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b
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e
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n
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a s e s o
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e

i t
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l
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b
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l t
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G
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i
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a

t
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e

d in Y i
c

h
a n
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r e

fe
c

t
u r e a n
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a

d
o n
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C
o

un

t y
o

f H
u

b
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i
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i
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l
u
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ng

t e n c o u n t i
e s a n

d
o n e e
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I
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c
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e
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a
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e
l d

o
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c
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d
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P
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l
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‘
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.
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.
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.
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P
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e

l
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.
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g
o o

d
o r a n

g
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l d i
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e
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b
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e e z
i
n

g in
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r
ie

s

t o e
i t

r

us h
a v e

h
a

pp

e n e
d

a
cc i d

e n t a
l l y

.

F
o r c u

it i
v a

t e
d

a
re

a e x
P

a n s
i
o n

,
r a t i

o o
f t

e n
d

e r s
P

e e
ie

s

r
is i

n
g

a n
d

o r a

ng

e
ry m

o v
in g hi g h

e r

re ee
n t

ly

,
s a

m
e

而
n而um tem Pera ture (几

‘。

)
n o

w
a

d
a

y
s

w i ll l
e a

d

mo

r e
1
0 5 5

,
s u e

h
a s

i
n

1 9 9 1

.

S in ee 1 9 7 8

,
c

i t r u s
i
n t h

e a r e a
h

a
ve b

e e n
h

u
rt b y

a
b

n o n n a
l h i g h t e

m pe

r a t u r e
i
n

b l
o o

m

an
d t

he 扒eld deereased heavily
.
F or exam Ple

,

ma

x
i

mu

m
t e

m P
e r a t u r e

( 几
ax
) ofZiguiand

Xi ng shan go tto 40
.
8oC and 4()

.
3oC in 3rd of M ay ,

1 9 8 8

,

w h i
e

h le
ad

s e r
i
o

us d ro P P i
n

g
o

f

flo
w

e
rs

a

nd
fr

u
i t s

,
e v e n t h

e

yi

e
l d (

7 2

.

4 % )

.

F
r e e z

i
n

g
a n

d
he

a t i
n

g i
n

ju

r
i es h

a
ve de

e
i d

u o
us in

-

flu

e n
ee

s o n c
i t

rus

P
r o

d
u e t i

o n a n
d d

e
ve fo P

me

nt

,
5 0 r e s e a r c

h 1
5 v e r

y n e e
d

e
d

a n
d

u r
g

e n t

.

N

少纯羚
-

HENAN

1.Badong2.Zigui
3.Xingshan
4.Changyang
5.1YiehangCity
5.2YiehangCounty
6.Zhieheng
7.Zhijiang
8.Dangyang
9.Yuanan
10.Wufeng
11.Enshi
12.Yunxian13.Wullan

二1 4
一

Y
a n g x

i
一

A N H U I

气

F ig
.
1 G eogra Phie distrib ution ofthe T hre e G orges are a of the

C hang五ang R iv er in H ubeiP ro vi
nee

11
.
C O L D D A M A G E T O C IT R U S IN T H E T H R E E G O R G E S A R E A

1
.
C aus e o f W a rnl W in te r in th e A rea

T h e area 15 d efin
ed as the mo

st su itab le regio n in th e d iv isio n o f th e eitrus (d i
ma

te) in

e h谊a (’一 ’〕 ,

fo

r

几
,

h
e r e 治 m o stly a

mo
n g 一 s aC a

nd Z oC
,

w h ic h 15
e

q
u a

l t o n o
rt h t

r o
p

ica

l

be
lt

,
a n

d

ma

k
e

t h
e a r e a

b
e

co m
e o n e o

f t h
e

w
a r

me

s t c e n t e r s
i
n

H
u

b
e

i P
r o v

i
n

ee

,
e v e n

i
n

C h in
a

.

T h is
a z o n a

l p h
e n o

me

n o n
h

a s
b

e e n e x
p la i

ne
d b y

r e s e a r e

he

r s
w i t h t h

r e e
p

o 谊ts 〔于 4〕 :
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w h ic h b
r e a

k t
he

e o
l d

a
i
r

fr
o

m
n o r

t h
a n

d m
a

k
e a

i
r

fr
o

m
s o u t h w

a

rm

w
he

n

dr

o
P P in g

,
a n

d P h
e n o

me

n o n o
f t e

m

-

pe ra
t u r e

ve rs i
o n o n s

fo P
e e x

i
s t s

.

(
2

) W

a t e r :
w

a t e r

co 而
ng fr om Sichuan 15 w arm

er and

co ntinuo uslygive a gre ata
mo

untofheatand vapo ur to theair, “

g
r e e n

h
o u s e e

ffe

e t

”

i
s

no

-

t a
b l

e
w i t h h i g h h

um

id

.

(
3

) W

e a t h
e r : s o

ut he as
t

e

rn
wa rm

t
r o u

g h
s t

r e
t e

h
e s

沁tto the east
edge ofthe area to Protect itfr om co ld airin w inters ofsom eyears

.

The area w illbeaffe
eted by co ld airand bearfr eezin g injU ry,

i f

we

a t h
e r

15
n o t

5 0
g

o o
d

,

li k
e

1 9 7 7
a n

d 1 9 9 1

.

G

r e a t d i fl 飞ren
ces

o f d is trib u tion o f to P o graP h y an d w a ter in t
irn

e an d

s琳ee
,

a
d

ju

s t

me

n t o
f

e
l i

rna

t e
,

w
a y a n

d
s t

re
n

g t h
o

f
c o

l d
a

i
r 〔5 , ,

ma

k
e o u t s t

a n
d i

n
g

e
h

a n
g

e o
f

t e
m P

o r a
l

a n
d

s
P

a
t i

a
l d i

s t r
i b

u t i
o n o

f fr
e e z

in g i
n 」u ries

.

