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Development of Bone Dust Liquid Fertilizer and

Application Effects on the Crops

Kyu-Sung Jang

Department of Industrial Life Science and Technology
Graduate School of Industry
Cheju National University

Supervised by Professor Zang-Kual U.

Summary

To develop a liquid fertilizer from bone dust (BD) the
chemical procedure for digesting and formulating BD was
investigated since the use of BD has to be limited due to the
mad cow disease. Also the effectiveness of the prepared bone
dust liquid fertilizer (BDLF) was examined by foliar application
on citrus tree, potato, green tea, and tomato plant.

The process for liquifying BD was to extract and remove oil
from the BD by heating at 80C with water followed by
digesting with 4 N HNOs; The digested acidic solution was
neutralized to pH 3.5 by adding 8 N KOH with chelating agent
(2Na-EDTA). Finally, several micro elements were supplemented.

By foliar application of BDLF, inorganic contents of leaves in



citrus tree and green tea were increased. The growth and yield
of potato was increased, especially rate of the blossom-end rot

caused by the calcium deficiency in tomato was decreased.



/\1%

T
wiﬁ
cga No
M&.?q
x 7 <° o+ o
wprrr& mn,oﬂ
_n,f =0 3° )
X ™ 00 —
N wu o oF m.m S W ol i o)
= alu] — n_mo_] o
xgloTL ]wﬁ];ﬁﬂaﬂm
ﬂ_yl“ﬁozl \@/.EHNWA,# Euw =
quoij %Hfmﬁﬂobi mﬁ
w_aeﬂ 34Mzoﬂrmrwu§ 5 T %
M&%M %xﬁiwgm mO%J_HLE
‘mi}oga ucTﬂfw;ﬁqq maﬂqm11
- o Ko o = ik % gy oy I & oo "
ﬂﬂ\m_.m@_o:E Mﬂ@ mEﬂﬁ eooy_/m o
5 aallg .mﬁlﬂmwfg
ae__%xm %Q%@EH m%@%iemﬁ,
ﬁ@@ﬂzﬁm%@ﬂa% >%%W%q
]ﬂcllAc,u uf W <9 iy mae
mwﬂfzngw>?4uﬁ %%ﬂ%%,m
mﬂular%ﬂa.emﬂmiw @m;ﬁ&ﬂﬂ
iy o = ) S A ° E_ N = & o
@&%ﬂ%abolquréorur %wﬂﬂmﬁﬂ
< AW»H _xoﬂ%_EAﬂ LOUI ~X
g - PG o e & A S o R . =
o o L iy g wRE ) By ¢ 5 $o
g TR i fo R JJJ N = Ma En = &=
me._&lﬂﬂo“%]rﬁﬁ ﬁ(wwﬂﬂriio
o = = 50 = < i i — ol 3 = 0 = > ol
b N Njo & o T N oy L. w2 o go Gl %0 1 iy
ok ° ﬁ%éﬁ%&lﬂnz Namoﬁ
i =) 3 of P s 7o o o iy = = ) T 2 =
ey o NE o 1 Ho ey rooH ~— o i »og = 11 o
= B LI 7uTﬁoﬂﬂ;E£Eﬂ%
u i e MR Lo g o T 1 S Sy
L]1 Hzo LE_ Eﬂaoe Bga
5 K o e g & 0 7 . i —
o Eﬂw ﬁ}ia}ioﬁﬂﬁiﬂtz
ﬂ_Euru | o _#0(5] .xL.n_Alf
Ur ]Xﬂﬁoﬂl%w/mﬂ;m]
ﬂmw@.ﬂﬂ%lmoﬁﬂwﬂ
AoLToa mﬁ_. :,_]Ur;u
H.O‘l_yldll a J|O o
ﬂu&oﬂhoMAoT
Nzwoﬁwu}ﬁ
mﬂA@_am
E}@réE
713;).%
lu
uﬁMﬂ_@_
-

o
o=
i
A el

=
s



)

o|J
Th
M

—

oy
Ho

ol

M

el

o
=

ol
i)

e

S R A PR R

1998).
oM, Heol A% B 54

2,

7

B
X

i

= =
a 3z

]

of
el

PR

pH 35 A2 F3A71

ATt



o Az 2 4

= Aol AMSE =22 AlFEW FHIA FEAFeRS Y Al ol
ARSRlaL, Ed T FUlE A2 @2 Table 1] YERH AT

Table 1. The content of inorganic elements in the bone dust used in this

study

Inorganic T-N" P20s K:O CaO MgO Na B;O; Mo Zn Mn Fe Cu
element - __ 0f ————m mg/kg ——————
Content 6.44 15.0 0.655 20.0 0.434 0.600 8.00 110 69.5 N.D 153 14.2

"Mostly NO3-N form, N.D : not detectable.

