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3 AFFORESTATION TECHNIQUES
TO PREVENT DESERTIFICATION
AND DUST AND SANDSTORMS
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The “Dust & Sandstorms(DSS)” phenomenon involves airborne and sometimes
precipitating fine sand particles, which have been blown up by wind in inland China and
Mongolia and carried eastwards via the Prevailing Westerlies. DSS has come to affect daily
life and industry in areas far from its origin, including Eastern China, Korean Peninsula
and Japan. Commonly experienced problems in Japan include low visibility that affects
transportation, staining of the laundry, and recently increasing worry of adverse effects on
health.
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DSS originates from deserts and desertified lands™ in inland China and Mongolia, which

have been expanding due to excessive reclamation and grazing that have destroyed
vegetation. Deserts and desertified lands in China reportedly expanded at a rate of 3,440
km® per year in the late 1990s and, although the rate has been somewhat slowed down in
the 2000s, the area of these lands have reached 2.636 million km?® or 27.4% of the total land
area of the country.

The amount of airborne sand in the areas of origin depends on the strength of wind and
the condition of the land surface. Afforestation for restoring and improving vegetation is
therefore one of important measures against desertification and DSS.

BH 1
Fig. 1
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Not yet desertified area (Fig. 1) and desertified area (Fig. 2) in rual villages on the Yellow River outside Yinchuan City,
Ningxia Hui Autonomous Region (pictures taken in summer 1987). The villages, located in a semi-arid region near the

Mu Us Desert, are susceptible to desertification, even though its fertility was once described as the lower Yangtze in the
northern frontier.
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™ A desertified land means a land deteriorated by various factors including climate change and/or human
activities in arid and/or semi-arid region.
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The Takla Makan Desert and the Gobi Desert have poor vegetations due to low
precipitation because of the long distance from the sea. Highly dry areas, with annual
precipitation not more than tens of millimeters, are deserts covered by soil, sand and gravel.
Areas with more precipitation have some vegetation consists of grass or shrub, but even
some of these areas have been desertified due to excessive reclamation and grazing.

Sandstorms often occur in the windy season of February to May, impeding road and
railway transportation and making outdoor activities very difficult. In addition, they give
damages in far distanced areas from the origin.

BEE3 #HAQEEWETRLFETELME 200767 BHEREKAAKXEEER

Fig. 3 Desert closing upon the Yellow River. Taole District, Ningxia Hui Autonomous Region, June 2007.
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Fig. 4 Sandstorm blowing up sand, Dundgovi Prefecture, A bus crawling in sandstorm, Dundgovi
Mongolia, April 2005. Prefecture, Mongolia, April 2005.
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Fig. 6 Abandoned houses sinking in wind-driven sand, Yandi District, Ningxia Hui Autonomous Region, June 2000.
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A ruin of a garrison of Tang period, Yandi
District, Ningxia Hui Autonomous Region,
June 2000.
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Loess Plateau is covered by a thick loess layer consisting of fine, uniform soil particles
0.002-0.05mm in diameter. Annual precipitation is 200-700mm and almost of the rainfall
occurs in summer; other seasons are very dry. The area has a long history of farmland
reclamation by clearing forests since the ancient Yellow River Civilization. Areas under
unfavorable farming conditions are now abandoned and have been turned to wastelands
with poor vagetation. With the advancement of desertification, loess is eroded by rainfall in
summer and blown up by sandstorms in the windy season of February to May.

BEE8 MEMERICEM(EL /LM 2001F118 ILUFEEHE
Fig. 8 An abandoned farmland turned into a wasteland, Pu District, Shanxi Province, November 2001.
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Fig. 9 Sandstorms often occur in the season
when farm work begins, and make the
sky gloomy due to dust blocking the
sunlight, Xi District, Shanxi Province,
April 2006.
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Conditions in deserts and desertified lands vary by location, of which principal features are
as follows;

(D These areas are chronically dry; the surface is in absolute dryness particularly
in hot season with little precipitation.

(2 The surface is covered by soil, sand and/or gravel. The sand-covered surface is
the largest in area, where wind drives sand to form dunes and then blows sand
particles again off from the dunes, making sand dunes incessantly moving.

(3 The impact of wind on a dune varies, depending on impacted position: sands are
more strongly driven on the windward side of the dune.

@ The groundwater level and soil salinity vary by location.
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Fig. 10 Dune formed by the wind-driven sands (the wind direction is right to left), Lingwu City, Ningxia Hui
Autonomous Region, January 2007.
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BEH11 BEE12 Tt (HFR7D)
Fig. 11 Ningtiao Fig. 12 Huabang
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Afforestation in areas with these characteristics needs particular attention in selecting tree
species and works that fit to local conditions.