2
.
S e le eti o n o f D a m a g ing F a e to rs a n d Ind

ex

D a
ma

g in g fa
c to rs to c itru s inc lu d es m

e teo ro lo g ica l
,

b io l
o

g i
e a

l

,

g
e o

g
r a

P h i
c c o n

d it io
n

a n
d m

a n a
g i

n
g l

e v e
l

,
e t e

. ,

b ut
t h

e
fa

e t o r r e s u
lt i

n
g

co
l d d

a
m

a

ge
t o e

i t
r u s

i
n

l
a r

ge

s c a
l
e

15
e x

-

t
re m

。
叮卜 7 , ,

t h
e c r

i t ic
a

l l
o

w t e
m p

e r a t u r e s t o

ma

k
e s e r

i
o u s

10
5 5

fo

r

va

r
i
o u s s

p
e e

i es
a r e

d 迅

fe ren t (C itrus na tsu da边ai:一 s oC
,

C i t
r u 、 、in e n s is : 一 7 oC

,

C i t r u s u n s
h

u : 一 g oC )
.

3
.
S Pa ti a l D is trib uti

o n o f C o ld D a m a g e to C itr u s in th e a r
ea

3
.
1 C o m 那

rison o
f户

ur tim es o
fs

erious 夕
ee:in夕in奔rie s

T h CrC

eve n 11五 t h
e

a
re fo

u r t i
me

s o
f s e r

i
o u s

fre

e z
i n g d

a
m

a
g

e s t o e
it

r
us h a P pe ni

n g in H u
be i P

r o v
in ce

C h a n g j
a

ng
R i ve

r v a ll
e y

.

T h
e

w h
o

l e
a r e a b

o
re fr

e e z
i
ng

d a
m

a
g e h e a vi ly

o ul y i n

1 9 7 7

1 9 5 5

a n d

1 9 6 9

fr
e e z

in g d
a

m
a

g
e

w
e

re l ig h t i n s i d
e t h e v a l l

e
y o f t h e a r e a a n d h

e a v
y

o
ut

o
f i t i

n

1 9 9 1
,

w h i
e

h
s

h
o

ws

t h
a

t w i
n t e r

‘
5 w a

rm

n e s s
i

n s
id

e
15 cl

e a r
.

I
n

1 9 5 5

,
a

l

mo

s t n o
i
n

ju

r
y h

a
P

pe ne
d i

n s
i d

e
t h

e
g

o r
g es

(s
h

o r
t

fo

r
“

ins i d
e

”

)

,

fo

r

几
, o f

B a d o n g w
a s o n l y 一 3

.
4 oC a n d m a

jo
r sP e c ie s w a s c o ld 一 h a r

d y C
.

u n s
h
u

.
In th e

m
o u th o f t he

G
o r

ge
s

(s h
o r t fo

r “

mo

u t h

”

)

,

几
‘。 o

f Y i
e

h
a n

g

,

o n
l y 一 6

.
2 ℃

,

而ght Pr oduee 于2 grades of

fr eezin g da
ma

ges to citrus
.
O utside the gorges (shortfo r “

o u t s
i d

e
”

)

,

l i t t l
e e

i t
r u s

w
e r e

P l
a n t

-

e
d

5 0
t
he

fo
s e

wa

s
li t t l

e

.

I
n

1 9 6 9 b
e s

i d
e s n o

h
a

rm

in g t
o

Z i g
u

i w i t h 几
‘。

= 一 4 ℃
,

o

ra
n

g
e t

r e e s

in
s

i d
e s u c

h as i
n

X i ns h
a n a n

d B
ad

o n
g w

e r e s u r e
l y i

n 拟re d : out o f the gorges (s hort fo r

“
o u t

”

)

,
e

i t
r u s

w
e r e s e r

io
u s

l y fr
o z e n

,
e s

P
e e

ia l l y i
n

Y
u a

na

n
,

D
a n

g y
a n

g

,
e

t e 二
I n 1 9 7 7

,

in
s

i d
e

,

几
‘。

g
o t 一 8

.
g oC 一 一 9

.
4 oC ; o u t sid e ,

几
‘。

w
as

一 1 2
.
o oC 一一 19.0℃ .

It 15 a k in d o f d estro yed

ca la而ty to citrus w hich m ay reaPPearover a ce ntury ,

ma

n
y g

r o
w 企uP and strong eitrus

trees w ere介o zen to d ie
.
In 199 1

,

i
n

w
e s t o

f y i
c

h
a n

g
a n

d Z h ic h
e

吧(ins id e and m o
uth )

,

几
‘n

<

一 6
.
g oC

,
a

mo

n
g t h

e

m

,

Z i g
u

i
a n

d C h
a n

g y a n
g

o n
l y 一 3

.
4 oC a

nd
一 4

.
O oC

,
5 0

h
a

rm

w
a s v e r

y
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一 7
.
0 ℃一 一 9

.
o oC

,

t o
ge

t h
e r

w i t h
a r

id
n e s s a n

d
e a r

ly

c o

而ng oflow te m
-

详
rature ,

fr
e e z

i
n

g 即ad es o f m o st ci大
rus got于 4

.
T he cultivated are a has ex稗nde d t妞es in

la stfifteen ye ars ,
5 0 t h

e t o t a
l 1

0 5 5 e x

ce

e
d

e
d

a n
y

fro

z e n
ye

a
rs

.

A
v e r a

g
e

i nt

e r

va
l

be
t

we

e n t w
o

he

a v
y fr

e e z
in g

a c e
id

e

nt

s
15

e
i g h t t o t e n

ye
a

rs
(

o u t s
i d

e

)

,
o

ve

r
fi ft

e e n
y

e a
rs

(
i
n s

id
e

)

.

3

.

2 D i
v

is 勿n
of

e o ld d a m a g e to rh e eitru s in rh e a re a

D iv is io n o f fr e ez in g d a
m a g e a b o u t th e T h re e G o rg es a re a h as ev er

be
en d isc u ssed in

the
res ea r c h e s o n

na
tio n a l

,
s

ub

t
r o

p ic
a

l

,

p
r o

vi
n c

i al
a n

d Y i
e

h
a n

g p
r e

fe
e t u

re
( 1一 2

,

卜 10〕 ,

b
u t a

l l

o
f t h

e

m
we

re

s
i m P l

e

an
d

r o u
g h

.

A d
e

t
a

i le d d i
v

i
s

i
o n o

f fr
e e z

i
n

g d
a

ma

ge

s o
f t h

e a r e a
i
s

g i
v e n

he

r e

(T

a
b le l

)

.

