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Studies on the soil fertility of apple orchard. I

Relation between the occurrence of bitter pit and the soil cations

T. Yamazaxl, T. Nuzuvma and T. TacucH
Akita Fruit-Tree Experiment Station, Daigo, Hiraka, Akita

Summary

The study was conducted to find the relationship
hetween the incidence of bitter pit and the exchang-
eable cations in soil of apple orchards which divided
into three groups; (group A), severely affected,
{group B) slightly affected, (group C) unaffected by
bitter pit. Results were as follows ;

(1) Low exchangeable calcium, parficularly low
calcium saturation was associated with increased
bitter pit, and caicium saturations in 20 ¢m~40 cm
depth of group A,B and C were 7.4, 22.2 and 31.0
per cent, respectively.

{2) The characteristics of ability of cation exc-
hange measured as selective adsorption of NH, and
Ca, releasing Ca by 0.002N-acetic acid and decline
of CEC by lowering pH were different in each soil,
but no relations were found between the cccurrence
of bitter pit and the characteristics of the soil in
three groups.

(3) From these results, the following indication
would be applied to soil survey of apple orchards
which was fertilized nitrogen at the rate of 15kg
per 10 ares.

i} The orchard soil contained lower calcium
than 10 per cent of calcium saturation..------Very
favorable to occurrence of bitter pit.

ii) The orchard soil contained higher calcium
than about 20 per cent of calcuim saturation, and
than two or three times as much as the total of
magnesium and potassium, -« Unfavorable to occ-
urrence of hitter pit.

iii} The orchard soil contained same or lower
quantity of the calcium than the total of magne-
sium and potassium, though calcium saturation
is above 10 per cent..--- Favorable to occurrence
of bitter pit with dependent on other factors.
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Table 1. Seil, variety, fertilizer and per cent of bitter FIX D RAEFCESNTD BN DT, 1963
pit of orchards employed in this study. Eint 1966 FECORESLEMECR L2
Supplied | Per cent  pifpsoitEn R LA 1
Orchard Seil Variety Tree-age nitrogen® | of bitter &h i ﬁﬁg‘, " L_-f B 1o
ears) o per 10a)  pit CAEOME & bitter pit DR BB
A -1.-.Hiraka ! Rall’s 30 15 65 EET8, coBBReACABTIRRAED
A -3.-Kitano Rali's 28 15 18 R
A-4.--Hiraka Golden 10 15 32 ChOREEL OIS,
_ Delicious BENGEI O 9EY group A = L,
A -5...Kitano Rall’s 40 15 154 CTROE LR LEEOD i DS
A-6...Kitano Golden 10 12 70 o
Delicious Fir 15% LLET, BRRoREREHUL
A -7...Hiraka Rall's 20 15 154 ¥ 20% Ll EoSsgnme b, group B
A -8---Hiraka Rall's 15 15 15+ \ N P
A-9.. Hiraka Rall’s 25 15 184 fiﬂﬂb %L wcf"?fﬁjm%i ban 12
B -1.--Kamanogawa | Rall's 25 12 10 BETTH L% ﬁ'“ﬁu@’oct’" group
B -2.--Hiraka Rall’s 13 15 13 REEHERC E ot {RENTED S
B -3---Kamanogawa | Rali's 15 15 5 2hBETh D,
B -4.--Hiraka Rali's 45 15 5 18 % DE DBERITRD = 35D Cd 5o
B -5...Higashiyama | Rall's 20 15 2 (group A] A-1 [ 963
B -6.--Kamanogawa | Rall’s 30 15 5 group D 1963 £ ORERIL
B -7...Hiraka Rail's 30 15 5 3 WO CICERNIT 25.5% Irmib oSk
] ~8--.Ka.manogawa Rall's 35 12 3+ BEMLE 64.5% THot, FIUED Wa
(’j ‘f"‘gf“g: ::aﬂ s 22 i: 3‘“ Mioh 4kg ORRVBHAEORERL 6
-1.--Hiraka all’s 19 407 . A R
C -2--Hiraka Rall’s 35 15 0 BT 19.4% Thot, A2IXEXOE
C -3--Kamanogawa | Rall's 12 15 0 RT 1963 ORI 17 BT 67%, B
C -4.--Hiraka Rall's 25 15 it DRENCEIOLMTIIBLIA Y2 BT
C -5.--Higashivama | Rall's 15 15 0 bitter pit I Bitiz, A-30 1064 FOR
C -6---Kitano Rall's 30 15 0 _
C -7---Kitano Rall’s 65 15 0 EIRERACIG L A KD LR T 52 0
C -8...Kitane Rall’s 65 15 0 2, R 20% ORERI LN, A4
C -9...Kitano Rall’s 25 15 0 i1 1964 EOIEN OBEND L, ERL

