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Abstract

Observations of sand accumulation and crop growth in arid lands were carried out
at the Turpan Desert Research Station, Xinjiang located in the northwestern part of
China from 1990 to 1992. It was demonstrated that the use of tamarisk forest
windbreaks prevented wind erosion and exerted a beneficial effect on crop growth
under very dry conditions. When buried in sand, tamarisk trees display elongation
characteristics which enable them to emerge above the land. Tamarisk trees are
suitable for use as windbreaks in the marginal agricultural region of Northwest China.
Forest windbreaks decrease the total amount of water consumption over large areas,
even if the trees consume irrigation water, due to the improvement of the microclimate,
decrease of evapo-transpiration, etc. Production and quality of crops are improved by
windbreaks and sand erosion can be prevented. Forest windbreaks are very effective
for the prevention of sand accumulation and for crop growth in arid lands.
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Introduction
2

Arid or dry lands in China cover l,308,000km
or 13.6 % of the total land area. The process of
desertification which has been developing in China
for a long time, has made rapid progress recently.
Wind erosion and sand accumulation associated
with strong dry winds are being accelerated due to
the lack of water, and agro-meteorological
disasters are apt to occur frequently in the
marginal agricultural regions of dry lands.
Prevention of desertification and greening of the
desert may be achieved through the improvement
of meteorological conditions brought about by
forest windbreaks.
Observations related to the growth of crops,
quality of crops, prevention of soil and sand
erosion and effect on sand accumulation were
carried out at the Turpan Desert Research Station,
Xinjiang Institute of Biology, Pedology and Desert
. 4,5,6)
Research , Ch ma .
Analysis of the effect of windbreaks on the
protection from drifting sand and on crop growth
in arid lands will be outlined.

The accumulation of sand was monitored.
Sand accumulation by the tamarisk forest
windbreak reaching a height of 4.6 m was
observed in May and August, 1991, and that by the
two rows of tamarisk forest windbreaks reaching a
height of 10.0 m and 5.5 m was observed in April,
1992.
Crop fields cultivated by ordinary farmers
near the Turpan Desert Research Station were
selected for an investigation of the effects of the
windbreaks and several crops commonly cultivated
in arid lands were used for the observation of
height of crops.
The height of cotton, sorghum and corn
plants, and the cotton lint number per hill were
observed for two rows of huyang and shazao
windbreaks and for three forest windbreaks made
of shazao, poplar and tamarisk in November, 1991
and October, 1992, respectively.
Tamarisk windbreak is usually irrigated once
a year in winter, but huyang, shazao and poplar
windbreaks are irrigated almost as frequently as
crops in summer.
Results

Observation Methods

Turpan Desert Research Station is located at
42° 51'N, 89° ll'E, 200 km southeast of Urumqi.
The elevation is 80 m below the sea level. Strong
WNW wind period lasts from April to June.
Two tamarisk windbreaks were used for
observations of sand accumulation. (1) The height
of the tamarisk (Tamarix elongata L.) shrub
covering an area of 1 km (11 m width) was 4.6 m
and the density of the windbreak which was
expressed by a value corresponding to 100% porosity was 85%. Another windbreak located at a
distance of 570 m from the other windbreaks,
consisted of huyang (Populus euphratica 0.) and
shazao (Elaeagnus angustifolia L.) trees with a
height of 6 to 8 m. (2) The first and second
windbreaks set in double rows at 50 m intervals
with a windbreak density of 85% were 10 m and 5.5
m high and 20 m and 15 m wide, respectively.

1) Protection from drifting sand by tamarisk
windbreaks
(1) Sand accumulation by single row of
windbreak
Changes in the amount of sand accumulated
by the tamarisk windbreak are shown in Fig. 1.
The height of the sand accumulated for a long
period of time in the center of the windbreak was
2.5, 1.5 and 0.5 m in the areas with high, medium
and low sand accumulation, respectively.
Although wind erosion was minimal, sand
accumulation was present for values ranging from
6 H to 6 H (the numerals indicate the distances
from the windbreak which are expressed as
multiples of the windbreak height; negative sign
corresponds to the windward side and positive sign
to the leeward side), due to the prevailing strong
wind of NW to W or the rather light wind in the
opposite direction to the windbreak associated
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with the change of the wind direction, in particular
on the windward and leeward sides from -2 to 2 H.
Sand accumulated near the windward and leeward
sides due to the decrease of the wind velocity in
these areas. Outside of the region from -6 to 6 H,
i.e., -10 to -6 Hand 6 to 15 H, a mixed zone of sand
accumulation and erosion occurred.
(2) Sand accumulation by two rows of
windbreaks
Sand accumulation (Plate 1) is shown in Figs.
2 A and 2 B. The height of the sand accumulated
by the first tamarisk windbreak was 8.0 m in
higher areas and 7.5 m in areas with average
height while in the case of the second windbreak,
the height was 1.5 m at the mean point, but 2.5 m
above the horizontal level on the leeward side.
Consequently, the tree heights and total height of
forest windbreaks were 2.5 m and 4.0 m, and 10.0
m and 5.5 m for the first and second windbreaks,
respectively.
The windbreak and sand accumulation
disappeared in some areas due to the death of the
trees. Two oblique open spaces at a lower level
below Om in Fig. 2 B show the irrigation ditches.
2) Effect of forest windbreaks on crop growth
(1) Effect of forest windbreaks on sorghum and
cotton growth in 1991
The effect of windbreaks made of huyang and
shazao trees on the height of cotton and sorghum
plants and the cotton lint number per hill is shown
in Figs. 3 A and 3 B. The first windbreak was 6 m

