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Studies on the soil fertility of apple orchard IIL

Difference of critical levels between soils as related to magnesium

and calcium deficiencies.

Toshihiko Yamazaxi, Tanetsugu Numzuma,

and Tatsuo TAGUcCHI
Akite Fruil-Tvee Expeviment Station, Daigo, Hiraka, Akila

Summary

The fcritical leveis of exchangeable magnesium
and calcium saturation related to magnesium de-
ficiency and bitter pit have been described in the
previous reports, and these values were applied
practicaly to various soils of apple orchards, in
Akita area.

{1} These critical levels were available for soil
survey of Hiraka series (Tuff from the tertiary
period) and Kitano series {mixed soil of the Tuff
and the humus-rich volcanic ashes), but too high
for Hanawa series {humus-rich volcanic ashes).
From this study, the revised critical values applied
to soil survey as related to magnesium deficiency
of the humus-rich volcanic ashes were less than
1.0me for slight symptom and 0.5me for severe
symptom, although that of the Tufl dnd its mixed
soils were 2.5 me for slight symptom. and 1.0me

for severe symptom. The critical level of calcium
saturation as related to bitter pit was about 10 per
cent in Hiraka and Kitano series, bul in Hanawa
series it was about 5 per cent.

(2) The calcium concentration in leaves and
shoot bark of young apple trees grown in Hiraka
series was very lower than Hanawa series, and the
nitrogen was higher slightly.

(3> Hanawa soil adsorbed selectively calcium
from mixed solution of N~Ca(OAc); and N-NH,OAc,
and the calcium was more leached by 0. 002N-HOAc¢
and 0.005 N-NH,C! than Hiraka soil. From these
results, the difference of critical level related to
calcium and magnesium deficiency between soil type
in apple orchards was depend on a difference for
ability of cation adsorption by clays.
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Fig. 1. The relation of magnesium defi-
ciency and exchangeable magnesiam
in Hiraka and Kitano soils, (Ave, of

20cm and 40cm depth

Table 1. The exchangeable magnesium content
of magnesium deficient and normal orchard
in various goils,

) . Numbers of Exchangeable Mg(me/1lg)
Soil series investigated |Ave. of 30cm| Ave, of
orchard and 40cm 20, 40 and

depth 80cm depth
Deficient| 8 0.65 0. 70
Hiraka {Nﬂrmal 3 2.70 2. 96
Deficient 10 1.07 1.64
Kitano {Normai i — —_—
Shi- Deficient 25 0.22 0. 27
banailNormal | U] e e
Deficient 38 0.33 0, 26
awa| Normal 11 0.73 0.72
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magnesium in Hanawa soil{Ave. of 20cm and 40cm depth)

Woae Table 2. The critical level of exchangeable
%_ magnesium as related to magnesium
g deficiency in each soil.
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© Swil series Siight c&veii’
":cd: go symptom | gympiom
u o Hiraka (Tuff from the tertiary
g 53 o period} 2.5 5
£ crrom P . Kitano (Tuff and humus-rich ; l'
A Normal + ++ +++ voleanic ashes)
' Degree of magnesium deficiency Shibanai (Volcanic ashes)
Fig. 2. The relation of magnesium: defi- Hanawa (Humus-rich voleanic 1.0 0.5
ciency and exchangeable magnesium ashes)
in Shibanai scil (Ave. of 20cm and
40 cm depth) 30p
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Table 3. The exchangeable cations in both orchard soils of the normal and the
observed bitter pit.
! : Per cent of
Soil serics CEC Exchaﬁﬁfable CatiOI‘lSﬂ (me/lOOg)! Pigl‘f:elﬁfn of magzﬁmm fambers of
(me/10C ) Ca Mg K saturation potasgium orchard

| saturation e o
Liraka J| Bitter pit 30. 4 2.08 1.27 0. 64 6.8 6.3 9
* Normal 25.6 5.08 1.54 0.83 19.8 4.3 4
. Bitter pit 28.5 2.91 0.81 0.64 10.2 5.1 8
Kitano {Normal 30.1 3.76 1.22 0.72 2.5 6.4 3
. { Bitter pit 21.2 2.57 0.15 0.40 12.1 2.6 2
Shlba“al{ Normal 18.3 4,45 0. 26 0.83 24.3 6.0 24
Bitter pit @ 31.6 1.36 0.15 0.54 4.3 2.2 5
Ham“’a{ Normal 304 3.10 0.56 0.57 10.2 37 42

