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)

B HHE A O TR & e wOE AEREAER HmEESE
IZhDDEE
(%) (kg/ha) (%)
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Kobresia pygmaea
W24 )| DEHE  Kobresia humilis 80~90 3000~4500 6.8
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=)0 AR ) Stipa purpurea 30~50 375 LLF 37.3
AR E Y Orinus thoroldii
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& RSEEO Ceratoides compacta 1~ 3 150 1.8
RO RY B
BN 0D BLHH Kobresia humilis 80~90 1875 LA E 0.8
, Kobresia spp.
RO B Ceratoides latens 3~ 5 300 2.8.
‘ Artemisia spp.
AR D Kobresia humilis 80~90 1875 LAk 1.6
REAEH Artemisia spp.
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£ 1 Fy MEBEO THEDOAOGA)

H R 1985 1990 1995 1997 1998 1999
PIFE™ 32.39 35.66  38.33 39.28  39.62 39.79
(RIFE™) (13.83)
BEERHh X 46.39 49.72 53.06 54.46 55.12 55.70
HIEHIX 26.10 2830  30.28 31.15  31.39  31.80
BRERIM#X  49.98 55.38 59.96 61.77  62.38  62.97
(B ERI) « 9.13)
P sth 1 X 26.58 29.95  33.03 34.49  35.04 35.65
o] BB X 541  6.13 6.85 7.16 7.22 7.30
MEHX 12.63 12.91 14.04 14.43 14.62 14.71
# Bt 19948 21805 23555 242.74 24539 247.72
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Ny MEDIWED 54%HBF Xy PERBRREAIZEFELTNWD I LIl d, Fv b
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3o 1990 EDRFT AN 185 TATHY, 22 10 ERMITIZ LA EE{LLTHA
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TN QLOKETRELTNDE, 22 10 EROF Xy N AL DS Y 535 H
Nz D,

1996 EOF Ny NEEROBRFEFHIL 36 FRTHY. 1Fb- Y OFEEIL
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ED 1) OFERIT 3.92 AThD, F<v FEBEICKNT 1 FbE D0
HXIEBDZ VDL, FEED 5.03 A, FIBY 4 J/VERED 4.76 ATH 5, Zh
5 3ERITVTHOHERERICH Y . PEEREOZWVEROHIBTH B, BiE LDE
BARH 200 LIARVE, 1 Fbk ) OREENERREOHIB TEI T & izo0
T, ZOEEITHALHTIIA,

3. Fy PHEROITER S & BiHH E
3-1. FEHOHBRS EFNy b
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Ri% 1985 1990 1995 1997 1998 1999
maAan 1994808 2180520 2355540 2427357 2453869 2477195
BIE Tibetan 1909693 2095561 2268749 2339796 2361319 2388009
E % Han 70932 67407 67772 69205 73841 70145
Elf%E Hui 1529 2269 2357 1933 1848 2098

I& B 1% Lhoba 2036 2325 2690 2699 3064 2796
FAEj% Monba 6445 7463 8084 8204 8327 8420

#ATEHE Naxi 871 - 1260 1092 1087 1075 1084
251 Mongolian 72 79 - 118 96 . 47 83
1% Nu 227 37 394 258 275 292
& Zhuang 31 50 31 45 44 48
JHEEHE Derung 80 32 21 40 34 35
AR Lisu 62 15 23 75 109 42
+#% Tu 90 116 150 158 165 162
%% Man 81 168 171 186 191 190
F 4% Bai 36 173 61 91 67 114
i i Bouyei 12 7 5 13 10 13 -
HEERIE Uygur 6 10 4 8 4 4
& 1% Miao 42 70 82 87 95 117
iz Yi 21 36 35 37 42 46
EWE A Xiaerba 1403 1819 2131 1836 1848 2060
Z A Deng 1097 1248 1494 1432 1407 1397
=Dt ' 42 34 76 71 57 40
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mETE. THFR] 2 1B LWIHIBASERADEREL ITRL> TS,
W5 ~HHNF TIFo T, T THBELZIT 554, BENE ) /BR) 70l TE]
R, BRERR DD, OEBFEO», QHEDITER RO, @RBIFR DD,
PPSRL BB ERLIELIESB(BA, 1997, 74—V FTHETLIHE.
DECHTHERTILERDH D,

3-3. F_y FHERD TTEKX

F_y FERER, THESE LT, 6HIEK L 1 ST b TND, FRICHL
B4 5aLpE™ (Lhasa) &, ﬁ%ﬁ@%%ﬁﬂlz (Chamdo)‘\ R E DM E HL X
(Nyingtri), FEERO UE#IK (Lhoka) & BRERIHIX (Shigatse). AR o> FR gty H X
(Nakchu), X iz, BEIBOFEMHMK (Ngari) THD(E 6).

Fy FEBRICE. 1999 FHRE, OITHY TS 6HXE 11, @ICHESETS
623 R L 97 . BN T 5 6406 3D 5 (R 3). ARBUFHMEE LI 1982 F
11 2063 EOEEN Do =D T, 21 FEMT L BICE TR LI Z &L 5,

TIRETHET B L. PO b L bEOEEEAME T, 203 EHY . K
W, BEHE O 142 ., BREHEO 147 B THD, Ty FERRIZEBITLT
SRTORE, HROBBIZLVES L, B 4ITRLTHS,

3-4. Fy bk HIRROERHIE

WHEBMERE OB & L TEBMRE S OMEN 1978 FOERD b I 11,
T DFER. 1958 Eznfb%)&ﬁiéﬂ'ﬂ\f:)\&&ﬁ%ﬂl&ﬂi\ 1982 ElTiTELE ST,
Z0%IT, BREIENERE LBAECE>TND,

ANEAHSIE T, A EERBEEERE VOB TR STV, BE
DEKHIEL, B IE-HEZEES>HEMLE WO RBAREN TV B,
AE&&%E#B%H%Em@%ﬁ@&T@&BmﬁofméoOW@J%@E@
BFETHD,

AR - REBUF (720 1)
EEXE = NEZER (6406 )
A EERR - R/

BHRFH - EFFEH  GTFHF)
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= 3 F_y NEIRROEERE BRE

# X  Region m B’ B #m R BZEF BRI

EEX HTh TEL HGRA FAN)

fIFEH  Lhasa 1 7 48 9 324 464 25.55
E#HHEX  Chamdo ' ‘ 11 118 24 1815 8.09 54.15
\EFH#X  Lhoka 12 56 24 592  6.00 2813
A% AIHX  Shigatse 1 17 174 29 1711 9.31 56.95
M  Nakchu 10 145 2 1527  5.74 32.66
MEME Ngari 7 29 7 232 1.0 6.37
HEHMX  Nyingtri 7 53 2 705 2.03 11.05
s 1 1 71 623 97 64068  37.11 214.85
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SR Metok KARIE Miling £81% Zayul /& Namshan %&%5 & Lhodak
&7 & Lhuntse $£ 382 Tsona iR-F 8 Nakartse 7 B & Tingri

BEf% IR Khangmar FE#E IR Tingkye {HE R Dengpa B H 8 Yatung

#HE R Kyirong FEHIK Nyalam FEE I Saga B Gampa LR Purang
FLiZER Tsada B & Gar B £& Rutok

MBI City-Proper 47 T+ I} Medro Gongkar LR Taktse
HERETEBE IR Tolun Techen Hi7KIE Chushur BARE Nyemo 2115 Metok
K& Miling #7318 Nyingri % & Pome E[BIE Zayul B8 Namshan
TR Markham £ B R Zogong &4 Lhorong 52§ & Palpar

T93 & Nedong LEE R Dannang B & Gonggar 2 B i& Sangri

B R Chong-Gye %515 Lhodak NZE & Gyatsa B8 Lhuntse

A BT Shigatse BiAR#RIR Namling JTTXIE Gyantse ZE B & Tingri
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TEfE & Tingkye H£ R Kyirong ZFH K Nyalam
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% & Bachen /B3R Nim K& & Gakyi thlIE Gertse #8)8 Tsochen

#JE B Lhundup TAALEE Kongpo Gyamda E#FE Chamdo

IL#R Gyamda E# R Gongjo FHEF & Rioche T F & Tengchen

£ IR Dayak /\ 75 & Paksho #i#2 18 Chosum #£3%2 Tsome

£k I% Tsona IR+ F & Nakartse =& Ngamring #&P & Tongmon
B IR Khangmar BRI Yatung @ E & Gampa 4018 Dirl 3218 Sokshan
E IR Purang BFLER Tsada ETIE Gar B +& Rutok

 HEIX City B4 T+ Medro Gongkar #EEfEE 12 Tolun Techeng

g7k R Chushur B/RKK Nyemo # & & Lhundup 755 & Nedong
#L$€JR Danang B & Gonggar 2% B & Sangri Bi% & Chong-Gye
BRI Shigatse BEAR# IR Namling TR Gyantse BBAE Panam
PR Lhatse #fi8F5 & Thongmon

HEBETEEE IR Tolun Techeng #+J& 1& Lhundup % & Pome & B Markham
THH & Nedong #LEE K Danang EM R Gonggar LR Gyantse
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RR7TE =  BEZES Q01FA)

R EIIBAREICK Sy STV 5, IESRICIE, BULOEF#EOREMTH S
TEHEBEAON—FEORUEBELTVASZ L3, BALE~ORBELREL L
TEDLNTVD, EL, ZOESIL. BRENTVWIHFLENL I TH D,
BEDOZ I, BEV bEDIES RBERBTHS LBLTNS LS T FADE~
DABLEHREL TN DL IHBENLEEDN TV H(BHA, 1997),

ANEAEOMEEIT, 1978 5 12 BICHE SN PELXERSE 11 #H3 hL4 TR
ESNTBMBREFHSREIOEBILZ2bOTHD, ZOBEDOHEIZ L - T,
ABRAREESNT, BIEUTE) LR E (RO £ 0BT DHHI~LBIT LT ot 2

