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Summary

This study was carried out to investigate the nutritional physiology
and disorders of  Shiranuhi mandarin [(C. unshiu Marc. x C. sinensis
Osb.) x C. reticulate Bla.] by the hydroponic culture system which was
developed in this study.

The optimum concentration of culture solution for Shiranuhi mandarin
was determined by examining increase of fresh weight, amount of nutrient
uptake, water uptake, SPAD value of chlorophyll, fruit quality, and fruit
yvield. The deficiency symptoms of macro elements were displayed by
supplying the culture solution excluding specific macro element, and their
contents in the leaves were measured. Also the foliar application of
mineral compounds and the root ‘application with the standard culture
solution were treated to recover the deficiency symptoms and their
effectiveness were compared. Antagonistic and synergistic relation between
the deficient—element and the other elements were investigated under the

deficient condition of each macro element.

1. Establishment of hydroponic culture system for Shiranuhi mandarin

To develop the hydroponic culture system for Shiranuhi mandarin, the
temperature control of the system was examined as one of the most
important environmental factors. The results showed that the temperature
of root zones as well as nutrient solution in the culture system was

stable and very similar to that of natural soils in the summer and the
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winter time. This system could provide proper amount of water and
nutrient solution using automatic timer and water-logged pump
successfully. Therefore, it is suggested that this hydroponic culture system
could be used for the purpose of nutritional physiological research and be

modified for cultivating Shiranuhi mandarin practically.

2. Determination of the optimum concentration of nutrient solution

for Shiranuhi mandarin hydroponics.

1) Increased fresh weight and water uptake of tree, and SPAD values
were increased with the concentration of culture solution until 2 times
concentration of the standard solution. But the 4 times concentration of
the standard solution did not influence growth factors and fruit quality,
indicating that the 2 times concentration of the standard solution can be
optimal.

2) The amounts of NH;-N, NOs3-N, PO,~P, K, Ca, and Mg uptake
showed two peak values at the vegetative and the fruit growth stage.
The amount of mineral absorption by trees at the 2 times concentration
of the standard solution was in order of NOs-N > K > Ca > NHs-N >
PO,~P > Mg.

3) Mineral contents in the leaves, stems and roots were proportionally
increased with the concentration of supplied nutrient solutions, but there
was no difference between 4 times and 2 times concentration of the

standard solution.



3. Symptoms of macro element deficiency and their recovery by the
foliar application of the elemental source compounds and the root

application of the standard culture solution.

1) Nitrogen

(1) The visual deficiency symptom of nitrogen on the spring and
summer leaves appeared light green in 40 days after —-N treatment. In
50 days, the chlorosis symptom on the spring leaves was shown at first
in the vein and midribs, and the summer leaves discolored continuously
light green. At that time the nitrogen contents were 1.30% in the spring
leaves and 1.41% in the summer leaves.

(2) Increased fresh weight, water uptake and SPAD values tended to be
decreased under the —N treatment.

(3) Nitrogen contents of the leaves were recovered by the foliar
application of 0.5% wurea solution and the resupply of the standard
culture solution to the roots. Deficiency recovery was more effective by
the resupply to the roots than the foliar application.

(4) When nitrogen deficiency symptom occurred, the contents of P, K,
and Mg in the spring leaves and the contents of P and Mg in the summer
leaves were higher than those of the control, while the Ca content in the
spring leaves and the K and Ca content in the summer leaves were lower

than those of the control.

2) Phosphorous

(1) The visual deficiency symptom of phosphorous on the old (12-month
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old) and the matured leaves (15-month old) appeared discolored dark
green in 300 days after —P treatment. Deficiency symptom on the old
and matured leaves in 330 days progressed to reddish purple.
Phosphorous contents of those were 0.06% and 0.06%, respectively.
However, the new leaves (3-month old) with 0.16% of P content did
not give the deficiency symptom.

(2) Phosphorus deficiency of the leaves was recovered by the foliar
application of 1.09%6 NaH:PO, solution and the resupply of the standard
culture solution to the roots. Deficiency recovery was more effective by
the foliar application than the resupply to the roots.