T
a

ble

l 肠vi si oo of the eol d dam ages to th e eitrus in the

G or gesa
rea

and eou 加1eities

Citr“s

E
x t 比roe C ftrus C itrus

C o m po
site di vis ion

A ve rage

几
,。

( ℃)

n口tS I亡es
C

O 爪ro l

几袱℃)

F r eq ue nc y

0 f

T 办1《卜 5℃

sin e n sis u ”s
h

u
T h

e
g

o
rg es

d
a

id
a

i
C

it
ieS

G 扭des D iVis io n

> O 刀 R a代 N
ea r th e r ive

r

一 0
.
1/ 一 1

.
5 >

一
9 乃 > 10 0 ll Z G

一 1
.
6/ 一 2

.
5 一 9

.
1 / 一 1 1 0

一 2
.
6/ 一 3

.
5

l 0

卜10

ili n ll B D E S

IV III X S
,

i
n s

i d
e

Y C Z

一 3
.
6/

一 4
.
6 /

一 4
.
5 一 1 1

.
1 / 一 1 3 乃 V IV ll 111 Y C I

,

Y C Z

,

C Y

,

we

s
t

o
f Z C

一 5 6 /

一 5
.
5

一 6
.
5 一 1 3

.
1 / 一 1 5 0

V nI IV E a s t o f Z C
,

Z J

IV IV D Y Y X

,

Y

《卜 6
.
6 《卜 15 V V W F

,

Y A

W
H

N

o
te

:

0--

n o

ne

,

I
一 a

cc ide
n ta l

,

11
一 lig h t ,

111 一 m
e d iu m

,

刊一 se r io u s ,

V
一

ve ry
s e rio u s

I t 15 e le
a r

fr
o

m T a b le 1 th a t th
e a re a P o s s es s e s a ll o f s 议 g rad es an d d i

ffe
ren ee s of

fre
ez-

in g inj
u rie s a

mo
n g reg io n s a nd sP ecies are P ro而ne nt :(1)thelow Partnear the rive rin the

valley ofthe gorges 15 the warrnest Place in the whole region and Provin ee
,

w h
e

re
fre

e z
in g

da
ma

g
e

15
s

l i g h t

,

Z i g
u

i 1
5 t

he be

s t P l
a

ce w i t h
a

l m
o s t n o

fr
e e z

i
n

g d
a

m
a

ge i f
e

i t
r u s o

f t h
e v a r

i

-

o u s s

pe

e
i
e s

w
e r e

P l
a n t

e
d

u n
d

e r
l 而ited height

.
C itrus

.
陀a ts u

d
a i

da
ia n d C

.
s

i
n e

ns i
s

in o t
he

r

俘rt s and high o range ries need to be Pr otected fr om fr eezin g inju
ries

.
(2)As

to
mo

uth
,

a v
-

e r a
g

e
h

e
i g h t

o
f

mo

u n t
a

i ns i
n n o r

t h
a n

d
s o

ut h
a n

d w in t e r
‘
5

w
a

rm

n
es

s
d

e c
re as

e s
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而ultaneous ly ,
o n

ly
C

.
u n s

h
u

ca

n
b

e
P la nt

e
d

e

co no
m ic

a
l
ly

a n
d

s a
fe l y

.

C

.
s

in
e n s i

sca

n o
ul y

be

e x

pe

r
i

me

n t a
ll y P la

n t e
d

,
a

l t h
o

ug
h i t t

a
k

e s t h
e s e e o n

d
a

ry P l
a e e

i
n

w i
n t e r

‘
5

w
a

rm
ne

s s
i

n t
he

P
r o v

mce

.

(
3

)
o

u ts id
e c a n

b
e s e

P
a r a t e

d t o t w
o

k in d
s o

f t

ran

s
i t i

o n a

nd

e
d g

e
re g io

n

.

T
he 份st

15 in the sa
me

le ve las no rt hw estand southeastofH u be iP rovin ce ca lled “
fr ee

z
i
ng

s e r
io

u s
l y

”

in w h ic h i t w as d 江fi cul t to d evelo P eitrus be fo
re l9 78

,

fo

r
fr

e
q

u e n c
y

o
f

e r
it

ica

l l
o

w t e
m P

e r a
-

t
ur

e
1
5

h i g h

.

T h
e s e

co nd
P

a r
t 1

5 t h
e

mo

s t s e r
i
o u s

fr ee

z
i
n

g
a r e a a s

W uh

a n
in P l

a
i
n

,
e

i t r u s

s
h

o u
ld

n
‘

t b
e

t
r e a t

e
d

a s

m
a

i
n

fr
u

i t s
P

e e
i es

.

3

.

3 L
o c a

l d

ifP

r e n e e

B
e c a u s e t h

e
h

e
i g h t

,

d i
r e c t i

o n a n
d g

r a
d ie nt

o
f

a s
l
o

P
e

,

t o

po
g

r a
P h y

,

wa

t e r a n
d

5 0 o n

ha
ve

g re

a
t i m P

a c
t

o n
fo w t

e

m pe

r a t u
re

e s
P

e e
i
a

l l y 几
‘n ,

t h
e

y
ca

n e
h

a

ng

e t h
e

P
a t t e

rn

o
f

fre

e z
in g in

-

ju

r
i
e s o n 而ddle and la侣e scales

·

l

)

H

e

i g
ht

.

T h

e

fr

e e z

in g d

e

g

r
e e

g

e
t

s

h

e a
v

i

e r a
s

t

he

o r a
n

ge

r

y

r

is

e s

,
5 0 t h

e s t
r

uc
t u

re
o

f

s

pe

c
i
e s

,
a n

d
e u

lt i
v a

t i
o n

me

t h
o

d
s

h
o u

kl b
e a

d

jUS

t e
d

r e
l
e v a n t l y

.

N
o

w
a

d
a

y
s

,

t h
e

l 而ite d

he ig ht s of C
. natsudaidai, C

.

s
i

n e n s

isa

n
d C

.

u n s

h

u a r e

co

r

res po

n
d in

gl
y

u n
d

e r
3 0 0 m

,

4 5 于 500111 and 70(卜 8(X) m in sid e ,
a n

d t
he he ig

h t s
fo

r e
i t

r u s

(

o n

ly
C

.
u

ns h
u

)

o
ut 1

5 u n

de

r

4()
0 m

.

