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2.2.  Plant  scale  and  site  Gibson  desert  (  400km  X  840km  )  in  Australia  where  the  insolation 
energy  is  2,100kwh  /  m2,  1.8  times  higher  than  was  Toky0,  is  selected  for  the  power  plant  site   
The  electric  power  generated  is  transmitted  1,000  km  to  Perth.  Batteries  were  installed  for  a  stable 
power  supply.  Basic  data  used  for  the  evaluation  are  shown  in  Table  1. 

Table  1  Calculation  basis  of  PV  systems 
Photovoltaic  cell Poly-Si(20years  Life) 
E 田 denCyof 叶此 20% 
吐 upIodU 山 onSC 川 e IOOGW ゆ eear 
Transmission 100OkVUHV  efficiency  96%     川 powe 丁 145GW 
Efficiency  of  systems 90% 
ん切 860" ， 2 

2.3.  Module  production  and  transportation  PV  cell  modules  (  surface  area:  4.72  X  loW,  weight     
2.86  X  1O 叶 )aFe  us 田 for 山 e  system.  We ぬ Sum 山小 at 山 e  modulQ  produQd  血 Japan  weTe 
transported  by  a  50,000t  ship  to  Australia  for  7,000km  and  then  by  20t  trucks  inland  for  1,000km   

2.4.  Energy  input  and  investment  cost  of  BOS  Energy  input  data  for  the  production  and 
construction  of  BOS  (  Balance  Of  System  )  such  as  supporting  racks,  inverters,  construction, 
electricity  collectors,  transmission  towers,  transmission  wires  and  transformers  were  calculated  and 
arc  shown  in  Table  2. 

Table  2.  Total  annual  energy  input  in  terms  of  electricity(ITe) 
and  EPT  for  PV  systems  using  poly-Si  solar  cells 

M 臥       O" 乍 "t 145  GW 
Electricity  output 1.1Oxlo^Wh/y   

Rat& 
Supporting  rack   0 ・ 24 14% 
Inverter 2 ， 25X  109 0 ・ 02 1% 

  Construction 3 ・ 96X  千 09 0 ・ 04 2% 
Electricity  collecting 1 ・ 01X  斗 08 0 ・ 00 0% 
Transmission  tower t ・ 41X  斗 O9 0 ・ 0 丁 1% 
Transmission 8 ・ 58x  丁 07 0 ・ 00 0% 
First  transformer 1 ・ 54X  109 0 ・ 0  1 1% 
Final  transformer 1 ・ 62X  109 0 ・ 0 十 1% 
Module 6 ・ 95X  1010 0 ・ 63 37% 
Module  transportation 7 ・ 57X  108 0 ， 0  1 0% 

7 ・ 80X  寸 0 上 0 0 ，フ寸 42% 
    田   斗刀 
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centralized  PV  power  plant.  Here,  a  lead  battery  system  was  used.  Electric  power  generated  by 
the  PV  power  plant  was  supplied  through  the  battery  system  whose  charge-discharge  efficiency  was 
assumed  to  be  0.87.  The  storage  capacity  of  the  system  was  assumed  to  be  the  power  generated  for 
2  daysConside 「 nng  川口出 er の nd 而 OnS ， Tbenumberofbatne 『 he5  ne 田田 waS    口 M 口 b 卜山 on 
70%  of  maximum  capacity.  The  unit  weight  of  2V-8,0OOAh  battery  without  electrolyte  was  498kg. 
The  life  time  of  battery  was  assumed  to  be  10  years  and  its  cost,  ｴ 2,120,000  /unit   

3.  Results  and  discussions 
The  EPT  was  calculated  to  be  1.7  years  and  the  electricity  cost  to  be  ｴ 101  /  kWh.  As  shown 

in  Tables  2  and  3,  the  transportation,  transmission,  civil  construction  and  plantation  did  not  strongly 
affect  both  EPT  and  cost  of  the  total  system.  The  module,  supporting  rack  and  battery  systems  were 
the  main  cost  factors.  The  battery  system  cost  was  as  high  as  80%  of  the  total  cost.  In  order  to 
reduce  costs,  a  sodium-sulfur  (  NaS  )  battery  system  instead  of  the  lead  battery  system  was 
investigated  hereafter.  The  NaS  battery  system  has  a  high  energy  utilization  capacity  of  100%  of 
the  maximum  capacity  and  a  high  charge-discharge  efficiency  of  0.95.  For  the  evaluation,  the  life 

JAALS



36 

  

reduction  of  the  cost  is  not  enough  to  compete  with  a 
urther  R ﾈ ! terns 

yoto 

JAALS



(^ ｣ OZ989-11-16+  : ﾈ y)  C!P"I  ^100I1-MPa  ^N  'sinppncH  ･ imaa'l'I'I  '    S'V'D  'isi.1uaios  pafoJd  * 

JOA 山 SmIg  Oln  ugo 川 Oq  OoU 山 :9 四 lllp  山 n ノ口 Od 口 9)3v) 。 川 nIuIp 皿 )ot¦JgA 山 S 孔 IIg  O 甲 Sgxp 山 uot 川 OdeAg 人 aHglq 
'aumu  L    S  Om  )e  斗 nna  ， pg)0gdXo  SIp[aI 人人 ovgIq  。 T 円山 gq)  '3po 山 LA[pe  o 叩 u[ 上 atIgIH  Sn 山口 oq  IIIIS  g 叩 JO 
山川口 ad 川 aaI3u1) 口 agdo  aur  4u[ 花 q  O 叩 O 斗 p 斗 SlgqnI 上 3Al め山 OvIJo  I9I)no  gm  が人 99 ぽ @lA¥)oH  P 皿人   IU め U 山 
9 叩 @O  叫口 JgAl ぬ 川 a 叩 oI  d 山 nd  Aq  p 可 S! u[SBqgql  山叫川 BA¥  pIoD  ・ I ， g!d  u! u 川 OqS  S! 山 g)SxS  aH) 
40    和 !P 咋 O1q3    ・ d 口 nd  oy)o919 庇叫 n 山叩 Od 口」 O 川 IU 山 uooo!Ioq    d  pypY!IL  加川   ・ uouW 叫 
p¦dn 山 s!eamm  tvwqJo  zu  IJ0  ¥¥usJ@¥0sgdo¥s9¥gu!sglu  W[P)sJctospgS0o 山 0  g 叩 JO  a[o け u リ o  Bu! 斗 OM  I ・ I 

  山川 S ・ l@S  paSod 山 d  o 叩人叫 
p 四斗 Od  Snopugu 叫 SlSIxa  山 ;a 甲山 0! 呵川 dxg  o    S  ggLmmT]od  ・川口 M ド庇 p3SSn 几 !p  uggq  OSIe  丸 v  山可 5L 
pasodoJd  aip  uloy  ppi^  J3i{3ii{  JOJ  uopipuoo  uinuii)do  aijJL  '^ou3i3ijJ3  snoaireiircisin  pire  piai^  ̂irepio  suuo} 
ui  siapom  isaici  Jamo  miM  paredmoo  si  luaisXs  SIIIJO  aoircuuoJJad  -SJaiaunycd  oiicuino  pirc  uSisapio  suual 
u い no  po      gugaq 荘 H  gpo 川 uuo 匹 Ina4p  p 川四 gmUT 釘 u3uod 山 o0glu 山叫 !PJOSuo! ぼ nba 如庇 pq  人ぬ 川 99 叩 
uo  poscq  SISAICUB  SIJJL  "p3zAp!ire  pirc  panapom  'i¥vo}  }nd  si  ppoiii  ipns  auo  'uoiicluassJd  sup  ui  'suouipuoo 
^pulM  SBII  ̂ncnsn  QUO  aiai{M  syasap  ui  ;<ip?i39dso  s3uiui03voi¦s  3sai(i  ssaippc  01  pauiqui03  itiaAipaya 
3q    斗 Oa 四 g  OAI ノ口 Ouog 山 OAu    人叫八 sJgug  PUIAl  gYISn  寸 IIOAt 寸 R 人 nSSo 口 d@d  A¥OIgUI ノ V0 口 33  ･ 9oU 山 g 四 1I:?p  ぬ ISUOp 

  'UOIIT2JIU90U03  MOI  01  UOIIE.11U33UOO  JnodCA  l181l(  U10JJ  ̂UOlSn^Ip.  (c)  :S3poUI    JSJSinUl  SSBUl  SUIAYOHOJ  QVfi  JO 
口 O 川 m  guoQ@3np  Lsu 叩 uoogm  口 m)s 叩川 OFaAo 山 lolpu 釦山 @¥]nodM  JglCAt)oH  g 肛 ・ 川 !SSL 山 p 皿 
leaq  aAipaya  pmopippc  ue  SB  spc  11  ･ niis  p3do¦S  aiSuis  BJO  auoz  papcqs  aiji  111  nils  svft  01  paioauuca  aq  uco 
J3suapu03  MBpns  QAisscd  'ssodind  silp  JOJ  ･ iius  QVft  UIOJJ  JnodcA  JOICAVJO  iBAouiai  snonupuoo  pin;  ainssojd 
Ups  QVft  Suionpal  ^q  psurciqo  sq  ireo  JaicM  panpsip  JO  uoponpoid  ui  iuaiuaAoJdiui  o¦quJopisu03  v 

  Iu9I7UggtmlL 「 m  @uo!)!p 匹人庇 ]noW 叫 p 庇巧庇   0 『 9lgd 」 川 gq  叩 IAlP 叫 ;goAI 川 :3u お山 ぬ npoud  O) 
ui9)SAS  oip  I{IIA¥  paicjSaiuj  sq  ireo  uoiiipu03  ^pu;A¥  'syssap  ui  'scaioi^  -aoJCoS  si  JaicA¥  iisi>¦3B.iq  USAO  3i'3¥¥.¥¥ 
孔 alBugSgD  J 叫刊 qq!nSun  )!Sg 甲山 S!ti@@4P 可孔 AtS!Jg@BAlSUIAiou  打叩 u!p 日 OISA 市 gUgrB    g 叩而 l!pg$ ・ uou 
in  'aiiqM  sascaioap  ^ouaioiya  puc  ainicJadmal  J3iCA¥  uiscq  'SuipaaJ  JO  osco  ui  pin;  ･ oio  UOISOJJOO  'UOIICIDBJ 

  ナ g ぽ M  uI 丸 fqn  anIguI 花 gdouI 人 q 日 Ov 斗 。 AAio[aJnI 口 od 山 OlS 孔 Ig  gU ノ Sdon サ孔 1IgAtV 孔 UOu ぽ unodLA4o  1e:Caq  斗 ua ぽ I 

  01  suns  sc¥os  OAlpB  sc  ¥¥9/A  SB  SAisscd  ui  pailuodJooul  u33q  3ABi(  suoiiToiiipoul  uSissp  10  Jsquinu  v 
uoipnpoJiu]  -i 

uonnMnSIp  人 nIoS  p 川人寸 ト u 寸 P[pli(]a 寸 AS 卜乃 d  "aAll 口寸 U ヨ 8 寸 J 川 V  :SP 人 OM  A ヨ H 

  卜 山川 S 八 S  人与叩 0  3ln  InI 川 pg 几 dmo@09  抑 
巳ぽ                       三 ，周三閣 IIJOIu 三 Y              まヲ : 「三 蕊山廿 ; ざ低二 H ま三 L ぶ三 4@u; 口川て 山三 X 悲ぽ R ご甜 二丁三三号 AaAt 了了 
･ fououuoJJsd  IBUU; ﾈ I(I  i(3ni  n  saM'3  pun  9¦duiis  ̂uroiamns  *i3Bduioa  si  ui; ﾈ is.¥s  uoiii'niisipJRios  p^sodoJd  aiu.  -  pmisqv 

    X 几血 S 

109JJ3  9ApBJ9U939'a  PUB  9.inSS9Jj 

AVO^-1  9^9J3  01  p99d ､  pUly^  JO  l101)BZllIlfl 

PB-J0-91B)S  IIV  :S}J9S9a  JO^  ̂90[OUl109JL  lloIlBUIIBS9a  J^¥OS 

saipnis  pi^l  pi-iy  JO  (Blunof 
(sBBDot'-^E  ･ ss  'weassn^ 

JAALS



38 

LL       三三 L 三           ; 。。   

｜   
Series  of 

  Medium ，回 
Fig.1  Block  Diagram  of  proposed  system 

and  basin  water  reduces.  This  decreases  yield.  TQ  reduce  the  elass  temperature,  ambient  air  which  has 

  

the  stil1,  a  considerable  improvement  in  the  production  of  distillate  can  be  expected   

1.2  Wind  Induced  Low  Pressure  Desalination  Passive  condensers  are  aDDrooriatc  onlv  for  sinric  stil1.  For   
condensed  in  relatively  cooler  environment  such  as  underground  tanks.  Since,  condensation  of  these  vapours 
ill  underground  tanks  will  create  low  pressure  at  the  other  side.  the  efficiency  of  tlie  air  succor  device  o 「 

pump  will  be  high   

2.  Thermal  Modelling 

2.1  Passive  Air  Regenerative  Solar  Still  Followine  Sinha  and  Kumar  (1994).  enercv  balance  eauation  for 
flowing  air  over  the  glass  cover,  lower  glass  cover  and  water  mass  arc  respectively,  as  follows     

  hi(T    -T^bdx     n¥t-  Cm.  (dT;,,/dx)  dx  -  h  (T,.      Ty)  bdx   (1) 

Wv-T,) 九 1  (I'll Lr) O 

( にて )C 川 I(t)Ab   MwCw(dTw)/dt  -  Us(T,,    T;,)Ab   (3) 

器 ぼ二 ; 仁ね tofXX ， t*bair," 品三 ; ・ h 三 X.hC よ、 ;fTR  T*  3 ぱ ; 三 ア二 hClin:*lm:re;nt@@at ， 目篇 。 :; 山 h.g" 芯三了 ほア三 LE ぼ三     
ぼ rWa:e   「点以 ご三仁笛 。 卍二 ， 点三 pEZ;:Kand ， ぱ g 箕 ， L 二二洋三 ;" 品よ， 三 X i.IW@rffon 二 二じ ;g バ 、 th;andguysairnDomg 江 ; 
cover  to  flowing  air.  and  overall  heat  transfer  coefficient  of  still  respectively.  l(t).  T,,  and  (at)-n-  are  solar 
intensity,  ambient  air  temperature  and  fraction  of  solar  intensity  absorbed  bv  basin  water.  Now,  using  Eqs   
(1)  and  (2).  one  gets   

Ta,  [b て九 Hx)  T" hiiTwVHnV@'.ifl0-0  ･  L@1.0  lls (4) 
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Wotcr  depth  (m) 
"93 ま ;     ぽ Ong#R:;R ・     蕊   v 、 打 h   ‥ 「 Fig-2  Variation  of  daily  yield  with  woter  depth 

Natural  circulation:  It  is  due  to  relative  density  difference  between  still  and  the  condenser.  Saturated  hot  air 
inside  the  still  moves  upward,  while  saturated  cold  air  inside  the  condenser  tends  to  move  downward.  The 
rate  at  which  air  circulates  between  the  still  and  the  condenser  is  obtained  bv  eauatinc  the  driving  change  of 
pressure  generated  by  the  buoyancy  force  and  the  resisting  pressure  drop  caused  by  flow  resistance  as, 

川 "     (p,.-p,) ﾈ g*Z/[KE/(p                         (14) 

W@here,  KE  =  1/(2*C. ﾇ 2).  C6  is  coefficient  of  discharge  and  Z  is  condenser  height.  Therefore,  in  the  proposed 
svstem,  the  hourly  yield  will  be  a  function  of  water  vapour  pressure  at  water  surface  (P...)  and  glass  cover 
(Pg)  1986  as   

川 。 nI   hcw(P.      Pg)/-^ (15) 

2.4  Thermal  efficiency  (nl  The  thermal  efficiency  of  the  system  for  l(t)  =  1..(t)  is  given  under  active  mode 
of  operation     

十 vl)c      ・」 n  - = ― ({in-,,,,  1atent  heat  x  L  of  x  3600}/ vapourization  ｣ (A;.  +  =  A¦,)I(t))  2.5  x  106  x  100. J/Kg   