DFfER, TEOREDBELEERIIL. EHEBRE EE & THEERE L LoT
%o ZO TERMREEHSKE OFCEBSNEZDN., BEOBZ LB SR
?éF%%Eﬁ%ﬁﬁu.%éwmf%%iﬁﬁﬁﬁJﬁbéoL#L\¢@®%
X, BUMOFTEEITZ |ARAT) ORFHMORETHD IEMAREEVEHERL
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ANRLIAEHIN D TRELEEBREH) ~BITLT, TI7RAOE G L7854
MPDNANSREERIEMENTEY | T OREOEITSIZITRO) > TV

v,

4. FRy FHIBEOBE, ¥, BEE, RE

4-1. HEEEE |

Ty PETRETIE, 1999 DR T, 45 {8 7700 5 T(641 {EM) DRAE R
ERLTWD(ER ), £D O 5, BEAEN 54.0%, BELEN 43.9%% HH, [
HTREED 9T.9%%E ED TN D, HELBREOREEIDTN 21%% DD
TEIRV NRAHARERTD 1978 42 Tid, BEAFED 39.80%. BELIEN 59.9%
EFEDTVEDT, 27 20 EOMICHEOBIRTNEL, BEAED ) 584
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% 5 1999 4 D B AR EE DA A FE (BT

BHCEDRAEE 4577  (100%)

BEERARE 24.72  (54.0%) PR AEE 20.11 (43.9%)
BWEE 17.42 . (38.1%) RED 7.57 (16.5%)
1t D 1E4 4.83 (10.6%) IR - 104 (2.3%)
BammER 137 (GO0 00 % 5.97 (13.0%)
FRELHE .11 (2.3%) E 0.12  (0.3%)

' L EN T 5.30 (11.6%)

PREERR A 0.92  (2.0%) Z D 0.12  (0.2%)

e 0.02  (0.1%) |

R TR B R EHEtBiR. [ERR 8 2000]
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IIFHRETEIIENZNE I THD, LU . ZNODBENFTLTVAEZ LT
AXREEPIEE LIEOBIENEEEEZ B L TNDA I & Th A,

Bt
i

4-2. LBE
FETIL, BARZBREOREEBICEDDTNEFNOEROEIEE AT, Hil
DIHEHE T LD 5, BRSREDKREERIC LD IZELORELSE
RLE-STEY ., 1995 FOFEREDEERL 29.7% Th D, HHNTRD &, 1995
 FOEBEROE—(LIZTFIBE T 50.0%, B ALIXF Xy EIBX T 48.4%, E=1fz
BT 44.7%, HIALTALR T 41.8%. BRAIWIIET 36.7% & 72 o TV
5. MBOBAZNEL EIAX T 34.0%, FBY 4 /VEEKTI9.8% Th 5, &
BE LTy NERRIZE BIZFy FERIZHY, v/t “/*/‘ODﬁﬁdmﬁéﬁé
EDEELR->TEY, ZABRLOMBIOEBETIIRELNRVEEL 2> T3,
LT, AR WINEOBEROFEIIIT ¥ OREBETH 5, k_l:?i&'ﬁ?&#l::é:ﬁﬂi

RETOHBELRENTEIIER D72OIT, I TEBRENBAIITOILTWS, £

o, TR EL POERENBALRLZALLTHELATEY, 1995 £0HE
2D 7 5 ORIRE 4 8 4200 FED 5 5 15.9%I2H 7= 5 7090 HEEHM)4 TH
BENTWD, PETIHEERRICEND, FrAKERREL, RRNOEENEEIC
BMEOTND, BT, BE~OFERE, ZOBRAEEDHEREXZTNDDH
ERNTOMNYERavEETHSD, L2L, hUER o VEEDREE S LAt D
ETFRNENEARERZELHLTNS EEDLILTEY, FREFFIZY >, B9,
=U M) DAELHEZRETEREM o T\5, EE EABEEICSDAEAD
EIAITET L TRV 1979 45D 94.3% 55 1995 ££17 11 T1.2% £ TIEF LT3,
CORRESBAICE, FREOCRESH AL TVD LEDI TS, Wit
LTH, FARLERADHEBIKITHFET 21T TH Y. ZoERAE, YR, Fy
FEERICBITOERAEEICLEELE XD THAO L, £, BROBRENERE
KﬁﬁﬁﬁéT%ﬁﬁﬁéq

4-3. BEEEOIHDS
F_Ry FEBRRICBITAXEREENTH S, ;f“% I, £ OMEEHED A
ER)DRAEEOWBER TIRLTh b, 3HE L GEL LITHRAEES TN
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LTRY, 1999 FITid, BWiZ 9275 bl WEIZ 155 by, WmEME®IZ 45 b
VOMEEREDHITTND, 1999 EORAEEES 1990 ELHBTH L, ThTE
NL5ME, L7/, 24L2->TRY, B, MEHEMOEMSD 23 B3> T
%, Bt e BERTSREQPFEORREN, Fy FEBRIZBWTbLRLND
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2B, PETIEIWEEHE LT, Ty ks, 7HF BIv, e~V U, #A
TIRRFE SN TND, 1995 EDEERIL 2250 F M ThY., FORFIL. 7
AL DN 45.5%, T F XN 43.4%, BT YR 5.6%. FOMMEE5%THD, &
A XD BHBPEBMINTVER, FETIIF A XITEEBIEY E LTHR., HEHE
PNITE DRV OBMEBITH B, TNy NEBEKTIZMBHEY & LTF & XDHH
STV B,

4-4. Fy MEOEE

FRy MEOERITY 72N (Rafy) Thd, BT L. v FOEL
(ZAES TP E EDRIT, KEZHMCLE S ITKREEZ VS TNBHRICHL BT
LB, KERBEICENVAEBEANTECRL, 22044 AX 5 AN TE
KPEERD, NFARFLFLNETT, A AERIICIT, BBV L S ITAN
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EIZIZED ZENNEEBRSTH Y  WITTOH/~EDL TLTF LT ED L
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I HIX 5 (& 2700 578, AREHIX 3 & 2800 Ht e 72> TRY |, FMEMRXNKIE
T1{E 7000 5L THD(H 12), HHERBMIK, AIFETT. (LBFHIX CidiAEEEICL
DHRELEEDEIEN 58~6T%% 5, BEREHOMIKTHD, —F. ik
X TIIHREERIC LD BEAEDEIAIT 29%I2T &, /-, FEMRX TITE
HITIEL . 10%IC & BEREROMIBETH D, BEHRIIZ 15 DFREICAL
BELTRY, MEEBICLOIBEAEDCERIILE Y L 50%THY., BELHK
BERECHEEZRF > TWVWAHIRTH S,

5. BELEICHDDE—REEOHAT
5-1. B—REFEDHIML

PR EEARIZAE T L THIN L. 1999 4E1% 106 f&57(1484 (EM)ICE LTV 5,
T OEPRAEREI 5D A E—KEED L = 7L, 1978 0 50.7%H b7 Iz
L. 1999 FFid 324% X THE DL ZATWVA(K 18), ZZ 10 EHOEMEIEE RS
&L B—REFRIT 24 BEMUIITTERVR, FIREEN 6.7/, FEZREE
BATELHEML, TSELVRERELZ LITTW20030015, ZOFEMZ, F
ELficonThEZBHIETHY, 22 I0EROENEE*RD L, B—KRE
SIT 2.7 RN LI S, BORIERIT 45 5, SIRELT 3.7 4L,
WERHBRPBREIRELZBBIE TS,

ENBEEICHEDLIB—EXDOY =T HBEICBDS LTI LR BIoRE%
THE, BRM BERHEN] DT TERBME] LTWBZLTHY, S5%DE

$x



EEEKky/ N)

BERIAHEY

By
600 1 N
B A4FH
500 A I Jecth
Oy
400
300 A
200 -1 01T Tl
100 -+ wlve el
0 ,.. ...........
1981 1986 1991 1996
2
11 Fy FEBRICBIT Y. R, A7 DE

B1AbEYDAEED 1981~1999 FEDHRE.
(FaE B I X He et Bim. THEBEHEHEE 2000) )



WA (B5e)

e

e

e,
S
—_—

10 |

NE@

\\\‘
T
e
i

NN s

felee!
\

! v
Rk B WUES AR Bk RIERE AE
THIX 44

M 12 Fy FEBX THXIZRIT B BE, RE M
D 1999 FEDHAEE. »
(TR B TR E Bim. [ERBTE & 2000 )

60



100 r

AE=REE
O%F _wEE
BE—IREZE

B
Bt
H 50

%‘g

:.,.. .. ...... e ,,7. 777;

AL J::.j}/;é&é%%{%%%?@%%/gﬁggﬁg

Pt 22 W

L 7 o S o o o
1978 1990 1998 1999
s
13 Fy FEBREEBT3E—k. Bk, 4K

EEE DO EPNKAEED 1978~1999 EDHT.
(BB B X AR R, [Tk 2000] )

6/



BEGWEEBRGRES ROLENRH D, 4

FRy PEBRTE, B, B2, BSREZOTNENOHT CHREA DIZE
TLiTEmML TS, LaxL, FELHETIE, E-REXOREADIL1991 £%
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1B, BEOPHEEDTNBEDTHS, -

53. THBRICIT 3E—KEEOREAD

Fty N EBE T, 1999 E0OB—KELOREA DL 02 T A, B KELI
X6 FA. BSREEITIT 25 FAREZELTWAE 15), 28T 5518137
NEN 74.4%. 5.2%. 20.4%IZHYT 5, PFEEAETIE, B—REEOBREADD
Bl8i13529% THY, ZOHBELEBRLTH, 7y AR CTREBEOHLEDS
WZ ERbhB,

THRRXTHET? &, B—RELOREADT, BRAMK T 27 FALES
ThY., ROT, EFHET 20 FAREDTND, BEEHOMBHRREIET, 5
TANETERUN,

6. REFE
6-1. BE1ADEY OREFREBOHS )

FRy NERRIZBIT2ER 1 AH ) OENKBARE, BERARE, BRMINA
#® 16 IR LTHD, WEFMRBRNHBEIILE 1978 £L 1999 E# LTS
&L BRI ADLYOERNKBEREIL 11.1 5. BERAEITL 8.2 . BRMIRAIX
17.2 DU L 725 TN, HiC, BE 5 EMOEMAEE TH Y, 31T 2510
THEML T3,
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1999 EDF Ny FEBREOER 1 Adb7- Y N AN 1268 t(1 £ 14H & LT,
175 7600 ) Thd, ZOHEFIE, FED 31 AR[FEET) T LT, &K T
?%éo%Ny%E%Z®LK<é®@\ﬁ%%@l%ﬂi‘EM%®l%3i?‘

