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Table 1. Concentration of nutrient solutions used for 1964-65, and 1966 experiment

Nutrients NO-N PQ; K, 0 Ca0 MgO Fe Mn* B** Zn Cu Co Mo
Concentration |PP™ 40 20 40 40 40 5 02 0.1 0.05 0.01 0.05 0.01

*  0.2ppm in 1964-65 and 0.05ppm in 1966 experiment
# Boron was added. only for full nutrieut treatment
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Table 2. Boron analyses by HCI extraction and muffle ashing

Apple leaf Wood Bark (a) Bark (b)
) (2) (3 (1} (2) (3) (1) (2) (3) (1} (3)
26.5 27.8 28.0 8.3 8.7 8.3 20.4 35.1 35.3 6.9 8.3
26.0 27.8 26.2 8.6 8.9 7.5 23.3 35.5 33.7 6.6 8.7
25.3 27.9 25.4 9.4 8.7 8.5 23.2 34.2 35.7 6.9 9.0
Mean 26.1  27.8 26.5 8.8 8.8 8.1 22.3 35.0 34.9 6.8 8.7

(1):
(2):
(8):

2hrs. extraction with 0.5N HCl (0.25g/10n¢).
Platinum crucible (covered) ashed in muffle at 450~500°C, 7 hrs.
Porcelain crucible (covered) ashed in muffle at 450~500°C, 7 hrs.

Boron was determined colorimetrically with the curcumin method.
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Table 3. Growth of apple trees in water culture grown under minus boron and full
nutrient solutions. 1966 (g in fresh weight)

Variety*/Rootstock®* | Ralls/M.P. Jon./M.P. G.D./M.P. AS.P./M.P. D./M.P. D./M.S. R.G./M.S. Mean

1 year twig 11 24 27 30 48 36 37 30

2 » 92 107 231 89 107 161 160 135

—B 3 ~ trunk 309 299 475 205 253 389 452 340
Fine root 104 80 108 112 40 46 48 77

Large 60 54 91 58 92 53 81 70

Total Wt. 576 564 932 494 540 685 718 667

1 year twig 205 194 213 194 210 244 257 217

2w ” 180 150 210 187 162 257 307 208

Full 3 »~ +trunk 684 437 507 263 465 566 532 493
nutrient Fine root 253 195 210 205 98 149 179 184
Large « 122 78 160 g9 135 89 78 109

Total Wt. 1444 1055 1300 948 1070 1305 1353 1211

*  Jon.: Jonathan, G.D.: Golden Delicious, AS.P.: American Summer Pearmain, D. : Delicious,

R.G. : Red Gold

##  WMLP. : Malus Prunifolia, M.S. : Malus Sieholdii
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Fig. 1. Rosette and dieback of boron-deficient Fig. 2. Roseite of terminal shoot leaves
Delicious tree {Delicious)

Fig.3. Dwarfed and malformed leaves showing
boatlike appearance (Delicious)
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(a} : necrosis of inner bark, {b}-d} : bark symptoms with increasing severity,
(e) : develoment of vertical corky tissues by enlargement of lenticels
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Twigs from boron-deficient Delicious and Ralls trees showing various stages of pimply

Table 4. Boron and manganese content of
Delicious trees grown under minus
boron and full nutrient solutjons.

~ (1964-1965)*

Variety/Rootstock Delicious/M.S.**
Treatment —B Full nutrient
Content {ppm) B Mn B Mn
1964 5 196 18 150

Leaves 1945 | 2 303 13 157

1 year wood 1 46 8 14

2 ” 1 38 6 7

3 ” 0.4 15 3 6

4 ” 0.5 19 4 23

1 year bark 3 212 20 78

2 # 2 203 16 65

3 " 4 189 10 60

4 ” [ 246 12 43

0Old bhark 13 74 17 34

root | wood 1 29 4 8

New { Fine 6 117 7 30

root | Large 5 35. 10 11

* 0.2 ppm Mn in culture solutions

*# Malus sieboldii
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Table 5. Boron content of several apple varieties grown under minus boron and full nutrient
culture solutions. (1966)*