(3) When phosphorus deficiency symptom occurred, the contents of Ca
and Mg in the new leaves and the contents of Mg in the old leaves were
higher than those of the control, while the N and K content in the new
leaves and the N, K and Ca content in the old leaves were lower than

those of the control.

3) Potassium

(1) The visual deficiency symptom of potassium on the old (12-month
old) and the matured leaves (15-month old) showed scorching on the
edge of the leaves in 300 days after -K treatment. In 330 days,
deficiency symptoms on the old and the matured leaves became
yellowish on the edge of the leaves. Potassium contents were 0.23% in
the old leaves and 0.31% in the matured leaves. However, the new
leaves (3-month old) with 0.56% of K content did not show the
deficiency symptom.

(2) Potassium deficiency of the leaves was recovered by the foliar

- vii -



application of 1.0% KCIl solution and the resupply of the standard
culture solution to the roots. Deficiency recovery was more effective by
the foliar application than the resupply to the roots.

(3) When potassium deficiency symptom occurred, the contents of Mg in
the new leaves and the contents of N, P, Ca and Mg in the old leaves
were higher than those of the control, while the N, P and Ca contents in

the new leaves were lower than those of the control.

4) Calcium

(1) The visual deficiency symptom of calcium on the autumn flush
leaves occurred burning on the edge of the leaves after —-Ca treatment.
Deficiency symptom brought a like red-dot on the leaf-tip of the
autumn flush leaves with 0.12% of calcium content, and dieback burnt.
(2) Calcium deficiency of the leaves were recovered slightly by the
foliar application of 1.2% CaCly solution, however the resupply of the
standard culture solution to the roots did not cure the deficiency.

(3) When calcium deficiency symptom occurred, the contents of N, P, K,
and Mg in both the spring and summer leaves were higher than those of

the control.

5) Magnesium

(1) The visual deficiency symptom of magnesium on the old (12-month

old) and the matured leaves (15-month old) appeared yellowish between

the midrib and the outer edge on the leaves in 300 days after -Mg

treatment. In 330 days, the deficiency symptoms on the old and the

- viii -



matured leaves showed a characteristic pattern of yellowing which
started near the edge and towards the apex of the leaf with a triangle
of green remaining at its base. The magnesium contents were 0.05% in
the old leaves and 0.04% in the matured leaves. However, the new
leaves (3-month old) with 0.14% of Mg content did not show the
deficiency symptom.

(2) Magnesium deficiency of the leaves was recovered by the foliar
application of 2.0% MgCly solution and the resupply of the standard
culture solution to the roots. Deficiency recovery was more effective by
the foliar application than the resupply to the roots.

(3) When magnesium deficiency symptom occurred, the contents of P
and Ca in the new leaves were higher than those of the control, while the
N, K and Mg content in the new leaves and the N, P, K and Ca content in

the old leaves were lower than those of the control.
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Fig. 1. The diagram of hydroponic culture system (A) and photo of the

system (B).
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FA 5 FAANMNE Aste] AHEE BFE FEFHS ATt A EQG LT
ATAeA JpEE ZA(Anh 5, 2003)= 7]EA O E ARESER O™ (Table 1),
o 1 LEs wE7] AaAeE vgHda sdE=2 KNO; 1628 mg,
5[Ca(NO3)s « HoO] + NHUNO3 390 mg, MgSO, + 7TH-O 180 mg, KH-.PO, 91.2
mg, NHuNO3 73.6 mg¥, v &dFd4L 3= = Fe-EDTA 817 mg, H3BO; 1.5
mg, MnSOs - H:O 0.7 mg, ZnSO,-7HO 0.88 mg, CuSO4-5H0 0.1 mg,
Na;MoOy - 2H,0 0.015 mgE AH&-3+%

B FRAMANAL) HY JF) FEE Fohly] Astel EE G

o2
o
2

2

FRE JlEoz 12w, 1, 2u), 4ule] Gl 2Aske] ALsidid, el
EE 9FA 1 N NaOHSF HCl 845 7FAa pH7F o 64 % ¥ == 2453
o},