Do —H. B EAIT EWERTD 5409 75(7 5 5700 ) TH V. FXy FMETBRODIE
T 415 ThBH, WOTEEE EHTVE0IF, LEFD 4227 56, HHIE D 3948
TETHD, BR1ADRZYHPARE DO, WTFNbIRIEORIHIINE 25
Thd, PETE, HICEHLTVWIEDE ) BUM» L L TENTHY . ZOR
EILEEETETMES TN D, TOREIL, SEBRBBOERO BRI REHXIC
FZLEZNTWETDTH S,

COEBE 1ALV ERMNACIL, ERPERHEE L REDLEREBESNL
CEHBATNE, ZORWFEY. S0, REFATIIRVEAE, BR 1
N7 ) ERBFINA DK 35% % 5D TWVWD EEDATNS,:

62. 1 AbEYORRELETERDOHEHEZE :
E T 1949 EORELUE, BRLBHERE OFEBENFICHEL ShT
i, Ty FEBRIZBWTH RISFOMENRRE SN TEDR, BRROBFTHBKE
‘ﬁ$@@WT%ﬁfb6#%\:@%%ﬁwo%OF%T%éOHEO$HV\ﬁ
DOFFIZHEMLTNERB, ZORUVRIHFETEREEERT S EbTHNTH D,
1999 DRR 1 ANHT7 Y DA 1258 T TH 523 EHERDINAIL5998 T & |
5.3 fEOFTBEENEL TVWD(E 17), WERRBBRNER <= 1978 Fi
BRIFTERLEOEEITB2M/ETHY. ZOKRETENUBRLHEFELTNT,
1990 FEiZIX 2.8 Th o7z, & ZAM, 1990 L&, T DREEITELTLRKL TN
- - |
DX REEIFELEIZONWTHERDZ L Th D, PEHBFIIREDTD
2 OEEBEZELTWVWDDOT, 1995 FLE, BEIHEEL2ERICH L. TE2
ETIE, 1999 FORROFIBIHT M ERDOITEOEREIT 2.7THTH D, b
eI, BROFEPPE-TH D EEBHTIE, HEIZ20FTHD,

7. FBEEAEPE
7-1. BHMEREOHED
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FRy NEBX T, BHEEIIZ Z 30 FEMIFEACEILLTELT, 2
ha DREZHER L TV D(E 18), FEMBESRIFEL HIE L7- 1959 40 BHIE
1% 16.8 75 ha Th o 7c, T 5 10 R T 5 75 ha DEHINE -1 BIZE Sh.,
FREOBMEREOKEIEEL TNDE, 7y EHBRIZBWTEMEFINIZE A
EEELTORNEWN D T &1, BISEATRE A L M52 D B B CIC BB S o
KLTWEZ EERLTWS, FXy FOMEOXbIZ. ZORE L EHEER
TERIZh-oTEEZ LD,

1999 FDO/K HEMEIX 930ha & T TN THY . £FD 0.4% % HH TV BIZ
TERV, KEIFEBDBEWVHEHKIZSH S 721 T, oMK IZIZKBIZZ2 VN
19), MAHMEREIL AERAHX TR HL <. 8 7 3300ha, 2D 36.2%ha % 5,
WNT, BEHIRAS 5 75 070ha, 2fED 22.0%ha % 5. Zh b 2 HIEK TLED
EDUEEEDTND, MK EFTEMREIT, EERE 72D BT
8600ha. KD 3T ERL, T HEOME T, (ERREIERTIETH Y.
WENEERELERDDIISKRTHA I,

BHIERIC > TR 8, REOYEEICH - TV 5 RHEHOHIE,
CERBERLTWRY, EWHERESD S, [TERFEE] b, HEMGBEE 50
T, SHRBENRLETHD LFERHLTVWD, —RICIT, EROEBMEREIL. HHE
DEE LY 20~30%Z V& ELI T3,

7-2. BHOEFEEOEIE (EEER)

F_y FEBRICBW TR OBEBEEIX, 19604 X ¥ 1977 F£F TE 0.5%DE
& CHRECHM LTV 20), 1989 4E2 1990 £EIT 72.4~72.5% & B % 6%
L2t ZOBIET L. 1999 41X 65.6%172 > T,

FESETIL, BHOBEREIT 1985 FICKEEZTEHE L TVD, Ihii, AR
LI BRI L 72 DT ARFIMERE DHERT . #81E S DICHTRBRENMET Lic/ed T
bb, £, 1984 FETII, RBEEREREREIT CVEDT, ZORBBEAILER
EICHTIRDPo7, &AM, 1985 FICRIBEENKIBICEE L=Z &b,
CORERI a—XT v 7 INDZ Lilleotz, T DORIBEDREREZR B =D
MOBRBLASFE S s, Z BN OBMBILIL, BICKFHERZ T 2R %5
RTINS, K ﬁﬁ.zxm#ﬂﬁ FRBEBER BN THS, PREFFOIBENHI
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SN, FE2ETIIEMOERERIL 1985 FLUBERTHEMICH D,
F_y FEBRED TITBX THET 5 & BHIOBFERIIHRKICI Y REER
ST, RIFEN, IUETHIK, BYERIHIK Cid, EIESRIT 83% Ll EThH 5 (X 21),
LI AR, HEHOBEHMIKX T 25%., REEOMEMEK TIL 52% L IRV KEILDH
B, IhD QMR TIHEHERELZVOT, SEOERENYHFENDS, BHEFHD
Diev, ALEOME X TIL 4% TH D05, FEEROFTEMX TIX 2% L HY, Z0
RERBENZOWT, BHITHA DL TIRRY,

7-3. {LFIEEIOGE R

F~_y FEIRE T, 1999 EOLZIEROEFAEIL 2 7 6800 b Thd, €
D5 LI, F v VIS 175 2500 b A(LED 47%). U BRAEES 4100 b
(15%). 7 U FEEEAS 1500 T (6%) fLERAEE)AEEE)S 8600 k2 (32%) TH 2 (K 22),
BANC LD RERENRROND N, ZOF v VIEBES AT 2EmTTELEIC-
WTHEZDHZ L THD,

1995 E0FE2EDLFEEBOEREIX 3594 T ThHO, F v Y EER
2022 75 b (56%). U M ERIEEIDS 632 75 b 3(18%). b U BRELIS 269 5 b 2(T%),
{LRRAEEIAS 671 5 b (19%) ThH D, F v VIEBHI AT, U ERIERHE 1 U JER}
RHEVITHIEN, ZOIEE 3 BRONT U RAOBEE N, (LFIEHORASIRE K
EETERTNDEEDLR TS, BEMRAT L RAZ . N:P:K231:05:038
LERTOBR, BT, 1:0.3:0.08 L72oTW3, Bz, # U HFELTH
HZZLIEAHLNTHD, SEREONTUALZHETDIHIC, PEBFFIL1: 05:
0.25 #BIEL LTREL TS, L ZA8, 1995 FICFEENTEESR-{LE
JEEIDO N:P:KD/NNF AL, 1:0.836:0.01 THY, & VUIEEARET BEMIL
—BE o> T3, |

CEIEROEREEFy FEBED 7 TR CHET S &, BHAHEKO
9200 kv LRIFERTD 8500 b U BEED 67%% HH TV A(X 23), {LEAEBIOME
ABIXEHEEORE X LEFICEEL TWADT, 10 T—LAbl-h OF v VB
BIOERETHET S &, ARAMX, fAkEd, FIEMX T 6.7~6.8kg, 10a,
BEHK & |LETHK T 4.9~5.3kg /102 Th DA, EHMHE TIE 2.8k, 10,
AR X TIE 1.8kg,10a LIEWKEIZH D, T OEFITIILAIEH O S B E
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FTVARY, HEERCIE, (LZIEROATHERE 8500 ko 5 bF v Y Bk &
D AEETL SI%ITTE T (LRIEEIS 54% % 5 TWD, ZOLERIEEIDO NP K
DEDZEIERLNL RV D TCIERREREZHE TE RV, EB LARIEEHI N
P:K %ﬁr@fi"ﬁﬂ/\’@ﬁaﬁ*ﬂfé el &bz, VUBER LSV EEOERED
ORI LY 2T &b LT, AIFET CIE 2 MM O IR EENERE S v T
B ENHESND AFETICIIERR S 57201, S EEENERLTRY,
FOIDITRERNOERVPKHETIELRBELTVIRRETHAS>, ZD LD
72 REFIIEHEERL, REMICBOWTEWVEEAEELER LTV EE LMD,

IR LT, RREMLS DO BENEEOMK TIL, BRO L 5 R EEEE 25
TN B & e, A ERAEENH D BNN D B, RARRENLE NS,
EEME LITD720I, 27 Ty YBBEZES LW O EMIIREREE TEHEIC
RondZ e THD2, VBESEDVIEREZHATOIZ L0EESLSZ, BAI
BRIZERTRETHD,

7-4. VEROFILEE

F_y FEBRIZRBT 5 EDBIORBEEEOHER LN 24 ITRLTH D, A7 4
X, OA¥, EEHEMSREBERE RS E TV AR, BT, v AL A TETH
DL TNWB, 1999 FEDOFRIEEHES 1990 £ L 5 &, A AXTILE.8%, =
AFTIE 26.3%. HEHEH TIL 5.8%IBERAEM LTS, —Fh, < AETH
39.9%. A T T 86.5% bRIEEMABD LTV B, B L FA 0 EMILF LA
AR LT B, |

1999 £ DO FEEEREIL, A2 A X4 12 7 7100ha (57.0%), =2 A7) 5 F 4700ha
(24.6%), TWEHE®A 1 75 7100ha (7.7%). ~ AFEHS 17 1800ha, EF¥AS 7400ha
(0.9%). FX Y 1E#73 4700ha (2.1%). A E3EH 200ha (0.1%) TH D, X b B
BRETEAFT AX L 2 AXTORERLED 81.6% % HH TR Y | LO/EY DRIEE
BREDLDTORNI ERHETH D,