2. =22 dAMH=o M=

=i AAN R Axe S AA vEsetr] A3 7EAR HE A
2 3 WA, 92H37% HCDIF A2HT70% HNO3)S 7FA| 1 =8 digh 234
£33 Aoke AAsA A, g AT AA, S 244, ez 4
E, B & w59 24, FE 24 AE, £33 9 T3 24 AEE AA



Extracting and removing oil from the bone

Removing oil ) i .
dust by heating at 80C with water

2

Check up water content

2

Check up removing rate of oil and water

content in bone dust

Choosing proper acid concentration and

Digestion condition digestion condition (4 N HNOs; 200T, 2
hour)
Analysis of digested Analysis of inorganic element in digested
acidic solution acidic solution

2

Check up composition of Check up content of inorganic element in

inorganic elements liquid fertilizer

2

Mixing the digested acidic solution with

Mixing and chelating agent (2Na-EDTA) and several
neutralization micro elements, and neutralized with 8 N
KOH

2

Preparation of Bone
Dust Liquid Fertilizer

Fig. 1. Flow sheet for preparation of bone dust liquid fertilizer

2ol behere bl 4ERE ot ol AASAN, of WP 53 ww

sttt



JELEE
2R HAE AAT B

2 425 ke ¥AE71G L o)A sl 1t
Fol A Eg)el

gol oF 710 mL @2H70% HNOs;, 16 N)& 7bste] ¢k 4 N
HNOz7} %% g thg a7 w8tk 28]al v oF 200C A E7]
A ANE7 Hx 322 52 F o] FHo| 4As

k. Balh $RE ¥
gke] ozl AR

wolw o] &9 1 mL %ol

FHFE M3 1L} HE
Felvel vE s St A4 &

L(18 mL ¥%94/1 L) o o] &

Table 2. The content of inorganic elements in acidic solution after acid
digestion with 4 N HNOs

) T-N P2Os
Inorganic element

5 Kzo CaO MgO BzOg Mo
77777777777777777777 % -
Content 1.28 191 1.54 235 0051 ND N.D
"Mostly NO3-N form, N.D : not detectable
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4 2H05 2H2F

15 T8 2A AAEFS HE57] 9
vl & NH/H-PO,;, KNO;, NHiNOs; H3;BOs;, NasMoO
80 g, 70 g, 160 g, 4 g, 1 g5 0.25M 2Na-EDTA 400 mLel
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|55 025 M 2Na-EDTAC] =21 F=9 185 mLel| 7tste] &3

o
0,
2
ofo
jus)

% F 2 gowA 8 N KOH 26ml & 718te] pH7F oF 35 A% H=s 3

33142 Fabo] Alrd FE AAuEE Sede A4F B

%_
Mg s rAY A=A FAsI A 493 2= Table 33 2

Table 3. The content of inorganic elements in bone dust liquid fertilizer

(BDLF)
Tnorganic element Prepared BDLF Value of fertilizer law

(%) (%)

T-N 8.05 8

P2Os 6.35 6

K0 451 4

CaO 2.35 1

B2Os 0.772 0.05

Mo 0.0478 0.005




3. =& dAHl=E M=E pilot plant 7H &

1) Pilot Plant A A

au] AzA BFHLAS HAIJANZ F e T4 AJHY AAH B84
55 193 pilot plant= Fig. 29 o] AASA ) Pilot Plante] 7] A4

., i
™ Fan

:'_“.' Agitator
& molor

LEET

burner
Fig. 2. Outline of the basic pilot plant for the production process of the
liquid fertilizer.
2) BF&x

Fig. 304 Hi&= ZAAd vb&xe vbe S71(&=HJd 2= 2=¢ 100 L §71)
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A ERol ABEE AN BHAI] fske] b2 F shavu)E
AgGT ER, AENUE b FER A ARE YA el F

Fig. 3. Reactor (reaction container and gas burner).

