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LEffects of soil acidity and fertilizer three elements on the

sepal color, growth and flowering of greenhouse Hydrangeas

Hisao TSURUSHIMA

Sammary

The best quality of hydrangea for potted plants
should be made not only good growth and flowering
but also clear sepal colors, but it will be so difficult
to satisfy demand of these factors under the growing
condition for forcing,

In order to determine the best growing program
of hydrangea this study was made, it was carried
out to clear the effects of the treatments of soil
acidity, applying amounts of fertilizer three elements
and adding of aluminum on the growth, flowering
and sepal color of hydrangeas, The cultivars that
it will be apt to blue and pink flowered were used
and measurment of sepal color was used to color
difference meter in this study.

(1) In the first experiment, it was investigated
with effects of the soil acidity and applying amount
of fertilizer three elements on the growth, flowering
and sepal color of hydrangeas,

The growing plants under the high nitrogen applied
with alkaline soil was shown clear pink of sepal color
but plant height and plant diameter were smaller and
slightly poor growth, The plant of high potassium
applied with acid soil were became to good top
growth and more big inflorescens add pure blue
coler of sepals,

(2) The second experiment was investigated to
clear the effects of seil acidity,, applying amount
of potassium and addition of aluminum (Aluminum

Sulfate) on the growth, flowering and blue color of
sepals in the cultivar Horstein of hydrangeas.

The plant of high potassium applied was increased
to number and size of inflorescens than the plant
of low potassium applied. There are not difference
between the growth, flowering and seil acidity in
this experiment, but the plant of high potassium
applied was more increased to number and size of
inflorescens than the plant of low potassium applied,
Also, it was not effect on the sepal color at high
potassium applied with acid soil,

(3) The experiment was did to determine the
certain technique to grown up the best growth,
flowering and pure blue and pink of sepal color of
hydrangeas, The both cultivars were used to Kluis
superba for pink flowered and Holstein for blue
flowered in this experiment, The best plant of
growth and flowering with clear pink flowered in
the cultivar Kluis superba was obtained that grown
under the high nitrogen applied with alkaline soil
on forcing condition in this test, Also, best plant of
blue flowered in the cultivar Holstein was obtained
the plant of high potassium applied with acid soil,

The aluminum contents of flowering sepal was
more it grown acid soil than the plant of alkaline
soil growing, then, aluminum contents of sepal was
so high in the plant that it grown high potassium
applied with acid soil,
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Table 1., Experimental design and fertilizer application
- e ; . Application amounts of ba.sa.lrdrcssing
Plot ’ FEin o sppliim (gm/10 liter soil)
Treatment three elements y
number - Ammonium | Superphos- Potash rapeseed
N o K sulphate phate | sulphate cake
1. Acid soil plus high nitrogen .
application 6 ! 1 20 0 0 40
2, Acid soil plus standard fertilizer 0 - y i
application 3002 2 4 12 4 40
3. Acid soil plus high potassium . . )
application 1 1 b 0 7.2 20 40
4, Alkaline soil plus high nitrogen
application 6 L 1 20 0 0 40
5. Alkaline soil plus standard 5 .
fertilizer application 3 2 2 4 12 4 40
6. Alkaline soil plus high potass- .
ium application 1 1 b 0 7.2 22 40




Table 2. The pH value in each plot soil under the experimental period
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pI—I (I&Cl)

Jun, 31 Mar, 1 Mar, 11 | Mar, 24 Apr. 2
5.5 6.5 4,2 4.5 4.5
5.5 5.5 5.5 5.5 5.5
5.7 5.8 6.0 7.0 5.3
7.0 7.0 7.0 7.5 7.0
7.0 6.9 7.0 7.0 7.0
7.0 7.0 7.2 6.5 7.3

