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The second lecture was a report on renewal energy given by Dr. Sangeeta SINHA, Seikei University, Toshinori
KOJIMA Seikei University and Sanjay KUMAR Kyoto University, on “Major solar thermal applications in India—
Development, viability and limitations”.
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Conditions and Protection Policies of the Desertification in the Great Grassland in Mongolia”

The last one was a comprehensive study on soil improvement in arid areas given by Tatsuaki YAMAGUCHI, Chiba
Institute of Technology, on“Prevention of Desertification by Utilizing Natural Humic Resources Found Nearby the Site”.

* ¢/o Institute of Agricultural and Forest Engineering, University of tsukuba.
1-1-1, Tennnodai, Tsukuba-shi Ibaraki 305-8572, Japan.



A 9-1, 81-89 (1999
Journal of Arid Land Studies

— ik —
(AR LA 2W 9 BRI

AR 3513 B UK RO

% M|

*

On Measurement of Soil Moisture in Arid Land

Yutaka SHINODA*

1. XD &

GRS BT BEREE T, YaniTiikE A
FAIE 370, $RHEBOEARENE, HEULNE
N AR X B DI, BOSKZEDEITREES
L,

ZFORWHO -2 LT, FHSRBBRAMIZZLV@B L
BOMWRAIN EEMEL T, KAGRMIRHTH 2H0R
AROABIKMEEABHRL T3, LHHCERERA
FTHEZETARRNENBEDESIZELL =2 %BmT52
LARROBADREFMT A LB LEL, WA
AKIF A 6, BUBIERIZ & 3 HIBAKBORIE % h
DIZRBLTES, ZI2T, EEMNHBLTELKIGR
MEDEREAMTS LT, UOHRFEMNIT> TS
W TOBNTF 4 EOMHRBFERILTaI L L
0, HKEBREOEBIERIRBIZR YRV EHS
NDTH5.

2. EHKAFIORIE

B LR & o0, L4 Hith- KxodaRics
15, MMOEFRN A &L KAOBE (KIRK)
DAVEKE—F v b3BEIZHA3, ZOWTHBERIC
RS TETH 0D LA 6 GHIIZ 3511 5 5 A RS D
i, LEAZOWETHE 5. &55AMENLAN R
MR TETY, TOKGR 0 (ARIEGKE) %D
EFERUDT B0 pF~ 0 BIR (i) Hi
T, ZOMKERDE I LB ESICWBAZ L TH S,
2, ThEkRELMISRD B Z ENTERIE, Bk

23 At
L3
g5 i 8
l &
54 BA
%
EREIK RS

(1. HwERD & KRR KIX).

i-kihike EAoh B,

#1112, REAFICE T 3R ROBGEMEEE
Ll FUIA -2 —HIZLBORSIEEMES S
FHEan T, KA REE L —BHIZEREUDh 00,
FIE LT pF~ 0 R ERBET S -0I1213, BHRT
BT ENTELEVRIEEEDTRIZEGD .

3. BRICHTHER - B{A

212, HEMABEL -BBHMOREERT. 0
KOWIE, FLISRLAENREEN T 220, 112
KAMED T EEPEL 7=,

1) PEARKMNEFELH
RIS - TRLRAY & hEIRFES R Y 15

s TRTERYERTER

* Chiba Institute of Technology. 2-17-1, Tsudanuma, Narashino-shi, 275-8588 Chiba, Japan.



82

1. TEIFHEAKS ROBULFRE L.

Wiz (588) MERA bt - it} lox X R
R & & (FhH-Hi & « EERE D HMEHE N c BT AT
UFEAiR) * A—A DMWY ELRERT
P F o | BBCIhAPETY a1 <ot eI Enn c BEEEENNcaDEMOREKI R %
- BDELRES RTOT, BRGETOMEICR
FryFAA-F—tk | R-FXhvTENLA ] CRFI e VERRLTUAD | - ASFEHRICBNT, DTIRRIIE
THRMRPOEHRTF TKRIBUIDOREICHS R{EAKF RICKE 2T ERTHICH
v cRMoOLESHTVA TN [ 2133
cRE~SHUA - SRETHMR | - EAFUSIBROLDIT, ST,
D RIEEAKRIBRA LA LICHELIZN
- BN - REOXBEZTOTH
RAERE |LPICEARLLASARE ) FTFrUAA—F—OHEREN | - E<PRIBROBHICLOEATERL
(REERERE) | ORWKER EAN— ERASKIROM, CAFULAHY
B0
A& X E | tPTTO-TERBE 5] * $ERBRIE] s BB ERMTIR, o
EREBRENE, K7 cFPUTL—Ya YICAREE
RICARTS
B 8 B & |BRIVOAEICKDKS ) - SR BRBIE] « Bl
RICANTD cFrUT—r3a VICBRGE

HFRS  KRRORLEFE (WBR) 0.81, R L,

2. WRIZBY LR - MBS

BXRARAREY : ARARKOHBEMBIE (RREWHMS) 0.120, R6-2 BFICLTHER.

R -

LoRchch

kR DR

1994.8.1 ~ 9.10
FHRARANDFARR (RMRREBERF)

RE%:  MERE

1985.8.18 ~ 8.24
Syrian Arab Republic HBMAE - THSHE

1995.8.25 ~ 9.2
Arab Republic of Egypt ( B &35 O FR il ki)

(COM, =TT hATERR

1997.8.16 ~ 827
Arab Republic of Egypt (% 9 B &5 )

(KRB R

TORE
RBRVEBEN

FDRE - (BMHRBRIE)

1997.9.4 ~ 9.16
-Syrian Arab Republic BlMRE - TS5 &b

(hEFARIHT

JEAFa—-TRE)

1998.328 ~ 4.4

Arab Republic of Egypt (5% 10 EI%5ME) ~#iR

1998.8.12 ~ 820

FRARAMNEHREMMNDRH (DHHARQF)

FDR% - (HMEBRIE)

PR L QAR L LT, hik ARLRIEHEE
BAREBREOERIGNGET (Y Frab) PEic
BV, 19UEOHFICHBLBKRTSHS.

B EHCRA U 2 FROGRKM & U T ORI &%
ERERT S L L IT, APBERROGOF Y 7 U REeR

AT, BKREBRTTH o FREGRBEEIT- 2.
{RAMEEEDRERIE, 1mX ] mEMEERERIZE -7,
1 mX 1 mORERX M4 9 fmBT, XU & B % KR
MOEE 15cmE TRALZHEBRIXKIZ | KiliY220 10V
g FPLOKEROKL, 24, 48, T205RFEE L 2BEIZ, %



R o 5 emZ & IZHE35em £ T 7 hizhH7z 5 T100 cc
A Y 77— T A S 3 MO T A R
L7z (X2). B Tlir AR (A& DFER, FE4E1,200g,
e/ 0.1g, NICd FEEit AR Tkl i & e
(I 3), ZOHRBEIZIRE - TR L, (RRTE K %
2z, LD L R d TR 2 TR W b
L7z, ZORRAR A, &2 M5 12aURHRI
L2277 o A e Pl DR T 5.

ESIZM 61T & S Al 27 4, LHOKSHR
Lo A A L 2. 8 235200 T
OEMTH - 7=h, HEOANTEAS LR 0
ABESHAE LICHEST5ZENTEY, T2 Fy
BT T HIIE AR L TR L. 2O
Py 7)) —IEOF ooy 2 - BEOF oo 212 K
EXAL, WETAMREND N TEAN T,

PI7 - B8z old, FOLD a7 -4
T, kYDA =TI b LT — 2085
AL LTURLAZEOTH D, IEMHIORMINS, Gx
AKX O S A hEIE A SO & W S R AR o izt
7 - H8IckBEBTLEEIZA T AW,

T 731 L [ e o= N G P e 13 1 R B A A e
ALTHY TY v EWITLTHEL 2, 3 XKD 4 >
Ty TR OMEE T K F 2 RS T,
L& 7= D5 ~62r AR L TV A, L 72Al - THigh A
iz EchEdnELEEI6h, HEY YY) v 7IC
EAMEDRAY, ZOHA0IIHATHEEEAS,

4812, &— b7 u—7AK5i (IDL-1600DD : /
—Z A F oy 2 i) 12X BRPROIESRE S
v b U7z, ZORIETIE, QS ESROWEIEAT
DECE 2HPERIETILE L TW 3 200, Koo i

e,

TSy k2T B B A AN O R,

T : | H
' 1 i '
L. - e,
505 ; B |
i"-:—'a_s;"nﬂ prammeses /B0 T
G ",-'"'"""'\:}5}'&’ ‘ o
o s !
7 !
24B5R% 48B3y ig T2RRE
u )
! ;
o | 1 Ll |
4 8 8 12 0 4 8 12
BINE K (%) PR K (%) BIREIKE (%)
4. 1mx 1 mEEEEORSE (1) RUEAREO

83




ric P

R&(cn)

24551k 48E5MEi% l 1255
| | 1 l l 1
30 40 50 20 30 40 50 20 30 40 5
R CC) #:2 (°C) HiE °C)

5. 1 mX 1 mEBERDOEE (2) ikt

RS-232CUHAR

(NS-250BC) ey

2 Y ERRY—
(KODEL 6511)

L

R A NI
(R 02 - [ (5muna)

6. LHUKEETER S R T 4L

HTIR0~100%DHBME TR Eh, MNUNBLITFA S
v bEhB, ULld->T, BARFPREKTCINE 9y
ILTIIEL, HHETHF vV T L—vary - B L L
B 2HOBEE2BEIENTEL D,

2) Arab Republic of Egypt

1995428 WA 5199843 H & T, TR fAEL LY
7 P REBOIEINIR [ i1 R0 & MV il
HER] AEMEL . FREEITREBNE S L, K
YUIRT &S5 &Y A7 4 THIBA ORI 2 Bl % B
LA (X10). 2 Z CHEML~TDR (Time Domain
Reflectometry) X 188K %3t (TRIME-MUX6 : IMKO
t3) o LK GHlEIE, BIBOADEZ A TR
— 8RB IENTELD, BREYRALALERE TR
F—2 5B LNTELI oK. 6F 1+ FINDEY
F=N1HEDOT7 i Eh, £y 9—-0Da3-FED
WG B, »OFr ) SV —v a3 YRERIZF) r—
FT, BBTHMICF -2 28I LN HELL 2728
iz b & onhitr:

ZHZTHLTOBHIZFDRALABIHEAFL L
DT, 199740 8 H eI Ko BEIHE & MibtBls+ 3
EFARBEIEST B Lzl

FERIE, WKL 3 wtBDRRE—RIZIBAL 225
BXIZDoWT, B ghic 3L~ FDRAS & v 4 —
CHBE Y- ICkDKRIBHEBRLAEEDTEHS
(11).