3.  Numerical  Results  and  Discussion 
To  compare  the  results  of  the  proposed  system  with  that  ofSinha  and  Kumar  (1994).  the  design  and 

climatic  pcrformanc.  parameters  In  Fig.2.  have  the  yield  been  per  taken  m2  of  the  the  same.  still  area  The  per  daily  dav  is  yield  shown  obtained  at  different  from  water  tlie  system  depth  of  shows  the  basin. its 
Because  of  low  pressure  inside  the  still  due  to  passive  surface  condenser,  the  yield  of  the  proposed  system 
is  very  high.  It  is  important  to  note  that  the  concentrator  coupled  still  with  passive  surface  condenser  has 
maximum  output  compared  to  other  systems.  The  overall  thermal  efficiency  of  the  proposed  system  (Fig.  3) 
is  higher  as  compared  to  that  of  Sinha  and  Kumar.  1994.  This  is  because  of  reduced  heat  loss  in  the 
concentrator.  While,  the  thermal  effcienc¥  in  the  active  regenerative  mode  of  operation  is  lower  than  that  in 
passive  regenerative  mode  because  of  higher  operating  temperature  range   

4.  Conclusion 
It  may  be  concluded  on  the  basis  of  above  analysis  that  air  is  a  better  alternative  for  creating 

regenerative  effect  and  low  pressure  inside  a  solar  stil1.  Therefore,  high  wind  speed  in  deserts  can  be  used 
effectively  to  obtain  better  vield  especially  in  high  temperature  distillation  system  such  as  concentrator 
assisted  conventional  system.  These  systems  will  be  economical  due  to  better  yield  and  higher  efficiency  as 
compared  to  conventional  systems   
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The  resistance  of  the  species  to  the  extreme  environmental 
factors  may  either  be  formed  by  functiona1,  structural  or  by  ot ﾂ 

her  biological  adaptation.  This  brought  us  to  the  necessity  of 
systematic  analysis  of  the  basis  of  research  meth  od9¥09y   

The  object  of  this  analysis  is  to  determine  of  the  complex 
of  adaptation  features  of  plants  of  arid  zone  to  the  xerothermic 
conditions  and  the  adaptation  community  systems  to  characterize 
6 口 01O0 日人口口 ユ 甘 PoUPS   

It  was  discovered,  that  representatives  of  hyperxerophyts     
H 色 lo 八 vVloon aDhyllUm ( ばユ nkv ・ ) Jl ュユ n ， Haloothd 山 nU ヨ Ds 卜 mm 山 OODhIlUs 
BOt ヨ Ch ・ gp ・ noV ・， An 色 bds ユ 8 er 人 O   Oda (SChPen は ) Benth ・， SOl ヨ Ola OPI- 
ent 卜 l 斗 s S ， y ・ Gmel ・ f CllmaGo   htera lan 口 Ld (Pall ， ) BOt 日 ch ・ fSal 与 Ola 
Sclerantha  C.A. Mey. ,  Girgensohnia  dintera  Bff1.  and  others  are  the 
moLt  口 d 卜 ptat ユ ve  to  the  八 erothermIc  cond ユ t ノ On ヨ ・ 

The  water  re 日 lme  of  h ノ IpperXeroPh ノ ttes  by  も ll of  the  studied 
qU 口 lltJ 人 QoS  ユヨ well  balanced.  Thg  h ユ日 h  w 口 ttar-retainI 乃与 qual ユ t ノ d 色 ・ 

tprh 人 ne 勺卜 t 卜 ble  h ノ ddr 口 ttIon  and  low  water  d 臼 fICclenC ノ ・ It  w 卜 gg  de ― 

mon ヨ tr 卜 ted  t ・ h 日 t  th6  h 人 qghest  coeffici6nt  of  correlat 人 COn  (0. 7-0. 9) 
was  between  the  water-retaining-  quality  and  other  characteristics 
of  water  regime.  The  water  -  retaining  capability  of  the  hyperxe- 
rophytes  is  the  determining  factor  in  the  regulation  of  the  water 
regime.  The  correlation  of  the  characteristics  of  water-refflrae 
(not  less  than  0.6)  shows  its  well  balonclnff-. 

Hyperxerophytes  are  destinffulshed  by  their  hiffh  heattole- 
rance  ability  (59.5-62.8 ｡ C).  Considerable  adaptation  property  of 
this  yroup  is  that,  the  root  of  youn?  plants  is  of  prime  impotan- 
G8 ， It  耳 rows  tnto  the  soil  qui[; 仕 er  thdn  ユ t  drIeB  Up ・ The  le 卜 VeS 
of  the  小卜 J 口 r ユ tt ノ of  h ノ Dper 八 eerophyt 勺 エ n  the  arI 口 zone  of  Uzbekla8t 色 『 

(H 卜 lo 八   l 口 n  d    h    llUm ， S 卜 l 日 018a  or ユ egnt 卜 l 斗 s_ ﾈ  HaloothamnUS Ds 卜 市 mIno    hI-           An 日 b 巳 slS eriopoda, 5 卜 1501 色 p 口 Ul 与 en 人ユ ， Climacoptera lanafca 
and  others)  are  reduced   

The  centric  type  of  the  nesophyll  is  observed  that  is  adap- 
t 卜 t 才 tvg  to  the  ar ユ d  COncdI tIcon.  The  lower  nu 山 ber  of  gto 口仁 ち寸耳 ;  on 
the  leaf  square  I  『 on 十ユ 8  normal.  A  specI81lzed  water  p 卜 renh ノ n 卜 

w ユ th  a  thin  wa ユ l,  a  lLr 甘 gg  cell  pp ユ derm  and  hypoderm  is  promot ユ n 与 

the  water-retaininy  property  of  leaves  (BufcniK,  1977) . 
Hyperxerophytes  are  characterized  by  steady  relatively  even 

daily  and  seasonal  cycle  of  photosynthesis  and  maximum  desrres  of 
attainment  of  their  potentia1.  A  hlffh  resistance  o?  respiratory 
system  to  the  extreme  temperature  was  determined;  the  limiting 
temperature  of  re ヨ plr 卜 t 斗 On  斗色 5 人 -57 。 C  (Al 色 k8eeV ，， 1983) ・ Th 匂 

Plants  of  th 斗ヨ 与 P 口 tUp  are  character ユ z8ed  by  deep  and  VFrp 口 tlle 
adaptation  to  the  existing-  in  the  conditions  for  the  lacK  of  ro0- 
isture  and  hlffh  temperature. 

JAALS



42 

The  water  reg'ime  of  the  representatives  of  the  euxerophytes 
is  more  lebile,  than  the  hyperxerophytes.  Transpiration  intensity 
is  considerably  hlffher,  and  hydration  of  assimilated  sprouts  is 
lower,  th 卜 n  the  h ノ peL 九 eroPh ノ tes ・ Be 与ユ nn ユ n 与 f 「 om  SPr ユ n 日 UP  to  gUT ― 

卜 er  the  h ノ dr 卜 t ユ onof  geedl ユ Tn 日 sS  sharply  decreases,  but  the  口 Smn ｴ人 G 
p 「 essu 「 e  斗 n 口 Le ト Se ヨ ・ Low  色ト p 日 nd ユ tUre  of  w 口 ter  at  tha  山 esothaQrmtc 
period  is  due  to  the  low  water-retaining'  ability,  than  by  that  of 
hyperxerophytes. 

Water  balance  of  euxerophytes  are  closely  correlated  with 
water  content  osmotic  pressure,  and  transpiration  of  Intensivlty. 
These  characteristics  have  coefficient  of  0. 7  to  0.9  and  determi- 
ne  thg  ways  of  r 寸日 Ul 口 t ユ QOn  of  watpr  b 卜 l 口 Dnce.  The  ad 卜 pt 口 t ユ cn  口 f 
th ユ as  groUp  ls  due  to  the  r ユ ss 日 of  O ヨ mot ユ CG  pressure  色 nd  the  d8Cre 卜 - 

s ユ n 牙 of  久 ntens ユ V ユ ty  of  tran ヨ pI 「「 卜 tt ユ On  under  「 日 dduG ユ n 寸 of  wate 「 ユ ng ・ 

Heat    tolerance  of  euxerophltes  is  higher  than  the  hyperxerop- 
hytes  (59 ｡ C).  Depression  of  seedlings  growth  and  defoliation  of 
some  leaves  was  observed  in  summer.  The  leaves  of  the  reoresenta- 
t ユ Ve 勺 of  th 人ヨ牙 roUp  ユ S  a  plaatel ユ k6  w ユ tth  hyper 八 eroph ノ ttg ヨ ・ 

Unl ユ hke  the  tran ヨ plr 卜 t ユ Qon  Intens ユ v ユ ttV,  the  phot 口 LyntheS 斗 gS  aC- 
t 人 V ユ t 人 eg of KOch ユ口 口 POStrat 卜 and Cerotoides eversnanniana are 
h ユ gher  than  the  plants  of  hype お eroPh ノ ts  日 roUp  (2 卜は hy も r 卜 ntg  色 nd 
otherS ， 197 ユ )   

Phosphorus  exchan 寸 e  of  these  spec 斗 e 日 in  the  dry  perlod  ユ S 
less.  Also  a  decrease  ln  nudle ユ c  anld  人 g  present  ( け G8 日 mmatoV ， 

1983).  The  temperature  limIt  of  re 日 p ユ r 口 t ノ OOn  la  al 川 oo 日 t  卜 g  h ユ与 h 
(50-55 ｡ C)  aS  the  hyper 八日 roph ノ tL  (Alek ヨ日 eVEa,  1983). 

Artom ユ S 斗卜 spec 人 Gas  of """  日 roUp  卜 「 e  wIdel ノ represen- 
ted  ln  the  desert 日 and  ヨ eml-desFrts  of  Uzbek エヨ t 卜 n ， 川 h ユ ch  川 e  con ― 

sider  to  be  in  the  gToup  of  terolremoxerophytes  that  are  dormant 
in  the  summer.  Structurally  and  functionally,  they  are  less  adap- 
tated  to  the  xerothermic  conditions,  than  species  of  hyper-  and 
euxerophytes  group.  Their  great  adaptability  under  arid  conditi ﾂ 
ons  are  defined  mainly  to  the  features  of  the  seasonal  behaviour 
and  the  spec ユ f ユ C  山 Orphol0 寸人 C 巳 l  structure  of  the  Ve 与 etatlve  OP- 
g8n ヨ ・ The  ad 卜 ptatloon  ユ g  less  by  the  conSerV 卜 tI り日 卜 natomIC 口 l  and 
fun 巳 t 人 OOn 片 l  pe 口 Ul 斗卜 rP 互 t 斗 ep ・ 

The  leaVeS  of  APtem ユヨユ卜 SpeC ユ e ヨ are  Small ， ロ lgaVed ， trIm ー 

山 ed ， bUt  andthom ユ C 口 lly  dre  leSS  XePomorpholo 牙ノ C  than  tho ヨ e  preGeq 
dIng  groUp も :  山 eLophyll  り人 th  ln ヨ l 耳 n 久 f 斗 C 卜 nnt  nU 川 ber  Of  hydr 口 ted 
cells  sltuated  卜 round  the  veIns  (Al ユ mUh 卜 meLoVa ， 1974) . 

The  water  regrlmme  of  Artem ユ s エ色 specleeS  ls  more  leb 互 le ， than 
th 口戸 Ge  of  eU 八 6r 口 rh ノ teS ・ Tr 卜 nsp ユ rration  lntensIty  ln  the  日 pP4n 牙 ls 
very h 人与 h 口 nd ユ n summer decreases ヨユ八 t ノ山 e8 ， H ユ dr 卜 ttIon of a 日 SSl 川斗 - 

l 口 tea shoots decreases tw ユ Ce ユ n summer. 廿 atgP-r 日 tt 卜 ln 久 nng c 卜 cpobllI- 
fcy  is  lower    than  that  of  the  representative  hyper-  and  euxerophy- 
te 日 ， when  ass ユ山 HlatIoon  procce ヨ eS  a 「 e  m ユ n ユ mU 山 ・ PPe ヨ er り Eat ユ oon  of  川卜 ― 

te で balance  period  l 与 possible  due  t ・ o  l 卜 r 耳 Ge  reduction  of  tP 色 rn 日 p 人 - 

「 色 t ユ On ， and lncPedSP 人 n osmotic lndeXeS and also to   decrease of 
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surface  evaporation  by  means  of  defoliation  of  leaves  (70-i007.  of 
leaves  Call  down).  In  summer  ths  depression  of  the  8'rowlny  proce- 
ses    is  clearly  observed. 

Maximum  hsnfc  tolerance  level {52-56^0  is  lower  in  compare 
with  hyper  and  suxerophytes.  Photosynthetic  activity  of  Arteolsia 
勺 PeC 人 c 日 at  tha  口 oSothgr 日 lc 口 l  per ユ Od  of  the  year  is  act ユ tUe ・ HOwe- 
Ver  ユ n  SU 山 mer  卜 g  wall  no  p 卜 ter  a 人 ch 日 n 日 Eo  lt  ユ S  「 pduced.  Adaptat ユ Con 

of  photoSUnthesla  to  h ユ gh  temper 巳 ttUre  and  l ユ日 ht 人 In 寸ユ a  ll 山 lted: 
ll?ht  saturation  is  observed  in  the  scope  of  40-50  thousand.  1k., 
but  the  temperature  zone  of  photosynthesis  optimum  is  within  the 
12-37 ｡ C.  Critical  respiration  temperature  is  47-50CC,  that  is  a 

little  lower,  than those of  all  the  previously  above  mentioned 
plants  (Zakhyaranta, 1971)   

For  the  rLpre ヨ 8nt も tl 廿 e 日 of  this  group,  the  decr 色 ase  人 n  fUnc- 
t ユ On あ l  and  b ユ Olog エ口卜 l  actlV 人 ttles  at  the  八 erothp ア川ユ c  per ユ O 卜ユ日 ty ― 

nlrct 口 l ・ Thl8  1OOks  l 人 kA  A ヨれ a も C 卜 p 斗 「 ngw  or  ト卜 luo ユ dlnng 廿 the  Unf 卜 VOU ― 

rable  condi tions. 
Xerophyts  ors,  the  plants  with  very  deep  searching  root  sys ﾂ 

tem  (20-30  m.)  penetrating  in  to  the  horizons.  The  most  widespre- 
巳 d  gpeC ユ e ヨユ n  thg  ar ユ d  gone  are  the  repPeSpnt 巳 t ユ Ve ヨ of  the  phr6 巳 ― 

tt ， oph ユ t 日 Alha 口 I    日 pud 卜 lh 卜ユ f caDDaPIS  gDLnoza  and G@VcVFrohIzao  we 
cl 色ヨヨ人 f 人 ed  th 日 m  aS  甘 em ユ九 erophyte ヨ as  they  卜 re  resIstant  to  卜 8rIdf 
bUt t  ・ not  anll  droUght ・ They  are  characterized  by  h ユ了ぬ tranppIrFatl ー 

On ・ イ ntana ユ t ノ of  transpiratlon  ln  sum 山 er  perlod  ユ ncreases,  whlCh 
is  not  characteristic  to  the  representatives  of  other  ecological 
与 roUps  Og  X6roph ノ l 日 type ・ H ノ dr 口 t 斗 On  Of  the  a ヨ Slm ユ l 卜 t6d  ヨ ho ・ otS  dU ― 

r ユ ng  the  Ve 牙 et 卜 t 人 On  pe 卜 SOn  ユ s  reduced,  osmot 十 c  pressure  and  water 
dLflc ユ t  ヨ l ユ日 htl ノ Increases  ユ n  日 Vmm 日 P ・ The  pl ら nnts  of  these  与 POUp 
@t 口 ve  rel 口 t ユ Vely  stable  water  re 了ユ口 8 ・ They  dlffeP  fro 川 hyPerx 色 rPop- 
hytes  having'  hig-h  transpiration,  stabia  watering  and  osmotic 
pressure  are  ensured  by  the  deep  root  system,  reac-hinff  the  level 
of  the  subsoil  waters.  They  veyetate  from  spring'  to  late  autumn 
keepingr  its  his'h  metabolic  activity  duriny  the  whole  summer  peri- 
od   

Xerophyll  structural  type  are  characteristics  include  scis- 
rophycation  of  the  main  vein  of  the  leaf,  centric  organs  and 
prickles  and  development  of  water-safety  tissue  with  high  quanfci- 
ty  of  starch.  Photosynthetic  efficiency  of  the  representatives  of 
the  hemlxerophyts  are  higher  than  those  previously  mentioned  grr0- 
uP ヨ ・ MB 九 fmum  ho 卜 t  tolerance  ユ与 6OoC ・ Analy ヨユ与 of  r 日 PreS6nt 卜 t ユ Ve 日 

of  the  xeroph ダ te  type  @  that  ユ s  hyperxerophyt8p ， eU 八 erophyteS ， 

ter 口ユ rLmo 八 arophyteL ク hem ユ八 eroPh ダ ite 色 a 「 e  not  eqU 口 l  to  the  CoLPlex 
of  the  adopfcatlve  characteristics  determining  their  resistance  to 
the  arid  conditions. 

