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Studies on Some Weather Factors in Chon-nam District on
Plant Growth and Yield Components of Naked Barley.

Don Kil Lee
Chon-nam Provincial Office of Rural Development

ABSTRACT

To obtain basic information on the improvement
of naked barley production, and to clarify -the
relation-ships between yield or yield components and
some meteorogical factors for yield prediction were
the objectives of this study. The basic data used in
this study were obtained from the experiments
carried out for 16 years from 1958 to 1974 at the
Chon-nam Provincial Office of Rural Development.
The simple correlation coefficients and multiple
regression coefficionts among the yield or yield
components and meteorogical factors were calculated
for the study.

Days to emergence ranged from 8 to 26 days were
reduced under conditions of mean minimum air
temperature were high. The early emergence contr-
ibuted to increasing plant height and number of
tillers as well as to earlier maxinum tillering and
heading data.

The plant height before wintering showed positive
correlations with the hours of sunshine. On the other

hand, plant height measured on march Ist and Marchs
20th showed positive- correlation with the amount of’
precipitation and negative correlation with the hours.
of sunshine during the wintering or regrowth stage.

Kernel weights were affected by the hours of
sunshine and rainfall after heading, and kernel
weights were less variable when the hours of sunshine
were relatively long and rainfalls in May were around
80 to 10mm.

It seemed that grain yields were mostly affected by
the climatic ccniition in March, showing the negative -
correlation between yield and mean air temperature,.
minimum air temperature during the period. In the-
other hand, the yield was shown to have positive
correlation with hours of sunshine.

Some yield prediction equations were obtained from
the data of mean air temperature, ‘ mean minimum
temperature and accumulated air temperature in
March. Yield prediction was also possible by using-
multiple regression equations, which were derived
from yield data and the number of spikes and plant:
height as ‘observed at May 20th.
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Simple Correlation

Mean minimum Precipitation Hours of Multiple regression B
temperature(x;) (x2) sunshine(xs)
~ Plant R Y =-9.337+0, 656X1—0. 061
height 0. 001 ~0.250 0. 600 X240, 186 X3 0. 689+

** : Significant at the 194 level.
#% : Significant at the 5% level.
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Table 2. Correlation between plant height on March 1st and weather factors from January to February

‘Weather factor. Simple correlation Multiple regression IR

Mean temp.(X1) —0. 163 $=7,907—0.453 X1-+0, 069X4 0. 543*

Mean minimum temp.(X2)[ 0.106 $=5,932—0. 009X3+0, 081X4 0.612*

‘Accumulated temp.(X3) —0. 145 5=26, 730+0. 748X2—0. 154X3—0. 056X5 0. 600*

Frecipitation(X4) ) 0. 595% 5=6,039+0. 932X2—0, 020X3+0, 066X4— | 0, 657*
0.013X53

Hours of sunshine (X5) | —0, 567*

I

; % g5} §=7.4+0,05X o
= = = *
S sk ) ° 5 r=0, 500
5 ¥=5.1+0,08X < ok
s v 0 coc & 2
< 20k r=0, 595 ~
= e
= ‘S 15¢
.2 15p =
= 1ok =X 10
1 1 | S— b
50 100 150 (mm)
Precipitation January 1st to February 28th. Precipitation from December 10th to Feb. 28th
"Fig. 4. Correlation between precipitation and Fig. 5. Correlation between precipitation and
plant height on March 1st. plant height.
Table 3. Correlations between plant height on March 1st and weather factors from December 10th
to Feb. 28th.
Weather factor Simple correlation [Multiple regression R
Mean temp.(X1) —0. 156 Y =9, 1900, 757X +0. 054 X4 0. 524*
Mean minimum temp.(x;) —0.052 Y=8,950—0, 018X3+0. 057X4 0, 586*
Accumulated temp (X3) —0. 261 Y =3, 667—1, 324X2+0. 084X4 +0. 025X5 0.541*
Frecipitation(X4) 0. 496* Y=11, 974 —0. 014 X2 —0. 025X3+0, 099X4 +0. 041X5(0. 625*
Hours of sunshine(X5) —0.395
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T dgvh oElw BAWE B 128 1084 28 2087k &t BHMFRE £ 494 2E upe
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Table 4. Correlation between plant height on March 20th, and weather factors from December 1ist
to March 20th.

