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Agricultural Land Degradation in Australian Semi-arid Regions
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Photo 1. A wheat field on a hill created by
deforestation and salinization of
the lowland caused by the rising
of the groundwater table because
of a decrease in transpiration.
(Western  Australia, Wongan
Hills, Nov. 1992)
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Photo 2. Degradated farm land where
white accumulated sall stretches
as far as the eye can see. (Western
Australia, Tammin, Dec. 1994)
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Photo 3. Test trial of large scale drainage
canal for control of groundwater
table and countermeasures
against waterlogging. (Western
Australia, Merredin, Dec. 1994)
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Photo 4. Following the wheat harvest,
newly bared ground is progres-
sively eroded by the wind which
blows away dry soil. (South Aus-
tralia, Loxton, Nov. 1992)
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Photo 5. Deeply developed wide gully on
grazing land. (South Australia,
Renmark, Aug. 1991)
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Photo 6. An experimental trial of water
erosion  protection  measures
which “rehabilitate” by making
ridges along contour lines and
then seeding with bush plants.
(South Australia, Chowilla, Aug.
1991)
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AnFy (@) HBEPEILHES (E118°30'-E
123°30" &N42°20'-N44°20") itz LTV 3. WE v
IVHER ORBR UEHAE O & BEAILRo—%
8%, KERIE 43000km’ TH 3. FERIGBKERI
3M40mm, FEFGERMI32,200mm T, $REENZ
1.51C, BHRERRIURICIET 2. »oTHELNER
OREHMHTH - 1odf, BHIMIch 3 BRKHEOLELL
RUABKLREEL & ORBT, HIBRTENEMND,
WABET LT, K&k - HLERORE, EROLETE
BERKEUEBESL TV S,

197545 S chERI 2Bk - 38035 Fr (B, ISR
BERD &, BRNEERS - AT v IVERRE$EE
A& - BIRHERL & oBMESP L LT, HEwt
HORRAMAEEME L —HORBHTEITE > Tk
fo. &I, 19804FED & R Z W3IBS, BlHy
PIR THB AN ATIRF — 12 & BAMTIZEEF L
BhABIRERESITWE, BF—Lick38FEich
A ERHAROEREE LHTLUTIKANT 3.

2. ANFUBRICEITIEERLBMOG

HERMTEE 3, EEFCEEBERIZT RS 0T
BHEEEZSE T LTS 3. M, HERTIEE
oK fgfnrkoBKUZHE (EC, dS/m), 1o
PSPV ADLEDBEE (7 h Y{LE (ESP),
ESP=(ex*Na*/CEC) X100) B8 U+ D pH » 5,

W O 2 By

Hitt+-4#% (saline soil, EC>4, ESP<15, pH<8.5),

7Y 13E (alkali soil, EC<4, ESP>15, pH>
8.5) &7 un Y -EIE (saline-alkalisoil, EC>,

ESP>15, pH>8.5) icaidha (AXRLEENEL,
1991).

FEFOMEHERENRERICLZE, W5 /bl
OERF LI, v EC (0.3dS/m) &E\WESP &
75%) BLUEW pH (C9.5) OREER-TVLEL
W, TAAYEIcHFE N3,

ANF PO ER T TOREEE>TV 3,

D EESSFEREE pH {E
TROEREH RS &L MR T ROL$ER (&
1) OBMWEERERITWS (E #5135, 1984).
ANF BEICBVWT, 7oh ) LiBoEYSERIE
0.4626 THEMITIE V. EASHEROEW LRI,
HEOTEHFICEPHHTH B0, ainitEn%
BRI NS TH 3,

ZDID, ANVF  DEDTLVA Y HEEZ—BOT L

& 1. HTKAIBEES AR

Rkl R B[EES 8FR (mg/1)
(cm) (mg/D  Na* Ca** Mg** HCOs ClI- SO.
80 668 070 129 074 240 005 027
84 778 167 144 078 347 021 023
88 1592 578 137 082 748 020 027
94 1333 253 265 148 593 015 059
oy 1093 267 169 096 482 015 034
* e E (1950)

# 2. HEOABHEN S X URIGHIERL (me/100g1) .

+EEE e H Al SR (me/ 100g4) ESP(%) MBI (me/ 100g1)
p

(cm) (%) CO," HCOs~ SO~ Cl- Ca’* Mg** Na*+K-* Ca** Mg'* Na* K' #itt
0-5 031 1045 329 032 060 023 021 019 404 7108 L14 161 842 067 1185
5-20 039 1045 410 022 105 028 071 034 461 7833 095 071 663 018 847
20-38 066 1049 619 203 097 037 026 012  9.i8 8123 101 110 993 018 1222
38-58 055 1059 378 103 152 038 103 035 537 8452 099 103 1224 022 1448
58-7T7 0.37 979 055 150 268 024 078 020  3.99 6868 283 158 1011 020 1472
P 046 1035 358 102 136 030 060 024 544 7668 138 121 947 029 1235
* B E (1950)

* FRIBERFETHFBITRCEN (526 . 199566 7 A 106, S2E2: 19954E 9 A19R)



# 3. LHOHEOKHE .

TERE Eyd:4 BEEE [15]:28
(cm) (%) (g/cm?) %)
0-5 567 1.69 35.00
5-20 6.42 1.69 35.00
20-38 8.06 1.88 29.62
38-58 1401 1.67 35.77
58-717 6.20 1.80 30.77
* B E (1990)
-
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12 3 4 5 6 7
1. TEBFEAROEENR (FR - X, 1990).

A ) HEE D ESRHFEIENWC EBFRTHS. LI
HEAOEIHMRIINa,CO: & NaHCOs T, CO»"+HCOs™
& Na* Beh®EhE B2y ORBRELD B,
pH 12 9.8~10.6 THW T A1 ) #EERT (F2).

2) (EVSREHESSHR S ESP E

ANF v HEOT VA Y 1R, EickEoFHVDE
THRBAERME, (1% ~», THUEEEOS
B b B EYy (F1912.35me/100gt). FE 53
ISR Na* T (339 9.4Tme/100g 1), 3 ESPi
76.68% TEWT Mh Y{LEERT (F2).
BEVZHEESERESVWESP B, A F DB
DTNHY HEOEELSHETH B,

3) E\WEMEE

ANF vHBEITBWTR, Tuh ) LHROBEERA
< (1.69~1.88g/cm”), FBRA/pE < (29.62~35.0
%), akHhHE: (5.67~14.01%) (%3) ¥, L
BotkiEsEy (K1) S EoPBNERER- TV
3.

THOMEAHESEL B - L ELRRAR, KEOK
#¥ENa* OEEICL 3 DT, THOMBIRASE -
ik L T Lo BME S E S dvh S ARBRsEmL A 7
%, BEEENEL, MRRNE D, KoLTHp
TOFRBIBH DRI L TEBKROFRIHEHHET L2

»5TH5 (J7,1985).
3. EHEEITROBRR AR

HEMTSOoRBRAER, B THLVRETH
3. LT ) Bt L h BRRTIETH -
T, Hix OHBEFIAERMRIEEhTV S,

7 H ) OB AERIcREhThERMNSD
WAMmEAHIRE 5. KHUITHES X C(LERBER—E
DEREREASOVANNETH 5. HREykI,
BEMALENOHRT S LT, BEOBRARDEL
HEMMAET 3. =05 bRREEE, KEOESE
HIRTEFIBHIhTWAFETH S (B, 1984 ; @,
1984).

HhF iz TiR, LitOERKBRBETE -
TRWEREZETVWA, UTFTehThEEREAT 5.

1) #kEREIC L ZHBRER

Bk (3 P E T2, 0005E D BE Sk £ 5 » T\ 3K F
THick 3 HEURKDO—H>TH S, COHER, B
ko c %L, DLROMERick » THEER
B4 35%T, KERMOLEHBCESFASATVS,

BokRigkir 7 v 0 ) 2EOBRBIKBVWHIRNS S T
LRESTTHLVY, THEORIERFULER(E
hbidh 31, Hik « BB OSEM L ol s flift 2
TS CEBFHRE IR > T WA,

AT BRI BWTEE QEMD) kb 5RR
DR, Th Y EMERESH, REERMEML,
Tyt s h, TERESMENT S
EORVHRERL.

(1) i85y « pHB L USSR OZ1L

A 01 I¥EF (0~15cm) DESHEFH K I30.2~
0.3% 7T, T3 Na.COs & NaHCOs, pH & 9.1~
1017, #®WTan ) EERT. Ak TIEERE D Na,
CO; & NaHCOs R KB Ic FTAiY, HEAEFEE0.09%
¥T, pHI385~96 £ CTTH» 1. i@l oE(L
o bHBMESRONE (F4).

T ORBEER O L b L. #MET - ROERF
(0~15cm) @ Na* i 7.98me/100g 17> 5 1.43me/100g
+ETTFHb, Cat* (3 7.73me/100g 1 5 & 14.72 me/
100g -+ T Eds 7. ESP (& 4249% H & 7.68% % T
FThiote (F4).

(2) HigEERHROZEAL

R O1IBHEE (0~15cm) OHERRARIEE I
Wi F C00lmm) T, (¥R F (<00lmm) i3
10496 U is s - fo4%, AE#EER, R5HERLT1369.4~90.4%



F 4. BUKERIC & 3 HONBEESRUCZRIEE O .

am +EEE SR H S (me/100g1) ESP LR (me /100g 1)
p
(em) (96 COs~ HCOy CI° SO~ Ca** Mg** Na*+K* (%) cCa** Mg'* Na* K* {&8&
0-3 0208 91 005 075 022 192 024 015 253 3067 980 182 574 136 1872
o 3-15 0333 101 084 224 097 065 020 009 441 5186 566 203 1022 092 1883
- 015 - 96 044 150 060 128 022 012 347 4249 773 192 1798 114 1878
15-65 0145 101 028 123 020 027 011 015 L71 3702 172 223 261 040 696
il 65-83 0083 100 014 065 010 027 0.1 011 094 2585 172 182 130 021 505
RS S 98 032 122 038 078 016 012 240 4011 472 198 497 072 1239
0-3 0085 85 - 075 009 032 053 024 039 401 2496 312 121 086 3015
il 3-15 0080 96 040 078 009 HEF 011 008 109 2337 447 073 165 021 1706
- 0-15¢y - 90 020 076 009 016 032 016 074 768 1472 192 143 054 1861
15-65 0226 102 1.21 188 012 HEF 026 008 287 4684 239 052 267 012 570
#® 6583 0060 96 012 061 006 005 026 016 041 1230 312 177 070 010 569
gy - 94 046 100 009 009 029 0.14 1.19 1284 873 154 156 032 1215
* Ekifiz s (1990)
# 5. Hokdligic k3 1 RoHEHEROEIL". # 6. BUKHEC X 2 LIEOFHR - FRHOFEIL"
iﬁ&llsié TREEE Skkt BE®E RRE  HNT HRNY s  LFEE g T-N T-P
(cm (cm) (%) (g/cm® (%) (<0.01mm,%) (cm) (cm) (% %) %)
. 0-15 118 160 2600 10.40 " 0-10 0.28 0.032 0.019
MEE  15a0 12 1 3192 1940 AER 090 041 0045 0.021
10 0-15 396 133 4885 69.40 2 0-10 352 0.267 0.119
15-30 187 185 2885 12.40 10-20 2.29 0.180 0.099
17 0-15 407 1.22 53.08 82.80 * Frct§idh (1990)
15-30 164 1.74 3308 19.40
Y 135 4808 0040 R - 5Y9UERSERIZ pH O X > THEDT 3.
3 15-30 415 134 4846 12.40 ESP 3+ oEHK oML - 7 v =7 {LIERHICA X

© FEuchizs (1990)

ETLEMo 7, TENFOE(LIC & -> THEOBHEE
i3 1.6g/cm® 5 1.22~1.35g/cm® £ TF A0, MK
i3 26% » & 4808~53.08% T LM b, akki
11.89% #» & 38.7~40.7% £ T LA -7 (£5).

3) THKBHOEA

BAh—EROEBAVNEFIN TV 0, iR
BHEORBRNY O 1 - 2. HMA - ROBHERETE
fiti3 0.28~0.419% » 5 2.29~352% % °#mML, T-N
i3 0.032~0.045% » S 0.180~0.267% & Ty, T-P
{2 0.019~0.0219% %> S 0.099~0.119% T TML 7= (&
6).

2) {LFUAFORAILLZHRHERH

Tk Y HIcHBWTIE, Na* 28 Ca**oMg* * & 35k
L TH4 IcHERT S 3 &35 Na* D kRRIC & » TLHiE
DY « (LEMHBSBILT 5. T/, A¥k - Tk
PEKD SEFEENCatiE, COs™ & HCOs™ 1tk »
TCaCO, & LTHEL, #ArvoaRREND, WY
DERICKEREFELEL 3, &oit, TEOAERHS

BERESZ 5 (8, 1978).

COXHBTNAY LBICHE (CaSO,) « HiE
((NH).S0) L& DILEWBRBERATEI I Lick»
T, 7oAy LEoMmE - {LENEEEWREL, BhE
BICHBERANS D b« BREPKRT I ENTES.

HF DB TORKRT, LHRORAMRIZT50~3000
kg/ha, FILOBARI 225kg/ha TH 5. BT
WETH B, 1982FE~1984FEDEMM O RERGE R, 1iE
DN - R - HIEYEERL EMRBS A,
REOEEFLRBIcHDd Shik.

(1) TH65Y 35 & U pH OZEA{L

BT « oL LT OB SHERIZ0.10%6TH &
WED O hothl, pHIZ9SH S92 FTFHh,
CO," i3 0.89me/100g + 4> 5 0.29me/100g +% CTTHs -
o (&7 .

2) H|EERORAL

TELEHHEHOMB 1 4 RBARIIBBHTO 645me/
100g £/ & 849me/100g +F TLASH, BHEMNa*t i
H BRI D 2.34me/100g 1 %> & 0.29me/100g + % TF 48
b, Ca** (2 1.79me/100g 15> 5 3.06me/100g +- % ¢ L
Mot (FT).



# 1. (LFUEFIC L 3 HROTHEEES & L URRBEE ORI .

- BB SR " aEEs (me/100g1) ESP Ltk AR (me/100g1)
pl

(em) (%) CO,” HCOs~ CI° SO.~ Ca** Mg** Na*+K* (%) cCa'* Mg'* Na® K' &R
] 0-5 0.05 90 - 01 012 014 026 0.8 005 720 353 151 043 050 597
& 5-26 0.17 104 093 131 020 008 015 016  0.17 5014 151 171 339 115 776
A 2655 0.14 103 085 101 012 007 015 008 0.4 5444 151 282 478 017 928
gy 55100 003 86 - 019 016 008 002 002 003 2795 060 141 078 - 219

I 0.10 96 089 065 015 009 014 0.11 0.10 3630 179 186 234 045 645
. 0-5 0.05 91 003 049 006 010 031 021 0.05 580 728 104 054 044 930
&’ 5-26 0.12 99 030 106 006 023 018 007 012 1758 208 185 035 1052 1758
A 2655 0.22 101 080 161 009 055 018 007 022 3111 208 304 018 986 3Ll11
® 557100 001 79 003 114 009 {HEE 005 005 001 2540 083 109 019 429 2540

MMM 010 92 029 108 008 029 018 010 010 1920 306 163 029 849 1920

*E #HEH (1990a)

% 8 {bFHAEF (B - HE &3 LhBoyENY
"ot

TEEE &kt SBEEE B
i (cm) (%)  (g/kem) %)
0-15 10.37 1.73 340
BABI 15-30 9.38 1.76 330
g 9.87 1.74 330
0-15 12,18 1.55 410
BAR 15-30 18.20 1.69 35.0
Y 10.34 1.62 380
*EHHBIEH (1990)
(3) TiEMEEBEOZE(L

KERE O HEOBEER 12 1.74g/cm’, (B 3339%,
SKHIBTH TH » 15, HRKDOTIBOBRAFE I
1.62g/cm® ¥ TTFAh, MHIBRRIIBY%, S7KHi310.34%
FThdot (H8).

Lot EHRGR CTREOEERH bRIBICHE - /2.

AT OFREMIC & 5485 K EH O 6450kg/ha i 5
24975kg/ha £ TH 3 &ML, BEREHEMLLBED
H: BE S 13 USLAT O 3,000kg/ha > & 15,405kg/ha & TH#
4 fEMmL 7e,

3) BHEELABHDORACKLIHBHES

KRR EREIC L - T, THESOET « Tk
ORWILENTES, UL, BLKkMAFETIILE
OYEYLENRHZWET A RKENICERT 5T ik
REETH2. £l TEZONLAHEDO—DIZ, HEREER
ERALTCREREL, BEFRALESSTAH Y L
(BT IHETH S (B - B, 1985 ; FEICHARE
+i86H, 1979).

MRIEI & - THIEHRAE (W4 7 A/5) Kt
OKIcBESN B/, —EOES (FRHEEZ05m)
FTHEEVWATE, B LESPETOENEERT 3 C
EMTED (B3, 1988).

ANF v HBROTBREEIERL, 1955FE» S197T8FEF T

B4 8/ (%) Hag (%) pH
20 16 12 8 4 0 4 8 12 16 208 4 0 4 8 8 9 10 11 12
—_ 0 /‘:" ‘\'\i,"\ o [ “ 1 J L 1 1 1 J
= NN N
® 60 - N N
5::\; N
B 80 - '\\\ é‘\
/‘\s 4.:,’\\.
100 ~ Z Z:\
120 - BEE (1955%) MR (1978%F) —— 19556
-—- 1978%
B cost I - ==NNAT Na*
L\“‘ HCO5~ S04° Mgt

2. RERIRARIS L ARBERAC L 5 LREATL (E A F #H4f 1990b).



F 9. MRUSH - ROTHOMGER O

#10. FEREC & 3 L oYEAIHROZ L .