+

«-Not include the occurrence of bitter pit during storage, . 5% bi :
. 1tter pit T
--Ratio of N, Py0s and K,0 in fertilizer; 2- 1- 2. Calcium and R %%Dﬁi LA ED P %é&%‘f})

magnesium have not been supplied before the sarvey. Too A6 == F T, 1065 FEDREE T

DIELENL T0% WL, A-5 7, 8, 9

bitter pit o AT ERFEARE L FHRBEENS 51 1964 £OLEFER T, BETED 1065 £ OERER

B, WFhoELRAROBAR 102 ¥ 15kg B 15kg & L, RPEEO 2-3 B g iuEso
DEFFHWAL, 10 E4aTHkoE L 12y oExEY BELHEE LR, 15% LI EoRENES b,

1
~

W LR ORER S Lic, TR UESRMEETY (group B} B-1 o 1964 fr > RER R EhnT
Table 2, Chemical properties of Hiraka and Kitano soils.
: | Exchangeable
. Depth Humus pH C.E. G cations(me/100g) |Fer cent of
Soil (cm) Texture (%) v1 i(me/ base
%) | 3,0 | KCL 100g)| Ca | Mg'| K | saturation

Hiraka® | 20 1| Clay Loam-Light Clay 3.73(4.97 {1 3.8844.0 (25.8! 3.5} 2.1} 0.9 25.2
40 | Light Clay 1.49 1472 13.75173.1|27.1| 2.4| 2.0] 0.7 18.8
60 | Light Clay-Heavy Clay | 0.90  4.78 | 3.79 [ 58.9 | 25.6 | 2.8 | 5.0| 0.3 31.6

Kitano® | 20 |Silt Loam-Silty Clay Loam 9.21 | 4.64 |3.94|40.1|32.5] 3.6 07 0.9] 16.0
go |Pilty Clay Loam=Clay | 4 49| 455384620 [20.1| 3.2 0.7 0.7 15.8
60 |Clay Loam-Light Clay | 1.20 | 4.66 | 3.80 | 74.7 | 30.6 | 3.4| 1.8| 0.6| 19.0