Table 1. The inorganic nutrient composition of the standard culture

solution (mg/L)

Macro nutrient Concentration Micro nutrient Concentration
NH4;-N 18.0 Fe 1.08
NO3;-N 91.0 B 0.26
POs-P 20.8 Mn 0.23

K 89.2 Zn 0.25
Ca 72.3 Cu 0.025
Mg 17.8 Mo 0.006

SO04-S 23.6
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s AW 24 fEskel oF sty AF Gde wri
Table 191 £7 FFole] HEsh SAshn], 22e] tepds 29 Ao Te

Table 2914 RH=nle} o] ZA| 3kt

Table 2. The inorganic nutrient compositions of control and nutrient

absent culture solution (mg/L)

Treatments
Nutrient source Conc.
Control -N  -P -K -Ca -Mg

KNOs 162.8 + - + - + +
5(Ca(NO3); - H,0) - NH,NO3;  390.0 + - N N _ .
MgSOy4 - 7TH20 180.0 + + + + + -
KHPO4 9.2 + + - - + +
NH4NOs 73.6 + - + + + +
CaClz - 2H20 264.6 - + - - - -
KCl1 120.0 - + - - - -

137.7 - + - + - -
NaNO; 306.9 - - - - + -

125.0 - - - - - +
NaH:POy4 - 2H20 104.1 - + - + - -
K250, 127.0 - - - - - +

"8 mg/L of Fe-EDTA, 15 mg/L of HsBOs; 0.7 mg/L of MnSOy - H;O, 0.88
mg/L of ZnSO4 - 7H:0, 01 mg/LL of CuSOs-5H0 and 0.015 mg/L of
NasMoOy + 2H20 were supplemented in the nutrient solution.

+ ; Nutrient source included, — ; Nutrient source excluded.
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Table 3. Experimental treatments to

induce elemental deficiency and

recovery
Deficiency Nutr_lent Period of Recovery method
and recovery  solutions supply (days) Foliar Resupply to
treatments used application roots
Control®  Standard 120 -¢ -
C"-N N absent y - -
N c , 0.5% urea after
N / ’ 52 days
d N absent 52
RN Standard 63 after 52 days
Control Standard 370 - -
C-P P absent ” - -
P , 1.096 NaH->PO4
L / ’ after 330 days
R+P P absent 330
Standard 40 after 330 days
Control Standard 370 - -
C-K K absent ” - -
K i 1.0% KCl after
F+K f 4 330 days
K absent 330
R+K Standard 40 after 330 days
Control Standard 100 - -
C-Ca Ca absent ” - -
Ca ) ) 1.2% CaCl,
F+Ca after 60 days
Ca absent 60
R+Ca Standard 40 after 60 days
Control Standard 370 - -
C-Mg Mg absent ” - -
Mg ) ) 2.0% MgCly B
F+Mg after 330 days
Mg absent 330
R+Mg Standard 40 after 330 days

“Continual supply of the standard culture solution, "Absent treatment for

maintaining the deficiency,

‘Foliar application for elemental deficiency

recovery, dResupply of the standard culture solution to the roots for

elemental deficiency recovery, ‘Not treated.
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Table 4. Part and age of leaf sampling to diagnose the deficiency

symptoms
Days after )
Element deficiency Sarpphng Leaf sampled Leaf age
absent time
treatment

Spring leaf 6 months old

N 60 Sep. 2003
Summer leaf 3 months old
Matured leaf 15 months old
P 330 Jun. 2004 Old leaf 12 months old
New leaf 3 months old
Matured leaf 15 months old
K 330 Jun. 2004 Old leaf 12 months old
New leaf 3 months old
Spring leaf 6 months old

Ca 60 Sep. 2003
Summer leaf 3 months old
Matured leaf 15 months old
Mg 330 Jun. 2004 Old leaf 12 months old
New leaf 3 months old
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Fig. 2. Weekly average temperature changes of air and soil in the

greenhouse, cultivating pot, and supplying nutrient solution from Nov. 2002
to Oct. 2003.