Flat Treatment
number
1. Acid soil plus high nitrogen application
2. Acid soil plus standard fertilizer application
3. Acid soil plus high potassium application
4. Alkaline soil plus high nitrogen application
5. Alkaline soil plus standard fertilizer application
6. Alkaline soil plus high potassium application
Table 3.
and flowering of Hydrangea
—— — .I___ _ = = =
Plot ’ Number r Plant Plant Number
number |o[ plants | height diameter | of shoots
T - cm cm
1. 5 45.6 47.0 4.8
2. 5 50.0 48.8 3.8
3. 5 50.1 49.1 5.4
4. it 46.8 49.7 4.8
5. 5 48.7 46.6 5.0
6. 5 46.6 48.4 4.4
Table 4,
of Hydrangea.
Plot

B Treatment
number

1. Acid seoil plus high nitrogen application

2. Acid soil plus standard fertilizer application

3. Acid seil plus high potassium application

4. Alkaline soil plus high nitregen application

5. Alkaline soil plus standard fertilizer application
6. Alkaline soil plus high potassium application

B o9 EL, MRV BB 1 L3bT0E
FRASIS e kSO BB E LTzl TR NEHX
MEALAE - TEOIEL, 7d ) LTI
MHN, KERX L DEDICAEOEIATL 720 BEIE
DT OB XD 1, 2, 3 XKOIRIBHTICE L,
LHTENEZHO 1 KHHEEREERE L ->THD,
ROTKEZM, EHEROBEICL, Todh Y T3 EE
BROSEMHEL, 4, 6 XOIETA L 2T S 1272
BAUFEOKE S1203 B TKEEZML - 3 XAH
MoTREL, WOTAXTH »720 RN IZERTEL

The effects of soil acidity and nitrogen and phosphorous on growth

Flowering inflorescens

Number of | Number of | Number of |Size of largest
flowering | flower bud | blind stem | inflorescens
stem | per plant | per plant | in a plant
cm
3.6 0.2 0.8 21.8
2.4 0 1.4 21.0
3.2 0.2 0.2 26.1
2.8 0 1.8 24.4
3.0 0.4 1.8 23.4
2.0 0.6 1.6 23.6

The effects of soil aoidity and nitrogen and phosphorous on sepal color

| Color judgement by color

Color judgement of machine
| the naked eyes I ’ 4 ' b

Purplish blue | 50.4 | 6.8 —31.9
Purplish blue 48.6 11.0 —47.1
Blue 42,0 16.0 —42.4
Pink 73.6 40.0 —20.2
Pinkish lavender €0.8 32.3 —20.7
Purplish pink 60.1 39.8 —17.0
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Table 5. Experimental plot and treatment
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- i Application amounts of basal
i Treatment T | S |~ T
- R - - - | sulphate sphate | sulphate
1. Alkaline soil plus low potassium applied 1.5 0.6 2.4
2. Alkaline soil plus low potassium and aluminium sulfate applied 1.5 0.6 2.4
3. Alkaline soil plus high potassium applied 1.5 0.6 24.0
4. Alkaline soil plus high potassium and aluminium sulfate applied 1.5 0.6 24.0
5. Acid soil plus low potassium applied 1.5 0.6 2.4
6. Acid soil plus low potassium and aluminium sulfate applied 1.5 0.6 2.4
7. Acid soil plus high potassium applied 1.5 0.6 24,0
8. Acid soil plus high potassium and aluminium sulfate applied 1.5 0.6 24.0
N. B, 1) Alkaline soil was adjusted with application of 16g magnesiaﬁi;qe per 1 liter soil,
2) Aluminium sulfate was applied with (.19 solution on dividing three times of Feb, 16,
Mar, 2 and Mar. 17 per plant,
3) In each plot additional fertilizer of a three amount of basal dressing was supplied on
Feb, 23.
Table 6. The pH (KCl) value in each plot soil
Plot number Jan, 12 Teb, 2 Teb, 21 Mar, 2 Mar, 11 Mar, 25 Apr. 16
1 6.5 7.0 6.4 6.5 6.3 7.0 7.0
2 = — 6.4 6.8 6.0 7.0 7.1
3 6.5 7.0 6.4 6.9 6.3 7.0 6.8
4 — = 6.4 7.0 6.3 7.0 6.8
5 4.5 4.0 4.1 4.2 4.3 4.0 4.1
6 — — 4.0 4.2 4.1 4.0 4.2
7 4.5 4.0 4.0 4.2 4.1 4.0 4.0
3 — — 4.0 4.0 4.0 4.0 4.0
Table 7. The effects of application of potassium and aluminium sulfate
on growth and flowering of Hydrangea
Plot - ) . Nu‘mber‘ of }}?322;? _Numbe.r of. bud | Size of largest
ATABEE ant height | Plant diameter shoots inflorescens. per mflorcs—cenb per mf1<’>rescen.s in
per plant plant plant a plant
cm cm cm
1 45.1 47.3 5.2 4.4 0.8 21.7
2 42.7 40.7 4.8 4.0 0.6 21.0
3 47.0 43.4 5.8 5.2 0.8 24.0
4 44.9 46.8 5.6 4.6 1.0 22.7
5 43.7 43.2 5.0 4.2 0.8 20.9
6 49.9 42.2 4.8 4.0 0.2 22.3
7 44.5 44.8 5.4 3.8 1.6 20.5
8 44.6 41.7 5.6 3.8 1.8 20.8
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Table 8, Effects of application of potassium and aluminium sulfate on the
sepal color of Hydrangea
- ~ [ Color judgement by
Plot . y Color color machine Lab
I'reatment judgement of
number
the naked eye% L. a b