B
u t t

he

r e a r e s o
m

e o r a n
g

e r
y g

o
t o

ve

r
t h

e
li m it

e
d h

e
i g h t s o

f
s

P
e e

ie
s

,

w i t h
v e

ry

in
s t a

bl
e a n

d l
o

w
e v e n n o n e y i

e
l d

.

F
o r e x a

m P le

,

i
n

la
s t s e

ve

r a
l d

a
y

s o
f 1 9 9 1

,

l
e a

ve
s

an
d

s
P

r o u t s o
f C

.
u n s

h
u

P l
a n t

e
d

o v e r
S O 0 m

a

nd
C

.
s

i
n e n s

i
so ve

r
3

(X) m w
e r e t h

e
fi rs t t o

b
e s

li g ht l y

ha

rme

d b y fo w t
e

m P
e r a t u r e

,

un
d

e r t h
e

h
e

i
gh

ts n o
h

a

rm

t o e
i t

r u s ; b
u t in 1 9 7 7

,
s e r

i
o u s

fre

e z
-

in g d
a

m
a

g
e

h
a 即

ened in alm ostevery co rn erofthe area butthe oran罗rie s u
nd

er 3o
om

lll].

T hr
o u g h a n alys in g th e gra d ie nt d a ta in ve stiga ted in th e valley of th e T hr ee G o rg es

,

we

fo
u n

d

,

i
n

w i
n t

e r
,

i
nv

e
rs i

o n o
f t e

m pe

r a t u
re

c o
ns

t a n t l y
e x

i
s t s

i
n t w

o
l
a

y
e

rs
o

f 2 5 于370m and

50于 8(X) m above the sea level,

t
he

t o t a
l d

e
P t h

o
f i

n
ve

r s
io

n

ge
t s

3 0 于 40 01n ,

d i

ffe

r e n
ce

o
f

t e
m P

e r a t u
re i

n t h
e

i
n v e

rs io
n

la
ye

r

ge
t t o a

b
o

ut 1

.

3 ℃ ev en to 4
.
o oC

,

b
e

ca

u s e o
f t h is

,
n a v e

l

o r a n
ge

a n
d C

.
u n s

h
u

t
r e e s

ha

v e
b

e e n
P la

n t e
d

s u
cc es

s
fu l

ly

a s
h i g h

a s a

bo

u t
6()

伽瓜 a n d o ve r

8 0伽rn in Z ig
u i

.

2) D iree tio n o f a slo pe
.
T h e o ra n g e tre es o n a s fo P e in so u th o r d ir ec te d to w ate r

ge t

s li g ht
e r fr e e z in g d a

m
a g e . It w a s in v estiga te d in Z ig

u i a ft e r the
se r io u s fr ee

z in g inj
u ry ev en t

in 1 9 7 7 in th e w h o le a re a t
ha

t fr e ez in g in d ex to C
. 51摊e n s is w as o

.
4 1 4 a n d o

.
5 3 6

,

co

r

re

s
P

o

nd
i
ng

l y fo

r s
l
o

P es
n e a r a n

d i
n t h

e
b

a c
k

o
f t

he
C h

a n
g

j

a

ng
R i

v e r

(t
h

e
d i

r e c t io
n o

f

t
he

s
l
o

P es
a n

d h
e

i g h t s a
re

t h
e s a

m
e

)

a n
d 0

.

4
a n

d 0

.

5 3
r

es
pe

ct i ve l y fo

r

uP
w in d

a n
d

d
o

w
n

w i
n

d
s

l
o

P
e s

(
t h

e
h

e
i g h t 1

5 t h
e s a

m
e

)

.

3 ) T
o

P
o

g
r a

Ph

y

.

A
n y

s
i t

e
l i

ke

a
l
o u

d
s

P
e a

ke

r

m
o u t h t h

a t t h
e

co
ld

a
i
r

ca

n e a s
i
fy

e
nt

e r
b

u t

no

t e a s
i l y g

e
t

o u t w i ll b
e

i
n

ju re d h
e a v

ie
r

t

ha

n o
t

he
rs

,
a n

d t h
e s

i t e
i
n t h

e

m
o

ut h
o

f w i
n

d w il l
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忱 in jU re d heavi ly
.
T here 15 a de eP ca n

yo
n in S hul tianba V illage of Z ig u inear X in gsha

n

w ith the dire
ction o fN S and the w idr h ofthe nort hern 体rt 15 w id er than the southem

,
5 0

t
he

e o
l d

a
i
r

1
5 s t i ll

e a s y t o
b

e s t o
P

pe
d w it h i

n
i t

,
a

ft
e r

t h
e a t t a c

k i
n

g
o

f l
o

w t e
m P

e r a t u r e a n
d

s

no
w in D

e
ee m b

e r o
f 1 9 9 1

,

9 0 %
o

f t h
e e

i t
r u s

l
e a

ve
s

d ie d
a n

d i
n s

um me

r a n
d fa ll

s
P ro

u t s

we
re i

n

jU

r e
d h

e a v
il y

o r
d i

e
d P

a r
t l y fo

r
t h

e
fo

s s o
f w

a
t

e r
.

I
n e o n t

r a s t

,
c

i t
ru

s t
r e

es in t
he

l
o

w

Pl

a e e o
f t h

e
T h re

e
G

o r 罗5
we re n ’

t a

ffe

c t e
d

.

4) W

a t e r

.

T
he

l
a r

ge

r
t h

e w a t e r a
re

a
,

t h
e

w
a r r o e r

t h
e

w i nt

e r
,

s o t h
e

w i nt
e r

‘
s t e

m P
e r a t

ur
e

in
v a

l l
e

y
o

f t h
e

T h re
e

G
o r

g es w i ll b
e

h i g h
e r

t h
a n t h

a t in
v

al l
e

y
s o

f t h
e

Q
i

n

gj
i

a n
g R i ve

r a n
d

t
he

X ia
n

gx
i R i

v e r

.

B y
c a

l
c u

l
a t i

n
g

,

w
e

fo
u n

d t h
a t

e x
t
re

me

l
o

w t e
m P

e r a t u
re i

n
Z i g

u
i

wa

s

1

.

s oC hi g h
e r

t h
a n t h

a t in X in g
s

ha

n a n
d fr

e e z
i
ng

i
n

de

x
i
n

Z i g
u

i w as fo

we

r
t h

a n t h
a

t i
n

X i
ng

s
h

a n

.

