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Fig. 1 Mean temperature, sun-shine, and snow cover at Kunneppu and Iwamizawa.
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Table 1 Means of agronomic characters and reserve substances contents for
25 varieties at Kum-neppu and Iwamizawa, 1978-—1979.
Trial locations Kun-neppu Iwamizawa
Seasons I a il V0T V/h v/ 1 1I mo|w* |m/1|v/m?
Oct. |Nov. | Jan. | Apr. Oct. | Nov. |Dec. | Apr.

Characteristics 30 20 5 20 % % % 30 20 12 20 % %
Dry weight mg/plant 319| 534| 550! 479| 172 87 93| 675| 1104 1046| 876] 155 78
Percent. dry matter 21.5(26.0131.2}21.0] 145 67 69 1 18.1]19.9120.8]15.2! 115 76
Total carbohydrate %1 32.4)41.7144.1,25.0, 136 57 51 124.7]35.5{36.2]15.5| 147 41
Total sugar % 16.7121.5]23.8/ 10.6, 143 49 47 114.2119.9]19.6, 8.8 138 37
Reducing sugar %} 3.3} 2.2 6.0] 3.9 182 65 751 4.0] 3.9] 3.6/ 1.6} 90 43
Non-reducing sugar %| 13.4]19.3(17.8| 6.7| 133 34 39 110.3]16.1|16.0; 7.2} 155 36
Crude starch %| 15.8|20.3|20.3| 14.5] 128 71 52 110.5{15.6|16.6] 6.7| 168 49
Total nitrogen %| 4.41]3.88|3.73| 4.31 85 | 116 | 120 3.94|3.64]4.50 12/%
Proteinous nitrogen % 3.12 2.60 2.56
Soluble nitrogen % 0.76 1.71 1.40
C/N** 7.3110.7111.8 151 9.0 9.2
Phosphoric acid % 1.1811.02,0.91 77 1.04]1.04
Potassium %) 2.4912.31,2.19 88 2.35,2.27
Silic acid %1 1.4311.2011.25 37 0.98
Ash %\ 7.1515.52]5.94 33 6.15
Lipid % 3.2 3.2
Plant height cm 18.8 21.8
No. of tillers 7.3 12.7
Note : ", Data taken for variety, Horoshiri; ®, Total carbohydrate/Total nitrogen
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Table 2 Combined means of 25 varieties grown under two locations and three hardening

seasons in 1978.

3, » X g
g 4 "% 2‘:? § S © ‘QQ & o Q E

.ch No.| Varieties ﬁ"%pg ”; &5@ *S Qz\ 2 E g "'é ge\c S: ':70 o
8 S TECE IR EEEE B LR AR R -
8 o IS B Shevi S T = B o [P I S B P T R v = = i~
= SANHS S B2 S fEo g Y 5 L EsHA | 5
A | 10| Gaines 620]21.6/32.3)16.9/12.8/15.4/4.06 8.9/0.99]2.431.38]6.65/3.06/1.0319.2] 3.2
11| Ihis 554121.1)29.7/14.3)10.8/15.4/4.55) 7.1/1.032.31/1.64(6.753.18]1.48]16.6] 3.8

25| Takune | 907|21.834.9/18.514.0016.03.96] 9,7,0.99)2 3911 2916 383.11/0.87)21.1, 3.0
x 694(21.5/32.1/16.511.6{15.6/4.19 £.5(1.00/2.37/1.44]6.59[3.11]1.12[19 0| 3.5

B | 1|USSR40604| 599|23.3(34.9(19.515.2/15.4/3.95] 9.6[1.04[2.20]1.25|5.92|2.881.12/18.1] 3.0
2| Moscow 1 | 653|24.0{36.2/20.8/16.3/15.4/3.81/10.5/1.032. 22|1.20[5.87/3.03]0.74/19.6| 3.5

3| Valujev 587(23.4(38.5/21.9/17.9|16.6/3.63/11.4[0.982.20|1.10/5.87/2.58]1.02|14.9| 3.6

4 | Lietescens | 538|24.1|37.4|22.2/18.4/15.2/3.78/11.2(0.95[2. 15|1.10/5.52/2.74[1.11(17.4] 3.0