1. Alkalmc soil plus low potassium apphed Purphsh blue| 46.8 4.5 | —19.1
2. Alkaline soil plus low potassium and aluminium sulfate appliod Purplish blue| 47.6 4.5 | —18.6
3. Alkaline soil plus high potassium applied purplish blue | 45.4 6.3 | —23.1
4, Alkaline soil plus high potassium and aluminium sulfate applied | Pale blue 44.7 6.6 | —24.5
5. Acid soil plus low potassium applied Pale blue 44,3 5.1 | —20.1
6. Acid soil plus low potassium and aluminum sulfate applied Pale blue 42.3 6.6 | —25.1
7. Acid soil plus high potassium applied Clear blue 42.2 7.6 | —26.3
8. Acid soil plus high potassium and aluminium sulfate dpphed Clear blue 42.6 7.2 —22.
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Table 9. Experimental design and treatment

Method

1 5 == -
(‘;:13 mh{;’g Treatment ‘ Nutritional design
ar “r Adjustment of soil pH of three elements
N P K
1. Acid seil, high mtrogul application 200m1 of 0.5% sulphuuL acid was 3 1 1
applied in three times
55 2. Acid soil, high phesphorous application Same as above I 3
@ Acid soil, high petassium application Same as above 1 1 3
w
,g 4, Alkaline soil, high nitrogen application Mixtured 50ml of calcium preci- 3 01
@ pitated to 1 liter potted soil
o N
9 Alkaline soil, high phosphorous application | Same as above 1 : 3 1
6. Alkaline soil, high potassium application | Same as above 1 1 : 3
7. Acid soil, high nitrogen application 2001111 of 0.5% sulphurn, acid was 3 * 1 = 1
applied in three times
7 Acid seil, high phosphorous application Same as above 1 3 @1
g._ Acid soil, high potassium application Same as above 1 3
5. 10. Alkaline soil, high nitrogen application Mixtured 50ml of calcium preci- 3 0: 1 1
= pitated to 1 liter potted soil
11. Alkaline soil, high phosphorous application | Same as above 1 & 8 @ 1
12. Alkaline soil, high potassium application | Same as above L # :7  3
Table 10. The nutritional treatment in each plot
Application amounts* of fertilizer
NilETeeingl treatiisnk Basal dressing Additional dressing B{)lltnlltwi;
Amgli(;-m Superpho- | Potash Ami:ﬁ'm Superphos| Potash .
- sulphate | sphate Smmtcﬁiiﬁulphate sphate | sulphate
High nitrogen application 3.2 1.1 0.5 1.2 0.5 0.2 |1, 4, 7, 10
High phosphorous application 1.0 3.3 0.5 0.4 1.5 0.2 | 2,5, 8, 11
High potassium application 1.0 1.1 1.5 0.4 ‘ 0.5 0.6 |3,6,9,12

