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Summary

In order to investigate the effect of nitrogen deficiency on the growth and
nutrient absorption, three years old citrus trees[(C. unshiu Marc.x C. sinensis
Osb.)xC. reticulata Bla.] were hydroponic-cultured under the four different
nitrogen treatments; continual cultivation in the standard solution and in the
nitrogen absent solution for 120 days, and foliar application of 0.5% urea
solution and resupply of the standard solution for 68 days to recover the
nitrogen deficiency after 52 days of nitrogen absent treatment. The visual
symptom of nitrogen deficiency, fresh weight, water uptake, chlorophyll content

and absorption of inorganic nutrients were inspected.

1. The visual symptom of nitrogen deficiency on spring and summer leaves
appeared light green 40 days after nitrogen absence, with nitrogen contents of
less than 1.8%. The chlorosis was shown at first in the vein and midribs on
spring leaves where nitrogen content was 1.59% 50 days after nitrogen absence
and spreaded on the whole leaf 100 days after nitrogen absence, with reduction
of nitrogen content to 1.27%. The summer leaves showed the chlorosis 100 days

after nitrogen absence with nitrogen content of 1.13%.

2. Nitrogen content of leaf was recovered from the deficiency by 0.5% urea
application on the leaves once in every two days or resupply of standard
culture solution to the roots. Deficiency recovery of tree was more effective by

nitrogen supply to the roots than by foliar application.



3. The fresh weight, water uptake and chlorophyll SPAD value tended to

decrease under the nitrogen deficiency condition.

4. The total amounts of nutrient absorbed during 120 days in nitrogen absent
culture solution were much lower than those cultured in the standard solution;

2/3in P, 2/5 in K, and 1/6 in Ca and Mg.

5. Nitrogen deficient spring leaves had lower K and Ca contents than normal

ones, but summer leaves had higher contents of P and Mg, and lower Ca.
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Fig. 1. The diagram of hydroponic culture system.
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Table 1. The compositions of inorganic nutrients supplied for standard and

nitrogen absent culture solution(mg/L)

Macro nutrient Concentration Micro nutrient’  Concentration
NH4-N 18.0 or 0 Fe 1.08
NOs-N 91.0 or 0 B 0.26
PO4,-P 20.8 Mn 0.23

K 89.2 Zn 0.25

Ca 72.3 Cu 0.025

Mg 17.8 Mo 0.006

SO4-S 23.6

Nutrient source Concentration Culture solution F
Standard -N
KNO3 162.8 + -
5(Ca(NOs3)2 - H:O) + NH4NOs 390 + -

MgSO;4 - TH20 180 + +
KH2PO4 91.2 + +
NH4NOs 73.6 + -

CaClz - 2H:0 264.6 - +
KCl 120 - +

"8 mg/L of Fe-EDTA, 1.5 mg/L of HsBOs, 0.7 mg/L of MnSO; - H,O, 0.88 mg/L of
ZnS0y - 7TH20, 0.1 mg/L of CuSOy - 5H,O and 0.015 mg/L of NaxMoOy - 2H.O were
supplemented in the nutrient solution.

¥ Composition of nitrogen absent solution.
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N-N Cultivation with the nitrogen absent solution for 120 days
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Fig. 3. Deficiency symptom and nitrogen contents in spring leaf after nitrogen absent treatment.
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Fig. 4. Deficiency symptom and nitrogen contents in summer leaf after nitrogen absent treatment.
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Fig. 5. Deficiency symptom and nitrogen contents in spring and summer leaf after nitrogen absent treatment and N resupply
(A : Cultivation with the nitrogen absent solution for 52 days following by the foliar application of 0.5% urea once in every two days for

68 days, B : Cultivation with the nitrogen absent solution for 52 days following by resupply of the standard solution for 68 days).
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Fig. 6. Growth of leaves and branches, and roots (A) and deficiency symptoms of leaf (B) at the end of the experiment.

Defoliation of old leaves observed after culture of 54 days.

|._A.|



g

=

S
= =yl 2
= =
Fi
Eng. 7 83 2o
= &t
oA A A
K3

L

ey

2.

