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Estimation of Water Surface Evaporation and Greening in the Republic of Djibouti

FI 7 FEHONRENSHEOIEDSE, WERIZLALALAL L.
Photo 1. Desertic mountain is one of typical topography found in Djibouti, where vegetation is hardly
found.

B2 I7FEOERFFOWKR, 7InR0iciltEsAashs.
Photo 2. Coastal topography in a desertic area, where a few vegetation can be seen along the Wadi.




T3, A FEIOPIEICET 2 2 v — b - T, WDEEEE O ST Lok
ORERTERIIC E > TIERShTVA.
Photo 3. Great Bara Desert which is located in the central area of Djibouti, it is characterized by its
clayey texture caused by sedimentation during rainy season.
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Bl DFFENT L ASNLMEN AR >TVBEH (HibiED),
Photo 4. Stony desert, which is one of the characteristics of the topography in Djibouti.
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MEE HBRRICHASINTUAEOALZDETIIKE
{Ebo/l. i, HBHEEILIEAODT0%L L
bz OHEAHMEIHEAL, SZ&E AT
RPLTH3S.

UAERBREEOL»T HRLE»THS. UAED
GDP (HWE4E) IBRFETRYIYITIETIC
WOTEL, AOMBIHALDEOIELLER—A
L7- 0 O3 18,000 R L L BREE TR I (&
. VAERWHBR LA XS C7HRE»S 2545, fHilo
BHRT77XECEHERL F L BRETE. GDPIC
BOTHHEREMNUAEREDST% 2 5HTEY, 1
HNADZ D200 EREMOEREIC L TY
»Ths.

AR ENESEELERTHEH, EXINCGDP
DRHEAZE, ARBEFRSBHLERLZL, K
WTBUE, M5, BB, MIfLriioTeD, B
$21.7% & GDPic b2 HFRBE H VLV (#2). L
PUEENOMEANZAS L, BFCH ALZE
B RTFIICROTEL, 10%RERX DTV 3 (£3).
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Bhins. ThiZ1985FEMHICHEID 7 v A THIK
VIR THEHAS SN, TYYVFRENVYLIYHE
ROWPITiTo/. MY ERATHREL T, K%
HfhoidmerEL, MYERSEEL THEEZREL
ThoKEOFEPHCTIHETH >/, L LTk
EfiFbhl:pERIbicRW bk ol.
UAECRFHELWEATHETLITN T 7OHE%
PHEILHMKETI—DOORMEHETHEEEL
LT3, P77V 7 7 RBERIETHY, HEC
RAROKZHETE LS, TVIFLT7REHA
BEHCYIDVBABC EIcE>T, BERAKD3I5%DK
HEMHNTEZEHEINT S (Town PranniNG
DEpARTMENT, AL AN, UAE, 1984). 77 X K B EE O
APHBS TR INB BB TTLI 7L T 7H
RSB r—23Phuv. KEBOHHE VST
ThiF W IEThsS.

ik, UAETREKOBEKRIENARBCTbATH
20, BEAEREFRAKCERSH, a XA MEILHE
BoRERAIAT 2. —BARBBOMKICHERS
ATV RBRETHS. ik, EFBHKkOBRAL LA
TVah%, BECEPLL, BECBIIKEFORRE
PRETIHECEE>TUEL.,

(2) BE#KOBERIL
WIRADTNT A VX TR T TIC 1985 i XD
BABENRRL E>TValLbHEShTVS
(TownN Pranning DePARTMENT, AL AN, UAE, 1984). % 7-,
HER L7e7 A7 4 > HIX 0D 1,000ha o #4055 B 43

#5. 19784 KU 199312 5503 5 UAE FHIRDOHMBIKE (EC).

(dSm")
kg (ta[X) 1978 1993
M2 (57— KX 1.61 3
k3 - 535
M4 (L - 1.34
kg4 (7474 X)) 2.38 3.46
K4 (P77 I HIK) 5.10 9.72
Mk (74— FHIK) 6.49 7.83
K4 (AP IX) 0.49 3.22
MR 5 - 7.38

TRETEOHF 2> THEKERA LTI EHS
AEOBBTHMT ROBEFMEIEL ofckvbh
T3, &5, HUIR4DOTA Y I HIRIICH -7 HE
BECR, ChETREDOT—X5 A% ABBICHE

LTu/chs, KEMBELS LY, HI2RIEEHIBWEHIH
BT OEET A% A THMMICIER L 2 Hlhs
b3, FHELHTH/1993E0OTE (BH - /ME, 1995)
L1978 ITh AT (HAEWDHEMSEN 2, 1980) %
bLicHBkE 2B T L, HIR2RU4TIZ19934E
OHBAKRDESPENTL H£>TV 3 (#5). TD20H
DHBREI—DHF 5 MK ZRNL TA 0L ¥R
T TR 20D, BECHAIRTY 2 HKE
MNELL TV AHRIHLITH S,

COLIICTHBABNELELTRTVAAA=ZXLD
EFRWSHTRAVDS, BRI, REREIBEH
ET R (RO RIchor) HBELTHAS
NTELHS, WTKMITHY, EaREOEOHT K
DT BICHST, HEHIELHSBEHFOHT K
MERAIhE Lk Rk eEZLNS. LL, #IH
KBE—DDEBOLE»OFRBEORSDIFTHHL
CREZIHMDHY, KEOELZ BT RO
TickoTHRHATE VI LD S.

MTKOBAREN LR TS H5—DDKEE LTl
KA L ZEFEEOMMBHITENE. THIMT
KEBFCRAEFTIdicilkBFHFE LIS Lick
3. BH@ERMETEI> TV 3HKTHS. HK3D
T7I¥ A 7K (H3) CHTAOESREHEV DI
CDDHTHB.

MIBADT VT T HETIE, 19785 T LI HIE R
DD HOHNI993ECIRESLICHLE>THS (£5).
COTNT T MR O, HgSPHuR4D—3 & 1993
FORBEFICIFLL/Y. hbooHigi, bk
T RDESEELMNR VMR (H3) i LTHY,
L7zhioT, MTFKOESBREH L HURIC A5



Fah, WHAEBLM KA EMEc k-T2
LABBIENTERS.

PSR SOOI T A M E LT, & ¥ENE
HOMAMEMZBIBETE L TH S, @MDY
EPELTHFY AT ORGSO, WRTIE, b=k,
FrY, FRAEEDEERDZ . ThdDH R
HEMEHSLL M5 < (ALuson, 1964), i HEE o> adiy 1F 3%
PIBIHERTOLBHIIED D D2 B, ZOEMHE4D
TAT I XS EOBTIE, 77 X REDOHK
BogiRicy 3 L 2HME LTESMEOHOT7 MY T
Ly 7 A (Atriplex spp.) DORIERBEZITHTWV 3. it
EHEDHMO KRR < (Simmondsia chinensis) DG & &
HHRATV S, 4D AT HIK Tk kD
BaMERILA LR2REL T, HORELKO Y
ZEHCANRTE L2 L0 SBEMELFTHDATVS.

3) EWNEAREE
UAEDHRBEMOHBREICIIRELT SR
MELTVS. 45, Bk ENL2OL TIRIZES
DAHEIC A > 7D LT, Fobh, F20 U —%
DFFILXFOMMETHBTRE 2258, BOFMICE
AL TS s R ic 4 Eni 2 o,
ZFIZPPDM, FYARY, FRAEFIEEBHELS.
FYAYP T HEEEEE L oT VA, BRI
CHEMA —EOMMTHO LTS8, RIENTERY
WEARSAFRRBHT T IR o T
h, HREOKRELTHRIHATHS.

1985~ 19864Fi1C4X, Fo7- b2 P 2T EMIT
BHYMBADOT VT 4 SERicRBSh, —H b bR
=AML EATHESRALTEH A, 0
MICEBERECHTINRRELSATVEVESTH
5.

4. UAE DB Lzt

1) SMLRRORE

UAETIZ I E & bichIMC & 21D ikk{b & Btiam
fTbhTuva. UAEC B2 MIHPROHMIE, b
LY EBARDDOIHFTCHARZMATREZRBT S L
VI I ETREL, DREICHEETY, 2h2hA0EHMN
ChoIFIaBREIERTEIETHS.
HAERBOWE, HEPEMORR - e L
Li:Rbofts, 77X HRETEIEALW RPH R
H{E3HZ 100 ~ 200ha R ED RE O HIMMMMER I AT
VWA COMKOBEMNEIBTHEO—RIELERTED,

[HiD5% 2MHKT20HEHBE b bhTL S, #IE
AHICIIMB IO X v o= bbb T 5.

Ch & TICUAEE N THIM AT H A i B3 1992 5
£ TI2#9200,000ha & E ATl 3 (Al-Asam, 1992) 53,
HEREPCHMMNONRIHL»TREY. #ERED
bt L EEARENCITToTV 300k, [Htok
FRNDTOVLETIXAEHRETHS. T/XLEEN
TE, Ml LR HRER OO - HiskE LTo
MkE &bz, Av—2 L DEBIH PR T (R IR
K% L) L8 ALMEATUO R WIHIEIIC & 1969 4F ]
NHNMEIT>TV S, 77X RIHNTE (44
D4 O FERBABRB OMMM S TR
DRIk K(, 1993 4F & CT1236,745 hatZiEL TL
3.

C D & D A IUID I h> D KA M o> A 8B R RA S T
ik, WIS i E MR RS DV TR, TTICHE
ShTwa (NiiEs, 1991) »%, BEEXOLSTH
3. 1KIMHUD BIBIE 100~200hafiETH Y, BYICH
BAKEERS TEIF2EY, HB2T75-DO/RES
RT3, MMM 2 X258 IC k5 RDOR
HRHSILODOT7 L ABEFHL, 1ELEREON KRS
fi#$ 5. WKIETRTEFY Yy 7MiM AETiTbhTy
5. O MBI, RNSEMNTIXEE
ReRIBU & DREIC & > TITV, MMM T L T—5ED
I E 2 L BUFICEI RSN B r— A% 0. BT
CH RSN BOMMIMOERIZ/ F A X AD%E
BHBMIZ(EARATITHOTVS.

Bt CoMRLIC@EILBASHIBELZ A
VHRTV S, BEMICERINLIZEAY O
T, BIEUAEOHAEMMAV STV S, R AH
BB TT 5 —2 (Salvadora persica), 77
(Prosopis cineraria), Yv— (Acasia tortilis), > X —
(Zizyphus spina-christi) ThH 3. Zh s o4 TENENE
BHELINLEY, 75—70fHEMNBLEL
(YokoTa et al., 1997). ChETORELORMHTE
(YokoTa ef al., 1997) Tk, FEBAKE OB BATICETH
Bk 72— 753, #EKEOROBCTIEE
DOFOFT—LEME{ MBI RT3 HAMNAELR
7-.

77 XCEREMAOERE T, HBRHREICHE
HTbh TV 2H%ZEBVT, b2 ViTbhT
v, MM TREKRLS S, BELTOLSBAY
B, ChETHMNAHGD L REPHRETHE
HHRADINS LY, Zh2hoHEEOCBR -
RAERGBLBOHS R EDERICEZ L bh3.
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B A I 2 JEER O AR P BRI BV 2
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B, REDHER TR A HEEK O EC (L5535 1E)
25dSm WA FEE bR TWA, TE LT %
OB RN o MW (12 5 B - N, 1995;
Yokota et al., 1997) (2% 5 &, ECH35dSm LA T Ol
KEMEHLTOSEEEMHEL2REO50 %L 1T
btz —I7, KT ZF OGO 10 %
FIETHY, 10dSm 2 Z 5 MUK 2 VT 2 4k
Hids50% BLEICiELTWE. Sk Hic, WK TEL
FACFINT & OB IR O R AR E LTH
WHERTVD., FATHINELLT Z—2 0 L 920
PRSI 2 AT AU, H AR ARDETIDETH 5.
ELICHIKI 2SS { LT oA IR L, 18
FRH R A MU A WIS R TR, ko
HsrbHE VMM A SV, L, HitkitokS
IR T RE A OB, R E A ARSI
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ROLEFHBIHFESHREEHEFELLNLD, SDLIA
BAGAEG LTS, /i, HEERo X 5 (o
DFELLHOBITT AT TIMAROHE b bty
5.

T AR TR, 1970 fCUS L S L2042 1
FEI L 2HMIT &, Rk E LTH RS ShT V5.
AL Wi L R AR OISR T o B kA B i
W5 Tld A nhs, 58 h iz - T i c i =g
BT AW KPR LT A0S A 5 h
4. e, kA LM AR S oo A b I8
TN ARSI (1 Gt DT 110 81 | = &1 g B | W e
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T aniEyhs Lilbhd

5 &% b ¥ I
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TRV OMER IS 3 0 LTI H 2L 2F 24 L
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Agriculture Development and Afforestation in Desert Region
— Case Study in the United Arab Emirates —

- Hiromi Yokora* and Yoshikazu Kirirwa**

The United Arab Emirates (UAE) is located on the southeast of Arabian peninsula, and harsh dry climate is not
suitable for agriculture and afforestation. However, agriculture has been encouraged and the cultivated area has
considerably expanded. Afforestation has also been carried out since the end of 1960s. Some problems have been
caused by the development of agriculture and afforestation, and the most serious problem is the shortage and salinity of
groundwater, especially in agriculture. In this paper, present condition of agriculture and afforestation and the problems
caused by the development of agriculture and afforestation are described.

The GDP level and per capita income of UAE are higher among GCC countries. Although the contribution of
agriculture to GDP is rather small, agriculture has encouraged since 1970s to increase the ratio of self-sufficiency of
agricultural products and to maintain the income of farmers.