* gm/]1 liter soil
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ﬁ%ﬁmw BB NRECEEL, Fa—7
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178, 4 H22RCRIEL, SXOMRIERRICA-7/24 A
228, TLZOfhoEFE R B L ORI ZHES S
Ly, EROEFMER 2AES Y, SEREE
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L, £EFELADHEE L. b, FSROEBEKIIE
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Table 11. The pH (KCI) value of soil
in each plot
Date

Plot Feb, 18 S Apr. 22
number (Begining time | Apr, 17 | (Endding time
| of experiment) of experiment)

15 5.5 6.3 5.2

2. 5.5 6.8 5.6

3. 6.0 6.4 5.7

4. 7.5 7.5 7.1

5. 7.5 7.5 7.1

6. T 7.5 71

7. 6.5 5.5 4.8

8 6.0 5.6 4.9

9. 4.5 5.5 5.0

10. 7.5 7.0 7.0

11. 7.5 7.0 7.1

12 7.5 7.0 7.1

BiEo4HA17H HEﬁr{mnﬂﬂi’?”?’_L Of%@ﬁﬁ—ﬁ_ S fzhs,
HFELRRBILEOICETF Lz 7 ) LOo&EK
2RALT PHT.55 7.0 WA DPRIC T2 EBETH
1D EE L fo pHAEDMRE LT o

3 & OB TR E12RICRD T . L Kluis

The effects of soil acidity and nutritional treatment on

" Size of - T
 Jargest Observations
inflorescens
by planth S
18.6 | Normal growtn and dark green leaves
18.9 | Normal growth and dark green leaves
19.0 | Normal growth and light green leaves
17.8 | Normal growth and green leaves
17.8 |Slightly poor growth and light green
leaves
18.4 | Slightly poor growth and slightly chle-
| rosis leave N S
20.4 | Normal growth and dark green leaves
20.7 |Same as above
25.5 | Normal growth and green leaves
22.0 | Normal growth and light green leaves
90.9 | Normal growth and slight chlorosis
leaves
19.9 | Slightly poor growth and Some chle-

Table 12,
growth and flowering of Hydrangea two cultivars
Tl T T ] Number |Number of
Cult Plot Plant Plant " e flowering
7 [number | height |diameter oL s inflorescens
per plant 4
- SN S ~ljper plant
1. 28.8 37.9 6.0 6.0
] g, 30.9 39.9 5.0 5.0
z 3. 52.0 39.2 4.9 4.6
@ 4. 28.6 39.8 5.6 5.6
B 5. 27.8 | 35.0 5.4 5.4
o
o
6. 29.5 38.1 5.0 4.0
7. 39.9 33.6 3.4 3.4
8. 33.9 37.8 3.6 3.6
E 9. 41.1 35.9 3.4 3.4
%ﬁ 10. 3T.7 39.2 4.2 3.6
=% 1T 39.5 38.5 3.6 3.6
12. | 37,9 | 346 5.0 4.0




Cult-
ivar

’ eqiadng sy
|

UT03S[OY]