Plate

1 . One of the two rows of tamarisk wi ndbreaks and
sa nd accum ulation at Turpan , China
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Fig . 2. Schematic diagram of two row s of tamarisk
windbreaks and sa nd accumulation in April ,
1992.
A: tran sverse section , B: lateral view

high, 11.5 m wide with a density of 70% and an
interval of 100 m between the second windbreak,
which was 8 m high.
The crop yields are closely related to the
height of the crops under dry conditions (lack of
water) in arid lands. The crop height (Fig. 3 A)
was greater at 3 to 5 H and smaller at 8 to 14 H.
The use of the second windbreak made of huyang
and shazao trees resulted in the larger height
around 16 H from the first windbreak, i.e. , -2 to -1
H from the second windbreak. The height of the
cotton plants ranged from 50 to 80 cm in the
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Fig. 4. Changes in height of cotton (A) and corn (B)
plants associated with the use of two different
windbreaks in October, 1992
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Fig. 3. Changes in (A) height of sorghum and cotton
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induced by two rows of windbreaks in
November, 1991

control field near the observation field in the
absence of forest windbreaks.
The crop heights in the fields except those
close to the windbreak on the leeward and
windward sides were higher than those of the
controls.
The pattern of the changes in the cotton lint
number per hill (Fig. 3 B) which is related to
cotton production was more signifcant than that of
the height of cotton plants. The protected area
was not as wide due to the harsh environment in
the arid lands.
(2) Effect of tree types in forest windbreaks on
cotton and corn growth in 1992
The effect of the tree types in forest
windbreaks on the height of cotton and corn plants
is shown in Figs. 4 A and 4 B. The height of the
cotton plants was the largest around 5 H and
lowest around 13 H when the first windbreak
consisted of huyang and shazao trees (6 m high,
11.5 m wide and 70% density), and was fairly large
around 16 H close to the second windbreak made

of shazao, huyang and poplar (Populus alba L.)
trees.
The effect on the height of corn plants (Fig. 4
B) was most pronounced around 2 H, and less
conspicuous or almost similar from 5 to 10 H when
young poplars (4 m height, 1 m width and 50%
density) were used.
Discussion

There are several studies on sand fixation,
prevention of wind erosion, improvement of the
climatic conditions of arid lands and prevention of
9 10 111
desertification • • • However, there are few
reports on the effect on crop yield. Based on the
research of Xinjiang Agric. Sci. Institute,
evaporation decreased by 20% and crop yield
81
increased on the leeward side of the windbreaks •
(1) Protection from drifting sand by the use of
windbreaks
As tamarisk trees have fine and dense leaves
and stems, and the density of the trees is high, the
decrease of the wind velocity and control of wind
erosion and sand accumulation are substantial.
The region of reverse wind direction on the
leeward side of the windbreak was smaller than
that observed in the experiments under simulation
21
of light wind in a wind tunnel • Filtration efficiency
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of sand particles by the windbreak is high because
the turbulence intensity is low due to the increase
in the formation of small eddies.
Based on observations carried out from 1990
to 1993, tamarisk trees show elongation
characteristics which enable them to emerge when
buried in sand. The height under sand
accumulation reached 10 m following transplanting
atTurpan.
(2) Effect of forest windbreaks on crop growth
Green or forest windbreaks in dry lands act as
oases when they reach a certain scale. When
windbreak forests are established, the climatic
conditions over a wide area improve, water
consumption decreases, crop production and
quality increase, according to many other
123
report ' ' ) . T h e examp 1e o b serve d at Turpan,
suggested that windbreaks fulfill multiple
beneficial functions.
It is necessary to use for a windbreak trees
which are resistant to strong wind, as well as dry
conditions, high and low temperature and salinity
in the arid lands of northwestern China. Tamarisk
trees are suitable for use as windbreaks to alleviate
the adverse effect of the meteorological
36
conditions · ) and prevent wind erosion due to their
structure characterized by the presence of fine and
dense leaves and resistance to harsh environments6·9·11).
The effective region ranging generally from 2
to 8 H for crops in arid lands was smaller than that
2
in a paddy field in the temperate zone in Japan ·7)
due to the harsh climatic conditions characterized
by high temperatures and low humidity.
It is necessary to plant windbreak trees as
much as possible in marginal dry lands for
agriculture and also to save water. As a result, it
may become possible to improve the
meteorological conditions over wide areas leading
to the increase of the efficiency of water
consumption. The establishment of networks of
forest windbreaks is effective over wide areas of
cultivated fields.
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Concluding Remarks
(1) The observations made in the arid lands of