BHOGA» S, X & ZREORGK - ZEERI
FIRIZATA S, 2 HIMOMIME o RN & % - 7.
FDR (Frequency Domain Reflectometry) 138Kt
(Theata Probe : Eijkelkamptt®) #8F+ > 30, &
i+ 4 — (TS101 : FHLTEEREY) 1310F v ¥ A
FLA 1202, Zofilis 27 LAOBRBERI%ERT.

FDRALHEAZINE, #2027 LTRFr ) TL—
S g YABBEEVE S o7, BUORE M A TiiE
BOBR, ¥+ VT = a vBARETHE I Lithy



85

50
ol -5m
30
I N 7 N Y 72 U N ot G 2
= 1
Ryl KyFU—ONCE BRA
-5~
4 N
-10. -15. ~° -10, ~20co(-15caR®) =00 . —
10 10, -15, ~20cm - , i _ §
7 1
’ \ ‘ ’
| e | il . 1 1°
0 77 78 29 30
% » B(8a)
7. b=}t Fu—7XKGIFE RV - KSR OMEE (1) X,
50
a0}
30k
g
m
B0+ '
NyFU—-DNC L3N
. : a5~
d ) Yos /- 100m X
0r A .-'.‘ ./-ISQ H ] ]
{ B i ' 18
JU_%= |}
N o N U WU % V do
0 L i . i I y 1 1
2% 2 % 27 28 2 30
B(8A)

R8. =k 7u—7KFR % 2ol - KFTROMUSHIE (2) 5 wiRiRAR.

27, ZITHRIKERTIZ, FDRE Y4 —H» 50l hd
[EDIERA T £1T, FHHEE T 82 100cc DR IR %
ROCTRB 2RI, PS8 TR KROWE TS
Tl LaL, ZhTREEDY Y T LA
hkv, ZITRIOBERLRD, EREATE LY
TV—v g VEABMUTTF — 2B L A8, K13
ERTEIEF+ VT L - 3 Vit E G, 15A%
EHhBEDT— 256, Sl - THoNSD
V8= TOEERI4IZTFT. The DK - Bb

o, RRABALLZZ L THRARSMMLAEZ L,
MM < OMROBIREANBEEh3 Z L5821
Moz,

4. BHBROSHOEE
WL 220K R CHRIBERI A EZRL T2 -

#, FRPYA L 2RMOBETE S 251, BEDOL
Z B FDRAFIBASFIHZ K DA S J LT 1 e



86

Anemometer
{uppec) Wind Vane
tovoltaic Module (upper)
:ﬁl

Wind Transmitter Sunshine &
(upper) Solar Radiation
Temperature &
Humidity Probe in I
a Radiation Shield =
(upper)
<]
Anemometer
(lawer) Wind Vane
(lower)
K’ 15
Temperature & FBWinril:‘:an?mluer
Humidity Probe in o
a Radiation Shield Pole Mast (h=3.0m)
(lower)
5
e |
—l_r_u\ TDR Soil Moisture Measurement System
le 1§ o7

il Moisture Sensor (6ch)

Soil Temperature
Probe (6ch)

(9. HRN 2 A7 4 & TDRA LR 76t

S

LTS

[I10. 37 bzt D 4RI - SHER I S A 7 4. L O




-
' Pump(dry battery)
LA

o 7 Q1
vl Qg

Without peat
(blank test)
vs
with peat
(3wt%, d=20cm)

I,

/
I
p

g

Drip irrigation
(1 hour, 4 liters of water)

|

WMW%%WMWM%

INIINTTIN TS

412, FDRFCAHOK ST & H v 2ok ok DA el 38 .

87

MUTWS, i hcab, L0d2UENET
FahflbhH LN TELNE, F—20 -0
WHEETHS, WA IFL0IZIZF+ ) TL—v 3
YAWBTH B A, v — 1k U N RO T
ETHEBTES0T, ZORMNTHIMHEORHMD W
A T, 8, BUBTHA L TLW S KO ECH
ERCONZIZE OKE B M AN H AHDT, FOR
AR E S AL TH A .

D) T OIN—F 4 THIKZ 51 B i b 2
PLMT, HEARTERIZAS LWSIEL 2D, K
By —EAT S ENERICHELLES, 20
- 72 ARRE T O RS ORI, =% Dk L
EHPER ERHCMEL T THlheET 2084 H 5
A, FOAMERERPHI WIS HO B O R
RickshEhshEWESS,

X5z, AKarhtepFlilit OBfFHEEED LS IZLTK
T A, WS AR AL LT mizkEan T
WA EEIZIARAZMD Th D,

5. HHEBEEROEZMNE
e, RS S Bh T < 12 & B ARG Rt A

PElE S 5 2 A RATHE, IRONENTZSET
2V AT LM ENADT, TOHEY 2T AN

40

35 | without Peat ‘
— -©-- : §=-0.1583v+0. 6728v'~0. 0157v+0. 0073 } ~T
b ” with Peat(3wt%) ,/ {
o 30 |"| .5— . &= 0. 8534v'™-0. 8173v'+0. 6766v-0. 0779 % :
— (1’99
2 25 : | ? - g
vig i | | | o-\\ls e '#/

T A

Q i 1 (
o PPN
b } 2 M
Q 15 T |
el |
g J
= 10
5 | l
w

5 i

|
. | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

probe output (v )

[€13. FDRA LEAFIIOF v ) 7 b—2ar - a1—7,



88

T35 ([415,16).

ZIZTHARL AW, Gk B o AR VET &
PHZBAT B 2 Lis kD, RPN A E OFIEZ{LT
AEPEMBHET AL TH 7. U7 T19974
IZfFo N7, B ROBEORL] L ik oy bt B4
171584, o EOZ L ZFEHLE (mm) (2H#ITL

radial distance (cm)
50 25 Orippig point

depth of soil (cm)

@

legend
—— : water content (%)

depth of seil {em)

w

70

(b) With Peat, after 70 min.

14, LHRG RO > — - v TOM,

Solar Panel

Thb,

F iz, PEARAEHIEA RS T (2 T))
EX )T R =F o THIXOWEC S ME & R L 7=,
BUET — 2 #80 T Hh 5. BEHNANE, WFhoiil
c g N A < KPR RIE Tl T %
Felt, AT S EAELS A D F— 2k EnS
fEizd - 7=,

TR VRN 5\ TN O YR WG A iz 4
LIENTELY, Ml Z2Faidao 7 200 %
RMOEDT, FElAIaizmg vy, La L, HEO
Wz Y 2 > TS E L OMTE XM AR TF — 2 £ 1L
ﬁbfkb ZOXFIZEZbRA TR, T iZ20n

SERMNLDZTAM, flzZksiT>287T, @
&Tﬂm%éhéﬁﬁﬁﬂm&Ez%mhﬂém:au
BrblnkFELI TS,

[@16. BMEAREROHES AT A,

Palmtop PC

lectronic Balance

\
\\\\\\\ Soil Tem %Lﬂf&ff&?ﬂm

1215, i ME LM A R E > A 7 4,



02 —-

|
!
Eux f
] &) i
™ o\
g 0—‘% '
ﬁﬁﬂ i
b v )
95 18 21 0 a 6 9 12 15 18
B(8 288 ~298)
17, 7 FSRIZE1F 5 HNGEIER (BoaH).
6. 5hHtI(c

FEHITRAT, L TOLEKRFITORRE, S
DB E, LITIZEERT3.

(1) EHORE !

FIIhAR L PRLAEET, 5B REL e
BWEOWMBVEAFLBATSZ L, HHF+ VY ILED
RE%, BETHIAOMEE LD, ZThRY 2T 4
HEORENLBEE L 53 BE6h 80,

(2) YRF Lk V0 ORI

FERABMBETEHATRBT I LELATLANR
W, OB LEAMNMEIZLED, YAFLETVINY
P ORBEER/MROAE E - HEIZFLHBILALE
124k 3.

3 FxVFL—var.

B TRERICRIERTELVEEIAHRVLL
5, Wil - KoL TEsr, 20ORLYIZH
EFAVTL 32 B EERFTRETH S,

89

(4) RIFOMER :

N RBIMKBRFEDALSOT, V=T — 520
MM 3 2 & THRMMBUIRRTE S, L Livy
FI—ARNEEE B0z, BHEERIZRBERSLE
HWIZHOEMCES,

(5) ¥—smp:

DT — 8 %l - RIOHFBRICIET 5 22913 RbREE
ABASHETH S5, ARV HETHEREMS L0DIZi38
vay v 7 FORR - BHEASET, ZL e
e FR210 5,

(6) URTOHERIHTHH ©

WOEIT L BETRENNI/BMIZHKBTHRLT
HBE ULEB>THERFz Y - VA MIBBERTHD,
IZAFPIENVEILETREADBETHS, e, @
BOTI72L<4+ 20BOETH, g — 3+ - LK
FORME, BRBICBEERERT S0y b - 7Ty 7%
AU ALNOENE I —EF2 v s T3, KET
5.

RIS IHET 3 pFHRTIX, A bOBEE T~
VA A— 2 —RIDFEFTH/S-TE3, TIT, Kl
DYEEOREP, BpFfBIcAsBE S ItERTAEL,
pF~ A BN TR A Z L A FRABETIRAEVES S ?
BE, RITINEFEI, L2 2L B,

FRIZK-T, IREMOMRBEIBES O, &R
W TOLIBARFEEERD 2 oo BERE M TREH
PELLAED, BOBWF— a8 oh3 &3 1zhhid,
D WBRHORBBERELALEESL, PLIIBY]
N ThhBbMELTTATILENTEZ DL
A3,

REIZ—F, BUHEAOHEF#IT T, ML Eizg
WMzirEELES ?



AEA 9-1, 91-97 (1999)
Journal of Arid Land Studies

— Special Reports —
“Proc. of the Tenth Symp. on Arid Land Technology”

Major Solar Thermal Applications in India
— Development, Viability and Limitations —

Sangeeta SINHA*, Toshinori KojiMA* and Sanjay KUMAR**

India is implementing one of the World’s largest programs on renewable energy, covering the
entire gamut of technologies. Solar thermal energy program is one of the most important application
area with renewed emphasis on Research and Development activities, market development and
commercialization. In the present paper, Governmental efforts, technological status and prototypes
installed are discussed with respect to solar water heaters, solar cookers, solar distillation systems,
solar dryers, and solar passive buildings and future applications are also suggested.