Major agricultural areas mainly locate near mountains in northeast region, where annual precipitation is higher and
salinity of groundwater is lower. Four types of irrigation methods, including basin, fallow, drip and sprinkler irrigation,
are used in UAE. Drip irrigation as the most water saving method is widely used most often for vegetable cultivation.
The traditional basin and fallow irrigation methods are still used for cultivation of alfalfa and vegetables etc. Farming
method is also classified into three types based on water resources. In the two traditional types, surface water is used
through open channel or groundwater is used through underground channel (locally called Falaj), and crops such as
date palm, citrus or vegetables are cultivated in mountain areas or at the foot of mountains. In these types the size of
farm is smaller. In the other type, groundwater is obtained from wells, and the four irrigation methods are used. The
latter as the major in UAE has a great contribution to the recent increase of agricultural products, mainly vegetables
cultivated with drip irrigation method.

The cultivated area has considerably increased since 1970s. The area in 1990 was more than twice compared to that in
1978. Agricultural production has also increased and contributes to raise the ratio of self-sufficiency in some kinds of
vegetables. In UAE, almost all irrigation water is groundwater. The water table in UAE has dropped dramatically with
increase of agricultural land because the great number of wells has drilled and water has consumed. Approximately
3,000 wells were dug from 1976 to 1980. Increase of water salinity and seasonal surplus of vegetables such as tomato,
cabbage and eggplant in winter are additional disadvantages. Although not adequate, some strategies such as
construction of dams in wadi and cultivation of some salt tolerant plant irrigated with sea water have been taken against
the above-mentioned problems .

Afforestation has been carried out especially in Abu Dhabi Emirate to protect roads and town areas from strong wind
and shifting sand and to increase green area. The afforestation areas in UAE had increased to 200,000 ha by 1993. Local
tree species are mainly planted although the species introduced from foreign countries were used at the beginning of
the afforestation. Almost all planted areas have been continuously watered with drip irrigation method. The shortage
and salinity of irrigation water are not serious problems on afforestation unlike agriculture. However, water resources
and the cost of irrigation and so on may become problems in near future in case of that irrigation is continued in all
afforestation areas.

Key Words: Afforestation, Agriculture, Groundwater, Salinity, United Arab Emirates

*Faculty of Agriculture, Shizuoka University. 836 Ohya, Shizuoka 422-8529, Japan.
**Graduate School of Agriculture, Shizuoka University. 836 Ohya, Shizuoka 422-8529, Japan.
(Received, July 10, 1997; Accepted, November 27, 1997)
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Study on the Land Cover Change in the Loess Plateau of China

Bing ZHANG*, Qingxi ToNG*, Lanfen ZHENG?*, Jinnian WANG*
and Xiangjun Wanc*

The Loess Plateau of China is a fragile ecological area with severe desertification and soil erosion
problems. On the other hand, there are rich natural resources in this area, such as coal, natural gas,
etc. In the past twenty years, the bad natural condition and increased pressure by social and
economic development have had very drastic effects on the local land cover change. For
investigating such change, the Landsat data of the study area in two periods (MSS in 1970's and TM
in 1990's) have been normalized and geographically corrected to the same spatial cover and the
same pixel size. From these remote sensing data, two periods of land cover maps have been
produced for the analysis of land cover change. The results can be summarized as follows: (1)
Under the efforts of planting trees and grasses, the vegetation cover has increased quickly,
especially in the residential areas. (2) On the contrary the sandy land increased in some remote

areas far beyond human planting activities.

Key Words: Loess Plateau, Land cover change, Remote sensing

1. Introduction

Desertification, as a global environment issue,
is continuously spreading under human
economical activities and the influences of natural
factors such as loess surface material, dry climate
and frequent wind, etc. (Zuu, 1994). With an area
of 111,617km?, the study area lies between
latitude 36° 49’ and 40° 56°, longitude 106° 58° E
and 111° 12°(Fig. 1). The climate of this area is
semi-arid with drought, strong wind and
concentrated precipitation, etc. Two major
geomorphologic units can be distinguished,
desert area in the northern part (Kubuqi and
Maowusu deserts) and loess hill area in the
southern part. The Loess Plateau abounds in coal
resources. There are several world famous coal
fields in this area, such as Shenfu and Dongsheng
coal fields. In addition, the plateau has rich
deposits of aluminum, nonferrous metals, oil and
gas (Zuanc, 1991). Due to the severe climate and
natural conditions, the Loess Plateau is
considered as an ecologically fragile zone with a
lot of serious environmental problems, especially

the desertification and soil erosion, which affect
not only the local environment but also the
environment of the eastern part of China and Asia
as well. Serious soil erosion has produced a large
quantity of silt washed into the Huanghe River,
which is still threatening all forms of life on the
river's lower reaches. The dust particles blown
high in the atmosphere are transported to the
East Asia and further to the Pacific region (Yang,
1991).

Yellow River

Fig. 1. Location of the Study area.

*Institute of Remote Sensing Applications, Chinese Academy of Sciences. P. O. Box 9718, Beijing, China.

(Received, March 12, 1997; Accepted, November 27, 1997)
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This study is an attempt to promote better
understanding of the environmental situation and
problems in the Loess Plateau, and to investigate
the land cover changes quantitatively in the past
twenty years in such large area. In the recent ten
years, the rapidly increasing social and economic
activities, such as tree planting, coal mining and
oil exploitation, railway and road expanding, etc.,
have had very drastic effects on the local
environmental conditions and the people's life.
This could be very valuable for the regional
planning and especially for the sustainable
development of the area.

Six scenes of TM data in the same seasons of
1990's (1991, 1992) and nine scenes of MSS data
in the same seasons of 1970's (1972, 1973) which
covered the study area have been acquired and
then been processed and mosaiced separately for
two periods. Due to the difference of orbits for
Landsat Satellites, the TM mosaic image
(6scenes) is not strictly coincident with the area
of MSS mosaic image (9scenes), and not with the
same pixel size. So, the normalization and
geometric correction between them have been
carried out to make sure these two sets of
composite mosaic of satellite images have the
same coverage, the same pixel size, the same
spatial location and the same image size (Fig. 2),
which are very important for the next step of land
cover classification and the quantitative analysis
of environmental changes.

2. Land Cover Classification and Dynamic
Change Analysis

A land cover type refers to the actual land
surface situation in an area. Supervised spectral
angle mapper (SAM) classification technique has
been used for the land cover classification from
two periods of remote sensing data separately.
MSS4, MSS5, MSS6 and TM2, TM3, TM4 band
data have been separately selected for such
classification. Because most types of land cover
unit blocks are larger than 80m X 80m, the
different original pixel size between TM data and
MSS data should have little influence on this
comparative analysis. Considering the accuracy of
remote sensing classification, synoptic land cover
types are used for detecting land cover change.
Table 1 shows the statistics of land cover change
obtained from the analysis of remotely sensed
data in 1970's and 1990's.

In general, the area covered with thick
vegetation (farmland and forest and grassland)
has increased about 12.30%, which mostly came
from bare soil or sparse vegetation-covered areas.
Due to their relatively moist conditions than
desert area, some environmental improving
measures, such as air seeding, afforestation, soil
erosion control, etc., usually result in relatively
fast and evident vegetation-cover increment or
environmental rehabilitation. The ground

Londset M35 lmags
i Lowss Flatsan af?h'u-
AAFTs)

Lanisat TH Laage
1 Loews Platean -ﬁ‘arm
{1o9s)

Fig. 2. MSS composite mosaic image in 1970's (left) and TM composite mosaic image in 1990's (right).
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Table 1. Land cover change in whole study area.

Land Cover Type Area (km2) Desertified Area Improved Area Percentage
1970s 1990s (km?) (km?) (%)

High Vegetation 56,386 64,295 7,909 12.30
Cover Area (= 30%)

1) Farmland and Forest 19,580 23,975 4,395 18.33

2) Grassland 36,806 40,320 3,514 8.71
Low Vegetation 54,647 47,126 -7,521 -13.76
Cover Area (< 30%)

1) Sandy Land 32,537 34,853 2316 7.12

2) Bare soil 22,110 12,273 -9,837 -44.49
Open Water 583 196 -387 -66.38

Table 2. Relation between the distance from city center and environmental change in Yulin pilot area.

Distance from city center

Vegetation cover increment

Vegetation cover decrement

Area (km?) Percentage (%) Area (km?*) Percentage (%)
< 4.5km 23.46 36.8 1.38 2.16
< 9.0km 64.35 25.27 22.87 8.98
< 13.8km 106.32 18.01 57.83 9.79
Full area 150.81 16.76 88.26 9.81

investigation shows that, in the past twenty years,
the great efforts have been taken to prevent large
areas of grassland and forest land from
unreasonable reclamation and other utilization.
Along the highway from Baotou to Yulin, some
massive grassland areas have been formed from
the bare land during the past ten years. All these
facts indicate that the local people have made a
great success in improving the regional envi-
ronment.

In the meantime, the sandy area has also been
increased by 2,316km? in the study area. In order
to seek for more details about the causes and the
distribution of such spatial changes of desertifica-
tion or desert expansion, two pilot areas were
selected. One sample area is Yulin pilot area (Fig.
1), which represents the regions more strongly
influenced by human activities. The second pilot
area is located in the interior Maowusu desert
(Fig. 1), which almost has no remarkable effects
of human activities, for it is very far from the local
settlement.

In Yulin pilot area (Fig. 3), in the whole 900km?®
region, 150km?* (16.76%) sandy land has been
improved to high vegetation covered area during
the past twenty years. Such environmental

Fig. 3. Landsat image showing ecological circles (radius:
4.5, 9.0 and 13.8km) of Yulin area.

improvement was dramatically related with grass
planting and afforestation. For better under-
standing of the causes of such environmental
changes, the Yulin pilot area was divided into four
ecological circles by the distance from the city
center (Fig. 3). Table 2 shows that the percentage
of vegetation-cover increasing area is in inverse
proportion to the distance from Yulin city center.
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Most areas which now have high vegetation cover
degrees were still sandy land twenty years ago.

In the past twenty years, 36.80% of sandy land
has been improved to grassland, forest or
farmland in the first circle (within a radius of
4.5km from the city center). There is 25.27% of
improved land within a radius of 9.0km from the
city center, and 18.01% of improved land within
13.8km radius. In the whole Yulin pilot area,
16.76% of bare desert area has been improved to
high vegetation cover area. On the other hand,
the proportion of environmental degradation
increased according to the distance from the city
center.

From above statistics, it can be seen that the
regional environmental change is mainly
determined by the local people's activities and
usually is in inverse proportion to the distance
from residential place. Such situation shows that
the planting of trees and grasses has played a
most important role in the environmental
rehabilitation of the Loess Plateau area.

On the other hand, in the interior of Maowusu
desert (Fig. 4), there is no remarkable human
improvement works. Comparing the land cover

classification results of TM data in 1990's and
MSS data in 1970's, the expansion of sand dune
area is very clear. Under the influence of strong
northwesterly wind, some sand dunes have
moved to the southeast direction. Although the
main bodies of the sand dunes have not shown
evident changes, but their areas have enlarged.
Some small sand dunes have linked together and
formed a large one. In this pilot area, the sandy
area has increased by 51.34km?, 5.7% of the whole
pilot area (Table 3). In some desert areas far from
the human intervention, sand dunes have
extended to the leeward.

3. Conclusion

From the dynamic analysis of the land cover
change by remotely sensed data in the past
twenty years, the conclusion can be made as
follows: Under the human efforts of planting trees
and grasses, the vegetation cover area has much
increased (7,909km?, particularly in some urban
and suburban areas. This fact shows that the
great role has been played by the national and
local environment improving plans (e.g., Yulin

Table 3. Land cover change and desertification in Maowusu pilot area.

Land Cover Type Area (km?) Altered Area Percentage
1970s 1990s (km?) (%)

1. Sandy land 505.57 556.91 51.34 5.70

2. Grassland 386.05 335.87 -50.18 5.57

3. Bareen land and water bodies 8.38 7.22 -1.16 0.13

Total 900.00 900.00

Fig. 4. Maowuwu inland RS image separately acquired in 1970's (left) and 1990's (right).



pilot area). These improved areas include the
Three-North Forest Sheltering Belt areas, some
areas near the railways, highways or cities, and
some bare or sparse vegetation covered land with
relatively moist conditions, etc. On the other
hand, the area of sandy land increased in the
whole study area (2,316km? from Table 1) which
is mostly distributed in Kubugqi desert and
Maowusu sandy land. Especially in some remote
regions far beyond the human intervention, sand
dunes have shown evidently expanding trend
because of the arid climate, loose surface
materials and strong northwesterly wind (Table
3). Therefore, great attention should be paid to
the desertification development in the inland of
desert of the Loess Plateau area.
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Effects of Amount of Evaporation for Varied Properties and Forms of
Evaporation Accelerators on the Evaporation Drainage Method

Tetsuo Ocawa* and Yukuo ABe**

An elevation in the groundwater table in arid regions resulting in waterlogging and salt damaged soil is known to be
caused by both poor drainage conditions and the ponding of waste water. Although keeping shallow groundwater to a
minimum and reducing drainage water are necessary precautions to be taken, these are not always feasible because of
either technological or economic factors or unsuitable geographic conditions. Here we propose the usage of the
"Evaporation Drainage Method" which effectively utilizes strong evaporation forces prevalent in arid regions.

Evaporation accelerators are the main tool involved in this method. These accelerators evaporate excess water by
radiating it into the atmosphere. In addition, salt also accumulates naturally on the accelerator enabling evaporation and
salt capture to occur simultaneously.

This report examines both the idea and the effectiveness of the accelerator method particularly in terms of its
evaporative capacity of free-surface water. The accelerator, constructed of 2-12 sheets of porous and absorbent gauze,
functions by taking up water by capillary force. As layers of gauze were increased from 2 to 12, rates of absorbency and
capillary rise increased. Contained water values changed at each height layer of the accelerator. Speed of evaporation is
a function of the amount of contained water in the accelerator.