1n  conclusion  because  of  the  diversity  of  adaptatlve  featu- 
res  of  different  species  of  plants  to  drought  and  the  absence  of 
integral  indicators  of  drought-resistance,  it  is  impossible  to 
100k  at  only  one  of  them.  Instead  we  must  take  into  conclderatlon 
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all  complex  prop8rtle 日 ・ Thl も川 ユ ll  allow  us  to  deter 川上 ne  more  pre- 
Glaely  the  character  of  thfa8  Or  that  co 口 b 久 n 口 t ユ on  Of  h ユ OmorPhol0 ― 

e ユ c 色ユ and  fundt ユ QOn 口 l  pe 口 ul ユ aL 人 t ユ eas  of  th ユ ss  Or  anothe 「 gColog ユ c 卜 II 
与で OUP 日   

The  d6veloped  oColog ユ C 卜 l  cl 卜 aa ユ「 PI 「 口 t 斗 on  of  Lhe  foLder  plant8 
ユ S  a  pc ユ eant ユ If ユ c  bas ユ S8  for  th8 ユ r  d ユヨ tP 人 bbbut ユ On  ユ n  d ユ sqtrlrctL  久 n  ph ノ -   
to 口 Lel ユ Ordt ユ oon.  The  rLpre8gnLat ユ vgs  of  gcolCn 甘斗 caI  与 roUp8  a 「 e  not 
8qual  in  the ユ 「 dQ 日 r6L  of  adaPtat ユ on  to  人日 rotheLD ユ c  facto 「 s. 
PlQ6nts  w ユ th  stable  (hyper 八 8roph ノ ttg 日 ))  and  卜 Uer 口 ge  stable  (eUxerop- 
hyts)  water ・ re 牙ユ 山色， havlng  ll 川ユ te 卜 water-supply 人 n 日 may  be  wldely 
d ユ日 tr ユ bUted  ln  the  口 r ユ d  zone.  Tero ユ Pemo 八 BaroEDh ノ tteL  gx ユ与 t 日 wher 日 

annual  precipitation  is  more  than  200  am. 
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2 Env 土 ronmenta 工 Sett 土 ng ユ e5  of  Hab エ ttats  The  four  ma 寸 Or  Subd ェ V エ S エ OnS  of  hab エ tats  エ n  the 
salt  desert  are  based  on  the  location  of  the  ground  water  table  and 
ユ nClude:  人 ) uplands� dominated  by  xerohalohytes  where  the  ground water 
tab エ e  never reaches  the  rooting  zone  of  the  shrubs,  2)  low  lands areas 
dominated  by  hydrohalophytes  where  the  water  table,  for  at  least  a 
portion  of  the  year,  is  within  the  rooting  zone  of  shrubs,  3) 
transitory  marshes  dominated  by  emergent  rushes  and  sedges,  and  4) 
playa  surfaces  which  occasionally  can  be  f100ded  and  normally  are 
甘エ thout  vegetat 土 Ve  cover ・ Playa  Su で亡 aCeS  are  synonymous  wlth  Salt ） 
pa 爪午十 エ ran 土 aan  kaV ユヱ Sf  North  Afr 土 can  ShoC 止 S 十 and  Ru5 さ土 an  t 血 Yrr  and 
occur  in  the  lowest  or  in  interrupted  port エ OnS  of  draa エ nageS ・ エ n 
northern  Nevadaf  Plaaya 巳 COnSt エ tute  about  十川 エエエ土 On  ha  Or  6 斗 Of  the 
landscape,  which  is  about  twice  the  arable,  irrigated  cropland. 

2.2  Shrub  Mounds  On  the  lake  plains  and  in  the  uplands,  the  chenopod 
shrubs  almost  always  occur  on  soil  mounds.  These  mounds  vary  among 
sites  from  a  few  centimeters  to  several  meters  in  height.  The  mounds 
result  from  saltation  and  subaerial  deposition  of  particles  that  become 
trapped  under  shrub  canoptes ・ The  SubCaanop 土 eS  shelter  l エ 川上 ted  areaS  Of 
工土 tte 亡 aCC    u エ aat 土 OOn  and  cryptograms.  Th エ S  SubCanoPy  mound  エ S  the  Only 
ヨエ te  of  nut てエ ent  CyCl エ ng  エ n  th ユ S  t    e  of  Vegetat エ On  (ChaLley  and  HeSt ， 

1976) . 

2 ・ 3  Shrub  SDec エ eg  The  ChenoPod  shrubs  of  the  salt  deserts  conSt エ tute 
eight  genera  of  which  three  are  endemic  to  North  America  and  one  or  two 
are  monoSPeC 土 f エ C ・ The  Othe 亡 gener 日 are  Shared  w エ th  Centra エ As エ aa,  or  ユ爪 
the  case  of  At 二ユ p ユ色ガヰ a ・ r エ d  area 卜 through  Out  th 色 wor 工 d ・ ACCOrd 土 ng  to 
West  (1983).,  about  20%  of  the  chenopod  shrubs  communities  in  the  salt 
deSertS  aLe  nearly  川 Ono5PeC 土亡土 C ・ H 土 de エ y  OCCurr エ ng  K 二戸 SCLen ユ nn ユ kov ユ a 
lanata  communities  are  an  example  of  soil  controlled,  single  species 
dominance. This  limited  species  diversity  may  be  due  to  the  few 
SPeC エ eS  adapted  to  日 uCh  harSh  enV エ ro 川 enta エ COnd エ t エ OnS  and/o て the 
エ 十川 エ tea  geolog エ C  t エ mme  scale  over  wh エ Ch  co 工 on エ巳 at エ on  Of  the 卜 e  hab 土 tatS 
has  occurred. 

コ ・ 4  HerbaCeou 与 Ve 口 etat ユ OOn  エ n  upland  areas  where  ar エ d エ ty  上巳 more  Of 
an  enV 土 ro    enta エ エエ m エ t エ ng  亡 aCtor  than  5a 工 t  a 亡亡 eCted  5O え上 午ク a  尤 a 土 「 
d エ VeLS 土 ty  Of  Perenn 土 a 工 herbaCeouS  5PeC エ eS  エ S  P て e5ent ・ エ n  the  loHe て 
areas  where  hydrohalophytes  predominate,  the  expression  of  perennial 
herbaceous  エ 5  often  V エ rtual エ y  reStr エ Cted  to  Clona エ D ユ ち止 ユ Ch ユユさ Sp 互 Ca 亡 a ・ 

The  salt  deserts  do  not  have  the  d エ Ver 卜エ ty  or  OCCaStoona エ 巳 uPer 
abundance  of  annuals  species  so  characteristic  of  the  Mojave  and 
Sonoran. Deserts  of  western  North  America. 3 Se  enCe  Of  IntroduCt エ OL 

The  annua 工 herb,  E ど Od 土 u 川 C 上   亡 aL 土 u 如 HaS  aPparent エ y  エ ntroduCed  to  the 
Great  Basin  before  the  arrival  of  Europeans  because  this  alien  was 
given  a  name  in  the  language  of  the  local  Shoshone  Indians  (Steward, 
1938).  Probably,  it  was  brought  across  the  mountains  to  the  Great 
Basin  from  18th  century  Spanish  settlements  in  California  by  Indian 
･ traders ･ 
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エ t  wag 
三三三ミ 吉士呈言 三三 言三 幸三三ミ 言三 昌三 目 、 三亡員臣韮 三三壬 了 :; ま号 F@ 午ギ 三三二 藻 ; Llung@erbaC 琵 三三 苦 L 目耳 三 。 三 。 。 。三三三三三三 
廿土 nd  b 工 O""  tu" 。エエ ng  of  the  hemispherica エ canopy  after  mat" ，エ ty  P エ th 
tremendous  seed  production  (as  many  as  250,000  seeds  per  plant).  This 
system  helps  to  assure  dispersal  of  seeds  to  adapted  habitat.  This 
weed  is  only  adapted  to  areas  without  competition  from  established 
native  species  such  as  roadsides,  abandoned  cropland,  or  severely  over 
grazed  range エ aandS ・ Even  ユ n  very  h エ gh  COndd 土 t エ on  salt  desert  range エ andS 
there  are  natural  disturbance  areas,  such  as  blowing  sand  or  rodent 
burrowsf  where  卜 ・ auS 止ア a ユユヨ土 5  adapted ・ when  eStab エエ Shed ク土 t  Change 卜 

the  eCo 工 OC@v  Of ， theSe  l 土 m エ ted  areas  and  provides  a  seed  source  亡 O て 
co エ on 土 zat エ OOn  of  any  natura エ or  art エ亡土 C 土 aa エ more  e 八 ten 巳十 Ve エ y  d エ Stu で bed 
areas. 

5a ユ so 工 a  pau ユ SSen ユユ became  w エ de 工 Vy  d エ str 土 buted  in  the  Great  BaS エ n  by 
1970. 
、 " 、，。。 " 。、 Y:      " 、 三 、     お         ; 。，、     "; 牒             ": 。。、之ざ。，員 ほ目ま     、ま # ， ; 。 。 三 g 去三。 、 g ぢ三 
eCol0    ・ 戸 ・ austra ユユ S  Plant 日川 uSt  t    le  亡 O 亡 the  5eedS  to  be  freed 
どで Om  a 入 上上工 a    bracts ・ 戸 ・ pau ユ Sen ユユ p 工 ants  do  tumb 工 e  with  the  w エ nd ， but 
some  seeds  d エ卜 perSe  from  the  p エ ant  as  soon  as  they  are  mature.  Th エ日 
口 akee  the  second  エ nt 茸 OduCt ユ OOn  a  much  more  persistent  co エ on エ zeL ・ 

ぢ ・ The verm 「 e  a ユ。 「 " e  ユ many  ata  PeLenn has  been エ aa エ spec introduced  エ eS  of  Sa to  ユ So ユ the  a  native  United  to  States.  Asta,  but  on Th 工 エら y 

  
三 0  6 亡 oQn  Ha 工 O 牙 eton  牙ユ o 加 era 亡 uuS  was  first  co エエ ected  エ n  NOrth 

言 g 亘 きき言 主 C;i 姦員ま三蕊毛鎧姦干 三 室 言 貫員 卓三三 : ま秦桑 まご 員まゑ竜ぎ乏ま ;; 蓮 ; 盟 ; ， 養善呈 。 ミ ; 
was  occasionally  determined  poison  the  cattle. weed  was highly  toxic  to  sheep  and  could 

Ha ユ O 牙 etnQn  shares  many  seed  eco 工 ogy  Character エ SStiCs  with  the  Sa ユ So ユ a 

S  エ PeC nd 土 ・ v ェ e5 エ aua ・ 工 Large  plants. "tohuge  Halogeton  numbers  plants  of さ do  エ e"  mP  not 工 三 se 点舌 ぎ口， a 三 三 tPro< 目 ueuCeQ@  DaDe 三 * 

F 三 i 言言 三 g; 苦乏 三三量 員言 三三三三三・                 ， ; 戸戸言 呈 三ミ、早言語 芝 。 三 主 Fgi ミ th 呈 三ミ 卜昌員這呈 三二 ; 言言 言 ; ミ 豆吉三 i 千 

エ Ve nC ，， 工 ud Pla5t 土 ng  「 エ educedosmotic｝otentials.  C  andthis  plasticity  extends  The  plants  to  seed  are  production.  phenotypically The 
production  of  black  seeds  that  germinate  nearly  instantly,  and  brown 
seeds  that  can  remain  dormant  in  the  soil  for  10  years  is  controlled  by 

宝二 yhengthoenL 主 三三 e 苦る詣         t ま ;Lg5Lal                    e 三 ， ･ @ev J ま 三三 ヨヴ言 三三三 r 三 互三 E 丁 三三 O 二 L よエ 三三主 L 

aCCu sufficient  川 u 上 at エ OOn  to  on  土 "" 土 the b 土 t soil� germination  surface ofseeds  under  0 ば色ユ 亡 OtheL  O 牙 eton  Plant  StandS  5peC Can エ e5 ・ be 
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二言三 言旦三圭 L 早 " 三 "" 二監三 L 三三， ， L@ ぼぢぼ，芝 ; 装， ，， 哀 ・・ However,  -they  are  not 

  

ヱ， a "o 工 so  耳 上さ 互 O ぢユぬ ， " 巳 a/fP.  nea 「 CL mono-cu 上 nen 耳ユ S  エ tU has  「 es.  co 工 onlzed  A  perenn large  エ aal  土 areas  nt で OduCt of  エ wetlands Oon  caPable  ・ エ 0f t 
characterizing  landscapes  in  the  more  arid,  upland  parts  of  the  salt 
de 卜 e ，、 s  haS  not  beCo 口 e  eStab 上十 Shed ・ 

4.  Conclusion:  Influence  On  Biodiversity 

herbaceous  Vast‘xpanses  annuals of  ･  the  These salt  deserts  spec エ e 卜 are  dom エ 上 argely  nate  because  do 川エ nated  the  by  nat al エ エ en Ve 
vegetation  was  largely  destroyed  by  excessive  grazing.  Once  native 

                                      spec of  this  エ e 卜 are  tranS restored,  エ tory  al the  エ en  a annua 工 ien  annuals  エ dom エ nance are  suppressed.  エ S  d エ f 亡エ Cult  The to 
assess.  The  seeds  of  some  of  these  species  enter  into  the  diet  of 
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Biodiversity  and  Desertification  in  The  Drylands  of  China 

Shuhong  CUI* Zhenda  ZHU** 
AbSt 「 aCt  ・ There ・ is  2.976  million  tan    of  drylands  in  northern  China  and  334,000 如 2O 十 th 卸 haS 
suffer    十 rom  desertification.  Due  to  influence  of boIh  de さ er(lfIcaI]on  and  寸   eLSe lhUman 
る Cnl ノ lllnteS ， such  as  over-collecllon  fuelH    d ， over-cultivaIion  and  ove ドー S 「 aztns  eIc.,  Ihe  plant 
and  animal  communities  have  greatly  Cha 爪 g    ・ CO      ent 十 ノ， btodtversity  has  lost dUring  thts 
pL    eS さ・ 

Key  Words:  Biodiversity,  Desertification,  Drylands,  China   

1  .Distribution  and  Bioclimatic  Features  of  Drylands  in  China 

1.1  Distribution  The  drylands  are  widely  distributed  in  northern  China.  The  area  covers  2.976  million  km2,  or 
31%  of  the  land  mass.The  drylands  cover  over  80%  of  the  agricultural  land  of  Heilongjing  Province,  Ningxia 
Autonomous  Region,  Liaoning  Province  and  Jiling  Province,  70-78%  of  Inner  Mongolia,  Gansu  Province, 
Qinhai  Province,  Shaxi  Province,  and  Shaanxi  Province,  46%  of  Hebei  Province,  38%  of  Shandong  Province, 
54%  ofHenan  Province,  20%  ofBeijing,  29%  ofTiangjing,  and  7%  ofXinjiang  Autonomous  Region  (Cheng 
C.,1993). 

The  northern  drylands  can  be  divided  into  three  belts  based  on  rainfall  and  aridity  index  as  shown  in 
Table  1.The  aridity  index  refers  to  the  ratio  of  potential  evapotranspiration  to  average  annual  rainfal1. 

Table  1.  Bioclimatic  belts  and  its  features  in  the  northern  drylands  of  China 
Bioclimatic  Belt   u 寸 R 寸 nf 川 I(    ) Aridity  Index 
hyperarid  and  arid く 250 ノ 3 ・ 5 
semiarid 劫   3 ・う -1 ・ 5 
dry  subhumid 4 のづ凹 1 ・ 5-1 ・ 0 

  .2  Bioclimatic  Features  Dry  climate  is  the  most  salient  feature  of  bioclimate  in  drylands  (Li  K.  R.,  1990)  and 
also  main  nature  factor  affecting  biodiversity  distribution  and  desertification   

1.2.1  Rainfall  The  annual  rainfall  in  the  large  parts  of  drylands  of  China  is  less  than  200-300nun.  About  70% 
of  rainfall  occurs  during  June  to  August  in  the  eastern  part,  and  40%-60%  in  the  western  region.  The  monthly 
variability  of  rainfall  is  30%  to  40%,  and  could  be  50%  or  higher   

  .2.2  Wind  Velocity  Daily  average  wind  velocity  of  5  m/s  or  higher  occurs  more  than  50  d/yrin  most  parts  of 
northern  China,  and  more  than  80  days  in  the  northern  Inner  Mongolia.  In  the  western  pans  of  Mongolia,  where 
the  most  serious  erosion  occur,  this  can  be  more  than  100-200  d/yr  and  even  over  200  days. 