Basically, only tree species resistant to dryness and heat are acceptable. Grass and shrubs
can also be used to control sand in areas where the sand movement is more out of control.

In sand-piled areas, appropriate tree species should be planted, fully assessing the
thickness and compactness of the sand layer of each location (windward or leeway side of a
dune, or low lands between dunes). On the windward side of a dune exposed to strong wind,
where the sand layer is thick and has compact surface, shrubs such as ningtiao™, huabang,
shabiezao are suitable. In contrast, on the leeway side of a dune where the sand layer is
unstable, the perennial heishahao or annual shami are suited to be sown. Main species for
low lands between dunes, where
the sand layer is thin, are shaliu,
ningtiao, shazao and other
shrubs, on such land where the
groundwater level is high, trees
such as poplars or Aanliu can be
mixed.

Hongliu can be planted in
areas with high soil salinity as
the species is salinity resistant to
a certain extent.

BEH13 PHlE (PNnNv4a7)
Fig. 13 Shabiezao 2 e s

) BE(THLLVAZXRX) = ningtiao = Caragana microphylla (Pall) Lam.
EHE(HR7) = huabang = Hedysarum scoparium Fisch. et Mey.
WgE (s & 5) = shabiezao = Calligonum klementzii A. los.
HpE (yayawy) = heishahao = Artemisia ordosica krash
WAk EH~<1) = shami = Agriophyllum squarrosum (L) Mog.
WHI (&> Y AXFF) = shaliu = Salix mongolica Siuzev.

WEAFF U R) = shazao = Elaeagnus angustifolia L.

BHI(Y ) 2w X FF) = hanliu = Salix matsudana Koidz.
KM (7 9473y 2Y) = Hongliu = Tamarix ramosissima
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BEE14 8 (E>JVHYFH¥)
Fig. 14 Shaliu

EEI5 G (LoxauRTS) 0 SE16 4I# (F545%3U1")

Fig. 15 Xinjiangliu Fig. 16 Hongliu

f}g‘? g (O r¥awRTT) = Xinjiangliu = Poplus bolleana Lauche
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Afforestation on the windward side of a dune. Three-year-old huabang and yangchai 4
in straw checkerboards, Taole District, Ningxia Hui Autonomous Region, September 2004.

BH18 WERBE®EBIEH TDHEH
BFEEDRTZ, BHl (J>)a19vF+X) RUDE (XFFYX) 2007F6A BEOKRBAXIEHE

Fig. 18 Afforestation in a low land between dunes, consists of six-year-old poplar, hanliu and shazao, Yandi District,
Ningxia Hui Autonomous Region, June 2007.

ﬁ;‘ WSk (32 N) = yangchai = Hedysarum sp. Laeve Maxim




RN USRI b COREMEI

Afforestation techniques in deserts and desertified lands

12

IERUWRIELHTIE. BICKDBOBEBOHULVD T, EPEAZIERT DRI, 18
WEEKIENDHREZRIFTET T, CNICLO>THEXRAEDRRZFISE. BWOBEZZ
2. IRUEOHRICEPEARZER UET . TDR. BEARICHEDE UICHEICEAE(CTIN
U CitEZ T\E I,

INSDOERRIEEE. YD 1 FRMDERY XL (EYZEE) EXIREHICEDVNTEE
BCEICERDESSNTVNEIDT. TOEHICERT D EDITETT,

In deserts and desertified lands, straw checkerboards are arranged as windbreak hedges
before planting in order to control sand movement. After the straw checkerboards reduce
the wind velocity on the dune surface and sand movement, grass seeds are sown and tree
seedlings are planted in the checkerboards. Supplementary planting are done as required.

Each step of these operations should be performed in an appropriate time according to the
annual phenological cycle of plant life and climate conditions.
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The straw checkerboard is arranged in the following procedure.

(D The straw checkerboard consists of contiguous squares, each one of which is of
one meter on each side.

(2 Set a first line in the direction perpendicular to the wind direction. Draw parallel
lines to the first line at a distance of one meter, using a measuring tape.

(3 Dig ditches of 10cm deep in each parallel lines.
@ Fold rice or wheat straws into two and insert them into the ditches vertically.

(® Fix the straws by refilling the previously removed sand into the ditches so as to
make parallel rows of windbreak hedge.