Variety**/Rootstock** Ralls/M.P. Jon./M.R. G.D./M.P, A.5.P./M.P. D./M.P. D./M.S. R.G./M.S. Mean
1 year wood 5 5 6 6 5 4 6 5.3
—B 2 #” 4 4 5 5 4 3 4 4.1
3 #” 5 4 4 4 5 4 4 4.3
Mean 4.7 4.3 5.0 5.0 4.7 v 4.7 4.6
1 year wood 9 8 14 12 9 9 11 10.3
Full 2 7 7 8 9 11 8 8 8 8.6
nutrient 3 #” 7 6 7 9 8 7 7 7.3
Mean 7.7 7.3 10.0 10.7 8.3 8.0 9.0 8.7
1 year bark 9 8 9 8 8 10 8 8.6
-B 2 ” 12 9 13 10 11 12 11 11.1
3 ” 12 10 10 8 13 12 15 11.4
Mean 11.0 9.0 10.7 8.7 10.7 11.3 11.3  10.4
1 year bark 24 22 26 26 25 27 27 25.3
Full 2 ” 21 21 20 23 21 24 25 22.1
nutrient 3 #” 18 19 17 22 20 19 20 19.3
Mean 21.0 20.7 21.0 23.7 22.0 23.3 24.0  22.2
Fine root g 3 10 8 8 8 7 8.3
—B Large « 9 8 10 10 10 9 8 9.1
Mean 9.0 8.0 10.0 9.0 9.0 8.5 7.5 8.7
Full Fine root 12 13 11 16 16 11 11 12.9
nutrient Large « 21 16 15 19 27 17 14 18.4
Mean 16.5 14.5 13.0 17.5 21.5 14.0 12.5 15.6

*  0.05ppm Mn in culture solutions
= Bame as Table 3

Tahle 6. Manganese content of several apple varieties grown under minus boron and full
nutrient culture solutions. (1966)*

Variety**/Rootstock*¥ Ralls.,/M.P. Jon,/M.P. G.D./M.P. AS.P./M.P. D./M.P. D./M.S. R.G./M.5. Mean

1 year wood 17 20 28 19 12 8 13 16.7

.2 ” 56 5 8 8 8 3 5 13.3

B 3 4 20 3 3 6 4 4 4 6.3
Mean 31.0 9.3 13.0 11.0 8.0 5.0 7.3 12.1

1 year wood 7 9 G 7 7 6 6 6.9

Full 2 " 4 6 4 5 5 5 4 4.7
nutrient 3 ” 3 4 3 4 3 3 3 3.3
Mean 4.7 6.3 4.3 5.3 5.0 4.7 4.3 5.0

1 year bark 48 35 43 38 52 27 33 39.4

—B 2 27 - 40 40 35 35 36 26 28 34.3

3 7 30 22 25 50 29 29 55 34.3

Mean 39.3 32.3 34.3 41.0 39.0 27.3 35.3 36.0

1 year bark 39 30 52 26 49 32 25 36.1

Full 2 7 39 33 48 24 23 37 20 32.0
nutrient 3 " 35 24 26 20 17 31 32 26.4
Mean 37.7 29.0 42.0 23.3 29.7 33.3 25.7 31.5

Fine root 18 248 12 37 25 27 15 54.6

—B Large » 14 13 9 32 10 13 28 17.0
Mean 16.0 130.5 10.5 34.5 17.5 20.0 21.5 23.9

Full Fine root 46 328 34 23 48 29 25 76.2
nutrient Large » - 6 8 3 9 18 T 12 7 9.0
Mean 26.0 168.0 18.5 16.0 33.0 20.5 16.0 28.4

*  (.05ppm Mn in culture solutions
#k Same as Table 3
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Studies on the nutritional disorders of apple bark., II.

Apple bark disorder (Measles) induced by boron deficiency

KousHIrRo NaGAl, SHIGERU IcHIkI, AYATARI IzUmIva, MoRIMASA SEITO,
SaTosHI SAKURADA and Crolcur KaMapa

(Aomori Apple Experiment Station)

Sumimary

Effects of minus boron treatment on the incidence of bark disorder on young trees of

several apple varieties has been investigated under water culture conditions with normal
(0.2ppm) and low (0.05 ppm) manganese concentrations.

Well-known characters of boron deficiency such as death of terminal growing points, rosette
appearance, dwarfed narrow leaves at the terminals and stuted growth of roots were observed
on trees grown both in low and normal manganese concentrations. And a type of measles with
small elevetion of bark and inner bark necrosis developed on bark of Delicious, Ralls, Jonathan,
Red Gold, Golden Delicious and American Summer Pearmain trees, although the manganese con-
tent of these trees were at very low levels.

The findings from this and the previous experiments revealed that manganese excess and
minus beron treatments induce two different type of bark disorders (Measles) which are
nearly identical and can hardly distingiish each other by appearance. But there are no inter-
veinal chlorosis of leaves and mno clear rootstock and scion effects on incidence of the
disorders inthe case of boron deficiency, whereas trees suffered by manganese measles may
not show internal and external cork of fruits as is the case in boron deficiency.