_20_



2. A} FAAME AT AH IS 5= 2A

) BAF F74EF} B F5F

429l A9 20l Aeish vsakarh AAF] WekE AVER v
Wo7psh  aea gelsk wase] gss JEYIAsIA 593 79

3} Parker, 1942 ; Hirobe2} Ogake, 1968 ; filit, 1982 ; Hiroshi®} Yutaka,
1988 ; Mataa =, 1996 ; Anh &, 2003).

B 35S AAF 3490 R 99 AdFEt 224% A4 F

b B95% B Fegel gadtgns nush m%a9cRodhiguer 5,

1997 ; Romero 5, 2001 ; Anh 5, 2003).

_21_



500
= A
(<P}
g 400 |
=
= 300 |
&N
s
=
3 200 |
&=
=]
%]
2 100 |
(]
}
[®]
=]
o
0
20.0
B
z
- 150 |
[<P]
=
=
g 100
8
(=8
=
s
= 5.0 |
=
0.0

May Jun. Jul. Aug.  Sep.

Month of measurement
Fig. 3. Monthly changes of fresh weight (A) and water uptake (B) of
Shiranuhi mandarin cultured with the different concentration of culture
solution in the hydroponic culture. @ : half strength of the standard
solution (1/2x), M : standard solution (1x), & :@ 2 times of standard
solution (2x), 4 : 4 times of standard solution (4x).
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Fig. 4. Monthly changes of SPAD value of Shiranuhi mandarin leaves
cultured with the different concentration of culture solution in the
hydroponic culture. @ : half strength of the standard solution (1/2x), I :
standard solution (1x), A : 2 times of standard solution (2x), € : 4 times

of standard solution (4x).
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Fig. 5. Monthly absorptions of NO3;—N and NH;-N of Shiranuhi mandarin
cultured with the different concentration of culture solution in the
hydroponic culture. @ : half strength of the standard solution (1/2x), B :
standard solution (1x), A : 2 times of standard solution (2x), € : 4 times

of standard solution (4x).
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Fig. 6. Monthly absorptions of POs~P and K of Shiranuhi mandarin
cultured with the different concentration of culture solution in the
hydroponic culture. @ : half strength of the standard solution (1/2x), I :
standard solution (1x), A : 2 times of standard solution (2x), € : 4 times

of standard solution (4x).
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Fig. 7. Monthly absorptions of Ca and Mg of Shiranuhi mandarin cultured
with the different concentration of culture solution in the hydroponic
culture. @ : half strength of the standard solution (1/2x), B : standard
solution (1x), A : 2 times of standard solution (2x), € : 4 times of
standard solution (4x).

_80_



4) F2 F FTY

Al 717E Fek 2 dFAe] 120, 10, 20l 4 H S FFI T FU)ISR
o F FFYE AYN AYsrrt =55 TSRO, 2u A 49
g o= FoH Aols Holx gyt FU|GEE F F5YS v
W 25yl v 2 (Hirobe9t Ogake, 1968 ; f1li, 1982 ; Anh
S, 2003) FAF FEUFE NO3-No FFFo] 7bd Fom K, Ca,
NH;-N, POs~P Z18]aL Mg o & Yetstth of= #4138} ZdaEui-o A4S
A8 NOs-N, K, Cax} NH,~-N9o| & F =7} AthE AL A AbskE Aol

Table 5. Total nutrient absorptions of Shiranuhi mandarin cultured with
the different concentration of culture solution in the hydroponic culture

from April to October, 2004

NO3*N NH4*N PO4*P K Ca Mg

Treatments
————— mg/kg FW ——
1/2x* 1,529¢* 584c 356¢ 2,162¢ 2,276¢ 516¢
1xP 2,198b 972b 488b 3,064b 2,608b 560b
2x°€ 3,201a 1,837a 737a 3,403a 2,944a 688a
4x4 3.223a 1,777a 769a 3,379a 3,180a 698a

“Half strength of the standard solution, "Standard solution, “2 times of
standard solution, 44 times of standard solution.