Accelerators were inserted into a pot filled with pure water and placed in an enclosed chamber equipped with an air
conditioner set to simulate an evaporation rates of 10.0mm/day. Evaporation within the chamber increased by
increasing the number of accelerators and thereby increasing the total amount of evaporation surface area. However
accelerators need to be appropriately set to work efficiently. Adequate evaporation space must be allowed. Evaporation
rates also depend in part on the form of the accelerator as air flow around the accelerator varied with shape.

Key Words: Evaporation drainage, Excess water, Evaporative force, Evaporation Accelerator
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Estimation of Water Surface Evaporation and Greening in the Republic of Djibouti
Satoru Takanasu1*, Fumio Waranase*, Tabarek M. IsmaeL**, Hisamitsu Takanasti*** and Kenji Fukunaga****

We tried to estimate the evaporation from water surface, that is used as fundamental data for irrigation planning,
based on monthly average temperature, humidity and rainfall that are fundamental meteorological data collected in
Djibouti. Furthermore, on the basis of this evaporation data, we made it clear that the relation with transpiration and the
rainfall and we evaluated the value of CCR (Catchment/Cropped Area Ratio) for water harvesting of agricultural
development in Djibouti.

The results presented in this paper are summarized as follows:

(1)Relation with the evaporation from water surface measured by class A pan evaporimeter and the evaporation
measured by Piche's evaporimeter has recognized high correlation.

(2) The evaporation from water surface could be estimated by monthly average temperature and humidity.

(3)The annual evaporation measured by A pan in Djibouti was higher in the lowland than the highland. The minimum
monthly evapotranspiration occurred in February and the maximum in June.

(4) Values of CCR are smaller in the highland, and ranges from 10.0 to 20.0.

(5)When we do water harvesting in Djibouti, we have to consider the cropping period, especially on land which has
different elevations.

Key Words: Water surface evaporation, Evapotranspiration, Water harvesting, CCR(Catchment/Cropped Area Ratio)
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Assesment of Surge Flow Irrigation and Evaluation of Furrow

Infiltration Estimation Methods

Melkamu ReGea*, Yoshinobu Kitamura* and Tomohisa Yano*

ON/OFF application of irrigation water to irrigation furrows (surge techniques), in many cases,
is reported to have the potential to enhance the performance of traditional furrow irrigation systems
by beneficially influencing (reducing) soil infiltration rate in a furrow.

Furrow irrigation water advance rates and advance volumes were evaluated under both
traditional (continuous) and surge (intermittent) flows at the Arid Land Research Center, Tottori
University. Parameters to estimate furrow infiltration, according to Kostiakov and Modified
Kostiakov form relations, were evaluated by monitoring cylinder infiltrometer and from a volume
balance approach during the actual irrigation event.

The study results indicated that up to 30 percent less water is consumed to complete furrow
advance under surge compared to a continuous flow under similar set of conditions. Surge flow
effects were observed to be pronounced during the first water application to newly formed furrows
or following major cultivation.

With respect to infiltration analysis of the experimental plot, relative error percent RE (%) is
defined to compare the relative infiltration prediction levels of the coefficients derived from cylinder
infiltrometer and volume balance methods. The volume balance approach that takes into account
data on furrow advance, inflow rate, slope, roughness, length and geometry to derive the infiltration
parameters provided an infiltration level closer to the actual infiltration in the furrow compared to

the level of infiltration predicted using coefficients from cylinder infiltrometer records.

Key Words: Furrow irrigation, Surge flow, Furrow infiltration, Volume balance

1. Introduction

1) Furrow irrigation

Of the estimated 250 million hectares irrigated
lands worldwide, at least 60% is surface irrigated
(Lentz, et al. 1996). Furrow irrigation systems are
the most extensively used among surface
irrigation methods. Under furrow irrigation, the
field serves as its own irrigation water distribution
network and this makes it attractive to irrigators
because of the low capital investment and relative
ease of use. Anticipated shortages and high costs
of energy to derive alternative irrigation systems
suggest that furrow irrigation will remain popular
for the foreseeable future.

However, furrow irrigation systems are
relatively inefficient in terms of retaining the

water applied in the root zone immediately after
irrigation. The inherent disparity in infiltration
opportunity time between the two furrow ends
and the interest to provide the minimum required
depth of irrigation at all reaches along the furrow
facilitate conditions that generate excessive deep
percolation at upper reaches or runoff as tailscape
or both.

Both on-farm runoff and deep percolations are
due to mismanagement of furrow irrigation
systems and are generally undesirable. Whereas,
runoff is an obvious waste of the already scarce
water resources, deep percolation has a far
reaching effect because of its potential to leach
agricultural chemicals, join and raise groundwater
table to unacceptable levels (crop root zone)
and/or degrade qualities of groundwater supplies.
Most of the environmental disorders encountered

* Arid Land Research Center, Tottori University. 1390 Hamasaka, Tottori 680-0001, Japan.
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in irrigated arid and semi-arid regions have their
causes directly or indirectly related to on-farm
excessive runoff and deep percolation.

Runoff and deep percolation problems are more
pronounced and commonly associated with
furrow systems suffering from low water advance
rates resulting in large infiltration opportunity
time differences between the two furrow ends.
Hence, design and management objectives for
furrow irrigation are generally to complete the
advance phase of the irrigation as quickly as
possible to minimize these differences. The ideal
system would be capable of automation, provides
instantaneous advance, and prevents runoff
during the intake phase of an irrigation event.
Unfortunately, resources needed to achieve these
conditions are not available for furrow irrigation
systems. However, to attain these design
objectives, traditionally, large initial inflows
followed by small cutback furrow streams were
recommended. In some cases, runoff recovery
(reuse) mechanisms are also incorporated in the
system design.

Recently, however, the performance of tra-
ditional furrow irrigation systems, in many cases,
have been greatly enhanced by converting to
surge flow techniques. By definition, surge flow is
the intermittent application of irrigation water to
irrigation furrows, creating a series of ON and
OFF periods of constant or variable duration over
part of, or the whole irrigation time (WALker et al.,
1987).

Intermittent application of water to furrows has
the potential to beneficially influence (reduce)
infiltration. Such a reduction in infiltration is
suggested to occur due to the following
processes: when water first contacts a dry soil in
an irrigation furrow, the infiltration rate is usually
high. As the water continues to run, the
infiltration rate at that point in the furrow gets
reduced. If water is shut off and allowed to totally
infiltrate, the surface soil particles consolidate and
form a partial seal in the furrow. When water is
re-introduced to the furrow, the intake rate can be
reduced due to this partial sealing action. It
results in accelerated water movement down the
furrow and less infiltration into the soil, leading to
an overall reduction in the size of advance volume
and gross irrigation requirement.

Though quantitative study on their relative

significance is not yet available, other mech-
anisms suggested to cause further effective
reduction in soil infiltration under surge
techniques are sealing of water conducting pores
by suspended sediments (MaLano, 1982 MS);
surface drying during the OFF period which
causes surface layer consolidation (Samani, 1983);
soil swelling due to hydration of clays and
reduction in hydraulic gradient as wetting of the
soil progresses (BLARr ef al., 1984). Where surge
flow reduces infiltration rate of a soil, either or a
combination of these factors may be accounted
for the resulting effect, however.

2) Furrow infiltration and its prediction
methods

Lack of quantitative knowledge on furrow
infiltration behavior greatly contributes to
mismanagement of furrow irrigation systems. The
design, evaluation and simulation of a furrow
irrigation system rely on the knowledge of the
infiltration properties of the irrigated soil.
Unfortunately, however, soil infiltration is
spatially and temporally variable and this
variability is difficult to characterize.

Furrow infiltration is conventionally and
commonly evaluated from data collected using
cylinder infiltrometer, inflow outflow
measurements, and blocked furrow intake rate
measurements among other methods. Two of the
approaches considered herein are discussed
below.

(1) Cylinder infiltrometer method

The use of cylinder infiltrometer data to
characterize furrow infiltration, wherein
cumulative (total) infiltration is power related to
the infiltration time, is widely employed. This
power relation is given as:

Z=KkT" 1)
where Z = cumulative infiltration (cm); T = total
infiltration time (min); k and = empirical fitting
constants.

However, this power relation suggests that the
rate of infiltration at large times approaches zero,
contrary to what is observed in the field. Most
agricultural soils exhibit a non-zero steady (basic)
intake rate at large infiltration times. To account
for the tendency of Eq. 1 to underpredict
cumulative infiltration, a factor is included as:

Z=KT*+fT @2



where f=steady (basic) intake rate (cm min?'). The
factor f in Eq. 2 is obtained from cylinder
infiltrometer minimum rate of infiltration usually
attained at the end of the observation. Egs. 1 and
2 are known as the Kostiakov and the Modified
Kostiakov relations, respectively.

Yet, the way water infiltration into the soil takes
place in a cylinder infiltrometer driven into the
soil has very little in common with the way
irrigation water infiltrates in a furrow and
therefore there are enough reasons for a variation
between measured furrow infiltration and that
estimated using infiltration coefficients derived
from cylinder infiltrometer method.

(2) Volume balance

The concern that the coefficients derived from
cylinder infiltrometer method have some
drawback as stated above, initiated a search for a
method whereby an equation estimating water
infiltration into the soil during a furrow irrigation
event could be developed from data on water
advance across the furrow together with
information on flow rates, furrow length and
slope, furrow roughness and geometry. The
primary advantage of such a method is that
infiltration parameters are derived from the actual
irrigation event or are part of it.

One such method developed by CHRISTIANSEN ef
al. (1966) is a graphical method. The procedure
involves plotting the water advance data on
logarithmic chart to obtain the coefficients of a
power advance equation. Infiltrated amounts
versus time during the water advance, estimated
as the difference between volume of inflow and
surface storage (volume balance), are also plotted
on logarithmic chart. Data from these plots are
used to derive the parameters essential for
characterizing furrow infiltration.

The volume balance approach for estimating
soil infiltration parameters is based on the
following basic assumptions:

Assumption 1: The trajectory of the advance of
the water front in a furrow can be described
as a simple power function of the form:
X=pt* 3)

where x = distance water advances in time t (m);
p and r = empirical fitting parameters,
(r is referred to as advance exponent).

Assumption 2: Infiltration is characterized by

the modified Kostiakov form equation:
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Z=kt’+ fot 4)

where Z = infiltrated volume per unit length after
an infiltration opportunity time (t) at a given

point along the furrow,

fo = basic intake rate in units of volume per
unit length per unit time.

The factor (fo) is separately determined from
furrow inflow outflow records taken long enough
for the outflow to reach a maximum constant rate.

Utilizing these two assumption, the volume
balance equation is written for any advance time
as:

Qo t = 0yAX + Okt + fotx/ (1+1); 6))
where, Q. = inflow rate (m® min?);

t = elapsed time since the inflow started (min);

oy = surface storage shape factor, a constant;

A, = inlet cross-sectional area of flow (m?); and

o: = subsurface shape factor, defined as:

0:= (a+r(1—a)+ 1)/Q+a)(d+r) 6)

Eq. 5 states that for any given time during the
water advance phase of an irrigation, the total
inflow volume is equal to the surface storage and
the infiltrated volume. Solving this equation for
any two points along the furrow, preferably for
half the furrow length (L/2) and full furrow
length (L) substituted for x, provides two
equations that can be simultaneously solved for
the only two unknowns a and k. With some
algebraic arguments and logarithmic transforma-
tions, Eq. 5 then provides:

0= l(Vi/Vos.) /1n(T1/Tost) @
where V.= Qo Tv./L— 6yA.—foT./(1 + 1) €)]
Vost = 2Qo Tost/L— 0yAa—foTost/ (1 + 1) (9)

Then o: is found from Eq. 6 and the parameter

k is found by
k =Vi/(c:TL) (10)

Evuor and Waiker (1982) further simplified the
evaluation of infiltration parameters from advance
data. They developed an algebraic method known
as the two-point method and suggested a relation
for the advance exponent:

r=1In2/(nT.—InTos) (11)
where Ti. and Tos. are again advance times to L
and L/2 furrow lengths, respectively. The aim is
to reduce the number of advance data points
without appreciable loss of accuracy in the value
of the parameter to be determined.

However, the relative importance or merits
associated with these various methods are either
not thoroughly studied or not widely available for



40

use by irrigators. Our purpose in this study is,
therefore, to compare advance volumes under
continuous versus surge (ON/OFF) flows, to
carry out soil infiltration tests and analyze how
well commonly used methods and models
describe furrow cumulative infiltration. Based on
the results, to suggest appropriate furrow
irrigation management practice that would
eliminate or significantly mitigate its drawbacks
and help exploit the potential advantages as best
as possible.

2. Materials and Methods

1) Experimental site

A field experiment was carried out at the Arid
Land Research Center, Tottori University on a
limited set of furrows with maximum length of 30
m during the summer of 1994-1995. The
experimental plot has a Masa soil (a yellowish
brown in color, permeable, porous and non-
viscous sandy loam) of 50cm average depth over a
sandy soil. According to the particle size analysis,
this soil consists of 77% sand and 23% silt and clay
particles. Average bulk density over the 50cm
depth was 1.35g cm?. The soil's rate of infiltration
at the end of the experiment falls within moderate
infiltration rate category and was quite reasonable
for surface water application tests. The plot was
carefully leveled to a longitudinal slope of
0.001m m* in the direction of irrigation. The test
furrows were roughly trapezoidal in shape and
had an average depth of 0.12m.

2) Data collection

(1) Water advance

Field water advance data measurements were
conducted to identify furrow advance rates under
continuous and surge flows. Water was supplied
to the furrows from gated pipes provided with
electric valves initially adjusted for a given volume
rate of test flows.

