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STUDIES ON SOME APPLE CLONAL ROOTSTOCKS
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Frost hardiness and certain Electrolytic Metheds of testing one.
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Equipment used to evaluate frost hardiness
of shoots of apple clonal rootstocks by the
resistivity method
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Fig.2  Relationship between shoot temperature and electric resistance
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Tab. 1 Electric resistance of shoots in
ear]y autumn (Sep, 20, in orch'lrd)

Resustwny (in ohmex 1000)

Tu'mmal \Ic:m
2t.0 | 20.0
30.0 | 25.6
32.9 | 26.8
40.8 | 33.6
40.4 31.3
29.9 \ 23.6
33.5 ! 28.4
59.7 ! 42.5

8.02
11.13

Variety e

| Basal - Median .

MM 111 20.6  18.4 |

EM VI 23.3  24.6 |

EM IX 20.6  26.8 |

EM XVI 25.2 3.7

MAL 109 247 28.9

EM XXV 22.0  25.1 |

P_sicholdii 22.5 | 29.2 ?

r. ﬂrmufolm y 30.5 l 37.3 |
L.8.0, (0. o,)
.01

Tab.?2 Relationship between moisture content
and clectric resistance (Oct. 9)

V.mc..t)

MM 111
EM VI
EM IX i
EM XVl
MM 109
EM XXV |
P . sieboldii )

P.prunifolia 1

Variety

MM 111
MM 109
EM XVI
EM VII
EM IX
EM XXV
P sieholdii
P, prum f olia

L.S.D.

\[ conltnt %‘ G
51.4
50.1 |
51.6 |
53.2
52.5 |
50.3 !
4.9 j
50.2 |
Tab. 3
|
!
f B.lsal
] 10.0
i 35.0
| 36.0
‘ 33.0
o 410
, 38.0
"0
A7.0
(0.03)
(0.01)

Resistivity
n ohms x 1000)

31
5.5
40.0
43.0
38.0
33.5
27.6

33.2

Electnc rcsmt'mce (kllo ohms)

Chcck (non -fl rml)

|

!

40.
34

45

38.
0

47

43.
3.
50.

()‘

0
5.0 |

0
0|
o !
0 |

50.0

42.5
50.0
50.0
47.0
50.0
50.0

50.0
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Frost hardiness of shoots in mid-autumn. (Shoots collected on Oct. 12)

i Ranking
*Treated at —}1T for 46 hrs. |
. (shoot temp, 15C) ﬁ‘ of frost
.\/Iedmu fl'crmlml ‘Jc'm ! B'lsal h\lcdl.m }Tt.rnun'll Vlean ‘hardmcqq
I —t R
83 | 17 | 130 10 | M2
| 373 | 202 | 26.0 | 30.0 | 26.7 @ 0l
| 43.7 1 20.2 ' 15.5 ‘ 16.0 | 17.2 |
40.3 © 20.0 | 24.0 ' 180 | 207 | W
45.0 1 20.0 | 21.0 | 19.0 . 30.0 pol
3.7 200 152 ' 13.2 160
M7 3.0 ' 30.0 ' 300 | 30.0 1
19.0 340 © 35.0 | 30.0 | 33.0 @ |
5.03 T
5.8

# Measured on 24 hrs. after melting ice.

7.00



Fig. 3 Frost hardiness of shoots in mid-autumn (Oct. 12) (See Tab. 3)
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Tnb 4 Frost hardiness of shoots in late-autumn, (Shoets collected on Dec, 2)
5 Electrlc resistance (kilo ohms) ‘
L - -- ' Hardi-
“* Treated at —20C for 21 firs.
Variety | ) Check (non froqt) o B (Shoot temp, 15C) ' ness
' " “Sarvival | Sur. or | group
I Basal fMednn .’lcrmmnh Mean . Basal + Median !Termm'll‘ Mean jor death’ dea. in |
L IS S iin buds ' twig
MM 111 @ 37.0 | 38.0 | 41.5 | 3.8 | 38.0 | 3.5 | 200 |3 ! €O ] e I
MM 100 | 37.7 ¢ 38.0 | 44.3 | 40.0 | 3.5 35 | 335 | L@ . e
1 i I |
EM Wl?ﬁT,HﬁE.ﬁS 39.3 2&o?Mﬁszhs’C/} @ I
| ; !
EM | 4100 417 | 45.0 | 425 | 240 250 | 230 [ 200 | ® | @ In
EM IX | 42.0 ! 35.7 | 33.7 | 37.1 | 30.0 : 28.0 | 27.0 | 28.3 : @ z ) |
EM NXV' 357 ' 39.0 | 38.0 | 37.5 | 30.0 . 33.0 | 2.5 - 20.8 leo | © I
P_sicboldii # 0.5 | 45.0 | 46.5 | 4.0 | 22,0 © 23.0 j 23.0 | 22.7 !eB-?GD G|
Pprunifolia | 36.0 | 37.5 | 36.5 | 36.6 | 240 240 | 20.0 | 27 | €D | & W
(0 Oa) o . ;')‘.0 *;"* T 2T8u - 7 N
L-S:D 0 olon) .9 7.0 | 3.9
© : Complete survival * Me-mured just after melting ice.