Weather factor c?)erepl]aetion Multiple regression R
Mean temp.(X1) 0,035 §=59, 591+0. 450X1 -0, 055X5 0. 498*
Z(\/Ixegsl minimum temp. 0, 106 ¥=24,768+0.003X3+0, 059X 4 —0. 019X5 0. 828%* -
Accumulated temp.(X3) 0. 035 $=25,138+0. 101X2+0, 059X4—0. 019X5 0. 827%%:
Precipitation.(X3) 0.812%* | y=11, 689—0. 167X2+0. 066X4 0, 813%* -
Hours of sunshine(X5) ~0.491 $=158, 54141, 228X2—0. 057X5 0. 526%
§=25, 053+0. 059X4 — 0, 018X5 0. 8264
8) £ x 5.% 67 TTL 1,2R9 S&) 38 189 S8

ZEEHIR Gl T ig50E THRERE BEEE K Yo BUHEBRCD SlelAE HEN Mol gla =M
B 2 HEREEC] fkEd =3 = pae FERIsH Bithe R=0.53¢*24 Roki 2 HREwEe Figh
$1%te] 38 1H, 3H 2089 HEHS #Ax e ERIE ¥ BERESS B o= od sty
B ol & WEMN SEHS FLERY HEHMFE SHEEECY Binsle ez 5 dgeh

Table 5. Correlation between number of tillers on March 1st and weather factors from January to -
February.

Simple Corrslation

Mean minimum| Accumulated | Precipitation | Hours of Multiple regression R
temp(X1) temp.(X2) (X3) Sunshine(X4)
§=173,018+10, 302X1 0, 534* *

of tillers. +0. 008X2+0. 128X3—

] 0. 308X4

Number 0. 458 0. 264 ‘ 0. 205 —0. 287

=§ % 6014 Riwutel o]l 15 1H¥E Mk AEREA 93 R=0.551%¢ fEHel Rw= =k
B oi2& 38 20B7Hx 9 H&Ho) 37 2068458 Fsl o1 E K& BEL BRRN BAE HEAE
Hete BitRe 37 18729 BHES A 2 {F Eo] R=0.524%2 By Mol W HERES -
Moz BEEFELKMA el flovt HAMBMFRA kg oels FEREst RS HaBEel.
Aol HEEE PHRERE ¥ BAkESY # R=0,498%24 v},

Table 6. Correlation between number of tillers on March 20th and weather factors from January 1st™
to March 20th.

Weather factor (S:i)rxr]x-pelleation Multiple regression R

Mean temp.(X1) | 0.199 $=353, 215+ 3, 225X1 —0. 410X5 0.498*

Mean minmum temp. 0. 336 $=2311, 250+10, 550X2—0. 378X5 0. 534* -
X2)

Accumulated temp.(X3) 0. 199 §=326, 98340, 105X4—0. 375X5 0.516% ~

Precipitation. (X4) 0. 322 $=2314, 1250, 034X3+0. 099X4 —0. 363X5 0. 524*

Hours of sunshine(X5) —0. 486 $=282,136+9, 400X2+0. 084X4—0. 341X5 0. 551*

4) & S ERE 3H 1H3-® 38 208M 45 BEOENER

RESETEORS KRERLY B8E Bas Bt BEMA A BakRe] r=—0 569%= A9 #.
71 $18t9 3A 2087hx KRGEH BESEVEA Mol WEIAL Jlet KA, PHRERESE
B OMGRE ST BRe & l4 xpupsl 2 HEM A sldert By ¥ A9 {ERe).

— 106 —



Table 7. Correlation between days to maximum tillering and weather factors from March 1st to March 20th

Weather factor. E(i)f:—glI:tion Multiple regression R
Mean temp. (X1) ~0.440 §=171,707~1, 670X1—0. 086X4 0. 606*
Mean minimumtemp(X2) {—0, 450 $=136, 385—0. 097X4 +0, 124X5 0. 607*
Precipitation (X4) —0. 569* $=148, 395~1, 325X1 0. 083X4 +0. 100X5 0. 628**
Hours of sunshine (X5) 0. 332 $=147, 389 ~1, 286X2—0. 083X4+0, 103X5 0. 624%*
SaL HEREE-S EY EEY @il g (day;
B o) 59 SEHEMANC d5d FERE Bk leor
& 2 ARREY #es REAREERE R=0.62 170+

gz A MRS 1 Bden) PUREFA B
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Fig. 6. Correlation between precipitation

and

days to maximum tillering.,

Table 8. Correlations between days to maximum tillering and weather factors from November 1st to
March 20th.
Weather factor f;l:;s ll:tion Multiple regression R
Mean temp. (X1) —0.154 $=172,859—0. 846 X1—0, 055X4 0. 627%*
Méail )minimum temp. 0. 078 $=127,949 ~0. 055X4 +0, 047X5 0. 666**
{2
Accumulated temp.(X3) —0.102 $=131, 078—0. 618X1~0. 054X4+0. 046X5 0. 668%*
Precipitation(X4) —0,622%¥ $=128,810—1,508%X2—0. 056X4-+0, 051X5 0, 683**
Hours of sunshine(X5) 0, 287 $=130,618—0, 004 X3~0, 054X4+0 047X5 0. 668**
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Table 8, Correlations between heading date and weather factors in different periods.

Simple correlations

Multiple

Period Mean temp. | Mean mini- | Precipita- Hours of

mum temp. sunshine regression.