+EEy RHREEEHEK (me/100gt) ESP
(cm) Ca* Mg'* Na K* (%)

0-5 0.20 101 2086 0.56 92.15
5-15 0.20 121 2407 0.35 93.08
# O0-15%¥ 020 L1l 2246 0.46 92.70
15-30 0.20 161  20.86 0.32 $0.70
30-45 0.20 1.01 16.73 0.28 91.80
Hi 45-65 0.20 303 1782 0.35 83.24
65-90 0.60 434 1630 0.32 75.59

e

s 015945 594 970 282 110 1442
1530 409 1033 804 099 3427
30-45 175 887 1144 080 4980
#® 4565 156 945 1804 070 6061
65-90 402 984 934 032 3971
RS 3.88 9.65 875 084 37.85

*E BE#1H (1990b)

2EIC DT » TITE » 12, BALEBEEHIFE (K-
4) ®RT, 2HLTLICIERAL, SEORBARR
15,000~22,500kg/ha T& 3.

(1) 185 H & pH OZEAL

TIERF (0~30cm) DENHSHE IFSB BT D0.70%
HOoRBHRD0.18%F TR, & iIcHF 0~5cm
DIENEERI21.34% 5 50.10% F TAFISETF L 1=,
R BEIOE S DMK EICCO,- & HCO,™ T, 208
Fitid 876me/100g + T - 145, HEH 13 2.16me/
100g + % TicFAi->7. Na* i3 9.15me/100g £ &
2.18me/100g + % Tt FA5h, Ca**+Mg**itl.1lme/
100g+551.15me/100g + & T L4 - 2. pH (2105H
O88F TETF Lz (2).

(2) RPHEE XL

TIEFRF (0~15cm) DAk Na* O &K 32246
me/100g 7 5 282me/100g + % TF A0, 3]
Ca** L Mg''OSERIEL #0020, 1.11me/100g
15594, 9.70me/100g + ¥ T EH -7, ESP i
92.70% M 514.42% % TAMRIC T Hi -1z (F9).

3) TiEomENHEOZEL

Effific b aRBEFAIC & » THEORRH A
Eah, DNEE - B - SkEEL—EURAES -
7. 0~15cm OLEDBEEE L 1.54g/cm* S 1.39 g
/em® FTTHD, MIBRERI3406%H 5465% F Tl -
fo. SKEDH1744%5 520.1% % T LA - 7 (#10).

1) HWEAIREC L IUBREE
HNF BBV TT AN ) EERBORAOEN

mom LERE Sk BWEE MRS
(cm) (%) (g/cm® (%)
0-15 17.44 1.54 40.60
Rsam 15-30 L1722 1.52 41.40
" 0-15 20.10 1.39 46,50
R 15-30 16.92 1.51 42.00
*F F@Es (1990b)
1, WEATREICE 3 HEKBOYR ",
it ESP  WEEES
O N (7)) pH %) (k/ha)
Rz 0.11 102 30.04 1,050
RE® 0.08 89 22.30 3,450

*E HWizH (1980c)

Bz, pBoBfic X 3 RBRORBTHSE. £ T,
HAERROEE O /- » OB BREORIEIC & 2 HERE
HEMI90MEEL v EA ok,

CORFHEICSVWTIY, FRBLOF—9B8BHONT
WIEWA, REROER, LioESSHERIKANO
0.119%750.08% % <, pH (21025 589% TFAb,
ESP 14£30.04% 5 522.30% % T T -/, HEDOEER
b 1,050kg/ha i & 3,450kg/ha & THIfERM L 7= (3%
1) EHESHhTVL3, SHYNIRICBVTREELE
WeELON, —FBRETILOLEDLNS.

4. £ & B

thE s v F v bfiic 1) 5 EERT L S B A SZEART
ROFERD S, UTOT EMHOhEI -,

1) Ay yDEOERRTIER, ToHRIck-T
TR LS h, BYWESSER (046%) &
HUVpHE (>95), EVLWRfERESHR (1235me/
100g1) &FWVWESP (O575%) & L UEWHE a8
NEDERER->TVA,

2) ANFrHEOT AN Y LBOKEIIHLT, B
BElC b e 282 RRBRHRAERLSIT bR, ERY
®id, KFIIHE: (PUkEED), L¥E&RBE% (R - 6
ZORA), B¥Ems: (MRIEE) B&THE. Th
SOHRBHEFOF A, HEEAROET, B+ 32
g o, pH - ESP OERE &K UMY E o
BREDRVWHRNEH S hT.

UL o BERUNCH L WEB ERRAShTY
3, To—fl& LT}, Hokit - B, KR
RERES C SUHER - BLSE - BB L OXRFIAER
21HEUBAE LTHERTIRBAETHS. COHE



KoV TRIFARBELTW FETH 3.

3 A X R

BABESELE (1991): BERRTHEE LB R

B OSBfH-F BE (1990): #FoPiioTah ) 2EOT
AH ) ERERUME. TRE v T ATRERDERE A T
%1 2: 270-284.

B OBE (1985): Tah ) LMotk + )Y ARUFAE
. [HiR$R] 1985-6: 10-17.

T BHT kif-E BB wE -0 BHted
(1984): SEEMMRIC B 2 LIRBRB L UCERABE. A
£ v INERRDEIBRATHEARI 1: 45-69.

B BW (1977): Tk ) HERB O L PR, [1LE] 1977
4: 181-188.

& (i (1984): L0 7 A Y b L UBAE. 1) 1984-5:
163-170.

F dki-F FE-B RBCR i -m B& (1990):
B PSR T OSKERIC X 5 RT v ) ERIBOR AR

B [RE r TAHBRDEREATERR] 2 144-156.

B HWEe (1978): HMOWSN L LR L] 1978-4: 147
153.

F OBBFE mif-® REB-R wE-B B8 (19%a):
RESSRIcE 2 — 9Tl Y (LREOKR. THE >~
o VBER R IRIR AT EERTR ] 2 193-205.

f e ZRED (1985): HIRHEOT AN Y LOYEBRHE.
rt-38AEE ) 1985-5: 19-21.

FREMNLABRB LA (1TDMREIC &3 T A4 Y LIBOK
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The Present Situation of the Technical Amelioration of Saline
Soil in Keerqgin Desert, China

Fenghe JIN® and Tatsuaki YAMAGUCHI"

The Keerqin desert is located in the western part of North East China. This area has a semi-arid climate and
wide distributions of alkaline soils of different extents. In order to ameliorate the alkaline soils, such practical
treatment as floodwater treatment, rice planting and organic fertilizer application etc., were tried in this area

from 1975.

Owing to these amelioration treatments, the contents of water-soluble salts, especially exchangable sodium
in the soils, were remarkably decreased accompanying by pH value depression. Moreover, their physical prop-
erties were also improved. As the results, the products of agricultural crops were obtained more than 3-4 times

than that of the untreated soil.

Key Words : Saline, Alkaline soils, Amelioration, Keerqin desert.
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Water Pipes within the Sea and Man-made Fresh Water Lakes upon the
Sea Can Provide Fresh Water to Dry Areas

Shusaku HARA®

In order to assist greening and agricultural production in desert areas, it is essential to provide fresh water.
Salt accumulation which occurs in dry areas can only be reduced by dissolution with large quantities of water,

irrigation and drainage.

I wish to propose a system which takes advantage of the basic characteristics of the sea such as its great
width and openness, uniformity, constant horizontal position and buoyancy.

I propose that thin stainless steel boards be made into pipes at the actual reservoir site. Pipelines would be
made of cheap wide diameter water pipes wrapped in plastic foam to provide buoyancy and fixed with wires

to the sea floor to make underwater canals.

Fresh water would be taken from the abundant water supply of rivers and estuaries and sent to the coast of
arid zones. Fresh water sent to the arid zone would necessarily have to be stored temporarily at the sea zone

where there is a demand for water.

Such fresh water would be preserved in strong sack mede of plastic films bonded together on the sea surface
at the actual storage site. From these “man-made lakes” fresh water could be supplied to dry farming areas or

for irrigation tasks upon demand.

These “canals in the sea” water pipes and many man-made fresh water lake networks would provide mois-
ture to the land as well as create a moderate climate enabling the area to become suitable for agriculture and

industry.

To revitalize the earth is our duty to our land as human beings. In the past we have destroyed Mother Nature,
it is our responsibility now to nurture and preserve her with our technology.

Key Words: Water Pipes in the Sea, Lakes on the sea, Fresh water supply system, Taking advantage of sea

characteristics, Greening the desert.

* Consulting Engineer (Horticulture Under Structure Consultant). 12-7, 4cho Miharadai, Sakai, Osaka, 530-01 Japan.

(Received August 10, 1995; Accepted October 23, 1995)
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Fig. 1. Map of multiple windbreaks and observation line around marginal land of desert and agricultural field.
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surface of the desert in the windward of the first
windbreak.
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Fig. 3. Variations of (A) air temperature (T,, °C) and re
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lative humidity (RH, %) at 1.6m height and soil tempera-
B) wind speed (U, m/s) at 1.6m height, solar radiation

(Sr, MJ/m®) and sunshine duration (Sq,X 10 min) at the arid land of Turpan, China from June 15 to 17,

1994.
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Fig. 4. Horizontal variations of wind direction (WD), relative wind speed (Ur, %), surface soil temperature (Ts,
°C), relative humidity (RH, %) and air temperature (Ta, °C) caused by three row windbreaks made of
main three kind trees at the cultivated land of Turpan. Dotted areas are the windbreaks.
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15, 1994.

hic@BHoh s,

3) PBEKICLIELOE(

7y 0Kt (BEKORFORE) BRAKOHES
Tm OfEHtAIc, H 15 RTRIEL, & 10 BkEFE
e Lt FABEEAICIR Y 230V, FHEOEE
CHEARD L WVESOEL A RD 1R, 15~25cm T,
g 20cm LTS h,

BtoZt (7 RETEH®TIREL, 2~I10HT
B¢, SHTCRBRETH . 11~13H (B 2H0E -
5~—2H) fHETREIEMIC & 3 BEMBROER & Al
KOBDTELIBEY. FLE2HDO —SHTHALDEH
{, —1H TR - kH0fs, BELLEOERIL -
TiED - 7.

5 EROBR

1) SRELOHE

BRGE « B oM E L TRERTRAVWY,
BESBIRERNS, - L v LENEV. BXHEE
BRI HENE L, i 17T ARG RKBORABE
ETictk-TEM 1=,

6 A 15~17 HORZ, F~BEICHL, BE,DS
bz, BEOKERMEMA, (A S L, 15H
BRI, R 16 BRMPBIEShSPP
BCET, ITARRBPPEI AOKRCK Y, HIZL-
THLRE AN, SHOL S icEE 10m/s BEL LD
BHKRVTWS,

15 B 14 BIZ i3 1.6m SO EEH 3.7Tm/s TPPHEL X
b, ZOHEBO 14 BB BE SRR L T 268%
FTTHh, 16 BRIC 3BTRS T 81Im/s £15 D,
EEEETIR 119m/s OBE L L - TWS., T OBE



Bef)id 23 B & e < A%, MXHBEEDH I3 28 Bk E Tk
B 48% TH 5. Ttk BEHIEE 3 & HEMBEH
ML T16 A9 BMHIE THV., £/ 16 HOMER I
BHEHBENEL, 1THORYICHERICIL S LBEM
SERLTVWE, ChikowTlHRlith~s. s
ITHOEBMIcISRTERL, KBLHuy,
15~16 HDOXFRH & 2R3,

BE T, FHomERNEORE NI WNW~W T
535, 6H15A6H~17TH I8OFE, SHBD
5m BT 5m/s A LOMERIC I3, A ERic SW a8
PeEM . —F, WHll~FHih® 5m T 4m/s LI
TOEREFIC I3 —f}Ic NE OB MKRL 2%, Coficiz
—HUCNNE BBV ERVZ, FRDLY, BLUFH
it BRHE  BFRBHDOEWE Lic k 3R OREE
X LRSS L TERIA» IS TR L 1.

2) J7x—vEOSH

CCT 16H1~24B5& 150 16 ~1TH 6 B D&
& 16m B B FHEMEEE (Uis, m/s) & BTG
KE (Tie C) LOWEBBZERD . v 7 A%
Zh¥n2g, 39T, BEKY (D kEheh, 0819,
0858 THY, | Y KETHETH . TOMER2E
KRB,

T1s =1.08U16+27.8, T.6=1.34U,s+26.3

THy, K8-ARKRTLEBDTHS.

iz, 168 1~24 & 15H 16 B ~1T B 6 By D E &
1.6m (2313 BEHITGEE (U.., m/s) EHRIESME
HBE (RH.e, %) & 0BIBIR (K8-B) &R /.
RIS () Wxheh, 0.693, 0.662 (1%KHBTH
B) Th-i. ZOBIKKERDBLE, ROLBHTH
5.

RH.e= —0.866U1,5+46.3, RH.e= _0.980U1_s+46.7

5B, PEKTOREOBYBRAEER 1.5m ThH 5
7odh, Z2hiTiE\ 1.6m OEE & OBIER % KR 728,
& 1.0m icB1 2 & HENEE & OEBERIR, £
hZEh0.850, 0.828 T, LWoZS5EM -1,

i, SUEEAENEE I IRRSEMEBEENS D,
BRICES I RIR (T, °C) & BSHTIGHEEEE (RH ..,
%) & DMHEBIPAR (K8-C) %2kwi-. HBFREIEEL
Zh, 0.725, 0.716 (1 BKETHE) TH-71-. £0O
BGRRRIKDOEBY TH 3.

RHu6=—0.686T.s+64.8, RHye=—0.676T¢+64.2
bk iz, Bhgd BhidKBid&Ed, BiiE

29

ol W

Alr teaperature ("C) at 1.6 o helght
£
!
o

8 'S 12

50 o (8)
o

Relative hunidity (%) at 1.6 p height

) 2 4 6 8 10 12
Wind speed (n/s) at 1.6 o height

a4 o )

Retative hunidity (%) at 1.6 n height

) Y 2w % £ ®
Air teaperature (°C) at 1.6 a height

Fig. 8. Relations between (A) wind speed (U, m/s)
and air temperature (T,s, C), (B) wind speed
(m/’s) and relative humidity (RH,_ ¢, %), and (C)
air temperature (°C) and relative humidity (%) at
the height of 1.6m.

CUBRBEBLCRDITWS, ok, TORRIR
EBEA 72-vRATH3EUMTES.

BB, 7=—VAIRSDVTIREKE» (1994b) Tk
RIcEBVTHY, P77y TRER BBEE3,
P77y v TOMER, 1Z2EAERE~EILEORMT
&b, Rk E8A &, LBARM TS - T, WA
PRED D EZNERIORRL D bRBTEH, 72—
YREaha, CoLHITRABEKED (1994b) b
» 505, 4El0 6 ADOHBEITIE 13~77% (22~23 A
HRlxht.

F7o, BIRORGROEBIGREIEE L [UB IRV,
B#EEEETHEBRE SV, ThidBdbeE<
LR EERMEUY, CUARRLRBELOMFENLD
ERICERTACE2EZDLTVWS. Thid, —8MN%E
K[RE TS, RERZEETHEL, Bhi3RACER



30

TaRgNMEEhsHEEIONS.

WEILRE 0N, B, JUEXELHEDER
xhakheEiohs, iy, BrholR T (&
) OHMBREHNBRWED, b oAHIRICENKE,
KRB VEES L O MREL S, VbW 3 ILERNK
T EMBV. BBAhTRIIBAKMERLTSHLE
25,

53, 15~16 B & 17T HORRE >V THEMRR
knd, LA/ ofGol5cERT5¢EA o0
3.

3) BEMKICLIEEORD

PEAOMAO TR TIE, & LTHIWEEERD
AEIC L - THENDE L >TWALYD, THEBIA
BIRNG LT, WAL MBI, &
L BmEI & - TEREOR EOFEE, HEhE
#ESITHEOMEES, ATRCHEELLTVRY,
BTt EicEALTED, AXEKBOBEKD
BATREMSALRIC 2m LAEELEVOIXHLT,
BTHCiE8m bMEL TV 3,

B BBk ORSIBEAS 100m T, HBEH Tm OGS
PEREHS 14~15H BEETH b, BUKiEH» (1992, 1994a)
BLUSEOEND» 5, EREIN L TR ERBASR
GB1FIE) DBRAICRPPERBEREELOND. &
T IRKUEDBE L W icd, BRIz » (1994a) &%
EMT 2L, EMERET A ICIEE%E 8~10m B
Bic LT, FR% 10~12H DT T 34ENH 5. B
B E 2 OMOKRKBEIR I3 10~20H TS h
31-%, 25HLETH I, AL 1FIHOREL
25 IR 3. Li-di->T, MIEIR15~20H Th
WEEZShE, ChEZERLTh, (HEOBEKT
W 15813 100m, F2FEHLREIR 200m L EIRT S
Hpisie 5, FAPRAKOMENER+AEFLTVE
WESIE, REGEASKL, JoR0X S EHRER
+R3BT LB,

4) R[Rif -HpREBOLR - TH

S8 - kAR, pBEMkORIRTAEPERERL, B’E
HBERT 2 EABVY, ERHTREFOHDORE
i1 20MB LS, PR MBS ORRBIKT,
BHEHER L TESOBRET 5, MBMWNSVWEAIR
RET5. Lid-T, AMANE VAL LY,
5O E MBS o OERERMMML, TiabbingET
B0 EHTHS. BEMEDT S LMRBANEICL -
TERT 207, HECBVWTRIAFAOHRLNS,
LitiaT, BilETHS itk TRE - HiROE

FREAMERTE 3.

5) %t EMNBEEOLR - THE

iR TR, BRI & AMBYHRIIER ICHEND
SEE - BB TH 505, PBANKIC X 2 EEBED
Fishs, #icBd, PBRKORETRET 3. AidDE
B, ChizKBEH RT3 LRERTABANEL,
SSRBMUNENSTEEAF ROYRTHSB. LhL,
FIHEE @ EM IR L THBETRMBLTE
b, HRIPFSHIEH OIS,

1 5 H OB B TRAIED > D&M S L CHEHEO
D S OEFHER L TEKDOBESMYT 5 T
LR h ot —ic 1FB LY b 2FBoBEMmE
W25, 1, ERodFoRARKCE, PR
hoEKic L amBL D bABRD Y S EMOKK, B
& OHHC R L 208 I RIS o R R IC L 3B
OFMBREVWEEL OIS, hoomE bRk
LTHARRART, LhbdtnBATIVEAIKE
¢ih, ATV RELTORRUBYRE LTHMETE
3,

6) HBRRANOLE

T RO TROBIE DI VI, Bl
LT ERDEVY, BHICH L 72RO —R5
T, FTRSHETH AT CRIEDURNED N, &
T hROBE L TRIEMOREMTENNUIDT, £
b7 bYHIBF R TP VY, TR T LRI
B LA TET AFH TR MRIIFETE 3.
5h, BE . % v bk 3EHENOHEDOE{ICD
WTI, T TIEARED (1992, 1994a) OMEMH 5.
ChorERTLEEHEMNOKBELIIFVRER
Bo£  HBFRMAIICHERIL, EVWEAIIIERT 3.