b A ZERESRIZBIT 5 R%:

: below 10% injury
: 10~30% injury
t 30~50% injury
tover 50% injury

41



42

ACTHbE SR RTE Y 15 5

Fig. 4 Frost hardiness of shoots in late-autumn (Dec. 2) (See Tab. 4)
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Tab.5  Frost hardiness of shoots in early-winter, (Shoots collected on Dec. 18)
o EecdonssmGloomd e
Variely ?‘* gl?z;;‘ ]?:" -25C o ** Frozen at —2")‘C for 24 hrs, N f’fo“p
|| Mt Tormi e, Bl Mmoo, New | Twig s
CCTTTT B - B - - o 777 } ] T T Ty T
MM 111 | 38.0 ; 35.0 | 27.0133.3| 0.0 | 3.0 2.0 323 | © , © |1 !
MM 109 |35.0]31.0 | 25.0 g 0.3/ 30.0 | 3.0 3.0 36| © . @ 1 1
EM VIl |28.0 £ 29.0 | 25.0 [27.3] 27.0 | 21.0 . 22.0 | 23.3 , e ! @ il f
EM IX |30.0;30.0 28.0 ] 27.3' 30.0 | 25.0 25.0  26.6 @ © 1 @ )|
EM XVI | 30.0 k 35.0 | 0.0 | 31.5! 30.0 | 3.0 = 25.0 | 28.3 f ©@ 5 @ [ I
EM XXV|31.0]21.029.0 ‘ 20.0 | 40.0 | 35.0 '@ 34.0 ; 36.3 , © % ® 1
P.sicholdii { 22.0 1 22.0 { 20.0 1 21.3 ' 22.0 | 25.0 23.0 233 ! © | €& | W {1
P.prunifolia| 28.0 I 22.0{21.0 {27.0 | 35.0 | 25.0 = 27.0 = 29.0 Z e ! A% | 1
A2 28.0 127.0,27.0 ,27.3| 25.0 | 28.0 , 2.0 2.6 ! © | €& | i
Dolgo C. |36.0 | 34.0 26.0 | 32.0! 38.0 | 29.0 250 30,6 § e ‘ @ I 1
Delicious 2ao,z:o.z3.o§24.o‘ 30.0 | 30.0 35.0 31.6 : @ | & | I
(0.03) 1 6.09 4.72
L.S.D- (olo1) I 8.31 6.4

* Measured on 8 days after melting ice, Twig temp. 22T.
#%+ Measured on .| days after melting ice. Twig temp. 20C.
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Fig.5
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Frost hardiness of shoots in early-winter (Dec. 18) (See Tab. 5)
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Tab.6  Frost hardiness of shoots in the depth of winter. Shoots collected on Jan 21.

!

Elcctnc rL'Slst'lne(kxlo ohms) P Survival or

I‘rozen at —21’C for 24 hrs i ﬁc:lh " Hardiness

Varicty o Ao e e 78 days after nes group
2 dayc-. ai}:.r mt;lnn;," 5 d;ﬁ 'l[tei Vmeltmg _ mel md‘tl)n ng (germnmtwn)l -

Fat. | L S

,?l‘“' ﬁ‘l:d- Term. | \lL'In Blm’ ‘;\,::;d 'I'eml.v Mean 1131:5 ;l\,ltﬁd Term, Ba. xMt. . Te.: [%L‘ Dsa.‘ l%.
MM 111 *46 0; 12.0 27,0 | 38.3 35.01 35.0 | 30.0 | 33.3 30. o; 3201310 ©:0 |0 il
MM 109 5. ()l 37.0 | 24.0 | 35.3 [42. oi 40.0 | 30.0 | 37.3 [35. 0| 30|35 |90,/ |11
.8

EM 46,0, 44.0 | 23.0 | 37.6 35.0, 30.0 | 30.0 | 31.6 [32.0 30.0 | 31.0 | © | © (&, g I

EM jm 0*' 42.0 [ 23.0 | 35.0 132. o] 32.0 ] 30.0 | 31.3 131.0/ 28.0 | 29.5 |© | © AR

EM XVI lzo 39.0 | 27.0 | 36.0 39.0'34.0 34.0 1 35.6 30.0, 28.0 [20.0 |©@ @ & g |1 |

[x]