5| lohardi 9[4.12] 9.11.05/2.30/1.20(6.13]2.84]1.33/18.3| 3.3

6 | Minturki 0/4.22 8.7) .18|2.36/1.30/6.64/3.01|1.2016.0/ 3.5

20 | Kitami 18 . 314.57 7.2(1.10|2.50(1.467.353.24|1.49(18.0| 3.6

25 | Kitakei 840 .9{34.0/17.: 713.91) 9.7/1.02/2.37]1.31)6.57/2.91/1.13]20.8| 3.4
x 609123.0{34.9(19.1/15.2/15.9(4.02 4.7/1.052.301.24/6.24[2.90/1.1417.9 3.3

C | 12| Akasabi 1 |722|22.2[33.5[17.313.9/16 .2 .8|1.14/2.35/1.43]6.71]2.89(1.37[23 9] 3.8
13 | Norin 8 771(23.2/35.1/18.4/14.816.7]3.9110.0[0.99/2. 32!1.27]6. 27]2.88[1.20(20. 1| 3.4

16 | Hokkai 48 | 73222.9|34.3/18.3)14.7,16.0{3.90, 9.6/1.09(2.32/1.32/6.26/2.97]0.91(23 4] 4.1

16 | Hokuei 880|23.0/37.8/20.3/16.917.53.79/10.9]0.98(2. 31{1.36/6.06(2.89[0.93[21 . 6| 3.3

17 |Kitami 1 | 751/21.8[36.520.7/17.2/15.8/3.90/10. 1|1.03[2. 34|1.33/6. 28/2.951.02/19.5| 3.8

18 | Kitami 2 | 774122.6|36.2/19.2/15.5/17.0|3.81/10.4/0.98/2.301.36(6.36/2.76|1.01/23.1] 3.3

19 | Kitami 3 | 751/22.6|34.619.7/15.9/14.9/3.90] 9.8]0.98]2.31|1.30/6.27/2.89(1.11/22.7 3.3

21 | Muka 764|23.835.3/18.9]14.8/16.4/4.03 9.7|1.02(2.27|1.29]6.00/2.87|1.21|20.6| 3.4

22 | Horoshiri | 703]22.5/36.3/20.3[16.0/16.0/3.75/10.8]1.03]2. 41|1.21/6.36/2.86/0.90|20.4] 3.2
24 | Kitakel 625 | 719122.3/34.618.914. 316 44 00| 9.61.07)2 35[1.3916 382 811 19]22.0] 2.5
x  |757|22.7(35.419.2|15.416.313.91[10.0|1. 03]2 . 28|1. 336 30(2.87|1 08|21.7| 3.4

D | 7|C.L 14106 |595|25.3[43.1[24.9/20.8|18.3/3.22(15.3[0.85[2. 01[1.11]5.23|2.42/0.79/18.0| 2.2
8| P.1 172582 | 793|25.0(42.0/22.6/18.7/20.03 .41|14.00.85/1.99/1.24|5. 36|2. 28]1. 18[25. 3] 2.3

9| P.L 173438 | 859 (25.5/41.522.5/19.1/19.03.06|15.3/0.84/2.03/1. 11|5.43]2.36[0. 73|24 5| 2.4
14| Norin 62 | 890|22.1/38.419.415.219.113 5112 3l0.87]2.30)1. 39 44}2.50]0.99]22.8] 2.3

x  |'301|24.5(41.322.3]18.5[19. 112 30[14.2]0. 85|2. 08|1. 20[5. 62]2 41]0 9223 6| 2.3

Total means| 539]22.9/35.8/19.3[15.516.5/3.88/10.4]1.00]2.28]1.29/6. 2012 .34]1.08/20.3] 3.2

Ls.d. 5% 101] 1.1] 1.9/ 1.9 2.0 3.000.14| 1.0[0.06]0.08[0.13)0.31|0.17]0.41| 3.4] 0.3

v 1%135) 1.4] 2.6 2.5 2.7 3.900.18] 1.4/0.07]0.11]0.18]0.41]0.23]0.55| 4.6| 0.5
Locations | 2/ 2 2 2 2 2 o 2 2 2 1 1 2 2 2 1
Seasons | 3| 4 3 3 3 3 2 2 2 2 3 3 1| 1 1 2

Note : P Wintering type had been classified as A, less-hardy ; B, cold resistant; C,
intermediate; D, snow endurable by previcus paper” .
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Table 3 Reserve substances contents means of wintering types and correlation

coefficients between before and after wintering at Kun-neppu, 1978—°79.