Cations were analysed at 20 cm and 40 ¢cm depth in each orchard.
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exchangeable cation in Hanawa soil.
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Table 5. The ability of cation exchange in each soil.
Selective Per cent of Ca extracted
Soil series Analyzed Color Humus CEC adsorption® from saturated scil with
sample | (wet soil) ratio® | N I:I c Ca (QAc), by 0.002N-HOAc
B B ) (% t ‘ a Lat | 2nd | Total
D horizon yrom Hiraka® 1 3Y 8/2 0.1 ‘ 95.3 75.3 24,7 . 5.8 | 21.2 37.0
Hiraka 10YR 5/4 2.7 | 8.7 57.3 42,7 E 22.3 24.5 46.8
Kitano 5 |10YR3/3| 6.2 | 8.6 | 295  70.5 | 30.2 | 27.6 | 57.8
Hanawa 11 10YR 2/1 11.7 81.6 11.6 88.4 45.9 42, 4 87.4
Shibanai 2 7.5YR 2/3 5.3 73.9 25.8 74.2 27.6 20.7 48.3
a) -Clay changed blue with benzidine
CEC(pH5)
100
) CreHT)
¢) Per cent of adsorbed Ca and NH, from the mixed solution N-NH,0Ac and Ca(0Ac),
Table 6. Leached calcium and magnesium by NH,CI of both scils, Hiraka clay
and humus-rich volcanic ashes.
Per cent of| . Continuous extraction of Ca ancl
Ca and Mg o3 2nd M extracted by various Mg by 0.005N NIL,CI SRR
Soil series |saturation ¥ i - Calcium®) | Magnesmmh). RS
| Ca| Mg |HOD. 0030, 003f. 0100, A15]0. 020, Ist] 2nd [35d 41k éSth‘lSt|2nd 3rd|4ch [5tn
Hiraka clay | 14.1 21.6 3. 3E 5.8]6.9] 1L H 149 17.13.9 7. 6‘10 5|13 2 14, % 3.5 5.4 7.0’8.5
Humus-rick e
i sahes| 141 3.55.818.3|8.9( 9.2 11,5 10.9 7.7 18.7 1.1 — — 0.7 1.4 21/ 25

9.3 "
280

a) 5pg of soil was shaken for 1hour with 100 mi of NH,Cl solution,
b) Extracted amount of Ca and Mg was indicated accumulatively as per cent saturatmn
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Table 7. The fluctuation of NH,~N and NOy-N of Hiraka clay and Humus-rich voleanic ashes.
e NO,-N (ppm) NH/N (pom)
Treatment pH v geable
: (H,0) L ealcium ! 2 | 13 1 18 30 2 l i3 f 1 18 i 30
{me/llg) May | Juse | Aug. {Sept. | Oct. | May | June | Aug. |Sept. | Oct,
Hiraka Clay Cay | 4.40 [174.5 6.62 | 39. 1: 71.3 13. 4 — 1 4.0 45.5 | 53.8 — U
(Tu_ff from .the{ Ca; | 4,78 | 54.4| 1492 40,4 131.2 17.8 - — | 46.21 39.3 — — } —
tertiary period) (¢, | 5.05 | 15.5 | 21.39| 70.4 871 7.1| —| |26 152 —| | —
y ! i I, bt
Cag {491] 9.9 378 318 722 —| —| —isz2 —| —| —| —
Humus-rich
volcani ashes Ca, | 5.35| 1.7, 10.09 | 129 5‘ 120.8 — | 2.1 — 12387 1.4 — - ‘ —
' l Ca, | 5.73) 1.6 16.73 | 200. Di 108.6; 2.0 e — | 31.8 — — —
1 !

Nitrogen of 30 g per pot was fertilized at 6, April.
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