1.2.3  Relative  Humidity  The  mean  annual  relative  humidity  of  arid  lands  is  generally  below  50%.  In  northern 
Gansu  Province,  western  Inner  Mongolia,  and  the  Tarim  and  Turpan  Basin,  it  is  less  than  40%,  less  than  30% 
in  the  Qaidam  Basin.  It  is  usually  50%  to  60%  in  semiarid  area.  Relative  humidity  is  higher  in  the  Winter  than 
in  Spring  or  Summer. 

2.  Biodiversity 
Coniferous  and  broadleaf  mixed  forest,  deciduous  broadleaf  forest,  and  temperate  pasture  are  present 

in  the  major  parts  of  drylands  of  China   

2.1  Plant  Species  Diversity  There  are  200  families,  1000  genera  and  3500  species  of  angiosperm  in  the  dry 
subhumid  area,  125  families,  760  genera  and  3600  species  in  the  semiarid  area,  and  130  families,  817  genera, 
3900  species  in  the  arid  area  (Cheng,  1993).  Cultivated  food  crops  are  wheat,  corn,  soybean,  sorghum,  millet. 
als0,  cotton,  peanut,  sesame,  sugar  beet  are  cultivated  in  the  drylands  of  China. 

Species,  genetic,  and  ecosystem  diversities  are  related  to  climate  and  pedology.  In  addition,the  abuse 
of  the  dryland  can  affect  such  diversities.  There  are  107  families,  654  genera  and  2409  species  in  Xinjiang 

*  Department  of  Natural  Conservation,  National  Environmental  Protection  Agency,  Beijing  100035,  China. 
･･ Institute  of  Geography  .Chinese  Academy  of  Sciences.  Beijing  100101,  China   
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Autonomous  Region,  which  is  one-sixth  of  the  area  of  China,  and  120  families  .  650  eenera  and  almost  3000 

器 i 了牙             ざ苫乞 :E:ii 二 h                ま ほぼ           "p ，三三。 "      L* 三 紫、も R 三呈仁 LSpeCies      dl"Z                    "            迂 ;            ぽ   

are  23  genera  and  69  varieties  of  wild  fruit  trees,  which  include  wild  common  apple,  wild  apricot,  wild  walnut 
,  and  wild  almond  as  well  as  wild  plum   

2.2  Animal  Species  Diversity  There  are  500  species  of  mammalia,  1200  species  of  ares,  380  species  of  reptilia, 
and  280  Species  of  amphibian  as  well  as  2800  species  ofpisces  in  China  (CAS.1979).  The  number  of  insect  is 
not  clear.  No  detail  data  on  animal  species  diversity  are  available  for  the  drylands,  data  show  that  some  of 
survtvor,Suchas 坤 は川 p 口 eW 口 L 川 ・ A$fn 川加 mio    皿 d  口川 e    比 C 而川川 E  well 於 の川町 dlbin の而 FtC ・ ， 

aDeoouDdi4tbe  NO    e 口 Chtua  (C 比 ng  L 。 1993).Inaddition,  144  species  of    川 a ， 5 の sp 印卜 of 汀ば， 
23  species  of  amphibian  and  47  species  of  reptilia  and  80  species  of  pieces  in  Gansu  Province  are  present.  Of 
these  54  species  are  protected  by  government  law   

3 ・ D 卜 e    i    口       。   

3.1  Extent  Desertification  in  northern  China  is  primarily  the  result  of  human  activities.Desert-1ike  landscape, 
suchas  SM 血 g  sand  sheet ，の 枇 med  faImlaod aDd  sbiRRipg  sand  dune ismaiaIy  血山 hut 日 b  paCh 卜 h 
densely  populated  region,  especially  agropastoral  region  of  northern  China.  Desertification  covers  about  334,000 
km2,  of  which  30.7%  is  located  in  arid  area,  65.4%  in  semiarid  area,  and  3.9%  in  dry  subhumid  area.  Als0, 

;;;;;        ; 藍 g 、， 漣 ;                                    ;;; 鰯 ;;:                        照 ; 琵 ;i;;                      ":;                      ;;;:   浦 ; 
other  parts  of  northern  China  (Table  2)   

Table  2.  The  Developmental  Trends  of  Desertification  in  Northern  China  (Zhu  et  a1.,1994) 
Region 

トト ヒ 挫 " 。 n 十 Desertification  Mid-1970's in M 旧 ・ ni 1980"5 戸口 tBoton  山   u 寸 G 『 mw 市 Dundon 
A 山 %  A 口 先 Area % 

Ho 川市 h 斗卜 m 卜叫 6j  21566.6  43.4  23800  47.8  186.2  0.82  1 力 5 ・ 19 打 
Ho 叫卜 @nCb 卜叫   0  7404.6  21.4  刀 50.5  26.1  137.2  1.7  1975-19 打 
Bashang ・ in  Hebei 17659.4  2612.8  14.8  4514 ・ う 25 ・ 6  158.5  4 ・ 丁 1975-1987 
Houshan  in  Inner  Mongolia         13769.8 28.4 23000 47.4 769.2 4.4 1975-1987 
Mu  Us  in  Ih  Ju 49112.4  。 ""  88 ， コ 。 コ。 "  卯 ， 6 256.6  0 ・ 6  19J7-1987 坤 ' 12 フ 69 ・ 2  三氏 8 ・ 9  28 ・フ ゴ   ・ 9  43 ・ 4  1 う 6 ・ 0  3 ・ ゴ 1 卯タ 19 打 
" 抽 6761.2 1368.9 20.2 1845.5 27.3 47.7 3.0 1975-1987 
Yu 血 21528.9 1530.5 71.1             61.4 -232.1 -1.6 1977-1987 
X 甘血 GOt 51780 131 叫 ・ 1  乃 .5  16408.5  31.7  267.9  1.0  1 叫 5-1987 
w 卜ト 山川 L 16200 3480 21.5 5955 36.8 225 5.0 1975-1986 
Cen 低 Alxa 1573 1171.6 74.5 1308.4 83.3 13.7 1.1 1974-1984 
Q が d 皿 7920 4400 55.6 5573 70.4 117.3 2.4 1976-1987 

Although  no  up-t0-date  data  are  available,  the  study  from  some  case  studies  does  show  that 
desertification  expanded  in  rainfed  farmland  from  9.1%  in  1983  to  14.7%  in  1993,  and  was  reduced  in  irrigated 
farmland  from  11.3%  in  1983  to  4.5%  in  1993  in  southern  Duolun  of  Inner  Mongolia  and  Fengning  of  northern 
Hebei  Province.  These  parts  represent  the  typical  agropastoral  region   

3 ・ 2  CauSeS  Bamm  Surface with  l 山 Se  saDdy  dePosit5 aDd  temporal  sypcbponism  of 山 e  呵 S 松 On  川 d  w 而 dy 
season  are  the  main  natural  factors  causing  desertification.  However,  28.5%  of  the  desertification  in  northern 
China  is  caused  by  overgrazing,  25.4%  by  over  cultivation,  31.8%  by  over  collection    of  fuelwood.  8.3%  by  abuse 
of  water  resources,  and  0.7%bytechnogenic  factors,  and  only  5.5%  by  sand  dunes  movement.  Therefore,  human 
activities  are  considered  the  major  cause  of  desertification.  Among  the  various  elements,  over-population  is  an 
important  one.  For  example,  in  order  to  meet  the  need  of  over  increasing  population,  80%  of  steppe  was 
reclaimed  from  the  mid-1960's  to  the  middle  of  1970's  in  Naiman  .Banner  of  Inner  moneolia.  Consequently, 
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severe  desertified  land  expanded  from  8.56%  of  arable  land  in  the  1970'sto  11.67%  in  1980's   

4.1mnacts  of  Desertification  on  Biodiversity 
Vegetation  change  is  one  of  the  most  remarkable  environmental  effects  occuring  during  the  process 

of  desertfication.  This  change  does  not  only  include  vegetation  cover,  but  also  includes  plant  community  and 
species  composition.  For  example,  the  species  composition  in  Horqin  steppe  has  changed  from  23  in  slightly 
desenified  land  to  5  in  severely  impacted  land  (Table  3).Moreover,  there  are  at  least  22  rare  and  endangered 
plants  and  31  rare  and  endangered  wild  animals  at  risk  in  the  drylands  of  China  due  to  influence  of  both 
desertification  and  human  activities 

Table  3.  The  Influence  of  Desertification  on  Distribution  of  Dominant  Plant  Species  inHorqin  Steppe(Zhao 
et  a1..1994) 

Plant  Species Degree  of  Descrtificaiion 

Most  Severe Severe Moderate Slicht 

" 什杣七 A 加如イ伽         
の         "'        ゆ血         
Solaria  viridis         
Q 川 MChum  加刃 " 如 な         
也川 pA が f    叫川       川 ル         
川。     仕 ， 。 "    L         ぬ       茄                   
れ 川 @s 和川 ゆ田ぱ 川       
の 市八   ぬ         
山地 l0  co 仙川       
ぬ わ卜 叩け 川 e ム研 f       
L 叫 。 市柘 @4 esuL     
川川川坤川川 d 呵 叱り ノ     
ぬ おぬ d    p ゆ血     
Le 市 8 ぬ dI 卜     

  坤 A 。 此乃 "w 恥 "     
ぬ p ぬ 叩而 MCd     
Dlg 竹市 c 川 MJ     
E 川 8LoJ        川 LM   
CovIVo ル 川町 aWe 川卜   
Ro 勿 CFo  川而 enfc 寸   
口 fc 市ガ 70 ぬ   
De ゆ乃加ぬ m  gL 川ぬ 卯 o ル川   

+ ・ refers  to  Qa  existence  ot  species 

5 ・ COnCl 山 lon 
.Desertification  has  led  to  the  loss  of  biodiversity  in  the  drylands  of  China.  Unless  adequate  measures 

are  taken  to  arrest  or  reverse  the  process  of  desertification,  we  will  not  be  able  to  keep  food  security  in  the 
future. 
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Assessment  of  Land  Degradation  using  Remote  Sensing  and  GIS 
A  Study  from  Local  to  Global  Level 

Krishna  PAHARI*  and  Shunji  MURAI   

Abstract  -  This  paper  is  based  on  a  study  of  land  degradation,  first  at  the  local  leve1,  in  a  mountain  watershed 
in  the  Nepalese  Himalaya  with  an  area  of  only  279  Km2,  and  then  some  highlights  of  the  ongoing  research  on 
global  land  degradation  assessment  being  carried  out  by  the  authors  is  given.  In  both  cases,  the  aim  is  to 
develop  an  operational  application  of  remote  sensing  and  GIS  for  land  degradation  assessment.   

Key  Words:  Remote  Sensing,  GIS.  DTM,  Land  degradation. 

l ・ Introduction 
  d  de 町ュ血 tion  iS  One  Of 山 e  moStSehouS  en が IO    切回 p 「 Obte    血小 e  worId  t    y ・     5  i5  a 

glob 司 [problem  whichhasto  be 丸山 eSS 口 jatbo 山小 e 可 Ob 口 jaswellaS  toCalleveI.Ac の r 山 n 回 y ， ItlSn     
to  develop  methods  to  assess  the  state  of  land  degradation  at  various  levels  from  local  to  globa1.  The  global 
assessment  is  important  to  have  an  overall  picture  of  the  problem  while  the  local  assessment  is  necessary  to   edetaiI 田 analySiSand  山 Ius 劫 optapprop 「 hatemanagementStrategy  れ山 e  loCaIIevel.TbiSiS 卜 lhe 市市 
the  famous  motto  "think  globally,  act  locally"   

Remotely  sensed  data  of  varying  spectra1,  spatial  and  temporal  resolution  have  emerged  as  powerful 
sources  of  information  to  address  various  environmental  problems.  Also  GIS  have  proved  to  be  very  powerful 
tools  for  handling  spatial  information  and  for  performing  spatial  modelling  of  environmental  phenomena  such 
as  land  degradation. 

2 ・ ASSeS5mentat 山 e      vel 

2 ・ l    e  S 口 dv  areaand  山 eConCeD 山田   ework Thear 口 for 山口 ぴ司 Iwel    dy    a  Hver    LLh 口 
  l 田山 e        Ola  牌 terSh 田 in  山 lemid 山 ee  mo 川面 nouszone  ofN 印川 lCove 血 9  279  Squ 打 ee  kllom ぬ n ， 

Fou    y  円 u 口 to  One  Pixel 打 Q  ifwe の mp 打 eM 山市 e  16      olubon  Gw  曲甘 no    y  US 口 Lr 回 ob 寸 
studies. 

By  using  the  Universal  Soil  Loss  Equation  (USLE)  with  the  revised  equation  for  the  topographic 
factor  as  the  conceptual  basis,  attempt  was  made  to  quantify  the  rate  of  soil  erosion  due  to  flowing  water. 
According  to  the  USLE  (Wischmeier  and  Smith  1978),  the  annual  soil  erosion  in  tonnes  per  hectare  is  given 
by 山 eLllo      g 叫 uation     

E=RKLSCp 

R,  K,  C  and  P,  which  are  the  factors  for  rainfal1,  soil  credibility,  land  cover/management  and 
conservation  practice  respectively,  were  calculated  based  on  the  original  USLE.  However,  since  the 
topog 『 mphicfactorf 「 Omtheo 「 hginalUSLE  was6ound  tohave  Iarge  erDorsin  caSe  of 寸 Lp  mounitain  slopes, 
thiswaS    Cul 寸ぬ b 於口 on 血 ee6o1lowing  revi5ed  叫 u 寸 ion  (M 山 IpeandW 此 On  1992) 

LS  =  (    2)m  (I0.8  S 卜 p  +  O.03)forslopes く g.0%@and 
LS  =l(L/22)m  (16.8  Sinp  ・ O.@.5O)forslopes 互 g.0%, 

where ， p  =  slopeg 口市川 t 卜 degpees, 
m  =  F/(l+F),and 
F=  (S 而 P/0.0896)/(35i が "p+o ・ 56) 
where,  L  =  ]engtb  OfsIopein  mete@s,and 

S  =angleofslopeia  degrees   
2.2  General  methodology  Remote  sensing.  Geographic  Informations  Systems  (GIS)  and  Digital  Terrain 

M 田川 叫 (D    )  were  小 e  山 r ぽ vi 回 t 山 ls  us 田 for  山 e  SPa 行司川 d  t    po 司   FiS  Of  5Oil  eroSion   

*  School  of  Environment,  Resources  and  Development,  Asian  Institute  of  Technology,  Bangkok,  Thailand 
(Fax:+66-2-524-5597) 
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iv).  It  was  observed  that  the  USLE  with  the  revised  equation  for  the  topographic  factor  gives  relatvely 
better  estimates  of  soil  loss  in  the  mountainous  terrains.  Under  such  conditions,  the  results  from  the  old 
equation  for  topographic  factor  were  far  from  realistic. 

v).  A  modeling  for  alternative  land  use  based  on  sustainable  level  of  soil  erosion  (assumed  as  20 
tonnes/ha/yr)  showed  that  more  than  one  third  of  the  agricultural  land  needs  to  be  converted  into  other  land 
use,  either  forest  or  tree  crops. 