Characteristics Seasons Varietal group - I T2
A B C D -

n 3 8 10 - 4 25 25

II 546 467 588 681
Dry weight mg/plant v 337 | 432 | 523 | 530 | 0.701*** | 0.527**
________________________________________________ 0 S N T T S . |
Percent. bry matier % n | 25.1 | 26.3 | 255 | 223 |

v 19.7 21.7 21.0 20.9 0.551** 0.741***
_________________________________________________ von %) ) om| s om| .
Total carbohydrate % I o 38.5 40.1 41’7 ''''' 472 ---------------------

v 21.9 24.7 25.0 27.7 0.796*** 0.853***
__________________________________________________ P I T R N R
Total sugar % n 19.9 | 210 | 213 | 244 |

v 7.8 10.5 11.3 11.4 0.591** 0.733***
__________________________________________________ v % s | sl s | ow ||
Non-reducing sugar % n | 175|185 | 192 | 22,8 |

v 4.1 7.2 7.2 7.4 0.585*" 0.713***
__________________________________________________ wom g% | s sl el sl L
Crude starch % it 18.6 | 19.3 | 20.4 | 23.7 )

v 15.7 14.5 13.6 17.5 0.353 0.693**"
________________________________________________ v %) s| s | e | ol L
Total nitrogen % II 4.18 | 3.99 "39? 3.3 | |

v 4.60 4.41 4.41 3.67 0.922*** 0.061
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o % | mo | | ows| e | R
Proteinous nitrogen % | 11 3.42 318 B 3.16 72,69 vvvvvvvvvvvvvvvvvvvvvvvvv

Wi 2.79 2.64 2.60 2.37 0.827***
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, vom s | s s s | sl
Soluble nitrogen % 1l 0.77 | 0.80 | 0.76 | 0.68 |

v 1.80 1.77 1.80 1.30 0.552**

NS % 234 221 237 191
Note : r1, Correlation coefficients between II (Nov. 20) and W (Apr. 20);
r2, Correlation coefficients between increments fromI (Oct, 30) to I

(Jan.
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RHHRD I 5 8 LRGSO EHEIC WL, 25
é,%rﬁmiﬁﬁﬂ 2RIz DH Tabled TH 5,
Wk sk, OFErZEfeEoliczbd
TE j‘/‘*ﬂﬁé (0. 877***) DI T TR
Nh EDE N ERDS, BEHELC, AR S,
I ILHEDE t*ﬁu@’r% B\ T i
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HE OB 126 REBEDHCHEMY S ), 2D
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»h,
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PWEWIEIEHERE RN R p o, FLBL
LEEREL
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BRI BB R AR L, A
LEEDW, ZRbil

~ 5 ket b, CN, BFE E O BfRITe<e
& fet, B EEE L L 2,
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Table 4 Correlation coefficients between agronomic chracters, reserve substance

contents and degrees of injury caused by freezing and snow molds

Characteristics

Seasons

Freezing

S.borealis

T.ishikari-

ensis

T.incarnata

F.nivale

Plant height

Number of-tillers

.446*

061

— . 653***

—.411*

.692%**
.648%**

Phoshoric acid 5

Potassium . . 383 |

Silic acid 11 447 -.075 235 508 * 619+
Ash 11 082 .331 .518** .392 LB20%**
Lipid I — . 214 - BRET .568** .409* 510%™
Osmotic value 11 -~ BTT*** - 484* 113 ~.309 ~.363

PN

Z LBV, I THIITFRHC BT A 197840
ZH1 (1) O1TREEOMBEE S Table 5 1k
?))o
COEPHREPICVZE, RO KRE S X
LT3 SRR TH 0%, b ik
P & DFIZIAT S DBk L B b iz v, 1k
PR Tl S
BThHBH, K