Key Words: India, Solar thermal application, Development

1. Introduction

Economic activities are sustainable only if the life
support systems on which they depend are resilient. Not
only our resource base is finite but also the environmen-
tal aberrations caused by them reduce the options of
development. Possibility of the development of society
would greatly depend upon the energy sources available
and how efficiently they are used without reducing their
availability for the coming generation. India is blessed
with bountiful renewable energy sources. Abundantly
available, perennial and environmentally benign non-
conventional energy sources have the potential to set
forth a sustainable and equitable socio-economic devel-
opment in the country. While the exploitable potential
would depend upon the location, status of technology,
financial resources, acceptability by individuals and
industries, infrastructure development, including trained
manpower, etc., an estimate of the potential of important
renewable energy sources and systems is given in Table
1 (MNES Annual Report 1996-97: MINISTRY OF NON
CONVENTIONAL ENERGY SOURCES, GOVERNMENT OF INDIA,
1996-1997). Efforts made in the last two decades under
the policy guidance of the Ministry of Non-Conventional

Table 1. Estimated potential for renewable energy
technologies in India.

Sources/Systems Potential
Biogas Plants (No.)- 12 million
Improved Cooking Stove (No.) 120 million
Biomass 17,000 MW
Solar Energy 20 MW/km’
Wind Energy 20,000 MW
Small hydro power 10,000 MW
Ocean Thermal Energy 50,000 MW
Urban and Industrial Wastes 1,700 MW

(MNES Annual Report 1996-97)

Energy Sources (MNES), Government of India has lead
to an impressive and rapid progress in the field of renew-
able energy sources development and utilization during
the Eight Five Year Plan (199293 to 1996-97) period. A
variety of renewable energy systems have reached the
stage of technological maturity and economic viability for
a wide range of applications. About 1,050 MW of power
generating capacity, constituting 7 percent of the total
power capacity addition in the country during the Eight
Plan period, has been contributed solely by non-conven-
tional energy sources.

India is implementing World’s one of the largest
programs on renewable energy; covering the entire

* Department of Industrial Chemistry, Faculty of Engineering, Seikei University. 3-3-1, Kichijoji-kitamachi, Musashino-shi, Tokyo

180-8633, Japan.

** Deptartment of Global Environmental Engineering, Kyoto University, Sakyo-ku, Kyoto 606-8502, Japan.
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gamut of technologies, including improved cooking
stoves, biogas plants, short rotation fuel wood tree
species, biomass gasifiers, solar thermal and solar
photovoltaic systems, wind farms, wind mills, biomass
based cogeneration, small and micro hydel systems,
energy recovery from urban, municipal and industrial
wastes, hydrogen energy, ocean energy, fuel-cell,
electravans and gasohol. MNES is persuing a three-
pronged program in implementing strategy, viz.,

+ Providing budgetary resources of the Government for
research and development, demonstration and rural
oriented extension programs;

- Extending institutional finance through its financing
arm, namely, Indian Renewable Energy Development
Agency (IREDA) and financial institutions, for
commercially viable projects with private sector
participation and external bilateral and multilateral
funding;

* Promoting private investment through fiscal incen-
tives, tax holidays, depreciation allowance and facilities
for wheeling and banking and remunerative price for
purchase of grid-quality electricity.

The principal objective of the Solar Thermal Energy
Program is market development and commercialization
of solar thermal systems such as solar water heaters,
solar cookers, solar air heaters/dryers etc. for meeting
heat energy requirements for different applications in the
domestic, commercial and industrial sectors of the
country. The following are the major components of the
Solar Thermal Energy Program 1997-98:

+ Soft Loan Program through IREDA and Commercial
banks for promoting solar water heaters in homes,
hotels, hospitals, nursing homes, hostels, restaurants,
industry etc.

+ Solar Cooker Program for promoting the sale through

demonstration, training, publicity awareness and
interest free loans to users through Banks and IREDA.

+ Solar passive Architecture Program for training &
education, awareness creation and also for providing
assistance for design and construction of solar
buildings.

* Regional Test Centers and Technical Back-up units for
solar thermal devices and systems. .

- Establishment of ADITYA Solar Shops in major cities
& towns of the country for on the spot sale of renew-
able energy products, servicing and information
dissemination.

- Research & Development program for development of
new technologies and improvement of available tech-
nologies.

2. Major Solar Thermal Applications

Solar thermal applications and its development in India
can be classified into three temperature ranges (Table 2).
From the point of view of application, demand, efficiency
and reliability, medium temperature range has been
considered economically viable and commercially
exploitable even in free market economy (SINHA, 1993).
Thermal to electrical and electrical to thermal conversion
reduces the overall efficiency of the useful energy
derived from the fossil based energy sources. Therefore,
Solar thermal applications have been a priority area in the
development of renewable sources development and
applications. The most important applications are
discussed.

1) Solar water heating
Solar water heating for domestic and industrial
purposes has emerged as an important application area to

Table 2. Applications of solar energy.

Solar Energy
: |
Photovoltaics Solar Thermal Applications
|
[ | |
High temp. Medium temp. Low temp.
(>150 C) (<150 C) (<50
| | i |
Solar Water Heater Solar Cooker  Solar Still Passive building Air heater/Dryer



avoid double conversion and save electrical energy for
other uses. Technical and economical feasibility of hot
water systems is well established and such systems have
found both domestic and commercial applications.
Domestic water heaters are usually of 2m? collector area.
However, commercial hot water systems in hotels and
industries are more popular and cost-effective. Depend-
ing upon the user’s requirement and location of the end-
user, various designs are available in the market now.
The mode of operation changes from natural to forced
circulation with an increase in the quantum of application.
It has been estimated that installation of 1,000 solar water
heaters (2,000m? of collector area) can contribute to a peak
load saving of IMW and the cost of energy comes out to
be 1.12 Rs/kWh in Indian market (1USS$ = 42 Rs) calculat-
ed by SINHA (1993). To popularize large-scale solar water
heaters, soft loans are being provided to the users under
an interest subsidy scheme of the Ministry. All state
government has decided to issue directives to the local
bodies under their control to install solar water heating
systems in the commercial sector. The manufacturing
base of solar water heating systems has since been
improved substantially with a total number of 26
manufacturers.

2) Solar Cooker

Popularization of solar cookers in rural areas has
received major thrust after solar water heating systems.
A solar cooker cooks food with the help of solar energy
and can save a substantial amount of conventional
cooking fuels. However, solar cookers require much
more time than conventional cooking devices which has
been a detrimental factor in its popularization in urban
and semi-urban areas. In remote and rural areas,
biomass still meets almost all the energy demands of
rural population in developing countries like India and
elsewhere. With scarce and costly conventional energy
availability, solar cookers can reduce population pressure
on fuel woods. It is important to note that conventional
cooking methods in these areas use fuel wood at an
efficiency of 1%. Several designs of solar cookers are
available in Indian markets. Financial support to state
nodal agencies for promoting solar cookers through
publicity awareness, cooking demonstrations/competi-
tions, training, developing market network and repair/
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servicing facility at sales outlets etc. are provided. Loans

are also available to users for purchase of solar cookers.

3) Solar distillation system

Another important application getting due priority is
solar distillation system. Although there is sufficient
amount of water on the earth, it is not always available in
the quantity and quality that is needed for specific
purposes. Brackish water purification is required in most
part of the world from drinking to irrigation and industri-
al uses. Other applications include use in controlled
environment agricultural systems, passive heating and
use in biogas plants. Energy required for such purposes
can be met cost-effectively by such systems. Several
designs of solar stills (Passive and Active) have been
developed and are in use. Working principle and
different designs of solar still have been described in
Annexure 1. To increase the efficiency of solar still,
various techniques have been investigated i.e., reduction
in thermal loss by better insulation, minimization of water
and vapor leakage, use of efficient materials for black
liner, optimization of glass cover tilt angle and orientation
angle, introduction of multi-effect distillation process and
regenerative effect to utilize latent heat of vaporization.
Active mode of operations are being designed to take
advantage of waste heat from other sources and also for
more output solar collector or concentrator haveo been
used for pre heating the brine. The payback period of
solar still in India is less than two years (SINHA, 1993;
KUMAR et al., 1993), however, their commercial use or
production is yet to take off due to various limitations of
social and market conditions. Commercially, demand of
distilled water is very low. Mineral water industries uses
water from the upstream of flowing river and policy
formulation for large scale solar distilled water plants for
industrial use, irrigation or community water supply has
not been formulated as yet.

4) Solar Drying

Solar drying has unlimited potential in India from
agrarian to industrial uses. Experimental results have
established that solar dryers preserve the quality of
agricultural and forest produce. Technology is simple
and handy for the illiterate rural agrarian populace.
Wood seasoning, drying of tobacco, spices, agricultural
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produce, fruits etc. are major application areas. For
example, solar drying unit installed in Eastern Spices and
Exports Pvt. Ltd. at a factory near Theni in Tamilnadu
have resulted substantial reduction (70-90%) of fire wood
for drying purposes.

5) Solar architecture

Solar passive architecture development is another
important area of application in India. Solar houses are
located and oriented to take advantage of the climate and
surroundings for achieving maximum possible thermal
comfort inside without any other energy sources are
called solar passive architecture. However, when
thermal comfort can not be achieved by these means,
solar architecture’s role reduces to energy consumption.
Reduction of conventional energy consumption has now
become major thrust in the most solar architectural
considerations. Depending upon the climatic conditions,
they can be broadly classified into two categories -
summer and winter houses. Integration of various
passive techniques has been successfully achieved. Most
important among them are, direct and indirect heating
methods using trombe-wall and trans-wall in winter
houses besides designing part. In summer houses,
minimization of solar radiation entering the enclosure by
shading, vegetation, roof shading by earthen pots, cavity
roof and wall designing, movable insulation, partially
underground structure, wind towers, earth air tunnel, air
vents, natural and forced air ventilation, roof pond, heat
injections are a few methods are being used. Many
designs are developed and have been found very efficient
and effective. However, full control of thermal environ-
ment is yet to be achieved since space requirements for
vapor absorption cooling by solar energy, its economics
and purchasing power of the end-user do not match. An
efficient low-cost space solar-cooling system can be a
breakthrough in this area.