Fly FEBED 7RKCRET 5 & B ORSERLBEAME TR bE
<. 87 0600ha THY, RNTEMHK TL<, 57 1700ha TH5(X 25), =
NODHMRX TIIFF LAFFIEOED2EENEL £2FD 62~67%% HH TV 5,
ZIUZHR LT, RIRET & ILUEFHIRK Ti, A4 AXFBEDO L5 DEIAI1T 44~49% &
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B 2o THY, ZD%H, ALXOEDSEEGHE RoTND, MlHIK L FE
MBI, SUETERILD 72V S, T8~B84%MAF AEThH B, F_y b HIBKORE
(AL BT B A HIK IS AYEL sl % S Te 7o 31T, f DMK & 1 E 570 < B o
eI E — 2 k7o TWE, AT LAXHEOEBEIL 22%I10T X9,  AXHE
BEET, 38% % HHTWVD,

IDEHICRT L. Fy EBEOBEHEIIKE < SBECHETE 2
5 Th B, 1 DIRHBMERRREHE THY . =2 TIHE< » b TEORSES
F o AFRER R LOBENEETNTEELRD T ENTE B, ZHUADHIK
THL, A A X BLOERIZBEREENTE 8, T bRIEIC2 T 2 188
S hoobh B, KIEET & ILEHIK 2 S T RIEA—# Tk, 7y [ OERKIR
A LXFIEND, BIROF L I AFRIE~LBERLSOHDHZ L%, T bR
BIGRLTWS, —F., BERIMK & BEHMIE T, AL LTAFLAERBLO
EHHRBEREEN TG, L1 L, THHOHK S, kL, HIER & gD
FHENZELTHA D,

7-5. EMDAEEE

F_y FEBRIZEITS, 1997 EOAF AXLEEERIT 44 75 7000 R ThY .,
B AR LA LREAR LI AL 28 5 3000 hThB, T AFAEER
FEESED 0.2% %2 HEDTHBITTERVY, TFLXEEEITTELED 10.4%
ZEHTNS, \

TRy FEBRIZBITS, TFLF, FILX, Lo AXOEERBOEB LK
26 1T RLTH D, NRAHBIEDREILPRE o7 1978 FEn D, ERITEIL S
1982 £, S HICEDEDIBED 2 ML, AA AL T AXDOEEENRKEL
BEHIATND, A3 LAXOEEEIT, 1983 41220 5 3000 M FETHL AT
b, 1986 4 & 1987 DB H IRV T, IEFTHAL T 5, 1999 D774
XAEERIT 5251000 N ThD, £ AXOAERIT 1988 FEETIHTH b
DIRIETH 07273, 1989 0> BIENTER U, 1999 FE DL = A X AFE &1L 23 75 8000
P Thd, EALXOEERIIRNEREGOREBLTHY, 1999 E04E
B3 7754000 h U ThH B, |

AA LXK LLALFOEEERIL 1988 F L VIERITHEML TVER, ZORDH
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SEEIL, TALXT 8%, 2 LAFE I LFLEILFOEE) T M4%EML T
Bo &THN, 1999 FEDAEFERY 1988 F L < DL, FALETLE . 4=
AXT34MELRoTVD, AL LAFLL I AXDEEBOHEMPRIEEEDOIELKR
P D DO TR EIZA L TH D, EEREDILT L {LFIEEOHEAD
BRPEEBDEME bbb LERERORETHA 5, Fiz, AL TIIH B AE
DREBBEATDITI B, Z OB A BEOBA b ABEOREI 13K = < ER
LTndeEZ2bhd, LML, ARRBEOEAICONTIEE 72 < BEMN 2,

F_y FEIBETH &b/ 1980 FREFDOBBEEDOEKIL, PELSHEICD
WTHRONEZETHS, TOFEEITRD 2 BB S TN,
OBZDOEEN, REXEED T LEBLTHKBIZETEE L EXETHT
BB, 22T, BROREHE~OBHNMET L. ©LA, IHOFICEEA
T2 X575, ,
©@OW\T, 1984 FEE THA L TEHRBAEEICKT LT, PREFITHLRED
MRIEZENERSNLTND, DFED, B LTV HIREO—HHNLER L, 28
AEREOBRILERLTLEV., BBRAEE I T OBE LOEBEB L EIB L
IEPERREEDOEEE LD L, LEDLTWVS,

INODOREREREE 2, PREFIZEBEELER L, TORR. 1990 FELUE,
RBAEEITHERL TS, o

1995 2, PREFFIIRIEDORBRELRKE L C. [REBEREES) 2=l
TWD, ZOREDRRDIRE IX, ﬁﬁwiﬁ%ﬁi@:ow’ﬁnﬁ%éfﬁ: LIeEE
DEEZTITEZDZLTHD, ZOEBIIDREFREL., 1995 £LUE, ABAE
ITEML TS, Xy PERBRIEZBN TS, ZOHENYREZREEL T, REE
BEZSHE L 72D & 5 BT, -

FRy NEIBRED TITBR CTHET S & (EYOAEEIT AR TR H L.,
3575 2100 2 Ch D . K CHIEHTH< . 17 75 8500 k2T 5 (E 27, #
BEECII2MOEMMEREEETII 4L L8> TND, EFME It d A%
DEEBHPEED 65%% D TVHDIIH LT, AREMPILUEEHKX Tk 33~36%
KT ET, abFLEEDEDIEENE N, ZDX I, z“:z‘Aﬂefc:{zka’f— LT
2 EBEMX T, BRFEHEICHE L TEYOEERIIE, 4%, RFEf CoRE
A, BFHIXPL HRAIMX ~NEA SN D FRREIIENTH A,
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7-6. {EMDEIL

&2 WX QBINIE, 1991~1995 EDRIIAE < EBL T B2, 1996~1998
1713 5450kg/ha TRIE L. 1999 £1Ti 5980ke ha TH 5 (X 28), Fa L
CAFAXIRBRICEEL CREET 52 b, BIROEREDNT 1978 £ DI
ERBICHEB LTV D, 272 L, 45X 1996 D HIUX 3900kg, ha 7> HF L
DKEZHER L TVAHDIZR LT, ELAFTEM L, 1999 413 4930kg, ha &
2o TG, 1999 EDA A AX OEINIZ 3950kg, ha TH D, ZD X H iz, 1999
FORNEZLET S L, £ AX LFELFLOMITKN 1000kgha O, e, F
S A LA A AE L ORIC B 1000kg, ha DEAX 2db B, & T AE L FFAXL
DENTITH 2000kg, ha DEEERH Y., A LXDEI 3950kg, ha BT 5 &,
EIT, BO%DEICARD, THETERICERbIIE, BEMICAERS T 2BRT
DTHNE, TALERELZ DT, X LFHIZIHVBEL-FNEBETH D,
ERE, EEE TR X IIC, IFAXFFEZOEEWVELS TX T AXREORENRE

. PIRETCILEH X TIIREEMEICHE LT, BVWAEEELERL TN,

1995 D RELKTO 2 AXF DBINL 3540kg, ha Th B, = DEDEILD 1
PLiEALI T C 5830kg ha, 2 fiZiX LA T 5140kg ha, ZL T, 3 (IR F Xy
FEIER T 4800kgha TH D, B 25 1TH DL HIT, 1995 FiFF vy FEKRK
TLELEBEBHELRAAIZETH Y | T ORIKDOFE TIX 5400kg ha DB E B
FTB, 1999 DL T AXDHINE 5980kg ha, &= AF OB 4990kg/ |
ha, @& #RAICLABEIUL 5708kgha THY, FXy FEERIZBITD 2 A
XOEEMIZIFED My 77 FRZR>TWVWS, 2D X 572 2 AXDOEINF Ry
FEBRIZBWTEWVDIL, [KERKERE>TWVDINLTHAH, béb L ik
HThY HRFEARVWI L BEREVEDICEENDORIBONL L LR BE
ZL . BERKBEHRELFLS Z L, TODICHENE TORMBIRWZ &2
ER, A AXOEERIZT T AN THEIDTHA I, SHIZ Rk L X ) iZ,
EBRFEOZFEFIERDORADT R EFBRERICHEL T BtEE LT
WaEEZHND,

8. HE
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81. FHEDOFAEEK

F_y FEER TIL, 1958 FICEE X1 1982 F£IXMRBIE & iz ARAHORAME,
b P OEREIT 1958 D 474 FEM D 1981 D 1371 HEEE THEEIETIZ HEN
LU, Lan L. ZD%, &Y P OEHIE 1100 FEOKETEELTWS(E 29),
YXEUDOERD 1985 FLE, ITIEFEHEOREEZHERL TS, 1999 Eo¥
¥OBEHIT 585 FEE. UL OBFHIT 528 FECTH D, 2B, U DEEITIZAA
Fay, ¥7, vV eY s DHEENEENTVD, PEEFHEHEED 1996 FIR
T Py FRIBRICRIT S 1995 FOFFOEHE 95 75 4000 e LT3,
COEEE Y ORERNLE LB WEEY 23 _TY 2 ETHE. I OEDD
EIIE 82.3% L 725, IIHK COEBRORWETIE, 49 FEOYL DI b, ¥
23 34%., Y7 D 58%. VirL¥ s DHEEN 8%E HFH T, DLk ST, HEFLE
DY EDBERYD YT OEIBITHRICL D RE BiroTVB LH#EEANS,

ZOMDOREE L LT 1999 FiZ 51 TEOFEDFAET SN TV HA, DR
. e AR T1.8%, ToR8 26.7%, T 20%% H5DTND, 1999 0T Z Off
BEHIL 22 FETH 5,

1996 EDFRERTIL, VB EDRFEOMREIL 560 FEETHY, 205 by
1T 121 FETLED 216%% EHT WA, = OREOTLR S BHS 78 5
EFRy FERETIIERRI14H7-0 1.27THOREZFAAELTWA Z LIzt b,
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HIT DM bE< 2 Y. BEOETHH TS S, F<y FEREICE 146 FEO
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39 I2F Xy PEBK TITEROFZREDOHAELRL TN D, 7 F OHFAERIT
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CHIFEMR 39% L EV - ERRIEA L LTHIHTE 3, 7FIZRENRENDT,
100% %% 5= L RBEL SNTWS, FELETH, 1995 07 ¥ O MR
116%TH D, .
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BB, Fy FABKOHMRIL, 70T 2. EYPTL/3DKETHD, &
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NEBK L FEE CHATSN TV E Y V(Y X2 EL)OF T, BHOLORS
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BREL 91%ITbR> TS, EFMREITFRAETCHTF Ny FAKKE TRELE
N UV EERBCEDICHRE LTV ARRDEEbDOTHS H, £/, BIITH
BRI XS, HEt LU izEEhd, v, AA Xayu, ¥7, Uyve¥Io
HBEOEIEVALNTIIROD, BFHME TCIXINIEEICI TS Y7 DMENS
BRRASNTWDRESENEDH D, ZOHRICONT, EHIT, FELLBETIHLER
H59,