HETh-ofo, DENEABERI LW L HEE
R 7o, SRR, A, CN T ic
KRE, &, EERTE ORI E -, B
Yrae & DRNIZERIER S T MR EL 5 %8 &
C1BKETEHEBTH» 7205, BBOWEHEED
MHCIZE & A SRR 0 - 1os

FLMABIOMRE P OBRIVERICE L, BY
DEGEPEEXSEMUL. UL, S borealis &
IEADWEL L 722, B ERIc L A0
niz, B, ELIE D LHEEEINLCL
AN H Y, WENGE SMEL -,

AT, EEOKRE R LENET, HLw»
RN ST R I ST 0 p BB b B

By AR Ey, )
VERE ) OBRREETH Y, ki, 8%
EEVERERL, RS RRE, ) B
R EGMERAEINEE S, ) YR
T A4 Tnd, JREREWE BRI
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Table 5 Simplified table of correlations among each characteristic of agronomic
character and reserve substances contents before wintering at Kun-neppu, 1978
Characteristics 2 13 |4 5 6 |7 |8 |9 (10|11 |12 |13 14|15 |16 |17
1 Plant height b+
2 No. of tillers -+ - +
3 Dry weight
4 Percent.dry matter ot e Bl B et i B M
5 Toral carbohydrate R e e e el St et Bl S
6 Total sugar R [ A Rt -
7 Non-reducing sugar ++|- e B e - =
8 Clude starch —- e B B e B
9 Total nitrogen L Tl B B e e o B e A R
10 Proteinous nitrogen PR (PRRVIOVIS RN (PRI WIS
11 Soluble nitogen + + "
12 Phosphoric acid e R
13 Potassium I IFI P
14 Silic acid ++ 4 -
15 Ash bt
16 Lipid
17 Osmotic value
Note | + ++, positive signifient at 0.1% level above +0.619;
- — -, negative W " below —0.519;
+4, positive n 1.0% level above -+0.534;
——, negative " " below —0.534;
+, positive " 5.0% level above +0.393;
—, negative " " below —0.398;
A, BRECCEABEBHRLE, VR AV ﬁ I6TBTH -7z, BWIERS (Z) XL TR
LIENECER ST, BEML S A BITENE BB ) B, BGOSR TEAMIES

WEEELMMRE L 2,
5. ERDIICE 5 RIEODIE & LM

TR K & 2 SRR 5, TiED AR
Bk R HAAE0I X 6 2 Brzed, 255 DWW Tl
FRAC BT 51978F- 048 (1D D181HE &,
woets (V) o 4 IR0 E Fv TERS
G EAT 72, B3I ERSETCORB<Z LIV E
TR FEFES Table 6 IR L 72,

Table 6 = i, & 13k (Z) 2L T8
W, Bk, AwE, IRTTHE, TV 7,
C/N#iFHmic, %, Y8, 2, v1 8
K5y, BEFERAFINICESLTEY, F5OKE
SETFAWMET 2 b BERS & S EE & D
B Zou) DB ER L LB LLTH S,
TOTHELERTIC L L RWEELHEIZ50% X HiE
= A A

E '«) WL TIEEL s EYENIE
BN ka2 CHESL, B2 ERSETHEMES

LTWwa%, FHEOKEIEFIRNE -2, F3E
B4y £ T BIEE HRILT6% TH - 7.

WA F L ELRBEL L 2T 2 A
Nizxao, B1ERSEE 2 EHSOMHEE 255
HlizowT 7oy bLADHFig 2 THbE, 2D
BARIRIC L 2 L5 REIIRE CKRD A DIHES
o,

®  Gaines (10), Ibis (11), dLR18% (20)

®:VEDLRRE (L, 2, 3, 4) & lohardi
(5), Minturki (6)

© | EEE RO 128 R

© 1 C.1.14106 (7), P. 1. 172582 (8), P.1.173438

)

