of three bulk densities and six matric potentials
on penetrometer resistance.L.S.D. 5 % shown.
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b) AROMEHE &R b a2 —F T

c) 3TEBIDWMEIETO 6 BfED~ b v 7 RT v il

o TR IR 2 EFROAFEGRE  d) MELAAR o A=\, AEKES %.
a) Root elongation rate in sandy loam soil held at six matric potentials and three bulk densities.

b) Root elongation rates and penetrometer resistance.

¢) Final mean root diameters after growth in soil held at six matric potentials and three bulk densities.
d) Root diameters and penetrometer resistance. L.S.D. 5 % shown.
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Table 1 @ Eavis 237 o 72 ZEBR R CIIRLREE 1.1 g
cm S OB~ R vV RF ¥ AR =70 cm H,O
275 CMERENHEFE SRV, HIREE 14, 16¢
em™ TiE~ hY v 7R T > 25 —100 cm Hy0 12
725 LBEMENHEFEIN LD, 2o D, g
BEILlgem 3 OEMET~ M) v 7 BT Uy v A
CEBMEFEICMADZ ENRBIND. £, ROKRME
TORBFEREN 21 % 1T/ 5 &, KRR & OHEGMEN TR
SN, SEBEECROMENEbEL< 7225 (Fig. 4b).
Z D& EOKME (KL CIE Gas-filled pore space) 14,
Bz oo, WREE, ~ )y I RTF U x T EY
Ripn. OFY, BEIFRHARICI > TREDLDTIEAR

<, RALOEGEENEECTCHLZ LERLTWVWS. 2
DFEFRIT, Greenwood (1968) H/RIET HIRDJED D+
BEIZ 31T 5 IR S T DK YRR % A - 7o @t D
BEMEZ XTI 200 THoT.

& 5|2 Bavis ¥, @B&MEEEHEEOBRIET TR,
MBOEIZEH LT 5. AL TIXHRE R RV
DO, ROSEETEOMREZ, BRNE LD ZHEOEM
BOEAGKREREL, BRLEEEZLASOREGENDL, &
BE (R FY I RTv ¥ L) 2R, <MY v
RT v MIHETHHBMOEE RO, ZD XS
LT, HERmIICHAKICEET 2MBOHE RDIZLHE
ZbiD. T, v MU v I RT UV VD EO R
TR AR & 22 MRS EKIZF 59 5 7= O R34
72, = MU v IR T U LDMEROER Tk IZES
EF2/hEWHBNREL b2 DI TES. 22
T, BRRZEEREFBROBEGRE R ChD &, WREE
PMEV 1.1 gem ™3 T, BORIT 20 S odkIZEE
2 REZBBICLY, BRENEEREIND. T,
HLRE R E < 72 D L8 E < O/ W RIBR DS BRUE O
£RIZBIS- LT (Table 1).
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Table 1 FRBHEL~ Y v RT Uy LOEUITHT DBERRZ B L
T R OARST < O T IR SRR EE .

Aeration deficiency indices for sandy loam soils varying in bulk density and matric
potential, and predicted oxygen concentration at surface of growing pea root tips.

No of pores drained *

Oxygen

Bulk —Matric Gas- Aeration Between Accumu- concen-
density, potential, filled deficiency suction lated tration
gem~3  cm of HaO pore index, intervals total at the
space, % root
% surface t

2

1.1 10 28 29 2 1%
30 34 7 3 5 15%

70 39 0 190 195 219,

100 40 0 252 447 219,

140 42 0 300 747 219,

210 43 0 694 1441 219

0

1.4 10 3 41 0 9%
30 12 a2 4 4 119

70 22 10 228 384 149

100 24 0 713 219,

140 25 0 St 1224 219,

210 28 o - 1572 279 219,

1.6 10 1 44 0 0 99
30 ! 36 0 0 99

70 4 2 150 150 9%

100 1 0 1035 1185 129,

140 13 0 595 1780 219,

210 15 0 1575 3355 219,

* Number of pores which would theoretically drain at the given matric potential on an area in the soil
equivalent to the area of the growing root tip. First column gives number of pores drained within each
matric potential interval, and second column accumulated total (see text).
*See third paper in this series.
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Effect of soil matric potentials on root elongation rate, fresh weight, dry weight and diameter
in the absence of any influence from mechanical impedance.
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Root elongation during a 48hour growth period (cm)
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BIpD< N I RT Uy VBXOHBEEOWEL O FUEO