(6) Draw parallel lines at a distance of one meter in the direction perpendicular to
the above hedge. Perform the same operations of @), @ and (& above along
these lines.

(D Straw checkerboards about 10cm height with 1m interval, are thus formed by
repeating these operations.
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BEE19 ZRROFTREVEET, BEH20 #EE&#E-T. bOaEBEICELAAE T,
Fig. 19 Draw parallel lines with equal distance. Fig. 20 Dig ditches and insert straws into them vertically.

BE21 BFREOHKICHEZERLET,

Fig. 21 Arrange windbreak hedges in the checker pattern.

BEH22 SRk L AREE
Fig. 22 Completed straw checkerboards
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In doing planting in desertified lands of dry condition, seedlings should be handled with
extreme care to prevent drying. Commonly used bare-root seedlings are planted through the
following procedure.

(D Dig up seedlings from the nursery bed one day before planting. Make bundles
of a specified number of seedlings and temporarily lay them in the soil

(2) Put the seedlings in bags in the morning of the planting day for prompt
transportation to the planting site with the whole freight covered by a sheet.
Keep the seedlings temporarily under shade of cheesecloth.

(3 Carry the seedlings in bags to a place near the planting location. Lay the
seedlings temporarily in the soil. Take out the necessary number of seedlings in
accordance with the progress of the planting operation.

(@) Remove the dry sand layer on the surface until the wet sand layer is exposed
before digging planting holes.

(® Dig planting holes in the wet sand layer. Pile up the removed wet sand beside
the planting holes, separating from the dry sand.

(6 Plant a seedling in each hole, spreading up its root at planting.
(D Fill the hole with the wet sand previously removed, avoiding mixing with dry

sand. Lift the seedling slightly and shake it to ensure an close contact of the
root with the soil, and then stamp around the planted seedling.

Cover the seedling with dry sand with only a top tip portion exposed. In
addition, the surface around the seedling may be covered with straw, vinyl
sheets or gravel to prevent sand movement and water evaporation.

© Do supplementary planting and/or repair the checkerboard as necessary.

14
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BEH23 BAZRIEL T, IROZEEBFEET,
Fig. 23 Laying the seedlings in the soil temporaly to prevent the roots from drying.

BE24 EAEREZRBSBAEZETSEEE AVATEVETY BHE25 EAREEAHTE-T. RELET,

Fig. 24  Cover the seedlings with straw matt in Fig. 25 Keep the seedlings again temporarily under the
transportation. shade of cheesecloth.

15 )
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Fig. 26 Dig a planting hole while pile up the wet sand removed beside the hole.

BH27 ®WA%Z. RELFT. ERICAhET,
Fig. 27 Plant a seedling into the hole spreading up the root.
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Fig. 28 Stamp the soil around the

seedling after filling the hole with

the wet sand previously removed.

Fig. 29 Do supplementary planting as
necessary.

FE30 REICISU TARMEBOEBEETVET,

Fig. 30 Repair straw checkerboard as necessary.

17
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Poplars and Aanliu, unlike other tree species, are planted using “Cutting” . These trees

are viable only in areas with high groundwater level: the groundwater level on the planting
site must previously be checked by conducting boring.

(D Poplar seedlings should be given sufficient water before digging up from
the nursery bed, which is a day before the planting. At that time, the trunk of
each seedling is cut to a length of about two meters, leaving the root intact. The
cuttings are then transported to the planting site, where they should be laid in
the soil temporarily with the root intact.

(2 For hanliu, 2m long branches are cut to be used as scions one or two weeks
before the planting. They are then transported to the planting site, where they
should be dipped in fresh water for sufficient water uptake.

(3 Cover the whole cuttings of poplars and Aanliu with a sheet for transportation.
Transportation should be conducted as quickly as possible.

@ Remove the dry sand layer on the surface untill the wet sand layer is exposed
before digging planting holes in the wet sand layer. Pile up the removed wet
sand beside the holes, separating from the dry sand.

(® Dig planting holes until groundwater oozes.

(6 Put a cutting in each hole in the way that the root touches the groundwater.
Roots of poplars may sometimes be cut off before planting.

(D Fill the hole with the wet sand previously removed, avoiding mixing with dry
sand. Stamp around the planting cutting.

Cover the wet sand around the planted cutting with dry sand.



MR ORI E L it T DB Bl

Afforestation techniques in deserts and desertified lands

BE31 FT7I7HEE, mRBES @=L, ReFUssTHRELET,

Fig. 31 Poplar cuttings with roots transported to the planting site and
are laid in the soil temporarily.