3) F/HE

Fig. 49 FF= #AX+= FFZ, agitator, motor, fanC. 2 A 5o it}
FFE9 agitator= Abel 93 FAS WA flete] 2HAHE A 2"
AAZ Fojglal, screw motor®t fand 220 V&O 2 AREH A XA
agitator= Zol AHacid) & 7FE A9 Ead gbg o= Qlsto] FEo] &
g} A7E 87 Bfem dASE U Y Ee dstE FXA7]7] 918
FEA & AoFA FE Al &7 wee w9 24 ST S8t &
Qb ol Alzto]l o] A™ F7t 7] Wl agitator & FA St ol& K
sttt LAl fan AbA P A EAstE TP E R R WEHA g 8

o= o



Fig. 4. Outside (A : fume hood+agitator+ motor+fan) and inside (B : fume

hood + agitator) of fume hood.

4) $38=

Fig. 5ellA B AR Fstxs F/49 F&7)(2dHld~ =" 100 L
719k 8tz Atolel F A9 fany}t TPl F-E WEAIE fano 2 T
AEo] gtk Ed FaxE fand &S =ol7] fd dAR9 Bl fl=

—|—’

A A st I T skxst
WS F vA] 22k TEtER Bl g Qs FEkelo] @] FxE dAs
At T3S 10% NaOHE AH8-3kSith.
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Table 4. Soil chemical properties before experiment

Exchangeable cation

pH OM Available P20s ..
(15 (g ke (mg kg™ (cmol kg )

K Ca Mg
45 60.9 682 0.18 1.78 0.60

F87191 119 F4o 3eH|g FF2A8F, 12 AgF 28 FAgTR
TEIY I, pEAYTFE A2A v E2R 24 11 kg 10 182 ZHA
8

kg 10a '8 Anatgict. a3 GEA o] ALEH

ik
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i HAH| S = Table 59 =4S 7= A& AR L, A2+ 5008, 250
Wl e 1000 HAskel AFY Ao 43 B E ABUY @ 73
5 LA Sxach B 2 48A 24 129 %ol AAste] HoRAe

sttt

Table 5. The composition BDLF used in citrus tree, potato and green tea

plant
X T*N* PzO5 KZO CaO BzOg Mo
Inorganic element
____________________ % -
Content 8.05 6.35 451 2.35 0.772 0.0478

"Mostly NO3-N form.

2) %7

qdF TAAd AAG AFsH7Ied dEFAA 7hSAME WA EFF
S 99 x| Z} 205:(15%) & A sl =i AW E(Table 5)E A glsto] A

=
gaedvh NGTE TR AANE AT ¥ ALTE FFodn, BEA

F AHH EYS A $(Table 6) AlM &S AAsIAth FHAIH] Fe

R

A AR 7 AR el mz Ak 15 kg 10a), Q14 18 kg 10a, 72l 15 kg
10a'S AlHstgeh. 28 & AAuE s 100081 <F 5008 = 3] A&}
o] 102 %014 102 %Alo] AFA A0 43 10a% 30 LS 44 Au549

o A%EAE A4 609 Fol APTY 074 Agstel 2, Y, ¥
A5E 2ASET B3 HBA 24 44 009 Fol AAstel shahi
4g dgon, adn £3 2L AGTY 059 Agstel S,

AFEAF w81 g o4 AL Ugow sgom, A ey
WREE o] AT CEEAEY, 2003 5 W, 2002).

_11_



Table 6. Soil chemical properties before experiment

] Exchangeable cation
pH OM Available P>O5

0 B (cmol” kg ™)
(1:5) (g kg ") (mg kg )

K Ca Mg
5.3 105 152 1.10 2.80 1.25

=
FA el oAE w2 Auls A (Fig. 6)l A 7k o] BAgE 11
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Co., Japan) Ev}E(Lycopersicon esculentrm Mill.) #%&92 TAE 3353819
Eedo] oF 4~5uj7F A HAS wW FHA0x10 cm)ell o] A e th 18]l 9
dxo 1 sho] AEAES o EefHo] G235t VY s FAE Fo

Art gdol 2AS Ydd= PTG (Proefstation voor tuinbouw onder glas
te Naaldwijk) QdZAE2dT4e ErtE X+ %A 24 (Sonneveld9}
Straver, 1994)& A&ttt 18l A9AA AEEAPS FEstr] $she
#5 G 2ACNA ZawkS 124, 159 283 /108 S &5kt &
= oF 259 & 1/5vie} 1/108) A FolA ZEdg T4 A YElR
1/58) Ao i HA|v] = (Table 6)& 10009, 5008) —12] 3 100#)
A5 Ao w v, 13], 23] 2] 33] FHAIH] 313

ZAbE Gl wAA T FEL, 9, 9F 293 AFE A

1

tlo
2 Lo

to
1z
o
ok
2
N
A
o

R
i)
E do
v
o,
ol\
o
o
4
o
ol
32
v

. T—N* P205 KzO CaO MgO
Inorganic element
___________________ % -
Content 2.25 2.54 3.00 3.13 0.08

"Mostly NO3-N form.