7 {FONOHR

BB & 2 SRRBYRITE > TEDOEH {24
sh3 ChiR4EBEIPHOKED LR &EFIRBMOER
& AEMEARRS (a2 v¥-) olERBDICER
T24ETRETH Y, BRMICIEER e, RREE
HEYMOMmEIC X 3 NEME FBELTH 5.

ZITR, 750PMEBREICOVWTENLY, 7
4, boEnay, a9+ v OEFRPOELME
7 5 OIRIC>WTIE, 7 Tic 1992~1993 £Eic[E U
FUT7 v THEL, MR (EAKED, 19%4a) %
WELTWVWAS,



8) iRt BAE MBI

DEERLT B o0nicid, BIRAKMREIRTHD, B
BEMB R NIIRE TRV EV S THEETRE L,
COXI RIS L BRRBE - RAPRIC X > THL
Hofeme2IET 5 obicid, BHEMSERETH S C
LOF -y ERLL.

chEHE SR DR IR < 517 B BRI, Ko< B
NERTIH, DI hiIHE, Ok, »Es, EFEC
DRFNEAWN (5= 22), DEBRSELHAMEH
TW3a, =Y 27 A W/ WHE HE 56,
TR EABRORE VRBO—>TH 2 (HAED,
1992) #35, T I T, WRORAIKE (s=922) T
B <, BREBMOKR (i) HAOBRKEETH
3, AR WEOSHOBEAKERHAL TEEL:
BR, ChooliEMARRIERtio BB Rk E LT
B2 ELEHShIT LI

6. £ & ®

1994 £ 6 Achf)icsgi@it b L 7 7 ~ OF AL 18
DEREHHBHFDET I THEE - BFopEMKIc &
SRAUE, By, MEEEREORYBII VL THA
TR o1 BohkERHERRIROLEEBYTH B,

(1) P77y, BEoRmcohTcBR’ER
L, WBERETT35R8HL2b -7 - VRO
WEBHEE, 6 BiCld3/4EBES - 1-.

2 H&#E, BEROXEE YT 3 1 5 EER&
B TRBucEDT 3. RIEWEH L A~6H T
0%EE LD, FW2HME TR T0%EEICES L T,
BU2-35EHBEM (B2-35) T0%BEICRKD
T 5.

(3) Wi, EHERET 15 - 25 H
B WD 10~12H BTt 35 Z & M8 E L b,
BEGRLEzOMo[RBMNHRS, B 10~20H
DHEH/ITMPEE N B0, 25EHLUE TR 15~20H T
LWEEZ SN 3B,

(4) oI, BEIC3BRKTEOKE - thil
BEEEL EC ERL, Ec3EBUETe1+20
BMRELB, —F4, BEICK 2 ERRTIRIEE SN 25,
MEICOBBRENIC & 5B RIEYICE - TEHYTH 3.

(5) MhEmH» o> DAEFRIC, & S IBHEMK & BHUREY b,
o DHEWHHEA L TIEY 5. Fricki, SR
MOBHOIHHETH 5. MR FIMT 55,
BEICGPRKIC X 2 REFATHTEHEETF T3 C
EMdhB,

(6) WEDOBIRFINTIIBRAMIC & 2B5E) - HEDDHE

31

BREV, BN OUBEELVEVE, Dol
BiEMMICHEZ b, EVEPRAKESERT 3.

(1) BiEMIEREIC & 2 58 & BRI & 2 feWik
DOHEFHEERT 310, EHFNOEMIZETHIRME S
h, BENICERSE TSN EEMERT 2.

8) AR b VT > v TIRIDE - BB - MUBBHEMKDS
AR OBHIBF M ICE T 3. BIBTIOBRZBRM A
RINITRIL, 47 v 2{biciFETH 3.

51 A X #k

HOERFEERS (1984): MBDEHE) hEKEHRY: 323p.

B OAR-B BR-A R JRK— (1993): HEBBHH
AT HRHENURREHER. TBdhRRRRRRERN
HRBXMR] - 3541,

HAK—-# A8 Dik-N BH 192): dHi L7 >
ORI BT S 72 ) R VBRI X AEERSE. M3
IR 48-2: 157-164.

WARK— - (A% H U8« LR (1993): thE L7 #
v ORFIICE T BB % » Mk AR & TRODBH L.
MRS 49-3: 159-167.

TIAK— @ ARt 098 - LRSS (1994a2): hE
7 7 v ORI BT 3 2T DBIBRHIC X 2RAR, HD,
DR, [HIRKS) 49-4: 247-255,

HAK— 8 (A% -4 UE . ERE (1994b) : hEILE
MOYR I V7 » Y ItB 2B 27 v KB EBRK
wtk, [EBRSIR) 50-3,/4: 185-195,

B oA%-® k-8B & TURK— (1993): R BHH
WKL, [H o ERRRRBRRE QB 23-30,
FOERMEHRB (1976): HAFEKERKSRY LT,

[BIEE ) BlFthiiRe: 81-87,

FaEY T IRDEEER (1978): MFEDRm3AERA] Hid
ABRHRREE: 124p,

& BIE -8R SXER bk BT (1950): ML FAKEE A ARER
ERHISHITIA, [BIMEARBIS 1: 296-305.

BranpLe, J.R., Hintz, DL. and Sturrock, J.W. (1988): Wind-
break Technology. Elsevier, Amsterdam: 598p.

Song, Z. and Wei, L. (1990): The relation between micro-
climatic factors in shelterbelt networks and crop yield.
Protective Plantation Technology, Northeast Forestry Univer-
sity: 211-217.

TuLuraN Work Station of Forestry in Xinjiane (1990): The
ecological effect of sand-fixing shrubbery in Tulufan area,
Xinjiang. Protective Plantation Technology, Northeast For-
estry University: 272-275.,

Xiao, L. (1990): Shelterbelt benefits and planting technique
in the mixed zone between farmland and pasture land in
Houshan, Inner Mongolia. Protective Plantation Technology,
Northeast Forestry University: 301-304.

Znao, H. (1990): Evaluation of effects of farmland shelter-
belts in the Gobi Desert area. Protective Plantation Technol-
ogy, Northeast Forestry University: 209-210.

Znu, Z, Ly, S, Wu, Z. and Dy, X. (1986): Deserts in China. Inst.
Desert Research, Lanzhou: 132p.



32

Micro-meteorological Improvement for Crop Growth
Environment of Cultivated Fields by Windbreaks in the
Arid Land of Turpan in Xinjiang, China

Taichi MAKI®, Borong PAN®*, Ryoji SAMESHIMA*** and Mingyuan Du

The effects of windbreaks on the meteorological improvement or alleviation, protection of sand and growth
promotion of crops were investigated near the Turpan Desert Research Station in the arid land of Turpan,
Xinjiang, China in the second ten days of June, 1994. The obtained results are mainly as follows:

(1) Foehn wind blows on the 3/4 days of June in summer at Turpan. The wind is the characterized by
relative humidity decreases with the increases of wind speed and air temperature.

(2) Wind decreases significantly by the first windbreak of the windward. Relative wind speed is about 30%
as a minimum at 4 to 5 H of the leeward, about 7036 near the second windbreak, and about 209% in the second
and third.

(3) It is useful for protection of crops in arid lands that the interval of the first and second windbreaks is
under 10 to 12 H (muitiple distance of plant height, windward and leeward sides have—, negative and +, posi-
tive signs). As the effects of decreasing wind and of the other climatic alleviation are accumulated mainly in
the cases from 10 to 20 H distances, the inteval of 15 to 20 H is considered to be enough after the second wind-
break.

(4) In the daytime in summer, excessive increases of air and soil temperatures have a negative effect on
crops because of the value over a suitable temperature in arid lands. It is useful for crops that the temperature
decrease between two rows of windbreaks by radiation cooling in the night time, howevre, the temperatures
keep being high inside the windbreak.

(5) The humidity in the air increases by the evaporation from the soil surface and the transpiration from
windbreak trees and crops, in particularly in the case of weak wind because of air current stagnation at
night. The absolute humidity increases, howevre, relative humidity seems to decrease based on the increasing
temperature by windbreaks in the daytime.

(6) The effects of sand protection and accumulation are large at tha border fo desert and oasis. The sand
is mainly accumulated near the windbreak over about 40% of windberak density, but passed through the
windbreak below the value.

(7) Windbreaks increase growth promotion at the young growth stage of crops, because of temperature
increasing and of decrease of energy consumption in the crop based on decreasing wind. Consequently, crops
with the high quality and high production are obtained. ;

(8) Windbreaks made of Elgeagnus a., Ulmus p. and Populus e. are suitable for an agricultural field in the arid
land of Turpan, and windbreaks made of multiple rows with mixed trees are most suitable for making oasis.

Key Words: Arid land, Climatic alleviation, Meteorogical improvement, Windberak, Wind speed, Temperature

* Division of Agrometeorology, Department of Natural Resources, National Institute of Agro-Environmental Sciences.
3-1-1, Kannodai, Tsukuba, Ibaraki, 305 Japan.
** Turpan Desert Research Station, Xinjiang Institute of Biology, Pedology and Desert Research, Chinese Academy of Sci-
ences. 40, Beijing South Road, Urumagi, China.
«++ Environmental Resources Division, Japan International Research Center for Agricultural Sciences, Ministry of Agriculture,
Forestry and Fisheries. 1-2, Ohwashi, Tsukuba, Ibaraki, 305 Japan.
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Tracing the Movement during Evaporation of Salt Water
Through a Sand Layer and Solid Paper Core
Using Three Different Anions as Tracers

Hiroyuki I1°, Yoshiyuki OHTSUKA"®, Tetsuo OGAWA"",
Yukuo ABE**, and Tomoharu YAMAGUCHI"*

Abstract

The movement during evaporation of sand salts through both sand and a paper core was
studied using three kinds of anions as tracers. From concentrations of these tracers salt move-
ment within a pure sand and mixed sand was measured. In the pure sand test, salt water
moved mainly from the mid and lower depth sands to the upper section of the paper core
through the mid and lower sections of the paper core. Some salt water moved from the lower
sand to the surface sand but salt water did not move from the surface sand to the paper core.
In the mixed sand test, salt water moved mainly from the lower sand to the surface sand.
There was a small amount of movement toward the paper core buried in the sand from the
surrounding sand. Only at the beginning of evaporation, was there a movement toward the
upper section of the paper core. Therefore, it seems salt movement depends on the properties

of the sand itself.

Key Words : Paper core, Evaporation, Movement, Tracer, Desert, Salt

1. Introduction

Salt accumulation in soil is a serious prob-
lem for agricultural areas in arid and semi-arid
lands. Although leaching soil by saturating
with water is an effective method to rid soil of
excess salts, leaching requires a lot of water
and the drainage produced by leaching must
be dealt with (FAO/UNEsco, 1967; USA
NATIONAL ACADEMY SCIENCES, 1974 ). ABE et al.
(1992) and li et al. (1993) studied new methods
of accumulating salt by inserting a paper core
into salt laden sand. These methods used only
a small amount of water which was needed to
saturate the sand with. After the sand was
saturated with water, the salt which was in the
sand during evaporation accumulated in the
paper core. During a previous study of salt
movement however, salt movement from the
sand to the paper core was not clear. Therefore,
in order to clearly define this movement, three

kinds of anion were used as tracers and in-
jected into different positions in the sand and
salt movement within the sand was studied in
detail.

2. Experimental Method

1) Paper core

Paper was used to make a core because a
paper core is porous and absorbs a lot of water.
The paper (wiper-s-200 marketed in Japan by
Jyuzyo Kinpari Industries Co., LTD., 12.0 X 20.6
cm) was coiled around a metal wire. Its length
was 12 cm and diameter was 1 cm.

2) Sand

Two sand samples were used. One was pure
sand (Flattery quartz-sand from Australia).
The hydraulic conductivity of pure sand with
a 1.5gcm~* dry density was 34X 1072 cm sec™.
The other sand was a mixture of 99 % sand and
1 % bentonite (Kunigel bentonite marketed in

* Shimizu Corporation. 3-4-17, Etchujima, Koto-ku Tokyo, 135 Japan.
** University of Tsukuba. Tennodai, Tsukuba Ibaraki, 305 Japan.

(Received, May 15, 1995; Accepted, September 13, 1995)
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Japan by Kunimine Industries Co., LTD.)
Bentonite was composed of approximately 60
9% montomorillonite, 30 % quartz, and 5%
feldspar. This sand is termed mixed sand. The
hydraulic conductivity of mixed sand with a
1.6 gcm® dry density in the experiment was
1x107% cm sec™.

3) Test apparatus
Figure 1 shows a test apparatus with an
inner diameter of 5 cm and a height of 10 cm.

Paper core

This apparatus is made up of an acrylic resin
cylinder. This cylinder was filled with 200
grams of pure sand or mixed sand. 48 cm® NaCl
solution whose concentration was 0.04 % was
simultaneously poured into the sand and
mixed homogeneously. The entire mixture was
saturated with water. A paper core saturated
with 4 cm® of distilled water was inserted into
the center of the sand. A 0.5 cm® NaBr solution
whose concentration was 5 % was injected into
the center of the sand at the bottom of the cyl-
inder in order to investigate mainly movement
in the lower depth sand. A 0.5cm? Na: SO. solu-
tion whose concentration was 25% was in-
jected into the boundary of the sand and
cylinder 3 cm in depth in order to investigate
mainly movement in the middle depth sand
and outside the paper core.

4) Method

The test apparatuses were dried in the room
whose temperature was fixed at 35°C. Under
this condition, the evaporation rate from water
in a pan with a 62.7 mm diameter was 3,800 mm
per year. During the experiment, the weights of

6em the test apparatuses were measured. At each
degree of saturation, the test apparatuses were
dismantled and separated as shown in Fig. 1.
PR Distributions of water content were deter-
Fig. 1. Test apparatus. mined by weights of the separated samples.
Cl-, Br and SO,*” concentrations were deter-
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Fig. 2. Changes in degree of saturation for test apparatuses.
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Fig. 3. Changes in water content distributions (%) for test apparatus of pure sand and mixed sand.

upper number : pure sand,

mined by ion exchange chromatography for
the paper core and sand. There were 9 pure
sand and 6 mixed sand apparatuses.

3. Experimental Results and Discussion

FFigure 2 shows the changes in the degree of
saturation for the test apparatus. There were
three separate test apparatuses, pure sand, pure
sand with a paper core and mixed sand with a
paper core respectively. From the start of
evaporation, the decrease of water content for
pure sand with a paper core was larger than
that for pure sand. From the 80 to 100 % degree
of saturation, the changes in pure sand with a
paper core and mixed sand with a paper core
were the same. However after the 80 % degree
of saturation, the decrease of water content for
pure sand with a paper core was larger than
that for mixed sand with a paper core. There-
fore, the existence of a paper core increased the
evaporation rate of sands and the presence of
bentonite decreased the evaporation rate of
sands.

lower number : mixed sand

1) Pure sand with a paper core

Figure 3 shows the change in water content
distributions for test apparatuses of pure sand
with a paper core. The water content in sand
decreased from the beginning of evaporation.
As the water content in the surface was smaller
than that in the lower depth sands, there was a
water content gradient in the sand. However
the water content in the paper core was main-
tained (at more than 55 %) and uniform from
the 20 to 100 % degree of saturation.

Figures 4, 5 and 6 show the changes in Cl-,
Br~ and SO,*" distributions in soil respectively
which were normalized by the total of each
Cl, Br and SO and Cl, Br™ and SO.*" con-
centration distributions in solution (g/100g, g/
1,000g) in the test apparatuses of pure sand
with a paper core. The Cl™ in the upper section
of the paper core increased markedly. However
the Cl in the mid and low sections of the paper
core was unchanged from 1 % between the 5
and 80 % degree of saturation. The Cl™ in the
surface sand increased gradually. The Cl™ in
the mid and lower depth sands decreased. The
Cl ™ solution concentration in the sand was 0.2g
/100g at the beginning of evaporation. The Cl~
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Fig. 4. Changes in Cl~ distributions in soil (%) and Cl~ selution concentration disributions
(g/100g) for test apparatus of pure sand.
upper number: Cl~ distributions in soil (%)
lower number: Cl~ solution concentration distributions (g/100g)
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Fig.5. Changes in Br™ distributions in soil (%) and Br~ solution concentration distributions
(g/100g) for test apparatus of pure sand.
upper number : Br~ distributions in soil (%)
lower number : Br~ solution concentration distributions (g/100g)
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Fig. 6. Changes in SO,*~ distributions in soil (%) and SO,*" solution concentration distribu-
tions (g/1,000g) for test apparatus of pure sand.
upper number: SO,*~ distributions in spil (%)
lower number: SO*~ solution concentration distributions (g/1,000g)

solution concentrations both in the upper sec-
tion of the paper core and in the surface sand
increased because of evaporation and exceeded
the solubility of Cl~ at the 5 26 degree of satura-
tion because the saturated solution of NaCl
contains 16g/100g for Cl- at 35°C. However the
Cl™ solution concentrations both in the mid
and lower sections of the paper core and in the
mid and lower depth sands were unchanged
from 0.2~0.3 g/100 g between the 20 and 80 %
degree of saturation. If the Cl~ solution moves
from the surface sand to the mid section of the
paper core, the Cl° solution concentration in
the mid section of the paper core will increase
from 0.2g/100g. Therefore, CI~ moved from the
mid and lower depth sands through the mid
and lower sections of the paper core to the
upper section of the paper core. As a result of
salt water movement, at the 5 % degree of satu-
ration, the accumulated Cl™ in the upper sec-
tion of the paper core and the surface sands
reached 43 and 50 % of the total Cl~ respec-
tively. The Cl ™ in the sand and paper core ex-
cept the upper section of the paper core and the

surface sand were less than 2 % of the total
Cl respectively.