Turpan, Northwest China, revealed that
windbreaks exert multiple beneficial functions.
(2) The effects on the prevention of wind erosion
were appreciable when tamarisk trees with fine
and dense leaves and stems were used. On the
leeward side of the windbreak, the wind turbulence and the region with the formation of
eddies were smaller than that of other
windbreak trees and the function of sand
filtration was more effective.
(3) Tamarisk trees show elongation characteristics
which enable them to emerge when buried in
sand. Tamarisks are suitable for use as forest
windbreaks in the arid lands of Northwest
China, i.e., in marginal agricultural regions.
(4) Forest windbreaks are composed of several
kinds of trees, including tamarisk, poplar,
shazao, willow and elm in Xinjiang, China. By
improving the climatic conditions in arid lands, it
is possible to create oases and promote
agriculture.
(5) Forest windbreaks exert favorable effects on
water consumption by crops, increase of crop
production and improvement of crop quality.
Consequently, windbreaks are very effective in
arid lands.

References
1) Brandle, J.R., Hintz, D.L. and Sturrock, J.W.

(1988). Windbreak Technology. Elsevier,
Amsterdam. 598 p.
2) Maki, T. (1987). Wind Damage and Windbreak
Facilities. Buneido Shuppan, Tokyo. 301 p.
3) Maki, T., Pan, B., Huang, P. & Yan, G. (1992).
Micrometeorological modification by tamarisk
windbreak forest at the arid land in Turfan,
China.]. Agric. Meteorol. 48 : 157-164 [In
Japanese with English summary].
4) Maki, T., Xia, X., Pan, B., Du, M., Nakai, M.,
Huang, P. & Yan, G. (1993). Effects of forest
windbreak on meteorological improvement,

44

]JRCAS]. Vol.I No.I (1994)

prevention of wind erosion and crop growing in.
dry land. Proc. Japan-China Joint Res. Conf.
Environmental Resources. 7-16.
5) Maki, T., Du, M. & Pan, B. (1993). The effect of
windbreaks on meteorological improvement and
the prevention of wind erosion. ]. Agric.
Meteorol. 48 : 683-686.
6) Maki, T., Pan, B., Du, M., Nakai, M. & Uemura,
K. (1994). Effects of forest windbreaks deployed
in arid lands, Turpan, Northwest China. 1. Effect
on Climatic Improvement.]/RCAS]. 1 : 29-38.
7) Tomari, I., Ishiguro, T. & Fujiwara, T. (1980).
Effects of the windbreak on improvement of
microclimate condition in paddy field. Res. Bull.

Hokkaido Natl. Agric. Exp. Stn. 127 : 31-76 [In
Japanese with English summary].
8) Xinjiang Agric. Sci. Inst. (1976). Studies on the
effect of windbreaks in Turpan. Desert Control,
Chinese Science Puhl. 81-87 [In Chinese].
9) Xinjiang Inst. Biol. Ped. Des. Res. (1978).
Xinjiang desert and its development. Chinese
Science Puhl. 124 p. [In Chinese].
10) Zhu, Z., Liu, S., Wu, Z. & Di, X. (1986). Deserts
in China. Inst. Desert Res., Lanzhou. 132 p.
11) Zhu, Z., Liu, S. & Di, X. (1988). Desertification
and rehabilitation in China. Inter. Cent. Edu.
Res. Des. Cont. 222 p.