Under given test inflow rates, common to both
continuous and surge flows, water advance rates
were recorded at stakes placed (prior to making
test runs) at 6m interval along the furrow.

For the continuous flow set of furrows, once the
inflow was diverted into the upstream end of the
test furrow, the inflow was kept uninterrupted till
the advance front reached the downstream end of

the furrows. The advance front was followed and
the time it reached the stakes progressively were
record.

For the surge flow set of furrows, the total
furrow length was divided into 5 (five) equal
segments of 6m each. The first surge flow
diverted to these furrows wetted the first 6m
segment of the furrow close to the inlet before the
water was turned off. The surface storage due to
this first surge was given just enough time to
totally infiltrate. Then the second surge flow was
turned on and run over the already wetted
segment of the furrow by the previous surge but
allowed to cover an additional (a downstream) dry
segment of 6m to totally cover 12m furrow reach.
The same procedure was repeated till the advance
front reached the end of the furrow using 5
surges. Except for the mode of water application,
experimental conditions were kept identical for
both continuous and surge flow set of furrows.

(2) Evaluating soil infiltration coefficients

Two methods were employed and their results
were compared to field observations.

The first method was where a cylinder
infiltrometer of 30cm diameter and 40 cm height
(with a buffer pond constructed around to
minimize boundary effects) was used. The
cylinder was driven into the ground a minimum of
15cm and water is filled to a known initial height
within the cylinder and the buffer pond to
measure water level drops against time. Every
time the water level drops a few centimeters,
sufficient water was added to bring it approx-
imately to its initial elevation. In using the data,
the refilling is assumed to be instantaneous.

The second method was where the infiltration
parameters were evaluated from furrow advance
data using a volume balance procedure presented
in 1.-2)-(2), Egs. 3-11. In conjunction with this,
furrow geometry parameters essential for
estimating inlet cross sectional area of flow, A,
was obtained from readings taken with furrow
profilemeter following test runs. A, was then
evaluated by either transferring the data onto
computer and measuring same-scale print outs
using portable areameter or by use of Manning's
rigorous hydraulic relation that assumes a power
relationships to exist between flow depth, wetted
perimeter, hydraulic radius and furrow top width.
The surface storage shape factor, oy, (Eq. 5)



represents the ratio of the actual volume of
surface storage to the volume calculated by the
cross-sectional area of flow at the inlet of the
furrow at different advance times and advance
distances. As a series of measured data on furrow
flow cross-sectional area along the whole furrow
run is not available, except for the inlet cross-
sectional area (A.), a recommended and
commonly used constant value of 0.75 was used
to enable us to estimate the surface storage
volume. The subsurface shape factor was
evaluated from the relation indicated in Eq. 6. The
detailed procedure is provided by WaLker et al.
(1987) and Waiker (1989).

3. Results and Discusshion

1) Continuous versus surge advance volumes

The results given and discussed herein are for
an instantaneous inlet discharge of 0.5L sec!
under the two flow patterns. Lesser instantaneous
flows failed to complete the advance within
reasonable times, whereas bigger discharges
sustained considerable advance fronts even after
the flow was turned off under surge flow.

Water advance trajectories for both flow types
(data averaged for six sets of furrows each), in
which the distances water advanced in a furrow
versus corresponding advance times is illustrated
in Fig. 1. For the continuous flow, water is turned
on and was kept uninterrupted while advance
rates were measured at 6m interval along the
whole furrow length. Under surge flow, total
advance was completed in 5 successive inter-
mittent (ON/OFF) applications each covering
additional 6m; with expanding off times of 2.86,
4.03, 9.47 and 13.11 minutes between the
successive surges to allow complete dewatering
of the surface storage resulting from preceding
surges prior to allowing succeeding surges. The
surge advance trajectory in Fig. 1, hence, is
produced by removing this off times and
concatenating the on times during each surge.
The vertical increases in the surge trajectory time
(with no increase in distance) represent the
successive advance times required for the wetted
reach as a result of the preceding surge advances.
These times correspond to 0.79, 2.13, 3.6, and
4.52 minutes for surge 2 to surge 5, in the same
order. As shown in Fig. 1, the average total
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advance time for the continuous flow is 49
minutes, whereas that of a surge flow is only 34
minutes. As the same instantaneous inlet flow was
used in both cases, the advance volume under
surge is 69% of that of a continuous flow.

This result was obtained during the first
irrigation of the trial that took place following
extended dry days and the soil's hydraulic and
infiltration characteristics, therefore, were
extreme. A post irrigation event carried out after 7
continuous non-rainy days under similar
treatment took a total advance time of 36 and 29
minutes for the continuous and surge flows,
respectively. Average soil moisture levels
gravimetrically determined from samples taken
prior to the pre- and post-irrigations were 0.09 and
0.16 cm® cm?, respectively. Evidently, the
decrease in advance volume consumed under
surge during the pre- and post irrigation is less
compared to the corresponding decrease under
continuous flow. Further, the relative difference
between the continuous advance time (volume)
and that of the surge is lower for the post
irrigation than the initial irrigation. BisHor et al.
(1981), Cooumce et al. (1982) also reported that
the effect of surge application to reduce
infiltration of a soil is remarkable during the first
irrigation when the soil moisture level is at its
minimum.

An attempt to study relative surge effects under
various cycle times (ON TIME+OFF TIME) and
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Fig. 1. Continuous and Surge flow advance trajectory.
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various cycle-ratios (ON TIME/CYCLE TIME)
were limited by a combination of factors ranging
from research plot size limitation to the short
duration of the weather pattern suitable for such
field monitoring. It is, therefore, not intended to
further discuss the several management options
that surge flow technique offers to a furrow
irrigator.

2) Furrow Infiltration

Models employed and pertinent arguments
underlying estimating furrow infiltration are
outlined in Section 1.-2) of this paper. Table 1
presents a summary of average data for

Table 1. Parameters for infiltration models’ inputs.

1. Cylinder Infiltrometer

k (cm min") 1.293
o 0.461
f (cm min?) 0.04

2. Volume-Balance

Power advance Two-point method

k (m* m* min") 0.0047 0.0069
o 0.368 0.334
fo (m* m* min?) 0.0005 0.0005
Furrow length (m) 30 30
Flow rate (m* min*)  0.03 0.03
Ao (m) 0.006 0.006
70
60 4
50 1
= R |
‘e , == Infiltration rate {cm min-1)
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Fig. 2. Soil infiltration rate (Cylinder inflitrometer data).

parameters essential in furrow infiltration
modeling as measured or calculated from field
data. The units for k and fo (Table 1) as given for
the volume balance represent the volume per unit
furrow length, per unit time. In evaluating total
infiltration in a furrow, appropriate furrow
spacing, furrow length and time of infiltration
were used in conjunction with these units. The
point is to compare how well furrow infiltration is
estimated when infiltration parameters are
derived from cylinder infiltrometer data against
those derived from volume balance procedure.
Using the data in Table 1 along with other
parameters evaluated according to the rela-
tionships given in Section 1.-2), Fig. 2 represents
a time rate of infiltration as observed in a cylinder
infiltrometer. Generally, infiltration rates are
known to change not only with soil type but also
with soil cover, soil temperature, previous soil
moisture history and other conditions. For this
particular study, as in the case for most furrow
irrigated areas, these refinements were ignored
and the infiltration parameters are assumed to be
a function of soil type only. The soil infiltration
rate decreased gradually from high average initial
values of 65cm min? to a final (steady) value as
low as 0.04cm min*. This rates still indicate that
the soil has a relatively high rate of infiltration as
monitoring was completed. Fig. 3 shows a
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Fig. 3. Measured cumulative infiltration and a power
curve fit (Cylinder inflitrometer).



measured cumulative infiltration curve fitted
according to the Kostiakov power relation (Eq. 1).
The power curve fit has k, o and a regression
coefficient (r?) values of 1.293, 0.461 and 0.962,
respectively. This plot reveals the common
criticism that this power relation inherently
underpredicts cumulative infiltration beyond a
range of few hours. As will be demonstrated later,
the inclusion of the basic (steady) intake rate in
the Modified Kostiakov relation could not
produce a better estimate of cumulative
infiltration, either.

Fig. 4 provides a superimposed infiltration plots
as estimated for an irrigation event in a furrow
using coefficients evaluated from both cylinder
infiltrometer and volume balance method. The
total infiltrated volume or depth for a given
infiltration opportunity time was evaluated from
furrow inflow-outflow measurements. The models'
infiltration prediction levels are compared by
defining percent relative error RE(%) as (Brar et
al., 1993) :

RE%) =100(Vc—Vm)/Vm (10)
where Vc = calculated infiltrated volume;
Vm = measured infiltrated volume.

This relation (Eq. 10) suggests that a plot of an
ideal model that would predict infiltration equal to
the measured value over the whole range of
infiltration opportunity time would coincide with
the zero line. Accordingly, positive RE values
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Fig. 4. Percent relative error, RE (%) versus inflitration
opportunity time.
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indicate an overprediction by a particular model
over that range of infiltration time, whereas RE
values less than zero show underprediction.

With reference to Fig. 4, the Kostiakov model
(Eq. 1) under-predicted (RE = —18) cumulative
infiltration, at low infiltration time (soon after the
onset of irrigation), followed by an equivalent
overprediction (RE = 16) over a short range of
time. At larger irrigation time a larger deviation
(underprediction) from RE =0 line is revealed.
This is a matter of concern as large irrigation
times are quite common on furrow irrigated areas
and this model is the most likely to be used to
characterize infiltration.

The Modified Kostiakov model provided large
positive RE values over the whole range of
irrigation time, though the deviation from the
RE =0 line tends to be smaller at the maximum
irrigation time. The argument that the Modified
Kostiakov model improves the drawbacks in the
Kostiakov model is offset in this particular study
due to the relatively high value associated with
the f factor.

The volume balance power advance derived
coefficients provided the least deviation (RE = 6)
at the end of the irrigation event though the
deviation was larger at the onset of irrigation. The
fact that the method provides the least deviation
by the end of the irrigation time is of practical
significance.

The volume balance two-point method has the
second least deviation (RE = 11) by the end of the
irrigation time. This method is basically the same
with the power advance method except that the
advance exponent (r) is evaluated from only two-
point advance measurements, and its result, as
such, is not expected to markedly vary from that
of the former. However, it is to be considered as a
management option that has a potential to reduce
data points without major offset in the variables of
interest.

4. Conclusion and Recommendation

1) Surge flow

The need to initiate and implement improved
furrow irrigation practices are numerous and
varied. The immediate and long term sus-
tainability of most irrigation schemes appear to
heavily depend on improved irrigation practices.
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This study showed that surge flow consumes
less water to complete furrow advance under a
constant advance distance variable on-time basis,
compared to a continuous flow under similar set
of conditions on a Masa soil of relatively high
infiltration rate. The effects of surge flow were
most pronounced during the first water
application to newly formed furrows after
prolonged dry days or following major cultivation.
A comparison of limited data aggregated by
treatment suggests that differences in advance
rates under surge flow conditions were
substantially less than under continuous flow.

Surge flow, when effective, offers advantages to
a furrow irrigator that come from either or a
combination of less water to meet irrigation
demand, high application efficiency and
uniformity, regulation of the runoff and a potential
to semi-automate furrow irrigation.

Surge flow offers management flexibilities that
continuous flow lacks due to the various options
available in relation to furrow stream size, surge
cycle time, surge cycle ratios, and number of
surges that need to be optimized for the best
combination that would result in a high level of
application efficiency and uniformity. Despite,
surge flow technique is not yet an advanced
irrigation technology. Also its effects are not
universal and may not produce the required
advantages under all field conditions. Its effects
are site specific and closely related to the soil
properties and possibly to the quality of irrigation
water used as much as to its management
practice. These aspects of surge flow, if studied,
would be essential in decision making regarding
the suitability of surge flow technique to a furrow
irrigator given site specific factors.

2) Furrow infiltration

The design, evaluation and simulation of a
furrow irrigation system rely on a knowledge of
the infiltration property of the irrigated soil.
However, soil infiltration is spatially and
temporally variable and the variability is difficult
to characterize.

Generally, furrow infiltration prediction suffers
from lack of representation when soil infiltration
parameters are derived from the classical cylinder
infiltometer monitoring.

In this study, infiltration parameters derived

from volume balance method better estimated
furrow infiltration compared to the cylinder
infiltrometer derived coefficients. The volume
balance method, in addition to having a merit of
estimating furrow infiltration better, also offers
the advantage of being part of the actual irrigation
data that could be collected for an over all
improved furrow irrigation management.

The fact that the level of infiltration estimated
using cylinder infiltrometer derived coefficients
compared to that of the volume balance had
greater deviation from the measured infiltration is
unfortunate as it is commonly used to character-
ize infiltration by consultants, irrigationists and
others involved in evaluating furrow irrigation
systems.
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Construction of Water and Salt Balance Simulation Model to

Forecast Long Term Effect of Irrigation Agriculture

Ariyoshi Kusumr* and Toyoaki MORISHITA* *

In irrigation agriculture in arid or semiarid zone, there is conflict between pursuing short term
benefit and sustainable agriculture, as long term effect of irrigation agriculture is not clear.
Therefore, the purpose of this paper is to construct a simulation model to quantify the conflict and
to evaluate long term effect of irrigation agriculture. Selecting two fields in Israel as samples, Water
Balance Model and Salt Balance Model were constructed for each field. Main operational variables
of both models are irrigation depth and crop year sequence. Objective variables are long term
benefit in both model and accumulated salt under root zone in the latter model. Both models are
composed of driving module, crop modules, fallow modules, and drainage module. In crop modules,
evapotranspiration is evaluated, and daily soil moisture (also soil salinity in the latter model) is
estimated, and then yield is forecasted. A fallow module plays a role to connect fallow period with
other periods so that the soil moisture or soil salinity is considered throughout whole year. The
drainage module deals with introduction of drainage system. The driving module combines other
modules so that objective variables are evaluated. Water Balance Model is verified to evaluate long
term effect of irrigation agriculture. Salt Balance Mode! is constructed with an unknown operational
variable, so that the model is capable to present guide line to evaluate long term effect of irrigation

agriculture.