(X1) (X2) tion.(X3) (X3)
December 10to Feb. 28, —0. 107 0.123 —0.515 0. 546 0. 646*
March 1 to March 31, -0, 558* —0.464 —0.325 —0.119 0. 663*
April 1 to April 30, —-0.171 0. 206 0.122 0. 189 0. 427
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Simple correlation between number of tillers and panicles in different growing stage.

Growing stage

Date investigated
12,10

] 3.1 3.20 4.10 [ 5.1

Coefficient of correlation 0.423

0. 391 0. 732%*

] 0. 397 | 0.920

** : Significant at the 1% level
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Table 11. Simple correlation between number of

panicles and accumulated temperature
in different periods.

Period Coefficient of correlation
November to Dec. —~0. 610*
January to Feb. —~0.487
March —0. 504
April 0.421
May 0. 142
November to Mar. ~0. 733%*
November to May -0, 524*
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Table 12, Correlation between grain yield and weather factors in different growing periods.

Simple Correlation
Multiple
Periods Mean temp. [Mean min- |Precipitation |Hours of
imum temp. sunshine regression
X 2 X X0
- Dec. 10 to Feb. 28 -0, 109 —0. 062 0. 027 -0, 113 0.204
March 1 to Mar. 31 —0, 822%* —Q. 873%* —0. 310 0,383 0. 903**
April 1 to Apr. 30 0,420 ~0.418 0. 337 0.198 0. 785%
May 1 to May 31. 0.112 0.289 —0.013 0. 558* 0. 606*
March 1 to May 31 —0. 362 —0. 603* —0.026 0. 454 0.718*%
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Table 13. Multiple regression equation obtained between actual yield and weather factors indifferent
growing periods.

Period Multiple regression. R,
March 1 to Mar. 31 y=411. 285+0. 4995x; — 32, 2908%,+0, 2118x3—0. 1536x, 0.816
April 1 to April. 30 $=81. 8756+ 22. 4051x, ~22. 3400x,+0. 4333x;+0. 5018x, 0. 617
May 1 to May 31 $=43. 4273 +6. 5693x; +0. 0510x,+0. 2989x;+0. 8065x, 0. 368
March 1 to May 31 §=503. 5296 —7, 4218x, —33. 4065x.+0. 1287x,+40. 1966x, 0.517
X;:Mean temp. Xz:Mean mininum temp.
Xs:Precipitation. X,:Hours of sunshine.

Table 14. Yield estimation according to the multiple regression equation obtained between actual
yield and weather factors in different growing periods.

Actual l Mar. 1-Mar.31 Apr. 1-Apr.30 May 1-May 31 Mar. 1-May 31
Year | yield  tyiold [ Diffe- | Yield | Diffe | Yield | Diffe | Yield | Diffe
(kg/10a) | estimated rences | estimated rences | estimated rences | estimated rences
1958 361 381 20- 375 14 330 -31 339 —22
5 273 295 22 296 23 365 | 92 259 —~14
€0 281 286 5 347 66 305 24 309 28
61 255 348 -7 395 40 591 36 | 285 —-70
62 473 357 -16 357 -16 381 | 8 326 —47"
65 421 406 15 502 —29 375 —46 357 —64
€6 367 344 —23 376 9 392 25 |1 310 —57
67 360 367 7 336 —24 402 42 273 —87
€2 444 399 -45 452 8 402 —42 384 ~60
70 397 430 =3 356 -41 248 —49 317 —80.
71 401 410 9 388 -13 414 13 347 —54
72 383 397 14 361 —22 397 14 349 ~34
73 411 410 -1 411 0 407 -4 339 ~72
Mean [ 371, 3] 371, 5] 0. 2[ 372, 5[ 1 2[ 377. el 6. 3] 3026 —48.7"
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Correlations between grain yield and growth factors in different growing periods.

Dates Simple Correlation Multiple . .
. Multiple regression "
investigated Plant ht. (x;) (1)\10.8 t(;fng(lijgs regression equation
March 1 0. 520 0.177 0. 525
March 20 0.194 0. 164 0.194
April 10 0. 010 0.471 0.499
May 20 —0. 255 0.538* 0,727* $=419, 320—3, 330x, +3, 113x;0. 530;.
Table 1§, Yield estimation according to the multiple regrression equation obtained between actual
vield and stem height, stem numbers on May 20th in different year.
Years 1958 ’ 60 ’61 ' 62 765 ’ 67 70 '71 '72 '73 X

Actual yield(kg/10a) 361 281 355 373
Yieldestimated 323 313 365 381
8 — 3 15 10

Differences — 38 32 10

421 360 397 401 383 411 374
387 375 407 383 407 431 377
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SUMMARY

The objectives of the study were to obtain basic
nformation on the improvement of naked barley
‘production, and to clarify the relation-ships between
yield or yield components and some meteorogical
factors for yield prediction. The basic data used
in this study were obtained from the experiments
carried out for 16 years from 1958 to 1974 in the
field at the Chon-nam Provincial Office of Rural
Development. The simple correlation coefficients
and multiple regression coefficients amonng the
vield or yield components and meteorogical factors
were calculated for the study.