BH32 FRHld. EHTAACELBEKICRLET,

Fig. 32 Hanliu cuttings are put into fresh water before planting.

BE33 R, WTKPRETIRSE TR TIFET

Fig. 33 Planting holes are dug down to the groundwater level.
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BH34 fENICHELEZAN, ERBERLES,
Fig. 34 Put a cutting into the hole and refill the hole with wet sand.

BH36 KRTTEDOHEHEZEDHKT
Fig. 36 Poplar cuttings after planting.

BHE35 MWTKMMEVER T, BKETVET,

Fig. 35 Wartering is done in location with a low
groundwater level.
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In the locations where the straw checkerboards are arranged, grass seeds in the sand
come to germination naturally as the sand movement stabilized. In locations where
arranging straw checkerboards are impractical because of unstable ground surface, firstly
grass seeds are sown to stabilize the sand. This should be done only when rainfall is assured
on the following day.

¥ “

BH37 ADICL2BiEEE
Fig. 37 A farmer is sowing grass seeds.

EHE38 #EEZRORF. £FRR
Fig. 38 Germination after sowing seeds.
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Loess Plateau was covered by forests in early days of the Yellow River Civilization, but by
now most parts of the forests have been cleared, which has resulted in wide-spread waste
land. The plateau is dry through a large part of a year because rainfall is limited to summer
and the thick layer of loess has poor water retention capacity. It is particularly problematic
that the land is very dry in spring, when plants begin growing. Choosing drought-resistant
tree species and preventing seedlings from drying are therefore prerequisite for successful
afforestation.

The site direction is also an important factor for the choice of the species to be planted
because there is some difference in dryness. Cebai'®, cihuai, shantao and shanxing are
preferred for the more dry south-facing slopes, while yousong and yuanbaofeng are suitable
for north-facing sites.

. . e e L, e L o
BH39 fil#1 2006F6A IU\ESE BH40 jH 2007F6F |ILUEARE
Fig. 39 Cebali, Ji District, Shanxi Province, June 2006. Fig. 40 Yousong, Xi District, Shanxi Province,
June 2007.

2}5)5 k) (27 574> 7) = Cebai = Platycladus orientalis (L) Franco
WML (=%7H3¥7) = cihuai =Robinia pseudoacacia L.
114k = shantao = Prunus davidiana
17 = shanxing = Prunus armeniaca var. ansu Maxim.
TS = yousong = Pinus tabulaeformis Carr.
JCEAR = yuanbaofeng = Acer truncatum Bge.
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Fig. 41 Cihuai, Daning District, Shanxi Province, Fig. 42 Yuanbaofeng, Daning District, Shanxi Province,
June 2006. July 2005.
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Afforestation techniques in Loess Plateau is characterized by its land preparation work.
The land preparation is followed by planting and then tending. Supplementary planting may
sometimes be required. These operations should each be conducted at an appropriate time,
like planting operations in other desertified lands.

The purposes of land preparation are as described below. It should be emphasized that
these opertions are of vital importance for successful afforestation.

D Provide ridges and ditches along
contour line to harvest rainwater
and permeates it gradually into the
ground.

(2 Cultivate the soil inside the ditches
to improve water retention and air
permeability of soil.

BEA3 EWFRICLWESRICA > CERS MK
& 2005F7H LEAER

Fig. 43 Horizontal terraced ditches along contour
lines formed by land preparation work, Ji
District, Shanxi Province, July 2005.
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The most important works in land preparation are to construct solid ridges and to
cultivate ditches well. These are carried out as follows.

(D Do careful positioning to form horizontal and equidistant ridges and ditches.

(2 Remove weeds from the bed for the ridges to ensure close contact between the
ridges and the ground.

(3 Remove the surface soil of the locations for the ditches down to about 30cm.
Pile up the removed soil temporarily on the upper part of the slope.

@ Dig further into the moist core soil and use it to form ridges. Stamp the ridges
to tighten the soil and make the surface smooth.

(® Cultivate the soil inside the ditches down to a specified depth.

(® Refill the ditches with the surface soil piled up temporarily beforehand.

BEH44 FREE#HELIIC—FREL £T, 2005F4H BEH45 DAV TEZERLET, 2005F5A8
e R=ER IFE&HE

Fig. 44 Pile up the removed surface soil on the upper part Fig. 45 Form a ridge with core soil, Pu District, Shanxi
of the slope, Daning District, Shanxi Province, April Province, May 2005.
2005.
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BH46 EDFEEHONIFEIETHIELET, 2004F48 UFREAER
Fig. 46 Cultivate the ditch down to a specified depth, Daning District, Shanxi Province, April 2004.