BE : N F5 Y 7oA E LB E I3 HERE & 3 ka0 EBcoINT

Flat . Treatment (‘.‘:jfrtlgglcf;ill?occ]]u - by oaler machine
number eyes 1. { a | b
1 Acid soil, high nitregen application Purplish pink ‘ 54.1 30.7 | —4.6
2. Acid soil, high phosphorous application Purplish pink | 50.9 12.5 —6.7
3. Acid soil, high potassium application Lavender [ 50.4 22.7 —6.5
4. Alkaline soil, high nitrogen application Pink 50.9 31.1 —4.9
5. Alkaline soil, high phosphorous application | Rose pink 50.9 32.2 —5.3
6. Alkaline soil, high potassium application Rose pink 46.7 36,6 —6.2
7. Acid soil, high nitrogen application | Lavender 49.3 36.6 7.6
8. Acid soil, high phoespherous application | Purplish blue 52.6 27.5 =1.5
9. Acid soil, high potassium application [ Blue 52.6 27.0 —8.4
10. Alkaline soil, high nitrogen application | Purplish pink 42.5 24.0 —11.8
11. Alkaline soil, high phosphorous application ‘ Purplish pink 49.8 18.9 —10.6
12. Alkaline soil, high potassium application ‘ Purplish pink 48.1 24, —-7.5

300
200 ]
100—
1 | % % 2 70\
Plot 1 2 3 4 8 -9 0 11 12
Cultivar Kluis Superba IHolstein

Fig. 1. ILffects of soil acidily and nutritional treatments
on fresh weight of Hydrangea two cultivars.
B eaf-stem part, [1 Inflorescens part,
o Root part.

Table 13. The effects of soil acidity and nutritional treatment on the

sepal color of Hydrangea two cultivars

| Color judgement




HAHS LTS 975

superba T3 3 KA# L i<, F/o Holstein (39X
BEL BOOESXESXKTH 7o HikDIZ 2,3,
4 X, AR TIZ0, 11EKAK 2 <, Akt Kluis
superbref 1 X, Holstein |Z12[X, F-—F#:24 0 opE{E
TR L Kluis superba |3 1 X, Holtein T(312[X,
TEFORENORINETEIK, HETIRIKTH-
tro FHAMEMGAT LA Kluis superba Tl 3,
5XOMWERPPROARL, 6 KFEBHLRHE YR
yaeyAAEL e Tolstein Tit 10K AR Lo 1 &
B, NMREF 7 mey 227010, RRLPPLEBFERRE
HOHEL 7ea v 2271 2.
FEKELOYHEREIEIROLLYTEHES.
Kluis superba THREFMEL U2 EOREHDIT 1

Tabie 14,

of Hydrangea plant (Dry %)

KT, EEEOBE T >TAKEODIL2KTH 720 T
IRESIE K ERIE D o 7208, 6 X E oL b HED 2/ £
EO/NZ DL 5 KTYREIL, EHFEL NS A
Tl %o Holstine Tid 10 KAWL LD B AL » TAED
KREL, ULAbELEALKEODT, Ml iEERR
EiFDE e TSSO kSO DIE 8 K, 12K
Thotzeo T1ARTHT ~ S EDMITHMICAE R
D, 10~12Ki3 ¢ OIHTLE) R » TL2IKA R/ AR L
Tbe

e oOHEMINLEIIFRO & 51T Kluis superba ([
RETH L 2038 o1 ~ 3Kz dEHLED
STHREBEERELTOSH, Toah ) Luashtod ok
i7" L Thde il A s b ablbfidl& T L