5. 22, dH|, B U ASH 24

AEA L 2 AEge AHTF F FErEE M3 AL vF o 70T dx
71l A 24A 3 FF A FE AAT AxE AEA 2L 28 AR AESges
Aol 05 g& A3 FHeto]l HSO,- M0 2 BajA A EHAER 8

(Anh, 1987). Zsid &4 9 =2 A8 223 23 dANE T FEdae
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Kjeldahl
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Z 23 A(JY panorama, Jobin Yvon, France)

BR
o
zel

A
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el
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2 mmAE FIAIA pH, E

ko3
T

E% 10 gol S75 50 mLE %

1
R

, 2000). 2% pH

158Mo=2 pH wWEHOrion-520A)

~
file)

o)
o

o

04 N KxCr:07 €9 20

ko3
T

Aol FHgk

2} 2

tol 150C A w4581 7+

S

3T
&

<R

02 g&

%

How ¥
7}
mL HzPO4,

Tyurin

mLE

Yol 02 N

}dcH(Nelson et al, 1982).

S

27}

=
=

ok
2F

A A

0.5 mL Ortho phenanthroline

%

=
=

A 3ol

AA 3 A

=
=

- 6H20

Fe(NH4)2(SO4)2

ki3

NZrZ ek~ F

100 mL

o
=

Lancasteri o2 E% 5 ¢

e}
R

Ton

~
o

’

to] 3023t x1g&to] No. 6 ©

S

7}

=
=

5ge 1 N NH/OAc (pH 7.0) &<} 50 mL

$A = o3

ki3
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1. 25 dAAE[2 M=

Zi AR 1 gol Wi HH g Aok AAs7] fske] HCIeF HNOs(16
NS 7M1 FRo2HY FHH F7AE 38 Table 79| e AT
=% A& 5 gl 25 mL 2 N HCI& 7hell oF 200C AL 7]ollA o 602 &<

BARGL S A AR S EARGOG ARFA B E37) 5

o
O

otk e Cl @epel YT ol GUANE Y A ABAC] g o
A F7h Q7] wEel HCI woks AEAlel @4 4 dAirh x3e
HNOy7} Adsitha sslo] HNOyS 2¥el 7ha ¥ 7/4% g3 2

A8 A7 2 N HCI9 H] =38t 292 W)

Table 7. The selection of acid solution for digestion of bone dust

Nutrients P20s K0 CaO MgO Na Cl
Acid digestion @~ ———————————————————— 9% ————————————————————
2 N HCI 14.1 0.72 18.9 0.39 0.47 44.3
16 N HNO;" 14.1 0.63 18.2 0.44 0.58 N.D

4 N HNO3 14.7 1.00 21.9 0.41 0.61 N.D

*70% HNOs N.D: not detectable

16 N# 4 N HNO39| skwo] @& =& 9 F7148% s vl JES
A3 4 N HNOz= 7HAaL el e 45 16 N HNOsE - EafA[7ke] oFzh
o 48 Hoou TRomFEH FEYE FU/IAE FEFE2 vMxd A% vy
Wlth 2222 4 N HNOsz= 7HA oL &Ealetal= 4+
e S W 4 N HNOsol ¥ AAdsivta dab=la, = &3 4 N



HNO3 9] Hl&& =& 1 goll tidte] 4 N HNOs2 25 mL7F A3 ith.
Table 8& 4 N HNOso. 2 ZFE & Ra&ste] ot & pH7 o5 ZHate]

7] o KOHE 7FA 3l p

ato] YERAT el B

250 ofF ®ol] EA5t7] "ol KOHE 7HAal pHE =o|7] W A4k

a0 ANZE To AAe] AZFHV] wiEel o& WAs/] $18ke] 2Na-

EDTA Zdo|EA #FHE& ZAAS7] Y3t 455 it

)
i
BN
i)
o
O
dlo
-
~N
oX,
M
%
o
lo
i
1)
il
=
El

Table 8. The ratio of digested acid solution, chelating agent (2Na-EDTA)
and 2 N KOH to neutralize acid with a base