The Br~ in the injected sand decreased but
the Br~ found in the sand surrounding the in-
jected sand increased. Therefore Br~ moved
horizontally at the beginning of evaporation
because of diffusion. The Br~ and the Br~ solu-
tion concentration in the upper section of the
paper core increased from the beginning of
evaporation. From the 5 to 40 % degree of satu-
ration, the Br~ solution concentrations both in
the mid and lower sections of the paper core
and in the mid and lower depth sands were the
same and different from that in the surface
sand. If the Br~ solution moves from the sur-
face sand to the mid section of the paper core,
the Br~ solution concentration in the mid sec-
tion of the paper core will be different from
that in the lower section of the paper core and
the mid and lower depth sand. Therefore, the
moved Br in the upper sections of the paper
core seemed to come from the mid and lower
sections of the paper core. As a result of salt
water movement, the accumulated Br~ in the
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Fig. 7. Schematics of migration.

upper section of the paper core and the paper
core reached 43 and 56 % of the total Br™ at the
5 9% degree of saturation. The Br~ in the sands
were 4~13 % of the total Br~ respectively.
Br~ accumulated effectively in the paper core
compared with Cl- because the Br~ solution
was injected into the sand below the paper
core.

The SO.*" in the injected sand decreased to 4
9% but the SO~ found in the sand below the in-
jected sand increased to 86 % from the 60 to 100
9% degree of saturation. Therefore, the SO.*~
moved in a downward direction from the be-
ginning of evaporation. The SO:*~ and Br~ dis-
tributions between the 5 and 60 % degree of
saturation were very similar. The SO,*~ and the
S0.*" solution concentration in the upper sec-
tion of the paper core increased from the 5 to 80
9% degree of saturation. From the 5 to 40 % de-
gree of saturation, the SO,* solution concentra-
tions both in the mid and lower sections of the
paper core and in the mid and lower depth
sands were the same and different from that in
the surface sand. The SO.*~ results as well as

the Br- results indicated that the moved SO4*
in the upper sections of the paper core seemed
to come from the mid and lower sections of the
paper core. As a result of salt water movement,
the accumulated SO.*~ in both the upper sec-
tion of the paper core and the paper core
reached 41 and 54 % of the total SO~ respec-
tively at the 5 % degree of saturation. The
SO4* in the sands were 4~13 % of the total
SO& .

Consequently, at the beginning of evapora-
tion, point sources such as Br~ and SO.*~ were
diffused and there was a movement toward the
upper section of the paper core. After the 80 %
degree of saturation, as shown in Fig. 7, salt
water mainly moved from the mid and lower
depth sands through the mid and lower sec-
tions of the paper core to the upper section of
the paper core. Some salt water moved from
the lower sand to the surface sand but little salt
water moved from the surface sand to the
paper core.

2) Mixed sand with a paper core

Figure 3 shows the change in water confent
distributions for test apparatuses of mixed
sand with a paper core. The water content in
sand for the mixed sand decreased from the be-
ginning of evaporation as well as for the pure
sand. However the changes of water content in
the paper core between the pure sand and the
mixed sand were different. The upper section
of the paper core for the mixed sand dried up at
the 80 % degree of saturation. However, the
water content in the lower section of the paper
core was maintained till the 20 % degree of
saturation. On the other hand, the water con-
tent in the upper section of the paper core for
the pure sand was maintained and uniform till
the 20 % degree of saturation. Therefore, the
water content for the mixed sand decreased
from the surface of the sand and the upper
core. As the water content in the surface sand
was smaller than that in the lower depth sands,
there was a water content gradient in the sand
and paper core.

Figures 8, 9 and 10 show the changes in each
Cl7, Br and SO,*  distributions which were
normalized by the total of each Cl, Br~ and
S0,* and Cl-, Br- and SO:*  concentration



Fig. 8. Changes in Cl distributions in soil (%) and Cl~ solution concentration distributions
(g/100g) for test apparatus of mixed sand.
upper number : Cl~ distributions in soil (%)
lower number: Cl~ solution concentration distributions (g/100g)
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Fig.9. Changes in Br~ distributions in soil (%) and Br~ solution concentration distributions
(g/100g) for test apparatus of mixed sand.
upper number: Br™ distributions in soil (%)
lower number : Br~ solution concentration distributions (g/100g)
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Fig. 10. Changes in SO,*" distributions in soil (%) and SO,*" solution concentration distribu-
tions (g/1,000g) for test apparatus of mixed sand.
upper number : SO,*~ distributions in soil (%)
lower number: SO,*~ solution concentration distributions (g/1,000g)

distributions in solution (g/100g, g/1,000g) in
the test apparatuses of mixed sand with a
paper core. The Cl™ in the upper section of the
paper core increased only at the beginning of
evaporation. After the 80 % degree of satura-
tion, the Cl~ in the upper section of the paper
core was unchanged. However the Cl™ in the
surface sand and in the mid and lower sections
of the paper core increased and the Cl™ in the
mid and lower depth sands decreased after the
80 % degree of saturation. Between the 40 to
100 % degree of saturation, the CI~ solution
concentrations both in the mid and lower
depth sands and in the lower sections of the
paper core were unchanged from 0.2~0.3g/
100g. However, the Cl~ solution concentrations
both in the mid section of the paper core and in
the surface sand increased because of evapora-
tion and exceeded the solubility of Cl~ at the 5
9% degree of saturation because the saturated
solution of NaCl contains 16g/100g for Cl~ at
35°C. After the 40 9% degree of saturation, the
Cl” in the mid depth sand was unchanged.
However the Cl™ in the lower depth sand

decreased and the Cl™ in the paper core and the
surface sand increased. As a result of salt water
movement, the accumulated CI~ in the surface
sand reached 66 % of the total Cl-. However,
the accumulated Cl™ in the paper core reached
18 % of the total Cl~. Therefore, CI- moved
mainly from the lower depth sand through the
mid depth sand to the surface sand and slightly
from the lower depth sand through the lower
section of the paper core to the mid section of
the paper core between the 5 and 100 % degree
of saturation.

During 80 to 100 %6 degree of saturation, the
Br™ in the injected sand decreased but the Br-
found in the lower depth sand surrounding the
injected sand increased. Therefore Br- moved
horizontally at the beginning of evaporation
because of diffusion. The Br™ in the surface and
mid depth sands increased and the Br~ in the
lower depth sand decreased after the 80 % de-
gree of saturation. The Br~ in the paper core in-
creased marginally after the 80 % degree of
saturation. However, after the 40 % degree of
saturation, the Br~ in the mid depth sand was



unchanged. The Br- solutions in the mid sec-
tion of the paper core and the surface sand in-
creased after the 60 % degree of saturation
because of evaporation. As a result of salt
water movement, the accumulated Br- in the
paper core reached 35 % of the total Br- at the
5% degree of saturation. The accumulated
Br- in the surface sand were 26 % of the total
Br~. Therefore, Br- moved from the lower
depth sand to the paper core and the surface
sand after the 80 9% degree of saturation.
Between the 80 and 100 % degree of satura-
tion, the SO:*" in the injected sand decreased
but the SO,*~ found in the sand surrounding
the injected sand increased. Therefore, SO~
diffused at the beginning of evaporation. After
the 80 % degree of saturation, the SO.*~ in the
surface sand and in the paper core increased.
However the SO.*” in the mid and lower depth
sands decreased after the 80 9% degree of satu-
ration. After the 40 % degree of saturation, the
S0,*” in the mid depth sand was unchanged.
The SO.*~ did not accumulate in the upper sec-
tion of the paper core. The SO.*" solutions in
the mid section of the paper core and the sur-
face sand increased after the 60 % degree of
saturation. As a result of salt water movement,
the accumulated SO.?- in the paper core
reached 13% of the total SO.?~ at the 5%
degree of saturation. The accumulated SOZ" in
the surface sand reached 53 % of the total
SO~ at the 5% degree of saturation. There-
fore, SO’ moved mainly from the lower depth
sands to the paper core and the surface sand
after the 80 % degree of saturation.
Consequently, only at the beginning of
evaporation, was there a movement toward the
upper section of the paper core and point
sources such as Br~ and SO.*~ were diffused in
the sands. After the 80 % degree of saturation,
as shown in Fig. 7, salt water moved mainly
from the lower sand to the surface sand. There
was a little movement toward the paper core
buried in the sand from the surrounding sand.

4. Discussion
As grain size becomes larger, velocity of cap-

illary water movement increases (FELITSIANT,
1966). Therefore, velocity of capillary water
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movement through the pure sand seems to be
greater than that through the mixed sand. As
the paper core in the pure sand maintained a
high water content (until 20 9% degree of satu-
ration), water lost through evaporation in the
upper section of the paper core seems to have
been supplied by capillaries from the sand
through the paper core. Therefore, a lot of salt
in the upper section of the paper core seems to
have been accumulated from the sand. As
evaporation occurred in the surface sand of the
pure sand, water was supplied by capillaries
from the lower depth sand to the surface sand.
The amount of accumulated salt in the paper
core was larger than that in the surface sand.
Therefore, capillary water movement in the
paper core was larger than that in the surface
sand.

In the mixed sand as the surface of sand and
the paper core were completely dry at the be-
ginning of evaporation, the evaporation rate of
water from sand seems to be larger than the ve-
locity of capillary water movement. Therefore,
only at the beginning of evaporation, was there
a movement toward the upper section of the
paper core. From the 80 % degree of saturation,
there was not a movement toward the upper
section of the paper core. Therefore in the
mixed sand, salt water moved mainly from the
lower depth sand to the surface sand. There
was marginal movement toward the paper core
buried in the sand from the surrounding sand.
Therefore, accumulated salt in the paper core
in the pure sand was greater than that in the
mixed sand.

5. Conclusion

We performed tracer tests through sand
layer and solid paper core during evaporation
using three different anions as tracers. Three
tracers were injected into different positions of
the soil. In the pure sand test, at the beginning
of evaporation, point sources were diffused.
After the 80 % degree of saturation, salt water
moved mainly from the mid and lower depth
sands through the mid and lower sections of
the paper core to the upper section of the paper
core. Some salt water moved from the lower
sand to the surface sand but little salt water
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moved from the surface sand to the paper core.

In the mixed sand test, only at the beginning
of evaporation, was there a movement toward
the upper section of the paper core. Point
sources such as Br~ and SO.*~ were diffused in
the sands. After the 80 % degree of saturation,
salt water moved mainly from the lower sand
to the surface sand. There was little movement
toward the paper core buried in the sand from
the surrounding sand.
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Evaporation Effect of a Salt Capturing Stick and Its
Influence on Movement of Solution and Solute in Soil

Yukuo ABE®, Jun TSURUI®, Tomoharu YAMAGUCHI",
Yoshiyuki OHTSUKA** and Hiroyuki I1**

Abstract

The salt absorption effect of a salt capturing stick, a new method of soil salt removal,was ex-
perimentally studied using a column scale. The lower section of a salt capturing stick was in-
serted into a soil sample, and the upper section remained above the soil surface. Two
evaporation surfaces were created; the surface of the stick and the surface of the soil. Data
showing changes in water evaporation, distribution of soil solution and solute was obtained.
The effect the salt capturing stick had upon the soil salt was examined.

"“The results were as follows:

1) The stick displayed great evaporation intensity. Although the cross sectional surface
area of the stick at the soil surface line was very small compared to the total soil surface area,
the salt absorption effect of the stick was significant.

2) The water content of the soil surrounding the stick to a distance of 1.0cm away from the
stick, was high compared with the outer soil. The effect of the stick upon soil solution move-
ment was strongly evident.

3) The solute content of the soil surrounding the stick to a distance of 1.0cm away from the
stick was lower than the solute content of outer soil areas. Solute did not concentrate near the
stick in the surface layer, rather solute concentrated in a ring-like fashion slightly away from
the stick.

4) The percentage of NaCl captured by the stick in the sample was one-third to one-fifth

of the total accumulated salt.

Key Words: Salt accumulation, Salt capturing stick, Evaporation, Soil improvement

1. Introduction

The removal of accumulated soil salts which
result from evaporation and drying of soil solu-
tions is one of the most serious problems faced
when combating desertification related with ir-
rigated agricultural land, or desertification re-
lated to rainfed crop land in arid and semi-arid
regions of the world. Furthermore, in Japan,
the same kind of soil degradation related prob-
lems occur in commercial greenhouses because
they also exist under dry environmental condi-
tions.

In order to secure a more stable world food
supply, the soil-salt accumulation problem in
highly productive agricultural land must be
immediately addressed.

Many methods to prevent and reduce salt ac-
cumulation in the surface layer have already
been proposed but a complete realistic method
has yet to be found. Every method proposed
thus far has inherent problems concerning
technology, economic cost and sustainable ef-
fect. Therefore in order to stop the endless cir-
culation of salt accompanied with solution
movement in soil, new methods of capturing
and removing salt from the soil surface have

* University of Tsukuba. Tennodai, Tsukuba Ibaraki, 305 Japan.
** Shimizu Corporation. 3-4-17, Etchujima, Koto-ku Tokyo, 135 Japan.
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Table 1. Physical properties of two kinds of the specimens.
kind | mass of | massof | soil texture bulk | ity sp(:gific defnsigy mass ot;1 degree of | volumet-
of | Standard| Kibushi [“sana sit_clay | donsity | PoostY | surface | ofsol |saturated pyraion/ i valer
soil [Sand (g){Clay (&) | (3¢ (%) (%) | (8/cm?) (m¥/g) | (g/cm?) (® (%) (%)
TS 963.2 0 1600 0.0 0.0 1.52 42.1 0.296 2.63 253.5 95.4 40.1
CS 830.6 92.3 91.3 19 6.8 1.46 443 245 2.62 2220 794 35.1
Table 2. Numbers of drying stage and their drying records.
[TS]
No. of drying stage (symbol in Figures)
1 2 3 4 5 6 7 8 9
water evaporation
percentage (%) 9.6 21.9 32.1 389 50.0 61.7 75.4 79.5 83.8
drying time (h) 46 9.8 145 18.0 23.3 28.5 385 47.2 55.4
[CSs]
No. of drying stage (symbol in figures)
1 2 3 4 5 6 7 8 9
water evaporation
percentage (%) 100 19.1 29.2 399 474 59.7 716 799 84.0
drying time (h) 33 6.3 103 155 16.8 24.2 34.0 40.3 63.8

been studied using simple materials such as
sheets or sticks. The captured salt is removed
from the closed soil system and disposed of
outside the system.

In our previous experimental studies, it has
become obvious that this capture method was
fully effective in removing salt from soil (ABE
et al., 1992) and a part of the basic mechanism
of salt accumulation in the salt capturing stick
was confirmed (I1 et al., 1993). However in
order to consider large scale and economic ap-
plications of this salt capturing stick, more de-
tailed information about its effect and its
influence on the movement and distribution of
solution and solute in soil is necessary. There-
fore these aspects were studied using a column
scale.

2. Materials and Methods

1) Specimens and salt capturing stick

The soil samples employed were Toyoura
Standard Sand and a sand mixed with 10%
Kibushi Clay by weight. They were desig-
nated as TS and CS respectively. A measured
amount of soil was placed in an acrylic column

with an inner diameter of 9.0cm and a height of
10.0cm. In order to make a uniform distribution
of salt with a fixed quantity of salt in the speci-
men, the soil pores were saturated with a 0.45%
NaCl solution. A salt capturing stick, 1.0cm in
diameter and 10.0cm in height was made by
rolling a thin wire within 4 sheets of gauze
(10.0cm X 20.0cm). Gauze was used because of
its high absorptivity, permeability, water reten-
tion capacity as well as low cost.

After a hole 5.0cm in depth with a diameter
of 1.0cm was drilled at the center of the soil sur-
face, the lower half of the stick was vertically
inserted into the hole. Therefore the upper
half of the stick had a water evaporation sur-
face area of 16.5cm?

The soil surface part of the specimen had a
water evaporation surface area of 62.8cm? (ex-
cluding the part occupied by the stick). Nine
specimens were prepared for each soil sample.

The physical properties of two kinds of
specimens are shown in Table 1.

2) Experiments to capture salt
After the sticks were inserted into the speci-
mens, they were placed in a closed chamber
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and kept at a temperature of 40°C and relative
humidity of 50%. 9 separate stages during the
drying process were examined. Each consecu-
tive stage differed in respect that 10% more
water had evaporated than the previous stage.
Table 2 lists the number of drying stages
(these numbers are used as symbols represent-
ing drying stages in later figures), water
evaporation percentage and drying time for TS
and CS specimens. Water Evaporation Per-
centage is defined as the amount of water
evaporation divided by the amount of initial
solution.

As shown in Fig. 1, first the soil column was
divided into 8 layers 1.25cm in thickness, Fur-
thermore, each thin cylindrical soil layer was
concentrically subdivided into 5 sections. The
subdivided sections were weighed for their
mass in a wet condition and the same amounts
of pure water were added to the soil sample to
obtain soil suspensions. The electric
conductivities of these suspensions were meas-
ured and these values were converted into a
NaCl solution concentration value by using the
calibration curve’s regression equations.

After the suspensions were perfectly dried,
the soil’s dry mass was weighed and then the
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amounts of soil solution, water content, mass of
NaCl per unit volume of soil and concentration
of soil solutions were calculated.

The salt capturing stick was divided into 8
parts, each 1.25cm long, and the salt quantity of
each part was measured and calculated using
the same treatment for the soil.

3) Making lattices for distribution charts
By subdividing the soil column into 8 layers
and 5 sections, 40 measured points are repre-
sented as points on the left hand side of the soil
cross section in Fig. 1. Of course these points
are symmetrically plotted on the right hand
side of the cross section as well. In order to
draw a distribution chart of soil conditions,
such as water content and NaCl mass, lattice
points were decided as shown on the right
hand side of the cross section.

The lattice distances are 5.0mm horizontally
and 6.25mm vertically. Values of these points
were calculated from the means of their left
and right values and of their upper and lower
values or from proportional estimation. After
the symmetrical points were plotted on the left
hand side of the cross section, a distribution
chart for volumetric water content, mass of
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NaCl per unit volume soil and concentration of
solution were drawn.