6) Other applications

Solar thermal-chemical-electrical conversion is another
application area, which is still confined to research and
yet to achieve break through. About 40% of rural Indian
population still use small kerosene open hurricane lamps
for lighting in the peak evening hour. It has only 2-4 watt
illumination. This has been an environmental and health

hazard in rural India. This small illumination can be
achieved by solar thermal-chemical-electrical conversion
cost-effectively. One such example is Ferrous lodide to
Ferric Iodide conversion and vice versa. However, this
area of application has not caught attention, enough to
bring the technology to application level. Most of the
efforts are still directed to photovoltaic applications.
Besides, solar thermal-chemical-electrical conversion,
there are various other applications such as electricity
generation from solar ponds, solar thermal pumping etc.,
the technology of which is in nascent stage.

3. Conclusion

Over one third of the population in India still depends
on biomass to meet their energy needs due to scarcity of
conventional energy sources and their low purchasing
power. However, many of their energy demands can be
partially fulfilled by renewable energy sources even at the
present technological stage and population pressure on
already dwindling forest cover can be decreased.
Besides, prototypes and demonstration projects show
that several solar thermal technologies have matured and
are commercially competitive. These are likely to meet
most of the thermal energy demands in future.
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Annexure |. Solar Still

A conventional solar still is simply an airtight
rectangular basin, usually made of locally available
material such as concrete, galvanized iron etc. and
covered by transparent material (glass or polymeric
sheet). The interior surface of its base is polished with
black color to absorb maximum possible solar radiation
while the choice of transparent material for basin cover
depends upon its ability to transmit sun light and block
the long wavelength radiation from the basin. Saline or
brackish water is partially filled in the basin. The whole
apparatus work like a green house where short
wavelength is trapped inside the enclosure. Thermal
energy trapped is used in vaporization of the basin water,
which gets condensed on the glass cover due to relatively
low temperature. The glass covers usually have slope in a
direction so that condensed water could trickle down and
could be collected. The daily yield and efficiency of the
still can easily be calculated as,

Yield, (Kg/m®)=Solar energy utilized in vaporization
/Latent heat of vaporization

Efficiency=Tolal incident Solar energy/Solar energy
utilized in vaporization

Figure 1 shows the principal energy exchange
mechanism in a basin type solar still. To increase the
efficiency of solar still, various techniques and designs
have been investigated. Following are a few examples of

different designs of solar still.

Single basin solar still
Various common designs of single basin solar still are
shown in Fig 2. They are simple in design, and are

usually made of local materials.

Multi basin solar still

It has more efficiency than single basin solar still.
Known as multiple effect solar still, its design is based
upon the idea of re-utilization of latent heat of vaporiza-
tion (Fig. 3).

Multiwick solar still
In basin type solar still substantial fraction of solar
radiation is used in heating of basin water mass, that is

not desirable. Therefore, very thin layer of saline water is
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always desired for maximum vaporization. In order to
achieve optimum water layer for maximum vaporization,
wet jute clothes pieces, dipped at the upper edge in the
saline water tank are placed on the base of a still. Still is
tilted at such an angle that it receives maximum solar
radiation (Fig. 4). Jute cloth pieces of uneven lengths are
blackened and placed one upon another, separated by
thin polyethene sheets. Suction by the capillary action of
the cloth fiber, provides a very thin layer of saline water
for vaporization. This still has very high efficiency, even
in winter condition of Delhi.

Regenerative solar still

The condensation process and thus the yield of the
solar still also depends upon the temperature difference
between glass cover (the surface of condensation) and
basin water mass. There are two ways to achieve
maximum temperature difference; one by maximizing
basin water temperature and second is to minimize glass

cover temperature. Basin water temperature can be
increased by two methods passive and active. Passive
methods include decrease of water depth of basin (wick
type), injecting dye or charcoal or any high heat capacity
material in basin, reducing side and bottom losses etc. To
minimize the glass cover temperature, thin film of saline
water may be maintained over the glass cover. This has
dual advantage - to cool the glass and to re-utilize the
latent heat of vaporization if it is fed to the basin water.
This method is called Regenerative effect - a passive
method to increase the efficiency of the still. A simple
basin type regenerative still is shown in Fig. 5.

Active solar still

As explained above, to maximize the basin water
temperature, active means are also applied which means
supplying of heat from other sources. It can be achieved
either by use of waste heat from other source such as
industries or by connecting solar collector/concentrator
panel to heat the basin water through heat exchanger.
Schematic diagram of collector assisted still is shown in
Fig. 6.
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Fig. 3. Multi basin of multi effect solar still. Fig. 5. Block diagram of single basin regenerative solar still.
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Fig. 4. Shematic diagram of multiwick solar still Fig. 6 Active system: Collectid assisted solar still.
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Low pressure still increases vaporization, KuMar (1995). However, prob-
Very recently, principles such as creation of low lems are encountered in making it air tight effectively.
pressure inside the solar still is being considered as an  Therefore such systems are still in developmental stage.

effective way to increase the yield since as low pressure
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1. General Information of Mongolia

1) Introduction

Mongolia was once the world’s second socialistic state
that came after the former Soviet Union. In 1992, after
the collapse of the Soviet Union, Mongolia’s economic
system was sifted over to liberalism. Its total land area is
four times larger than that of Japan and the population is
2.3 million. About 95% of the population is a Mongol and
the rest is a Kazakh. Kazakh live on the northwestern
outskirts of the state on the borders of Russia and China.

Mongolia’s land is long sideways, and 40% of it is a
desert area in the south called Gobi, 50% is a steppe area
in the middle and 10% is a forest area in the north. The
latitude is very high from N52° to 42°, which is almost
equal extent from the northern part of Sakhalin to the
southern part of Hokkaido. The land is also high above
sea level, and only 15% of it is below 1,000 meters above
sea level. The western half of the land is a mountainous
region and the eastern half of it is a flat grassland located
at about 1,000 meters above sea level. High mountains
can be found especially in the western region. There are
six mountains in a 4,000-meters-high class in the Altai
Mountains, which is followed by a range of the Mongol-
Altai Mountains in the southeast. And the Hangayn
Mountains lies parallel with the eastern side of those
mountains, and extended in between, there is a gobi
called Low Land of Great Lake at about 1,000 meters
above sea level.

2) Deserts of Gobi

The Gobi Desert appears on maps occupying the vast
area of Mongolia and Inner-China Mongolia. According
to Rikanenpyou (Maruzen), the Gobi Desert is the area of

1.3 million square kilometers and the third largest in the
world. But, when visiting Inner-China Mongolia or
Mongolia, one may face the strange fact that the Gobi
Desert does not actually exist.

Gobi is a common noun. In Mongolia, gobi means a
grass land thinly covered with poorly-grown grass on
pebbly sandy soil. In Inner-China Mongolia, on the other
hand, it means a stony wasteland. Consequently, using
“deserts of gobi” seems a proper way in view of those
facts. Mongolia has 33 places including prefectures
being named gobi. That also clearly proves gobi is a
common noun.

3) Overgrazing and Desertification

Gobi means a grassland of thinly-grown grass in
Mongolia, so that the desertification in gobi means the
condition that grass in gobi is all gone out. In Mongolia,
the number of the livestock is ten times more than its
population. The livestock including cow, horse, sheep,
goat and camel is grazed and always feeds natural grass.

Although the livestock is grazed in different places
season after season, it feeds grass growing close to geru
(pao in Chinese). By pointing out this fact, some people
think the overgrazing is one cause of the desertification
in Mongolia’s great grassland, but the author thinks that
is not true. Animal Science and Grassland Management
are not the author’s filed, however, it is easy to know
whether or not the desertification is becoming worse due
to the overgrazing.

The author has visited Mongolia nearly twenty times in
the past four years since 1995, and mainly visited areas
called gobi by a Russian-made jeep. The areas where the
author has visited are East Gobi Pref., Central Gobi Pref.,
South Gobi Pref. and Gobi-Altai Pref., all located in the
southern gobi region, and moreover, a basin-like gobi
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between the Altai Mountains and the Hangayn Mountains.
The author has been deeper into those areas by the
Russian-made jeep, sometime covered a distance of 400
kilometers a day, but never seen the overgrazing on the
way.

Half the area of the Mongolia’s land has the precipita-
tion of less than 200 millimeters a year. The area is two
times larger than Japan'’s total land area. Therefore,
having some number of livestock does not seem to cause
a serious problem. Some areas are rich in grass for
livestock. The livestock density in Mongolia is equal to
being 5 million heads on the land as large as Japan.
Although historical and statistical data is not known, such
scale of grazing is considered to have been practiced
from the older ages. Therefore, it is not the issue to be
argued today trying to look for the link between the
desertification and the overgrazing to keep up with the

times.

4) Desertification of Gobi

No desertification in gobi? No, there is the area facing
a serious desertification. That is Zamyn Uud Village in
East Gobi Prefecture on the border of China. After
sifting over to the liberalistic economy system in 1992,
Mongolia’s trade with China was suddenly increased.
Mongolia’s infrastructure is not functioning at all. There
is a single-track railroad running from Russia via the
capital Ulan Bator to Zamyn Uud in the south and further
to China and its total length is only 800 kilometers.
Driving a jeep across the grassland in gobi leaves wheel
tracks on the ground. The more jeep goes by, the less
grass is. And after the traffic increases, the grass is all
gone and only two brownish wheel tracks remains.
Then, the brown color gradually spreads out over the
grassland.

The trading amount has increased year after year. Itis
a matter of course that the transportation of a large
amount of products must depend on large tracks. And, it
is the main cause of the desertification in Mongolia’s
great grassland that the large tracks with a full of trading
products run all directions through the grassland. The
pictures show the facts vividly. Overgrazing of livestock
is never a cause of the desertification.

5) Protection policies for the desertification

The desertification in Zamyn Uud Village is caused by
the rapid increase of the traffic. Sand movement is
observed less in the areas with thinly-grown grass than in
the brownish exhausted areas with no greens. The
grassland in Zamyn Uud has a sandy soil which mainly
consists of coarse sand. In May, during the change of
season from winter to summer, strong wind blows. After
a cold winter is over, land surface is suddenly warmed up
and ascending currents are generated, and then, strong
side wind blows in. Around at 10:00 AM the violent wind
begins to blow and continue till evening spreading about
a large amount of sand.

Sand covers not only houses, but also more seriously,
railroads and makes the switches out of order. To avoid
such situations, we are planting poplar seedlings import-
ed from China with volunteers’ cooperation under the
plan to cover the village with the poplar forest. The
important thing is to act, rather than to think. Desertifi-
cation is coming near to our life. There is not a moment
to lose.