2Na-EDTA 5 mL 10 mL
2 N KOH 2omL 265 mL 31 mL 25 mL 27 mL 30 mL
pH after 2 N KOH 3.37 3.99 4.25 3.34 3.82 4.43
NO3-N (g) 0.689 0.671 0622 . 0707 . 0719  0.691
NH4-N (g) 0.045 0.027 0.027 0031 0.028  0.029
P (g) 0.398 0.369 0250 0383 0379  0.313
K (g) 1.562 1.740 1.842 1628 1804  1.963
Ca (g) 0.787 0.723 0422 0732 0738  0.636
g (g) 0.016 0.015 0.012 0015 0015 0.015
Na (g) 0.100 0.103 0.101 0154 0157  0.159

FE 3 4 N HNOsS 15 v &2 I8 50 gol 250 mL 4 N HNO3S 7}3}
wale & AqRste] SHFE /HA 250 mL A3 vhA 74z 25 mLGG g
FH/25 mL B )E BFHE 100 mL wlolA &k g1 025 M
2Na-EDTAE 77t 5 10 mLE 7t & 2 N KOHS = pH 35, 4.0, 457}
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Fig. 7. The process for extracting and removing oil from bone dust.
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2) £344

#AE AAG F o 30 L] Fo] =g Fiol HNO; o 10 LE 73te]
4

ok
2

N HNOw} 955 @ ohg sty wstsich thad o 1-2 A
of FuA shdstel Eiol $il3

of W = A

=

ANB7F 9XA EEE agitator® & %

H

Aetich. walst dhrE Haele 9ds Aa F

g oA AAR Be Ralele 9o Aow duad AR Basan

e

(Fig. 8). &3l & AA" FAZF °F 4 kg &

Fig. 8. The acid digestion process for liquifying bone dust.
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Fig. 9. Removed Oil after acid digestion.

3) A2 T3 R FUIHE =42

FeElue AT HeHlR

2 nHEHYAE 2Na-EDTA Z#o]E &l

THTAN 2= Pl v

wel F A Baloly EFEA
th. 1213 pH meter® pH7F o 357F S| &5 #3stuA KOH &2 7H
i FSAA 2R AAH RS A zaAr

4) Pilot Plant

MBS A x3st7] Y3 Pilot Plant=
HAH F S

=

LEbd Zoln, o
BeHor Axd F

F gl
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Fig. 10. Pilot Plant for liquifying bone dust.
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Table 9. Soil chemical properties of citrus orchard after foliar application
of BDLF

Available  Exchangeable cation
Py0s5 (cmol” kg ™)

(mg kg) K Ca Mg

0 44 58.5 675 0.17 2.01 0.70

Non-treatment 500x 4.6 59.8 680 0.17 1.75 0.71

of CF*  250x 45 635 755 015 183  0.80

100x 4.2 69.8 623 0.18 2.15 0.76

0 43 575 635 0.20 1.85 0.84

pH

Treatment FAL? .
(15) (g kg

Standard o0 e 1 553 651 021 191 075
treatment of
or 250x ‘39 605 678 022 212 081

100x 4.0 62.1 712 0.30 2.05 0.71

0 4.5 50.5 615 0.21 1.65 0.63

Half treatment 500x 4.3 596.7 672 0.15 1.83 0.72
of CF 250x 4.3 55.3 623 0.26 2.01 0.69
100x 4.0 60.5 693 0.22 1.98 0.78

“Foliar application level, "Chemical fertilizer

_21_



Table 10. Mineral content in leaf of citrus tre

BDLF

e after foliar application of

Treatment FAL® TN P K Ca Mg
,,,,,,,,,,,,,,,,,, 0 T~
0 2.34 0.12 0.83 0.97 0.20
Non-treatment  500x 2.21 0.13 0.91 1.16 0.15
of CE® 250x 2.35 0.16 0.89 1.38 0.18
100x 2.44 0.15 0.97 1.51 0.23
0 2.57 0.16 0.95 1.05 0.25
Standard
treatment of 500x 2.58 0.15 1.04 1.25 0.22
CF 250x 2.61 0.18 0.93 1.56 0.21
100x 2.75 0.20 1.12 2.01 0.27
0 2.52 0.16 0.85 0.94 0.22
Half treatment 9500x 2.53 0.14 0.81 112 0.18
of CF 250x 2.56 0.15 =2 1.33 0.17
100x 2.48 0.20 1.06 1.58 0.23
“Foliar application level, "Chemical fertilizer
2) 77
28 A s AU ¥ 44 6006 2%, A4 1 27150 A%
£4& Table 110 YeERUon, vlaTto] nls] F& AU EE A3 73
T, AF5A] dAs 2 ZAE B 53 & AAMEE 10008 3
Mate] Aed A¢RT 5000 AT Aol o Y Ans
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Table 11. Growth characteristics of plant height, leaf length and number
of stem for potato after foliar application of BDLF