IRE, FTHOBMATA, B, C, D (Table?2)
LICET LY, TERIBS Ty 73 04X (23)
AR, TEIR62E (14) ) 720 60T %
b E &L, 2, 20 ET TR
BE LS WER), "7 7 F046%; (13
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Table 6 Eigen vectors and factor loading of principal components
L Eigen vectors Factor loading
Characteristics 7 7 7 TS TN T
Nov. 20
1 Plant height 006 | —.437 .170 021 - B43%** . 236
2 Dry weight 015 | - .442 .170 .049 ~ , 853*** . 236
3 Percent. dry matter .235 .235 | —.006 781 .453* —.008
4 Width of cell -, 158 .265 | —.216 ~.525% —.510% -, 300
5 Osmotic value .U58 .231 .443 .192 .446* .615**
6 Total carbohydrate L2831 —.062 088 .939%** —.120 —~.122
7 Total sugar 261 L0371 — 113 it 072 —.157
8 Reducing sugar -, 049 229 —.113 -, 164 576" —.157
9 Non-reducing sugar .266 | —.002 | —.038 .885*** —.004 —.112
10 Crude starch L2251 —.147 | —.038 LT47HHH —.283 -, 0562
11 Total nitrogen —.283 055 .025 - . 940*** .106 .035
12 Proteinous nitrogen -.249 106 | — . 145 —.826*** .204 -, 202
13 C/N ratio .290 .056 | —~ 111 .963%** - ,107 —.154
14 Phosphoric acid —~.232 061 . 354 - TTO**F .118 .491*
15 Potassium —.246 | —.121 142 ~ R15*** —.233 .197
16 Silic acid —.222 1 —.094 , —.235 —.736%** -, 181 —.326
17 Ash -, 274 - 029 .036 —.909*** -, 057 .050
18 Lipid -, 227 .148 .219 - THER*H .286 .304
Apr.20
19 Dry weight .068 | —.385 . 395 .225 - T42% . 549**
20 Percent.dry matter .096 . 287 .395 .320 .550** . 549**
21 Total carbohydrate .242 .100 .201 805 ** 194 279
22 Proteinous nitrogen —.235 .099 | . 140 — 781*** 1191 -.195
z, "Gaines,. (Ibis;, THLRI8E, n®izir ¢, M@
- 625 1201 <, C.1, P.LERD 3 B (3
© e R o7z,
®5 5| en? I LRBIERC L, TS M
SN BTN ZNAERIRE L RIC L Twd &n 2
® / ;Oligtgl;? 1.0 20 47 o j\im: oA, éFl@g? (A>- ‘%vﬁjkm%'
().20 % ,;0012 i3 /'/ e WEDEW D DT (MDD 5, TR (B) i3
S 194220 a9 BB A, RN TR,
o Begid g TH (D) BRI, 0BRSS o
Dhve BFEE O BTALFRETH S5, &
®14 FTLOBREMEHEMOPHERL T2 hiTT

Fig. 2 Scatter diagram of 25 varieties based on

component scores on the (Z;-Z;) plane.

Note ! Number shows No, of variety name presented

in Table 2.

Bw, 5256, Fig.2icBWC 2, & Z,o
ETTENCHAT S LB & 9 % it WK, s
WA R 2 LILEBI D 74 74 A 54 7%
BBHIEAA,
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ﬁ{lﬁi

Y
AR

KB Lo s

Matsumoto et al®ic L #uid, T. ishikariensis
DEYIA, BHIEEN LS EITAOHROEE
&> THAET 5 B ), Hii—F=
TERRL, DWW TR 2SS w5, £
EYR BRKICERS ZWETHEoBLED
EwiEmE LEL, WEAOHY T incarnata i3
BICHBBOD T S E OB DR L
PEELNEVT, FITFIFRRTEOMEICH Y,
ERREBEONFIZH D, & LITERRIZRR
BABOGERMCEBEITLATEY, T
L Twor, REKFRITFFELYETT
Hab,