The results were summarized as follows:

1) Days to emergence were reduced 8 to 26 dayS
under conditions of mean minimum air tempe-
rature.

The early emergence contributed to increased
plant height and number of tillers as well as to
earlier maxinum tillering and heading date.

2) The plant height

positive correlations with the hours of sunshine.

before wintering showed

On the other hand, plant height measured on

Muarch 1st and March 20th showed positive:
correlation with the amount of precipitation and:
ﬁegative correlation with the hours of sunshine-
during the wintering or regrowth stage.

3) The number of tillers was influenced significantly-
dby the mean minimum air temperature. It was.
observed that the higher air temperature before
wintering favored the development of tilless from
lower nodes resulting in increased effective tiller
ratios. Higher air temperture during wintering-
period decreased the number of effective tillerg
in abnormally mild winter.

4) Such factors as rainfall and air temperature
during middle of March profoundly affected the
days to maximum tillering and heading. Lowe
air temperature and abundant rainfall during:
the period shortened days to both maximum.
tillering and heading.

5) Higher accumulated air temperature before win-
tering decreased the number of spikes and a
negative correlation was observed between the:
number of spikes and the accumulated air-
temperature through November to March.

6) Kernel weights were affected by the hours of
sunshine and rainfall after heading, and kernes.
weights were less variable when the hours of-
sunshine were relatively long and rainfalls in.
May were around 80 to 100mm.

7) It seemed that grain yields were affected mostly-
by the climatic condition in March, showing the-
negative correlation between yield and mean air
temperature, minimum air temperature during
the period. In the other hand, the yield was
shown to have positive correlation with houurs
of sunshine. v

8) Some y%e!d prediction equations were obtained
from the data of mean air temperature, mean
minimum temperature and accumulated air tem-
perature in March. Yield prediction was alsc
possible by using multiple regression equations..
which were derived from yield data and the
number of spikes and plant height as observed at.
May 20th.

— 119 —



‘Appendix 1, Growth and yield.-

Emergence Dec. 10 Mar. 1 ‘ Mar. 20
Year
s | purs | B | N | P | N | T |
Cﬂt cm cm

1958 1111 25 10.3 31 8.2 o7 6.7 | 103
1959 10. 28 1 1.2 42 24e | 108 18.9 115
11960 10.28 11 13.4 81 4.9 147 17.2 153
1961 10, 26 9 18.9 o7 19.9 163 21.1 169
1962 10, 28 11 14.0 73 15.3 138 18.9 144
1963 10.31 14 10.4 68 12.1 134 | 204 14l
1964 10,29 12 14.1 71 15.8 137 20,2 143
1965 10. 29 12 12.7 80 14.0 146 17.3 152
1966 10,25 8 16.4 123 16.9 189 18.1 195
1967 1112 26 7.7 8 13.1 151 16.3 159
1963 112 26 7.9 35 9.0 9 15.5 98
1969 10. 28 11 24,5 120 25,4 141 20.9 142
1970 1.3 17 11.6 38 19.2 66 116 68
1971 1027 10 14.5 99 15.4 141 20,1 158
1972 10,27 10 13.2 87 19.8 211 26.9 212
1973 10,28 11 12.4 89 15.8 210 26,0 217
‘M 10,31 14 13.3 76 15.6 142 19.1 147
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Max. tillering date Length of | No. of No. of  lype. of 1000-| Yield
‘ Heading date . Grains per . :

Date gg;nOf culm panicle spike grain (gr) | (kg/10a)
41 110 4,26 75.4 49,3 67 23.0 361.0
3.18 116 4,16 67.5 46.0 72 25.5 273.0
3.25 165 4.22 79.9 56. 0 72 20.6 282.0
3.27 184 4.22 76.2 57.0 73 25,1 355. 0
3.26 174 4,24 79.9 66. 0 66 22.9 373.1
3:28 159 4,26 78.6 €0.0 78 23.1 266. 2
3.24 186 4,18 66,7 81.0 78 16,0 260. 1
3.27 184 4.19 72.0 67.0 67 20.7 421.0
3.5 él7 4.22 88.0 66. 0 66 29.0 367.0
3.27 195 4.23 92.0 85.0 73 © 26,5 360. 0
4,3 102 4,29 86.0 86.0 69 30.5 397.0
314 179 4.23 76.0 71.0 68 24.6 444.0
4,19 127 5.2 72.1 73.0 78 31.4 397.0

4.1 170 4.24 82.0 76.0 73 27.5 401.0
:3.10 212 4.20 4.0 | 86.0 72 22.6 383.0
3.25 228 4.20 82.4 79. 1 65 28.3 411. ¢
3.25 169 4.22 78.7 70.3 71 24.2 359.4
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Appendix 2, Mean temperature during the growing period.

Nov.