Key Words: Waterlogging, Salinization, Irrigation agriculture, Simulation model

1. Introduction

Since the ancient Mesopotamian civilisation
collapsed, inadequate irrigation in arid and
semiarid zone always lead to salinization, and
mankind has not discovered durable essential
solution to the salinization problem in its history.
This is due to a conflict between two different
objectives of agriculture; one of them is
increasing immediate benefit, and the other is
sustainable agriculture based on environmental
resources. While increasing immediate benefit
requires more irrigation, an excess of irrigation
over threshold bring about waterlogging and in
turn salinization.

So there is need to abate salinization, different
kinds of researches have been carried out so far,
such as studies to develop measures which
increase agricultural benefits, studies to develop

measures which abate salinization, studies to
examine productivity of the measures, and
studies to examine risks that may lead to
salinization by the measures. These are
researches about irrigation water quality,
cultivated crops, cultivated variety of crops, crop
rotations, developing irrigation systems, installing
irrigation systems, temporal and spatial allocation
of irrigation water, developing drainage systems,
installing drainage systems, constructing
drainage channels, constructing drainage ponds
and so on. Although different researches were
carried out, balancing aforementioned conflict has
not been accomplished due to complexity of the
problem. Letey (1991) constructed a simulation
model, which enables to deal with the conflict
with some modification. However, as data were
not available to carry out successive researches,
this model was not adopted. There are other
related researches of dynamic optimisation
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model, such as Knarp (1991), these, however,
assume the existence of technological solution to
salinization and do not focus on the above
conflict.

Appreciating researches mentioned above, this
paper focuses on quantification of the conflicts by
constructing a simulation model to forecast yield
and salinization. A model was first made by data
of experimental field Gilat (34° 38’ E, 31? 20’ N),
located in the middle of Israel. As it mainly deals
with water balance, it is named as Water Balance
Model (WBM). Later, it was expanded to another
model by data of Kibbutz Sarid (35° 13’ E, 32° 40’
N), located in Yizreal Valley of northern Israel.
This is named as Sait Balance Model (SBM).

2. Overall View of the Two Simulation Models

As described above, SBM was constructed
based on WBM. This is because experimental
field Gilat has different kinds of data stock so that
the model is relatively precisely verified, and
Yizreal Valley has most serious salinization
problem in Israel. Therefore constructing model
is most needed in Yizreal Valley. This chapter
presents the common structure of these models,
and details of models are separately presented in
following chapters.

A model is composed of a driving module, two
crop modules, a drainage module, and four fallow

External Variables

Objective Variables Operational Variables
Net present value Irrigation depth,
of long term benefit DRIVING MODULE Precipitation
A lated salt < Accumulate (soil salinity,)

soil moisture, benefit, Crop year sequence

under root zone)
deep percolated water, and

water table level for All other external variables
2 A .
(soil salinity,) soil moisture, (soil salinity,) soil moisture,
water table level, deep ?::lp‘_p::::;"w water table level, deep
rcolated water el percolated water
A \
CROP MODULES DRAINAGE MODULE FALLOW MODULES
Evaluate water (and Ch
eck wat .

salt) balance, ) abl: 1 evvv; e;n d Simulate water
evapotranspiration and incur cost ' gand salt) bal.ancc
yield in cultivation of drainage in fallow periods
period

Note:Factors in parentheses are only of SBM.

Fig. 1. Structure of whole simulation and relation of each module.

Unit C
Winter Fallow Cotton Autumn Fallow
f t t —
Nov.1 Apr.19 Sep.22  Nov.) in Gilat Model
Nov.1 Apr.15 Sep.22  Nov.l in Yizreal Model
Unit W
Noverlnber Fall|ow fheat Summer Fallow .
{ Ll T L
Nov.] Dec.1 May | Nov.l in Gilat Model
Nov.1 Dec.l Mayl6 Nov.1 in Yizreal Model

Fig. 2. Definition of periods in crop cultivation years in both models.
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Table 1. Definition and values of standard scenario of main variables in both models.

External Variables

m~mb Cultivation period of crop period.

at Daily maximum evaporation [mm] quoted from IsraELI METEOROLOGICAL CENTRE.

i Index to specify four of divided 30cm of soil layer. From the top layer { = 1~4 in turn.

j Index to specify month of cultivation period.

Gin Initial soil moisture of each soil layer. Assumed as (0 15 20 20) [% of TASM] in both model

Osum Assumed soil moisture at the end of summer fallow period. (0 7 15 20) [% of TASM] in both model
Oaut Assumed soil moisture at the end of autumn fallow period. (0 10 20 25) [% of TASM] in both model
Cin Initial soil salinity of each soil layer. Assumed as (447 900 1940 2930) [cI ppm] after Live (1992).
WTin Initial water table level. Assumed as 2,000[mm] in Gilat and 5,000{mm] in Yizreal Valley.

Co Irrigation water quality. Assumed as 300 [cI” ppm] after preliminary simulations.

ke Crop coefficient. Monthly values are quoted for cotton in Gilat (Apr. May Jun. Jul. Aug. Sept.) =

(0.00 0.30 0.35 0.78 0.60 0.30) , in Yizreal Valley (0.00 0.30 0.33 0.66 0.58 0.30) for wheat in Yizreal
Valley (Dec. Jan. Feb. Mar. Apr. May) = (0.40 0.55 0.55 0.70 0.80 0.60)

RAIN Precipitation.[mm) 22 years of every ten days data are given by IsratLI METEOROLOGICAL CENTRE.

FCfor both  Field capacity at each 30cm of soil layer.[mm/30cm] Quoted from observed data, they are
74.1lmml] in Gilat and 135[mml]in Yizreal Valley.

PWP for both Permanent wilting point at each 30cm of soil layer[mm/30cm]. Quoted from observed data, they
are 30.0(mm] in Gilat and 75[mm] in Yizreal Valley.

TASM Total available soil moisture (mm/30cm). 44.1{mm] in Gilat and 60[mm] in Yizreal Valley

k Phenological stage of cotton. & = 1~5. Each stage ends at May 16", June 11*, July 2, 23, and Sept.
21

NC Non-critical day[day], composing wheat yield function. It is the day when considered soil moisture
is under critical level.

G Days after sowing till the day of germination [day].

Operational Variables

Q Irrigation depth [mml]. In simulation, it is regarded as vector at different days of irrigation.

Ier Evapotranspiration level index, used to determine daily evapotranspiration level.

r Discount rate [%]. In standard scenario, 10 % is assumed.

T Evaluation period [year].

Internal Variables and Objective Variables

ET Daily evapotranspiration [mm].

] Soil moisture [mm/30cm].

td Time [day ]

a,b Coefficients to determine daily evapotranspiration.

f Ideal daily evapotranspiration[mm], where sufficient soil moisture is given for crop growth.

x(k) Critical days at each phenological stage (day].

Yc Cotton yield [kg/0.1ha].

Yw Wheat yield [kg/0.1ha).

SBc Short term benefit derived from cotton [NIS/0.1ha).

SBw Short term benefit derived from wheat [NIS/0.1ha].

SB Yearly benefit derived from all of crop modules and drainage module [NIS/0.1ha).

t Time [year] :

¢ Salt concentration of specific water or soil salinity [c]” ppm]). First suffix indicates the water
specified, and the second suffix indicates the time. Both are omitted to be noted in several
sentences.

TP Total potential of soil[-kPa], which affects crop growth.

oP Osmotic potential of soil [-kPa].

MP Matric potential of soil [-kPa].

(C] Dummy soil moisture [mm/30cm], which corresponds to TP.

wr Water table level [mm].

DpP Deep percolated water under root zone[mm].

DPeas Amount of salt accumulated under root zone[g/0.1ha].

NPV Net present value of long term benefit [NIS/0.1ha].

Notes: -Among all variables used for simulation, variables which are not explicitly described inthe text are omitted to
be presented.

-“NIS” is abbreviation of New Israeli Shekel. 1[NIS] = 35 [yen] in 1994.
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modules, as shown in Fig. 1. Winter wheat and
cotton are assumed as cultivated crops. It is also
assumed that a crop is cultivated only once a year.
Fig. 2 defines cotton cultivation year (C) and
wheat cultivation year (W), both of which starts
from November 1% As illustrated in Fig. 2, C and
W are composed of crop modules and fallow
modules. Long term simulation is operated by the
sequence of C and W, which is defined as crop
year sequence. Drainage module is employed to
install drainage system depending on water table
level. Driving module plays a role to aggregate all
other modules. Two of main operational variables
are irrigation depth and crop year sequence. The
objective variables are net present value of long
term benefit (NPV) and deep percolated water
under root zone (DP) in both models, and
accumulated salt under root zone in SBM. These
are obtained by all of operational variables and
external variables listed in Table 1.

To simplify, following conditions are assumed.
First, sodicity is not considered. Cultivated crops
are limited to cotton and wheat. Crop variety and
all other variables which do not appear in this
paper are not specified. Technological innovation,
development of new crop variety, tempororary
fluctuation of labour productivity and labour
population are not taken into consideration.
Yearly fixed costs which do not differ in different
irrigation practices, such as long term mainte-
nance cost of sprinkler, are also not taken into
consideration.

3. Structure of Water Balance Model

(1) Water balance

Water balance is simulated in vertical one-
dimensional simplified field. Soil profile is divided
into root zone (which is again divided into four of
30cm deep soil layers), a soil layer under them, a
groundwater layer. It is assumed that there is no
runoff on the ground surface, and that inflated
water source to ground is only rain and irrigation
water. Movement of soil water is limited to
evapotranspiration to the atmospheric air or to
deep percolated water to the lower layer. Similar
to cascade, soil water above the field capacity is
assumed to percolate to the lower layer between
the four soil layers. The soil moisture under root
zone to water table level is assumed at field

capacity. The ground water system is assumed as
closed, and therefore all of deep percolated water
contribute to waterlogging, according to porosity
assumed as 0.5. Water balance in the soil layers is
calculated according to

Qut RAINu—ETu—DPu = G+ 1— Ou (1)
Hereinafter, notation and definition of all the
variables are listed in Table 1.

Since the field is simplified to vertical one-
dimension, the initial water table level is simply
assumed as 2,000mm under the ground surface.

(2) Crop modules

In crop module, daily soil moisture and daily
water lable level are estimated by water balance
and evaluated evapotranspiration under initial
conditions given by driving module. Then crop
yield is forecasted by variables related to
estimated soil moistures.

Irrigation pattern and precipitation pattern
differ between cotton module and wheat module.
During cotton cultivation period, no precipitation
is observed in the last decades in Gilat. Therefore,
only irrigation is considered as water input. On
the other hand, wheat grows not only by
irrigation water but also by rain. Therefore, both
precipitation and irrigation are considered in
wheat module. A precipitation pattern is com-
posed of 36 data sets of every 10 days precipita-
tion for a year period. Among such precipitation
pattern data of previous 22 years, one is employed
by random sampling for a crop cultivation year.
Different irrigation patterns are possible for both
crops, and therefore frequency of irrigation, their
dates and depths on each date are made as
operational variables.

Evapotranspiration (ET) is assumed as a linear
function of soil moisture (StrATEENER ef al., 1975),
and unknown coefficients are estimated below.

ETi=ais+ bij 0 (2)
Besides soil moisture, other factors which
actually affect evapotranspiration are simplified
and implicitly represented by monthly coefficients
a and b. Considering ET as a continuous function
of td, and ignoring occasional variables @, RAIN
and DP, equation (1) is rewritten as (hereinafter
suffixes 7 and j are omitted)

ET=—{d6/d(td)} 3)
Eliminating ET from equations (2) and (3), 0 is
integrated as



0({d)=—a/b+ (b+ a/bexp(—b - td) 4)
where initial condition is & of 8 at td = 0. Here, &
is assumed as field capacity (FC). At 6= PWP
(permanent wilting point), transpiration is nil and
evaporation from the ground surface is nearly nil.
That is,

a=—b - PWP )]
Substituting equation (5) and 6= FC to equation
(4), following is derived.

b=—(1/td)In[(6—PWP)/(FC—PWP)] ©)
O(td) is drawn as a curve in Fig. 3.

Followings show how to estimate unknown
coefficients ¢ and b. First, 8z line is drawn in Fig.
3 as a preparatory procedure. s line is a linear
function of td with gradient f.

Ots=6—f - td @
fis amount of ideal daily evapotranspiration
where sufficient soil moisture is given for fine
crop growth. Multiplying crop coefficient (kc)
(PLaut, 1993MS) by daily class A pan evaporation
(at), which is monthly observed by Israeli
Meteorological Centre, the gradient f is derived.
It should be noted that the condition; “sufficient
soil moisture for fine crop growth” is quantita-
tively undefined and is sufficiently met for
observing A pan evaporation and for calculating
crop coefficients elsewhere.

Estimating unknown coefficients ¢ and &
corresponds to determining unknown coefficients
in equation (4). 6* is assumed so that crops grow
finely where 8= 6*. A ratio of total available soil
moisture (TASM) is named as Ier, and therefore
0* is expressed as follows.

6* = Igr (FC— PWP )+ PWP @®
According to assumptions of definition of fand &*,

Soil Moisture
# |mm]
A

Sufficient Soil Moisture
for Fine Crop Growth

a(1d)

Time tdiday]

Fig. 3. Determining evapotranspiration level index (Ier)

based on observed potential evaporation data.
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0(td) curve must intersect with O: line at (¢d*,
6*). Thus, estimation of the coefficients @ and b
turned into determination of the value of Ier.
Determining or assuming the value of IET are
running procedure of simulation, and therefore
noted in following chapter.