19784 B4 (1) D4 piok{biiamish s 3 7C.
L 14106, & & C, IMTHFH4.0%, & RIR45.2%

Thotz, ERMHE L Mbis; BRURT, WTH
36.1%, BRI A%TH - 22, BEHIIN T

79 AH, BRI IHIHTH- b s, [
UCORIBEKED TRw ) 24X, THEET S
&, #lFRr43.1%, FRIFS11%TH S,
FREEERRTIT 7295025100101
T5 R E0BEAREC LS, 11H20H#A 4
(ID o ThayY)anx, 32nsh, 32.5
31.1, 31.1, 30.5, 30.8, 30.7, 29.6, 25.5%C
Hotze AFWOI0H 5 HOMBREBE T, &5
1 TC 1. 14106 ,50.9%, ki Mbis; 33.7%,
F$U7U3A¥ﬂﬂwﬁ%fﬁoﬂolvfr$
) aLX) R U7 iauX) 2k
T4 %YL L 72hs, 25534 FE 0 1) T4 07%
LW Ll olz, THEBKERICAS L,
A TSR CHA L, BRIl 72, B B,
9 AISH¥E & & ma % X o M IC i & v g
(0.761***) »EH LN, L, LoOEEL
LA K B 8 X REBNELIC T 5 RiEod
RN, BB L I TE 2o 2,
INHEDZ i, FRIREY INFHFOHHL
PRI > THM AL 2 &, 72 Mﬁm
TERRR & RIS b TR oG8

RECEL W X, IIL1I§‘FtJ/¥ FANITPATE
ZEERLTwWS, LA L, Matsumoto and
Sato” D F & L1 BT B & @M R oAb

(TSC) o &S ,éi & mw:; 0B -7,

s AL ORI
1978 1979 1978 1979
A 38.5 31.9 31.8 26.6
B 40.1 34.1 34.5 28.6
C 41.7 35.5 35.2 28.2
D 47.2 36.5 45.0 31.1

19784 £ 19794 D HT (11) o & RAKIIE
W, BRREDRT%DENH -2, 2%
AL ABLERDE I TH D, 2F ) DEO
FRMZELITHE DBOKRE P2, 2D KIS,
BROEBESLTRTCIL, P.LESD 3 RE»#
DRNETGREEL 2 WBEDOH BT L 2RL
Twb,

AR, HE, L8k HRENEL) ﬁé
HYy s b 3EA P LWHAINE SROHE,
%% (Steponkus) '®, Suneson and Peltier“’)ti
RTIAHD) i~ T6HEIZ9 751[‘?1{2&72@*\-
AL THEEO RS HRBZ 1T, |RRERIC
Eon— P I 2 omxt&iﬁﬂ%m&)to %
1A EHYIMEC, o g, o
WA, VW, BHEGCEEE L, B2 O
BMEROFRICL - TL b3 Nb00T,
BMTEED NN F= v 72 L, BHIE
KRAEFEDOWR D &, HWHOMEEI S E 2882
KOOI B WIS Tl T BB ERPE &, (RIBT T
EOERBI T, i cRsioTr 7y, fik
BELZ ErEM3IN, BREBEOE 2R TR, &
FVE, ¥, VREZEPELCBMTAELT
Vb,

O 2BET, WFREERROKRE 2 by
W ORISR S ki a sz, 244
DPETIFRFE —4.2°C, T7mm iZxf L, BRIR
i1$—-0.6°C, 105mm TH - 7z, 72, 19784 THF
DK EIZ42mm i L, AR I Imm, 1979
FFEhERIL, 12dmm & S otz 2O LR
AREH L2 b6T, WFFLERROZN
FN 2 7 FE250FOAE 6 3 ) OFEIZ0.570%**
~0.838*** LHBICEH Y > 72,

L7zt 7, BRI EIRIT BIEDRIBRIZE
Rty Cibaakaviing, +aiEwao
DI R A REYIDE L 4 b,

2. BRIKALH O EEE & Typhula EAE
B O @ BRI O FR B EIL N TH TE s
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1.4%TH - 72 FREOMERZ0. 767 L EET
HY, WFEHL L PICBEARBICEEEIRO L
iz, Bz Z & i3g&doRlbsE (I1-1V)
LR NIz, BB IV 1U%) i@ s
Wiedr - 72, 19784 X 19794 DA TR N ifib &
A (16.6, 10.4), B (15.3, 10.3), C (16.8,
11.9), D (19.6, 13.2%) T, BI&HIC19784 7D
FHREL, D>BOBEBRIEETH S,