A
n o t h

e r e x a
m P l

e
15 t h

a t e
i t

r u s

ne

a r

M

u
d i

a n r e s e r

vo
i
r

in D
a n

g
ya

n
g h

a
d

ful

l

g
r e e n

b
r a n e

h es i
n

M

a r c
h

o
f 1 9 9 2

,
c

i t
r

us
t
r e e s n o t P

r o t e c
t e

d b y w
a

t
e r

g
o

t

2--
4 g

r a
d

e s o
f

fr
e e z

in g in 拟
rie s.

4
.
T
em po

ral C ha
n ges of C old D am a ge to C itr u s in the A rea

4
.
1 C hanges be tw ee n d ecad es or y ea rs

It 15 easily seen fr o m F ig
.
2 tha t th e w in ter in last tw en ty years esPecia ll y th e h st ten

ye a rs 15 w a
rm

er th an th e fo rm er tw en ty years;a n d th e eold er th e d eead e
,

t
he

b i g ge

r
t
he

d i f-

fe
r e n

ee
o

f fo w t
e

m pe

r a
t u r e

i
nd

e x
b

e t w e e n y
e a

rs

.

八
八

八

井
·

卜了
丫

{

/

_\

介

1一 一 一

2 一
-

一
3

—

O亡J05八‘,五、.孟

p
0

.

瞬�
口占卜

尸
一沪�沙的卜目Q

乙八 入
05050

--ln
一

p�
口六卜

‘已二�祠x闰

F ig
·

2 T
e

m
po

r
a

l
c

h
a n

g
e s o

f i
n

d
e x o

f l
o

w t
e

m
pe

r a
t

u r e
i

n
w i

n
t

e r
i

n
t

h
e

P
a s

t
fo

r
t

y y
e a

rs
( 卜Ba d o n g

,

冬Y iehang ,

于W uhan)
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了乳e reaPp earing tim e o
f 由认 im u m te m Pe

ra tu re

T h e re a re
rna

n y
res

ea rc h es a
nd d i

ffe
re n t v ie ws

o n th e P ro b le m o f th e
pe

r io d ie it y o f lo w

tem p er a tu re 。n d
rre

e z i飞 dam a罗 〔‘
,

” , ,

b ut
t

he
res

u
l t , 。b o u t t滋re appearing perio d 。r 血

-

ju
ry to c it r

us b y all o f res earch a
re th e sam e ,

t h
a t 1

5 t h
e s e r

i
o

us i
n

ju ry
e

ve nt
r e a

P
pe

a r
in g

o n
ee

e v e
ry 于 11 years

,

m
e

d i

um

o n
ce

e

ve

r
y 卜 6 ye ars

.
T he res

ult fr om of the go
rges is just

like thes e ,

b
u t i ns i d

e t h
e s e r

i
o u s a n

d m
e

d i

um
fre

e z
i
n

g i
n

ju

r
i
e s a

P
pe

a r o n
ee

e
ve

r
y 4 于 l0()

ye ars an d 卜 10 years
.
Sinc e the beginni ng of the 19805,

t h
e e

l 如atic 稗ttern in large sca le

ha
s e

ha
n ge d gr eatly

,

t
ha

t 15

wa

rme

r
i
n

w i
n t e r

,

w hi
e

h m
a

k es t h
e

P
e r

i
o

ds ca
lc ul

a t e
d

u s
in g

rna

n
y m

e t h
o

ds b
e e o

m
e u n t

r u e a

nd

n o u s e

.

W

e
w i l l

n o t t a
k

e a n
y

r e s e a
rc h

a

bo

u t P
e r

i
o

d i
c

i t y

co nt i
n

uo

u s
l y

,

b ut
o

b t a
i
n t

he

r e a
P P

e a r
in g

ye

a
rs

o
f

s o
m

e
it

e

rns

o
f fo w t e

m P
e r a t

ur

e
i
n t

he
l
a s t

fo

r
t y y

e a
rs

a n
d la

s t t e n
y

e a
rs fo

r

co m P
a r

is
o n

,

w h ic h m

a
y

be re fe
r

re d b y
c

i t
r u s

d
e v e

l
o

P m
e n t

a n
d 如Prove m en tofsPecie s,

e t c

.

B y s t
a

t i
s

t i cs

,
e x

t
r e

me
几

‘n

<
一 s oC (

a t le a st o
nc

e a 界ar
) w ill rea PP ear m o re th an 10

ye a rs in sid e an d o ve r 30 y ea rs eve n 10 0 yea rs in Z igu i;6 years o n the mo
u th :冬3 ye ars the

outside(W ufe ng and Y ua n an are in the m o stfr equent)
.

T he eve nt o fextrem e 几
‘n

<
一 7 oC o n ly h a P P e n e d o n c e

(in 1 9 7 7 夕ins id e in th e last fo rty

ye a rs ,
a

nd
w n l re

a
P

pe

a r e

ve

r
y l 于20 years on the m outh ,

2--
6 ye

a r s
in

o t n 匕r s
.

W es t o f t
he

mo

u t h e
ve

r a

ffe

c t e d b y 几
‘。

<
一 g oC o n

ly
o n c e

(i
n 1 9 7 7 )

,

w h i
e

h m
a

y

re
a

P P
e a r o

ve

r
1 0 0 y

e a r s
,

o u t s
i d

e
1 5

ye

a
rs

e

ve
n

5--
8 y

e a
rs i

n

W

u
fe

n
g

a n
d Y

u a

na

n

.

E
n s

h i t
o

t
he

i ns i d
e

,
n o r

t
he as

t a n
d

s o u t h
e

as
t o

f H
u

b
e

i t
o

t h
e

m

o

llt h
a n

d
o u t s

i d
e

,
a n

d

W

u

ha

n t o e
d g

e

(
Y

u a n a n

)

,

h
a v e t h

e

g
r a

d
e s

.

s a

m

e r e a
P P

e a r
i
n

g
pe

r
io d

s
fo

r e v e r
y k i

nd

o
f fr

e e z
in g

4

.