Plant height Leaf length Number of stem
Treatment
(cm) (cm) (ea)
Control 57.6 374 3.7
1000x 67.3 45.0 4.1
500x% 70.7 48.8 41

Table 12. Soil chemical properties of potato field after foliar application of
BDLF

Available Exchangeable cation
pH .
Treatment 15 (¢ ke P20s (cmol” kg ™)
. & e (mg kg ') K Ca Mg
Control 5.0 111 240 0.97 1.78 0.88
1000x 5.2 115 206 0.90 1.80 0.75
500x 5.1 117 220 0.92 191 0.80

Fig. 112 =% dAMEE A2 F A2 gdoly 2AES Yed
oh vl A2t Aolo] HMTHE AolE B F7F I o, sl E#
AAN R ALl Heoly WAL ojFd JFL F
btk A ddelwe EY ¥ AuAE A9Enz wgs oAy
FEME ol MAE AEeA Wolol dv], EE EgoR A

o] EgArES gofwt sttt R ¥t (Menzies®t Caroline, 1959 ;



Rich, 1983 ; Park &, 2002).

Table 13. Mineral content of leaf and branch in potato after foliar
application of BDLF

Plant T-N P K Ca Mg B Zn Mn Fe Mo Cu
part

Treatment

leaf  3.19 0.16 4.70 0.88 0.23 16.2 23.0 390 432 - -
branch 1.26 0.09 3.34 0.70 0.17 189 374 468 183 - -
leaf 353 0.10 490 0.65 0.34 175 524 584 140 - -

Control

1000x
branch 1.37 0.18 3.44 092 0.27 149 224 339 117 - -
00 leaf 3.25 0.16 5.10 0.96 0.29 181 19.0 349 182 - -
X
branch 1.37 0.10 3.48 0.70 0.17 17.8 489 492 171 - -
50
S
=
S 40
=
=)
£
g 30
S
=]
=
220 |
[y
=)
5]
10
=1
2
0
control 500X 1000X
Treatments

Fig. 11. Incidence of potato common scab (Streptomyces scabies) after
foliar application of BDLF.
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Fig. 12. Number of tubers per plant and weight of tuber after foliar
application of BDLF.
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Table 14. Soil chemical properties of green tea field after foliar application

of BDLF
Available Exchangeable cation
Treatment (II)_I;I) ( O}i\/[l P05 (cmol” kg ')

' g ke (mg kg ") K Ca Mg

Control 5.2 73.5 115 0.72 1.25 0.56
1000x 5.0 72.0 101 0.67 1.18 0.45
500% 5.3 63.7 71.4 0.76 1.09 0.46
250% 4.9 81.0 149 0.66 1.55 0.80
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Table 15. Mineral content of green tea leaf after foliar application of

T-N P K Ca Mg B Zn Mn Fe Mo Cu

0.25 3.46 0.35 0.20 16.5
0.20 4.12 0.66 0.32 18.8

21.2 605 553 10.3 5.25
189 1325 105 10.6 6.25

0.27 3.45 0.38 0.25 174
0.21 4.13 0.82 0.37 36.7

20.3 594 52.1 9.28 6.15
15.3 1506 110 10.5 3.14

0.29 354 0.33 0.22 17.7
0.21 4.10 0.70 0.29 16.7

235 715 448 115 443
20.5 2100 89.8 10.6 3.23

0.28 4.10 0.40 0.23 37.7
0.24 4.34 0.73 0.32 19.0

26.5 922 64.5 154 540
156 1795 86.7 13.2 3.48

BDLF
Plant
Treatment
part -—=
new-leaf 3.35
Control
old-leaf 3.58
new-leaf 3.43
1000x
old-leaf 3.55
new-leaf 3.67
500x%
old-leaf 3.55
new-leaf 3.89
250%
old-leaf 3.65
4) EUlE