\Month Oct. Dec. Jan.
\ 10days T_hq The | The The | The | The |The | The | The | The |The | The
Year L first | middle | last | first {.mjddle | last | first { middle | last | first middle | last

1958 15.9 17.9 10.6/ 11.0 9.4/ 5.8 5.0 4.1 4.9 -—-22 -14 -33
59 19,7, 16.7| 14.6| 12.9 7.9 5.4 6.3 4.1 0.4 -37 -6.2 0.7
60 18. 6 17.2) 14.4] 11.6 8.6f 840 32 2.60 —1.2 2.6 0.4 -3.3
61 19.9 17.6] 14.5/ 10.6 12,2/ 8.4 52 43 03 -177 -3.3 0.9
62 19.6 14, .7 12,4} 10.4 1.3 4.2t 2.4 3.9 29 C.8 0.2 -17
63 17.3 15.1] 13.5] 11.6 9.3 57 41 43. 5 0.6 -—2.3 -6.6 —2.1
64 18.0 17.6) 13.9 11.2 7.6/ 8.0 3.1 L5 20 0.0 3.2 0.9
65 16.5|  15.4| 15.1 13.4 9.2, 6.7 4.8 0.3 —0.9] -2.2 -3.0 0.1
66 19.7] 18.06; 13.8 12.0 9.4 2.5/ L7 2.4 —2.6/ —0.6 -1.7 —2.8
67 18.0 15.6, 16.5] 10.3 7.7 7.9 0.5 —0.9 —3.4 —2.5] -—3.5 0.6-
68 181 14.2) 13.0{ 10.9 8.5/ 10.9] 10.7 56 11 1.6 —0.2 -1.4
69 16,1 15.0] 14.2) 9.4 9.2 4.8 25 .o 0.1 -—-20 -13 , 2.9
70 191 18.4] 13.4} 10.8 6.7, 4.8 3.2 4.1 —0.2] -—2.0 —3.00 —0.6¢
71 13.8 10.9} 10.0f 8.0 56 39 13 0.6 0.6, —2.5 1.0 0.9
72 16.5 14.5} 11.5; 1L.5 9.5 2.2 3.5 2.1 21 2.8 4.4 3.0
73 17,1 12,8 9,51 95 6.5 3.4] 0.5 1.2 —2.6 0.9 2.4 3.3
M 17,7 15.7} 13.3] 10.9 871 5.8 3.6 2.4 0.3 -0.8 -12 ~0.2
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Feb. Mar. Apr. May
e || e (G || e e [ [ e [ e [ ome T e
0.4 0.2 3.2 2.7 8.1 6.8 11. 6 12.4 16.0 18,5 16.0 20.7
4,5 6.4 3.6 7.7 6.0 11.5 10. 8 12.1 14,9 18.6 17.5 20.7
2.9 1.0 3.6 9.2 6.8 9. § 8.6 10.8 15.9 16.3 18.0 18.9
16 1.4 3.8 5.7 8.7 8.0 10.1 12,8 15.5 16.4 18.1 18.8
3.0 0.9 4.0 4.7 7.4 4.1 9.4 10.4 13.2 17.7 17.7 22.7
—5.4 —-15 0.9 3.8 6.1 8.6 9.8 15.2 14.1 16.5 18.5 19.7
0.9 -—2.7 1.0 5.4 5.8 7.8 15.0 18.9 15.7 19. 0 20.1 21.2
-13 3.8 0.6 2.3 6.3 6.2 8.2 13.4 14. 6| 16.4 19.4 20.1
—2.4 3.0 2.2 0.7 7.6 5.6 10.1 12. 6 17.2 17.1 20.4 20.7
—0.5] —4.2 3.6 3.5 6.7 6.8 119 11.6 16.1 17.8 « 20.6 23.0
-3.24 -0.1 -16 2.8 5.5 9.1 12. 6 13.2 15.5 18.5 19. 5 19.6
0.3 53 -2.0 2.2 4.0 9.5 9.4 12,9 16.3 17.3 19.5 17.7
0.7 3.8 3.4 1.7 2.0 6.4 10.5 12.6 14.7 18.8 18.3 19.6
-3.0 2.3 4.8 1.8 0.7 6.4 8.2 112 13.0 13. 5 17.9 18.4
2.8 2.2, —0.3 2.1 6.5 9.5 8.3 14.0 13.9 17.5 15. 6 16. 8
2.2 4.1 L7 19 5.0 8.6 12.2 11.9 16.0 16.0 16.7 18,1
0.2 1.6 2.0 3. 6 58 7.8 10.4 12.9 15.2 17.2 19, 0 19.8
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3, Appendex Mean minimum temperature