ROMFNTT 2 T2 ERIEHL, BRME, K5 N L ADORHE].
Summary of role of mechanical impedance, aeration and moisture stress on pea seedling
root elongation in a sandy loam held at different matric potentials and bulk densities.
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TR 1.0 gem P ISR LmE E~ R Y v 2R
T Y w AN —10cm H,O (pF 1) 7225 —10° cm HyO
(pF5) DOFIT 12 BEFEITAKR T L T, =2 RUDYE
W% 48 FEAE BT SE- L EOROBEREMME, RO
ERERELEBREREOM AL Fig. 5ITRLTWS. Z
DI, BiEiA pF OfEZ IR TRL TN D, Rofh
FEliE, v~ )y 72 RTF v AR —1.8 x 103 cm H,0
M5 —3.5%x10° cm HoO ot CRIFE 5. 77,
—3.5x10° cm H,0 L WK TT 5 EkDA L AL
THRASMIK 720, ANREE, HREROHIMETT 5.
Wiz, —0.2x 10° cm H,O X 0 #4045 L@kt oL
DOEBNEND Z EEEHL TN D.

ZLTC, ZOHEOE LD L L THEORBREEND
< v I RTF TR 48 O RUROME
DEfR% Fig. 6 ICH B LTS, Fig. 61%, ~FU v
IRT X VR TIZEYD, R lT@EKERER S
ROMEENENT S Z L A2RLTWDS, HIREE 14,
1.6 g em ™3 TIX S HAHEHT I 5 BMRO M EZ KT
EEBIFEERESLS ARV, LT, ROMENRKRE (&
BEAF) 12720, ML CTE 7 IFMIRItoEEIZ LY
MEEMEFTLIZL®D S, Z0#%, KIA L ADRE
TROMEITDMET LTV RO BN 20
WREE 1.0 gem ™3 1E, KA B LADEEORT, il

ENMETT 2. 20X 91, Eavis (%, ROMEICHT
LEBL LT, WRMEOA, WML SRR, 1%
BRI D A, KIZA N L ADH, £LT, KA LA
ENFRIEHIO R A, RERMEL EbIZHLD L.
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Taylor and Ratliff (1969a) (%, BER L= HE~DE
AHER (B _XxbuA—¥%) AL, LEEmE
RS PROMEHEIZG 2 D BEU X LR
EFRAOWCHHEMZEZEE LZBERUELT-7-. F
7=, &REHDERE (Dexter and Tarnner, 1973) 5L
4 (Bradford, 1980), ¥ X OE AN (Voorhees et al.,
1975) IZOWTOFEMBIED HiL, ZOH AN 52
IZEN. 2ok rXx b A—2R3EHINE
DL, 1940 FRICERAL SN OT AT — VDRI
2L, 20 e Eicide — Re e UCEHERE %
IR, DfRteE & D Z & TR REZ1T 5
Wit FAESND Lol holclzw tEZLND.
Eavis 1%, & &5 Th 2 KBEZSH L TE AR EZIE
L7z, XXM A—FOEREZRITIEST D EEHENR,
1 mm Aii#%272 % . Bengough and Mullins (1990) 1%, 7
FRRPUCET 2RE T e A — X OER, IR,
BEEE, BEAEEEICHOWT, Russell (1977) o#& % K& ¥k
ICE LD, EEOROMEAWHEMICEE T &0
LEIZDOWTELLTWA. Bavis 5% b XA —4 K
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Relationship of Yamanaka’s Soil hardness and Pin-
Penetrometer hardness.

PLEARDIMR R OEGILE F & B TV olo & B R
bivs.
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ez Fig. 71273 (2D, 1998). ZoOMM6 BV
AR b r A =& & ARSI & BT OB
oD, PR EEMERE, FONWEETIE, [
D 2 — L O EZ KE LR L —EDORI D
NRREEMSED. —J5, ErSixbmA—2%, i
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EEREEE DMK 100 gf LR CE, (i AR R 0
D3 BN FHAIFTRE T o 72
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KTL, EBITKSANLRAOEEN MDY, LVIEKT
THZLERBLILD, BIRBE X T 2R L TR
i, AROMES L EHEKSOBRAE L TO 220
eolEeEZOND.

W& (root growth force, root growth pressure)
{22V T, Gill and Bolt (1955) 73, 1893 41 Pfeffer
PITo e FiEZEMTREL TWA. T OHEE, 2k
TEMOTE BRI NA— 7Y v V2T L XDHE
HIim, KELGRODEZMET 2D THD. £ D%,

Storozy and Barley (1968) <° Taylor and Ratliff (1969b)
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F72, Bavisetal. (1969) &, HEA o #E4Hfr L
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EEHENT S
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FHETAERE L TEZLDITITHERDH .