85. ¥BLNVITOEE |

FRy FEBRICBITDERE A ITOEEIT, ZZ20EMILAEEHL
TWRY, 1999 EDEERIT, XA 7940 F o, ¥EDEAR 1450 b, B3
TH640 FrTHDH(X 42), EEINEEDI L, HREEOM¥EEIT 1.1%., L
HOY¥MERIL 65.5%, € OMAHR 33.4%% EHH TV D,

PEIZBNT, VI 7 OEERIL 1986 ££0 3470 k178 1996 £ 9585 |
VET 28 BICAB LTS, ZiUE, 1990 ERIIDH DI I 7 EE R R
WAL, BENSELEED TS, FEICBIT DA I T AR, AEV L
CIEEBREETHY, ZThZh 3534 P (2D 36.9%) & 1527 k(20
15.9%)DH S I T #EEL TS, FXy FEER T, FELED D & I 74
D 6.2%% EE LTS, A ITEEOEMIL, EIZ, REVIALLEERICE
BN YITYXOBEHEMCE > THbENELbDOTHD, LI585, 1995
FERRIIHVITHREEIBRIETLTNS, ZORKOBERIIV S ITORED
BT THDLELITWND, 10 FFLERINOFETRBLED I 7 YEORIC
ISTERDY X L DREBEREZEETN TNV O TH D, MOEEETHRED
EBRZ > TWELELNLTNS

AITIEPEAFIPBERAE LTI ITYFICEZ TS BARETHY ., Th
ERELRBRECEESRD, HIT + T—ADEE, BE3~TELFA—}
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EI1Z 3 = T F(Pashmina) & FEEIL TR, 18 HHARICR - TI—1 v A
DBETHEZAERLY, B2 T7(Cashmere) & FEEND L D 27807, H T3
—ATiEL BEL, EROBVENRBETEESNL, Ty PEDD LV ITH
BERRE LCHESNTVD, EENEL, BET, MEDCENRL IS TAE
Shicboit, BEKLRY HELZREICRD LEDR TS, PEIZEBIT 518
R I10EROIVITEEORE X, TILL DL REDEN S T3 T REE
LTWERTH D, HIZ, TRy NEREOT VITHRRESNIFERR 5 ThH
A5, BIERFRy hEBE T, BHOMBHIEEY VI TAEOFEEZ2 LT
VW3 (X 43~45),

9. fArHERE
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Fiy FEIBK TR, LAHMOIEER L LT, FX Y SRR EESR TN,
EMFIE O Z FE ORI AEEICERA L TV ORTH D, ¥EIL, T4 L5Fh
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L CHBT 5, J

FAy b EERITET 280 Y SR OREEHIL, SOOEREBNH DB, Z
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ha Th Y., WHEH LR 1ERDE ) DEERIE 4620 b2 Ths

FRy EBEO TABKCEET S &, 1999 i EHBE TEHLTH .
FA Y R ORSETEREIL 2940ha Th 5 (B 47), 1999 F0 U L OEK CLERE
BB, FRy FERERETIEY Y 1Y 0.87kg DEN Y B R A LT
WBZ IR BH, BEMRETTIIY Y 1 b 2.25kg DFN D A% & AL
LTWB L EiTid, BEHMRKIISREESE SAZEERFy M IBEOF TR
bE< . BM B OAEZED T, U DRBEMPEESICEATNE LEXD
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MBI Ry ERRE LD, THEED T, RITONTND 2/ THRNE ST,
SHIZ, ROIRT, MBEZCVBD LEDLEZA%, FEOL S T T E
LF(E 48~50), ZhEHFRT, F~ELRY . FEICOSTF CHBSES, H
BV NS OEERHTH T LORE R TV AEOIHER Iz, BE< BB s
DL RLEEDHERZEDLIZLNTE D, ThEBLARAOFER L LTHEL TV,
COEICHREL R EZRATHOT BT, OMET NI R A TWT
by TRy FORRIFE 7oK KUTHIT RV, o LA, FMY BB O & HR
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9-3. EHOEREE
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FOEFEREII TN T 26 5 ha, 28 Fha, 75 ha Thd, v hEAKKEL
AETH, 1991 2D 1999 £ % TICEMOEMEEIT 3.7 I M LTV 5, B
BT & 9T, BEHIE TIE, FRCIN I EELZED D00, EHOEEREH
%< L, BEHOEELENIEEIENZ L TNEDTHA S,

9-4. FIFFRE/REHIEAE L BV VAL B RS

Fy b BIBRICRIT SFIAFRER EMERIT, 1990 £ Tt 5500~5900ha
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JER7ZEMERENT Ry FEERICHEEL TV 5D, EHOKBCEE 2 8T 5 720
2. REEMEVOREMEASND, REEMOHEIIL, EYV6HEE Y1
HE LTEHET 2. 191 0O F Xy b BIERIZE T 5 ZEHALIL 862 HFETH Y,
1%9Emaﬂﬁﬁk\8ﬁﬁﬁﬁmbfw&wo:@ﬂ@ﬁ%Nw%E%EKE
WTHERTEDIRROREFE ThHA D, T OFZHEA & FIFA W e EHITER D b
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DITHERTH A9, .

BEHOBEVIALRIT, EOMFZ LR L CTEHMEAHREL, FOEEZLIIEIE
DIHIT, FRy FERTIIEL 20T TE 7, FXy NEIERK TiX, 1982
FIANRBINZHE L TEMEZRRICHE L7272 9IT, 1984 41T 80 5 1000ha D
BEMAEVIAENTZ, LA, FEOBBORERIRHEORAT IR E, B
AHDEEEPRRE ST, TORIIRESEHL TV D, 1991 FEDOFHVVALEH
EFEIX 47 77 7000ha TH D, FEBENL 1 Ed 7=V BFIHTE D EVIALEHEE
134952 0.055ha (2T E T, BAAOEMEREE L Tik+4 Tk,

Fy FEBED TITBE CHET 5 &, 1991 4 0F| A AT A2 5 HATE R 1335 i e
R23ZeH L THEL ., 2580 75 ha THY, FXv NEBEE2ED 63.0%% HH TV
2 58), FVVIAAEHERLNHHE TEL, 80 7 ha THY, ¥y hEH
XKD 63.7%% 5TV 3 (X 54~56), *

9-5. EHh - FEFREET |
Fy PERBRIZBOWTEM - SESFZHEL, BFEER L TCWIEKER
X HAEAMXERTEEEZFEAL T, ZELAMT S22 B0 T, LTIZZED
MEZRELTBL, |
ZDAT—ia i, 1984 FITRIL &1, BE. HIiTE 10 £ (FHEBo TEAM
5ALEVEI3 A, TOM24) LBFAY v 7 35 £DHFFE, HIFERIZEEL
TWb, MERIZLLTO 58N ER> TS,
) HEREREBRE
b) WERETOEEEM
) FEINIT%E
d) ER%
e) A5
a) PERIEHRE
% 140ha ORBREB T, T2, < ABKEOBEHRELTo T3, '7’/1/'77’
LT 7 DEEREED 80%% HEH TS, ik, A1 — 7 a— (Melilotus
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IDAF—va Y ORRESTRE L L 25, -‘P%’&ié.%'ﬁ 2600 b,/ 10a ®
BB BIF ST LIRTE B, IMFEOEEREOHTESTHY | 7572 ) BVINE
ThHhOLEHMWSND TAVT 7 NT 7 UADEFITNTNOAENCEALLL LD
Thd, 1998 LIV FF LT r~v—InHbEA LT A7 REORT, EFEIC
AEMOBNLORESDP-oTEBY, BT, EERZBRHELTNS

IDAT—arTiE, FHMICEBRBREEZRE L CTHRERRELIToT& 72, 20
R v ARKEIEEOB L TS, BB, 4100m l_w:f'zi%zf%b‘i;‘*ﬁ Lz &
WHBAL, E£Z T, BRIZIZ, 1E5 3000~3800m TOFIEZIEFHL TW\D,
4000m A ED & Z AT, PEEROA IBKETH D, HBE (Blymus
dahuricus) REER (Elymus sibiricus) DFIEZREIL T 5,

e, BAAFABORBEBRICERTDII L L, ZORT—Va VYOEERE
B RoTND, FAN. BEOBHRBOELE LI, 641 bHEE>THF
LX, aLXDOUZERBTDEOICHEEL TV, The, EEHRORRELH
FEEL, BETLIILL, ZORTF—VarDEED 1 DER->TNE,

IDRAF—a T, 1986 ENLFA L—JHD R YER 3L OREEICRY
MATND, HREERENERLEZFR 2 BRI OHMBICE L TRY., 4A£ET
5000 k> 10a DIREEHITEZ &7b§'C°-‘é‘< D, BEERIHX Triims+EE L T,
FEHEEEMZERTIHELEDTBY, TOBETIE, FyErads - HAL
—ODEBRERLRDTFETH D, BRICIIINETOL Z AR LTWRVA,
EMAE L E UTRIERIERDHEERE, E L, bUToa gt ER T
5 ETEELZRS>TWSDA, 10 7(140 M) kg DV 5 HWEF &, 50kg,10a
(F oY e LTH 10kg 10 L EBRA L RZITIZRB2WTF v VIEBIORE TH
Do ‘

b) BEREFOHREEH

T ZTIi3K 280ha DEHKRERT LT 77 7 BIE) TREDEFZIHFELT
W5, BFE, FRy FERESLEBERH TV ADT, BEAMKOBREICE
FTEAA LTS, BEOEFITHT2REOEZIIIEFITIR | £ENIBV-ON
CRVRRTH S, BT, BEREICESDICHAT 5 FEE L CORERENER
LIELTHD, TAT 77 7 DBRFIERTHIBEPEL B> TNWD, TAT 7V
7 7 HEONIE, FA LRI AN BRI LTV, TAT 7T 71, KT
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X TBREOCLXE] LMHEENTEY ., KIEFEINTWS, bledic, FEOKERS
BORTIE KEDOE] LEFREN TN D, FEORVERT, KFIIRNI L%
Lizfed L3722 &b, TRE] LW EZEEHEDONL TS S LY, A%AH
ROREROLTNT 77 7 DFFOEWABEECKEMIIKSEELEL D TH D,
c) BRI ‘