3 C h
a n

g
e o

f

a
P 详aring da tes o f 几

‘。

A P P
e a r

in g d
a

t
e s o

f t h
e e x

t
r e

me
几

* in w in ter have ehang ed in the la st fo ur deeades,

a v e r a
ge d

a t
e

i
n t h

e
1 9 6 0

5
w as la t

e r
t h

a n t h
a

t i
n t h

e
1 9 5 0

5
,

s
i
nc

e t h
e n

t h
a

t d
a

t
e

h
a s

g
o

t
e a r

-

l i
e r a n

d
e a r

l ie
r

,

it
s

h ift

e
d t o 于 11days earlie r (于3 days insid e,

7--
1 1 d

a
y s o u t a n

d in
c o n t

ro l

c
it ie

s

)
in t h

e
1 9 7 0

5 t h
a n

i
n t h

e
1 9 6 飞

,

2--
1 4 d

a
ys (

o n
l y 于Z days in B ad ong but l4 days in

X ing shan) in the 19805 co m Pa red to the 19705,

es P
e c

in l
ly

,

t h
e

d
a t e o

f 几
‘,

g
o t

a s e a
ri y

a s

t
he

e n
d

o
f D

e

ce m be

r
i
n

W uh

a n
,

t h
a

t 15 t
o s a

y

,

t h
e e o

l d
e s t d

a
y 1

5
i
n

“

l
s t

N in
e

”

no

t

“

3
r

d

N i
ne

”

(
t h

e t h ir d
n

i
n e -

d
a

y P
e r

i
o

d
a

ft
e r

t h
e

w in t e r s o
ls t

iee

,

T
a

b l
e

Z
)

.

I f t h
e e x

t
r e

me
几

,
co

me

s t o o e a r
l y

,
c

it
r

us
t

r e e s
d

o n o
t

ge
t in t o t h

e
d

e e

pe

s t d
o r

m
a n c

y

,
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勿 fo w tem Perature
.
T ha t ca n better exPlain the fa ct that tho ug h

no ttoo low ,

几
,

i n D ec
e
m b e r o f 1 9 9 1 h a d Pr

o d u
ce d v e r

y h e a
Vy d

am

a g e a n d fo s s
.

T a 加e Z Ev ol 峭叨 of ap侧, ri 姆 血俪 of 几
,

G
o
rg es C

o
ni ro l

e
i t

ies

P e r
io d

B D Y C 丫V H

了
护

.
r护夕夕下尸了护

�托内j,‘,且气乙,1
夕夕

了
‘

夕才r
哎曰
,.盈,.且气乙

1 9 5 卜 1962 17-- 18/ l

196卜 1972 20/ 飞8-- 2 1/

16 /

2乡27/

1972-- 1982 17-- 20/ 19/ 18/ l卜 17/

198卜 1992 1下 18/ 1 5/ 12-- 2 2/ l 17/ 1 3 1/ l冬3/ l

111
.
T H E H O T D A M A G E T O C IT R U S IN T H E T H R E E G O R G E S A R E A

1
·

H

o
t

D
a

m

a

g
e a

n

d I
t

s
A p 伴ad ng n ate 〔13 〕

H o t d
a

ma
g

e r e P
r e s e n te d th e h ig h t e

m P e r a tur
e in m id s u

rnm

e r a n d it s d a
m

a
ge
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h m
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l d
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t d
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ul d b
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y d

e a r
,

t
ha

t 1
5

,

h
o t in

j

u r
ie

s
i ns i d

e
w as he

a v
ie

r t h
a n o u t a n

d

,

t
he

d
a

m ag

e
ce

n t
re w

a s

ju

s t
co

n s
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l l
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n t h

e
h is t o r

y i
n t h

e
w h

o
l
e

Pr
o v

in ee

(
4 3

.

l oC
)

,
a

nd
fr

o
m T

a
b l

e
6

,

i t 1
5 s e e n t h

a t a
ll i

n
d

e x e s o
f

da
m

a
g 吨 fa ctors (exee Ptfo rex

-

tre m e几
。x

)
a

re hi g
he

r
t h

a n
Z

ig
u

i

.

3
) W

a t e r

bo
d y

.

A ve
r a

g
e a

i
r

t e
m P

e r a t u
re

a r o u

nd
t

he
b

ig
wa

t e r

bo
d y in w in t e r a n

d
s

P
r

-

in g 1
5

h
ig

h
e r

,

w h ic h m

a
k es t h

e
b fo

s s o

m in g
pe

r
i
o

d
co

me

e a
ri ie

r a n
d h

a
ve l

o
w

e r

fre

q
u e n c

y

co 而ng w ith abnorm
al hig h tem pe ratur e.T herefo re

,

d
a

i l y 几
a二

d
r o

P d
o

w
n

ju
s t l i k

e t
he

t e n
d

e n c y i
n s u r n n l e r

,
a n

d t
he

o r a n
g

e
ry ca

n

be

e a s
il y i

r r

ig

a t e
d w h

e n
i t 1

5
h i g h t e

m P
e r a t u r e

.

4
) o i

rre

r e n

ces

谊 s
ma

u scale
.
It w a s in ve stig

a ted “, , t h a t t h e t e m p e r a t u r e a n d h o t in
-

ju
r
y t o e

it
r
us

o n s o u t h w e s t e
rn

s l o P e

we

r e h ig h e r t h
an

o n n o rt h e
rn

s l o pe in t h e g o
rg

e s i n

1 9 8 8 a
nd

s e a t e d
r a t e o f fr u i t

s o n s h in i
ng

s o u t
he as t s fo P e 1

5
l
o
w

e r t h a n o n n o r t h e
rn

s fo P e i n

t
he

o r a 雌ery of me
teorolo gica lobservation or Y ic ha ng Pre化ctu re in 19 56 (’6 ,

.

H o t i n ju
r y

15

mo

r e s e r
i
o u s o n s o u t h w es t e

rn P
a r t o

f a t r e e t h a n
no

rt h e r n P a rt o r o u t s i d e o
f a t r e e t h a n

in s id e o
f
a t r e e o r w i t h g

r e e n g
r a s s e s u n d

e r a t r e e t
ha

n w i t h b
a r e l a n d

.