EnlE BE <o 248

1/29), 1/58) 2]

ks
/50 ek 1/108) A 2] ol A
1690 A] Hi= npe} o] o
1729y Aok A FoA

o aeeR 124 AR e 2a 29
NS o ol shA ettt

gl 150 BHE

A€

3l

0(1

ghis) A%

1

L

371

AFEE A2 g 10089 5008 oA thAa

L

_27_

da2die FEA17 AL

57 9% #

sae EvtE Aol A
sk % 100wH, 500K, 1000w o] =
3], 13] Adste] EvtE A=A

A TtHTable 17~20). §54

g Felof A
. 3FAIRE, Table
HgA dole
Aolg wmoln ek

RUS

:ILH oﬂj‘ﬂﬁlg



SR, RE A FEAA A 2 hebset
Di AW IS AW FE T BAZ) Uehbr] ALt Az 3

Table 16. Growth characteristics of tomato plant cultured in half calcium

and standard nutrient solution

Growth TE] apsed day

characteristic Treatment

25 32 39 46 53 60

Chlorophyll Control” 346 362 364 394 370 340
(SPAD) 1/2 Ga° 30.6., -39.8 375 375 363 342
Leaf length Control 33.3 465 408 418 414 417
(cm) 1/2 Ca 3717 425 427 407 383 390
Leaf width Control 33.6 336 307 291 347 325
(cm) 1/2 Ca 267 325 320 283 313 292
Plant height Control 157 171 187 202 216 229
(cm) 1/2 Ca 155 172 185 197 207 216

dStandard nutrient solution, PHalf calcium of standard nutrient solution.
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Table 17. Chlorophyll contents of tomato plant cultured in one-fifth

calcium and standard nutrient solution

Supply d
UPPY Ay o 32 39 46 53 60
Treatment
Control 346 362 364 394 370 340
o T, 386 428 345 359 359 326
X
T 365 313 342 337 304 279
T, A6 379 379 367 295 282
500
T, 344 370 349 397 398 349
T, 346 405 402 441 371 371
1000x
T, 358 409 331 349 361 313

T : One time foliar application per a week.

Ts . Twice foliar applications per a week.

Table 18. Leaf length of tomato plant cultured in one-fifth calcium and

standard nutrient solution

Elapsed day

25 32 39 46 53 60
Treatment
Control 33.3 46.5 40.8 41.8 414 41.7
100 T 34.0 43.0 27.0 27.0 29.5 325
X
Ts 255 33.0 175 175 20.5 17.0
T 31.0 28.0 27.0 235 19.0 16.0
500x
Ts 355 375 355 335 16.0 11.0
T 33.0 43.0 355 395 38.0 36.0
1000x
Ts 42.0 47.0 29.0 36.0 36.5 375

T : One time foliar application per a week.

To ; Twice foliar applications per a week.
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Table 19. Leaf width of tomato plant cultured in one—fifth calcium and

standard nutrient solution

Elapsed day

25 32 39 46 53 60
Treatment
Control 33.6 33.6 30.7 29.1 34.7 325
100 T 355 32.0 22.0 185 225 23.0
X
Ts 27.0 20.0 115 155 12.0 11.0
T, 21.0 15.0 175 14.0 11.0 11.0
500x%
Ts 225 29.0 25.5 26.0 10.0 7.0
T 32.0 34.5 26.0 26.0 28.0 24.0
1000x
Ts 29.0 40.5 145 22.0 24.0 245

T : One time foliar application per a week.

Ts . Twice foliar applications per a week.

Table 20. Plant height of tomato plant cultured in one-fifth calcium and

standard nutrient solution

Elapsed day

25 32 39 46 53 60
Treatment

Control 157 171 187 202 216 229
100 T 154 158 162 174 182 195

X
To 131 136 137 141 144 146
T 107 109 111 114 119 122

500x
To 133 143 148 154 156 158
T 161 180 195 209 220 234

1000x
Ts 129 140 151 163 170 181

T; : One time foliar application per a week.

To ; Twice foliar applications per a week.
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Fig. 13. Calcium deficiency of tomato cultured in  one—fifth calcium of
standard nutrient solution (A: fruits, B: leaves). Recovery symptoms of
tomato treated with one thousandth BDLF (C: fruits, D: leaves).

A shows the typical blossom-end rot symptom caused by calcium

deficiency in fruit.
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