3.  Assessment  at  the  Global  Level 

3.1  Conceptual  Framework  Based  on  the  definition  given  by  UNEP(1992)  and  works  by  other  authors,  in  this 
study,  land  degradation  is  taken  as  the  reduction  of  land  resource  potential  in  genera1,  and  desertification  is 
口 Lider 口卜山 e  I 川 d  de8 口血 tion  h  山 。 and,Semi 血 danddry  Subh      d  打   ・ SOiIdeg    而 n  by  Water ， 

wind  or  chemical  agents  and  the  degradation  of  vegetation  are  the  main  factors  leading  to  desertification. 
While  we  analyze  high  resolution  data  by  considering  a  physical  process  model  with  greater  spatial 

details  for  local  studies,  the  global  assessment  of  land  degradation  involves  data  with  very  coarse  resolution, 
data  from  various  sources  and  under  different  formats  and  different  levels  of  accuracy   

3 ・ 2 General me 山田 OIO 可   e    dy  Lr  可 Ob 口 l 川 d  九   don  iS  卜 b8  done  by  小 e  au 山 O ほ by  瓜卜 8 
remotely  sensed  data  and  other  relevant  data  with  the  help  of  global  GIS.  For  this  purpose,  we  need  to  use 
some  conceptual  models  which  can  be  classified  into  two  broad  categories,  climatic  model  and  the  physical 
and  bi0-process  model   

3 ・ 2 ・ l CIi    dCm 田司 h  而 5apprmCh ， v 血 Ou5      山 ofmoistUpeand  出山 サ 市田   打 e    川 Iat 田 b    On 
血 eratufaIlandtempe 『 atUDedata@and 山卜 eareus 口 aSin 山口 to ほ oof 山 eed 卜 e 市 F は don ・ SomeofsuchiD 山必 
are  following     
i.  Moisture  Index  This  index  is  calculated  by     

Moisture  Index  =  Annual  Rainfall/PET 
where,  PET  is  the  potential  evapotranspiration,  which  can  be  estimated  by  Thomthwaite  method  or 

OTerme 山 OS   
屯 ・     山 tvIndexTheM    o    e"S      du け ;tndex  is 川 v 印 Iy     

川 =P/0+10); 
where,  P  =  annual  precipitation  (mm), 

T  =  sum  of  monthly  mean  temperatupe  of  山 O お mon    wI 山 mon 血 y  m    Lmp 汀 a 加の 
耳口 ter 山川 0 ，山が d 田 ly  l2   

3.2.2  Physical  and  bio  process  model  In  this  category,  various  models  related  to  physical  processes  of  land 
degradation  such  as  water  erosion,  wind  erosion  and  net  primary  productivity  can  be  considered.  Since  land 
use/cover  is  a  major  factor  contributing  to  such  processes,  the  remotely  sensed  data,  particularly,  NOAA  GVI 
data,  can  be  specially  useful  for  such  studies   
i.  Water  erosion  Water  erosion  is  a  function  of  land  use/cover,  rainfal1,  topography  and  soil  characteristics   
However,  due  to  the  scale  factor,  it  is  necessary  to  make  some  generalizations  in  case  of  global  study.  For 
example,  to  relate  the  topography  for  land  degradation,  instead  of  calculating  the  slope  in  absolute  values, 
some  topographic  roughness  factor  may  be  more  appropriate   
ii.  Wind  erosion  Wind  erosion  is  a  function  of  speed  and  direction  of  wind,  land  use/cover  and  the  soil 
properties.ThlSaQalysisismore 口 m 川口 t 司 COmpar 田 to  waterefoSion ， 川 d  dep 切山 upon  山 eavdlab 山 けば 
叩 p 山 pHate 山ぬ   
田 ・ NetD      Dr 田 u 而 h 口 ]IthaSb ぽ n  Ob5eN 田   tNo    G 川 datahave の mebLo 山 Mp  M 山小 ep     
叫田ト 山がけ aSshown  by  Boxand  B 山 l(1993)   Then 味 p      匹田 uC 廿祈けレ naIso  betakenasaD  市山山 or 
of 山 Celand  degradation. 

3 ・ 3  ReSul 低川 d  DiSCuS5ion    e  p 回       丁卜 MSOf 山 e 折山り如     g  bL 田 On  山 e  M 如 Ome"S  hdeX  汀 e 
四 ven  卜 Table  l 川 d  Fi 川口 2 ・ COmp    to  山 ea    口 l 川 d  uSeClL5 田口比 n  Of 血 eworId  bL 口 On    O 色 ly 
S    口血 L  dom  by  v 而 Ou5au 山 O ほ (SuCh  L  Mu 而川 d  HOn 血 1991) ， 山 e 打は皿 derL    i5mom  川 d    t 
underd 卜 e ぬ ors      de おぬ is  lessfpomthis  model ・ This  is の mi 九 ped  asanindiCatiQn  of 山 e  C    ge  h  l 川 d 
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rnver  riliR  tn  human  intervention  from  the  natural  tnnd  use  cnnditinns-  that  can  exist  unfier  the  oivcn  ( ･ IimntK' 

dit¥  zoning  based  on  the ;  Martonnc  s  Index Figure  2:  Ari 
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Nitrogen  Enrichment-1mmobilization  to  Control  Succession 
In  Arid  Land  Plant  Communities 

James  A.  YOUNG*,  Robert  R.  BLANK*,  and  William  S.  LONGLAND* 

几 "t"" 。 t "                                                                 governing  plant  growth  in 
ゆ色 t  ar エ d  6w エて 。 川 en"8 ・                                       エ巳 tbe  C も t も ly 日 t  that           

goVe ngPloigto 「 。             、 者 fi き ; お E"CO ￥、 0: ミ               ざ ， 牒 n  品 、 R ぎ % ， gg 盟も・   日   ・     Po  det6 加           
that  en どエ ch 十 ng  O ど   b 十 エ十巳十 n 耳 ava 十エ a] エ o  n 十 t て Ogen  dr    t 十 C ユエエ y  十 n 甘 l 八 enc   
8eCond も ry  も uCCe 日日 エ On ・ A エ十 en  annua 工 w 色色 d  8pe 巳エ色 4  Po て o  enhanCed  エ n  d 巳 n8 十 ty    d 
                                          。 ""' 。ト "" ・ 。 " 。。 " 。ぬ " 。 '                     eliminated 
巳 eed エ土 n ワ耳日 tabl エ 日   日ト "  Of  porem 土もエ                 エ   も土 エ十巳 at エ On  O 人                   
faVo 「 ed  geed エユぬ g  も Stab エエ ig    6nt  。 互 tho  nat エ Ve  p 色て e    十口エ AChna 人 Ler   
hymenoldes. 

x 。 y  肛 "d"' Aonua 上             so エエ瓜エ巳 twor                             

1.  Introduction 
エ n  ar エ d  ecosystems,  CO 川 ppet ェ t 土 OOn  fo 「 molstu 「 e  エ S  uSual エ y  the  PaL    Ount 

facto 「 in  dete    エ乃エ ng  SPeC 土 e5  COmpoS エ t エ On  Of  P 上 ant  CO    un エ t 土 es ・ 

エ norgan 土 C  n 土 trogen  aYa エ lab 土工 土 ty  is  often  the  cata 工 yst  that  governs  th エ巳 

CO aVeLage  川 Pet 土 t 土 tota OOn ・ エ For》he  nitrogen  temperate  stored  in  deserts  soils  is  of  0.604  western  kg  North  N/m3  (Peter  America,the John and 
5Chle 卜エ nger 十 エ 9 ニ斗 0) ・ D エ Stu て banCe  by  excess エ 十ノ Le  graz ノ エ ungf  トトイ エエ df エて e5f  and 
accelerated  erosion  enhances  mineralization  of  nitrogen.  In  the  shrub 
do 瓜土 nated  temperate  de5ertSr theLe  エ 5  cons エ oderab 工 e  spatial  Va てエ at 土 OOn  土 n 
total  and  inorganic  nitrogen.  Shrub  sub-canopy  areas  are  greatly 
enriched  compared  to  interspace  areas  (Charley  and  West,  1975). 

Disturbance  of  temperate  desert  plant  communities  by  excessive 
graz エ ng  and  「 ecU 「「 ent  w エエ df エ 「 e 午 工 eadS  to  aCCe 工卜 rated  eroS エ On  and 
acce 工 erated  m 上 nera 工土 zat 土 OOn  of  nitrogen.  Fol 上 owing  w 土工 df エ reS  the 
surface  5  cm  of  soil  beneath  shrub  canopies  have  a  significant  loss  of 
nitrate  nitrogen,  but  the  organic  fraction  is  predisposed  to  rapid 
川エ neral エ巳 at エ On  and  5ubSequent  h ユ gh  leve 工 s  of  a    on エ   -n 土 trogen  (B 上巳   
et  a1.,  1994  a  and  b) . 

We  hypothesized  that  introduced  annual  weeds  use  nitrogen  enrichment 
associated  with  disturbance  to  out-compete  the  seedlings  of  native 
perennial  species  for  moisture.  This  results  in  truncating  secondary 
5uCCeSS エ On ・ 

2 Experimental  Procedures 2 エ Envi 「 onmGent  of  E  eL 土而 enta 工 S 土 te  The  e  er エ川 ental  p 工 ots  we 「 e 
loCated  nea て the  ghoSt  to    O 互 F エ an エ ga 乃 ， Nevada  about  5O    no て theaSt 
of  Ren0. 

人 U ・ S ・ Department  of  Agr 土 cu 工 ture,  Agr 土 Cultu て a エ Research� Service, 
920  Valley  Rd.,  Ren0,  NV,  89512,  USA (F    :  十 エー 702@784- 十 フェ 2) 
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Severe  w エ nd  erosion  fo 工工 owing  the  w エ ldftrre  destroyed  the  B ア O 川 uS 

ま i 言員 iFL 謹蕎                                   L 荘 目這 、 i 茸戸瑳 ; ま ま員 F 三羊鰯隈烹三 三 FL 三 耳 二三ミ 言 
cold  winter  months. 

互 ・ 2  TreatmentS  The  Sand  卜 ubSt 亡 ate  was  ti 土工 ed  before  エ n エ t エ at 土 ng  the 

  

A  randomized  block  design  with  four  replications  was  used. The 

  

the  same  location. 

2.2  Samplinq  We  sampled  species  density  with  four  subplots  400  cm2 
in  area  that  were  randomly  located  in  each  treatment.  Sampling  was 
conducted  from  February  through  July  1994  and  the  repeated  treatments 
we 「 e  卜 amPled  ユ n  the  5pr 土 ng  O だエ 995 ・ 

3 Results 

三・ユ Grow 土 nq  COnd 土 t エ OnS  The  H エ nter  of  エ 993-94  was  very  d 「 y  w エ th  Only 

三ミこ言、ぽ 。 礫賭               、 ミ 。 COin ， S 三ミ 。 ;" 、         : 。まき三三。 ; ぎ三 ; 。             三 t きお。ミ。 ;E::E 三 ; 
occurred  in  the  nitrogen  enrichment  treatments  (Table  1). 

3 ・ 2  D エ fferent 土 aa 工而 er 灯 enCe  It  ユ S  we オエ known ， that  nit 「 ate  n 互 trogen 
enrichment  enhances  the  germination  of  dormant  seeds  in  seedbanks  (e.g. 
Mayer  and  Po 二 jakoff-Mayber ， 上 989) ・ The  bulk  Of 

Tab 工 e  斗 ・ Spec エ eS  density  per  m2  by  工 ife  亡 O    for  MarCh  and  5eptember 
上 994  in  nit 「 ogen  enr 土 C    ent ）士   Ob 上上 エ zat 土 on  exPer ユ mentS  工 OCated  at 
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妻室 ;L 点享写 至当目 ぎ享 L ぎ 三 卜 ぎ " 亘言吾 昌三 i 巨首 三ミ 目言貸 、 妄 ii 言乏 、 吉戸言 。                                                     耳目 ?dL 員芝 三三 i 三呈 iF 
Treatment Date  and  life  form 

March September 
  nua エ Perenn 土 a エ   nual  Perenn 土色 工   density/in2  ﾑﾑﾑﾑﾑﾑﾑﾑﾑﾑﾑﾑﾑ 

Control フエ ObC 30b 400b Oc 
Ammonium  sulfate  84  Ob 20b 540a Oc 
Urea 890b 20b 600a OC 
Ca 工 C エ皿 nttrate  上 ， エ 40a Ob 540b Oc 
Carbon 40d 200a エ OC 40ab 
N 土 trapyr 土 n エ 0d エ 80a 1OC 60a 
Carbon  +  n 土 trapy 亡土 n  エ Od 210a OC 20bc   On エ   Su エ fate  + 

n 土 trapyr 土 n 210d 40b 90c エ 0C 

  
  
nitrogen. 

  

  

support  (Young  et  a1.,  1994). 
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3.4  1995  Results The  winter  of  1994-95  was  above  average  in 

三三ミ 呈ミ 三三言言 ; き三ままき 午 某 ぎ。 ; 韮 ; 韮烹 Aprilthe  ;tby  time  Of  T 、ぉ 1]glu 呈 5sCt:5o;Cr3 藍早皆草 韮 ミ 三詰 員員ご。 " ま三亘 
エ   Ob 土エユ巳 at 土 OOn  are  more  5tr エ k エ ng  than  dur エ ng  the  preV 土 ouS  dry  year ・ 

The  n 土 trogen  エ ""ob エオ 上巳 at 土 oon  or  nitrification  エ nh 土 b 土 tt 土 on  treat 川 entS  a 
V エ rtua オエ y  free  of  annua ユ日 eed エエ ngS ・ 

4 COnC 工 uS エ On 
The  environment  where  these  studies  was  conducted  is  so  variable  in 

PreC エ P 土 tat エ OOn  among  years  エ t  エ S  obviously  necessary  to  repeat  th エ 5 

  

communities. 
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THE  STRATEGY  FOR  ADAPTATION  OF  GENERATIVE  ORGANS  OF 
KOCHIA  IN  THE  ARID  DESERT  CONDITIONS. 

K ・ N ・ TOdehCh ， T ・ E ・ Ma    血 naandAR.Rabbimov.l 

        乏三器 7 丁 ; 恐三芝巴 Z 盟耳 口仁                     巴三 "Z 目三 ofl 恕 三             宮 三 L          汽 d 。，。 R 
5up 口 a      g  Mgh  adap 卜 LOn  OfmaIn  n れ Oemb ワ O10 叩 。 寸 ， StruCture5at 山 e    山 。 
staqes  of  ontoaenesis.  The  strateqy  of  their  adaptation  leads  to  the  reduction  of  the 

  

幻皿甘 C    Q 口   口 eS"D    beTL      g  fo 皿 d  L  可 e 口 E  KOChia@The 皿山 
perspective  for  selection  of  K0      PmS    卜 L ・ 打 e  P 口   lQ テ   foImS. 

Key  ' WOr 。 " 山     tapetum,  endothedum,  pollen  gram,  karyotype,  Kochia  prostrata  (L.) 

Succefull  selection  of  arid  crop  plants  have  be  based  on  the  revealition  of 
more  adaptive  and  productive  genotypes  to  the  extreme  desert  conditions.  It  is 
known  that  the  creation  of  new  sorts  of  cultivated  plants  for  a  long  time  based 
on  the-use  of  distant  hybrydization,  polyplodization,  gene  transfer,  tissue  and   
cells  culture,  gamete  and  zygote  selection  and  other  methods.  However  these 
methods  have  not  been  used  for  the  selection  of  arid  plants  yet. 

Kochia  prostrata  (L.)  Schrad  -perenna1,  polymorphicai  semishmbs  of  the 
Chenopodiaceae  -  one  of  the  most  interesting  objects  for  explanation  of 
adaptive  potential  of  arid  plants.  There  are  many  publications  about  the 
morphologic0-anatomical  structural  changes  of  seedling.1eave,  root  and  stem  of 
this  plants  (Butnik,  1984),  growing  in  sand  desert  conditions  in  the  Uzbek  part  of 
Kizilkum.  The  interspecies  systematical  position  of  Kochia  is  very  contradictory. 
The  objective  of  this  study  is  to  explain  the  strategy  of  adaptation  of  generative   

The  cytologicdl  research  was  carried  out  on  various  populations  of  Kochia 
p 「 os 血 @ata (L.  Shrad  of  different  origin,  growing  in  the  Kamab's  station  of  our 
hS 甘 tute ・   

Pollen  quality  and  Karyotype. 

I ・ T         
The  study  of  interdependent  development  Of  m 田 e 酊 d female  generative 
structures  showed  severdi  sexual  types  correlate  with  different  manner  of 

1  The  Institute  of  Karakul  sheep  Breding,  Uzbekistan  Academy  of  Sciences,  u1.  M.  Ulukbeka,  47, 
703054.  Samarkand,Uzbekistan,Te1.33-32-79,21-35-40. 
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pollination  (aut0-cross  and  the  pollination  within  one  brush).  The  Kochia  flower 
ha5    ic 田租 e    OPb ダ uouS  adaP 卜甘 on: long ， n 血ぬ 皿 d  Sh      g  S 山   en 
threads:  explosive,  portional  release  of  pollen:  morning  mass  blossoming  of 
flowers,  the  increased  receptive  surface  of  stigma:  the  formation  of  great 
number  of  pollen  grains  (39,5-46,0  thousand  in  one  anther).  Consequently  their   
great  concentration  around  the  brush,  well  coordinated  mecanism  of 
dehiscence  of  anther  owing  to  well  developed  fifrous  thickening  in 
endothecium  and  connective  cells.  The  presence  of  thick    layer  of  cuticule  on 
the  epidermis,  perhaps,  defends  pollen  grains  from  the  influence  of  high 
temperatures.  Specific  changes  have  been  noticed  in  the  structure  of  tapetum 
cells,  their  division  rate,  the  level  of  polyploid  ration  of  nuclei  and  the  dinamic 
of  degeneration  cells  after  postmeiotical  stage. 