BFEHEEL TV EMNOHEZINEL, EZHEEL TS, 205 50
BO% L, DIV 0% DEE LIRS L CUEME MK~ 7 =— )% 630 b 1E
S2TWND, ZORRKIL, EEFOKFAFL L LTRARIZREL TS, 1995 £
X 1997 EDBETI, BBEAMROR bWEDKE ho BT, FALTVS
Y7 LY UDRBERD 40%BET LT LE T, TDRT—a rTHELT
WARFARE D, SEORERKE VLA TER,

d) RS | |

F_y FEIREPEALEREEERL TV 5, 1985 FEiZ, LA HLEAL
RBEBOBK2EE, TAVIPLEA LT 20y 7 BEERROEKR 25 &
ME2EENER L RoTWD, Tany /BEEATHIZ LT, REDEI AR D
REULEAH T2, REBOBANIRRDBSOYEETH D, Lol Iﬁﬁ%ﬁliﬁﬁt
BEBNZEPRHALEDT, —REBOEELTEXLTND, BE, EL<HAZ
NTWDDIE, TEROMKICRABERETHZ & ThHD, ATEREICHLRYEA
B, | "

e) 4%

1986 F, Y A Z—NTE B0 EE/ENLEA L, RFEIZ, XvFor - 3
CHEFRY 4 FVBRREPD FRT TV AT T U AL R L Bbi3) % 100
FHEAL, TOILDOS0BEEZDAT— 3 VRE|&EFiT, Zho0 T %F
RALTERD YV OHRIZEMY A TN D, BHA~OBETHEOT VDL, T O
UVICHET T U ERE LT TEEREETH D, B, CDRF—Lm Ui
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#% 6% Stomatal conductance behavior and single leaf transpiration of

two winter wheat varieties in a high altitude environment, Tibet

Hokkaido Univeréjt)f M. Larry Lopez C.
Hokkaido University K. Iwama
Sinsyu University K. Suzuki
Chinese Academy of Sciences  X. Zhang

Hokkaido University H. Takahashi

Abstract

Adaptation of crops in the Tibet Plateau such as winter wheat that is
 extensively cultivated in many other areas of China needs to be studied.
Diurnal measurements of leaf stomatal conductance (g9 and canopy water
balance were made on two hybrid winter wheat cultivars growing in this area.
The most important characteristic of this study site is the change in elevation
which produces several environmental changes and consequent responses from
the plants.

The effect that a high elevation envu'onment produces on the factors
controlhn;v leaf transpiration (%) as well as the effect caused on the stomatal
conductance and stomatal characteristics were analyzed . Maximum ,stbmatal
conductance for winter wheat was higher in the Tibet Plateau when compared
to other studies conducted at sea level which is also in accordance with other
alpine plants that were exposed to different elevations. This study suggests that
also a change in the abaxial-adaxial stomatal density distribution ratio could be-
caused by increases in light intensities and duration. Leaf to air vapor pressure
deﬁcitﬁ (Dy is increased by larger leaf temperatures in relation to lower air
temperatures. However, leaf temperatures are lower than those found on leaves
at sea level. A clear hysteresis curve between gs and [ and between £ and Dy
are thus observed. ) increase combined with an also increased diffusion

coefficient for water vapor might be the reason for large values of maximum
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stomatal conductance and leaf transpiration. The dependence of leaf
transpiration on net radiation as it cén be determined by the decoupling factor
(Q)) seems'to be enhanced by larger values of g found in this study, thus, leaf
transpiration is dominated mostly by equivalent transpiration (). Finally,
the radiation pattern and water vapor deficit characteristics of the Tibet
Plateau play an important role on determining the water loss from winter
wheat. As ambitious as this conclusion might sound it is not applicable to this
huge area since mountainous environments creates microclimates that not

necessarily follow the pre-established concepts of high elevation environments.

Keywords : Energy balance, High elevation, Stomatal conductance, Stomatal

density, wheat

/57



1. Introduction ‘
Stomatal conductance and boundary layer conductance increase with
atmospheric pressure reduction at high-altitude sites, implying that the
transpiration rate should also increase with height. Nevertheless, this relation
as stated by Monteith and Unsworth (1990), depends on the relationship
between stomatal conductance and boundary layer conductance, and on the
vapor pressure gradient. It is now possible to demonstrate in the laboratory the
dependence of transpiration on stomatal conductance if the boundary layer
conductance is large relative to the stomatal conductance (Jarvis and
McNaughton, 1986). The question is whether this is applicable to crops in
natural conditions, especially in field environments with characteristics as
‘those found in high altitude environments where the most fundamental
physical effects are the decreasing pressure and increasing windspeed with
increasing altitude. These variations combined with increasing global radiation,
the diffusion coefficient for water vapor and decreasing W:ater/ vapor pressure
deﬁc:it, longwave irradiation, and the thermal conductivity for heat in air with
increasing altitude (Smith and Geller; 1979, Korner and Mayr, 1981) play an
important role in determining the stomatal conductance behavior in this
particular environment. High. altitude also produces many characteristic
morphogenetical and physiological features on plants due to modificative
responses that adjust the plants to the average conditions of radiation (Larcher
1995) that might have an effect on the water status of plants. _
The largest fraction of terrestrial evaporative water loés passes fhrough
the microscopic stomata pores of plant leaves and is thus related to the
transpiration. It is not possible to state that leaf stomatal conductance is
enough to predict transpiration but it is, in microscopic stomata pores of piant
leaves and is thus related to the transpiration. It is not addition to LAI, the
major component that is under biological control (Korner, 1994). The effect
stomatal conductance has on the transpiration rate can be determined with the

coupling factor (Q) defined by McNaughton and Jarvis (1983). When the

coupling is strong, air vapor pressure deficit (D, and stomatal conductance (g

control leaf transpiration. On the other hand when the coupling is weak,
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transpiration is contfolled by net radiation (Bn). However, extreme values of Q
are not always found in the ﬁeld and transpiration is according to crop and
environmental characteristics proportionally dependent on D, stomatal
conductance and net radiation respectively. The value of Q has been
determined for a variety of crops and trees. For wheat it was found to be 0.6
(Perrier et al, 1980, Baldocchi, 1994), meaning that 60% of the evaporation from
the .canopy.corresponds to equivalent transpiration (dependent mainly on &,
- and 40% corresponds to imposed transpiration (dependent mainly on gs and D).
Winter wheat is extensively cultivated in China and has been also introduced in
Tibet at an experimental level with very promising future in terms of quality
and production. In order to understand the mechanism of adaptation of these
plants in high altitude environments, it is the intention of this paper to analyze
the winter wheat water movement at the leaf level in relation to its
environment. Few studies have dealt with this topic before, and those conducted
have used alpine plants (Mooney et al., 1966; Tranquillini, 1976; Smith and
Geller 1979). Thus, the objectives of this study are to analyze the diurnal
variation of stomatal conductance of two winter wheat varieties under high
altitude conditions and to examine the stomatal and énvironmental control on

the transpiration.

2. Materials and Methods
2.1 Study site and crop

The present study was conducted at the Agroecosystem Research
Station of the Chinese Academy of Science in Tatkse, 25 km from Lhasa, Whicll
is lécated at 29041'N 91°20'E at the north bank of the Kyichu river, in the
Yarlung-Zangbo Valley, at an altitude of 3688 meters above sea level in the Tibet
autonomous region (Fig. 1). Average monthly temperatures range from 15.3 oC
in July to -2.2 °C in winter and the atmospheric pressure is.on average 65.0 kPa.
The mean annual rainfall (1971-1979) reaches 420 mm (Fig. 2). Like most of the
Quinhai-Tibet Plateau, the Yarlung-Zangbo valley has few cloudy days even
during the rainy season in June, July and August. In Lhasa, more tﬁan 80% of

the annual precipitation occurs at night. In summer, heavy rain usually occurs
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Fig.1 Location of Lhasa Agroecosystem Research Station of the Chinese Academy of
Science in Tatkse, 25 km from Lhasa between 29°41'N and 91°20'N at the north
bank of the Kyichu river, in the Yarlung-Zangbo Valley, at an altitude of 3688.
meters above sea level in the Tibet autonomous region.
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in‘ the evening; but at dawn clouds disperse and the rain stops. Two other
advantages of the Plateau, important in farming, are long hours of sunshine
(3022 hours a year) and a favorable temperature range.

For this study, field measurements were conducted in two hybrid winter
wheat cultivars (T¥iticum aestivum L.). The varieties studied were Zangdong
92-66 and Zangdong 90-11. For an easier understanding of this study, these two
\Varieties will be referred as Hybrid 1 and Hybrid 2 respectively. The seeds of
‘thes‘e two varieties were sown on October 17, 1998. The flag leaf appeared by
 the end of May 1999. At the time of the measurements (July 9 to 13, 1999) the
vegetation was dense with an approximate LAI of 4 and the height of the crop
was 1.13 m. For comparison between leaf and air temperatures, data
(unpublished) obtained in a \se‘parate experiment conducted in May 1998 in
Nanpi, China, which is located at N 38°07' and E 116°45' at an altitude of 10 m
above sea level. | -

2.2 Stomatal conductance and stomatal density

The stomatal conductance of the flag leaf was calculated from the.
diffusive resistance measured with a steady state diffusion pofometer (Li-1600,
Li-COR, USA). The photosynthetical active radiation (PAR) was measured by
thé quantum sensor attached to the porometer (Li-COR). The porometer was
calibrated before each measurement session. Ten leaves of each wheat variety
were measured on both sides at one-hour and two-hour intervals on clear and
cloudy days respectively. Measurements started from 9:00 in the morning (after
dew had evaporated) to 19:00 in the late afternoon. Due to variation in stomatal
conductance between individual plants, the same plants were selected for each |
variety throughout a day. Stomatal conductance measurements on Hybrid 1
were conducted July 9 and 13 and measurements on Hybrid 2 were conducted
July 11 and 12. The first and second day of measurements in both cases
correspond to a clear and overcast day respectively. The equation used to

calculate stomatal conductance is
8-8+8 @
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where the letters uz and /refer to the stomatal conductance in the upper and
lower surface of a single leaf.