Many kinds of yield functions are developed by
different researchers. In this research, since a
function should be of soil moisture or of
evapotranspiration, following functions are
adopted. For cotton, it is (Yaron et al., 1983MS)

Ye =650 X 0.966:® X 0.980:* X 0.980=® )

% (k) is a function of & (2=1,2,...5), which is
phenological stage of the cotton. Each stage ends
on May 16®, June 11%*, July 2+, 237, and
September 21*, in that order. Each stage
corresponds to establishment period, vegetative
period, flowering period, yield formation period
and ripening period in turn (FAO, 1986).x (k) is a
number of critical day, which is defined as the day
when soil moisture is under critical level. Yaron et
al. (1983MS) defined the critical level as 40% of
TASM of considered soil layers, and so is quoted
here. Soil layers, where water evapotranspirate,
are considered depending on root development.
Depending on the x¥ (k) which represent water
deficit of each phenological stage, yield is
forecasted based on potential yield 650
[kg/0.1ha].

The wheat yield function is quoted from
STRATEENER (1974MS).

Yw=216.16 + 3.38NC—2.97G (10
NC is a number of non-critical days, which is
defined as the day when soil moisture is above
critical level. The critical level for wheat is also
quoted from STrRATEENER (1974MS) as 40% of
TASM of considered soil layers. G represents a
number of days from date of sowing to date of
germination. Wheat is assumed to germinate
once accumulated amount of precipitation
exceeds 40mm.

Concerning other conditions, basically simpli-
fied system was assumed. As an irrigation system,
sprinkler irrigation system was assumed. On farm
level irrigation efficiency, which is defined as ratio
of the net amount of irrigation water quantity to
the gross amount of irrigation water quantity, is
assumed as 0.8. The difference between net
amount and gross amount is due to loss to the
atmospheric air, while water is sparyed from
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sprinkler to the ground surface. Christiensen's
uniformity coefficient is assumed as 80% (Kusumi,
1995MS). From the irrigation point, horizontal
uniform distribution of 100% of Christiensen's
uniformity coefficient to 60% is assumed. Dividing
the distribution into one-hundred points, it is
simulated at one-hundred different points.
Hereinafter, the result of simulation is expressed
as the averaged result of these one hundred
simulations.

It is conventionally assumed that evapotran-
spiration from each of the four layers generates
by ratio of 4:3:2:1 in turn from the top layer (FAQ,
1989). However, as water percolates more quickly
in sprinkler system than other systems, it is
considered that evapotranspiration from lower
layer is relatively more in sprinkler system.
Therefore, modifying the above mentioned ratio
by a rule of thumb, 37:29:21:13 is assumed in this
research.

Root of cotton is assumed to develop 2cm per
day up to, an assumed maximum length; 120cm.
Therefore, the aforementioned “considered soil
layer” related to evapotranspiration and critical
days are evaluated in each month depending on
the root development. Similar procedure is
adopted in wheat cultivation also.

(3) Fallow modules

A fallow module plays the role of connecting
the preceding period and the following period, so
that the soil moisture at each layers is considered
throughout the whole evaluation period. As
presented in Fig. 2, there are four fallow periods,
and therefore four fallow modules.

In Summer module and in Autumn module, the
soil moisture at the end of the periods are simply
assumed disregarding the initial soil moisture of
the periods, since the climate in these seasons at
this field is dry without precipitation, and since it
is almost stable over the years. Each value is
assumed according to a soil scientist who is
familiar to the field. The values are listed in Table
1.

On the other hand, precipitation in winter
period varies depending on the particular year.
According to an irrigation manager of the field,
assumptions which are used there for a long time
are adopted. These are, 1.0mm of evaporation
only from the first layer on a day without

precipitation, and no evaporation on a day with
precipitation. Water balance, which is the same as
described in crop module, is calculated every 10
days. In the November module, the same water
balance with precipitation is calculated once in
whole month. The precipitation pattern is
employed in the same manner described before.

(4) Drainage modules

This module deals with introduction of drainage
system. At the end of every cultivation year
defined by Fig. 2, water table level is checked in
this module whether it is shallower than 1,460mm
or not. When it is shallower than 1,400mm, it is
assumed that subsurface drainage system is
installed and that it functions to control the water
table level at 1,400mm depth. Accompanied to the
introduction of the drainage system, 713
[NIS/0.1ha] of installation cost is incurred. After
installation, 7 [NIS/year] of running cost incurs
every year for 20 years, and 35 [NIS/year] after
that (AGricuLTURAL MINISTRY OF ISRAEL, 1993MS).
The depth to install drainage pipe is assumed that
the shallowest water table level between pipes
does not invade the root zone.

(5) Driving module

This module plays a role of aggregatating all
variables transferred from other modules. Initial
conditions of each variable are first employed by
this module. Depending on a crop year sequence,
this module selects one of other modules and
transfer all the necessary variables, that is soil
moisture, deep percolated water, water table level
and so on. These are calculated and again trans-
ferred back to driving module with accompanied
variables such as yield and drainage costs.

Short term benefit at year ¢ is first derived by
yields estimated in crop modules by following
functions, depending on a crop.

SBc=1.62Yc—0.45Q — 400 (11)

SBw=0.54Yw—0.45Q — 150 12)
Coefficients of these functions are derived,
considering price of yield (including secondary
yield that is straw of wheat), price of water, cost of
cultivation and cost of harvesting (AGRICULTURAL
MinisTry oF IsraEL, 1993MS). In this research, all
the economic indexes are adjusted to the ones in
1994.

Aggregating SBc, SBw and drainage cost along



t, NPV is calculated by following formula.

LI 1
NPV—‘);’ a+n SB (13)
While aggregating, future value is discounted by
discount rate 7, following the conventional
procedure in economics (Kusumi, 1995MS).

All the above mentioned are simulated
according to a precipitation pattern among 22
patterns. To eliminate error, whole procedure is
simulated 10 times, and averaged. The objective
variables, that is the NPV and the DP at the end of
evaluation period are thus derived.

4, Structure of Salt Balance Model

Since this model is an expanded model based
on the WBM, only the differences are noted in
this chapter. For instance, as the drainage module
is completely same, it is not noted at all. Basically,
the differences are of additional salt balance and
other accompanied processes. Initial water table
level is assumed as 5,000mm under the ground
surface, to see the effect of installing drainage
system in relatively further future.

(1) Water balance and salt balance
Although this model is named as SBM, it does
deal with both water balance and salt balance.
Water balance is dealt with by the same manner
as WBM. Similar to the water balance, salt
balance is calculated by the following equation.
Qld cQ, ld_DPtdCDP, d= Co, td+1 Bur1— Ceo, W Bu (14)

DPun=[cor, u + DPud(td) (15)
d

It is assumed that salt concentration of rain and of
evapotranspiration are nil. The salt concentration
of deep percolated water at each layer is assumed
as the averaged value of one at ¢ and one at ¢+ 1.
The amount of salt accumulated under root zone
(DPuy) is derived by amount of salt contained in
deep percolated water under root zone (cor). As
implied by the equation, only the salt movement
accompanied by the water movement is
considered. All kinds of other salt movement,
such as diffusion and dispersion, and all kinds of
chemical reaction, such as ion exchange and salt
precipitation, are not taken into consideration.
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(2) Crop modules

During wheat cultivation period, as sufficient
precipitation is given in adopted field, irrigation is
not taken into consideration.

Evaluation method of evapotranspiration is
adjusted as the salt balance is considered in this
model. Soil moisture was assumed as a dependent
variable of evapotranspiration in WBM. The linear
function of soil moisture is actually elucidated as
the simplified function of stress against the crops.
The stress against the crops are expressed by
total potential of soil water. In WBM, it was
actually assumed that the total potential (TP) is
only of matric potential (MP). On the other hand,
it is assumed in SBM that the TP is composed of
MP and osmotic potential (OP), while other kinds
of potentials are still not taken into consideration
(BLestLER et al., 1982). Therefore, through several
unit transformation, a dependent variable 8 of
equation (2) is replaced by a variable correspond-
ing to TP which includes OP.

OP is transformed from salt concentration by
the following expression (Kusumi, 1995MS).

OP [—kPa) = 0.014¢ [mg/1] (16)
Similarly, MP is transformed from soil moisture
by the estimated retention curve below (Kusumi,
1995MS).

MP [—kPal=a:+azexp (—as: X ) 17)
where a:=6.164, a-= 2478313.274, a:=0.0825,
72=0.990
Regarding the equation (17) as followed not only
by MP but also by TP, the inverse relation-ship
between TP and © are expressed as below, where
© is defined as dummy soil moisture
corresponding to TP.

O=—(1/a3)In{(TP—a:i)/az} 18)
In stead of equation (2), following equation is
employed to evaluate evapotranspiration in SBM.

ET=a+b0 19)

Yield function of cotton in WBM is adopted in
SBM, also. On the other hand, concerning wheat
cultivation, yield evaluation procedure itself is
modified from WBM. This is because of Yizreal
Valley's unique nature, which SBM is based on. In
Yizreal Valley, waterlogging is already going on in
winter period, and under present state wheat
grows by taking up water from waterlogged root
zone. (Cotton cultivation is not affected as it
grows in summer period.) Such present state
does not suit to the framework of this research,
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especially because water uptake within root zone
is out of consideration in this research. On the
other hand, as such a phenomenon is not studied
by any research fully enough at real field, this
research employs simplified method to forecast
yield. Providing data sets of precipitation and
temperature pattern of last 22 years to an
irrigation specialist of Agricultural Ministry of
Israel, empirical forecasts were made and were
adopted (Kusumi, 1995MS). Empirical forecasts
are expressed as ratio (%) of averaged yield over
years; which is 525 [Kg/0.1ha] (AGRICULTURAL
MiniSTRY OF IsraEL, 1993MS).

(3) Fallow modules

The only difference in this module is the
amount of daily evaporation on a day without
precipitation in the Winter module and in the
November module. In stead of 1.0mm, 1.4mm was
assumed by a comparison of climatic difference
between Gilat and Yizreal Valley. In Summer
module and in Autumn module, salt concentration
fluctuates according to ratio of soil salinity and
fluctuating soil moisture. Soil salinity remains
constant because no salt moves out from or into
root zone. This is because no deep percolation is
brought about during this period as precipitation
is limited.

(4) Driving module

Soil salinity is the additional important internal
variable which is transferred among modules.
Also, accumulated salt under root zone is added
as objective variable.

5. Discussions

(1) Accuracy of two models

The WBM is carefully constructed, and
composed only of established methods or
assumptions. Among operational variables and
external variables, most values are given by
observed data or by simplified real state. And,
there are no operational variables which
determine the accuracy of the result or which can
be manipulated even deliberately, except the IEr.
In other words, the error incurred by the most
desirable value of /&7, is hinged on the other
assumptions, and therefore, the accuracy cannot
be improved unless model itself is modified.

Values of a few other variables cannot be
specified, and therefore will affect the result. Such
variables are initial soil moisture, initial soil
salinity, initial water table level, irrigation water
salinity, porosity, Christiensen’s uniformity
coefficient, horizontal distribution of
Christiensen’s uniformity coefficient, and
discount rate ». Among them, value of physical
variables, that is all except r, should be simply
given as assumptions according to the real state.
On the other hand, 7 is an economic variable
which can fluctuate depending on economic
condition. Therefore, sensitivity analysis of 7 is
required as complementary to the use of these
models.

To run WBM, IeT should be determined or
assumed. Concerning cotton module, it can be
determined by following way. Marani et al. (1966)
observed and presented different data sets of
daily soil moisture, periodical evapotranspiration
and irrigation schedule for whole cotton
cultivation season at Gilat. Comparing observed
values with simulated values accompanied by
different values of /er, desirable /T can be
determined if conditions, which are equivalent to
observed conditions, are given to all related
variables, such as at, 8i» and Q. Table 2 shows
such comparison of evapotranspiration between
observed values and several sets of simulated
values. Ideally, a set of simulated evapotranspira-
tion under desirable Ier should be equivalent to
the observed data set, as long as meteorological
condition of the year, while these data are
observed, is not unique. However, perfectly
equivalent value of simulated evapotranspiration
can not be attained, as each specific year
(including actually observed year) has its own
characteristic weather. Therefore, although
having more observed data enables more
accurate determination of Ie7, determination of
Ier is in fact always a kind of assumption with a
certain amount of error. Under such circum-
stance, 0.35 of Ier is recommended from Table 2
as appropriate assumption. Concerning wheat
module of WBM, instead of determining £, it is
recommended to quote coefficients a and b
directly from STRATEENER ef al. (1975), where the
same equation (2) is employed.

The structure of WBM is verified and supports
the framework of SBM. Similar to most parts of



55

Table 2. Comparison of observed evapotranspiration and ones simulated by cotton module of Water Balance Mode!

ET of Daily Daily Daily Daily Daily
Whole Averaged Averaged Averaged Averaged Averaged
Cultivation ETin ETin ETin ETin ETin
Period May June July Aug. Sept.
[mm] [mm)] {mm] {mm] [mm)] [mml]
Observed Value 570 2.0 3.6 7.1 4.6 -
Simulated Value 592.52 23 2.5 8.0 50 2.1
where Ier =25
Simulated Value 573.58 22 25 7.7 48 2.1
where Ier = 30
Simulated Value 556.48 2.2 2.4 74 4.7 2.0
where Ier =35
Simulated Value
A . . . . 2.0
where Ier = 40 540.90 2.1 2.3 7.2 4.6
Simulated Value 526.58 2.1 23 7.0 44 19

where Ier =45

Notes: Ier [% of TASM] is assumed value to run this preliminary simulation. TASM indicates total available soil
moisture in 30cm of soil layer. ET indicates evapotranspiration.