a) : Average of 35 orchards. b): Average of 24 orchards.
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Table 3. The exchangeable cations and its batance as
retated to incidence of bitter pit on Rall's and
Golden Delicious apples. {Soil sample was anal-
yzed for the 20cm and 40 cmn depth, and aver-
aged these values)
CEC | Exchangeabie cations
Orchard | (mef (me/100 g) of ecralcc??ltr:nca’f Mlg{a)
100g) Ca ‘ Mg [ K saturation, T
Group A, severely affected by bitter pit
A-1 19.8 2.1 7.2 0.4 10.6 0.28
A-2 36.3 1.5 4.4 0.4 4.1 0.31
A-3 22.6 0.9 tr. 0.5 4.0 1.80
A-4 13.2 0.7 tr. 0.7 5.3 1,00
A-5 21.1 2.1 tr. 1.0 10.0 2.10
A-6 35.1 1.5 1.0 1.0 4.3 1.03
A7 | 2281 18 | 04| 07 7.9 | 163 HCHOR
A-8 15.7 0.9 tr. 0.7 5.7 1.28
A-9 18.8 2.8 1.4 0.4 14.9 1.56
Ave 23.0 1.6 1.8 0.6 7.4 1.22
Group B, slightly affected by hitter pit
B-1 20.8 3.1 0.2 0.9 14.9 2.82
B-2 34.2 13.0 9.7 0.9 38.0 1.23
B-3 18.7 5.3 7.0 0.3 28.3 0.53
B-4 39.1 5.8 21.1 0.6 14.8 0.27
B-5 16.1 3.2 0.8 1.7 19.9 1.28
B-6 38.2 12.0 8.3 1.5 31.4 1.22
B-7 25.8 3.3 tr. 0.7 12.8 | 4.71 H27
B-8 30.8 7.5 5.5 1.3 24.4 1.10
B-9 26.5 4.1 1.7 0.9 15.58 1.58 .
Ave. | 278 | 6.2 | 59 | 0.9 2.2 | 156 O PAUERS
Group €, unaffected by bitter pit
C-1 13.1 3.5 0.4 1.2 26.7 2.19
Cc-2 21.8 5.1 1.1 0.7 23. 4 2.83
C-3 39.9 21.5 6.1 2.2 53.9 2.59
C-4 25.4 4.9 1.6 1.2 19.3 1.75
C-5 24.5 6.8 5.4 1.0 27.8 1.06
C-6 21.9 7.6 0.4 0.7 34.7 6.91
c-7 21.0 2.9 1.1 0.7 13.8 1.61
C-8 36.7 23.4 10.5 0.6 63.8 211
C-9 38.5 6.1 2.0 0.6 15.8 | .2.35
Ave 27.0 3.8 3.3 0.9 31.0 2.48
LSD{D.OS N.S. 2.32 | N.8.»m | N.S.® 5.85 | N.S.w
0.01 N.S. 8.03 N, OES

l a) : Calculated with me.

b) @ Significant at 20% level,

BEORKEMEITRE 1%L

A group MG ATES bz, ¥4 Ca/Mg

Table 4, The exchangeable cations and its balance of the each group soil coliected
from 20 c¢m and 40 cm depth.
20 cm depth (me/100 g) 40 cm depth (me/100g)
Group . - — :
: Ca satu-Ca/ : 'Ca satu-iCa/
CEC 1 Ca | Mg J ration Mg+K CEC ‘ ‘ Mg i ration I Mg+ K
A 23,5 17 | 16| 06| 7.0 1.4 | 22.1 14 | 1.6} 05] 7.2 | 1Lz
B 27.6 6.7 51 L.1] 24.2 2.1 28.0 6.0 7.4 (}BI 20.2 1.5
C 20.0 10.2 2.9 1.2 32.0 3.1 24.0 5.9 2.6 07} 22.9 2.5
LSD{ 0.05 N.S 2.13 |[N.S.®[N.8.® 571 0.55| N.5. | N.S® N.S. 4.8 G N.S.»
0.01 2.87 l 7.70 ) N.S. 6. 8