L7edi-T, RAK(LGE EIFZTETIRAS
72 Typhulo EHIEREY, BREREL VO <
D ERAKIEERRAT L cizBbndv, ©
Lo, $IF2 585320 EEHNIC 2
WL b LY, BRI BERORK(L
MaE#RT5E5CThb, T, 48 3
BITHEDORALERTH Y (Table3), &<l
1. 14106, (R TH - 72,

Kiyomoto and Bruehl®? 1555 % B v 72 35
RBIC L g, KIcEE S N R (availa-
ble carbohydrate) & & T, idahoensis & DIz
TS DBIR L e - 22 hY, WEHOBREBN S -
AE AL FORERE S N2 ROKIb & & & O BR S
FThoTz, blbnoREi, NTH, HER
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19784212 A 12 H Sl L 72 BB o i,
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W) Thoz, WEE Y T Lietescens 329
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C. 114106, 0.27 ; P.1. 172582, 0.28 ; P.1. 173433
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Winter Wheat Breeding for Resistance to Snow Mold
and Cold Hardiness

[I. Varietal differences of ecological characteristics on cold
acclimation and relationships of them to resistance

Yoichi Amano* and Shun-Ichi Osanar

Summary

In this paper we dealt with regional and varietal differences of growth increments and
accumulations or depletions of substances from autumn to spring, correlations between reserve
substances and resistance to freezing, Sclerotinia borealis, Typhula spp., and Fusarium nivale, and
relationships of wintering type to ecological characteristics of varieties.

Experiments using the same 25 varieties in the previous paper were performed at Kun-neppu
(Kitami Agr. Exp. Stn.) and Iwamizawa (Rice Crop Div. Central Agr. Exp. Stn.) in 1978-'79 and

1979-"80. Twenty characters measured at four seasons before winter and after snow melt were

analyzed. Degrees of resistance to freezing and snow molds obtained from the previous Ex-
periment are

referred. Results obtained are summarized as follows ;

Dry weight, percentage dry matter, total carbohydrate, sugar, starch, and proteinous nitrogen in
the shoot of plant increased rapidly from autumn to early winter, and reached the maximum amount
immediately after permanent snow. Soluble nitrogen, phosphoric acid, potassium, silic acid, and ash
decreased with the low temperature. Differences between locations, seasons, varieties, and wintering
types were significant in 16 characters measured before winter. Wheat plants in Kun-neppu showed

*Hokkaido Prefectural Kitami Agricultural Experiment Station, Kun-neppu, Hokkaido, 099~14,
Japan

**Hokkaido Prefectural Kamikawa Agricultural Experiment Station, Asahikawa, Hokkaido, 078
-02, Japan
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less growth, much accumulations of carbohydrate and sugar in the fall, and less depletions of them in
wintering than the ones in Iwamizawa. Snow endurable varieties enter winter with greater carb-
ohydrate reserves and maintained much carbohydrates at after snow melt than susceptible ones.

Correlations of reserve substances between before and after winter were highly significant except
reducing sugar and starch. Correlation coefficients of total carbohydrate between years was 0.751***
before winter and 0.767*** after snow melt at kun-noppu. Highly sigificant correlations were found
between freezing and osmotic value ; S. borealis and phosphoric acid, lipid ; Typhula spp., F. nivale
and proteinous nitrogen, total carbohydrte. Close relations were found among resistance to 7.
ishikatensis, T. incarnata, and F. nivale in degrees and in reserve substance contents.

Varieties were classified into four groups based on the principal component analysis using 22
characters of plant size and reserve substances (Fig, 2). These groups were coincided very well with
the previous four wintering types, namely, A, less-hardy ; B, cold resistant ; C. intermediate ; D, snow
endurable. Resistant varieties to Typhula spp. and F. nivale, “C. 1. 141067, “P. 1. 172582”, and “PLL
173438” selected by Bruehl et al. accumulated carbohydrate much and more rapidly in the fall than the
other varieties. Nevertheless, their contents of proteinous nitrogen, phosphoric acid, lipid, and
osmotic value were very low. These facts have a reasons for the above three varieties show less
resistance to freezing and S. borealis. These characteristics might be ascribed to the genetic specifi-
city.