& %o
) oo =
o X ,,__m m o
VL T o MM o Mo Mﬁ T
< o BB = v i
o 1@ ol i = = no= ]
b x 3 aqao T &%
< Lo s TEE S om L
= L X iy = T oo —_~— — { ofp
= N o Gl o %o ~ Gl S L3 oz
Y ® yr ® B T o N v W
) N 0 ) T
4 = No L o° m N % Hyl T oy o ~
oow 1 Mo = o o o N
%maﬂ@ %ﬂaﬂ%%??%ém
ﬂ, = ~] =R wlr N o rtﬂ, = o 0
& & W o or o .Mw ™ oﬂT 5 N mﬁ o T )
H q o = e Nlo = B X = q
I N oy o o < w o
ojfl N N B o= A gl o Ho
| N B — o) 3 AW o
%0 meqwﬂ e ?W1§A S W
T N AN — — so M = O = l,ﬂ T S
w £3 b S = g B R HOD
. : ﬁ e al Y w T 7 = Hr Y = = §
T ,UI ‘Mﬁ ona (5} o R0 o — o R < % oy
< s — m = o ) ™ De \I.A ]| B ]
~ o 5 X il BE ,WM — 0 J &1
N ~ 0 - N = F el U B o
> Bn =l m 7 o R o To o
ilg ﬁmo_ﬂﬂlwﬁomj
k) = . ‘.L. \_Ll —_— )
o & ™ A 5 L = b o i Wﬁ _ m
o o s < W i = o To < =
s &7 o o8 s “ A@ el A e 4 o W <
@ 9 L = o @ ° it ro Nfo o < B
S W Gl o = ° e =3 =z T Ba
—~ © T . it 0 e r = Wy =0 E X -
ﬂaﬁq@oﬂmoogﬁ@z qqzj
oy b @ s = = .y -+ il ol @ ol oy W
5 ! o G T M e T Mo
—_ o)) - fo A o -~
oy . @ @ﬂzo_f%1wA
o azeL o R @gox1$
(% o 8 X Y < ﬂr 4 S ok ok o)
w0 ®0 S i = _ dn ] ) ]
=0 i | A T & ~ EECN
s N X o < ~ B
oy o at- e ° BE o X w
oy o} N- T3 o o o
ol ma = M ~ T o
0 ol x CLc Ho
T ,_ZE o 5
— w
T a

- 15 -



250
200 |
-
£
en
S150 |
-]
=
L
S
2
é 100 |
S
(=]
="
z
&
S 50 |
[emi
0

Jul.12~Aug.8 Aug.8~Sep.2 Sep.2~Oct.7 Oct.7~Nov.6

Date measured

Fig. 7. Change of fresh weight depending on the different nitrogen treatment.

O : Control(Cultivation with the standard solution for 120 days)
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A : F-N(Cultivation with the nitrogen absent solution for 52 days following by
the foliar application of 0.5% urea once in every two days for 68 days)

@® : N+N(Cultivation with the nitrogen absent solution for 52 days following by

resupply of the standard solution for 68 days)

_16_



14

10 |

-1

Water uptake, L tree

Jul.12~Aug.8 Aug.8~Sep.2 Sep.2~Oct.7 Oct.7~Nov.6
Date Measured

Fig. 8. Change of water uptake depending on the different nitrogen treatment.

O

B
A

. Control(Cultivation with the standard solution for 120 days)
N-N(Cultivation with the nitrogen absent solution for 120 days)
F-N(Cultivation with the nitrogen absent solution for 52 days following by
the foliar application of 0.5% urea once in every two days for 68 days)

: N+N(Cultivation with the nitrogen absent solution for 52 days following by

resupply of the standard solution for 68 days)
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Fig. 9. Change of chlorophyll content in leaves depending on the different nitrogen
treatment. O : Control(Cultivation with the standard solution for 120 days), W

N-N(Cultivation with the nitrogen absent solution for 120 days), & : F-N(Cultivation
with the nitrogen absent solution for 52 days following by the foliar application of 0.5%
urea once in every two days for 68 days), @ : N+N(Cultivation with the nitrogen absent

solution for 52 days following by resupply of the standard solution for 68 days)
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Table 3. Nutrient uptake of macro elements absorbed by fresh weight(kg)

depending on the different nitrogen treatment

Nutrient Period NOs-N  PO4,-P K Ca Mg
treatment - mg -
Jul12~Aug.8 1,174 143 1,395 670 69.8
Aug.8~Sep.2 2,255 235 2,278 1,512 125
Control Sep.2~0Oct.7 1,912 191 1,584 1,137 128
Oct.7~Nov.6 1,308 122 598 524 79.8
Sum 6,649 692 5,856 3,343 402
Jul12~Aug.8 0 131 974 423 439
Aug.8~Sep.2 0 119 534 188 12.8
N-N Sep.2~Oct.7 0 103 322 51.8 8.31
Oct.7~Nov.6 0 69.8 480 0 0
Sum 0 422 2,309 662 65.0
Sep.2~Oct.7 0 188 338 179 334
F-N Oct.7~Nov.6 0 69.4 223 0 0
Sum 0 258 561 179 33.4
Sep.2~Oct.7 2,430 112 2,385 1,265 220
N+N Oct.7~Nov.6 2,083 198 796 802 171
Sum 4,513 310 3,181 2,066 391

Control : Cultivation with the standard solution for 120 days

N-N : Cultivation with the nitrogen absent solution for 120 days

F-N : Cultivation with the nitrogen absent solution for 52 days following by the
foliar application of 0.5% urea once in every two days for 68 days

N+N : Cultivation with the nitrogen absent solution for 52 days following by

resupply of the standard solution for 68 days.
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Table 4. Nutrient uptake of micro elements absorbed by fresh weight(kg)

depending on the different nitrogen treatment

Nutrient ) Fe B Mn Zn Cu
Period
treatment - mg -

Jul12~Aug.8 176 3.20 '7.00 8.02 0.93
Aug.8~Sep.2 19.5 477 5.51 7.92 0.76

Control Sep.2~0ct.7 3.27 3.59 4.62 5.01 0.49
Oct.7~Nov.6 594 2.26 3.43 1.33 0.42
Sum 46.2 13.8 20.6 22.3 2.60