Stomatal density samples were collected at the center of the leaves (Card
board, SUMP laboratory, Tokyo, Japan) on the upper and lower surfaces for
hybrid 1 on 13 July. Stomatal density was determined in the laboratory by
means of a microscope (OPTIHOT, Nikon 216954, Japan).The leaves chosen for

these measurements were the same used to measure stomatal conductance

2.8 Leaf Conductance
Combining the stomatal conductance and the leaf boundary layer

conductance, it is possible to calculate the whole leaf conductance,

I 1 1
—=—t— @

gl gs ga

where gsis the stomatal conductance on a projected leaf area basis and gz is the
" leaf boundary layer conductance for water vapor (mmol m2 s'1) that is obtained

from the equation

eorely) () o

c

where uy,is the wind speed (m s1) at the height at the top of the vegetation, d.is
the characteristic dimension of the leaf, which was foﬁnd fo be 1.77 +0.28 em for
our leaves. This expression includes vapor transfer from both surfaces in
parallel. T is the leaf temperature that represents a very close value of the
temperature in the leaf boundary layer (K). u, was estimated from the wind
speed at height z (u; m s')) by the logarithmic wind proﬁle equation (Monteith
and Unsworth, 1990). Wind speed was measured at a 4m height (KADEC-KAZE,
Kona System, Co. Ltd. Japan)
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‘.ln[(zv ~d)/z] W

where z,is the average winter wheat height (z, = 1.13 m), dis the zero plane
displacement (m) equal to 0.64z, and zyis the roughness length (m) equal to
0.13 z, for a range of relatively dense vegetation types (Campkbe].l, 1977; Jones,
1992).
2.4 Leaf Transpiration

The flux density of water through the stomata on the leaf surface (per

unit surface area of leaf) is given by the expression

E, = g—f—’ (5)

where g7 is the leaf conductance of both leaf surfaces per unit surface area of
leaf; Djis the leaf-to-air water vapor pressure deficit at the leaf surface (kPa),
calculated using the leaf temperature as measured by the porometer and Pis
the atmospheric pressure (kPa).
2.5 Decoupling factor

This decoupling factor (Q) defined first by McNaughton and Jarvis

(1983), for a symmetrical amphistomatous leaf is estimated by the following

equation,

Q= ____(‘iﬂ__ (@)
(8 +1+8¢/ )
/8

s

where, g5 is the ratio of increased of latent heat content to increase of sensible

heat content of saturated air. Q;is a measure of the coupling between conditions |
at the surface and in the free air stream. It can vary between 0 (for perfect
coupling) and 1 (for complete isolation). The degree to which stomatal
conductance controls evaporation from leaves and crops will be determined by

this factor. In practice, evaporation can be expressed as the sum of an imposed
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component and an equilibrium component, as shown in the equation

(7)

imp

E=QF, +(1-Q)E
As is clearly seen from this equation, the importance of this, too, depends on the
degree of coupling of the leaf or crop to the environment.
2.6.1 Imposed Evaporation (Epmp)
Boundary ‘layer conductance is very large, heat and mass transfer are
very efficient. The surface is well coupled to the environment, so that the

evaporation is proportional to the leaf conductance.

c
Eimp = (1—;’7) gIDa (8)

where ¢, is the specific heat capacity at constant pressure; /7is the latent heat of
Vaplorization; ¥ is the psychrometer constant and 2, is the air vapor pressure
deficit. |
2.6.2 Equilibrium evaporation (Eey)

When the boundary layer conductance is very small, heat sand mass
transfer between the surface and the atmosphere is extremely poor. The surface

is poorly coupled to the environment so that evaporation is mainly controlled by

net radiation.

_ &R,
E, = i) 9)

where R, is the net radiation.

2.6 Energy Balance |

The partitioning of available energy between sensible and latent heat
flux was obtained by the Bowen ratio (#)-energy balance method. In this study
only the hourly averages values calculated over the daytime period will be
considered. Specifically, those calculated from data obtained between 9:00 and

19:00, the measurement period considered for stomatal conductance
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measurements.

Assuming that the transfer coefficients for heat and water vapor in the
turbulent boundary layer above a crop are equal, and substituting the

appropriate driving forces for sensible heat (&) and latent heat ( 1 B) gives

Pp ‘ \
P, ar _ ar (10)

g H_ Fre, ar_ ar
P9 = 0620 he | he

where A is the latent heat of vaporization and AT and Ae are the temperature
. and vapor pressure at a series of heights within the constant flux layer. These
values are found by plotting the temperature at each height against vapor

pressure at the same height. Eq. (10) is combined with the energy balance

equation,
Rn=G+H+AE (11)

where R, is the net radiation and G is the surface soil heat flux. Obtaining the

following expression,

(12)

Net radiation at 1.6 m above the ground every five minutes was
measured with a net radiometer (MF-11, EKO Inc., Japan). Soil heat flux at a
depth of 0.5 cm every 5-min was measured with a heat flow plate (MF-81, EKO
Inc., Japan).

2.6 Soil Moisture

| Soil moisture was measured with a hand-held readout unit for theta
probe (Type HH1, Delta-T devices, England) three times a day, at 9:00, 13:00
and 17:00 in both winter wheat fields. Measurements were conducted at
different points within the same wheat field respectively. That ié, the

‘measurements were conducted 15 times in the hybrid 1 field and 15 times in the
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Hybrid 2 field. Finally an average value is obtained in the morning, close to
midday and late afternoon, thus a daily pattern of decreasing soil moisture can

be described.

3. Results and discussion |
3.1 Micrometeorological conditions dun};g the experimental period

The daily averages of solar radiation, air temperature,- water vapor
pres.sure, and PAR are shown in Fig. 3. The meteorological conditions varied
considerably from day to day, but two sunny days and two cloudy days could be
clearly distinguished. For sunny days solar radiation ranged from 174 to 1080
W m2 and for cloudy days from 76 to 1190 W m2 . Although the values seem to
be in contradiction, the daily course of the solar radiation curve follows
completely different patterns, with a vperfect sinusoidal pattern for sunny days
and rather unstable values of short wave radiation (%) for cloudy days. Air
temperature ranged on average from 9.1 to 27.1°C during the measurements.
There was not a big difference in air temperature on the respective days, except
for July 11 when the minimum temperature was 6.8. Vapor pressure deficit
ranged from 0.38 to 2.0 kPa for sunny days and from 0.21 to 1.9 kPa for cloudy
days. It is difficult to compare this value ‘With :anéther location where winter
wheat was also being grown but it is suppoééd that D; increases in response to
the decrease in air temper'ature‘ associated with increasing elevation. PAR (as
measured by the sensor attached to the porometer) ranged from 99 to 2100 u
mol m?2s?! for sunny days and from 65 to 2500 xmol m?2 sZ for cloudy days,
following the same trend as with the solar radiation. This data is not averaged
data and might differ with the data shown in the ;gi'aph. Wind speed, contrary to
what was expected, was very low ranging from 0.1 to 1.1 m s'1. Wind speed is
supposed to increase with higher elevations, but mountainous topography also
plays an important role in determining the pattern of windflow, as seems to be
the case in this area.
3.2 Partition of available energy and Evapotranspiration

The components of the energy balance are shown in Fig. 4. Of the four

days considered for this study, two days showed a clear sinusoidal curve
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denoting a clear day and two days were clearly covered by clouds at various
times during the day as it can be deduced from the irregularities in the curves of
12 and 13 July. Total net radiation closely followed the distribution of solar
radiation and was estimated to be equal to 80% of Bs (2= 0.99). High &, can be |
attributed to a low surface albedo and low longwave irradiation (Smith and
Geller, 1979) associated with a decrease in water vapor and lower surface
temperatures at the experimental site.

The diurnal partitioning of energy balance components on a clear and a
cloudy day in the winter wheat field for hybrid 1 and hybrid 2 respectively
shows that in both cases (clear and cloudy), most net radiation was consumed by
the latent heat (2 £). In sbsolute terms, maximum LZ values reached 516 W
Am'2 and 487 W m2 for hybrids 1 and 2 in a clear day respectively). Sensible heaf
(H), though low, was much greater than the soil heat. This pattern occurred
during most of the day, though values were similar in the early morning and
late afternoon. This indicates that more than half of the energy received was
used for canopy transpiration rather than for heat transfer. The prdportion of G
relative to B, was in agreement with the value of 0.06 found for Pavon wheat
found with a linear regression analysis between In(G/E, by Choudhliry evt al
(1987). This indicates that &, was almost completely attenuated by the leaf
area index (LAI) at the measurement period.

Daily evapotranspiration estimated by the Bowen ratio - energy balance
(Eq; 12), ranged between 4 and 5.1 mm per day. The lowest value corresponded
to 12 July (cloudy day) and the highest one to 9 July (clear day) respectively. It
is important to note that cloudy days in this context does not mean continuously
cloudy but rather a more sporadic cloudiness aé it can be observed from solar
radiation in Fig 3. Although July 13 was also a cloudy day, evapotranspiration
increased by an increase in water supply due to rain on the night of July 12.
3.8 Soil Moisture

Soil moisture in the experimental site is dominated by water s_upply
from rain. In other words, the crops being grown here are rainfed crops. In the
pattern of rainfall in the Tibet Plateau, rain predominately falls during the

night and rarely during the day. During the experiment this pattern was also
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present and in the evenings of July 8and July 12 rain occurred, which increased
soil moisture, as can be seen in the data for the next days (July 9 and July 13
respectively) (Fig. 5). Soil moisture decreased during the day as it was being
used mostly for tra’n‘spiration since the LAI was big enough to cover most of the
soil surface. According to Deanmead (1969) soil evaporation for wheat is only

about 5 % of the total evapotranspiration when LAI reaches 4.
- 3.4 Stomatal conductance, leaf couductance and stomatal characteristics.