3. Results and Discussion

1) Water evaporation from the soil surface
and the stick

The specimen which was used in this experi-
ment had two water evaporation surfaces.
One being the exposed stick surface and the
other being the soil surface. Figure 2 shows
the differences in cumulative water evapora-
tion for the 2 specimens (CS and TS) in terms

of evaporation from both evaporation surfaces
and evaporation from just the stick surface
over the course of the drying period. Figure 3
shows differences in evaporation intensity be-
tween the two specimens for their respective
evaporation surfaces as drying progressed.
Total evaporation from the specimen was di-
rectly obtained by subtracting the mass of the
specimen at each consecutive drying stage
from the mass of the saturated specimen (ini-
tial condition). However, the amount of
evaporation directly attributable to the stick or
soil surface could not be measured



directly. Thus, evaporation from the stick was
calculated on the basis of an assumption that
soil solution passed through the stick with an
initial concentration of 0.45%. This value was
calculated by dividing the mass of accumu-
lated NaCl in the upper half of the stick above
the ground surface from the initial concentra-
tion of solution. The evaporation which oc-
curred from the soil was obtained by
subtracting the stick evaporation value from
the total evaporation value.

In Fig. 2, the cumulative water evaporation
values for both soil and stick evaporation sur-
faces and the stick alone for the TS and CS
specimens linearly increase as the length of the
drying time increases. The TS specimen in-
creased linearly until the 30 hour mark, and the
CS specimen increased until the 20 hour mark.
This period is generally referred to as the pe-
riod of “constant rate drying” for the soil con-
taining pure water. However, as will be
described later, this “constant rate” period is
not exactly constant. After reaching their
peak linear values, the drying process changes
to the “falling rate” period during which
evaporation rapidly decreases.

Concerning the “constant rate” period, dif-
ferences between TS and CS values for both
the total evaporation and the stick evaporation
are small. However, during the “falling rate”
period, the evaperation from the TS specimen
exceeded the evaporation from the CS speci-
men as the degree of the TS specimen’s de-
crease was less than that of the CS specimen.
Concerning the amount of evaporation from
both surfaces, the TS specimen exhibited ap-
proximately 109 more evaporation than the
CS specimen. As for evaporation from the
stick, the TS specimen exhibited twice as much
evaporation as the CS specimen.

Evaporation which occurred only from the
soil during the drying process is represented in
the diagram as the vertical distance between
both curves of the total sample and stick. Com-
paring evaporation from the soil to evapora-
tion from the stick, the TS sample exhibited 3
times as much evaporation and the CS sample
4 times as much evaporation. The reason is
that the evaporation surface of the soil (62.8
cm?) is 4 times larger than the stick’s (16.5cm?)
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in the experimental condition.

Water evaporation of soil solution contai-
ning salt decreases with the increase of salt
concentration and crystallization of solute near
the soil surface layer. In fact, the lines for the
early drying period in Fig. 2 curve slightly and
furthermore it is guessed that line curvatures
during the “falling rate” period become larger
than those line curvatures in the soil samples
containing pure water. Figure 3, which plots
evaporation intensity for the soil and stick sur-
faces against water evaporation percentages
shows this state correctly. The change points
of the curves in Fig. 2 correspond to a water
evaporation percentage of 60% in Fig. 3. Be-
fore this percentage value is reached, evapora-
tion intensity gradually decreases as drying
progresses. After the maximum percentage
mark is surpassed, the degree of evaporation
intensity rapidly decreases.

As mentioned, although the amount of
evaporation from the soil is much greater than
that of the stick, the stick’s evaporation inten-
sity, which represents the ability of materials
to evaporate, is reversely larger than the soil’s.
This result must be especially emphasized as a
meritable function of the stick. The soil sur-
face area displaced by inserting the stick is
only 0.79cm’® corresponding to 1.23% of the
whole soil surface area. The reasons are the
expansion of the evaporation surface by the
upper half of the stick and the function of ab-
sorption of soil solution by the lower half of the
stick.

Therefore it is apparent that the salt captur-
ing stick is an effective method of controlling
salt in soil. If this capture method by the stick
were to more effectively function with respect
to water evaporation from the stick surface, so-
lution transportation through the stick and ab-
sorption of soil solution into the stick, this
method as a technique for causing upward
drainage of soil water would be developable.
This is anticipated as one method for improv-
ing areas of high water content, water logging
and even high ground water level. This is be-
cause the stick functions most effectively
under conditions in which soil pores contain a
lot of free water.

Concerning the differences in evaporation
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intensity between the two kinds of soils, the in-
tensity difference of the soil surfaces is not
large, but the intensity of the TS stick surface
is greater than that of the CS stick surface.
This shows the effect of the mobility of the soil
solution supply from the soil into the stick.
During the final drying stage, which corre-
sponds to the secondary falling rate, differ-
ences in intensity do not exist.

2) Distributions of soil solutions and their
changes
Figure 4 (1), (2) and (3) are distribution
charts of volumetric water content which ex-
press an alternative to the amount of soil solu-
tion during early, middle and late drying
stages for the TS sample. The water evapora-
tion percentages are 10%, 40% and 75% in turn.
The darker the shading becomes the greater
the water confent. The distribution division
of water content was divided into 11 separate

(cm)

Depth of Soil Column



grades. Distribution patterns for the CS sam-
ple are basically the same throughout the dry-
ing period except during the very early stage.
They did not display the complicated water
content distribution pattern as was seen in the
soil surrounding the stick as in Fig. 4 (1).

Figure 5 (1) and (2) show typical results of
vertical distribution of water content with
evaporation. The numbers 1-8 correspond
roughly with the 10-80% water evaporation
percentage (see table 2). Section 1 is strongly
affected by the presence of the stick while sec-
tion 3 is hardly affected by it. These sections
are located 0.5 (or 0.0 for deeper soil) —1.0cm
and 2.0~-3.0cm apart from the central axis of the
stick respectively.

If a stick is not inserted in the center of a
specimen, water content equally distributes on
a horizontal line and a water content gradient
is formed only on a vertical line. However in
this experiment the inserted stick directly af-
fected the shape of the distribution and its
change during the drying process.

The shape of water content distribution in
Fig. 4 is briefly summarized as follows; The
deeper the layer becomes, the higher the water
content becomes. Soil within approximately
1.0cm distance of the stick in the upper half of
the soil column is strongly affected, thus water
content decreases as distance from the stick in-
creases. There is also a tendency for water
content of a certain range to contain much so-
lution just under the cross section of the stick.

The water content situation of each repre-
sentative drying stage will now be explained.
Although the area containing maximum solu-
tion exists near the tip of the inserted stick in
Fig. 4 (1), it should be thought that the initial
situation was kept from tip to lower layer as
shown in Fig. 5 (1). During the drying period
from initial stage to this stage, soil solution for
evaporation was rapidly supplied from the
upper part to the tip within a range of about
1.0cm distance of soil surrounding the stick.
The amount of this supply was tentatively ex-
pressed as the area surrounding the lateral
axis, the line of initial water content and the
line designated 1 on the left hand side in Fig. 5
(1). It should be considered that almost this
entire amount of solution was absorbed into
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the stick. On the other hand, on the right
hand side in Fig. 5 (1) the same area indicates
evaporation which occurred only from the soil.
This amount of evaporation is less than the
amount absorbed by the stick. Thus, as a re-
sult of the strong absorption force of the stick
accompanied by evaporation from its surface,
the soil area had a clear water content gradient
because the supply of soil solution from areas
distant from the stick to areas nearer the stick
was insufficient.

For the drying stage shown in Fig. 4 (2), the
trend of evaporation from both the stick and
the soil surface is almost the same as with Fig.
4 (1) as shown in Fig. 2 and Fig. 3. However
the distributions of water are entirely different.
As a result of observing the whole drying pe-
riod for TS and CS, these distribution patterns
are concluded to be general rather than that
pattern displayed in the early stage of TS. The
supply percentage of solution for the total
evaporation becomes larger with increasing
depth of soil layers. The soil solution for the
stick evaporation is predominantly supplied
from the deeper soil layers below the tip of the
stick as shown in Fig. 5 (1). Around the upper
part of the inserted stick in the soil, solution
absorption decreases, most solution in this part
is assumed to evaporate from the soil surface.

For the late drying stage of Fig. 4 (3), the
pattern characteristics are maintained though
the whole water content decreases gradually
and the drying condition changes to the
fallingrate period.

Figure 5 (1) shows the trend of a relatively
large difference between the upper layers and
the lower layers except for the late drying
stage. However Fig. 5 (2) for the CS sample
has rather flat distributions for each drying
stage at both section 1 and section 3, and shows
that the distribution of section 1 located on the
right hand side contains less water content
than section 3 for each drying stage. This re-
sult is based on the difference between soil so-
lution supply and water evaporation from the
soil surface and the stick.



50

Volumetric Water Content (%)

Volumetric Water Content (%)

(DTS

30

ﬁ 1U33000 JajBA
18111U] @8BJaAe

U330 Jajea /
[e131U] aseaae

! TS —

W S S

e R il \n/ S\ 7“]\ -
L fgrfn— ~ ==
[ 7\\”“”"” T o N
... e "
T 0 e 00
.IV\l
*v A 1 1 2 1 1 1 1 L 1
o ° Q o Q Q
N < © «© m

(wo) uunjo) (10§ Jo y3daq

Section 3 .
(not affected by the stick)

Eow)
>
3]
-
L
7]
2
—s
=
>
23
L
08
D 4
o
5]
St
[T
«
S

Volumetric Water Content (%)

Volumetric Water Content (%)

(2)CS

o
-« 1037009 J3jea
[e[11u] aseJaae
—_—T T T T s
o \l\l e
© Wl " B s N
L / SR—R—R
P ya 7
.l/-.ll.ll\.l \3 - \5
-~
ol A P
o -
N 3]3‘3‘3\\3\ \Il\‘\ \ -
plismemplioumi S Bt L aand _— -
— 0"
b ot -
PO el D e (D e LD e D=
e A s 43 e 4D e 4D ) e O
S
oL T
- e ~—r— -
~ -olllnlll!-lll-l
—r \l\
~
[
3~
ol 1 L 1 1 1 1 L 1 1 J
° ° ) S S ©
o < © © o
(=]
< JU3juU0d Jajea
\ lllll [etjru] agesaae
- “ I =S
-— —_— e R N R
Ol\l 2\2\ M~ 7”7‘2!“ ”
3." \\\\\ d 5\

[= g 5/: \ e
~ - AD e (D, /5\\5\5 -
[y Y P LI _©
e 0 0Oy o
o~ ~, e
B g .Ml-l
S
\l B\ = e e e e —
o \I\ n[.ll..'\tll!l —
A4 e )
- -Dl\ o
o 1 1 1 L [l 1 ] ] 1 Jd
[=] o o Q Q O.
o~ < © © o
-

(uo) umn{o) [1og }o Y3dag

Section 3 .
(not affected by the stick)

Section 1 )
(affected by the stick)
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The numbers as symbols in figures correspond each drying stage shown in Table 2.

drying stage for TS and CS.
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Fig. 6. Distribution of NaCl mass at water
evaporation percentage of 30% for TS.

3) Distributions of solute and salt accumula-
tion in the surface layer

In order to express distributions of solute
and its movement, NaCl mass per unit volume
of soil and NaCl concentration of soil were cal-
culated. The concentration of soil solution
and NaCl mass closely correlated with each
other. The higher the concentration becomes,
the larger the NaCl mass becomes. Thus, the
distribution characteristics, their changes and
salt accumulation in the surface layer can be
explained by using NaCl mass.

Figure 6 shows the distribution of NaCl mass
per unit volume of soil at a water evaporation
percentage of 30% for the TS sample. This
should be considered representative for all the
total evaporation charts. The darker the shad-
ing becomes, the greater the NaCl mass be-
comes. The distribution division of NaCl mass
was separated into 14 grades. The general
shape of the distribution was summarized as
follows; soil within approximately 1.0cm sur-
rounding the stick surface never has much sol-
ute. The low NaCl mass volume widened
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toward the tip of the stick. In the subdivided
section 1, which is the closest measured part
from the stick, the vertical distribution gradi-
ent of NaCl mass was very flat and their values
were at the lower level with no salt accumula-
tion phenomenon. This means that soil solu-
tion concentration, except in the upper salt
accumulated layer, does not increase during
the whole drying period and the difference of
NaCl mass among these layers is based on the
difference of solution quantity. This result
was the basis upon which the NaCl mass cap-
tured in the upper half of the stick in the previ-
ous treatment was calculated.

A salt accumulation layer was formed to a
soil layer depth of about 2.0cm and its NaCl
mass distribution was very steep. In the sub-
divided section 3 which is not a part affected
by the stick, the vertical distribution gradient
in the accumulated area became 10 times as
steep as the initial state. Then the gradient
gradually develops as the drying process pro-
gresses, and finally it becomes about 20 times
as large.

Though the difference of the depth of the ac-
cumulated layer between TS and CS was not
observed, according to Apg (1983) the depth
depends on the kind of soil. About this result,
it is thought that the thickness of the divided
layer was too thick to express the difference.

The center of maximum concentration is lo-
cated at the corner of the outer side on the soil
surface. Figure 7 (1) and (2) shows the hori-
zontal distribution of NaCl mass of the first
upper layer at several drying stages for TS and
CS. The layer is about 1.25cm thick and most
of the salt accumulated in the soil surface was
contained in this layer. Therefore these fig-
ures are useful for discussing the effect of the
stick and about the shape of the distribution
curve in each drying stage. The value for the
inner side of section 1 was lowest and the outer
side of section 5 was highest. The middle part
between these two sections becomes compara-
tively flat though the mass increased slightly
with the increase of distance from the central
axis.

The NaCl mass of each part gradually in-
creased as drying progressed except for section
1 (05cm). This distribution of NaCl is
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Fig.7. Horizontal distributions of NaCl mass at the first upper layer at several drying stages
for TS and CS.
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Fig.8. Distribution change of NaCl mass in each part of a specimen for the whole dry-

ing period.
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basically similar for each drying stage and
even for both different kinds of soils although
the concentration gradient became larger as
drying progressed.

4) Effect of the salt capturing stick

In order to evaluate the effect of the stick,
Fig.8 (1) and (2) show the distribution of NaCl
mass in each layer of the specimen accompa-
nied by the progression of the whole drying
process. The vertical axis of these figures rep-
resents the cumulative percentage of NaCl
mass of each layer of the specimen. @ —®) are
numbers of the divided soil layers downward
and —@ are numbers of the divided stick.
means the part of the stick which is buried.
Accumulated salt line expresses the border of
NaCl mass concerned with salt accumulation
accompanied with water evaporation of soil so-
lution and the NaCl mass which remained
without relation to evaporation in soil during
the whole drying period. Therefore the per-
centage of NaCl mass less than the line means
that it must be captured with the stick if total
removal of salt from the soil surface is to be re-
alized.

As for changes which occurred as drying
progressed, the amounts of NaCl in the soil lay-
ers, except for the first layer, gradually de-
creases accompanied with a decrease in soil
solution for both TS and CS. On the other
hand, NaCl in the stick and the first layer pro-
portionally increase with the progress of
evaporation. NaCl concerned with salt accu-
mulation was almost entirely contained in the
upper half of the stick on the ground and the
first layer. Though the area of the first layer’s
evaporation surface was 4 times greater than
that of the stick’s, the percentage of NaCl cap-
tured by the stick was half as much as the soil
surface for TS and was one third or one fourth
for CS.
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Therefore it can be judged that the effect of
the stick was obviously better than only the
soil surface alone. However since much salt
accumulated at the boundary between the air
and soil surface and the effect of the stick in
this area was rather small, a device which can
more effectively absorb soil solution into the
stick will be necessary.

4. Conclusion

A salt capturing stick method, a new method
of reducing and preventing salt accumulation
in the surface layer of soil, was experimentally
examined using a column scale. The follow-
ing was concluded:

The evaporation effects of a salt capturing
stick were recognizable as being great evapora-
tion intensity and great amount of evaporation
in spite of the cross sectional surface area of
the stick being very small.

As for its influence on the movement of solu-
tion and solute in soils, the salt capturing stick
has the role of absorbing solution from soil, ac-
cumulating salt on the upper half of the stick
and strongly affecting the soil surrounding the
stick to a distance of 1.0cm away from the
stick.
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D fE A~ b, (LuoTe, 1951, 1954 9 {FK)
Mg TEHOEE | 230 — PIIBIFELDES L0
3 (Law, 1967: 186).

SOl d D Elcbiashs, focik19E
DM #E C. BaLLsus 25b 7 7 1 4 OIREHER Do 8,
WEIOH L DLV AFR T A S ~EIE T 5.

7N =9 255 [HdEE] (1980, %11 36-37f) o@ih
T, COBERIC WTRLAHMZDO WL 2%,
Lhote (1954: 66-67) DB{EOHP D Z iz 24
TLaH, TOERLORKDLEBHTHS ([) AH
BIfFOHIE).

# 4 4 A [(Rhadames-Ghadames)
# 5 < (Djerma-Germa)

T (llezi)

# 4 [Abalessa)

ZLlTo—t, ZYV=9xMBETFI)H
(Flumen Dasibari) #=3 > —=WVJIIERTAH T EIC
£-T, iiflo—<AkbBd, =Y - nIIHEETH
FLTWAZEERIELL S & L

Law (1967: 190) 13, C0o— Mok BHIHMHED
W o EHEAHEEDE ATV EDTH S EHHIL
TWLaH, o— FOfERICHEAR, C. Bausus OV 3
D-<PERHTSA AP OFNFTEMSESITETL, 4
LYEEHL, TChSFy v e F Y- LOHOB
ML, ESlcHh - noRiEtELS SEEIC
FML, 92TV I PETRES - Fe L7453
(Adrar des Iforas) @z %« 2—% (Es-souq) (% F

o—<
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Auh) 2ET=Vz—nliIcELTWAEZ LICHS
(0 6).

Con—tbEf, flBoysthlifo MEHos
Bl v—b& ~oFrRICLZY ETHBERIOVLT
Dl EFEAMWMA TSV — bic—H T3, 2LTch
S, HEVHEOWTR L — FO—fRicd, 11iIF—
HE&HI LB,

2) HSTUFRET =7 (REATLHEMSET
Hi 2 #i2ET)

ST, ChETORBOPICLALTLUBHLTE,
HowvFAELITNBEALY, 72=%7 ADERL
folef 5l o — < A U TRt Mb - T
EhClicElEAbET, v SREMEEDL LI
WTH ORI E TEARNEMEHELTA LS.