2. Dormo Gobi Aimag

1) The desertification of grassland

There is clearly desertification of grassland in the
Zamyn Uud areas. The cause is likely to be partly due to
the reduction of annual rainfall. However, it is still
uncertain. Because the relationship between the deserti-
fication and the meterological environment has not yet
been investigated in the area. In general, the main cause
of the desertification is said to due to human activities
such as wanton deforestation. Also, the desertification of
the grassland in the areas is considered to be mainly due
to human activities such as track traffic densities of car
and track. So, it must be one of the main causes of the
desertification. In the future, the more the traffic density
is increasing, the more the desertification may be
expanding in the area. The situation is likely to go from
bad to worse if the desertification is not controlled by
some policies. Therefore, at first, a construction of
pavement should be conducted in order to control the
desertication of the grassland in the area. Also, the cars
and tracks should be prohibited from driving anywhere
in the grassland.



2} Prevention of wind erosion

The damage of wind draft is expanded from mainly
Zamyn Uud station to the railroad or town. In addition, if
the pavement will be considered in the future, the
damage will become sever to its road because cars or
tracks must skid onto the wind-drafted pavement. Also, |
consider that leaving the damage as it is in the area, the
desertification of the grassland is likely to more spread.

The desertification control policy seems to be the only
methods, which means that it is necessary to plant wind
break forests in order to reduce damage caused by the
wind. However, irrigation system is needed to grow
these trees using well water, since Zamyn Uud has low
annual precipitation. The irrigation system should be
drip rather than the other irrigation systems when
considered from point of view of saving irrigation water.
In addition, although the water is slightly saline, it is not
necessary to worry about salt accumulation in the sandy
soil using drip irrigation.

Before the formation of sand and windbreak, the first
time, their nets should be self-made or commercially
available chemical fiber nets should be used. Second,
two or three line nets should be stretched tightly at
regular intervals of about ten meters to the westside
along the railroad. Next, the tree- planting of three-five
lines for sand and windbreak should be done to the
eastside toward the nets. The tree-planting should be in
straight line when considered to use the drip irrigation
system.

Since the westside of the nets at the most outside line
tends to accumulate the sand, the removal of the sand is
needed every year. However, if the desertification of the
grassland can be prevented, the action will not be
required in nature. Thus, the nets are not only effective
when carried out with tree-planting but also they useful to
prevent the damage of the forests from live-stocks.

The minimizing of wind damage to the resident areas
requires to construct the wind break forest regions to the
north or the westside of the town. The method is the
same as that of the tree planting which carried out along
railroad. Under the present circumstances, it is necessary
to construct two wind break forest zones. It is also effec-
tive to plant trees around each house.

In Zamyn Uud, there are two different kinds of houses:
brick house area on the eastside called as A region and
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house region including tents on the westside called as B
region. The area of windbreak should be planted between
A and B areas and to the west and northside. In the
future, if the town, Dzamin Uud, expands due to increase
in population, a new area of windbreak should be definite-
ly established toward the west and northside one after
another.

There are no technological problems about the
development of windbreak regions. It is easy to stop the
wind draft if Japanese technologies are used in the area.
However, since Mongolia is not almost used to growing
plants, first they need education or training about it.
Japan is ready educated them about the development of
wind break forest. Moreover, the nursery for raising
seedling for trees should established. The accurate tree-
selection for windbreak can be found easily when the
investigation of planting is carried out in Ert-lien of
China. Also, it is necessary to get seedling from China in
the first stage when tree planting is carried out in Zamyn
Uud.

Because of driving ways between houses, it is impossi-
ble to plant tree in the area. Therefore, gravelling the
areas between the house will be a better option instead of
tree-planting.

3) Possibility of fruit and vegetable culture

It is possible to grow fruits and vegetables in Zamyn
Uud across the desert-grassland. I consider that it is
suitable to grow grapes as fruit trees. However, since
there is almost no traditional fruit and vegetable culture
in Mongolia, it seems to be still premature.

Vegetable culture becomes easier in the area if
greenhouse horticulture is practiced. Plastic houses
rather than glass house will be more suitable because of
breakage of glasses on the roof of glass house caused by
waste heat from the generation of electricity in the
suburban area of Ulanbaatar. Therefore, I recommend
that plastic green house for the growing vegetables.

The climate is suitable for the cultivation of vegetables
(spinach, cabbage, lettuce and onion) than fruit
vegetables (tomato, cucumber etc.). But it is possible to
cultivate fruit vegetables in summer and leaf vegetables
in winter. The use of a small vinyl sheet house within a
glass house is proper to heat insulation at night. For
cultivation in winter, glass house heating is necessary to
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use waste heat of house heating and generation.

The possibility of the culture of hop must be also high
like that of fruits and vegetables in the future. Foreign
currency will be gotten by exporting these kinds of crops
cultivated on a large scale to Japan.

4) Conclusion

Zamyn Uud is a gateway to China. Tree planting is
needed there. Further, so is growing of plants with
beautiful flowers such as cosmos and portulaca on both
side of the road. Therefore, the local people will have
improved impression of plants. Many kinds of flowers
can be grown on the sides of road if you raise flower
seedling in glass house and then carry out transplanting
them. In Japan, it is common to cultivate vegetables,
flowers. and even fruit trees. Also, in Mongolia, glass-
house horticulture is necessary because of severe
climatic condition. However, the high cost of the
construction of the greenhouse will have to be discussed.

3. Afforestation in Zamin Uud

1) Present conditions

In Zamin Uud, no tree was found except 83 poplar trees
which were thinly planted throughout the entire village.
Perhaps there was more poplar tree before. The exact
variety and line of those poplar trees were unknown. The
age of the poplars could be dated at over 50 years old
based on the thickness of the trunks which was about 30
cm in diameter at the breast height and the weather
conditions in Gobi.

Mongolia repealed its monarchism in 1921, and estab-
lished Mongolian People’s Republic. Then in 1940, the
new constitution was established. The presumption was
that the poplar trees had been planted to celebrate either
one of the two commemorative events. And, the poplars
seemed to be carried into Mongolia from the former
Soviet Union because that poplar variety was not observed
in Inner-China Mongolia.

In Zamin Uud where was almost no tree, village people
believed trees never grew on the land of Gobi. Or, most
villagers had no concern about trees. However, they
complained that the green in the surrounding grass land
had been reduced due to greenhouse effect, which made
the desertification worse, and were longing for

afforestation subsidized by Japan and the Central
Government.

The cause of the desertification in the grassland,
however, as already mentioned several times, was
vehicles. It was obvious that the desertification was due
to the traffic increase as the trade with China grew. In
Erenhot in Inner-China Mongolia in the south across the
border, afforestation was remarkably carries out and
many varieties of trees were planted throughout the city.
Despite the irrigation to some extent, some trees planted
were died.

The cause of the death of trees was uncertain because
of lack of enough data, but it was possible that a method
and a season of transplanting had not been appropriate.
The tree varieties in Erenhot were all same as those in
Hohhot and Hohhot in Inner-China Mongolia. There was
a straigh{ distance of about 340km from Hohhot to
Erenhot. Hohhot, on the south of Erenhot, is higher
above the sea level, but there was not much climatic
difference regarding tree growth and rooting.

The main difference between Zamin Uud in the north
and Erenhot in the south with the border between is the
amount of irrigation water. In Erenhot, a well was dug in
the grassland, 64km south away from the town, and water
was supplied through buried pipes. The water from the
well is utilized for not only daily life, but also afforesta-
tion. Although Zamin Uud had a few wells, those were
shallow and could not supply water sufficiently in case of
the afforestation.

With the border between, brownish Zamin Uud in the
north and greenish Erenhot in the south presented a
strong contrast which resembled the national power of
China and Mongolia.

2) Attempts to afforestation

Afforestation in Zamin Uud started in 1996 and was
founded by Green Hat Foundation (GHF). GHF is a Non-
Governmental Organization and the author serves as the
chairman.

The GHF’s aim is to think, to cooperate and to act for
the global environment and the food problem through
the afforestation and the protection of desertification. It
is the group trying to protect the global environment and
to avoid the global food crisis. GHF is organized by the
private volunteers who pays annual fees of $50.



Through the afforestation projects in Zamin Uud
started in 1996, about 6,000 poplar trees have been
planted so far. The projects were carried out seven times
and 110 members in total of GHF joined (as of August,
1998). The members joined the projects at own expense
and the all expenses for one project cost about $3,000.
The projects were carried out with hearty wish of each
Japanese for the global environment and afforestation.

In Mongolia, it was impossible to obtain domestic
poplar trees for the afforestation in Zamin Uud. For the
first two years, GHF received a donation from Ohji Seishi
Co. Ltd.(paper manufacture company) of 2,000 cuttings of
poplar, Salix gracilistyla Mig. and so on, which had been
nursed in Hokkaido. Those cuttings were about 20cm in
height, and were put in the paper pots produced by
Nippon Tensai Research center (research center for
Japanese beet) together with local sand when planted.

Hokkaido lies to the northernmost of Japan and is the
coldest region. The cuttings were evenly cut in the early
April, 1996 and kept in a freezer. When they were
planted in Zamin Uud in the end of April, some varieties
were already sprouted. Those cuttings were died after
two or three days due to the strong sunlight and dryness
in the desert even though shading and irrigation were
done.

In the second year of 1997, the cuttings donated by
Ohji Seishi Co. Ltd.(paper manufacture company)were
transported to Zamin Uud in the end of March, one
month earlier than the last time. But, in the same way,
some were already sprouted, and it was too late for
planting in Mongolia. In the first year of 1996, we nursed
up about 100 seedlings, and planted them in the park in
front of Zamin Uud Station. Planting of cuttings ended in
unsatisfactory results. There were various causes, but
anyway, we could not help admitting the projects were
failed.

Spreading between a thumb and an index finger,
Mongolian people laughed at the author for bringing in
such short branches to try to plant them in Gobi.
Although they didn’t express in words, their contempt
that afforestation in Gobi was impossible for Japanese
was obviously observed.

3) Import of poplar
Seedlings to be planted in Gobi were not be able to be
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obtained domestically, and a preparation of cuttings was
ended in a failure. The last alternative we could do was
bringing in seedlings from China. In Erenhot, facing to
the border with Mongolia, the afforestaion was successful.
The author planed the import of poplar seedlings to be
arranged by the Mongolia side before GHF volunteers
would visit Zamin Uud for afforestation in July, 1997. The
Mongolia side had responded, “No problem. It will be all
right.”

But, there was no seedling imported when the volun-
teers arrived at Zamin Uud in July. They were just curtly
informed that a responsible person had gone to Ulan
Bator for some urgent business. The author, as a leader,
owed a full of apology to the volunteers who joined the
project at own expense. But my apology didn’t solve the
problem. The author couldn’t understand what Mongolia
people thought about the afforestation in Gobi. GHF
volunteers came to Mongolia for what? The afforestation
project had started at the request of the Mongolia side.
Of course, Japanese Government didn’t provide any
financial support for the project.