The  studied  populations  differ  by  the  peculiarities  of  meiosis,  morphology, 
fertility  and  viability  of  pollen  grains.  The  greatest  anomalies  of  meiosis  are 
found  at  hybrid  populations  of  the  5-th  (9,16%)  and  16-th  (11,02%)  samplles. 
The  variation  coefficient  of  this  index  as  seen  from  the  table  1  makes  26.5- 
80 ， 5 光 ・ 

Table  1.  The  variation  of  somecytoembryological  indexes  of  pollen  grains 
in  Kochia  s  ecies 

The  Studied Meio 甘 C 田 ind 口 Di    eterof  Fe        7  ofPolen  ( 兆 ) 
populations ( 光 ) 四 Ln 叩日 瓜 

% 
Kochia  sand 0 ， 5 ・ 3 ， 8  口二 39 ， 8  24 ， 1 ・ 28 乃 63 ， 2 ・ 89 ， 3    二 28 ， 3 

eco     二 t5 ， 3 
KOC      a  clay  eCo    e  O,9 ・ 3 ， 2    = ・ 80,5  20, フー 23 ， 2 フ 9 ， 2-95,6    二 64 ， 8 

  =  197 
Kochia  stone 2 ， 8 ・ 9 ， 0    二 57 ， 斗 2 寸 ， 4 ・ 26 ， 7 57 ， 9 ・ 82 ， 2    = 寸 8 ， 了 

GCO     二 15 山 
N  3(F2  SandX  Stone  l,9 ・ 8,lCV=  46,7  19, 了 -29 ， 4 55 ， 3 ， ア 9 ， 0    二 t5 ， 9 

eco es 口二 17 お 
N5 ・ 口 day 。の   。 2,7-9.61 寸 8 ・ 2 ・ 30 ， 2  40 ， 21 、 ア 1 ， 08    二寸 4 ， 0 
from  Stavropol  X  day Cv 主 26 ， 5 口二 107 
FO eb 「 om 血 a) 
NI6(F  dayXS 川 d 514 ・ 1 寸 102 四 ， 3 ・ 27 口   ，フ ・ 68 ， 4    二 M ， 3 如坤 "   口 =30 ， 9 Cv 二 I2 は 

N  6  T2  Clay  X  I ， 6-7rt 口 =  40[t  28.4- 刃は 62 ， 4 ・ 93 ， 8  口二 12 口 
stone  eco s)   二 9 ， 02 

The  differences  are  marked  also  in  forms  and  sizes  of  pollen  grains,  thickness 
of  exine  and  quantity    of  pores  on  its  surface.  The  sizes  of  pollen  grains  of  the 
studied  populations  variy  from  18,2  up  to  31,4  mk.  The  population  of  samples 
N  3,5  and  16  are  characterized  by  the  small  sizes  of  pollen  grains  (40,1-68,4%). 
The  essential  superiority  of  sizes  is  noticed  at  polyploid  selection  sample  N  6 
(28,4-31,4  mk).  The  diameter  of  pollen  grain  at  2,9-7,5  ink  larger. 

Due  to  the  level  of  fertility  of  pollen  populations  can  be  divided  into  3 
groups:  low-samples  3,5,16;  medium-  Kochia  ecotypes  growing  in  the  stone  soil 

JAALS



  

and  high-  the  local  Samarkand  population  of  clay  ecotype  and  the  plants  of  the 
samples  N  6.  The  viabilility  of  pollen  of  studied  population  ranges  from  44,52 

The  study  of  number  of  chromosoms  in  the  apex  of  the  root  of  seedlings  of 
various  populations  of  Kochia  showed  their  great  variability.  Our  result  on  the 
polyploid  raw  in  tribe  Kochia  coicides  with  data  of  Shahanov,1989.  The 
predominant  number  of  chromosoms  is  2n=18  (the  sand  ecotype  of  Kochia)   
The  population  of  clay  ecotype  of  Kochia  has  both  2n=18  and  2n=36  sets  of 
chromosom.  The  hybrid  sample  N  6  (2n=54)  is    likely  to  be  easier  for 
polyploidization.  Aneuploids  (2n=35  or  37  chromosoms)  and  mixoploids    plants 
were  found  in  5,16  samples.  The  average  number  of  these  cases  appeared  t0.be 
ve   S   刮 (0 。 05 刈   

Thus  the  future  study  of  number  and  morphology  of  chromosoms  will  be   
useful  for  explanation  of  some  systematical  and  adaptive  charactetistics  in  tribe 
Kochia. 
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  The  polymorphysm  of  reproductive  organs  of  Kochia  species 
and  their  structure  discovered  by  us  stipulate  its  high  ecological  plasticity  and 
successful  adaptation  for  growing  in  arid  conditions.  The  karyological  results 
confirm  the  interspecies  systematics  of  Kochia  prostrata  L.  Schrad,  which  was 
worked  out  earlier  by  Pratov  (1971). 

Meiotical  index,  the  morphology,  fertility  and  viability  of  pollen  grains,  as 
well  as  the  differences  of  the  dinamics  of  growth  of  pollen  tube  could  be  used 
as  diagnostical  indicators  for  the  productivity  of  introductional  and  selectional 
forms  of  arid  plants.The  hybrid  fonn  N  6  raised  by  us  can  serve  as  the  initial 
material  for  selection.  Thus,  the  polyploidization  and  interecotypic 
hybridization  may  give  the  best  results  for  selection  of  Kochia  prostrata  L. 
Schrad. 

This  work  was  carded  out  at  the  expense  of  Grant  from  the    State 
Committee  of  Science  and  Technique  of  the  Republic  of  Uzbekistan  (Fund  of 
Fundamental  Research).  We  are  grateful  to  prof.Cz1.RZCZ  J.Szweykowski  from 
the  Institute  of  Experimental  Biology  of  Adam  Mickiewicz  University  in  Poznan 
(Poland)  for  the  valuable  advices  and  discussion  on  the  result.     
Pratov  Y.  (1971):  "The  questions  of  mterspedes  systematics  of  Kochia  prostrata  (L.)  Schrad"   

Trudie  of  the  Lost.  of  Botany  of  Uzbek  Academy  of  Sdence/'FAN",  Tashkent   
" 。刷       "" 抽 "   """'         " 
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that  helps               and                             of  moving  dune,                       dune  and  fixed  dune   
The  trend  of  desertification  development  was  showed  in  two  ways   On  one  side, there 
was  increase  of  sand  land  range.  By  the  end  of  1950s,  there  was  2,246,150  ha  sand 
上巳 nd ， 川ね 土工 e                 3 ， 0 上 8 ， 020                         The               of  sand  land  have 
extended  both  south  and  east  5  -  30  km.  For                   of  sand  land                 Table  1   

          "" 。 肪 。 。。 '                                                   unit:  km2 
Year Area  Surveyed け 0 ノ十 no D り ne Fixed  Dune Semi-Fixed  Dune Total 

End  of  50s 19020 5   1933 2667 10 コ乃 

End  of  80s 18017 礼勺山 ヨ十 08 ・ 5 刃ヨ 9 ・ 6 十千 7 卜 ヰ 1 ・ 9 

Inc  rease/oec  rease -1003 -2709 ・ 互 +3475.5 +2726 +10389   

Be5 エ de も lotent ユ a エ npatU 「 a エ factors, factors, such ・ as ユ てて at 人 Ona エ OVe て - て eCla エ川エ ng ， 

                            fe 上 l エ ng ， construCt エ OOnof p エ ant ， m エ ne エ n 巳 u8try and trangportationl were 
the                          to ・ the  development  of                                   エ川 d     

land  was  controlled  and  developed.  The  most                           of  it  is  that  270,920  ha  of 
moving  dune  was  controlled  and  developed.  The  annual                                       Of  mov 土 ng 
dune  was  1.92%.   

Table  2.  Classification  of  desertification  land  types unit:  ha 
Total ・ area Desertification  la   Potential 
in  region deserti ﾂ 

Total Moving Semi-fixed Fixed flat  dune                 fication  land 
Dune 血。 析。 saline  soil 

2 ， 440 ， 000 十 ， ヰ 95 ， 500 306,380 293,960 540,850 ヨヨ ， 470 20.840 124,660 

    control and Develo 口 menL of Desert エ亡ユ cat エ OOn Land エ n ヒ he pa 日 t 4o Vears 

    上 The basic 口 て土 nC 土 D エ e 日 in  control  and  development エ nLegrat 土 ng Of control ・ and 
development  of                                     工川 d  H 土 th                   construction  would  help  establish 
the              that  w 土工， l@  not  on エ                 and                                                 エ and ， b    L  a エ SO 
              the                                                   and                                                             for 
                                            and  animal  husbandry  development   

In the contro 工 of desert エ f エ CaCat エ o]on land ， b 人 O 上 o<og エ ca エ Umeasures should be major ones 
w 土 th C 。 仙エ na" 土 On Of 川 g 土 neer 土 ng                    The e8t 北工土 s 而 enL 。 f                                   
                                  should  lay  the           with  full                             of                     land  and 
water  resources, and ・ establishment  of SLable pasture and bas 斗亡エて r エ ga ヒユ On エ and   At 
the  same  time, both  the  construction  and  development  of  factory, transportation  and 
C エ ty/ ヒ O 川 and  control  of  deSe て t エ｣エ c,Cat ユ O:On  ユ and  wou 工 d  be  secured. 

In  the          of  controll エ ng and  develop エ ngf  establ エ S    ent  of  て eglolona エ sand 
con ヒて o0 エエ人 ng              shou エ dd  be  the  target  and  la て ge  protect ユ oon  forest  shel ヒ erble エ t  wi 上エ 

be  the  ma エ n            叫エ th  CO    エ n 三 t 十 on  of  W エ nd-and-sand  break  and  互 a    land and  pasture 
                                              to  control  sand  move.  The  land  should  be                                     
and                         L 土杜 e て and                    stand gh 。 u エ dd be est 寸エ土 ghed   

The  key             斗 n               should                       on  the  moving  dime,  and  in  the 

se COnSol エ ect エ エ Olon datlon of species, and  establishment  ・ shrub  should  of  stable  dominate.  vegetation  On  community  other  types  should  of be                                           
                                                    to                                         and  arbor,  shrub  and           
                should  be                       to                   sand  land                         

3.2  Scope  of  control  and  development  of  desertification  land  Large-scale  control 
and  development  started  after  mid-70s,  and  by  the  end  of  80s,                                         
and  developed               874.990  ha  (see  Table  3.),  accounting  for  35.9%  of  the  total 

                                                    108,400  In  the  ha  period area of  was  1989  afforested  -  1993,  by  control  either  of  trees  271,000  or  grasses,  ha  moving  controlling dune  was 
186,000  ha  moving  dune,  and  85,000  ha  moving  dune  was  controlled  by  trees  and               
grown from aLrsoso 川 seed ・ て n the meant 土 meme ，上三， 0 。 O ha 。 f fa 川エ川 d け a 卜 bu 土工 t fL 。 m 
              controlled  sand  land  or  improved  sandy  farmland   
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Table ・ 3                                     0f               and  development  of                                   エ and  川上 L:  L 
Year Total Remaining  Afforested Area  planted  by  grassed I 咋 rove-  卜ぬ ゆ 

area area   
1 川 ・ ノ feld  tr    叫 rta[fon 

Plantation A ヰア Plant 亡爪 s A トト Improve ﾂ la ，。 and  town 
さ口川 ing   

pasture 

        50s  323,396 289,773   14.676     十ゴ ， 互 94 8 ， 002 

End  of  80s  874,990 626,531 11,670 77,679 29,219 11,613 61 ， 0 コ 8 58,513 

コ ・ 3  ConstruCt エ olon  of  DroloteC ヒエ oon             system  By  the  end  of  80s,  the  total 
                                                626,531  ha.  The                                   a 。 C 。 川 Le 亡 f 。 r  go ・三十。 f 
                  of  a エエ             ヒ   。。 ， and 8h                accounted for 77 ・ 5 寸 of total             

                (see  and  standing Table  4)   ， ヒま巳ぼ 二三， 言 ; 三 2 言 7L5L,g00    三 5 ・、 "; 三三三， ; 三 ， 5 三 L 三 とぎた。千三 苫 n            ，目三 Lv まぽ こぎ」 三 ; 仁三 ェ亡三 

forme 日 w エ ch a total length  of 1,5000 ・ km  and  afforestation  area  of エ エフ， 0OO ha   

Table  4                                                                                                       川上 t: ha 

' 咋 ' 。 "           All  types  of  protection  forests ' 「ぬ 「 。。。而 ' 。 F 。「 卜 L 
Area Forest forests for 

円卜 ・ Soi1-and  water Farmland Other special 
sand COns 才 eL ノ atat ヰ ton Shelter 卜・ ProteCI 丁 On   r 叫 se 
Break forest belt forests 

Arbor 139 ， 川 ア ヨ 互 ，戸さ ア ア， 936 20,504 19,176 50,980 5,568. 3,146 
Shrub 486,684 404,824 80,843   寸 ， 0 十マ ノ       
    626,531  ¦  437,361 ¦  88,779   20,504 ¦  20,193   50.9 川 @  5 ， ヨ L  l3 ， t46   

4 ， Te 。 hn エ 。 巳工                                                                                                         エ and 

    ,  1  Control  of  movincr  dune  bv  trees  and  grasses  from  arsine  seed Achievements  on 

                                                                                                                                            from                                   ma エ n    Le 。血上。 a エ                                         r many ・ the 

  

                                            互土 mov xxdUne,wh 土 ng  dune エ ・ C Ch ，                                                 fast  growing,  self-productive  and   

@  エ ・ a  Cm ， o て a.qan 土 C  mater 土 al  Conten ヒ roSe  to  0 ・ 6 も f 「 Om  O ・ 工 3 寸 ， Pa 「 t 土 cleS  ( く 0 ・ 05    ) 
increased  to 13   2 寸   and  grass  yield  per  hectare  was 3 ， 236 kg   

4 ・ 2  Set ヒエ nq  up                         to  help                             d 川 e  H 土 nd                 has             
influence  on  trees and  grass  planted, and  plants  will  suffers  a  lot  from  it   Hence, 

                                COnd onmoV エ t エ olon  エ n<ngdunewerebu for  p エ anant  growth 人オヒ ・                                   .ers  wind  can  and  be  sand  divided  flowing  into  and  plant  provide  barrier bef               
meChan エ Cal bar て エ er   

In  plant                   plants  adaptable  to  sand  land                   On  the  facing  slop, 
          row  p 丁 ant エ ng  ( エ nte 可エ ant                   is ・ 10  -  20  cm)  was  applied  and  row                   
      " " 3 m to form "l 土 ve" plan"                   Its                           form 土 n<           plant 
co 伽川ユヒ y  t 。               w 土 nd                                                 individual ・ plant  life  and  development; 
and                         move  of  moving  dime  and  providing                         for  planting               
we エエ   

                                      is  to  build  "dead"                 on  the  dune  from  non-biological 
materials ・ of  all  kinds,  and  the                 of                        Of  row  Or  gr エ d ・ The                 
of Lh エ S barr エ er are     no  season  limitation  in  building; more ・ power  but  shorter  period 
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土 be"ween  n  Control  pla" of  日 w エ grow  nd                                            dUne  エ t8e move エ戸 f  川 ent;  川 d  no no  「 ma@  C 。 mpe growth  ヒエヒエ on  of  pl for  却ヒヨ water  gr 。 山色 川 after  nut てエ setup enLa 
Of the ba てて エ er   

    

4 ・ 4  叶 t 土｣土 C 土 a ユ                             on  n 。 n-m 。 V エ n@nCr  dune                         土 g  s エエ ghL  w エ nd 

  

jntermed 土 a a4 ， Lyc ユ川 b ヨヱ ba    ，         

4  .  5  Establishment  of  farmland             shelterbelt  The  pattern  of  farmland             

  
4 ・ 5  血耳 hee ぬ 川                 エ n  Lhe               of                                   land                           

measures ・ could  be  used  on  the  desertification  land  of  anv  kind   It ma エ nlyy refers to   
  

and ・ drainage,  and                                 エ土 ne                                   added   JAALS
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Ec0-physiological  approach  to  the  arid-1and  afforestation 

Yoshitaka  KAKUBARI  and  Naoko  ODAKA 

Abstract-  The  possibilities  of  afforestation  at  the  level  of  100x100  km2  on  deserts 
against  the  greatly  increased  CO;  fixation  are  discussed  by  use  of  ec0-physiological 
approaches.  The  methodological  study  by  use  of  Sorghum  bicolor,  which  is  expected 
to  lead  the  research  to  be  conducted  by  use  of  the  ec0-physiological  mode1,  which 
varies  according  to  changes  in  photosynthetic  rate,  ambient  air  temperature, 
radiation  and  soil  water  contents.  The  differences  of  daily  photosynthesis  on  three 
different  water  levels  are  shown  clearly  by  use  of  ec0-physiological  simulation 
mode1. 