Ho=yF AT 20 TOPMERIE, Libo ki,
foocHipi et e nic~o F 20 THEH)] T
HaH, Thickhid, "ET7WREFETLELEIAICD
579¥35 (BlfEOAwila) ©A T ¥ 2 610HTRD
ECAIEDORENED, FCOEREAIvryFREL
Ehtwi HoREHoOAOEFL, Ko kot 28
ATHIFAEOTWZE VS (~o F bR, 1967, %P9
1834iii).

Fhtflo—<=BRICb TS F2~OERMH S,
THEE I ph iR 7 ) =9 20 Tkl T 3.
Fhickhid, # 4% 42 (Ghadames) H &HEPGIC{lD
felet LizlliReEBAECAOREDOHICH 5= v
FADMFAHAL « FTYRE, HI532vFAOHEA
52 (Germa) Mh -tz (FY =v 2, 1980, %H: 36
fiif).

T LTHiRD X 51z C. BaLLpus 3R W3 o — < i,
TON—PICH-THEIEL, #7=ZWMLIZEVS
(7)==, 1980, #&1: 36Mi). Chooidih% b &
iz Law (1967) + Le Cokur (1985) S, #s= v+
ABFELTWAEORBRED) ETD 7 =¥ b, B
BEAHMOT LY =) THEIKRE TR - S TH - 12
ELTWAE).

7 2 =% 7 AORRp oo —=lichu T, ¥
NG HH~NORETEHOFEERESTNIE, ToMbnil
2T, bLEESIcEAOMRE ool zR
fLiBbANBEKE LTEZOREDE, il
THIDHITYTATHA.

R icidtie7 r =% 7 Afcbd, H3=vF 2%
NELT, ¥ WAL 2T 7Y H HHERHM
FEREATOLECERERTELLNLD, 7407
v v (1987: 206) ickhiE, ¥+~ FbEiERRL TR~
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#1. ERER (Rraisl4E~KLHk10614).

i’ & 13 H
fi814 7= =%7 A, HEHHH LY T LR
fill 5 it ~o F b2, MBR] 2HY.
i1 3 g ~UAVEE (R3F47, ?9L5=7, YET) OHE.
i 146 BERMx =PRT, v—=, hy TEH-> THhBOPHERY. BMN7 7 Y 2 BaL
%19 C. A7, k7 7YV A XOELHNRE, W=7 FREDRL.
%1 it Z b3y MEE] 7)) =92 [GhiE] 2¥1
96~180 AR, o — < WERERHLQZ 3,
2 {itg % box TERIE) 7hLr=44 2 MtEg) 28¥4
4 {tHg RS ADRELDEES 5.
429 Sy INVE AL yhSILT 7Y ABAL
435 Try I o—2kheoLi=TERIF 4 TEERCHBEINS,
533~534 E¥VF yRORESLY YA R, v v ¥AFELZRIEL, b7 79 itk
543~558 RN, EF v F BRI L TRELEREC T,
642 757425 LH, L7 7 HEQBGHE
670 T37 e AR5 LMDPHA 71X e RV e +7 4 —, B4 07 VEHB
701 757427 LW, VXNVAKTFEEN -+ ORERS.
776 477 e WRI L BBTAI)TRNVATF I FYP (~909) 28T,
800 T3, A7) FT7TEXE (~909).
909 TZr=F4%8, T3 7HPENRF I FPAERITS,
972 Zr—F 4, h4 oEBE, AfEx ST BT,
BEICEBL, 1 7U+7%27Y 9 P (~1171) iKBQ 5.
1007 Nne=F R (~1163), TV ) TIRRAS,
1042 . EQYIATAT Y ev—v Y, RASMADI L o —+EROMTL S - FEYEED S,
1052 7T3THREER (55—, 254 68) o7V 7RA.
1061 £0y3TLT—E MY (~1106) HER3,

FitRshAsER] 1992, |LIHERH X bk, T7 7)) H 3R] 1978, =il—, WWIHEE OB, 20, AXE—Hs¢3
Pt W D DFEAEEEFTHE ~TVWS (N4 39 —v—A4a9y, VRS LP—LRF I FEELE).

bloEhiBRE, T8 7728 emRUSEST
7:=47OFITHRYRTHy, M, RF, BK,
WG EoE, olt~nbhddhitvd. ZLTI7=
=+ TOHERAIIX, Fa2=Y7 OLFORMERHK
Zohoo, TORBICLAPBRTEXRLILI(F4Yy
7 v, 1987 :206) &\, F/- BoviLL (1958 : 22)
b7 2 =% 7OHOEEB KN, TOHROYNSRE
OFEELZTFHALTHWBLRLTV S,

HNFTADT Y YOHPAR, BITAiRIcTELL (F
By Fvy, 1975:21). 45 OEREMETLoD
HoltbBWAREIEDRETHE» - EEEZE
bz, EvontifiizMlTIE, 5327 R
L& 34135 DE~ND, WbW3B 45 ERIERREOE
ELFTEMHCAEEMSH ZEEZ OGNS,

LhL, 74027y vbBH3LIiL, Thi B
ERNCHEHS 2 EHBEMEBAEE TCOL AT HEHSH
RIE>TWRW] (749 97V, 1987:207) OTH
3,

TS5 7 e 4R35 LBABRED Y5 REMREICE
VWTik, ZOEEBHRELTH 3.

~n FFRIE, Zx2=F7 AOHEHBEETHOI NS TD

A T~5 21 20| OAT, 25Ty 3D
JePEsERICHY » THIHEL, ZORROEREBER L%
R} r0HWS [ERRE] 27TVl &%zi
LTW3 (~o F 2R, 1967, %P9 : 1968f). Law
(1967 : 188-189) & 7=, LICHIM20FEE L Wbh B
v ) ORBEBEERDI- LD TH - oot REL,
Boo—<HRICOETENEBEN- P> TTED
NTVROTREVHEHAIL TV S,
HRo—<BRICBT 3 I RBEWOEEDTHE
it > W THENEREEERYT Swanton (1975) i3,
A vy TIBTCRT S e o A BT hiF T ARSI v %
BlEL, 2ChoEHTIEOLBREE LTSI LM
TE1-DT, RIRHR—¥ v AHiEDLOREEMNSH -1
L LTH, LBhis tthHgokbhiciBbtshTwio
TREVWhERLTWS,
H4NSOFEDON— F OFHTRERBOFEDAIF IR
PDEDoESiRALOSNTWVWSY, $~50hRA—
T3, Law (1967) 13 MREDEFL| V—FitH -
T, W >hDHiATo—<Da4f VyHERAIhTWS
TEhS, HrwrF R BEREOAfEHIC>WT
ZRBLTWS,



LhLl, hoo—-2BRELEDT, 737+ 1R5
LBHERLFORZBIc>WTIE, BBREETCEORD
ZHTCERBHTHELVWE S icBbh 3.

3) HS2rFREGFRO—7 (IBTTHY 2 HHEHh ST
#R5iERET)

3T, LahIttHcEHOHI LY TEMERE L7 =
F7 ALK 3L LOWENKETORIIC, LITH 2 gt
o4 7Y THERBOHE— KA o -8 BI3ELS.
b B AHRFEROFEE M I To—<LhLy
TORIC Rz =B ME b, LA 146FIcHNV S T
ZEELIio—=RIE7T 7V AT R LI B,
o—-<2RBILT 7V HICBT AXEERIIOLYD, H5<
YFRAER LD ETIDROBPIKICT 2 —HOB W%
GdhllEolihot, 20thTHEOAELLIDE, 7
IT AP o R (BC.2T~AD. 14) DMBFRE T
b -1z, o C. BaLLsus OFGE (AD.19) T - 7.
CODLE, F4RYIRFEMS R oFORED ME
fREE) ZFEDLIIF b o xS, YBDo—<EHS5<
YFRAOMFREPPELIERLTVWS, 2hickhid,
XRIF4THRDY 27 7 )F R, 77 HOBEMTHE
LORBEMERD T —w i L TREERC L. &
STVFARR, TDEI 77V FRERITLSTF4R
2 7P NOFRITICBMT 5. L LEENKo—<H
DEBICY 27 7V F RT3, B EEL N
ServFRADERo—<icfifiz@bl, MELRHL
EWS (4+ bR, 1981, &= . 73, 745, #pY .
2311i7).
2HHERETEIC TN T Lo A 2 2D [HIEEE]
iIckhd, 2oRBUEHSEOMRIZRELL, TERIkE
L33, ¥ xRN T RER (69~T74) DTOFEITIL,
AR T T4 2R e 759 2 AW I FREEK
Bahtuwir4ery (YVFBRIECERE) OR
HOBEDIS, HShRBEEL. FLFIF 4
7 X AFGHEE (81~96) DBGLEICIE, YaYT R vTF
WFAMH S OENT T2 FRDE.XHE -T2 F
FETIEL, CCTEEMOALEVS (FhL=d
& Z, 1986, #— . 8-4). h#E,r O, D—<LH 5=
720, o -=XETFTTORFAGEHEES< D
HEhTWiIeMEEENL S, 0N, 575D
PAL IO ITYEREILFELEDTELF STV FR
ofiir o Bhid, ZEMFEEEbLTsLbico—<LD
REFMEGEERVLEBEELT IR -12hb LN
72\ (Le Cokur, 1985 : 11).

L L3ttgmmnicid, 77 ) hEFhoBHFE7T 1
IR YN R(193~21D)H + U R Y 2F;HTIFBRAG
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BRI Iy F2ESU)ICH LTHIEL, A%
BHL, BEXANSBAH 2¥L 3 /2 %I Ghadames,
Gheria el-Garbir, Bu Njem® 3 #ric8 X HIE L /-
(GooDCHILD, 1954). & D#i3, TEMBERCIZE~ED S
Fr I NVOEEEFIMAITL 72, T, H5=
7R3 o —<icx L TREMNLTRFBGRES TR
oo tc EHERRE NS (Law, 1967).

4) TSEEELIEHEEORRICONT
LuoTe (1951 :302) ickhif, o—=Bfic,
FRYEEREAELTH I FROHWMY = VoICES,
UTDE 513K DF v 587 e L= bt EVS,
® Sabratha—Ghadames—Hammada el-Homra—

Djerma

® Oea (Tripoii) —Mizda—Gheria el-Garbia—
Djerma

® Oea (Tripoli) —Bu Njem — Djebel es—soda—
Djerma

IhsREhFhEio3s o (FTHRIF) 288
L, #5=vF20EMY =< (Djerma) TAHL
T, ESIH— b ES, RDOHFOH ZHIA LS
L, THHREDHRDF ¢ 5/ o = bii—KT 3 &
Wy (7).

Law (1967) ickhid, 1ifoikEn o 4 ithidich
3THEL Do—< AEHE, BALBEYS<2 Y720
BEHICBEL, 52, BB, Sy uLoBRED
o lizEnd,

T2 YhOoH - MTh T THET MBS VRHID, S
ChooyRMKRICREENTYVS (LHotE, 1951)
DT, HI3=vFARERD o —< & OBEMEREOLEE
Kiivoo, ThoDHREWMAL TWAZ LIIEHT
55 (FH, 1990a).

IhooREEHIHHEHRECHEE Y, 3 HEEE
Lo —2hoDEMSHA BB R, 40l
BERLIEVS (Law, 1967). XR4uHMS, hid
u—-20t7 7 ) AXEORRMERITHIEL TV 3,
Lrxri2tdich vy TE2HT Lo — < BEELNEES
EERL, €779 A EHORED EKZ L OMETH
lHggk L ah 3, 2, ARFEAIKRo-<2
EHARBIICAY, 3HREMDICRET 7Y »XROLE
BiENZ 5, LU 3iHcsky, o-—<sHARHR
ROBEMPcASZ &, HRILT 7Y AXRIC SWHBHUE
BLIZUD B, 3tHIEKIRIE, TYLVYTRR, Fq474
ILF 4T RRALDENBHEABFOHKBOTIILT 7
) AXBERBEREIT 54, 4HHELIBRZ<AV<VA
OREMEEE D, v—=ic&k3lL7 7 ) A XEIREN
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HHEHIDE DA S v — .

HEE - BB V- b, B B V- b, KFREEEDT.

(Law, 19674 b {ERR)

TR AT B,

HSwYF AL, CONVAEWSEHER OO
—RFEE LTS3 ML TAAETRA VL
SEbhs (749 v 7 v, 1987 : 204 ; Mauny,
1961 : 456),

HI2vFZOMMhoWAE, v—=0FKEhiEE
LT REBSHTHRIFEOEERL, RZEEHI
HEAN, KIFEFEOHFICHED 20, o—<03XFEA
M9 E B &—iE L THIRMESEIND KT, - TRE
TEINE TR A & B T EIclE b, o —=HEIEN, Jt
T7YAhOUBI IR E B2 G- Z= T A
i, o—=0OXEOTICHCOREEHE Y Fo—L
L, &OWEHTL o 8he il Lt fc A Th -
ez kg,

5) ZBI—rEBRICDONT
HI=wvFAEfiE L, Hifo—<HRickir s
T 7 ) ADHN S5 BEBAZSOLV— Mo WT,
Law DB F 50— ELTIE, Kbl icHn 3
hREO 7 = Frhoy v YU F I =N, RHT -,
Tim-Missao» 6T FF—Jb e Fe A 74 FTDITA+» A—
JERFESSONH S, Thiddkilio NEHose] V-
FEOICFIEELTD S S, Fholor— LR,
A FS5HRY(BC6A~AD DM L, PlEH A~
WFEBHNS Pharasii & LlEh 3 ALZDERLTH
frEhapv "D — b5, hid Figuig »
5 Djebel-Bani, 7 F 5 — L (Adrar), 7 5 # (OQualata),
27 % A (Goundam) 2§30 — b E XA TWVWS (Law,

1967; MAUNY, 1947).

CNSEM-T, o FHRE, RORET 7 ) AN
oo —=HEFOlE7 7Y A~biodhicfiis
LT, 7==%70OMREELC RS, BB, DGES
EMEZ NS, ZFITo>WVWT Law (1967) &, #' 3
2 V7 AEDORFOMD 5| &z TOHROidEIL
We LEdsd, RFdo—<IEHUc EHEELR TH -
& LTWAY, Swanton (1975 : 590-592) &, 77V
=9 2 (1980, %11 : TH) MiEdTLHHZFETOKR
a4 F, =ory=7 (BEDED v 3), A3
F4T7hobiod3 k0T, HBIbII 50K
HBENEFEIP-TcE LTV,

MEEZIc oW T, Law (1967 : 196) REIL ¢ £ 0L
Bhsiid oo T &AL, Swanton (1975 : 591) iddk
77U A BENELEREHYHBOFERTHY, i
DS OFFICRD B> TP 270 E LTV,

Ao W TR, Law (1967 : 196) Zdbk7 7 v
HcBbEhEBLBALES WL, FLTHS =
VI AL BAMGEOMANAETH o2& LTWAD,
Swanton (1975 : 592) o — <o AR B
R Th by, BADGEPWIZE LTS, Thidn
SOMPLbibENicEBRESTVWELTVLAS.

feti—o, ANSTDT =T APER D —= Al
LREATS2 v FAEMNELTHMALTOREERELT
MEnisb oz, A7 2 Y (Carbuncli) & &iEh 3
HEDEATHD., ChKBELTHE, A+5HYETY
=Y ZDWHI L - TIRENTVWEOT, FOHHEHIZ
PENEVWERRZER LS, £OHIE>VW T Law b



SwaNTON bEEMRMEILR LTV 3. LHL, H17
Y7 ) OFERITO>WVWT, R b5 F > (Jones, 1961)
BAS<yFR0LH, 79 =v2 (1980, &H : 37)
BF¥2) (TY7/710D) LLTVWEHM ChohEol
KB 20pRESHATIRAW,

T, ok, 4tHE®ELvIET 7Y ATO
O —IXERSVSVADKEICE W EIRT 3. T,
CDRVRIWARS TSV VlgREE-TIET 7Y »
CRBALTELS VR Y RDY 7 v S VIR ERI AL
U, 0—2OXEELS>HBI LTV (FHy, 1987 :
ViD.

779 hi36HRMBICEFF Y OXRTFIRAD,
22T 47 XA (AD. 527~565), &g~y 4
IABBESAVSNVERBEZD Y » v Y VEOXR S
—§T 3. LhL, AR Ee¥rF Bl LT
bRELEEC L (AD. 543-558), #iE&h 3. #HO
¥V F ORBN T ¥ OBEOD A LREIhTW
52 & (Law, 1967) 2o, 52 vFREEFVF v
O RBBEMNEELI-C &, A5y FRAMESF Y
FUrRE-T—BMIE+ Y 2 rHEELEC &
(Cuoq, 1984 : 23; Le COEUR, 1985 :32) M &EA2E L &
bdL, H5=vFRBEFrFricglTbo—=
KT 5EEUC, ABOMT UL hiciRS £ VT
KDTRIEVWESLI ., LhL, 0%, Fiwr7x
EWI N2 DEHRES EOER, S RIBATLE S,

Ok, E¥rFUroltT 7Y AXER, 634FE Y —
YrET Va4 rOBRVWTT S THEHICHKh THSE
T3, &6, T37ARE6ET S vPY =iy
72H DB A, BLUBEOA T —NVIcBRT 3
(LEvrzioN and Hopkins, 1981 : 11) C &3,

3. ARSALBHCOMBICEITB A /35— FRARIVRILA

1) Z7STADIE7Z7UHBA?

224 TH (661~750) DBIRA 7 /¥ e Ry e F7 4
(Uqgba ben Nafi) #3, b7 7 Y A {EfROHEEMNE L T,
BEDH A 07 v OBFEHEE L - DIRETHEDZ & ToH -
. 94 THOHEKRBEA )V 7 TNV e =Y 7 (&
£7685~1715) i3, COAf vy vE|sucit7 7Y 14
T ORERR %5 T 5.

BHBE, HRRNLSERA»S Mhit] Iksi33 M4
JLD&| DWTH U7 LomBaLp (1947 : 151) ik h
i, COTTREL 2 7DREHBIHIENI <2
RELENtc LR ) LDLEOHE IR, FOHAETO
694 fEICR LR Y, a—ouETHELTVWALEL
2.
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R D7 5 7 ABELH Ibn Abd al-Hakam (3, 743
FEHIC A 7 ¥DFRICH 1 B Ubayd Allah Hin4 o vy
D Sus IC#RiB L 7z Habib b. Abi Ubayda al-Fihri
M, EITHhEYOROGEFICLACEERLTVS
(LevtzioNn and Hopkins, 1981 : 13).