*Mean separation within columns by Duncan’s multiple range test at P =

0.05.
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Table 6. Mineral contents in leaf, stem and root of Shiranuhi mandarin
cultured with the different concentration of culture solution in hydroponic

culture from Mar. 2004 to Feb. 2005

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

part ment ——— % - - mg/kg DW  ——~

1/2x% 1.91¢” 0.08¢c 0.41d 2.81b 0.43a 59.1a 169a 41la 249c 6.60a
New 1x” 255b 0.22b 0.94c 1.96¢c 0.39b 62.4a 203a 436a 250c 10.6a
leaf 2x%  3.25a 0.35a 2.08b 2.73b 0.37b 59.7a 229a 356a 394b 1l.1a
4x% 349a 0.21b 2.49a 3.24a 0.39b 76.0a 213a 433a 504a 6.67a

1/2x 198c 0.06c 0.69c 4.36a 0.40a 59.8a 226a 365a 269c 5.40a
0Old Ix 2.25b 0.08c 0.88c 3.06b 0.36a 66.5a 214a 37la 486a 7.60a
leaf 2x 243b 0.18b 1.83b 3.42b 0.31b 45.8a 240a 295b 466a 7.60a
4x 3.19a 0.25a 2.73a 2.61c 0.4la 37.5a 207a 248c 320b 5.11la

1/2x 0.63c 0.04b 0.25b 0.39¢ 0.14a 19.1a 850a 32.0a 15.2a 3.78a
Ix 0.66c 0.07b 0.32b 0.54b 0.07b 22.6a 10.0a 27.5a 29.5a 4.51a

Stem 2% 1.19b 0.15a 0.95a 0.63a 0.08b 21.8a 16.2a 38.0a 42.3a 5.37a
4% 1.56a 0.18a 1.07a 0.61la 0.15a 21.9a 17.5a 48.9a 48.9a 3.30a
1/2x 271c 0.05¢ 0.05¢ 0.27d 0.05¢ 84.7c 17.1c 56.7c 921b 54.8b

Root 1x 3.09b 0.10b 0.08c 0.48c 0.06c 119b 26.3b 75.1c 1168b 52.3b

2x  3.42a 0.15b 0.25b 0.75b 0.10b 131b 29.6b 137b 1284b 71.1a
4% 3.07b 0.31a 0.40a 1.11a 0.20a 164a 40.5a 678a 1777a 75.5a

"Half strength of the standard solution, "Standard solution, ‘2 times of
standard solution, 44 times of standard solution.

“Mean separation within columns by Duncan’s multiple range test at P =

0.05.
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Fig. 8. Average size of Shiranuhi mandarin fruit cultured with the
different concentration of culture solution in the hydroponic culture.

1/2x : half strength of the standard solution, 1x : standard solution, 2x : 2
times of standard solution, 4% : 4 times of standard solution.

“Mean separation within columns by Duncan’s multiple range test at P =

0.05.
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Fig. 9. Total yield of Shiranuhi mandarin fruit cultured with the different
concentration of culture solution in the hydroponic culture.

1/2x @ half strength of the standard solution, 1x : standard solution, 2x : 2
times of standard solution, 4% : 4 times of standard solution.

"Mean separation within columns by Duncan’s multiple range test at P =

0.05.
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Fig. 10. Soluble solids content in Shiranuhi mandarin fruit cultured with
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the different concentration of culture solution in the hydroponic culture.

1/2x : half strength of the standard solution, 1x :

times of standard solution, 4% : 4 times of standard solution.

“Mean separation within columns by Duncan’s multiple range test at P =

0.05.
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Fig. 11. Acid content in Shiranuhi mandarin fruit cultured with the
different concentration of culture solution in the hydroponic culture.

1/2x : half strength of the standard solution, 1x : standard solution, 2x : 2
times of standard solution, 4% : 4 times of standard solution.

“Mean separation within columns by Duncan’s multiple range test at P =

0.05.