Fig. 6 shows a set of hourly stomatal conductances of the upper and
lower leaf surfaces. No clear relationship exists between the upper and lower
surfaces conductances of individlual leaves. All the data in thi.s figure are for ten
flag leaves of two hybrid winter wheat species (hybrid 1 and hybrid 2,
respectively), and indicate than on average, the ratio between the conductances
of the upper leaf surfaces and the lower leaf surfaces was 0.67 for hybrid 1 and
0.78 for hybrid 2. These data are also confirmed by measurements of stomatal
density on both surfaces of hybrid 1 (ab@dal, 39.44 + 5.53 and adaxial, 59.71 +
7.44), where stomatal density ratio bétweén the lower surface and the upper
surface was, on average, 0.66. For amphistomatous leaves, such as wheat leaves,
it is common to find higher stomatal conductances in the lower surface of the
leaf, though the opposite also occurs. The data found in
this study is in agreement with Korner et a/ (1986) who found that for the
Ranunclus species at higher elevations, stomatal density on the upper leaf
surfaces was twice as many as on the lower surface when compared to the same
species at lower elevations. Koy and Rasmusson (1970) found also that exposure
to different light intensity and duration might be the reason for d;'fferent
stomatal density distribution for barley.

Flag leaves within the canopy had different stomatal conductances as it

is illustrated in Fig. 7, where the diurnal variation of averaged stomatal
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conductance (sum of adaxial and abaxial conductances) of ten flag leaves is
shown. The variation of g; among leaves can be attributed to position of leaves
within t]hé canopy and the corresponding exposure to the solar béam.
Conductances during the morning reached on average a maximum of 560 mmol
m2 s’! on a clear day for Hybrid 1 and 343.8 mmol m™ s'! for hybrid 2, also on a
clear day. For cloudy days maximum stomatal conductances were 475.4 mmol
m2 s and 315.7 mmol m2 s'! respectively. The proportion did not change for a
clear day‘, It is important also to emphasize that on the night of Julyi.?, rain
contributed to an increase on soil mcﬁsture, as was mentioned préviously. This
increase in soil moisture might be the reason for higher gsmax values than would
have otherwise been reached for hybrid 1 on July 13,_if rain had not fallen.
Values of stomatal conductance for lower elevaﬁons for winter wheat
(Triticum aestivum cv. MV 16) at the beginning of flowering were between 125
‘ mmol m2 sland 180 mmol m2 s'lin a experiment by Zoltan T. et al (1994) and
also lower gs values than those found in this study were fouﬁd in four winter
wheat cultivars‘after flowering in a experiment by Frederick R. (1997). Taking
into account that the bearing period of winter wheat is longer in Tibet than in
lower elevations, the measurement period corresponded to three weeks after
flowering. Values found here for stomatal conductance on hybrid 1 were also
higher than the values found by Korner (1994) whose data set restricted
carefully to include only values obtained by porometry on vegetation in its -
natural environment, as it is the case in this study. It can also be assumed that
values for hybrid 2 are also higher since the values obtained in the study by
Korner corresponds to maximum seasohal values. The value gsmay for the cereals
group was given in millimetres per second (11 mm s‘i)>, ‘and assuming that this
data were obtained»under sea level conditi(;ns the corresponding value in molar
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flux density units is 440 mmol m? s!. Korner (1986) also reported that for
several alpine plant species at high elevations’ in New Zealand maximum
stomatal conductance ihcr‘eased with respect to the same plants at much lower
elevations.

Despite the exceptional high values of maximum stomatal conductance
(gsmav especially for hybrid 1, maximum leaf conductance (gimar were anlong
the values described by Korner et al (1979) for cultivated Cs plants with a
similar average maximum value of around 200 mmol m? g1 as found in this
study (204 mmol m*2 s'1). From Eq. 2 and 3, it can be deduced that leaf boundary
layer is low due to a significant decrease in atmospheric pressure and low
windspeed. |

3.6 Stomatal conductance and D

Hybrid 1 and hybrid 2 showed different behaviour in their hysteresis

curves between gz and J;. On hybrid 1 there is a clear decline in &s after the

maximum was reached and values of gs after that are almost half of those in the

morning even é,t similar values of I; (Fig.8). On July 11 with almost the same

values of solar radiation (&9, on hybrid 2, the behavior of stomatal conductance

in the afternoon does_not decline sharply,‘ as is illustrated with a small lobp in

the hysteresis curve. Data for July 11 was collected only until 17:00 due to a

‘Very strong shower. Although the shower lasted for only a few minutes, we had
already mistakenly cut the sample leaves, believing that the rain was going to

continue for a longer time. On cloudy days the pattern for stomatal behaviour

on hybrid 1 is not sinusoidal in relation to a clear day, and this seems to be

- affected by the irregular course of solar radiation on July 13. For hybrid 2,
values of gs are lower in relation to a clear day. Moreover, in this case there is a

sharper decline of gs on the descending limb of the hysteresis curve.
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In the case of hybrid 1, when values of Dinax were high gs remained low
and when Dimax was low gs increased notoriously, especially in the ascending
limb of the hysteresis curve. It is thought that this cccurs as a mechanism to
avoid excessive water loss from the leave when Dijnay is to large and to obtain
COg2 when Dinax is small. Dj max values for hybrid 2 were not so different for the
two days recorded (July 11 kand 12). So that gsin the rising limb of the hysteresis
curve did not differ on this two days, though after the maximum was reached on
July 12 there was a sharper decline for gs.

3.6 Transpiration and D;

A larger difference betwéen leaf temperature (7) and air temperature
(72 at high elevations, because of higher 7} values and lower 7} values, would
result in an increase in D; Then this combined with an increase in the diffusion
coefficient for water vapour because of lower atmospheric pressures, would lead
to an increase in leaf transpiration. However, it is important to note that
despite higher values of Ti over T,, there is a decrease in T with respect to leaf
temperatures at sea level. Besides lower T, at high elevations (Fig. 9)
counteracts the effect of a decrease in atmospheric pressure in the diffusion
coefficient for water vapour.

Larger <iifférences in temperatures between leaf and air were also found
by Smith and Geller (1979) for alpine plants. Cohsidering this explanation we
proceed with the analysis of £;and its relation with D] The averaged maximum
leaf transpiration rate (E}J;,a;{) varied for Hybrid 1 and hybrid 2. Under clear sky
conditions, Ejmaxwas 8.7 mmol m2 s1and 6.3 mmol m2 s'1 respectively (Fig 10).
Under cloudy conditions Eim.xwas almost similar in both cases. Ejmaxon hybrid 1
is reached when I maxis low and a lower value of £} max corresponds to days with

high Djmax. This is in agreement with Takagi et a/ (1998) who found the same
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résponse for plants of wet habitats. There I, however, a discrepancy as to the
size of the hysteresis loop, which was smaller when Dinax was high in both
hybrids. As it was seen previcusly (Fig 8) for hybrid 1,.on July 9 when D max was
low, higher stomatal conductance contributed to increase £;. On July 13 a
sudden decrease in D;is responsible for an increase in g but the hysteresis loop
between Ejand D;continues almost linear for most of the day. Though.’the data
are few, it is evident that the hysteresis curve follows different courses from day
to day.
3.7 Decoupling factor

Hourly data of Ej at leaf 1evel in relation to gs for both Winter wheat
hybrids are shown in Fig. 10. According to Jones (1992), g;rather than gsis
suggested for the calculation of £, The results of calculating Z;for Hybrid 1 and
| Hybrid 2 were almost similar in both cases (0.625 and 0.64 respectively). This
value of E;was very similar to that of 0.6 found for Q.(omega canopy) on wheat
by Perrier et a/(1980). When &} 'Was calculated with & values were 0.8 and 0.75,
for hybrid 1 and 2 respectively, indicating larger values of stomatal conductance
in relation to leaf boundary layer conductance. During the measurement period,
windspeed was relatively low thereby explaining low boundary layer
conductances, which combined with larger values of stomatal conductance
contributed to an increased Ai. In this second éase, it can be said that D;is
almost co:mpletely decoupled to the air outside the ]bdundlary layer (D,) and
almost no control of the transpiration by g: is taking place. Fig. 11 shows that
in general leaf transpiration seems to be contioﬂed by net radiation. This is in
agreement with Baldocchi (1994) who found the same relationship between
transpiration and equivalent transpiration for wheat, although the study was

conducted on a canopy level. On the other hand if gris considered as the surface
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conductance, it would suggest that still a good portion of the leaf transpiration
is being controlled by the gz and D, Even more, it would suggest that the
relationship between the leaf boundary layer conductance and the leaf
conductance would not be affected by chaﬁges in atmospheric pressure inherent
to 'cbhanges in elevations. In this study, we inclined for the first option, that the
radiation pattern is changed at high elevations and this contributes to an
enhanced influence on water control of those plants where per se have already
an influence as it can be demonstrated with the deéoupling; factor.
4. Conclusions
The ratio between net radiation ahd solar radiation is much higher than
those calculated for lower elevations, due to a reduced longwave irradiation flux.
This radiation pattern at high elevations, a:é it is the case in the Tibet
experimental station, inﬂuenéed the behavior of stomatal conductance and
stomatal density distribution in hybrid winter wheat, with the adaxial-abaxial
relationship being changed by altitude and light conditions. Stomatal
conductance in both hybrids shows larger Values than stomatal conductance for
Wint;ei' wheat found in other experiments conducted at sea level. However, each
of them had different stomatal conductance values, which can be attributed to a
| different water use pattern or a different response toward lthe environment. The
decoupling factor values in Tibet found in this study are higher than those found
in previous studies for wheat at sea level and this is in response to higher
stomatal conductances and lower boundary layer conductances. Thus, the
control of net radiétion in tfanspiration from wheat seems to be enhanced by
these changes and by the change in the characteristic radiation pattern of high
elevations. | |
Crops that are adapted to high elevations can behave as alpin_e plants
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concerning their water movement as it has been shown in this study. However,

it is very important to define the micrometeorologié:al conditions of the study

site being used since mountainous areas as those found at higher elevations can

create microclimates with characteristics different to those expected, as with

the low values of wind speed found here.
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