TR ZMET OMBRET L )2 EERHICEY,
HHlT2Z LiIdNEETHD. ZhiE, BoOWKIZES I
Bk Ay DAL, KFE U THHAIT 2 8850 O S RfLE,
e LToisngl (55, mEGm) »dHod. %
LT, Pfeffer LD 1 ADM % x5 & Lz ik /1ol
JETIAREE < OWRIGRENR H 5. £ 2T, EHD R
L RIZRT 2B OBNEZFIH LT, FAR0R o i
72 ¥ OEFOEENE Ul W O RIN TN T
W5,

5. Eavis OFXIZEITT HHAK L
ZDERDOHRER

Z @ Eavis O X AR S TR0 LY s &
WOAEBIZOWTNL OO ZENT 5. Flocker
and Nielsen (1960) 1%, $i72 % Hi8% HE C ORI T,
A EEMAMN b~ NEFICEH 2 5 HEE N LT-.
Taylor and Burnett (1964) 1%, +THEDEHE & BHEEIC LV
THEREE N LT 5 & X DIROAEFIZ OV THESGHRERIC
XV RFEL72. Malik (1976) 23Ky OARRE, i
ERT ZDRDOAEERIZEZ DB OVWTEMICDIED
FEE & L. RPN TIE Taylor and Gardner (1963) 12 X
DIRO MR & TR & OMBICBI T B F5ER T
#17z. Aubertin and Kardos (1965) 1%, KifROER 5
TAE—XERNT, HREEZELSE, BOMEEZH
7€ L7-. Babalolaand Lal (1977a,b) 1%, tiElcL %%
BATDHZEICEY, BBRGAMNEA LK R 52
INDHZET, ROAFERIHIENDZ L%, THE~D
WOMERS, ROERETIMLE.

ZOEIZ, ROEFICHEET LR 22 EE5)]
R 2 RA N2 & BT, Eavis IEESE, K
A VA, ERREIE U R ER AT O 2 & TOL
OORNIR LT, £, 2 TR+ ORE I ZH|H



i : B.W. EAVIS 2 [ HEOWBE RN IEMR O EF TG 2 5% 47

® mecra-!
| micaL |
| RESIST- |

=-REDUCE
PLANT
GROWTH

FIELD ——
CAPACITY |

i

@

'MIC'E‘
I

| I
! |
L I

= = — —

NLWR

= o ——
e = e =

WATER COMNTENT

MECHANICAL
RESISTANCE

-—-.-—....ib_.

HLWR

TR —— T

WATER CONTENT —>

©

MECHANICAL
RESISTANCE

—— ===

AT R

NLWR POOR

AERATION

|
|
|
I_-.
-
|
|

PRI E——

WATER CONTENT —>

Fig. 8 A 7/»5 CICHUBEENRIN UHHED LT 5 1RO K L REMAEE D7D OHIIR

KF D — e 72 B,

Generalized relationships between soil water content and restricting factors for plant growth
in soils for soils with increasing bulk density and decreasing structure in going from case A to C.

T5HZ L CHBROREAHELIZRE CORBEEZ S LI,
WOAEFITHT H@EEMLEDONNb VIO TELL, M
BROE (BRI, Efett, MBROIRIE) oEE M
RME LT, ZOEZFIX, #%IC Letty (1985) HNFRIL LS
(2, TEEKSy, MRk, THEEEE 2 HIRRA - & LT ke
DO IERIFRAK /> 5EIK (Non-Limiting Water Range; NLWR)
LLThbbLTS (Fig. 8).

D%, ROMEZET ML L TEMT 2 K% Bk
T 27D DWDOKEILY I = L —2 = > (Hillel and
Talpaz, 1976) IR OELFIZIIT 2 THOK S ELD T T =
L—ay (EED, 1990) 2Mrbhiz. £7z, Dexter
(1987) 1%, R bhaA—HHE L LBKIRT Uy
NOFEREE S &2, BONZHRMEETVEREL
2. ZOET VX, Bennie (1991) 12XV, ZHETD
#¥2% < ORI EHE - T, LEEESBROME LR%R
HiEEXHOLDLTOICHENTH DL Z ERFERAINT.
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UL, KREHRESNSDZEHLHRLE. E5%
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