On August, 1997, the second afforestation project was
planed taking the advantage of the O-bon holiday.
Fortunately, about 20 volunteers joined the project.
Learning by the last experience, the author charged
China with the arrangement of poplar seedlings. Since
1994, GHF had also been carrying out the afforestation in
Mt. Dai Chin, in the outskirts of, Inner-China Mongolia.
With a cooperation of Hohhot City, 500 of poplar
seedlings were transported to Zamin Uud. Those poplars
were planted around the headquarters of border service
in Zamin Uud, and the management such as irrigation
was entrusted to the army. Many of the seedlings were
died, but some rooted in good condition and steadily
grew in the desert of Gobi. By the same manner, three
projects were further carried out and a total of 5,000
poplar seedlings was planted in May, July and August,
1998, with the cooperation of 44 volunteers. We are
looking forward to seeing green sprouts shining over the
desert of Gobi.

It was a worthy of a special mention that the Mongolia
side put much cooperation to the 1998 projects, and that
showed Mongolia’s understanding of the afforestation.
That was, if we contacted Dashuto, a village leader of
Zamin Uud, about how many poplars would be brought in
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from China beforehand, certain numbers of the halls for
the seedlings were dug on the desired places at their end.
Mongolia people seemed to understand that the GHF’s
activities had to be done in cooperation with Mongolia.

In particular, on August, 1998, villagers inquired us
whether planting trees around their geru was possible.
We immediately replied “OK "to them. GHF volunteers

visited the villagers and planted seedlings as they wished.
Within the past three years, the consciousness of people
in Zamin Uud of the afforestation has been changing.
The author is now looking forward to planting an apple
and a mango tree for each villagers living in geru next
spring in 1999,
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Table 1. Main characteristics of soils of three experimental sites.

pH ec Exchangeable catlion
K Mg Ca Al
[mS/em] femol(+)/kg)
Wadi el Natroon 840  0.48 032 0.11 0.06 093
{Egypt)
Gangika 9.45 1.06 30 - 18 72
(China)
Corrigin 5.51 0.04 004 0.10 020 064 022
(Austratia)

* TRIRERFETRIEER
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Fig. 1 The climatic conditions of the three experimental sites.
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Fig. 3. Nile Delta and the Wadi el Natroon experimental site.
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-100mmT12-1 b U, BIRIE & A KA 6 %
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O F O ERTI T OMFRRS Y & i 5 i
NG, IAITrE—F (E—FEZ) OFEANE (Uomor
et al., 1995, 1997) LakERd 50980 &~ 72, L LIillE
NTHR &N T3 E— FEEANs (Sharmock, Bord
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na Mona Co., Ireland) T, Bllb & U TidIEniic iafil
(S00LE/ton) T 5O Tl &K NRIZE Ed 7,
BT, = FMz{ths O e LThHBINTEE 34
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ALHEROB LA 49 - 7LEF Y FUTEENSR
N B R T AE E X SBUPERE T O VWD T &
D, EEO YA 2ZE S ATESRAE N RESE A
5AVHEAFEWET S LIZT YT LTI A0 LI
MEHEN SN TED, E— D 1/10LL FOfliks (77LE/
ton) CTHIEEOMMED & OAHERTHEY, Tz 84t
DaVHKRAMEET 7Y PABIIL TWEEHITHS.
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Fig. 4. Plan of experimental field at Wadi el Natroon.
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Table 2. The analytical data of the irrigation water at Wadi el Natroon.

fon concentrati
oH e TSS 1) SAR ?n col on (cmoll)
(mSem)  (ppm) (@O Mgt K* Mg?* Ca®* CI° HCOS NO3™ SO
839 087 4050 20 040 0.02 007 014 031 007 0.00 025

1) Total soluble salts 2) Sodium adsorption ratlo=Na"‘l,J(Ca?*+Mg2*)/2

1996 Green cabbage
400

O Pent moss

A compost
[l PeaSapropal

| J,dffr”’#*’

Yield [t/ ha]
N [~]
] 3

g

o

0

a 6 8
Water supply [mm/day]

Wheat
= ‘k//,*~——4_
£ 6
-
E
- 4 5
2
£
[\
6 2
OControl
A Compost
@ PeaySapropel}
s e
Water supply [mnm/day]

Fig. 5. The effect of the organic materials on the relationship between the water supply and the yield

(green cabbage and wheat, 1996).
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L7z, ZO&RETFig. 6 12 d. 204 CERIERND
FHMENBREBLILNTEEDT, (3) FTRN

3 X5 1HKIEM - BARRO T Y b o — ke &R
EFLRT NI —-ROMAKDSTETSH S 5.

(2) 32 MR

B L AhEORMRE L LIZLT, BT T A%
BAETXTY) 25 —-FRATHEL-BAD IR F it
RaRAas (BEIEA, 1998b, #RhDb). LEWOME
WML - (KX P FOMIE, USRS
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TR AETable 3l &, IVHERFERVE
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Table 3. Cost calculations on the wheat productions with Egyptian compost.

Investment Production
Organic "
m:!gterials ltem Local cost (%) Item Grain Straw
Egypti f materials (Vha) " 50 Yield (tha)
oogr)r,tppoitn Amount of materials (tha) a) 4.0 mm/day 6.4 1.7
Unit price of materials (LEA) 25 b) 8.0 mm/day 7.2 17
Price of materials (LE/ha) 1,250 ( 8.1 Unit price (LER) 3,000 2,000
78
Cost of irrigation water (LE/Mha Price (LE/ha)
a) ;.Ogmm/day ( ) 8,430 (54.4) a) 4.0 mm/day 19,200 23,400
b) 8.0 mm/day 8,880 (55.7) b) 8.0 mm/day 21,600 23,400
Cost of NPK fertilizers 2 (LE/a) 814 ( g?
Salary (LE) !
a) Engineer 3 2,000 :gg
b) Worker 4 3,000 (194
’ e
Total cost (LEMa) Total profit (LEMa)
a) 4.0 mm/day 15,494 a) 4.0 mm/day 42,600
b) 8.0 mm/day 15,944 b) 8.0 mm/day 45,000
1) Add 1wt% compost to soil
2) (NH,),SO, 250kg (97.5LE) ; CaHPO,-CO, (37%} 75kg (14.1LE) ; K,SO, 72kg
3) 1 person X 400LE/month X 5 months = 2,000LE
4) 3persons X 200LE/month X 5 months = 3,000LE
1997 Maize Black eye pea Potato
5 0.8 1000
O Cortrol
2 mﬂ O Control g A Compost
8 Pox/Sapeopol i I PoavSepropel E o0 WPea/Sapropol
—4 < -
« = 06} ~
£ ~ o0 l
~ - [~
= 3t oy £ 600
£ o
3 B o4 2
- [3]
>= 2 ; z 400 ’0/‘0\{1
[ =4 Jom
® 2
= 0.2} S
1 o = 200
0 a 0.0 ol
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
Water supply [mm/day] Water supply [mm/day] Water supply [mm/day]
Fig. 6. The effect of the organic materials on the relationship between the water supply and the yield
(maize, black-eye-pea and potato, 1997).
- FARKIL2.7-28 LEiVftiE ko 7o, FDEIEL I AL =Y a VETIDDOMEENT —

(3) MABMSRDL T2 —Y 3y

SO RIEIERTIE, BREEO VN2 O BPIFE RO
KEFF-728, HZ TAHARILE D DML KERKL
TWAIEIZRs, FY oy 7HADOBE, 1 OBk
REHNE U THIBIOBO K SBIMIZS & 5 EIEASHE
BTRNBETTHE,2 6, HORRIZHHETHAR
P L TRV TH B,

25K H5HREBITIT o 2. BAMEMNHVLE-+ %
MALZBEODRE KD (FERIFH, 1998, $rEdh),
40y MLORE IR THROBIZIEALZE D
A KIS L HEITIERA0emIZIEA D | HTF#925cm £ T3
FTHILhbhror (Fig.7). ZORDORBFHELEE
MLAET B, ¥=FEMALD > BAIIIKIDOHE
MWL <. KREAKIOBFIETEZAEL% & A 5 H
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Fig. 7. The contour map of water content distributions
in the soil by dripping of water (4L, 1h).
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Fig. 8. The water holding effect of peat in the desert soil after the dripping.
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Fig. 9. The day and night variation of wind velocity, temperature and humidity
on the surface of desert sand at Wadi el Natroon.
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24 Z L WEORLHIC®bLY 2 2L 4D
2, 19924 IRIFR S & ETRInlROAE, sy
b ¥ 3 b BT o FhER S A S e LR T &
DEREFHT 20TV 22 V Th o712,
1993-19944E, YL LA FIZHE VTR (7—-H V) D
Wiy (pH:76, EC:0.06mScm™) THE — DAY
B IR B BB ERE 1T - -4, HURA
KEHFHBEE — b E'RWART, Fl CREAT) HER
BEMA AU BEOLEDF Uy EOETIINT S
WAE LD -7 (BEHEIEA, 1995 5 FHEHIEH»,
1995 : %M - (LT, 1996). % /-, BUMICRUREMIRS
VAW 225D 1004 FHENTWED A L F bW
TRGIAHRA 2O EIROIRE & DIERINFR & L TBUE%
BEMaGL 7.
ANFriiid, 12053 &0 S PROBERD S BT
B MFEL, AMECREAPREVLS. 20
YENIIHBHO —RTH - T, FUD AL - £555 - #t2
SALORIES —Br e # <, SEAHEBIEORFHRARA K &
Wik W x 3 (Fig. 10).

IO DORBED ST T 7 4 MIEFig. 1 1Z/RL 7248,
7 - 8 AzB&RIA s U THERISI0Omm OB ALt A dH 5D
IR LT, EMAERRE1907TmMm TH 5. FERC

SHEhs, ZOMWBIIMTREAFEYLTIL -1.5m&
JEWZBOOPEHTHD, 2O LEOTLH V1L
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BUE, RO KAANDIRRTER %17 > T BN
BB L+ ERGHA Y F 28503, RO
(Fig. 11) O & 512, WEELEHAADELCY, &I
DL RATRORE AR L TH A TH 5.