T h e b a d co nd
i t i o n o n

e
it

r
us ca

n
be im P

r o v e d b y i
r r

i g
a t i

o n a
nd co ve

r
in g

,
s u e

h as
t h

e e x

pe

r
i

me

n t o
ra

n
g

e
ry i

n

Pe ng j

a
P

o o
f Z i g

u
i d i d

n
’

t a
P

pe

a r
t

he
P h

e

no
m

e n a o
f

a
b

n o r

ma

l d
r o

P P in g
o

f fl
o

we

rs
a n

d

fr
u

i t s
in 1 9 8 8

,

b
e c a u s e o

f
s

P

r a
y in g w

a t
e r o n t

r e e s

.

4

.

T
e

m
po

r a
l C

ha

n
g

es

o
f H

o t d
a

m
a

g
e

to C
itr

u s

i

n

th

e
G

o r
g

es

4

.

1

Ye

a r

l y

a n

d d

e c a
d

a
l

c

h
a n

g
e s

I t 1

5 o

b t a
i
n e

d fr
o

m F i g

.

3
:

(
l

)
Y

e a r

ly
i
n

d
e x o

f h
a

rm

in g h i g h t e

m P
e r a t u

re i
n

b l
o s s o

m

Y i

e

h

a n
g t h

e
y

e a
rs w i t h 几

ax
> 30℃ lasting

o ver 5 d a ys
are :

v ary g rea tly
.
F o r exam Pl

e ,

i
n

1 9 5 3

,

1 9 6 于 196 1,

1 9 8 1

,

1 9 8 6

,

1 9 8 8 b
u t n o n e

i
n

1 9 5 5

,

1 9 5 7

,

1 9 5 9

,

1 9 6
2--

1 9 6 3

,

1 9 7 0

,

1 9 7 于 1977 ,

1 9 8 0

,

1 9 8 7

.

(
2

)
T h

e
h

o
t in

jur

i
e s

t h
e

re w
e r e

h
e a

Vy
i
n

ju

r
i
e s

in 1 9 5 乡 1959
,

1 9 6
2--

1 9 6 5

ma

y b
e

h
e a v

y
o r

li
gh

t
fo

r s e v e r a
l ye

a r s c o n t i
n

uo

u s
l y i

n
Y ic h

a

ng

,

in 1 9 5 1 一 19 5 3
,

1 9 6 于 1961
,

1 9 6
6--

1 9 6 9

,

1 9 8 卜 19 88
,

a n
d l i g h t o

ne

s

,

1 9 7 于 1980
.
T he co ld in jur ie s don

‘

t h
a v e t h i

s
P

r o

pe

r
t y

.

(
3

) D i

ffe

r e n
ee

s o
f ye

a r
l y h

o t in
j ur

y w
e r e

b i g in t h
e

1 9 5 0
5 a

nd

t h
e

1 9 6 0
5

,
a n

d
s

ma

l l i
n

t
he

1 9 7 伪 an d th e 198飞
.

(4 ) H o t in ju
rin g in d ex b etw een d eca de s va

rie s g reatly
,

w h ic h w
e r e e

q
u a

l
ly

a v e r a
g

e
l
e v e

l

in t
he

1 9 5 0
5 a n

d t h
e

1 9 6 伪
,

ho

t i
n 」u ries ha P pe

n o n
ly in o n e o r tw o y e a rs

.
In th e 19 7伪

,

t h
e
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几
ax
> 35℃ ha P pe

n ed o ul y in Y u
nx ian

tw o t恤es am ong all stations
.
A fterent erin g

the 198伪
,

te m pe ra
t u

re i
n

b fo
s s o

m
go

t h i
gh

a
b

no
rm

al l y

,

h
o t in

ju

r
ie

s

we
re

s e r
io

u s

.

4

.

2 R
e a

P P
e a r

i
n

g 拌
riod

s o
fh

otin户
ries

B y a
na l”in g th e lo n g series o f h ig h tem 讲ratu华and re lativ e in d exes

,

we

t h in k t h
a t h

o t

in j ur
i es h

a
ve ee

r t a
in

pe

r
i
o

d i
e

i t y
a

nd
y

e a r
l y d i

ffe
re

n

ces

:
re

a

pp

e a r
i
ng

P
e r

i
o

d w i t h 几
ax
> 30℃

la sting
o ver 5 da ys 15 于 5 years inside (X in gshan the short es t,

o
ul y 2 ye

a rs
)

: 卜 8 ye ars out

(none in W
ufe ng fo r too hig h);< 5 界ars in Y u n xian

,

6 y
e a

rs in Y
a n

g
x

i
a n

,

9
ye

a
rs in E

n s
hi

,

1 3
ye

a
rs in

w uh

a n

.

T h
e

re
a

P P
e a r

in g
pe

r
io d

s o
f h i g h t e

m P
e r a t

ur

e
h

a v e s
h

o rt e n
g

r e a t
ly

i
n t h

e
1 9 8 伪

,

< 2

ye

a
rs i

n s
id

e

(

o n
l y 1

.

3
ye

a
rs i

n
X i

ng

s
h

a n

)

,

2 y
e a r s

in Y
u a n a n a n

d Y
un

x 认n ,

2

.

5
ye

a
rs i

n

Z h i
e

h
e n

g
a

nd
D

a n
g 终ng

,

于4 界ars in oth ers exeeP t Y u n x ian
.
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0

“�p�占
.日艾巴目

(-�p的门

.
p)。门�卫卜
-
一钾一冬”熟‘Q

F i g

·

3

Te
m

po
ra

l
e

h
a n

g
e s o

f i
n

de

x e s o
f h i g h

t
e

m
pe

ra
t

u

re
i

n
b l

o s s o

m

(
fro

m
Z l

s
t

o
f A P

r
i l

t
o

1
0t

h
o

f
M

a
y

)
i

n
t

h
e

P
a s

t

40
y

e a
rs

(

·

3 0 ℃
,

回35℃ ,
o t h

e
rs

a s
F i g

.