WBM, additional parts of SBM, that is mainly the
salt balance calculation, cannot be manipulated
deliberately.

Assuming the value of I£T is required to run
SBM, also. Although less data are available in
Yizreal Valley, 0.10 and 0.60 are recommended by
Kusumi (1995MS) as assumed value of Ier for
cotton module and for wheat module, in turn. As
these values anyway have less accuracy, I&r
should be considered as an operational variable,
leaving their validity. Employing sensitivity
analyses for I£T is a prerequisite to use SBM.

It should be noted that the yield forecast of
wheat in SBM is less accurate than other parts of
the models, although this is due to unknown
feature of actual root zone.

(2) Performance of two models

As noted in the beginning, this research aims to
quantify the conflicts, or in other words, to
construct simulation models to forecast yield and
salinization. The salinization is classified into two
categories. One is infield salinization in root zone.
Salt concentration in root zone during crop
cultivation period is calculated by equation (14).
Its effect as salinization is expressed as decrease
of yield, by adopting variable @ in yield function
(9) concerning cotton. Concerning wheat,
damage incurred by salinization is simplified and
expressed with less accuracy as described above.

However, by preliminary simulations, it was
shown that salt concentration in root zone can be
easily controlled by regulating salt concentration
of irrigation water, to prevent significant decrease
of yield. This is due to the assumption of
introduction of subsurface drainage system and
due to precipitation. Even in the case where most
undesirable but feasible values are given to all of
operational and external variables which
determine soil salinity in root zone, it was shown
in Fig. 4 that soil salinity converges to certain
value depending on salt concentration of
irrigation water. Therefore, it is concluded that
introducing salt balance in SBM does not provide
us much further information about the forecasting
the damage due to salinization, although this
information itself is confirmed by constructing the
SBM. 1t is also concluded that actual effect of
infield salinization is expressed mainly as all
kinds of drainage costs.

The other category of salinization is outfield
salinization potentially incurred by amount of salt
accumulated under root zone. Although mecha-
nism of outfield salinization is not simulated in
SBM, amount of salt accumulated under root zone
is derived as objective variable in this research.

As presented so far, the models are able to
forecast accumulated amount of salt under root
zone, and net present value of future benefit of
irrigation agriculture, which together express
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value of the conflict. Not only for intended
purpose, but also for other purposes, such as,
optimising irrigation depth and schedule, etc..
these models can be applied operating operational
variables and/or external variables depending on

necessity. Furthermore, the framework of two
models showed certain universality. Besides yield
forecasting methods and salt balance calculation,
the other core parts of the models are commonly
adopted. Similarly, the core parts of the models
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Fig. 4. Fluctuation of soil salinity at first layer (depth; 0-30cm) over 32 years under most undesirable
but feasible conditions concerning salinity.

Casel, 2 and 3 present different fluctuation of difference salt concentration of irrigation water. Salt

concentration is assumed as 100, 300, 4,260 [CI'ppm] in turn. Each represents idealistically clean water

quality, actually used water quality (Kusumi, 1995), most undesirable but feasible water quality (FAO,

1989), in turn.

Other “most undesirable but feasible conditions” are, only C of crop year sequence, 7,000 [CI'ppm] of

initial salt concentration of soil salinity, field capacity of initial soil moisture, and s3 of irrigation
schedule.

NPV [NIS/0.1 ha]g
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Fig. 5. Sample results as fluctuation of net present value of long term benefit along different evaluation
period in Water Balance Model.

s1, 2 and 3 present different fluctuation of difference sample irrigation schedule for cotton cultivation.

Idealistically, each represents recommended desirable irrigation depth, less irrigation depth to

conserve water table, and more irrigation depth to obtain more yield, in turn. Irrigation are assumed as

four times on (June 12*, July 2+, 15*, and 28*). Irrigation depth are assumed as (111, 122, 134, 111), (90,

99, 108, 90) and (138, 151, 165, 138) [mm], in turn (Kusumi, 1995).



can be applied to other fields.

Leaving analyses of pursuing desirable
irrigation style to further studies, some
representative sample results are shown to
present the performance of these models. An
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irrigation pattern is assumed for wheat
cultivation. And, three different sample irrigation
scenarios (s1, s2 and s3) are assumed for each
model for cotton cultivation. These sample
scenarios are somehow assumed to reflect the

g
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Fig. 6. Sample results as fluctuation of net present value of long term benefit along different evaluation
period in Salt Balance Model.

s1, 2 and 3 present different fluctuation of difference sample irrigation schedule for cotton cultivation.

Idealistically, each represents recommended desirable irrigation depth, less irrigation depth to

conserve water table, and more irrigation depth to obtain more yield, in turn. Irrigation are assumed as

four times on (June 12%, July 2=, 15", and 28*). Irrigation depth are assumed as (111, 122, 134, 111), (90,

99, 108, 90) and (138, 151, 165, 138) [mm], in turn (Kusumi, 1995).
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Fig. 7. Sample results as fluctuation of accumulated salt under root zone along different evaluation
period in Salt Balance Model.

s, 2 and 3 present different fluctuation of difference sample irrigation schedule for cotton cultivation.

Idealistically, each represents recommended desirable irrigation depth, less irrigation depth to

conserve water table, and more irrigation depth to obtain more yield, in turn. Irrigation are assumed as

four times on (June 12®, July 2=, 15%, and 28"). Irrigation depth are assumed as (111, 122, 134, 111), (90,

99, 108, 90) and (138, 151, 165, 138) [mm], in turn (Kusumi, 1995).
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following ideas, through preliminary simulations
to quantify relationship of irrigation depth with
yearly benefit, with accumulated amount of DP,
and with yearly benefit without considering
drainage cost. sl is the scenario to maximise
yearly benefit disregarding waterlogging. s2 is the
scenario to conserve water table level. And, s3 is
the scenario to maximise yearly yield disregard-
ing waterlogging. As a crop year sequence, a
sequence of a unit sequence (WCCC), that is one
year wheat cultivation year followed by three
years of cotton cultivation year, is assumed. The
value of most of the other variables, such as 10%
of discount rate, are listed in Table 1. For
instance, Figs. 5 and 6 presents fluctuation of
NPVs of the three sample scenarios along
different evaluation period, simulated by WBM
and SBM in turn. Fig. 7 presents fluctuation of
accumulated salt under root zone of the three
scenarios along different evaluation period
simulated by SBM. In each graph, error bars
present standard deviation from the averaged
value over 10 times of simulation.

As a sample comparison, Fig. 5 showed
superiority in the monetary unit of s followed by
52, 53, in turn, although drainage cost as abating
cost of salinization is internalized. As the other
sample comparison, Fig. 6 and Fig. 7 together
showed trade-off relationship in monetary unit
and in non-monetary unit of three sample
scenarios. Thus, these models enable to analyse
desirable irrigation strategy by comparing NPV of
different irrigation strategy.

6. Conclusions

Two simulation models, that is, Water Balance
Model and Salt Balance Model are constructed to
quantify the conflicts between pursuing short
term benefits and sustainable agriculture.

The simulated values of WBM when compared
with observed variables, showed following
characteristics. First, the model was capable of
forecasting long term consequence of agriculture
in experimental field Gilat, and therefore capable
of evaluating the conflict in Gilat. Second, the
model can be applied to any field in arid or
semiarid zone, after studying the characteristics
of the field. It will be at least a guide line to
evaluate irrigation agriculture under the risk of

salinization in long term. Third, the model
specifies the necessary data set to reinforce such
assessment.

Constructing the SBM brought about following
findings. First, damage of infield salinization is
mainly incurred as waterlogging, and effect of salt
accumulation in root zone can be easily controlled
by regulating salt concentration of irrigation
water, within the framework of this research.
Second, SBM is able to present a guide line to
evaluate irrigation agriculture under the risk of
salinization in long term in Yizreal Valley. Third,
it specified the necessary data set to reinforce the
assessment.

Following subjects are left for further studies. It
is desirable to replace the yield forecasting
system of wheat of SBM by a superior system or
function. Although water balance of waterlogged
root zone at real field is physically not elucidated,
research somehow including this may give us
preferable consideration. It may also become
more accurate if model is expanded to two or
three dimension. From economic aspects,
comprehensive study to pursue desirable
irrigation strategy is expected by applying the
models. The economic framework of the models
can be expanded to different directions, such as
dynamic optimisation, and so on.
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Effects of the Peat Application on the Improvement
of Alkali Soil
— A Case Study of Maize Cultivation in the Field
of Keerqin Desert, China—

Fenghe Jin*, Yasushi NisHizaki*, Huaining YIN**, Hongxiang Bar**,
Yingshun ZHENG**, Chunyu WaNG*** and Tatsuaki YAMAGUCHI*

The application of local peat (from Beisiping, Fushun, Liaoning Province, China) for the
amelioration of a highly alkali soil cropped to maize was carried out in a field of the Keerqin Desert
(Kangping, Shenyang, Liaoning Province, China) without artificial irrigation. The total
experimental area was 10m X 11.5m, consisting of two treatments (0, 10 kg peat per m?) without
replication.

The results showed that chemical and physical properties of the alkali soil were improved by the
peat application resulting in marked increases in the yield of maize. Soil pH, exchangeable sodium
percentage, and total soluble salts decreased from 9.5 to 7.5, from 20.5 to 6.4%, and from 0.45 to 0.41
g/kg, respectively. The cation exchange capacity, organic matter content, total nitrogen content,
total phosphorus content, available nitrogen and available phosphorus content increased from 11.2
to 29.5 cmol/kg, from 6.7 to 107.6 g/kg, from 0.47 to 3.28 g/kg, from 0.52 to 1.05 g/kg, from 38.2 to
228.7 mg/kg and from 1.7 to 10.4 mg/kg, respectively.

The soil hydraulic conductivity markedly increased from 1.26 X 10 ¢ to 2.17 X 10-2 cm/s, water
content increased from 22.4 to 35.0%.

Through the improvement of physical and chemical properties of the soil, the maize yield

increased dramatically from 2,430 to 5,520 kg/ha (127% increases) with the peat application.

Key Words: Alkali soil, Peat, Keerqin Desert, Exchangeable sodium, Maize, Field cultivation

1. Introduction

Alkali soil is a type of soil with low productivity,
due to excessive quantity of exchangeable sodium
in the soil. Generally, this type of soil occupies a
limited area, distributed in isolated spots, and can
be found in regions having a semi-arid or the sub-
humid climate (Wan, 1985).

The Keerqin Desert is located in the Northeast
of China, where both desertification and
salinization of soil are progressing rapidly and
alkali soils are distributed widely. The total alkali
soil area amounts to 23,200km? or 16.9% of the
total area of Keerqin Desert. The most serious

problem of alkali soil is the salinity hazard to
plants by excessive exchangeable sodium.
Therefore, the development of soil improvement
technology, which can prevent salt accumulation
and remove Na from soil, are increasingly needed
in this district. A previous report (Jin and
YamacucHi, 1995) reviewed current alkali soil
remediation techniques in the area, such as the
planting of rice, grass, and trees; flood irrigation
technique; and the application of chemical
amendments, e.g., gypsum and fertilizers. In each
case, water holding capacity and fertility of soil
were improved, and the alkalinity was reduced,
but each had limitations for a wide application.

In this study, a field experiment was conducted

* Chiba Institute of Technology. 2-17-1, Tsudanuma, Narashino-shi, Chiba 275, Japan.
** Department of Geography, Liaoning Normal University. 850, Huanghe Road, Dalian, 116022 China.
*** Institute of Applied Ecology, Chinese Academy of Science. 72, Wenhua Road, Shenyang, 110015 China.

(Received, September 18, 1997; Accepted, May 29, 1998)
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to assess the improvement effect of peat on the
growth of maize on the alkali soil of the Keerqin
Desert, since peat is widely distributed also in
this district of China. Improvement effects of peat
application on water holding capacity and
alkalinity were previously indicated by the
successful cultivation of Chinese cabbage and
pak-choi rape (Jiv ef al., 1995a, b; Nisuizaki et al.,
1995; Jin et al., 1996), suggesting the effectiveness
of peat in the neutralization of alkalinity.

2. Materials and Methods

1) Materials

The peat was transfered from Beisiping, the
Liaoning Province of China to the site (350km
from the experimental site, Fig. 1). The peat
material was air dried, and subsequently ground
to pass through a 5mm sieve in preparation for
the experiment. The main properties of the peat
are summarized in Table 1.

2) The field conditions
(a) Natural conditions of the experimental site
The experimental field is located in Shengli
village farmyard, Kangping County, Liaoning
Province of China. The exact position of the

location is 42908’ - 43%02'N, 122244’ - 123°45'E,
situated in the Liaohe valley. During the
experimental year, the mean air temperature was
8.27T, and the mean relative humidity was 58%.
The total precipitation was 510mm mainly
concentrated during the growing season of maize
from May to September. The evaporation capacity
was about 1,907 mm, and the accumulated
temperature was 3,166 C (daily mean tempera-
ture above 10°C) through the duration (Kangping
County Weather Office).

(b) Chemical and physical properties of the soil

Properties of the soil at the experimental field
are presented in Table 2. The electrical conduc-
tivity and exchangeable sodium percentage (ESP)
of the soil were 1.06 dS/m and 23.6%,
respectively, and the pH was 9.45, with the
characteristics of an alkali soil (U.S. Soi. Survey
Starr, 1951). The main compositions of the
soluble salt were carbonate and bicarbonate In
terms of physical properties, the soil was highly
dispersed with low water permeability.