2) BERHORE

hIENS, BERIYEM & LIS B ICRIA S 354121970
FEREED S NEEE, BIETR L OERERLTYL
319 BIEE R 0 Th < SRR O TR0 %R
MEBAT, IBHETIRERNE ANERIZEY (23
A, 1999). WENZIE, ¥ —F (JRREVS) DIEFME
R AR O L WS i 2 < RUEEADEICSH
b, BHREERSII008EL B0, EREERILT4
Tty EHIATOHB LN,

¥—  OMERERAURS ZBOOEEMENE T, KL 3
HTH5. HERNRBWEOHSTEANEDIZILEIZS
DT 3D EELZOTHIERD L ONALFIFEh
T3 &5 Th3. Thicw L TRILRIZHEMEAL 4
MLTHD, HEAENINES BREOHAMN LB
3517, BALRIZBRRED LME UTHTGEL, 8
Vo L RIZRI SN 3 & 00K & LT ORI HIHEAME
WIZihs, EERTFTZTOAMRIRELEHEIhTE:
DTH5. @BHEIPGE—-FEROMT LD EFH - LR
ggia A AT 0RAP EW AT, hETRALRDS
MFRAYUTH A,

ZDESBZENE, ANFUARTOBRBIR TR
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sz (UENEH, 1997). WEOWME % Table 412
RY.
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Fig. 10. The experimental sites at the Keerqin Desert, China.
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Fig. 11. The sketch around the experimental station at Gangika, Inner-mongolia.
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Table 4. Characteristics of the humic materials, Beisiping peat and Huolinguole weathered coal.

Organic Humic  Ash Elemental analysis Exchangeable bases
Materials “‘f"oi) mattr acid content (%) CEC (cmol(+)/kg)
N (%) (%) (%) c H N O (cmol(+)kg) K+ Na+ Ca2+ Mg2+
Peat 1 483 775 438 25 535 48 12178 129.3 1.7 1.1 300 198
Weatheredcoal2 513 818 60.0 182 56.1 29 14213 295.2 1.7 51 107.1 428

Functional group®  Total N Total P Total K TotalCa TotaiMg Avai. N Avail. P Avail. K
{cmolkg)
COOH _ phenolic OH (g/ag) (mg/kg)
2098  67.0 102 11 127 70 61 9316 218 2420
4230 750 88 18 01 207 390 2326 476 710

W from Beisiping, Liaoning, China
2 from Huolingguole, Inner mongolia, China
3 in humic acid.

3) ERHECHBR
(1) 7an) 138zt byEuad BB NT S
E— boshR

FAB AR & D LR & i HAUIE SO B & RR T
iR 5728, KM & 2 B AFORIRINEHD
WhEMT, 1994ELL, HLF 2o lEBIz T
BFMEHOA v = 27 MR TEEDE v FRIEHRE T
Wik (pH:8.8; EC:0.09mScm™®) % Ah7=FK .y b
B AHEIEHAEN TR — AL, SOSRSRE
B Z LN TE (S(Fh, 1995).

FIT, EHITHMLLRGT TR AT 29,
KOIEDS AU F MDY, BFEWET- (H v EY)
CRABLT IR0 0OBBEATFH> 2 &I1ZL
= MR & b LAREMNEL, O T LAY
th&DFERN LTS B (pH: 9.45; EC:1.06mScm™;
ESP: 23.6%). 1380 Z#17H1 ¢ Fig. 1412 o6h s &
SR I60% % idd , BN S D TR (13X
10%cms™),

19955 H, 2D & 5 M & 15cm 12 ALY 2%
E— %1% (100t haizily) Ry, KKHEETLY
EOILVORET 7. REBOLBEMILAEEZ
3, 1IEOBLENETIASRB IR TWB I LHAHLH
Lot FTHRNMEE LT, ERIMBP50%I125
HSL, EAML 1706FE ICH LA, &5612, pHIZ
7.2-7.712, ESPi33.1-8.11c8 L, ARTEEIZ13-18
fricmu =, 7o, SHEREHDIERES ML TH
Z3ZLnWontior (£1EhH, 1996 ; JIN et al.,
1997, 1998a). #H=iZE— b &MIA 2V TRHE S ERIC
BIAEBOEL, BEROIIBOFX I BHMA A
ORERMERE LR %EFig. 121587, ThigR

>7,

3L, - raBAILAD STy bo— L X@iizi3a]
BUHEHOBRMNEShIDIZH LT, ¥— FX Tz
FEVSLALFUHABHONIBREEATHEDNDY
3. Z0&S RO (pH, ESPL L) D&
Flzed A>T, 72— VO AFig. 130k 512k
E<MMUZ (iNetal, 1998b).

(2) WEMIREIZ X BT b U o A1 S ARE R DR

ZDESBHREE 75 Ui HIROBILFINETA,
E— MV EDES U AN LTHBENMIZD
WTHEREMA 3,

TAH VL LT 5 - FO@RmSE, %
FZHBMORFIZ L BE KD LIZH 5 (Fig. 14).
ZOR, MR LAY 7 bl oReE, &R
AR D LD THRIIZ & » TRAEDOM LSRR S
n3, 2612, ¥— ORI E > TpHAETT 5
Zkizky, 1IN REOBRBMOKEEEIC T L Ty
P EUT AL A URBERLOTL D, ERESH A
Sl KB OBHET YA LTHBENS &
ko7& ELLNS (KRIEH,, 1996). —H, &
VL RN Y IN &8 B4 DA - S (M 1 45
ABREOBELETRLTLESY, HIBNT EAOHRE
(HSHRE) DI HRIHCHETORRL LD (Yazawa e
al, 1997). ZDES B AN A L%A A=J{ELE8D
% Fig. 1512783,

(3) ¥— b -MULIRIZ & BRI I 1T 5 KRERE

BAZHBRAE LI, ILF U BHIZH T AR VE
BITHBDEHIE-TVBEDITHS. LS
&id, KBRIURTH 35 6 KMARMEITHE L B
b5 MWET B Ik TRFELMBRL &5 6 Fltm
AN E MR T2 33T THB. 22°C, hEREE



114

before harvesting (Original)

1995

20

I Na' [ ca™

[ [ HCOs'

Depth (cm)

B COv cl

SO

Soluble salt (mmol kg-+)

15

\

after harvesting
1995

5 [

Soluble salt (mmol kg-
10

Soluble salt (mmol kg-)
10

15 10 5 0

1)

15

Control

10 5

Soluble salt (mmol kg1)

20 15 10 5 10 15 20

Depth (cm)

15 20

Soluble salt (mmol kg-)
0 5 10

20 15 10 5

Depth (cm)

Peat (30kg/m2)

Fig. 12. Change of soluble ions in soil with depth by the peat application and the harvesting of maize.
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Fig. 13. Effect of the peat application on pH, ESP and the corn
yield at the field with alkali soil, Kangping.
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SRS ERE I O Iz kv A i &
BICWIGHE S » F A O5giih (Fig. 11) 1250:C, Kk
VibEE LT — k- L& T Pif e 8- L 0
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ALV TERTA LT AB759 Lund 5
THhHi-.

AL, PSSO R — ) v o (A F A LD
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ERBEFMAETH -7z, K= Mid, &0 b A3 130kmli
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Fig. 14. Illustrative explanations of the improvement of
sandy soil (Wadi el Natroon) and alkali soil
(Gangika) with peat based on the laboratory test

for the three-phase distributions.
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A4 Z L2k - CTable 52459 & 5 (2RI L A b
&z (LEnEA, 1998a 5 MlEEA, ERidhe). DA
21 [EH O FRE A OPRE RS oAUz 3 A g
2, FAAY LELTREAENSEFEEhAEVES, B
WVEH 2 MA 5 2 12k - TKHLEBEAR E D X 5 1221k
L £ 2R ThHh, ARESERZ bR
USSP 1B 2 A TR A RS U ARG S b
WTHAHS, ARFENZML TIRT — 24 ko7
(1) & — bR R & 0 2 AR RS
IBUwicdliss LI, b EMibd 5 E» 0T
A, TOMRICHAEEFHT IR T2 b
ELTHEHETHS. TOr, s, mib L TSk
DEHRGIHTE— MUEL, ThiZoihmEe

Table 5. The effect of peat and weathered coal on the yield
of rice production from the paddy field on alkali
soil at Gangika.

Supply Plant height Ear length 1,000 grain Yield of
weight rice
(kg/m 2) (cm) (cm) @ (tha)
Control 70.8 159 222 2.04
Peat
0.5 722 15.5 22.0 3.28
1.0 74.1 16.5 21.8 3.00
1.5 80.3 16.2 225 4.40
Weathered coal
0.5 68.9 12.6 211 2.65
1.0 73.6 13.0 23.8 3.55
1.5 775 11.6 23.0 3.39
Peat + Weathered coal
0.5 73.7 16.5 22.7 3.09
1.0 77T 16.2 20.9 4.95
Mineral Humus

@IP—coonat

(soluble)

leaching

@»-cooca* + NL*

Fig. 15. Possible chemical mechanism of the leaching of sodium ion from alkali soil and
the fixation of organic matter on it by humic acid eluted from peat.
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THOMFFE L, & 510, FFNMIb A CZARDE L 20
EHCHHT A AW TH S,

RIS A T h yF i, 2ok Aty
=224 74 —FBIZEI->TOHOBHTH S,
Fig. I1IZ/R L= & 9512, E— & Z LUz Gt
L. MR AREASE 7200 T OSBRI il & 2 B
METHAH, FOMMMEEE NG, JRARBOFERT, M,
A, AREIR O REHAZ I C & SRR S £ 2 L AT
ME .

FOLS WS H Y F AN, BHERROE — |
AR A OIS ada 2= & 2 A BRIIRL2.54km? P
W5400 hmP & A Z Edbir o7, FHUEGRED E — |
ZAPAT L2285, el 3 HAED & O L DK ATO AV
FFRIE — L TH D HHET DD a IR THBDT,
7L A ) BRI RS HEIH L CARINE B DIZE LT B
EWVA S,

LRI ARG O G & i - 72 & T4, IERBL il
i, FifFlzk5808 1 ~2 4= H7D13000CT
H o DIZH LT, MRS 52 O 2 150 Fli
fitinids s Z Eabhirod (PUHEs, 1998a, PERita).