Monht Oct. Nov. Dec. Jan.
10 days| The |. The | The | The | The | The | The | The |The | The | The | The
Year first | middle | last | first | middle | last | first | middle | last | first | mjddle | last
1958 9.4 13.90 56 4.9 5.4 3.9 03 -~02 14 -49 -53 —7.5
59 12,20 18.9 8.7 8.4 1.5 6.3 2.4 0.4 —2.9 —=7.5| —9.5 —2.3
60 12.00 10.6| 9.9 5.9 3.71 4.4 0.3 ~1.0 —4.3 —0.4 -390 -7.3
6l 14.7] 12,2 10.6 4.7 7.7 4.5 0.6 ~—0.4] —3.6/ =57 -—7.4] —3.1
62 11.6 8.5 3.6 4.9 55 0.5 —2.8] ~1.5 —2.4 —-3.00 —3.0 —-4.6
63 8.3 8.5 6.9 5.7 4.8 15 —0.1 -0.8 —2.9 ~6.4 —9.7] —10.5
6t 1.9 10.8 7.2 55 1.5 2.1 —0.5 —2.9 —2.3—14.5] —9.7| ~10,5
65 6.5 6.5 8.4 89 2.00 2.4 —2.1 -3.7 —4.6 -5.9 -7.2 -3.1
66 1420 121 90 63 4.9 —0.7 -1.9| -1.1 —6.3 ~4.9 —5.5 —9.0
67 4.6 470 35 17 -—42 1.2 -63 -3.8 -85 —54 —67 -3.4
68 14.2 9.4 62 5.2 2.8 6.0 6.5 0.9 —2.7| —4.3 ~3.9] —-3.7
69 9.3 7.3 . 9.0l 4.3 49 83 -19 3.6 —4.1 —4.9 ~58 —01
70 12,1 143 9.2 5.1 2.5/ 1.3 —1.4 0.2/ —3.3 —5.2| —0.2] —5.4
7 T 8.7 51 6.4 4.1 2.2l 15 —1.6 —2.6 —4.4 —6.4 -~2.2/ -3.1
72 10,2 8.3 63 68 4.2 —0.5 —1.5 3.7 —1.5 —1.8] ~3.5 —24
73 12,3 7.3 6.9 4.1 1.2l 2.0 -31 -37 7.9 —2.9 ‘—1.9 ~1.4
&
M 10.7 9.3 7.3 5.4 3.2 2.8 —0.80 -1.3 —-38 —5.2 -—48 -—438
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Feb. Mar. Apr. May
The The The The The The The The The The The The
first | middle | last first | middle [ last first | middle | last first ‘_m‘iddl_e last

—2.8 -3.1 ~1.2 —2.4 2.6 0.9 5.4 5.6 11. 3 11. 8 10.5 13.4

1.3 -—-3.6 —14 -3.5 0.3 6.4 6.0 4.8 7.0 12,7 11,7 14.4
~7.9 —-3.2 —0. 8 —4.9 0.8 5.6 1.9 5.7 9.4 11,4 12.6 14,1
-2.1 -39 -22 1.4 2,7 2.6 3.7 6.7 9.7 12,1 13.1 141
-2.1 =277 -89 -9.1 1.3) -0.9 3.7 3.5 7.9 7.8 9.9 12,7 -
-8.84 —5.5| -2.7 -220 -0.3 4.0 5.4 10.7 9.9 11,2 14,0 17.1
—2.0| -—4.5 -2.3 1.7 1.7 0.9 11.6 14.6 11.6 12,1 12,5 17.4
—4.5 —4.7 -1.7 ~3. 6 0.1 —0.2 0.1 5.1 8.3 9.9 11. 1 14.5
—-7.4 -3.0 -11 3.3 2.6 1.4 2.2 4.5 12.2 10,1 12,4 14.3
-2.9 —-59 -—3.4 -1.5 2.0 3.2 6.2 7.1 10.6 10,1 12, 6 13.4
-6.7 —5. 6 -4, 8 -2.0 0.7 4.4 8.1 6.8 7.4 11,2 13,2 15,2
—2.5| =27 -3.5 -27 -—0.5 2.3 2.1 3.5 6.8 9.9 11.3 11.4
—4.7 —-3.5 4.9 -2.3 —2. 5 0.5 4.5 7.2 9.1 14,8 10,7 14.6
—-5,7 -1, 3 6.1 —~1.4 —2.5 2.4 3.4 5.7 7.9 8.6/ . 11.1 17.8
-0.1 1.8 —3. 5 —2.8 1.0 4.4 2.8 8.7 8.2 11.7 9.4 13.2
—1.9 —-1.0 —1.8 —-2.7 —0.4 1.5 52 6. 6 9.8 11.6 11.5 14.0
—4.00 —3.3 -1.5 -2.1 0. 61 2.5 4.5 6.7 9.2 11.1 11,7 14.5
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Appendix 4,