BH47 RTEBOPICRLET, 2003E8F IIFEARE

i Fig. 47 Refill the ditch with the surface soil, Daning
i District, Shanxi Province, August 2003.
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In planting, preventing the seedlings from drying with extreme care is essential. The
operations are follows.

(D Roots of seedlings are to be covered with the soil when dug up from the
nursery bed as they are susceptible to dryness. Transport the seedlings quickly
to the planting site in bags, with the whole freight covered by a sheet. After
arriving at the planting site, keep the seedlings temporarily under appropriate
shade.

(2) Carry the seedlings to the planting location, and keep them in bag until
immediately before actual planting.

(3 Dig specified size of planting holes in the ditches at specified space.

@) Put a seedling in the hole; in case of planting bare-root seedlings, the root
should be spread out. Refill the hole with the soil previously removed, lift
slightly and shake the seedling to ensure an close contact of the root with the
soil, and then stamp around the planted seedling.

® Cover the soil around the planted seedling with grass to prevent the direct
sunlight to dry up the soil. When planting in fall, cover the seedling with soil to
protect it from winter wind desiccation.
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BHEH49 BW|AFRICFEHTY— h’(%b\ B ICHEE L F
¥, 20055108 WAEEZE
Fig. 49 Transport the seedlings quickly in bags, covering

the freight by a sheet, Ji District, Shanxi Province,
October 2005.

BEH48 BRI ROEEEHS7-D, BICETEVET,
2005%F10A WLFEEHFE

Fig. 48 Seedlings are covered by soil all the time before
planting to protect their roots from drying, Ji
District, Shanxi Province, October 2005.
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BHS0 BWAFEHERE CRICKREL T, 20055F8H BE51 @A, IREEANLITFT, fn_/v\)kh £,
IFEEKRER 2004F38 IIFEEAEER
Fig. 50 Keep the seedlings in the bag until immediately Fig. 51 Put a seedling in the hole, spreading out the root,
before actual planting, Daning District, Shanxi Daning District, Shanxi Province, March 2004.

Province, August 2005.
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Fig. 52 Cover the planted seedling by grass to protect Fig. 53 Cover the planted seedling with soil to protect it
the soil from drying up by sunlight, Daning District, from winter wind desiccation in case of planting in
Shanxi Province, August 2005. fall, Ji District, Shanxi Province, October 2005.
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It is necessary to take continuous care of seedlings until they grow to a certain stage.
This operation is called “Tending.” It involves the following works.

(D Repair, as necessary, damaged ridges.

(2) Cultivate the surface soil in ditches to prevent soil from drying by arresting
capillary water movement and to make penetration of rainwater easier.

(3 Remove weeds and put them arround the planted seedlings to prevent surface
soil drying.

@ Cut unnecessary sprouting branches of broadleaf trees, as they usually produce
many sprouts. This is done to promote growth of the main trunk. This
operation is necessary in the following years for the same purpose and to
control unnecessary transpiration as well.

T AR '|_:|"‘:ﬂ
e R i B3 o ey
PIER L TWBEMEEIEL 9., 2004F6A BE55 BOHRDORLEWEEILLET, 200656H
A KRER LFEEKRER
Fig. 54 Repair a damaged ridge, Daning District, Shanxi Fig. 55 Cultivate the surface soil in a ditch,
Province, June 2004. Daning District, Shanxi Province, June 2006.
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BHE57 ARELERERELET, 2006107 IFEEARR

Fig. 57 Cut unnecessary branches, Daning District, Shanxi Province, October 2006.
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Although the soil and climate conditions of deserts and desertified lands are difficult for
afforestation, it is certainly possible if the right tree species are chosen and right operations
are conducted at right time. It is easy to say but difficult to do the above; still it is possible
with enough efforts. If one dose not spare the efforts, afforestation will be successful without
experiencing failures and without fruitless investments.

4FH DI 2007%9R
L A=E
Four-year-old cebai, Daning

District, Shanxi Province,
September 2007.

BEH59 S5F£0RIE 2007%F9A
IFEEARE

Fig. 59 Five-year-old cihuai, Daning
District, Shanxi Province,
September 2007.
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BFE60 MWMEIORMOET 2001F118 UAEAEERE
Fig. 60 Wasteland before forestation, Daning District, Shanxi Province, November 2001.

BH61 HEMEBOFT 2006FE58 ILUFEEARE
Fig. 61 The same area after planting, Daning District, Shanxi Province, May 2006.
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