4. BA—Z T )T OPEFERT TORR{E
Bk

1) ERHEFE L RIEA

HAOREW 2 68 e § 5[H (ODAXRE) Db
VO RMAS ST YT L - ETHEEATRTE AN,
FEL ZHITFMIA LT 3 F — 4 f Skt £ X kst
FTEREY F0LS HiiRIBA X LT,
WIETTERFETENA — 2 L) TS a Y 2y

FPAEBEHLTHAZERRD, 199749 0, 5T-4 -
THA—2 LY 7 KFEESILE.

o LA TPiHGEES & < EOAALZ /=2 T, A7
/N K BHERAF O - HEA pHA3-5.012 ML L, F0-
WMEME S 70 2 = 202 & BT, U LA
T0%EWAEL Thad Z & CRRIED, #RPR) #Hib |
MHIZZRIZOHIE Z & 2 dEa L2, REO 7 LAY
FIEE DMl E B 225 Th 5.

PR e AT HAREOBFE SO LS T, A
PCHHHI B O -0 A W ETH B A, BT
WE R RIRIZ P S RO & I fi < Sk G B
Twa, LaL, {IEHASKRE LR TIEAKT —iF
ENZHHIL TEEWOREAIZ L > TAHL o L S &
NTLEFLEMELAEVL, OO LR L{ kbbb
FTd AV, ZOL S KR THEETUIIE U < P
HEOIGUW LHETIE, A2 a2 Tlda EREOR
M s EG e Ei1ohs, lHA—-—A 35
7 OlEAN T v T A Fig, 1612353 A%, FWFE AR 325
mm® 7 4 YO %IANEHERNTH 5. HFED )
WEEEMY & L TR, CSIRO® iz & 0, bl btk
(380mm) @ Corrigin & {ifF A Gt (414mm) Tdh 5
Dongara 2% LU 7z,

2) R OEE

LI A I 22 ) 6 BERIVERS & LTl
POEARE = ORI TH B EHELZ Tz (NI,
1992). Z O HEOLFM RS (LmEs, 1997 .
Yamacuchi ef al., 1998) TEZDOIZ AW SR 572
OT, WA —2 b7 )7 TOXEBRTHGB IRV & L
TIEAYFRVTHhe PO HAE— P AMDAL T &

Low
Medium
High
Very high

Southern Ocean

Fig. 16 The distribution map of precipitation and the experimental

sites in Western Australia.



FEA7 AFRBEIENZSH L — FEXNKS Z & A5
> THI L TH -7 (RADJAGUKGUK et al., 1998).

& 7= LLiji 2 & IR OREIREIRIZ WD - TV - R H
5, E2 M) T7MHOBIILT I VESIMEEL, ZhE
2R BLIRERRR, 3 F—-E LTS3 £
ThL TIBURME L THERTERLEA T A, F2
T, WA—ZA I TURNIKR LS TALELVIZH -
THEALE, kI iz, »OTEEELED/ 1Ty
FTIY DS 57TH (Morwell) 20T, R r—n
A5 7 I VERB»MESh T (HRL Technology
Pty Ltd.). EtEHIABIEMORRE & -7 - 21k
Lo Auh ot ZIHhE—ZXFTH3Tkm, WS
FMEDIZ IR MNZIZEL D@ TH B A, Victoria
Rb&UZhrollitbE =7 I VBRI T AIZDONT
LRBT DI Lzl

IO LTUNAETA -+ 5 ) 7RFETHREFME
ROFHAEEHRRNTAHALELI A, BHTROA > TV 3R
Bn>5, WikidEsperanceDIEL 126 3RS h T
k69, HENIRE SHE—/ 33— 2D 200km D Collie T
2007 b R &h (The Griffin Coal Mining Co.) .
ZORTRBEIZHOSGATNBEVNS ZEThHHT. 1§
SRS BRI AIZDH 5 7-DT, ZhabTTRHIYEH
ELTRETAILICLE, Z0H%, & 51 100km
12 E DO EFRARIOHIZ H 5 Manjimup 2 65, E— b A
PRENSFHMENTHDMEME LCililiEhTnd
(Dutch Plantin Co.) &DFMAE/T, THEMD LU
AT &Iz,

Z 2Tl IEREM O 53 it % Table 6 1Z7RT,

3) RREEEHBR

ENHAY, EREATEEVIMIZKEZ7TLIZ=Y A
DRFRBEET 7. ZORREFig. 17155734, 73
VRSED X 5 it RO S OISRTUEE 7L I =
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li
L Potassium humate

(TARY, T
(TVREI
~

Ammeonium humate

Log Al

e Acid subsurface soil (Carrabin)

Log CECslcmol(+)/kg]
Log Al maximum adsorption = 1.17 CECa - 0.79 (R’=0.96)

Fig. 17. Adsorption of soluble aluminum ion toward
the humic materials.

LEELBIGFTBZILAMorTHS, LrL, Bl
BN TONLEORDEFIZIE, 7IVEBEDEE Y |
YTHIRET Y Uy TE— DA BRRETRT
Z&Mbh o7 (Fig. 18). T Lh s, RiathiEs
RIZDVTRBIATFET 2 DL Bbh 3, REAN
5 3IC M Collie (TWIRHE) RIZO>VTREDET B LN
KHsfBohTogy, WFRIZLTE, ZTho Dk
VD DRS B Z L AN D B Z LA TES (RRIED,
1998 ; YAZAWA et al., 1998 ; LICNE A, 1998b). S #:id
Collie f % L AR E IV CEIER 2 W L TRET %
P13 26 DT3B,

Corrigin & DongaraDEERIBDO K i, BHEHIEH &
RROH AL DEEFMU K@i 4D, 2LEd5k
HVEREE»ETHE (11- 2 A) OBRFHizk-TH
HIZEDLI LBEARREN B2 52HEPTH B, 2D
ET, ke —=xXv (5R) ohEss03+ 23208
Wik E T 5 PRTLS,

Table 6. Characteristics of the humic materials introduced to the acid soil in

Western Australia.

HA Mw pH

C
[%] (i) (%]

N Exchangeable cation [cmol(+)/kg]
[%) Na K Mg Ca A

Kalimantanpeat 402 22,170 3.7 562 1.6 032 019 576 8.12 004
(Indonesia)

Banko coal 123 65840 38 658 13 016 0.05 132 11.04 0.28
(Indonesia)

Manjimup peat  30.1 24,620 4.2 185 0.17 885 11.64
{Austraka)

Victorian coal 17.0 22860 44 625 07 252 0.13 1520 2232 0.04
(Austraiia)

Collie coal 168 47320 3.4 022 020 3.25 1206

{Austratia)
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12
@ Kalimantan peat
OBanko coal
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_OColllocoal |

= hm —

0.1wt% Potassiun humate (pH 11.0)

Root length (cm)

0.1wt% Ammonium humate (pH 7.0)

™ v Control,
2 0.1 wt% Potassium humate (pH 4.5)
0.02 wt% CaClz,
0.1 wt% Ammonium humate (pH 4.5)
0
0 0.5 1 1.5 2
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Fig. 18. The effect of humic materials on the growth of wheat roots after 3 days.
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Prevention of Desertification by Utilizing Natural Humic Resources
Found Nearby the Site

Tatsuaki YAMAGUCHI*

This article is concerned to make a survey of the research works on controlling desertification by means of natural
humic resources, performed by the group at Chiba Institute of Technology. The primary objective of the research is
to search for natural humic materials near the experimental site at an arable site on the move of desertification. The
potential of the material as an amendment for the arable land is then examined to improve and utilize it as a crop field.

The examinations were made in the three sites, namely Egypt (Fig. 3), China (Fig. 10) and Australia (Fig. 16), with a
variety of soil characteristics (Table 1) and climatic conditions (Fig. 1). Such local materials were introduced as
follows: a city-waste compost for the Egyptian site, peat and weathered coal (Table 4) for the Chinese one, and brown
coal (Table 6) for the Australian one.

The main objective of the Egyptian project is to reduce the amount of irrigation water in order to cut-down of the cost
and also to prevent the salt accumulation from the salty water (Table 2). The production yields of such crops as wheat,
maize, potato, etc. showed the potential of the compost for reducing the water requirements (Figs. 5 and 6). Possibility
for further rational systems to minimize the management of drip irrigation was suggested by the measurement of the
distribution and the retention of water in sandy soil (Figs. 7 and 8). Furthermore, a current trial is undertaken to utilize
night dew from the highest humidity (-100%, Fig. 9) at the every early morning on the desert soil surface for the
evapotranspiration through plants.

Desalination of alkali sandy soil is a serious problem for agriculture in the Keerqin Desert in China (Figs.10 and 11).
The meliorative effects of the local peat application for alkali soil were elucidated for its effect on the ionic profile of soil
(Fig. 12) and the production of maize (Fig. 13). Mixing of peat with the structure-less alkali soil increases its water
permeability (Fig. 14). This makes it possible to leach out Na* from the topsoil by humic acid, which is eluted from the
peat, accompanied by the fixation of Ca®* and Mg?* as humates (Fig. 15). In addition, the increase of rice production
was shown (Table 5) for paddy fields converted from an alkali arable land with.peat and/or weathered coal from Inner-
mongolia.

Soil acidification is ongoing in the wheatbelt of the semi-arid zone of Western Australia (Fig. 16). The resulting
aluminum toxicity causes a drastic fall in crop productions. The adsorptive power of the local brown coal toward soluble
monomeric aluminum ion was examined in the laboratory (Fig. 17). It was also demonstrated that humic materials with
the higher base content showed the higher activity for the growth of wheat roots (Fig. 18). The field experiments are in
progress.

Key Words: Desertification, Humic substances, Controlled water supply, Alkali soil, Acid soil

* Chiba Institute of Technology. 2-17-1, Tsudanuma, Narashino-shi, Chiba 275-0016, Japan
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Journal of Arid Land Studies is a broad-based archival
journal for the publication of significant research results in
all areas concerning deserts, arid and semi-arid lands.

Papers will be published only when they are judged by
the Editor to be characterized by some general significant
conclusions or by experimental and field data having
probable lasting value. It is understood that a paper
submitted to this Journal has not been previously
published, accepted for publication or submitted for review
elsewhere.

Four copies of manuscript in English should be
submitted to (hold original figures and diskette until
acceptance):
The Editorial Office, The Japanese Association for
Arid Land Studies
¢/o Prof. T. Koyma Dept. Ind. Chem., Fac. Eng.,
Seikei Univ., 3-3-1 Kichijoji-Kitamachi
Musashino-shi, Tokyo 180-8633, Japan
Phone +81-422-37-3750, Fax +81-422-37-3871
e-mail kojima@chgw.ch.seikei.ac.jp
Submitted manuscripts will not be returned whether they
are published or not. Original figures, tables and photos
may be returned if authors desired,

Paper Categories

1. Full-length Original Articles— Formal presentation
of significant and completed research projects. Enough
originality is required. The length should be less than
ten printed pages (about 7000 words, incl. Figs. etc.).
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