Effect of each treatment on mineral contents in various part

Cult- Plot A - N I Pz(zsiiw K,0 )
fvar | musnker f}_\l)w- Leaf | Root 1 Total tl;rll)“.' LLeaf | Root | Total | frl:mh Leaf ’ Root | Total
. s 2.67 | 2,93 1.57 7.71| 0.82 ] 0.79| 0.35| 1.96| 2.47 | 2.36 | 0.64 | 5.43
§ 2 2.09 | 2.24| 1.34 5.67| 0.82| 0.82 | 0.46| 2.10 | 2.88 | 2.98 | 0.85| 6.71
i 3. 2.23 | 2.08| 1.26 5.57| 0.85| 0.8 | 0.39| 1.92| 3.99 | 3.29| 1.32 | 8.60
-§ 4. 2.76 | 2.36 | 1.41 6.53 | 0.81 | 0.60| 0.30| 1.71| 2.45| 2.11 | 0.79| 5.35
;E\i- 5. 2.37 | 1.78 | 1.05 5.20| 0.85| 0.4 ] 0.41 1.90 | 3.05 | 2.39| 0.85| 6.30
- 6. 1.87 | 1.64 | 0.97 4.48| 0.74| 0.55| 0.39| 1.68 | 3.29 | 2.98 | 1.01 | 7.25
|‘ 7. 2.42 ] 1.84 | 1.26 | 5.31 | 0.86 | 0.€2 | 0.47 | 1.87 | 2.45 | 1.76 | 0.68 | 5.75
= 8. 2,20 1.83| 1.18 | 5.09 | 0.82 | 0.57 | 0.55| 2.07 | 2.96 | 2.49 | 0.88 | 6.33
::; 9. 1.91 1.18 | 1.10 | 4.41 | 0.87 | 0.55 | 0.49 | 1.96 | 3.32 | 2.62| 0.93| 6.87
g. 10. 2,20 1.93 | 1.18 | 5.31 | 0.82 | 0.59 | 0.46 | 1.87 | 2.(9 | 2.20| 0.86 | 5.75
B 11. 2.21, 1.85 .03 | 5.09| 0.8 | 0.71| 0.51| 2.07 | 2.66 | 2.34 | 0.73| 5.73
12. 1.84 1.54 | 1.03 | 4.40 | 0.78 | 0.11 | 0.57 | 1.96 | 3.31 | 3.74 | 1.10 15

et Pret Cal MgO Al,0,
ivar | number Lf}(j}w' Leaf ‘ Root ‘ Total F_mw" Leaf ’ Root ’ Total Fl?w' Leaf Root | Total
. . ed8 | __ | 'eIS R T ers | % }
- 1. 1.€0 | 2.46 | 1.18| 5.24 | 0.53 | 0.52 | 0.54| 1.59| 0.11 | 0.13 | 0.66 | 0.90
= 2 1.75 | 2.24 | 1.12| 5.11| 0.44 | 0.40 | 0.56 | 1.40| 0.09 | 0.13 | 0.42| 0.64
i 3. 1.78 | 1.94| 1.13| 4.8 | 0.37( 0.27| 0.39| 1.03| 0.12| 0.13 | 0.45| 0.70
v§ 4. 2.03 | 2.56 | 1.11 | 5.70 | 0.31| 0.52| 0.46 | 1.29 | 0.11 | 0.1¢ | 0.40 | 0.66
;’.}- B 2,10 2.12 ) 1.19| 5.41| 0.25| 0.33| 0.61 | 1.19| 0.11 | 0.12 | 0.40 | 0.63
6. 1.82 | 1.82 | 1.22| 4.8 | 0.24 | 0.27| 0.36| 0.87 | 0.09 | 0.15| 0.39| 0.63
7 1.79 | 2.24 | 1.24| 5.45| 0.23| 0.42 | 0.13| 0.78 | 0.28 | 0.27 | 0.67 | 1.22
- 8 1.80 | 2.23 | 1.55| 5.58 | 0.23| 0.34| 0.07| 0.64 | 0.17 | 0.13| 0.59 | 0.89
% 9. 171 1.91 | 1.05| 4.67 | 0.19| 0.40| 0.36 | 0.95| 0.32| 0.13 | 0.43 | 0.88
‘g. 10. 1.93 | 2.83 | 1.47| 6.23| 0.02| 0.23| 0.25| 0.50 | 0.08 | 0.15| 0.38| 0.61
11. 1.86 | 2.47 | 1.13| 5.46 | 0.13 | 0.24| 0.39| 0.76 | 0.09 | 0.15| 0.36| 0.60
12. 1.96 | 2.23 | 1.54| 5.72| 0.12| 0.16| 0.26 | 0.54 | 0.08 | 0.18 | 0.51 | 0.77
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