2
)

I V

。

C O N C L U S I O N A N D C O U N T E R
M

E A S I J R E S

l
)

S P
a t 讯1 d istrib ut io n of fr eezin g an d h eating da m ag e a re bo th ve

ry n o tieeabl e ,
a n

d

t
he

P
a t t e

m

a n
d g

r a
d l

e n t t e n
d

e n e
y

o
f t w

o
h

a r r o s a r e o
P

po

s
i t e

,

w h i
e

h 1
5 u n

i q
u e

i
n t h

e
w h

o
le

Pr
o v

in ee
a n

d C h i
n a

.

W

e s t o
f t h

e
m

o u t h
o

f t h
e

T h re
e

G
o r

g es 15 t h
e

w
a r

m

e s t in w i
n t e r

t
he ho

t t e s t

W h
o

l
e a r e a

i
n s

Pr
in g w i t h t h

e
l i g h t es t

fre

e z
in g in

ju

r
y

,
a n

d h
e a v

i
e s t 1

1 e a t in g in 拟
ry in

alld

the

a
nd Pro vinee

.
F rom the in side to the mo

uth and o utside
,

e o
l d

a n
d h

o t d
a

tna

ge
s

a r e

ge
t t i

ng
m

o r e s e r
i
o u s a n

d l
ig

h t e r r
es

pe
ct i

v e
l y : i

n t
he

P la i
n a r e a

,

t h
e c o

l d d
a

m
a

g
e

15 t h
e

mo

s t s e r
io

u s a n
d h

o t d
a

ma

ge
15 t h

e
l
ig

h t
es

t

.

2
)

T
e

m P
o

ra l
e

h
a

ng

e o
f t

wo

h
a r n 巧 15 al s o a P Pa re

n t
,

w h ic h 1
5 a s

t h
e s

am

e a s t h
e

w h
o

le
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,

t h
e

i
n s

id
‘

we

r e a

ffe
e te d

o n ly lig h tly in 1 9 5 5
,

1 9 6 9
a n

d l 9 9 l

.

C it
r

us P
r o

d
uc

t io
n o

f t h
e a r e a

w
e r e

h
e a

vi
ly

d
a

m
a

g
e

d b y

a
b

n o

rm

a
ll y h i g h t

e

m P
e r a t

ur

e
in 1 9 8 1

,

1 9 8 6

,

1 9 8 8
a n

d 1 9 9 0

.

I
n

1 9 7 8

,

1 9 8 4
a n

d 1 9 8 5

,

h
o t in

-

ju

r
i
e s

t o e
i t

r u s
h

a
P P

e n e
d

o n

ly
i
n s

m
a

l l
a

re

a
.

E
x

ee P t
fo

r
t h

e
y

e a r
l y d i

ffe

r e

nc

e
,

t h
e

re w
e r e

e
h

a n
g

e s
b

e t w e e n
d

e e a

de

s
fo

r
t h

e
d i

s
as

t e
rs

.

F re
e z

in g d
a

m
a

g
e

w
e r e v e r 了 se rio u s in th e 1 9 5 0 5

a n d th e 19 6伪
,

v e r
y l i g h t i

n t h
e

1 9 8 伪 (n
on e in sid e)

,
a n

d m
e

d in m in t h
e

1 9 7 飞
.
H ot d a

ma ge

a P Peared in som e y ears in th e 50
‘
5 a n

d t
he

1 9 6 份
,

a

lm

o s
t n o

ne
in t

he
1 9 7 05

,

fr
e

q
u e n t l y

a n
d

h
e a v

il y in t h
e

1 9 8 0
5

.

3
)

T h
e r e

we

r e
l
o e a

l d i
ffe

r e n
ce

s

fo

r
t h

e t w
o

d i
s a s

t e r s

.

H
e

i g h t

,
s

l
o

P
e

d ir
e c t i

o n a n
d g

r a
·

d i
e n t

,

w
a t e r

,

t e
m P

e r a t u r e
i
n

ve
rs i

o n e
t e

.
e a n e

ha

n
g

e t h
e

ir
Pa

t t e r x ‘
,

a n
d t

he
T h

r e e
G

o r
g

e s

P
r o 少ct c

an reduc e the disaster
.

4) W inter an d sPrin g be ea
me

w ar刀n e r a
nd

h o t te r
in t h e 1 9 8 0 5

,

w h i
c

h

ma

d
e t h

e e o
l d

d
a

ma

g
e

l
ig

h t
e r a n

d h
o t d

a
m

a
g

e
h

e a v
i
e r

.

E
x

t
re m

e 几
.。

l
o

w
e r

t h
a n e r

i t i
ca

l i
n

ju

r
i

n
g t

e

m pe

r a t u
re

a
P P

e a r e
d i

n a s
h

o rt t i

me

s u e
h

a s

t
he

s e r
i

o u s e o
l d i

n

j

u r
y in D

e e e

m b
e r o

f 1 9 9 1

,
a

lt h
o u

g h t h
e

w i nt

e r s t i l l
ke

e
P

wa rm

in t h
e e a r

l y

o
f t

he
1 9 9 0

5

.

P
r e v e n t in g

e
i t

r u s
fr

o
m fr

e e z
in g d

a
m

a
g

e s
h

a
ll b

e
P

a
i d

a t t e
nt i

o n
in t h

e
fu

t u
re

,

in
e

l
u

d i
n

g
s

pe

e
i es

a r r a

ng

e

m
e n t

,

he
i g h t

s e
l
e c t i

o n
,

co
l d

一 r e lie f c u it i
v a tio n a n d 5 0 o n

.
F re q u e n

-

c y a n d 10 5 5 o f h
o t d a

m
a g e to c it

r
us in t h e a

re
a a r e 5 0 h ig h t h a t

mo
re

a t te n tio n s h o u ld be

Pa id t o t h e r
es e a r e h

a n d P
r e v e n tin g m

e t h o d s in
e
lu d e ir

r
ig

a t io n
Pr

o 毖ct ,

b i
o

l
o

g i
ca

l
co nt

r o
l

-

li
n

g t e e

hn
i q

u e

(
t h

e

m

e
d i

c
in

e
k

e e
P i

n
g fo

r
fl

o
w

e
rs

a

nd
fr

u
i t s

)

,

b
r e e

d i
n

g
a n

d
s e

l
e e t in g

s
P

e c
ie

s

fl
o w

e r
in g

e a r
l y

o r
h

o 卜resistan t sPecie s a
nd h o t-- rellef eu lt ivatio n

,
e t e

.
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