Taichi MAKI et al. : Effects of Forest Windbreaks deployed in Arid Lands (2)

cp ~~tiz§§BO)~~t-!l! r- Jt,, 7

-P :.-- ,:

45

s tt G ~15Js!J,1'0)~~

2 . JsJ:~~nll:. c:: 11=1m~x:I:"'- O)~~

a c)

. ~ffi--ffl~~~7-·~-~~ffl$
( 'T 305 ~~IJft-:) <1!'$:fc ;b L 1
2)

~~oo#~~~-~~±•&•M~mtte•&•M~~
(~'ii A.§!:~ta oo.~~-**rn~t:JJr~JEa4o-¥t)
d)***~A~ttB ( ,= 113 **f1BX*IR5$~ 1 - 1 - 1 )

illz~ · -'Fillz~:!fu1i:!fu:f.:JU.O)g-~±fll.O) 1 / 3 itit/JT
2
\,)oo ~000)ilfz~:!fuffifffl±l30.87Jkm 't", g-00±0)
13.6%f:;t§ilii""oo ~OO't"li1i'J;il7Jilm952tL, ffi1t2tL
-Cv)o 7J\ -;Tt."1i"AiJi.r, f&il1b'Jif&i,~t:;tJ!/v '1.''v)oo
ilfz:~:!fu"f'1i7)(7Ji:".J;~v)t.:t/Jf:fz:~ Lt.:s.iilJJU: J: '"'.:) T!l.
1lt t tt1i'J;7Jit~11a L -c '-', o o f- L -c, ••~aJK~ 7Jiilfz:
~-~I\N.-?f.:!fu~l"!PJ!~f:95~ L Tv)oo 1i'J;il1tO)F>JHI:
t E'Pilif.!JHtr: ,±F>J5Jivf,Jq: J: o ~acx.&fJJ*7J{11!~~15t
!Ui*t.: LTE~, f-0)5E_;_sglff1iffi7Ji£,~'t"J?6o
1990-1992:¥ f:, ~ OO~t[l]ffBO)fJra~~±J:llrPil1iJf
~i5Jru±e•rPil1iJf~tri-z:f.z:~:!fu r: i3 ,to m1lt-t>ttfi:J; i3
J: if1'1:~0)~W~ t'O)llffiJ1\:ij;:lif!i Lt.=o f!J G;/1.f.:ir,;!f*
O).:f.~ 1b O)(i-:JZO) t ;l3 ~ l"J? 6 0
1 ) ~ OO~t[l]ffBO)::Jr'ffif:ilfz:~ L t.::!fu~f:i3ft 6 F>J5!\.itt
O)~atm1RIJ:/J171J77, GF,:}jJID,\;Jtf: J: of](~ O)tjJ*~ 13J.l G
n'f: Lt.:o
2) *lll7J'v'W~iJ~it~0 t.: 7 7 1) 7-. ;7 F>J5~t,i!l.1lt
F>Ji ll::t1.J * 7J' reiJ <, F,:Jj!l.itt 0) !\.T 'flliJ 't" ,i F,:Jj!l.itt f: J: 6
!\,O)~yfiE{'l:ffl f: J: 0 -C~ifiEO)!LifiE t i/8J77i;J, 2 V' t.= ti)

f:1i'j;0)7j~{'l:fflni:fc~ '-''o
3) 7 7 1) 7-. 7 ,±fij;f:;t_!E i 6 t _U:{$:RT 6t'!f:·t17Ji:fc
~ v't.:t/J, ~OO~t[l]ffBO)illz:~:!fu, i""~b-1:iA~F>R-?f.
:!fu~f:i3tt 6F>J5~tt L-C~ L Tv)J.i.::. t 1.J'#iJn'0
f.=o

4) ~OO~t[l]ffBO)fJraO)f\:Jj!\.iftf:,±?7 1J7-.7, ~7·
7, rP~, ~, ~~ t''n'rlJffl 2 tL Tv' J.i o illz~:!fu"f'
,±F,:}j!\.iftn'J? 0 -C1JJt/J-C J.li1::!fu1.JiX§t)j\t"Z." ~, :t 7:.,, 7-.
7Ji%nlt"f' ~ o f-n,±F>J5!\.iftf: J: o~aa.&r: J: 0
-ct1.1*i*t.=i""t.=t/J t~x. GtLJ.io
s) F>J5!l.itt,±11~aO)cx.&-t>JJ(O)i~l:i1i:".Jl2-itot1.J
*7J'j\§/j <, 1'1:~fr.l O)~ ff HfEJJ! 2-it, ~if_;_ i t~1Ja 2
-it, n"b~HtJJ:.2-itJ.it1.J*n 1060 11E0-C, illzil:!fu
f:;}.3 v>-C ,±F,:Jj!\.iftO)g)jjt77,':;Jp'ffi f:~tJJ't"ai;> 6 o
6) F,:Jj!\.ift,i, t.= t x.i1*0)~:Rf:1liill*~£,~t L,
*iffll:L~tL-c'b:!fu~-mO)•~aia.&L,
~95ffx_;_i1i:'.l,'2-itJ.it.=t/J, *l!f*sgf:,i !--? Jvt
L-CO)JJ(ffil:_;_ ii~J,'2-it6t1.l*1.Ji060
O