Jull2~Aug.8 16.4 3.41 3.88 5.75 0.40
Aug.8~Sep.2 3.32 1.81 0.94 113 0.33

N-N Sep.2~0Oct.7 0 1.69 0.31 2.27 0.27
Oct.7~Nov.6 15.7 0.37 0.48 0 0
Sum 354 .27 5.62 9.15 1.00
Sep.2~0ct.7 0 2.20 0:39 0.57 0.35
F-N Oct.7~Nov.6 16.6 0.96 2.71 0 0
Sum 16.6 3.16 3.10 0.57 0.35
Sep.2~0ct.7 12.8 2.52 6.41 2.27 0.39
N+N Oct.7~Nov.6 6.99 2.98 5.36 1.72 0.25
Sum 19.8 5.50 11.8 3.99 0.64

Control : Cultivation with the standard solution for 120 days

N-N : Cultivation with the nitrogen absent solution for 120 days

F-N : Cultivation with the nitrogen absent solution for 52 days following by the
foliar application of 0.5% urea once in every two days for 68 days

N+N : Cultivation with the nitrogen absent solution for 52 days following by

resupply of the standard solution for 68 days.
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Fig. 10. Change of nitrogen content in leaves depending on the different nitrogen
treatment. O : Control(Cultivation with the standard solution for 120 days), W

N-N(Cultivation with the nitrogen absent solution for 120 days), & : F-N(Cultivation
with the nitrogen absent solution for 52 days following by the foliar application of 0.5%
urea once in every two days for 68 days), @ : N+N(Cultivation with the nitrogen absent

solution for 52 days following by resupply of the standard solution for 68 days)
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Fig. 11. Change of Phosphorus content in leaves depending on the different
nitrogen treatment.

O : Control(Cultivation with the standard solution for 120 days)

Bl : N-N(Cultivation with the nitrogen absent solution for 120 days)
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Fig. 12. Change of potassium content in leaves depending on the different
nitrogen treatment.

O : Control(Cultivation with the standard solution for 120 days)

M : N-N(Cultivation with the nitrogen absent solution for 120 days)
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Fig. 13. Change of calcium content in leaves depending on the different nitrogen
treatment.

O : Control(Cultivation with the standard solution for 120 days)

M : N-N(Cultivation with the nitrogen absent solution for 120 days)
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Fig. 14. Change of magnesium content in leaves depending on the different

nitrogen treatment.
O : Control(Cultivation with the standard solution for 120 days)
B : N-N(Cultivation with the nitrogen absent solution for 120 days)
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Table 5. Micro elements content in spring leaves depending on nitrogen absent treatment

Nutrient Days after -N Fe B Mn 7n Cu
Treatment treatment - mg/kg -

0 73.0 41.2 255 26.8 1.68

20 69.9 63.7 37.1 62.0 6.23

40 35.1 69.9 48.6 22.9 2.69

50 39.3 52.3 57.2 279 1.94

Control 60 99.3 46.9 60.1 28.1 1.59

80 40.6 48.6 48.6 17.8 3.38

100 42.0 60.6 679 14.6 3.48

120 38.4 50.1 43.6 18.6 2.89

Mean 54.7 54.2 48.6 21.3 2.70

0 88.6 80.1 32.3 20.8 4.16

20 100 71.2 30.4 35.6 2.81

40 35.7 54.3 43.0 17.2 2.12

50 35.6 495 487 20.8 1.79

N-N' 60 32.6 37.7 32.9 13.3 1.25

80 26.6 44.8 35.2 12.6 2.34

100 67.5 56.9 47.0 19.1 3.88

120 27.0 62.6 35.0 17.3 2.96

Mean 50.0 55.6 43.6 23.7 2.68

" N-N: Cultivation with the nitrogen absent solution for 120 days.

Table 6. Micro elements content in summer leaves depending on nitrogen absent

treatment
Nutrient Days after -N Fe B Mn 7n Cu
treatment treatment - mg/kg -
20 73.7 64.1 40.9 41.3 4.45
40 44.0 36.6 60.8 23.0 3.65
50 29.0 375 62.7 24.1 2.68
Control 60 35.1 33.1 53.6 15.6 1.33
80 40.0 385 52.0 15.0 3.16
100 429 39.8 44.0 12.8 3.67
120 385 56.6 48.1 18.2 3.45
Mean 43.3 43.7 51.7 21.4 3.20
20 36.4 40.5 24.9 31.6 6.34
40 38.8 37.2 63.1 23.0 2.08
50 389 42.0 60.6 23.6 1.46
NN 60 326 37.7 329 13.3 1.25
80 29.1 42.4 36.5 114 1.89
100 28.7 49.7 51.2 12.0 2.33
120 20.0 40.2 30.0 10.9 1.60
Mean 35.7 42.6 475 19.8 2.66

" N-N: Cultivation with the nitrogen absent solution for 120 days.
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