EM XXV ’42 0) 46.0 | 33.0 | 40.0 135.0, 35.0 | 35.0 | 35.0 [28.0) 28.0 | 28.0 | © | © S B B |
P.prmn,folmro -0, 40.0 ) 33.0 } 9.3 34. oi 30.0|27.0 30.3 24,0/ 21.0 | 24.01©@ | © ®i n;m
Delicious 0. 0‘ 49.0 1 37.0 | 42.0 [35.0, 32.0 | 32.0 | 33.0 24.0,27.0 | 25.5 | © | B @P 1L

0.05) | 6.9 3.9 2.3
L.S. * (0:01) (N.S.) 956 55| 32Y
Twig tcmp zo~21r_ * (-3 complctc survival (PQ}) 30~ °/ injury

® : below 10% injury
@+ 10~30% injury

Fig. 6 Frost hardiness of shools in the depth of winter (Jan. 21) (See Tab.6)

Le| 1~ 1 I~ I I~n | n~m I
50— 19
16 16 45 a5 | 15
44 I o
. 12 | 42 2
¢ 40 423 4040 40 | 410
40— Isdq 11 Limit of
{ I | complete survival
35 [ § 187 | 35435 ! 35| 4
. 1 ! T 1a 354 34 [
RN R
= 0] 92 - o K
AN RIS IU R S ERE N
£ 28 24 2828 | ! 3
111
2 24 | 24
20
Limit of complete death
— ¢ 2~5 days after melting
10— ———— :'5~8 days after melting

Sce Tab. 6 about notice

111 I i pi] 109 XXV DPrun.  Delis
Variety
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Bledams & &b, oD AcEET 5.
WO IBEB R H M E LT WILNER 3B
HANT Lico & h & FBRC Larins® 4, [kl
FHEER b o TH A TEMESRC O Tl 2
i Uico MBI & U0 X hoibiiy & —5iz0
HETHE S ETHERKL, Shix—ERoKk
CHEA LT, B LT & MRR OB ME L i
L Tt DEHHE LI~ L HETA L0
Tdh Do Fals & OMRREFHE O IEMBE X HEAT 5
te bR it & WATFICT e, REHEDONE M
Mo &ftRE O RS RERT W5, £D#
WiLNer™ (8RB Y UCHASSA L8 Lo

v = 7  DHWTHA OB & 0 BT\ T, Bl
1 4pda AR B O M ol 2 W+ 5 B & CHEHEMES Y X Lo &, BAIEHIC X - THEF
Tab. 7 Classnﬁcauon from the r'mkm;, of frost hardmess
“\'metwmi MM | EM | EM EM | EM P.Sie-| Ppru- | » , | Dolgo | Deie
Tested date | 111 109 | XVI vl XXV | boldii |nifolia C. | cious
Oct. 12 3 ‘ 2 3 3 1 i 3 , 1 i 1
Dec. 2 1 3 3 2 2 3 . 3
Dec. 18 1 f 1 2 3 2 L 1| 3 L2y 1 1
Dec. 18] 1 {1 1 1 2 2 1 2 2 1 2
Jan, 21 b1 1 1 2 2 1 L2 |
Jan. 21, 1 1 2 1 2 ’ 2 L3 3
Mean 1.3 | 116 | 2.00 ; 2.33 | 1.83 | 1.66 i I 2.16 i

Hardy : MM 109, MM 111.

Moderately hardy : EM XXV, EM IX, EM XVI,
Moderately tender : EM VI, P.prunifolia, P.Sicboldii.
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Summary

Frost hardiness of some apple clonal root-
stocks of the Malling (EM) and Malling
Merton (MM) series ; EM VII, EM IX, EM
XVI, EM XXV, MM 109 and MMI11, all
imported in 1963 were tested by electrolytic
methods.

It was recognized that their methods were
more simple and the results obtained were
more accurate than those which had being
practised. In electrolytic methods the resistance
of the electrolytes in twigs was detrmined by
inserting the needle clectrodes joined to Ko-
hlrausch Bridge equipped with earphones dire-
ctly into twig tissues, and recording the
reading in ohms, In this case it is necessary
to test the temperature of twig tissues. The
seasonal frost resistance of each variety
couldn’t be compared without measuring the
temperature of twig tissuses, because the re-
sistance of electrolytes was variable due to the
temperature of twig. Moreover in this methed
it is difficult to evaluate frost hardiness before
being subjected to a stress by freezing injury.

Of course the rootstock varieties tested in-
creased naturally their frost resistance from
fall to severe winter. However the definite
relations of seasonal frost hardiness each
other, were not always found through the
investing period. MM 11l and MM 109,
however, were the hardest through the winter
season after early December.

It is interesting that the cold hardiness of
EM9 and EM7 was not less than that of
Malus prunifolia Borkh. and Malus Sieboldii
Rehder.