Accumulating temperatura

Month

Oct. 1 Nov. Dec. < Jan.
10 days| The | The | The | The | The | The | The | The The | The | The
Year first | widdle | last | first | middle | last | first | middle | last | first | middle’] last
1958 159.1 178.€| 116.4) 110, 3 93.7 57.5; 50.1 41,2| 53.6] 4.0 22,6 2,6
59 197.0| 166. 6} 160.2| 129,0 78.6/ 54.0| 53.2 47,6/ 10.9 2.1 1.7 17.2
60 186.2] 172.1j 158.5| 116.0 £6.3] 82.0] 32,2 32,5 10.8 29.4 11,7t 4.9
61 1991 175, 8| 160, 0| 1056, 4| 121.7, 83.9| 51.8 45,91 7.9 6.0 1.5 17.2
62 196, 6 147,0| 136.1| 104.4 112, 9] 41.5] 24,1 38,71 37.2| 11,7 10.1 0.7
63 173.2| 151.2| 148,1| 116, 2 93.4| 57.5 417 34,8 15.2] 2.4
64 179.8 175.7| 147.5{ 111, 9 75.5] &0C.0| 30.5 20.2] 20.9) 2.7 35.1 144
65 165.1] 153.7] 166.4| 138.S 91.7] 66.4] 47.5 19,30 7.3 0.8 6,7 9.6
66 197.2| 179.7| 151,7] 120, 3 94,2 31,11 20.1 3.1 3.1 2.7 9.4
67 179.8 156.0| 181, 1} 103.2 76.5] 79.2] 19.4 9.0 5.8 4.2 16.6
68 1811 142 3| 142.6| 109.6 84,9/ 108,99 107.1] . 55.8 16.8 25.8 12.9 1.6
69 161. 3 149.6| 156, 3] 93.8 92,0/ 48,2 31.1 13.8 11.1 1.8 3.9] 32.6
70 1911 184.1| 147.6| 107.7 66,7 53.¢ 32,¢ 41,5/ 7.4 1.4 3.8 7.5
71 1377 109.2| 110.1} 79.€ 55,8 42,5 21,7 15,7, 15.4 2.7 13.4f 8.5
72 164.8] 144.6| 126.4} 114. 8 94,7) 21.8 34.9 12,8 28.6] 25,1 43.9 37.7
73 170.9{ 127, 8 126. 6 94,9 64,8 33.8] 10.2 12.8 4.8 17,8 26.1 36.0
M 177.5 157, 1] 145, 9| 109, 8 86.4| 58,9 38.6 29.5) 15.7| 88,9 12,8, 12,9
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Feb. Mar. Apr. May
The | The | The | The | The | The | The | The | The | The | The | The
first | mjiddle | last first | mijddle | last first | middle | last first | middle | last .

8.4 7.1 29,0 34.2 80. 9, 73.8 1156 123.1] 159.8 185.0 159.9 228, 2
46.0 64,2 28.8 76.9 59,91 127.0| 107.9] 121.1] 148.6[ 186.1] 174.8 228, 0
30.4 16. 3 32.2 92.2 68,11 105.4 86. 4 108,2| 159,31 163.2] 180.4 208, 2

1 27.86 17,9 30.3 56,7 95,1 88.4| 100,7| 128.4] 155.3| 163.9, 180.5 206, 6-’
35,5 15.9 32,3 47.4 73.9 44, 6 93.6 ‘103, 70 1315 176.7 177.0 249, 8
8.6 37.5 61.3 94,9 97.5] 152.1 141.2| 1645 184.9 216.6
1225 13.0 53.7 58.0 85,9 150, 1‘ 189.21 157.2| 189.5 201.0 232.8
9.8 37.7 6.5 23.2 62.9 68,7 82.1 134.0 145.5 163.5 193.7 220.5
1 8.5 37.2 26,5 59,3 78.8 61,6/ 100,8 125.9] 172.2 170.97 204.1 227.6
6,4 29.8 36.3 66, 6 75.2 118.6] 116.1 160, 7 177, 5 205,8 256, 4
15.0 5.9 30.2 55,2 1097 125,5] 131.9] " 154.6] 185.2] 194.5 204.5
14.3 52,6 1.9 26. 4 40.4] 103.5 93.7} 129,0f 162.7] 173.0] 194, 6| 1951
14,7 38, 3 27.5 17.8 20.2 70.0] 105.0f 125.0] 146.8 ] 187.6/ 182 5 216,2
25,0 39.7 23.0 16, 6 70,8 81,90 111.7) 130.0 135.4] 178.9 202,7
1277 24.7 6.7 24 .4 64,8 104.4 83.1 139.9] 138.6{ 174.7| 156.2 185.3
28.0 40.8 20,8 18,9 50, 3 9.5 121,7 119,0 159, 6 159, 5 167, 4 199. 4
17,5 24,5 21.2 41.1 59,5 86.2 104.0/ 128.7| 1515/ 172.3] 183.5 217, 4
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Aopendix 5, Precipitation(mm,