_88_



20.0

a
15.0 |
b
z
C
10.0 |
50 |
0.0
2%

C
1/2x 1x 4x

Soluble solids/acid

Treatments

Fig. 12. Ratio of soluble solids to acids in Shiranuhi mandarin fruit
cultured with the different concentration of culture solution in the
hydroponic culture.

1/2x : half strength of the standard solution, 1x : standard solution, 2x : 2
times of standard solution, 4% : 4 times of standard solution.

“Mean separation within columns by Duncan’s multiple range test at P =

0.05.
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N defigiency

Photo 1. N deficiency symptom and N contents in the leaves of Shiranuhi
mandarin tree cultured for 52 days under the absence of N in the culture

solution (Spring leaf : 6 months old, Summer leaf : 3 months old).
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solution), [] : C-N (N absent treatment for maintaining the deficiency).
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Fig. 15. Comparisons of the foliar application with 0.5% urea solution and
the resupply of standard culture solution to the roots for the purpose of N
deficiency recovery after N deficiency induction for 52 days in the
hydroponic culture. Il : Control (Continual supply of the standard culture
solution), [ ] : C-N (N absent treatment for maintaining the deficiency), O
: F+N (Foliar application for N deficiency recovery), @ : R+N (Resupply
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Table 7. Mineral contents in the spring and summer leaves from
Shiranuhi mandarin tree cultured for 120 days under the presence or the

absence of N in culture solution

Leaf Treat- =N P K Ca Mg Zn B Mn Fe Cu

part ment

- % - --—— mg/kg DW ——-

) Control* 294 0.13 184 229 017 186 50.1 436 384 289
Spring

leaf
ca C-N° 121 015 201 154 019 173 626 350 270 2.9
Control 349 020 229 191 023 182 56.6 481 385 3.45

Summer

leaf

C-N 092 030 182 118 029 109 40.2 30.0 20.0 1.60

“Continual supply of the standard culture solution, PN absent treatment for

inducing and maintaining N deficiency for 120 days.
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P deficiency

Photo 2. P deficiency symptom and P contents in the leaves of Shiranuhi
mandarin tree cultured for 330 days under the absence of P in the culture
solution (New leaf : 3 months old, Old leaf : 12 months old, Matured leaf
15 months old).
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Table 8. Comparisons of the foliar application with 1.09%6 NaH:PO, solution
and the resupply of standard culture solution to the roots for the purpose
of P deficiency recovery after P deficiency induction for 330 days in the

hydroponic culture

Content of phosphorus (%)

Treatment
New leaf Old leaf
Control® 0.36 0.26
C-P 0.06 0.05
R+P° 0.13 0.18
F+p* 0.30 0.38

“Continual supply of the standard culture solution, "P absent treatment for
maintaining the deficiency, ‘Resupply of the standard culture solution to
the roots for P deficiency recovery, Foliar application for P deficiency

recovery.
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Table 9. Mineral contents in the new and old leaves from Shiranuhi

mandarin tree cultured for 370 days under the presence or the absence of

P in culture solution

Leaf Treat- T-N P K Ca Mg Zn B Mn Fe Cu
part ment o 04 o o mg/kg DW -

New Control” 238 035 275 169 033 461 329 50.0 203 827
leal C-P° 185 016 162 340 038 431 348 978 211 460
old Control 225 021 214 289 027 492 478 120 282 547
lea C-P 192 006 203 127 031 306 381 472 186 7.40

dContinual supply of the standard culture solution, PP absent treatment for

inducing and maintaining P deficiency for 370 days.
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Matured
leaf

K deficiency

Photo 3. K deficiency symptom and K contents in the leaves of Shiranuhi
mandarin tree cultured for 330 days under the absence of K in the culture
solution (New leaf : 3 months old, Old leaf : 12 months old, Matured leaf
: 15 months old).
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Table 10. Comparisons of the foliar application with 1.09%6 KCl solution
and the resupply of standard culture solution to the roots for the purpose
of K deficiency recovery after K deficiency induction for 330 days in the

hydroponic culture

Content of potassium (%)

Treatment
New leaf Old leaf
Control® 3.28 2.40
C-K’ 0.44 0.33
R+K® 0.56 0.72
F+K* 1.14 1.49