ARAYFRT I TATINFNDOHZERT L - <7 Y
&, IR Y N2 HI3ATOREMESH, 15
TR D HRMA & L TORBMS ShTWAT E
%3 LTW3 (Levrzion and Hopkins, 1981 : 65),

Pbkoigh&, CO757 425 68hicksdit
77 ) AXBEOTMICY NI DEHICAROSSELEST S
cEpFESh, $TCIIET 7Y AiciE > T LA
AN, 737 425 28BHBRLBNICBVTHS
ZEBITROO TN S 2 EAFETERL,
FRABOSEBET 34DV 5 BIEMREOMA
SLY E— b OBEIN, REMICEDOh TV -
I YiliP AT 4 AN

NRVRWARTI7 « 425 6FUTBUL {BH LM
5b, TIT7ABEILOLIA R AHEZIFANT V-
7. UL, LESSLTRARNVADHEICEE »1-D
B, YOy <A TGS LAERKRS X5 4 (R
v=) Ty, RN ) 78 (632~661) DERE
Y7, TV—%TFESELN YT FOIERLERRKESE L
TEFEV-TROOESRARLE, "I Valk
DRATH -1z, ~v—Y Yaifkid, 7-35 2k
BHRL, ThE2Z0FTERICKRELELSEVIER
BB EFAI LTS, ~NT—) TUalRid, Kick
DiBEILT X3 7 iRE BRI A <~ FiRicAhh 35,
SHHTDHDE, L7 7 ) hDOXAXVALEHBZITA
NI-OBEREDA X— FIRTH » 7= (WHEBE, 1977;
MSE I3 A, 1982).

8 R, S 9 HECIC AT TD A /¥ — FIRRAVXVAD
REEHI>VWTHMEHEREERL TV 3 LEwick
(1962) ickhif, 2D®ILT 7Y HEGELLT » /v —
2% (749-1055) OHBRIZ, TOIED STEAUEIZHIF T+
VHRY S =TPRF 2 = I T7ORMVRVAL L ICEHAE
BEALIHBEILIZEVWS,

409 Y OFBEETH 48— FIROA = — &4,
Abd ar-Rahman ibn Rustem {3, 7 v /¥— XDHE%
BITREDT VY = Y 7 OFERRIcEN, 1 /5— FikD
EENVZ5F I FE%1-T3 (Lewicki, 1962 ; 514). #
DR, TOUELHPR= 7L 7T, RO U<y &
DIEMB Z -~ (Tahert, BLED Tiaret) & kiF
NAFLVETHBIRL, (Levrzion and Hopkins, 1981 :
24) 4 /N— FIROBE « FEOPOME S B,
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2) A= FRANRIRIVAILE B3NS BIEHERS (8
iens 9 e ET)

PITF, TOA4 8= FERRVRVAH, hRlsgAiEr
S EEMRBICMb > TOWSBTFEU-TAHSB T
EiclL k9.

F4, TOAL = FRRAVRWVADBHIIREH,
Sk o -2 FERICHTEH 5 < v F ROUBIEBH T
FOLTWA I EEEHLAL. THbbA/v— FifR~
WRWVAWRT ST« 425 68HOT7 v -8, &ic
By —THROA 25 LEE7 7 — 7 1 2HIC & > T
OHITBWILT Sh a4, BUANERNIMEREERDIC
avbro—LoD, EOTAFYF 47 4 2HFRFLE
175 7REBEELT, 5= vFRERULLIE
YN EEMRBRICEERLLEELS L LTAMET
553,

T, F—=~NIIEMEEEN A = FIRRAVSN
AL, 7140707 9y —2OFXRICH L THIL, &
L MV O EMER LS, VAT I FHOA

72— L DHIRT TRBEMERHET S (LEwicks, 1962).

OB, YUY, BEUTNTSEERLT
SASHRPERET TS 2 KOGV — by -~}
MOER— ¥ Y AHEIHT T - 72,

=~ DETIZIE, “AURWVARFTRIEL, B4
oy Yy, NRF, I—77BEPODTFTT LAY A
#A, EF¥rFrofthi G+ R EELLS, £
DBHAEF Y SN TS > TE - (LEwickl, 1962 :
528).

SOOI —~NPEFKBLENVZATFI FRIE Y I Y
DZ7Y bR (BHHERIFIRI LT =) V2 ifkD
DMRTHBH, 14— FikE B OBHER, £0E
HOBWICbhhDO ST, BRERIFNTH- .

Do DFHI, 81K S 9 tHHOHD & THEA
AL LA-EBEREL, KIFHEERERDECEL Y -
~ANVFDPIRA v — OB MMbRERES L
(LEWICKI, 1962). ZhiI —~N b+ E ¥ I =4 13H
A OEROFERBETE LT, CORIET7Y A E
FHR— & v 2ESTHIICKRE LRI AU C &R
i\ (FEH, 1991).

oREEnDE, 2ORBOBFERELBVY 5
2V FRERBRBUD, 4 8= FR~AVVADBHELE
Bye 2 HFEORRBHATS S, WHIETTHLE DL
HIEHIEA S ED DD H - o — FHETH - 1.

S 7 5 7 OMBESEH Al-Fazari 3 [#H—7 &
VWHKEBEOE] icowTiBLTW3 (Levrzion and
Hopkins, 1981 : 32). Ibn al-Saghird, 780fELHD 4 —
+FEB~NEH» D 45 REMRZSOMBEMS -~ b

TH-1:&E%EELTWS (Levrzion and HOPKINS,
1981 : 25).

F1z, 48— FRRARVAR =Y = — VI|BBHRESD
HAEEORHELTWAEELITH .

Al-Fazari /» & 100 813 &% D, Al-Yaqubi 375X
— ¥ OBEE OERICATIS, #—FIcBHE
Lt kEBERELT, #vhv0KEELTTVS
(LevTtzion and Hopkins, 1981 : 21).

Zhid13BUMEI COMiEIiNIcA TV e by (0
by g, 19T BEELEF I LRI-DLDOTH Y,
%OV HAFROAA L SRR LTELIA LWL
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The Saharan Long-Distance Trade by the Non-Arab
Ethnic Group—Garamantes and Ibadis Berbers

Shoji NANRI®

This paper considers the trading activities which Non-Arab groups engaged in during the first stage in the
history of the Saharan long-distance trade.

When we consider comprehensively “Les Chars Rupestres”, a route dotted in the Sahara Desert with the
names of the places in the desert, such as the ones described by Herodotus and the ones along the expedition
route of C. Balbus described by Pliny, we cannot deny the fact that many people had crossed the Sahara Desert
before Christ.

Especially through the age of the Phoenician and the Ancient Roman, people so—called Garamantes, were
engaged in the activity of trading in the Sahara Desert. We can consider that Garamantes were concerned in
the activity of trading as one of the ethnic group of Berbers, although a rebellion by Berbers rose against the
Roman Empire.

After the Arabic invasion in to the North Africa, Berbers, who had accepted a doctrine of Ibadis-Islamic,
began to take part in the activity of the Saharan long-distance trade. Ibadis Berbers played a role of an inter-
mediary by trading with the Ghana Empire, while keeping their northern trade center at Tahert (Tiaret), even
though they were deported to the frontier by the Abbasides Dynasty.

Ibadis Berbers were deported by the Fatimids Dynasty from the center of Magreb in the first half of the tenth
century, but they established their communities with a network of trading throughout the Sahara Desert and
developed the long-distance trade.

Key Words : Saharan Long-Distance Trade, Les Chars Rupestres, Garamantes, Ibadis—Berbers

* Konan Boys High School, 31-3 Yamate-cho Ashiya, Hyogo, 659 Japan.
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DAOMMRIZL2%TH b (RFEGHHIE, 1994), 3
BROA—A->FHEMNLEONTWE, BHEEERIKE
S & RO BRI b LTV B, i@ %
MR T3, 0%L EMBEHRETCHEDOATVS,

1) RAEHTORBREHE
1993£F DR ORE A EHH DM EERIC 5
5HI61330.7%6 (NELHEHE, 1994) TH 5.

1993FED— A7 ) GNP i32,17655TH » 7=, fEMD
—AY7- b ORIRA® 3, BHERO1,712065C, BB
DT177.955C, HWERIZ1,16407T5CTH 5. 1981~19934E i
B 3N ADOEMMRIILRLLY, HRI121%TH -
fo (REEHEIE, 1994).

1993 FE DK B DEKRBIIZ4232FFHT, HAFEHM
84U E DTV S, FCENE L, FEEHD68Y% %G
BTWA, HAMREHEER, vy -v=--57 584
OFIEHEYK v—NVEER, I vHEERRBLE LM
TH-1.

AEY IR, HRENLEAFZFEMLLEIMNT, b
ETROEELREGE LB -TVWS. LL, EFHA
R EDHITORKIZEE AR E LTED S ORFBHRIC
HoTETBY, NFELOREROEE T EV.
19845ED Y Y OREETR A, tHRFEYD197ke/FH
L 2ETEYD90.7Tkg/TicH LT, AFFEH Tid88.2kg/5R
TH-1 (Fidh, 1990), v voRGETRONE,
HRFHO15kg/FHE LEFGD12kg/FHIH LT, K
FhETR1L1kg/BATH - (T, 1990). /4, A
#Fhicb 3 BERS - v BEROLES 2 AER L
Bgtiic gL THhE, 72 Y HDIT%E=2—V—
77 FOL2BICAELWE EEidH,, 1987 Fiz b,
1990). THLAT L, S, NELOWEHRO4 EHH
LonEtirkEVWEELI Sh 3,

5 ARTORR

REH KRR OFERKED X UBBRBRCELT
W3, HFEE - vOBIIFHL, FEREMcIRIZE
AEDPEWV, K313, AEHOI4THILIR 1) 51951
~1980FEDRURERHZ B S W TERIL 2 K8 « Bk D
AEERLEODOTH 5. SEMNCILER LN EET,
RTEIR R GHFEROEREF LTV 5. EREK[ER -
5~9°C (FEY38C) T, £FULHKITBVWTHERIC
VG TH 5. EBKRIZ50~500mm (FH322mm) &
Dz, F1, BKkROZEHIIAE, BHLTIER
—EFEOBREL TV S, £F B REFR 122,600~3,400
hr (3£193,004hr) ¢, HRICBREEhTWS, EHE
RFEM13932~4,212mm (F152,098mm) ©, KEki%
A& ER->TW3,

ARG ORBRABRERN IR T hEREROEREK
THETIERADLS I B,

K=016Zt/r N
CZi, t RFBICCLI LM ORIERE (C), r ik
EiforKki (mm) T&3.

R 5 GRBEICH T 2 ENIREXOEME(L L EIR
EKHHUSISR LD TH B, RBELHOT{YIZ6 ~9



K 3. AzEhicE T 3 KIEELOENT.
(AZEL HBERRE, 198308 & 0 E)

X 4. NEENICE T B ER SR S

HThb, FicT~8 HOMEAZ V., MHEF LT
NTVEA, REMEHEHE ZE-HLTEY, 10CE
BA AN EERKT4~9 H, WX T5~8H&E1-
TV, RFEHALERARZLCT~8HTH3. A
BB L UG EREREMOE— 2135 ~6 ATH D, M -
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140+

3
_mb b
£ 100} R
ol I
iy B o,
X 60 F I ‘I"._r\
& ey N

40} gy
0 i

Bl 5. WEHICEY 3 RBREROELLL.

KD E—2 Z0H2 # R,

I, B, SNSRI B B e, SRS
RSN SRR I B L & Ticd 5. 7L
BEak It il s CAERT A E W ItNZ, BFEOWHRA
B L\ 7zdh, I oo MR SR 2 i 138 L e
PAEEA BB T B T & (3L L,

COEIEERN S, NEHTRMRINITTRZE
ELEWEELRBL TR,

6) MEEOHEEER

WEG ORI FAR Ofhic, FHEORATESLAR
AOBHERESEThTVWA, 19884 ToFEIc LN
W (FiEse, 1990), MEElofkhid, 5282728 0789
FEDR ¥ & 4 o v S HikiEn» 515 - TE D, K
BRI TH S, 0 BEESRGIE, 128+
SR = AR - TAFR e SR ATy ) SHE. 4
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FR 777 FR s 2 YE e v FF R E D206 TH
n, FHEORARMERIEOTI%NE DTV 5,

B QT EARITIC & » TR D, WHREOSWE
I EHAUDIS . HE B LT, M FHO
HihE L D3, F78E T A FRoIE L.

(i S P SRR AR B B OOBEHE | (Fid e,
kg, BOTIASEES)Y - S ORI RIS
S, B e B - ot - (00 - HE O 5 B
TWAH, WS ESHEDISHE RS D4R -
chAE R S HSSTRIEE T 5. H5% - REOHEIR I -
o mR SR, . 5% - FHOBEIEEL L
T OGRS IR LTWS (FE1).

A OGEERNIC AT 5 &, K6 IwRd L)
o, B SPEEIC T, EIEE, SRR, R
R, SE(LbE, Do S EEicashs, b,
F 2o xR R T, BRSO, WELD
TE ORISR (B4 B X CIBLT
WA Z &b s, WEHEES bR ORI & 12
ErHGLTH 0, B LEENEEY. BB, BoRdg
B, AT ERS, EEASLCERTETR
arENRE L THBETRTRD /I EDTH 3.

P&l O SR ARSI T A &, SRR - L .
(&« fEiho 4 FRELCE D, 2 othT bIFEH A
b, (LR - (EHE - M0, & LTH - ISy
L, HEREKcEERTOA D REEENREV,

1990) P RRAEDE 0. 255
LR 0.127

WEHEND

(823 t/ha - y)
1.176
0. 580
0. 280

©: 27 - HRER

©: R - FEMER
©: $pRER
©
O

B4 6. AEEH ORI &SRS 4.
(Fi1Ee, 1990 DHCEHEAEEA BN & 0 {ERD

% 2. BN OGO,

BRERE | AERKEmm | E2 I0CROTEIE | WAREK
i 350~500 1,700~2,600 =10
e 320~450 1,800~3,200 1.0~15

bt 150~250 2,200~3,000 1.5~2.0
FALET | 100~200 2,600~3,400 20~4.0
st <100 3,050~3,700 240

Tiidh (1990) 1235V THER.
WEHRIEK ¥ ES b L OB ERRIcBEE L b0 TH 5.

# 1. WENOFEME BEG--YEE

R, fili « B A F AR

£ 3k K& (hE Y rHIE) Agropyren cristatum PRI
oK Agropyron desertorum DB
N (2 R A7) Agrostis alba SR REIR
TR (2 R A 74 B) Agrostis coarctata R
XE (hEZIVE) Leymus chinensis SR < SRR
i Leymus secalinus BRI o 2EphE
A Bromus inermis iR
BT (z /A ¥E) ¢ Elymus dahuricus iR
EE# (=/6F) - Elymus sibiricus bR HE
I Stipa B

< A% HIEER (v=T¥ v E) Medicago falcata U « @R
AR (vFHTE) Melilotus suaveolens PUAY « DTG
HFKER Trifolium lupinaster T h A
I1LEFH Vicia amoena YUY« AR
IEAGEF B Vicia cracea YL - SR
YFTHE Astragalus adsurgens Rl bebE
HIEENE (o490 ¥ Hedysarum scoparium Hepbist « EDBEHI
PHENE (140X Hedysarum mongolicum LAY o EPDERR
TR - Caragana korshinskii el « PhIEI

* 7 # Wi Artemisia_[rigida B « DAL

FHEHE @, 1987, FEH (1990) HSVLTEAELLLLOTHD,

* |3 R HCEL

AAES N - € (1989) 12k 5,



WEA B I3 LM31.8t/ha « {E3EH1.3t/ha » B0
t/ha T3 (§i3h, 1990).

N ARHGORE
HWEHOREAK SR, 1993FEBH3547HE GERED
ThHb. FDS5bEy IH28605TH, KUKE (v=-
YV eanNeS5Ne575) HEB6HEEEEHTVS,
KEOHENAHE, FHREFONMHEBIT—HLT
W3, BREORELZLELTEIY 92 LY IYRR
BicHL, BERTHHFATRATEYF » 52 I3
2V, HgRic Rhid, RMOSHEHUATERIc e v
Ty e ovORHENRLEL, 198G ThER
REL2KD23%, 219%, 24%% 553,
HRFED6% IPERMBRICHELEST 24, Thit
[8] 35496 H RIS B & SRR ICEET S (A
Bz h, 1987). Chid, HEFE, FEEHCEB LU
BRI B LT E LT, ATHRE S MEDORS
DOFBMMMLTWAE L iIERT 3 EVWbhTWA,
SoE o NFEEE LTIt B X o kit
BicdhLTn3,

8) ARHTOHEN
EEIC 3, BEHERDT ORERNAEbATY

20 LT, PETIRERLN (HT) 2#HL TV 3,

FHAT 3, E—FAY D OEMREIRAR (BE) T
Hb, F—EHY) BRERAR (£FH NSR) I
BYERLTRDON S,

IHT =NSR X 365 )
C 2T, IHT (d—3¢8fr (kg/FH - 5£), NSR (2¥—5f
Ui OAKRERBR (kg/FA B) TH 3.

BHEZEAN (HSR) @MERERICL > TRE D,
WMOBMER - HBER T 5kg/8E, P OEDHR
B - DB TR 4 kg/BA, ERODRERTIZ 3
kg/BiTH B (B BHiEH», 1987). BHFEHOXH

# 3. NELRHEROKREN

AR L) B (3867 /ha-y) £8EX%
h] 1.22 20.6
iiitiv) 0.60 33.1

R0 0.31 56
AT &7 0.30 33
HE 0.16 33
LLifl 1.93 5.7
{5 i 148 258
i 1.38 26

T3 (1990) 1SH -5V THER.