Description of the soil profile was as follows. 0-
9cm: light brownish gray, blocky structure, light
loam, few plant roots; 9-18cm: heavy brownish
gray, angular columnar structure, compact and
moist, light loam, few plant roots exist; 18-44cm:
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Fig. 1. Experiment site and the location of peat excavation.



heavy brownish gray, no structure, sandy, loose
and moist, very few plant roots; 44cm-: brown
gray, small blocky structure, light loam, loose and
moist, very few plant roots.

The depth of ground water level was about 0.5-
1.5m.

3) The experimental method

(a) The design of maize cultivation

The maize of the local ‘Tie dan’ type was
selected for the experiment. The total
experimental area was 11.5m X 10m consisting of
two plots of 7.5m X 2m. There set two treatments
each assigned to one plot without replication,
since the experimental area was relatively
uniform. Around the plot area, 2m wide
prevention belt was allocated. The two plots were
as follows: control plot; 10 kg m~? (100 t ha~") peat
application plot. After plowing and ridging, the
peat mixed with urea (30g m~2) was applied (the
same amout of urea was supplied to the control
plot), and the soil was cultivated to a depth of
about 15cm to incorporate the peat and urea
fertilizer as uniformly as possible.

The experiment was carried out from May 20 to
September 25, 1995 without the artificial
irrigation. Furthermore, in the exuberant period
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of maize growth (in the middle of July), additional
22.5 g m * of urea was applied during the
intertillage weeding to the control and peat
application plot.

(b) Soil analysis

Soil samples were taken before planting and
immediately after harvest. For analysis, the soil
samples were divided into plow layer (0-15cm)
and subsoil layer (15-65cm). Moreover, in order
to investigate changes occurring in each layer,
soil samples were collected from the 0-5cm, 5-
15cm, 15-30cm, 30-45cm, and 45-65cm layers. Air
dried, fine soil samples (Imm pass) were
prepared for the analysis.

The pH, EC, water soluble ions contents of soil,
exchangeable cation properties, humic acid,
organic matter, total and available nutrient
contents of soil were measured in accordance
with Chinese standards (NanjiNG INsTITUTE of
Peporocy, CHINESE AcapEMY of Sciences, 1978; Su,
1988).

The soil hydraulic conductivity, apparent-
specific gravity, water content, and three phase
distribution of soil were measured in accordance
with JSF T 311-1990, JSF T 111-1990, JSF T 121-
1990 and JSF T 191-1990, respectively (JAPANESE
Soctery of SolL Science and Prant NutriTon, 1985).

Table 1. Main properties of the Beisiping peat (dry basis).

CEC» Exchange:;bll{e cation Organic  Ash Hul.mc Total N TotalP Total K

pH® (cmol/kg) (cmol/kg) matter content  acid @/ke) (@ke (@/ke)
¥ 7Ca Mg K Na @ke G@ke @ke ¢ i ¢

483 1293 28.0 19.8 1.7 1.1 774.5 225.5 438.0 10.2 1.1 12.7

. N . Functional group” Elemental analysis Atomic ratio
Avail. N Avail. P Avail. K (cmol/kg) (Wi%, d.a.f) (mol%)
(mg/kg) (mg/ke) (me/k®) ~COOH™ phenolicOH  C H N OWify H/C N/C

931.6 21.8 242.0 299.8 67.0 69.1 6.2 1.6 23.0 106.8 2.0

a) measured in soil to water ratio of 1:2.5, b) cation exchange capacity, ¢) contents of functional groups of humic acid.

Table 2. Main properties of the experimental soil (before treatment)”.

EC> ESP  CEC B angeale

pH

dS/m) (%) (cmol/kg)

Na Ca Mg

Hydraulic
TSS® _M Texture Conductivity
(g/kg) N P K (cm/s)

945 106 23.6 12.9 3.0 7.2

05 047 052 241 SL? 1.26 X 10°

a) 0-15 cm layer, b) measured in soil to water ratio of 1:5, ¢) exchangeable sodium percentage, d) total soluble salts,

e) sandy loam (36.2% of small size fraction under 0.05 mm)
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Table 3. Change in the soil chemical properties with peat application.

Peat apply” Saifiplig Depth pH ESP TSS CEC
(kg/m?) {cm) (%) (g/kg) (cmol/kg)
0-5 9.5 25,2 0.46 131
BEfoiE 5-15 94 22.1 0.52 12.7
it 15-30 9.2 16.9 0.32 13.6
3045 9.0 11.0 0.34 15.3
45-65 9.0 94 0.45 13.1
0
0-5 9.3 19.6 0.59 13.7
After 5-15 94 24.3 0.58 10.8
A 15-30 9.4 20.6 0.71 15.2
30-45 9.2 10.8 0.82 16.3
45-65 9.1 10.0 0.79 14.7
0-5 94 17.0 0.44 12.1
Before 515 9.5 22.2 0.45 10.8
plariting 15-30 9.4 19.5 0.61 12.4
30-45 9.3 20.8 0.64 15.7
45-65 8.9 10.3 0.65 14.2
10
0-5 7.2 3.1 0.41 31.6
After 515 7.7 8.1 0.41 28.5
st 15-30 92 13.7 0.29 14.1
30-45 9.1 9.5 0.39 16.5
45-65 9.3 13.2 0.43 17.1

a) 0-15 cm layer.
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Depth (cm)
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Fig. 2. Soluble salt distribution in the soil profile before planting and after harvest.



3. Results and Discussions

1) Chemical properties of the soil

Changes of chemical properties of the experi-
mental soil with depth are summarized in Table 3.
And Fig. 2 shows the changes of soluble ions
concentration with depth and cultivation. As a
result of the application of peat to the alkali sandy
soil and the cultivation of maize, the improvement
of the plow layer (0-15cm) was remarkable.
Comparing values for the plow layer before
planting and after cultivation (at harvest), peat
applications resulted in pH decreases from 9.5 to
7.5, in ESP decreases from 20.5 to 6.4%, in TSS
decreases from 0.45 to 0.41g/kg, in CEC
increases from 11.2 to 29.5 cmol/kg. The
amounts of Na‘*, HCO3*- and CO3?- ions decreased
greatly, Ca?* and Mg?* ions increased, and SO4-,
and CI ions unchanged.

The effect of peat application was remarkable in
terms of removal of sodium ion. This is
attributable to the cation exchange nature of
humic acid in peat, because of its high content of
carboxyl and phenolic hydroxyl groups. By
mixing of the peat with a large cation exchange
nature, the CEC of the soil increases. Selective
exchange of the cations by humic acid are
performed in the priority of Ca?*>Mg?*>K*>
Na* (YamacucHi et al., 1997). Sodium ion in the
soil is leached from the soil as water soluble
sodium humate, while calcium and magnesium
were absorbed in the soil in the form of water
insoluble calcium humate and magnesium
humate. In the soil section, the distribution
feature of Ca?* and Mg?* in the peat plot
increased from the plow layer to the subsoil layer,
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and Na* in the peat plot decreased from the plow
layer to the subsoil layer, and the Na* ion in the
peat plot increased from the plow layer to the
subsoil layer (Fig. 2).

The total anionic content also changed in
connection with the change of total cationic
content. Especially, when COs*~ was increased,
Na:COs reacted with CaSOs and precipitated into
CaCOs resulting in the decrease of COs*-. Since
HCOs:- decreases and changes into CO3?~ under
the alkalilne environment, the reduction of
exchange-able sodium affords the lowering of the
amounts of Na:COs, NaHCOs3, pH, and ESP of the
soil. More important view is that ESP increases
with the increase of Na*, but it can not say that
soil alkalinity also increases with the increase of
HCOs~ of the soluble salt.

Both the organic matter and nitrogen content
were very low in the original soil, but the nutrient
content increased by the mixing of peat (Table 4).
The quantity of organic matter in the cultivation
layer with peat increased by 10-20 times more
than that of the control area. The total N, available
N, total P, and available P increased by 4-6 times,
5-8 times, 2 times, and 5-10 times, respectively.

The increase in total P might be caused by the
dissolution of insoluble Cas(POs)2 accompanied by
the addition of peat. The amount of available K is
not influenced by the mixing of peat but it
remains constant. It might be considered that
potassium minerals in soil (biotite [K(Mg,
Fe):(AlSisOw)] and illite [KAl:[(Al, Si)
SisO10] (OH)2 - nH20]) dissolve in alkaline
conditions, and they afford a large effect on the
supply of potassium from the lower layer
accompanied by evaporation of moisture (Wan,
1985).

Table 4. Organic matter and nutrient contents of the soil with peat application after the cultivation.

Organic

Peat apply?  Depth matter Total N Total P Total K Avail. N Avail, P Avail. K
(kg/m?) (cm) (&/ke) (g/kg) (2/kg) (g/kg) (mg/kg) (mg/kg)  (mg/ke)
0-5 9.2 0.48 0.54 23.7 44.0 1.2 62.0
0 { 5-15 5.5 047 0.51 24.5 35.5 1.9 62.0
15-30 6.6 0.53 0.56 24.6 47.1 0.9 52.0
0-5 115.6 3.31 1.11 22.2 221.8 10.2 78.0
10 { 5-15 103.6 3.26 1.02 21.7 232.1 10.5 78.0
1530 16.0 0.63 0.53 25.2 54.6 44 76.0

a) 0-15 cm layer.
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Table 5. Changes in the soil physical properties with peat application.

Peat apply® Hydraulic Apparent- Water Three phase distribution
& /ppz;" conductivity  specific gravity  content (%)

& (10°cm/s) (g/cmd) %) solid liquid gas

0 1.26 1.74 224 57.8 22.4 19.8

10 217 1.30 35.0 50.0 35.0 15.0

a) samples were taken from 0-15 cm layer.

Table 6. The effect of peat application to the alkaline sandy soil
on maize yield and yield components.

Peat apply® Ear number Average  Average  Thousand  Grain Increase
%igj‘:;;ﬂ (n:mber /ha) ear length ear weight grain weight yield over control
(cm) @ (g (kg/ha) (%)
0 13,500 15.0 180 258 2,430
10 28,000 18.6 197 302 5,520 127

2) Physical properties of the soil

The physical properties of the soil are shown in
Table 5. Although the saturated hydraulic
conductivity of the control soil was very low with
a value of 1.26 X 10-5cm/s, that of the peat treated
soil was improved to 2.17 X 10-3cm/s. The
apparent-specific gravity increased from 1.74 to
1.30 g/cm® The water content increased from
22.4 to 35.0%. Considering the changes of the
three phases distribution, the increase of the
water holding capacity of the soil was remarkable
due to mixing of the peat.

Alkali soils are used to have low water
permeability and low water retentivity, because of
the existence of a high concentration of sodium
ion on to such small particles as clay and colloid
(PovjakoFF-MAYBER, 1975). The improvement of the
physical properties by peat are considered to be
caused by the reduction of sodium ion. Although
the silt, clay and colloid portions of experimental
soil are about 36%, the formation of granular
structures might be promoted in the soil by the
supplement of humic acid from peat into such
clay and colloid containing soil.

3) The maize yield

The effects of peat amelioration are shown in
Table 6. The yield of maize increased to 127% of
the peat treated plot as compared to the control
plot. The number of ears, average ear length,
average ear weight, and thousand grain weight

also increased greatly.

The reason of these high yields is attributable
to the removal of salt damage, the increase in
available nutrient, and the improvement of the
physical properties of soil. The removal of salt
damage might be the most important among the
above three factors. The pH value of the soil was
lowered in connection with the lowering of
sodium ion by the mixing of peat. The growth
(especially roots) of crops would be enhanced
through the improvement of the alkali soil by the
above-mentioned factors.

4. Conclusion

The production of maize was successful in
alkaline sandy soil with peat acting as a natural
organic ameliorant. Through the experiment the
foregoing effects on the soil became clear. The
lowering of exchangeable sodium, pH and ESP
were remarkable. The increase of CEC and
supply of nutrients could be achieved with
fertilizing effect. The water holding capacity and
bulk density of the soil had been improved to
maintain high water permeability. The application
of the peat improved the chemical and physical
properties of the soil, resulting in the high maize
yield.
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Special Reports
Proceedings of Joint Symposium of Research Groups for Arid Land
Technology and Bio-village
(Eighth Symposium on Arid Land Technology)

The Japanese Research Group for Arid Land Technology*

This special report is the proceedings of joint symposium of research groups for Arid Land Technclogy and Bio-
village (The 8th Symposium of The Japanese Research Group for Arid Land Technology) held at Seikei University,
Musashino-shi, Tokyo, on July 22, 1997.

The first lecture was a topic for new technical development given by Dr. Tomohiro Marui, Poly-Tech-College Chiba,
on “Development of a new transfer mechanism at desert areas” . Unfortunately, this manuscript was not contributed
because of in the process of research and development.

The second lecture was a case study of desert development given by Mr. Tadashi Nacanama, Japanese Association for
Arid Land Studies, on “Biovillage concept in Horqin Sandy Land, Inner Mongolia, China - A model project for
prevention of desertification at Elesun Zhen (Sumu) in Khuriye Banner, Inner Mongolia - .

The last lecture was given by Dr. Taichi Maki, National Institute of Agro-Environmental Sciences, on “Desertification
and greening in China and food crisis” .

*c/o Institute of Agricultural and Forest Engineering, University of Tsukuba.
1-1-1Tennodai, Tsukuba-shi, Ibaraki 305-8572, Japan.
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Biovillage Concept in Horgin Sandy Land, Inner Mongolia, China

— A Model Project for Prevention of Desertification at Elesun Zhen (Sumuy) in
Khuriye Banner, Inner Mongolia —

Tadashi NagaHAMA*
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* BURBUS B W WA SRR AT R

*Division of Agrometeorology, Department of Natural Resources, National Institute of Agro-Environmental Sciences. Kannodai 3-1-1,

Tsukuba, Ibaraki 305-8604, Japan.
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