“Continual supply of the standard culture solution, PK absent treatment for
maintaining the deficiency, ‘Resupply of the standard culture solution to
the roots for K deficiency recovery, ‘Foliar application for K deficiency

recovery.
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Table 11. Mineral contents in the new and old leaves from Shiranuhi

mandarin tree cultured for 370 days under the presence or the absence of

K in culture solution

Leaf Treat- T-N P K Ca Mg Zn B Mn Fe Cu
part ment o 04 o - mg/kg DW -

New Control® 238 035 2.75 169 033 461 329 50.0 203 827
leaf C-K* 229 031 056 149 035 416 505 280 133 747
old Control 225 021 214 289 027 492 478 120 282 547
lea C-K 242 029 023 360 062 50.7 349 803 152 530

dContinual supply of the standard culture solution, PK absent treatment for

inducing and maintaining K deficiency for 370 days.
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Control Ca deficiency

Photo 4. Ca deficiency symptom and Ca contents in the autumn flush
leaves of Shiranuhi mandarin tree cultured for 60 days under the absence
of Ca in the culture solution. A: Red-dot on leaf tip was observed, B:

Leaves burned and finally fell down.
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Fig. 16. Comparisons of the foliar application with 1% CaCly solution and
the resupply of standard culture solution to the roots for the purpose of Ca
deficiency recovery after Ca deficiency induction for 60 days in the
hydroponic culture. Il : Control (Continual supply of the standard culture
solution), [] : C-Ca (Ca absent treatment for maintaining the deficiency), O
: F+Ca (Foliar application for Ca deficiency recovery), @ : R+Ca (Resupply

of the standard culture solution to the roots for Ca deficiency recovery).
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Table 12. Mineral contents in the spring and summer leaves from
Shiranuhi mandarin tree cultured for 100 days under the presence or the

absence of Ca in culture solution

Leaf Treat- 1 N P K Ca Mg Zn B Mn Fe Cu

part ment ___ % o R mg/kg DW = ———

Spri Control” 292 012 192 248 025 178 486 486 406 3.38
pring

leaf cCca® 327 014 242 141 028 173 626 350 27.0 296

Control 3.19 016 223 226 024 150 385 520 400 3.16

Summer

leal c.ca 350 025 222 064 050 109 402 30.0 200 1.60

dContinual supply of the standard culture solution, "Ca absent treatment

for inducing and maintaining Ca deficiency for 100 days.
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ok

Il
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Photo 5. Mg deficiency symptom and Mg contents in the leaves of
Shiranuhi mandarin tree cultured for 330 days in the absence of Mg in
the culture solution (New leaf : 3 months old, Old leaf : 12 months old,
Matured leaf : 15 months old).
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Table 13. Comparisons of the foliar application with 2.0% MgCl> solution
and the resupply of standard culture solution to the roots for the purpose
of Mg deficiency recovery after Mg deficiency induction for 330 days in

the hydroponic culture

Content of magnesium (%)

Treatment
New leaf Old leaf
Control® 0.48 0.39
C-Mg" 0.09 0.06
R+Mg"® 0.17 0.05
F+Mg* 0.20 0.19

“Continual supply of the standard culture solution, ng absent treatment
for maintaining the deficiency, ‘Resupply of the standard culture solution
to the roots for Mg deficiency recovery, “Foliar application for Mg

deficiency recovery.
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Table 14. Mineral contents in the new and old leaves from Shiranuhi
mandarin tree cultured for 370 days under the presence or the absence of

Mg in culture solution

Leaf Treat- I'N P K Ca Mg Zn B Mn Fe Cu

part ment L % ___ ___ mg/kg DW ___

New Control® 238 035 275 169 033 461 329 50.0 203 827

leat CcMgP 211 040 272 199 014 433 363 494 151 840

old Control 225 021 214 2389 027 492 478 120 282 547

leaf c_Mg 185 018 209 220 005 357 339 708 183 433

“Continual supply of the standard culture solution, ng absent treatment

for inducing and maintaining Mg deficiency for 370 days.
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