Key  Words:  Afforestation,  CO?  gain.  Transpiration,  Simulation  mode1.  Arid  land 

1.  Introduction 
Afforestation  of  arid  and  semi-arid  lands,  which  is  characterized  by  high  temperature 

conditions,  water  scarcity  and  high  salinity,  may  be  one  of  the  feasible  measures  of  COz 
fixation,  because  one  third  of  the  land  surface  biosphere  has  a  large  potential  to  fix  carbon 
and  change  in  land  use  management  is  expected  to  be  acceptable  locally  and  globally. 

For  more  than  three  years  a  project  to  asses  the  possibilities  of  afforestation  at  the  level 
of  100x100  km2  on  deserts  has  been  conducted  under  the  sponsorship  of  RITE  (Research 
Institute  of  Innovative  Technology  for  the  Earth  )  and  The  Japan  Gas  Association  (Ozawa  et 
a1.  1994,  Matuda  et  a1.  1994). 

Plants  and  plant  communities  have  multiple  purposes  and  functions,  and  are  hence 
superior  in  function  to  other  materials,  and  are  a  Iso  able  to  increase  quantitatively  through 
natural  regeneration.  In  another  respect,  forests  can  achieve  sustainable  development 
following  afforestation.  The  planting  system  herein  shall  be  described  from  an  ec0- 
physiological  approarch,  which  makes  it  possible  to  clearly  elucidate  the  life  of  plants  on 
arid  land.  We  need  to  calculate  the  water  balance  and  information  about  ec0-physiological 
characteristics  of  plants. 

We  try  to  introduce  the  simulation  techniques  to  the  estimation  ofCozand  Hzo  balance 
of  plants  as  a  basic  informations  of  afforestation  on  arid  and  semi-arid  lands  against  the 
greatlyincreased  CO2  fIXatioron   

2 ・ Mate パ aland  met 卜 OdS 
Plant  material  was  used  a  pot-grown  Sorghum  (Sorghum  bicolor)  instead  of  woody 

plants,  which  are  cultivated  on  dry  land  regions  as  worid-wide  crops,  and  was  grown  during 
30  days  under  sand  culture  at  first,  and  cultivated  under  water  culture  condition  during  20 
days  before  photosynthesis  measurements. The  photosynthetic  rates  of  Sorghum  were 

Inst.  of  Silviculture,  Fac.  of  Agric.,  Shizuoka  Univ.,  Shizuoka  422,  Japan 
(Fax:+81-54-237-3031) 
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measured  under  different  four  degrees  of  water  stress;i.e.  0,3  64,3  89  and  432  Kpa.  Water 
stress  was  made  with  a  solution  of  polyethylene  glycol  (  PEG,  molecular  weight  of  6000  ). 
The  root  system  of  material  was  immersed  in  the  solution  at  fixed  time.  Photosynthesis 
and  respiration  rates  were  measured  with  a  Koito  intelligent  porometer  system  (KIP-8510 
system,  KOITO  C0.,Ltd,  Toky0,  Japan)  at  400  micromole  m-z.s-i  under  artificial  light 
conditions.  The  water  potential  measurement  of  PEG  solution  was  used  with  the  WESCOR 
HR-33T  system  (Wescor  C0.,Ltd,  Utah,  U.S.A.).  Radiation  and  air  temperature  data  were 
taken  in  the  experimental  station  of  the  University  of  Shizuoka  at  Hamaoka,  Shizuoka  Pref. 
and  soil  moisture  contents  data  were  taken  from  the  station  of  A1-0ha  agricultural 
experimental  station  of  the  Univ.  of  United  Arab  Emirates,  in  A1-Ain,  U.A         

3.  Data  processing  and  modelling 
Data  concerning  photosynthetic  rates,  plant  transpiration,  water  potentia1,  evaporation 

from  ground  surface,  and  soil  moisture  contents  will  be  collected  through  a  field  work  and 
used  to  determine  the  relationship  between  plant  life  and  ambient  conditions  on  arid-1and 
ecosystems,  and  to  analyze  the  mechanism  of  plant  productivity  that  has  dropped  because 
of  a  lack  of  soil  moisture  contents  (Larcher,  1  995).  It  is  important  to  investigate  the 
relationship  between  physiological  response  of  plant  and  field  conditions  of  climate  and 
soi1.  We  are  able  to  explain  the  water  use  efficiency  of  crop  among  three  different  soil 
moisture  contents  by  use  of  a  simulation  model  (Kakubari,  1994).  An  ec0-physiological 
model  are  established  with  the  external  factors  of  air  temperature  (AT),  solar  radiation 
(RAD),  soil  moisture  contents  (SMC),  and  photosynthetic  rate  is  also  influenced  with  AT 
and  RAD  as  shown  in  Figure  1.  The  amounts  of  photosynthesis  can  be  estimated  with  a 
computer  simulation  mode1,  which  varies  according  to  changes  in  SMC  (Fig.  2). 

4  Results  and  Discussions 
The  balance  between  Hzo  and  COz  in  plant  depends  directly  on  not  only  the  water  content 

of  tissues  but  also  soil  moisture  contents.  If  soil  moisture  contents  stay  at  or  below  the 
drought  level  during  the  growing  season,  the  net  amount  of  photosynthesis  becomes  to 
zer0.  Figure  2  shows  the  relationship  between  soil  moisture  contents  (pF  in  Fig.  2)  and  the 
relative  vales  of  photosynthetic  rate  in  Sorghum  bicolor  comparing  with  .the  rate  of 
photosynthesis  under  available  conditions.  The  rate  of  photosynthesis  remains  constant  in 
relation  to  field  moisture  capacity  (pF1.8,  6.19KPa),  although  it  decreases  with  soil 
moisture  contents,  particularly  between  the  point  at  which  capillary  water  flow  stops 
(pF2.7,  49.2KPa)  and  the  point  of  where  wilting  begins  (pF4.2,  1554KPa).  Therefore,  the 
irrigation  plan  shall  be  designed  with  considering  relationship  between  soil  moisture 
contents  and  water  use  of  plants. 
The  daily  amount  of  photosynthesis  can  be  estimated  with  a  computer  simulation  mode1, 

which  varies  according  to  changes  in  soil  moisture  contents.  We  estimate  amount  of  dry 
matter  gain  and  transpiration  at  different  soil  moisture  levels;  165.4,155.8  and  54.8  mg 
COz  dm-2,day-i  at  soil  moisture  contents  of  6.1,49.1  and  618.8KPa,  respectively. 

Total  amount  of  water  loss  to  dry  matter  gain  can  be  estimated  with  a  rate  of  molecular 
weight  (18/44),  and  compared  with  soil  moisture  contents  taken  data  in  the  United  Arab 
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Emirates,  and  shown  in  Table  1. 

Table  1  Total  amount  of  dry  matter,  transpiration  ,  and  water  demand  of  Sorghum 

S.M TDM DM 灯 TRS TRSU 
6L  165 ・ 4 67 ・ア 寸 ，て斗 0 13 ・ 5 67 ，ア 

49L  155 ・ 8 63 ・ ア 0 ・ 94 12 ・ ア 63 フ 
618 ・ 8 54 ・ 8 22 ・ 4 0 ・ 33 4 ・ 5 22 ・ 5 

S ・ M  ・ :Sd  4  m ト St 川 e  C 山 tt 山 t(KPa) ，   川 :TotaJamountofdrymatter  ( 叫 dm-2 ， 坤 -]),DM  :    止寸 
use  r    け山 in  ph ぬ     @    叫ぽ卜 S  lwd  ， RT:R 日如 Ve rate ， 爪 S: 丁丁 川 Spir 寸山 p 斗 h    e 
estimated  witha ほ tio  Of2oo  timeSto  DM  level(tH2o ・ 卜 ]) 汀 RSU:Mean  t 口 nSpi 卜 t 山 n  On  山山 V 旧 ual 
levels  in  case  study  of  the  United  Arab  Emirates(litre,  total  amount  of  transpiration  /220  ind.)   

In  this  case  study,  we  used  as  a  material  Sohrgum  samples,  which  belongs  to  CA  groupe  of 
photosynthesis  type,  and  demand  water  estimated  may  be  too  much  comparing  the  normal 
Cs  woody  plants.  After  Larcher(1995),  transpiration  rates  of  Cs  woody  plats  is  one  third 
comparing  with  that  of  ?4  tropical  grass  species.  Therefore,  it's  transpiration  may  be  to 
estimate  around  7  litre  at  water  content  level  of  618.8KPa.  In  general  irrigation  water  in 
U.A.E.  is  used  from  20  to  30  litre  a  tree,  and  it's  too  much  comparing  the  result  of  this 
  simulation.  On  the  other  hand,  too  much  irrigated  water  conserve  planting  trees  from 
salinity  accumulated  on  ground  surface,  and  we  need  to  evaluate  effects  of  leaching  by 
irrigation  water.  It  is  very  hard  to  distinguish  irrigation  water  for  a  irrigation  and/or  for  a 
leaching,  and  also  establish  the  optimum  irrigation  system.  Photosynthesis  rates, 
transpiration,  water  potential  of  leaves,  evaporation  from  ground  surface,  and  soil  moisture 
contents  shall  be  collected  through  a  field  work  and  used  to  determine  the  relationship 
between  water  economy  of  plant  life  and  ambient  conditions  in  arid-1and  ecosystems,  and 
to  analyze  the  mechanism  of  plant  productivity. 

S.Conclusion 
The  methodology  of  the  afforestation  on  the  problem  on  an  arid  and  semi-arid  regions 

was  presented,  which  is  expected  to  lead  to  the  direction  of  the  research  to  be  conducted 
by  use  of  the  ec0-physiological  computer  simulation  mode1,  which  varies  according  to 
changes  in  photosynthetic  rate,  ambient  air  temperature,  radiation,  and  soil  moisture 
contents   
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Figure  1.  General  structure  of  ec0-physiological  computer  simulation  model 
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Adapting  Strategies  Of  Woody  &  Semiwoody  Plants  In  The  Arid  Environment  (Xerophyllization 
Problem) 

Anto 市 na BWNIK* 

Abstract  -  The  status  of  the  problem  of  xerophyllization  is  examined.  The  strategies  in  the 
adaptation  of  assimilating  organs  in  the  ontogeny  of  the  woody  and  semiwoody  biomorphs  of 
ひ p ， 卜 m"S  K ， nkum  d 。 ， 。 n  如 de5 口 bbed.[tis  notedlhe  va 「 Rety  ofme    hyuStype さ必此 
main  f 。 。 ("m  ofxemphyl 。 ，・ 

Key  words:  Cotyledon,  leaf,  biomorph,  adaptation,  xerophyte   

1.  Introduction 
The  xerophyllization  problem  is  very  rea1.  It  is  an  extension  and  intensification  of  desert 

territories.  About  45%  of  a  world  and  80%  of  the  Uzbekistan  is  under  desertification.  Studies  of 
xerophillization  will  allow  us  to  clarify  some  questions  about  plant  evolution,  to  preserve  exceptional 
xerophyte  genofund,  to  identify  drought  resistance.  The  drought  resistance  and  xerophyllization  are 
asimilar  conceptions.  The  drought  resistance  and  salt  resistance  are  first  reactions  of  organisms  to  the 
environmental  conditions,  the  phenotypic  reactions.  The  xerophytism  as  halophytism  are  historical  and 
evolutionary  processes,  which  change  plant  genotypes  and  is  accompanied  by  changes  in  structure  and 
function.  Therefore  arid  factor  and  halo  factor  are  becoming  necessary  for  plant  life  and  their  are 

  including  in  the  reaction  norm.  Xerophyllization  is  very  complicated  process.  The  adaptation  of  plants 
is  for  survival  and  reproduction.  Plants  have  adapted  to  the  extreme  environment  in  a  variety  of  ways. 
Xerophytic  plants  have  followed  a  different  scheme  compared  to  the  other  species.  The  original 
discovery  by  Kortshak  et  a1.  (1965)  that  sugar  cane  possesses  an  alternative  highly  efficient  pathway  of 
carbon  dioxide  fixation  and  its  connection  with  kranz  tissue  in  the  leaves  permits  to  revise  the  evolution 
of  assimilating  organs  in  many  taxons  from  a  new  point  of  view  (  W@elkie,  Caldwel1,  1970  )   

2.  Material  and  repion   
W@e  studied  anatomical  structures  of  assimilating  organs  of  40  species  of  woody  and  semiwoody   

Chenopodiceae  Vent.  (18),  PolvKonaceae  luss.  (5),  Tamaricaceae  Link.  (1),  Fabaceae  Lind.  (5), 
ZvRophvllaceae  R.Rz.  (2),  Nitrariaceae  Lind.  (1),  Solanaceae  luss.  (1),  Convolvulaceae  luss.  (3), 
Scrophullariaceae  luss.  (1),  Asteraceae  Dum.  (2)   

NLt 。 H 。 Is  w 。 。 e  。 coIleCtedID  the      i]k"m  dese 『 n  i 。。 "t 田 40 。 45 ・ no 『 nh  l 。 tit"d 。。 "d  6575 ・ 。め t 
IOng ・ it@it"de.e.  35O  met 。 ほ。 b 。 "e  sea  l 。 " 。 l ・ @tThe  south  westernKizilkumi5in  the  T"han  pm"ino 。。 fI ， "" 。 

・ TLhan  Re 必 。 On  (T"Mtqm ， 1978).The  ， t"dy  ， 珂 oon  is  ch 。 ， " 。 t 。 ， ized  by  low  p 「 ecipitaiion  (  80- 
100mm  per  year  ),  the  high  summer  temperatures  (to  +45    C),  low  winter  (  to  -^C)  and  strong 
winds.  Various  soil  types  are  present  in  this  region:  sandy,  saline,  loamy,  stony,  gypsiferous.  Studies 
were  conducted  at  the  experimental  station  in  Kizilkum  desert   

3.  Tvoes  of  assimilate  orcans. 
About  900  species  are  described  in  Kizilkum:  trees  -  3%  of  species,  shrubs  - 

*  Inst ・ B 。 t ・ U ， b 。 k  A ，。 d ・ S 。 L  T ぬ hk"t ， 1443,Uzb 。 k ， t"n  (  F 。， :007  ( 刀 L)  62  79  38) 
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We  observed  that  the  cotyledons  of  55  %  species  and  leaves  of  more  80    /o  species  are 
xeromorphic  and  25  %  cotyledons  and  40  %  leaves  have  the  kranz  tissue. 

4.  Conclusion 
All varieties  of  leaf  structures  may  be  grouped  into  four  structure-functional strategies  of  adaptation     

picnophylls  (microphyllous  densetissue  xerophytes),  succulents,  sclerophylls  and  aphylls   (Scheme  2)   

Scheme  2.  The  adaptive  strategies  of  the  leaf  xerophytes 
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The  picaophylls  are  acldapled  to  the  transpiration  because  of  reduction  of  evaporating  surface 
and  the  development  of  protective  feature  (pubescence,  thick  celluar  wall).  The  main  criterion  of  the  scle- 
rophylls  are  the  meslome  sheathes  of  the  veins,  developed  from  the  procambium.  Oxalate  calcium  crystals 
are  located  around  sheathes.  The  succulents  are  adapted  to  xeric  environment  as  a  result  of  water 
accumulation  in  the  tissues.  The  succilents  predominate  in  Kizilkum  because  of  the  saline  soiles  and   
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The  degree  of  specialization  of  leaf  structures  defines  the  variability  of  species  at  different  factor 
and  perspective  their  cultivate!.  at  wide  or  narrow  ecological  ranges   
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Mechanical  Classification  of  Wind-Sand  Engineering  and  Its 
General  Design  Principles 

Liu  Xianwan  * 

Abstract ﾑ Mechanical  Classification  of  wind-sand  engineering  is  a  scientific  meth- 
od.  Two  basic  models  of  the  wind ﾑ sand  engineering  are  put  forward  as  the  circuitous 
flow  on  movable  and  fixed  beds,  and  the  binary  flat ﾑ plate  flow  on  a  semi ﾑ infinite 
plane.  According  to  functions  of  the  wind-sand  engineering,  they  are  included  in  the 
following  6  categories:  scaling,  fixing,  blocking,  transporting,  redirecting  and 
dispersing.  Design  principles  of  wind ﾑ sand  engineering  are  summed  up  as  the  penna- 

nent  control  principle,  the  comprehensive  control  principle,  the  counteracting  principle, 
and  the  preventing  first  and  controlling  second  principle. 