75

fI~DOWAIE, 5251/1, 9 ev= . 5/31/5,
o3 1/3 TH 5 (M H», 1987; ftid b, 1990).
WS (B) M (HT) 2AVWTRA L W HE
sh3,

B=NBSR/IHT €))
CCiZ, BidtkdtH (§/ha-y), NBSR 3EEKE4E
71 (kg/hasy) TH5. MHRIB LU, HEHNEFRD
BBHERLEDHES TH 3.

£3&n, ABNEEBHEL, BR~WBREDE

WEM DM S, BIEKOSHBHIC LD 841358
B - BEERAEL, T, EEMRERLS V. Th
S OEFMBAFEEICE -~ THBELEFTH S Lbh
3,

3. HEREENTIOEE

hESN O S ERARAEE &G D S 1EL TR
BEBEAEFHANBITL T RT, HFILBLTH1981E
ICER G OKELRRESTTEDN, #iC, G -
EEE - MAFEMNRES I £, KEERRS
EARM OFUBMICEE S b, —F T, BEiH
HAbSHic@Brh, BN L& OBE LR ERET S
HEgbilEsh.

D RE- - EHORTHELEBNNEOET
HELREROTEHIE L EEHIEE, 8 FEHEs
(1987), #FizH (1990) DX REBBI hiE, BIEREK
Viijo HS] O, BBRKRIZEE&O TBENK
#] B, zoko MHeERndug) BR, TARR
1 B, BRUIBIED MEBEERINE] ko5-o0
BRIcHETE 3. TR, FhEhoBRicsit3
BEFEOFEHE LEEHHOE(Ic>VLTRITT 3.

(D 15¢£

HIEXBAAIO MBS ] csvwTi), HEEtgo
BHEHERBDTRAESETH -1, Gt « & - HF O
AR¥E, I, K LE®E FE BUT. sEEo
HETH 1. WEROBL BEHOLVWIERT, %iFid
BHOTRBRLDOTH» 72, T OREHIEE MNEgESE)
LHREh B,

(2) RENHE

BiSKEL D 194T4EH 5 19526E & T Oz, G
o [REMNKE) KiTEbhik, BENRTRIE,S
AN LT ER LVWEBRICEH THET S
Mtihdk¥ | MiFubhioicyl, HH{EEMRTIR
(FfReE| RSN 3EERRHEMNTEDbAL, &
NIIDBEERICHT 2RBIBERTH 0, HELHEDMH



76

BIRE-STENLHERTH . $hbb, REFRBOH
ABLEh, —cEREhEY, REOKE IR
REhiihm -7, WERITEEFE» SRS h, BEL
OMIIcHSRENSH 5 VWREBEROR YA SORNERA
7.

(3) HeTR/MABE

5 < 1953~ 19585 IC B REE @ [ &FRAIBGE )
i bhiz, O, BIFRHREEDREFELLEA

HABBBERLCHRYL, ETOEEBUR AL ..
KR LT, & LTRAEE~OMAZED -,

DGR ROARAHANERT 5BBENBRBOR
HtEREHBTH 5. RATHTREEZO DI
BEOEAFE CH Y, HEREIEELHHEHEL TN
AZEYIhi.

HERS L TRIRAELD 32 VLA ERB~D
MAZH#ED . ARAERS I, BEHRAZRELT
BELHREET LK TH 50, REIEOFHTIC
Bhrhttcwd, RELIREAETHS. YIBRAIELLE
ARESERBOVThIZB VTS, HWEICKH L TIZEER
5%, EENFIREXIAS B E, EERENROMEK
BAZRICHT 2BR L Y BMEEFEOHVID &, KE
ZHADOATEET 3 ARICHE T 2BERSH S i,

BERS IR, FEORKEURCPERRMOYANLLE
RREEFROYROAJHEIIERT L EENE
L, Barahi,

19585EK & Tic, 2205041k & 1220 /AFAAEHIH
BEIEh, BEBEEOAELEKENT S [HaER
fgg] MRB L (R EBEH, 1987).

@) ARt

19585, 2FEMICHNO T—KZT4aA]) (—ickRit,
ZRAEEFBOI ) —FodSERNBLELIEL) &
MEta—] GTREEREHEICITHD) 217485
TARAH ] (LUBMadicishi, RS TR
NEAELED S ERATELEETARA I LEhicDic
L, BEFUWETHRERAELORREKE I, 1959
Fitbdh 3 A ARITHREIELDIZEA EHMI520 A
Ragticidllahi (B @Buab, 1987). ARAHG
HENR» O BEROEEAR THREN S, KED
WA, E&LTHERRONTREICLIENTHS
B, TOMDOBESEMEFMIZ L BEINA, ZFRH-ZK
HBOWESOH 2 ~3BDPADBH -1, COBMET
REFBBHORB LD - 1o dic, WHLEER2HN
T kR L.

1966~19765E 12, 2@EME [EREM] & - TH
WBELEVRELLBRTH -, TOBHICIE, TA
Ratt) oRSEROMEIC & » EEOH I EEK

PETL, BEHE LONEMSBELL. KERTHE
BESBEHS O, BESEOBRSERES . 1,
B 2 FHHMOER & EH QMR IC & 2B
BATC Lk, BB I1980FER YT = THEMS
AR

WE, ARAERBICBIT AERHIMmOD, 196659
H, 2E8cARAEAEIEY 3BEEMFE DT
BELsh, ELEEEBEKSEBShLTIE,S, T
ORIt EXMIcEESIBIc S - L L Bbh 3.

(6) BFIEHIBE

19785E R O hESLEE 115 3 Hie L LI, [ARAHR
OBkEEBRE L TEEEZILTET )i, 2EOLRIIC
BUWT MEREREHSRE] BiTubhl. JOoHHED
EiELE T oM [RERERSHEH] LFRIh 3
Biyo4EHAREH T HHEAERES, Bt
OEEREEZRINICHATEILVHEETH 2. AR
Athi319826F 1 (Bt ) ORANCTE » THRE S Y,
19845EIC IERICEBY BB hi, T/, HEERRGE
Y Kizizahi,

AR E OREHMIE T, 19814ED SIREIC TRIEN
BENS) & TFE Lo _BEHANE] &V 8K
FIESRAShi, BiAMicl, SEABFETOFEE,
EMSFEAC OB THRERICHN\WTIREZFLL. Ch
LR IR Ic—EmOoREE A omtrRb L,
BMIc R - BT s ERIE5 . HKER
CEEEEARRL, SRIEAELEECRo AT 3
AHKE, B HOLABEEICSTHALRENLSLBS
S EE b, 2 HHT IHEHE2FRLohk,
19854E & Tic, SBDHREMHRICEY &sh, KoM
RomEH L FERARNERES . 19854108, cho
OFIER MhEARSMEERE] (Uk, HRELHR
T) i ->TERIED St BE, AEHOKER—
4o Bl 13 #9333~2,000ha, FE i3 EE ~1,0008H &
wbhTwa (B EEuEH», 1987 Fidd, 1990).

EERS S, FHEHNE] fiQE R & o R M,
[FEER]) KLA3FBEROETLLICE-T, £L
BEERRTH -1z, TRREHSRE & HE®RSL
BREOFENHAOEEBURICBITL, 1985FEREZD
1353560 & 78 -7 (KA BHEH, 1987, B b,
1990). T, SoIKE - T¥ - BRE— KR
BToUALELB(HELTVL A,

FEHEOEILIC L~ T, ARELERKBROBER
HEERELr ChiEXRTEE, RoOME>DERI
HHEh 3B,

REOEE . —HHoRRc L2 HBREETH, A
BHICBIZTEEREEHIRNTHS. BIIRIBEALN



BRI » 1o, RBICHREERT 2 H—WREELG S
B 3H¥P LREREEEET s HRFMNE(Rbh
TETWL3.
HERIGEE . IR OFRENBOS I L 38 E Bk
THY, FFABRISFEECRBT3L0TH 3.
EEB - 1985 HE, &YW (HBRRER - Hio
Blizhr 9 B ITEBURGL) OFETICH 5 B —REHBUR357
b, 24OHFERICHFoH R BHIZH, 1987),
O TIREBRADRENHAREREMS 5. b, His
KBRS0 ERE T 3 EARERAEEHI367H 3
(B AU », 1987).

WEREREE : 8h 2 VWEINHHOREEHTH 5.
L, CoROBRIBIEF DTV,

2) REFIEOEE

WESFFICH T 2ERE—FRHE IR, H2EE0Y
EOEE - 11953 Eh SKES i, L L, BERE
25V B S OB B AR ICELE L 7o 729, 1980
FERIRD THEMTE DO,

FERETIBERN 3, REY L RBICHEDIL, HRR
ELSHBA <ML - WEICEZE T, 1EAEHERIC
FHEhToik, CofmasERERHE I 516560
ISHIRET, TR & TUREE) » o7, YRS |
ERETh TV, EREFICE - TEELBHESE, %
ELEFFORALAOEITEES, AEOS 2 NI
Xar&hs, [ @81 EHONI LW E LAE
ROMENHE—EMNBREHETH 5. TR B2/
BomREng e LEERVARIMERARTE 2
MY EMRSEHIE TH 5 (BEH, 1993).

MEIREgHE ) o T T, [#MafEt] BARAH.
SOBREWMORMZIEY Ui, S8t EFTREH
OIRBEMETH 24, BELIEOREERTH -
1o, RS W ABESOML &R REE L EA
& REATIHHEY L 1,

LAL, IHULAMEHEDOT TR, BABREILLS

B—R5EV— b Db ic g E L Thiodis b o h,
SEELEEI R YD Vic DI M BRI R L .

F1:, BHEESEELS hic i DR O ERERHIE
TLT, BEEHBOS v 2bKE BN,

B 3B ROEEREREED 5 1D IC1979E IC S
DB EKIRICT | & B 7oh8, ERMEORENSK
M7, ZTDIHIBSEICHFTE MFERMEIE] %
BibL, BURESTO MasReHEl £8ALE B
BRFEHE TR, KEOGER ORGSR &
M3 LERHOATWS, & (1986) <L hid,
19854E D B _L- ik {3 1970 AP <10~ 16451275 »

7

TW3, Chefbfic, BN RS ZHE—0E L
S, E -« B - @ALEIC X 3 BMERERAEFES)IC
R T, EEISEEETO—KLEE bED
T&/h, B CoRucHitldHoRiizmL T, Mt
SEBRNTIEHER | £ H = X 4 DK & RBLOFEHAL
ZHELTWVWA, LbL, RTHEOBRBO®EH
TWiEW,

3) HERLEELBEMOETE

hETIE, HEREEEROY — v 2 EBEREIBNE
BRORBIMAIDITE » TV B, B - & - ESD
FIBEICTREREE A h = XLADPA SN ADIEST, &
BREEEROY - REER2AFLOHES L.
BHEEFHREGfOREREEOY — £ 29I, B
FMEMEL TV RE, FELEREEM, EKus,
BEEHOMSMICH T oh, ThEhoBicsnT
BRNsisUhBTRbhTO . SO% — B RERI,
fTRL~<nick-T, BB, -, 8- B ARA
Homicaroh, 2TEMTH -2 LLL, 0
4+ - E2HPM b BRFON—FEEE T, fiBitoxmi
DD - 7.
BHRAGSER 0BG REEERRBMO Y — £ XE
3, BT B bIRATAEMRY - 2L,
+— EZORMAMETHMBRA I I, 198650 519904
E TICHEREF 2008 « BicHZBRMIciEEYy -
Ze vy —ZAER L. 19874, [BEK - £8° cbir 3
WHEHREY—E 22 57— 3 YEE (BT &) 247
LIHLT, 8K - MicBy 0iRafIE40ts €, &
AHEMY—ERRF—va viclid Uiz 1992FER7E,
COBBY—ERRF— Y3 v, 1,088 (hEMKE
ERBEAL, 1993) 5. T, BHE K wHiE
DR ERFIEIF £ | T /.
KEPHAFRL L bEMY — £ 2 PHRERIcmS
B3kl ts. ThooHRBETX, BEDTH,
v v &by VoRSEBREIC L 2 [ERE, AR
DHEBILEDHFRICHTIEANTV S,

DL, FEBERERY—ERXy b7—2H
R hicd, y—vxomE, HEORTLE TN
B r 2B TH 3.

4) HRREERICAT 3 RMHEOMIL
chEEF I, WERICBT 2B, SRR
BEERHTE5—HT, DEULSORBIMBLSHICE
WTHROEMREN LS 28R LFHEL /.
BERBRIAT R EET 2RI QREE LS, -
7. BIBRE#OTIIc, BIRRESREOFRED
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S—HRELFIRATE 28uc TEEBE] IRk L 77,
HOEFEHEE IFIE LIS, -1z, T O, 1956, 1963,
1978, 1979, 1982, 1983, 1984%EicchREXFFHIFEM L1
MR BEOBRELREE LT, ERORY - S -
AMAFIAL EMBBESh TV, BENSBEREY
Tohiihot (Fdd, 1990). EHEHBHFTOHE
HAESEHE L EEEERFObLTR, TLAZXD
BUERHEORO YDA H =X @G bW 5,

Lipl, £0%, Bikdk - BEE s « Fotgh(t -
WEbs & OF MBS RBICEEL L. 1, BHKK
SRR I ROEETRSE LT 51T Licdi-» TEIK
HHHEAT ABROHH - 1. MAT, FTAETIIEHR
HEBOERFEMIBME LTS, B HE~BEER
LEHIDEENDE DD LN HFEhTELIEN
F#ahakoico, ThoDT &3, 19705FERE
H OEMYRLL K OBEMERICEREhTE LI EDL
5 bHEAMN B,

ZFOHic, BEOHIIBREEETIBELEARK
ATRIRESh i TERE) icBVWTIR, SEHICRE
FEKE - (HAIHE - MRIEE SR 3 L3k, BEBHORE -
BERTHE, HHMERB 280 3 BHIc> L THEEICEYD
Shi, =ohT, BRIk EMABOEIE FD
FESEIEY - B L O, HEHRIICH LS (9 45D
HR (FV R A5 F) ORMEFHORILE, KHALE
HoEY O MR ORIE, BERBUCET 3 HE & &R,
B MARETHE - SEEIck B & A TR B RRETE
~DEA, HEHAK DRI it > W T OHAMED
Shic. #£1, EHHEhERAT 384, Baenci
WHIORBZ AR T 245 TS, ERESVTHETE
BoRGER oot HEH] oR%hs R
2, BIEXER b ChEfTEd 2ih0 MEREEER )
EeEITHH L.

BEE IR SIE HSENICER & Wi DI3198TE
TH5, AMERGIEE R, BELERONEEBEN
OEEICL Y, Kt 4 FRCHBL, ThEhOER
kD ERREHNT 2HETHS. Bt X -
TREDH, HRBEEEHD 1~ 3 %BHPHHFRAD I
~5%icis s, EEIcABECHTAHAIbH 5. oF
0, WEHD 6 ~15% %I BEEEB L L BO2E
DERAREERNT 5. 16%EBABEGIIEALKE
DHEFTE THNT 3. Chick-T, HhoHB{I LK
WRDONS v REI V-V, [EREEEEHR
OEEZBEH#EST ZHVMEELEL LN,

BN L AR EMERICEI S W3, ARGOHE,
COHEICL > THBIRS WA AR REES X T2000
~3,0005Cici# L, 26~33FhanEMEEHRTE 5.

ChEWT, CCHGEROE - ABIRL &ic k 28R
vy oRincEM T 3 L AftshTw 3 (hEM#E
FEBRREBAL, 1993).

4, HEROLEEBTRANLEEHOEER

WEOBHHIEE - BEFEORNIPE->T, BWEOE
EEEARN  EEALTLL. BT R1947FH 51993
EFTORPLEEATBHMOEBEZRLIZODTH S,
19478 5 TRERH) OEET, TARAK] Hi
WO1960ERE T T THRETR M INOMEEICH 5. L
HL, £OHIBUERFIES TREJFHEBIMORS,
1990 ICHV LROBFEME SN, CORERER
1 T, BEEHSEONROBEROLEETEAAL
BRAEEHORROE I >WTRETT 3.

1) SHEEERENOLEETRSRNELEED

BRASRER OEEEEANE, KEREEZRDT
REOHNEMNTEL LBYT 3K TH > . E
TER—EOHIETHRT A TH 2 EMARA TK
BT A0, B3, KOMX of-nRIBEIC
Bt 5.

1 #70) DR OREMKI, HETRY ¥ 100~
2005f, v <300~5008H, t v 800~10008H, ;T
3% ~50~10088, © <100~2005H, t v <7300~5005H,
T TR LY U100~20080, 37 YHEATH S (Fizh,
1990). 756, FHOLFEMRU» B I TTHD, ¥
BEMEHcRLBL. —F, 10~ B
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Changes of Livestock Farming in the Inner Mongolia of China
Jian-zhong Znou®, Kyoichi OTsuki® and Makio KAMICHIKA®

This study investigates changes of livestock farming in the Inner Mongolia of China. It is concluded that
stability of society and rationality of economic system have been the most important factors for development
of livestock farming. The reasons for the changes of livestock farming in the Inner Mongolia are summarized
as follows: (1) The main reasons for twenty percent decrease in number of the livestock, from 1936 through
1946, were disturbances of war and antiquated economic system. (2) The remarkable increase in number of
livestock during the period from 1947 to early 1960's was due to stability of the society, new policies promoting
production and surplus of land capacity for livestock. (3) Stagnation of number of livestock until early 1980's
was caused by insecurity of politics, large population pressure and defects of economic system and policy. (4)
Recent increase in livestock production is ascribed to farmers’ incentive of production resulted from new eco-
nomic reforms of the ownership in favor of farmers' profits. The latest reforms of socioeconomic policies and
structure have lead to an evolutional change in the livestock farming system from nomadic to sedentary.

In view of the above mentioned changes, this paper explains necessities of introducing enclosure grass
land method and artificial grassland method in the new sedentary livestock farming system to sustain the in-
creasing population and prevent desertification by over grazing. Actual grass productivity is compared with
Net Primary Productivity (NPP) which is climatologically estimated by Chikugo model. The enclosure grass-
land method is assesed the most basic and rational measure to keep climatological potential productivity in
the present stage. The artificial grassland method is regarded as the prospective method, which gives high pro-
ductivity, but requires firm environmental care.

Key Words: Artifical grassland, Economic system, Enclosure grassland, Inner Mongolia, Livestock farming,
Net primary productivity, Nomadic livestock farming, Sedentary livestodk farming
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