Month Oct. Nov. Dec Jan.
10days| The | The | The | Thé | The | The | The | The | The | The | The | The
Year first | middle | last | first | middle | last | first | middle | last | first | middle | last
1958 27 75 71 21 71 5| 27 o 31 18
59 0 o 14 of 18 20 21 20 7 27 23
60 0 14 4 0 2l 44 3 17 8 3 16 9
61 62 39 1 6 68 7 4 2 o 19 3 12
62 3 of 4 35 ad o o w1 4 4 10
63 0 34 2l 13 5 13 13 1 5 13 9 21
64 10 12 7 4 23 0 0 0 1 0 16 10
6 0 14 180 74 12 6 9 51 32| 15 15 37
66 7 23 17 0 21 34 4 3 2l 12 0 0
67 14 8 o 46 48l 36 4 n u 5 3 15
68 138 1| 28 28 8 12 3 51 20 1 9 1
69 0 0 2 5 71 14 32 ol 20 16 5 50~
70 11 60, 471 13 o 14 4 0 6 1 o 0
71 3 0 1 19 o 1 12 2 4 5 32 16-
72 25 0 3 90 52 55 2 14) 49 25 3 67
73 14 500 34| 11 9 0 6 o 19 20 ° 7 21.
M 22 21 13 25 717 7 71 14 7 11 1%
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Feb. Mar. Apr. - Mavy
The The The The The The The The Thz The The The
first | middle | last first | mijddle | last first | middle | last first | middle last
25| . 3 0 5 22 5 35 99 84 10 31 Q
18 67 0 51 1 20 o4 9 18 43 18 34
5 2 3 2| 36 30 24 8 14 49 76 24
61 9 0 135 30 2 54 26 0 68 9 48
10, 7 0 1 10, 2 29 0l 32 5 9 1
2 0 5 11 0 34 31 61 48 45 36 137
76 0 6 4 63 0 51 58 61 56 26} - 6
9 22 0 1 6 13 1 0 o1 35 24 28
16 . 28 8 128 19 17 22, 1 59 59 391 ~
10 2 27 32 19 22 29 40; 42 16 0 5
0f:: 8 13 11 19 39 9. 501 2 13| 14 9
15 - 551 .. 2 6 8 4| . 25 38 146 84 19 54
4 17 42 0 11 0 15 91 5 13 0 26
gl 16 30 14 4 24 19 24 12 21 8 48
16} . 14 16 5 45 130 18 28 51 145 11 30
23 8 17 8 5 1 3 109 47 140 29 6
19 16 11 26 19 21 29 41 45 50J 22 31
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Appendix 6, Hours of sunshine

M_on‘th Oct. Noy. Dec. Jan. ——— o
10 days| The | The | The | The | The | The | The | The | The |The | The | The
Year first | middle | last | first | middle | last | first | 'middle | last | first | middle | last
1958 - 69 28 55| 67 42 69| 58 62 41 51 43 6l
59 95 92| 82 48 75| el 48 39 51 54 38 39
60 79 go, 77 72 59 32 47, 56 56 47" 56 8
61 82 68 83 73 500 490 68 50, 79 62 81 62
62 64 81 99 58 66, 44 74 54 64 55 60 63
63 g8 62 83 55 53 48 45 46| 48 55 57 68
64 36 55| 63 57 55 64 40 51 66 59 31| 43
65 83 71 73 38 64 a4 46 43 51 60 36 40
66 Y iﬁ 49 78 58 47| 56 60] 54 54 6 65
67 o1l 72l o4 a4 102 33 46 42| 51 a9 59 68
68 sl 74 8 49 58 56 49 ol 22l 58 41 46
69 g2 89 83 6 a3 59 33 e 53 10 s 15
70 59 60l 56| 81 63 61 45 s, 72| 55  erl 82
71 75 79 6ol 64 63 57 40 55 71 72 520 40
72 79 76/ 65 47 420 43 62 500 33 51 40 42
73 55 65| 72| &4 sof* 720 ‘53  eo| 49 27 48 6l
M 70 6ol 72 60 590 52 51 50 54 51f 50 55
l \
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Feb. Mar. Apr. May
The The The The The The The The The The The The
first | middle | last first | middle | last first | middlz | last first | middle | last

48 72 58 66, 63 66, 53 77 37 71 56 108
46 17 56 43 89 82 50 77 81 57 53 89
66 69 58 61 81 40 92 65 75 38 56 87
57 63 77 66 61 96 99 85! 83 62 68 101
63 67 59 81 78] 103 54 103 62 32 58 89
52 73 63 54 73 85 57 17 28 38 44 21
35, 53 61 67 61 103 32 32 48 66 76 70
43 60, 40 84 75 82 77 78 42 59) % 77 ﬁ
50 54 52 32 55 89 65 93 41 72 87 81
45 69 49) 79 62 82 46 38 92 75| 99 93
61 80 49 78 66 89 63 79 109 62 70 64
36 19 52 77 32l % 77 53 37 g &9

66! 68 18 70 64 84 61 57 75 19 97 76
61 39) 31 59 68 78 86 88 9 86 102 o1
28 48 33 79 64 68 81 66 76 81 88 75
48 65 26 73 53 89) 79 54 77 68 79 84
50 57 49 67 65 81 67 66 66] 61 75 82
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