Key  words:  Wind ﾑ sand  engineering,  mechanical  classification,  basic  mode1,  design  principle 

The  classification  of  wind ﾑ sand  engineering  is  a  prerequisite  for  correct  understanding 
and  application  of  wind-sand  engineering.  The  measures  to  prevent  and  control  wind-sand 
harm  have  long  been  classified  into  biologica1,  mechanical  and  chemical  ways  according  to  the 
materials  used  (Wu  Zheng,  1987).  The  sand  fences  as  one  of  the  mechanical  measures  can  be 
further  divided  into  high ﾑ upright,  upright  and  semi-buried  sand-fences  based  on  their  verti- 
cal  height.  In  addition,  the  function  of  wind-sand  engineering  can  be  summed  up  as  four 
words,  i.e.  fixing,  blocking,  transporting  and  diverting  (Zhu  Zhenda  et.a1.,1979).  These  can  be 
reflected  by  reduced  wind-speed,  weakened  intensity  of  wind ﾑ sand  flow,  fixed  sand  surfaces, 
and  controlled  wind  erosion  (Wu  Zheng,  1987). 

However,  it  is  not  satisfactory  to  classify  wind-sand  engineering,  solely  on  the  materials 
used  or  on  the  vertical  height.  Even  the  same  materials,  when  set  in  different  ways,  can  pro ﾂ 

duce  quite  different  effects.  The  function  of  various  sand-fences  with  the  same  height  is  quite 
different.  Therefore,  it  is  more  acceptable  to  classify  wind-sand  engineering  based  on  mechan- 
ical  principles. 

Wind ﾑ sand  damage  in  nature  generally  results  from  both  wind ﾑ sand  flow  and  forward 
movement  of  sand  dunes,  and  thus  our  discussion  about  the  wind-sand  engineering  classifica ﾂ 

tion  will  be  confined  to  these  aspects.  Other  damage  such  as  dust  storms,  dry-hot  winds  and 
soil  salinization  will  not  be  included  in  this  classification. 

According  to  historical  material(1-2)  and  our  research  results  c  3)  ,  the  functions  of 
wind ﾑ sand  engineering  are  summarized  as  follows:  1)  control  sand  movement;  2)  protect  sand 
surfaces  from  wind  erosion;  3)  keep  and  speed  up  movement  of  wind-sand  flow;  4)  force  sand 
grains  in  the  wind-sand  flow  to  deposit;  5)  alter  the  direction  of  wind ﾑ sand  flow;  6)  halt  for ﾂ 

ward  movement  of  sand  dune;  and  7)  make  the  sand  dune  move  forward  in  the  way  of  scat- 
tered  wind-sand  flow  rather  than  the  whole  dune  body.  Therefore,  in  accordance  with  the 

･ lost.  of  Desert  Research,  Chinese  Academy  of  Sciences.  174  Donggang  West  Road,  Lanzhou,  China  (Tel     
86-0931-8847805,  Fax:  86-0931-8889950) 
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mechanical  functions,  the  wind-sand  engineering  can  be  divided  into:  1)  cut  off  contact  be ﾂ 

tween  gas  and  solid  phases  of  the  wind-sand  flow;  2)  inhibit  interactions  of  the  gas  and  solid 
phases  of  the  wind ﾑ sand  flow  at  the  interface;  3)  increase  motion  drag  of  the  wind ﾑ sand  flow; 
4)  reduce  advancing  resistance  of  the  wind-sand  flow;  5)  change  the  wind-sand  flow 
direction;  6)  impede  sand  dune  movement;  and  7)  decrease  geometrical  resistance  of  sand 
dune.  In  conclusion,  this  classification  is  shown  in  Table  1.  From  this  table  we  see  that  there 
are  more  than  20  engineering  measures  against  wind ﾑ sand  damage,  but  they  can  only  be  in- 
eluded  in.  two  mechanical  models,  namely,  the  circuitous  flow  on  the  fixing  or  movable  bed, 

Table  1. Mechanical  classification  of  wind-sand  enginecrine 
Mechanical  models Types Usages Functions Examples 

Shear 
circuitous  flow  on 
movable  and  fixed alter  its interface;  and   
ぬ 山 features altcrdyn 川 lc clay,and  open  holes 

characteristics 
of  sand  surface 

Spray  crude  oil  and 
Fixing Fix  active  sand Eliminate  or salt  solution; surface,and weaken  inter- COwr    d s 川 LL 

change  movable fcrc  of  the  gas 

bCdhton[xCdor お mi ― 位 Cd ね d and each  ・ solid  other phases with  closure  coarse  and  gravel; plan ﾑ 
on  the  interface ting;  clay  sand-barrier and  straw  and   meat  drag  to b 低 t も elt; 叫 nd ― 

Bha け丸 ear                   makCsapd        肪 。 k 叫川 。 Il; SCmI-buLed ヰ巳口 d- 
flat ﾑ plate movement down  dune barrlGr ， 典 nd- 
How  of  body movement blocking  ditch 
OLL 川 t ― 
infinite Top  and  bottom ﾑ 

and  plate   bRd8C; L ヰ Od せ po 寸 ― 
ctcd  area 

surface tion  cross  section 

血叫 Redirect  wind                           Single ﾑ line 
sand  flow resistance  and latera1-1eading plane  winged  and bar Redirecting force  the  wind- sand  plate; 

sand  flow  to feather-1ike 
move  laterally fences   

Sand-b(I 川 ;    L Binary dam;  under ﾑ 

cllipsoid 
dune  surface   body force 

and  the  binary  flat ﾑ plate  flow  of  body  on  the  semi-and  the  binary  flat-plate  flow  of  body  on 
the  esmi ﾑ  infinite  plane.  Their  functions  can  be  put  briefly  as  six  words:  transporting 
(diverting),  redirecting,  and  dispersing  (scattering).  Its  mechanical  principles  lie  in  separating 
or  weakening  the  interaction  of  the  gas  and  solid  phases  of  wind-sand  flow  on  the  interface; 
increasing  or  reducing  the  resistance  of  the  wind-sand  flow  along  the  advancing  path;  and  de- 
creasing  or  eliminating  the  geometrical  resistance   
1.  Permanent  Control  Principle 
Wind-sand  engineering  is  a  large  scale,  technica1,  long  term  measure.  Commonly  struc- 
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tures  are  built  in  harsh,  dry  environmeructures  are  built  in  harsh,  dry  environments  where  the 
availability  oflabar  is  law.  The  target  is  to  prevent  wind  erosion,  to  encourage  sand  deposition 
and  accumulation,  and  to  prevent  sand  dunes  from  forward  movement  to  keep  the  protected 
area  from  being  buried.  The  most  important  principle  of  wind-sand  engineering  is  to  control 
wind ﾑ sand  permanently. 

1.1  Separating:  In  order  to  cut  off  contact  between  the  gas  and  solid  phases  of  the 
wind ﾑ sand  flow  and  alter  dynamic  characteristics  of  sand  surfaces,  i.e.  increase  their  elasticity. 
The  thickness  of  the  sealing  layer  should  be  adequate.  The  sealing  materals  should  have  good 
elasticity,  aging-resistance,  and  endurance  to  striking  and  abrasion.  They  should  not  become 
soft  under  the  scorching  sun  or  become  brittle  or  crack  under  cold  winter  canditions.  Most 
important,  they  should  be  cheap. 

1.2  Fixing(stabalizing):  In  such  cases,  the  gas  and  solid  phases  contact  each  other,  which 
creates  favourable  conditions  for  plants  to  grow.  When  spraying  crude  oil  or  salt  solution, 
enough  permeating  depth  is  required.  When  laying  straw  or  clay  sand ﾑ barriers,  they  should 
not  be  spread  over  the  whole  surface.  Before  closure  and  planting,  a  straw  sand ﾑ barrier 
should  be  spread  first  to  create  a  favorable  microenvironment  to  guarantee  plant  protection. 

1.3  Blocking  or  intercepting:  According  to  the  permanent  control  principle,  the  aim  here 
is  to  make  the  sand  grains  in  the  wind ﾑ sand  flow  deposit  and  stop  dune  movement.  Hence,  we 
should  pinpoint  the  goals  of  protection  to  decide  the  specification  and  air  permeability  of 

have  no  irrigation,  sand  could  accumulate  in  the  front  of  the  fence,  and  thus  it  is  impossible  to 
fencings  or  forest  belts.  Otherwise,  if  the  fencings  are  designed  improperly  or  the  forest  belts 

control  wind ﾑ sand  permanently.  As  for  sand-blocking  ditches,  they  should  be  combined  with 
other  measures  because  of  its  low  sand-blocking  amount  and  effects.  For  instance  it  will  not 
be  possible  to  protect  railways  from  wind-sand  damage  only  by  sand-blocking  ditches. 

1.4  Transporting  or  diverting:  The  principle  of  transporting  is  to  speed  up  wind-sand 
How,  to  lift  ground  surfaces,  or  to  narrow  passing  sectional  areas,  and  to  increase  surface 
elasticity  gradually.  Diverting  is  only  to  make  the  wind ﾑ sand  flow  pass  regardless  of  what 
happens  later  on.  Therefore,  to  guarantee  the  wind-sand  passes  through  the  protected  area 
permanently  and  thoroughly,  we  should  combine  the  transporting  method  with  the  diverting 
method  in  wind-sand  engineering. 

1.5  Redirecting:  It  is  an  energy-consuming  process  to  make  the  wind-sand  flow  transmit 
laterally.  In  order  to  force  the  wind-sand  flow  to  transmit  at  a  fixed  angle,  influences  of  sand 
accumulation  along  the  advancing  path  should  be  taken  into  account.  If  the  influences  are 
smal1,  a  cheaper  and  open  type  of  feather-1ike  fence  should  be  adopted,  if  the  influences  are 
great,  an  enclosed  type  of  feather ﾑ like  fence  should  be  adopted.  When  one  set  of  fences  does 
not  meet  with  the  requirement,  other  sets  offences  are  used  to  keep  the  appropriate  angle   

1.6  Dispersing  and  scattering:  Whether  the  dispersing  or  scattering  engineering  succeeds 
or  not  depends  on  the  construction  of  sand-blowine  dams.  The  dam  height,  and  cross  sec- 
tions  must  be  adequate.  Enough  height  is    a  prerequisite  to  increase  wind  force,  but  if  the  dam 
is  too  high  it  will  suffer  from  wind  erosion.  So  dams  should  be  covered  properly  with  coarse   

base.  is  beneficial  to  reduce  the  amount  of  work  and  slow  down  the  disoersion  of  dunes.  How- 
ever,  if  the  slope  of  the  dam  is  too  steep,  there  could  be  deposition  at  the  foot  of  upwind  and 
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leeward  slopes,  and  wind  erosion  of  the  dam    of  body.  Therefore,  it  is  not  possible  to  build  an 
effective  sand ﾑ blowing  dam  of  local  materials  unless  its  stability  and  effectiveness  are  main- 
tained  through  constantrepair. 
2.  Comprehensive  Control  Principle 

In  order  to  control  wind-sand  damage  permanently,  a  comprehensive  control  principle  is 
essentia1.  This  requires  a  combination  of  various  wind-sand  control  engineering  designs,  and 
each  project  also  requires  proper  protection,  and  maintenance.  For  example,  if  there  is  abun- 
dant  sand  resources,  these  should  be  taken  into  consideration  and  the  remote  wind ﾑ sand  flow 
should  be  hindered  or  redirected.  Sand  dunes  within  the  protected  area  should  be  leveled,  and 
the  wind-sand  flow  outside  the  protected  area  should  be  made  to  move  forward  smoothly. 
should  be  hindered  or  redirected,  sand  dunes  within  the  protected  area  should  be  leveled,  and 
the  wind ﾑ sand  flow  outside  the  protected  area  should  be  made  to  move  fomard  smoothly. 
Only  by  the  rough  and  appropriate  design  can  we  achieve  the  goals  of  wind ﾑ sand  damage 
controlled  engineering  bodies  themselves  from  wind  erosion,  and  maintenance  to  protect  the 
bodies  from  falling  and  being  buried,  and  to  keep  fences  at  the  correct  height.  In  addition,  it  is 
necessary  to  pay  attention  to  protecting  the  front  part  of  the  feather-1ike  fence,  and  covering 
wind  eroded  sections  of  sand-blowing  dams. 
3.  Counteracting  Principle 

The  design  of  wind-sand  engineering  should  put  a  premium  on  what  it  causes  as  well  as 
its  functions.  The  reason  for  this  is  that  unlike  ice  or  snow  deposition,  the  sand  deposition  is  a 
long-term  process.  Once  a  tract  of  sand  accumulates,  the  fixed  bed  will  turn  into  a  movable 
bed,  and  thus  the  engineering  will  lose  its  effect,  or  even  do  some  damage.  For  instance,  the 
width  of  the  under ﾑ leading  sand  plate  should  be  designed  to  avoid  the  accumulation  at  its 
front  and  off ﾑ front  mouths.  The  plate  should  be  smaller  and  have  a  larger  front  mouth.  The 
angle  between  the  plate  and  the  inflow  should  be  less  than  90 ｡  or  more  than  180 ｡  in  the  opp0- 
site  direction.  Taking  another  example,  the  single ﾑ line  latera1-1eading  sand  plate  should  be 
designed  in  accordance  with  the  thickness  of  the  local  wind-sand  flow  layer,  and  its  breadth 
should  be  in  accordance  with  the  non-accumulating  length.  This  is  the  reason  why  we  use  a 
set    of  feather-1ike  fences  instead  of  the  single-1ine  latera1-1eading  plate.  Several  sets  of  the 
fences  can  transport  the  sand  by  relay  away  from  the  protection  area. 
4.  Preventing  first  and  Controlling  second  Principle   

Wind-sand  damage  and  its  engineering  control  measures  must  be  incorporated  in  the 
overall  plan  and  design  of  factory  and  traffic  constructions,  and  mining  project  etc.  This  is  a 
very  important  principle,  and  should  be  included  in  the  policy  of  environmental  protection. 
Because  wind ﾑ sand  engineering  requires  a  lot  of  investment,  labor  power,  materials  and 
funds,  only  by  adopting  the  above-mentioned  principles  can  we  get  an  idea1,  cost  effective  de ﾂ 

sign  plan  for  wind ﾑ sand  engineering. 
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is  bermed  with  earth  up  to  the  height  of  the  second  f100r  win 
dows-  The  atrium  is  covered  by  a  special  "selective"  sheet  o 

polycarbonate,  mat,  tion  greater  incident  but  angles.  allows  to  ぜ which  the  penetration  The  en sheet  geometry  reflects  within  of  most  most  of  the  the  of  range  such  roof  the  radiation  of+/-9"  direct  was  delermmed  solar  to  incident  the  radia no s a 
that  during  the  hot  hours  of  the  summer  most  radiation  is  re- 
fleeted  oft'  the  roof,  while  during  the  winter  most  of  it  is  ad-         -  Sede-Roker  -  Tfie  Inier- 
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occur  The  and  need  reduce  for  heating, heating ,  in  this  building  is  significa 
duced  by  the  earth  sheltering  and  the  berming  of  eart 

outside  walls  of  walls.  the  building  It  is  reduced  face  the  even  interior  further  of  the  since  atrium, the 
the  to  the  temperature  affect  of  the  are  solar  higher  radiation than  1  3n  tl the  .  outside  The  little  temperatur healing  n 
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summer  a  very  large  evaporative  cooling  tower  provides   air  to  the  atrium.  This  tower  is  supplying  the  courtyard 
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f100r  level  of  the  atrium  was  designed  in  such  a  way  as  t 
store  most  of  the  cooled  air  at  the  most  used  area. 
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summer  use. 
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