a) : Significant at 20% level.
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@ 2~3 EBHETL X ) R C OB T R S
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ErH U +ELIAMEAMRERUCSD, COBOWHE
CAENABERCRE VTR, EEOFRRELRAED
BRSSO S 2 bitter pit O Redg i RS 5 ok
ST DO TRENRD E0Tnh, BaLREh0Mnb
THELOEEL BID, _
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Table 5. The ablility of cation exchange in each group. & bitter pit @ B &
{CEC redu- Selective !Extracted Ca by 0.002N- e =
Oreh dCoIor of! Humus | ction by adsorpticn® HOAc from Ca saturated e X S RIROTRI =
FCNEIS et seill (%) | lowering N, Cn lsoil®) B DR OB T E
pH®*! Ist | 2nd Total A=
: BIrizhBA AT
A-1 10YR 5/5 ] 2.0 | 90.6 | 67.6 | 32.1 | 22.4 | 22.6 | 45.0 ; ) %N “)?i
A-27.5YR 4/4 | 3.7 | 89.3 | 4.9 | s8.1 | 225 | 22.1 | 446 2 BREEEOTRECH
A-37.5YR 3/2 8.8 89.1 20,4 ] 79.6 | 33.8 | 34.5 68.3 TLeTEREET L L
A-57.5YR 4/2 | 3.3 85.7 56.4 | 43.6 | 22.2 | 201 | 423 maEomECiii < BETH
A-6 T.5YR 2/3 | 4.1 86.6 27.8 | 722 | 26,7 | 244 | 511 - . e
A7 10YR 473 | 4.1 | 861 | 47.8 | 52.2 | 243 | 265 | sog 2 EAOBENEFEEL
A-8 10YR 4/4 4.3 82.1 41.8 | 58.2 | 257 | 243 | 50.0 B in5, 5 bitter pit
A-9 10YR 5/4 | 2.8 89.3 57.0 | 43.0 | 27.0 | 24.0 | 5LO0 @ ioBEARKTHOTH
T HVEEA | T e | G e [ me | e | me ROPRTACE0ED
- R 3/ 2.7 1. .2 . 0. 18. .8 b e .
B-3 10YR5/3| 2.3 84.6 !&4 76 | 2007 | 541 | 7es o ERFOLEERRO
B4 10YR 33! 23 91.8 65.4 | 34.6 | 20,4 | 19.2 | 306 IBEBTIAAVIALFY
B-7 7.5YR 5/6 | 4.4 82.3 38.7 | 61.3 | 44.0 | 43.7 | B7.7 L7 vE=w ALt VORBR
B-8 10YR 4/6 | 1.6 92.9 62.3 | 37.7 | 22.0 | 23.4 | 45.4 - ,
%=
B-9 7.5 ¥R 2/2 8.2 78.2 16.0 84.0 57.0 | 43.0 |100.0 VEREFALRD,
Ave. 3.6 86.9 49.5 | 50.5 | 30.8 | 33.7 | 64.6 85 RITEEBRE O Hin
C-1 10YR 4/4 | 2.9 89.1 51.9 | 48.1 | 24.4 | 20.4 | 448 HEERILIOCHE.E
C-2 10YR 6/3 1.4 88.6 58.2 41.8 17.3 25.0 42.3 HIRFRE, bbbl 0
C-3 10YR 4/3| 1.4 97.6 74.3 | 25.7 | 36.8 | 21.0 | 57.8 O N-FEES T v € = 9 ACl
C-4 10YR 4/2 | 4.9 88.7 37.0 | 64.0 | 26.8 | 257 | 52.5 e o
C5 10YR3/3| 50 | 8.8 | 45.2 | 548 | 23.1 | 22.3 | 454 CELCHERBEERCHNTS
C-6 10YR 3/4 6.7 86.5 20.8 | 70.1 29.1 | 26.1 55.2 pH 5.0 DRFEEOEIGITE
C-7 10YR 3/4 6.6 91.1 243 | 7.7 | 385 | 30.5 | 69.0  mgimEEALKLETS
C-9 10YR 2/3 | 11.0 85.0 19.5 | 80.5 | 3r.6 | 0.2 | &7.8 |
Ave 50 | 89.6 | 425 | 57.6 | 202 | 252 | a4 2O UTILDTRL U
AL E iy SEERTEL A
NTTET I CHEFHC IR AT
* CEC (pH 7.0) ORGSO LIETILIL b
b): Per ceflt of adsorbed Ca and NH, from ihe mixed solution of N-ammonium and BTHEL, szﬁ‘]L“C 88 T
N-calecium acetate.
¢ : 40ml of 0,602 N-acetic acid solution per 1 me Ca used for extraction, ~“Dfze
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Table 6.
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