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Nitrogen Recovery and Application
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ABSTRACT

In order to evaluate nitrogen (N) balance, from
the different application method and levels of "N
applied to a satsuma mandarin orchard soil in
spring, we surface-applied N as urea at a rate of
30 (water-dissolved), 100(solid and water-dissolved)
and 150%( solid) of the recommended rate (180 kg
ha™) in spring ( labeled N), summer (nonlabeled N)
with application ratio of 52:3. Fruit vield and
quality

were not significantly affected by anv

treatment. Nitrogen contents of spring flush leaves
in late August were 3.0% regardless of the
treatments. The N recovery by parts of tree itself
was in the order of leaves, fruits, roots, stems, and
the highest recovery per tree was 22.3% in the 50%
recommended water-dissolved surface broadcast while
there were not much differences for N recovery
(11.9 to 1362

Total N content in top 30cm of soils was 0.47%

among the other three treatments.

regardless of the treatments, but N proportion and

total residual N from the fertilizer applied increased
with increasing N rate while the N recovery in
soils decreased. For the recommended N rate, N
proportion and the residual N from the fertilizer
applied were greater in the water-dissolved surface
broadcast than those in soils surface broadcast.
The highest total(tree + soils) N recovery was
709% in the 50% recommended water-dissolved
surface broadcast, but tended to decrease to 52.2,
46.6, and 43.2% for the recommended water-
dissolved surface broadcast, 100 and 150% of the
recommended solid surface broadcast, respectively

Key words : Satsuma

mandarin, Application

method, Nitrogen rate, Nitrogen recovery
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Table 1. The properties of surface soil (0~10cm) bhefore experiment

pH

(1:3)

4.8

O.M
(g/kg)

126

Av. P05
(mg/kg)

115

Ex. cations(cmol /kg) CEC EC
Ca Mg K Nz (cmol'/kg)  dS/m
0.75 0.84 0.54 0.27 11.0 0.17
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Table 2. Effects of application method and rate of nitrogen on fruit yield and quality of satsuma mandarin

trees (cv. Okitsu Wase)

. No. of Fruit Fruit Fruit Fruit Edible Soluble Acid . .
Application . . . . . Brix/acid
method™ rate fruits vield weight  length width part solid  content ratio

(kg/ha/vr) (no./tree) (kg/tree) (g/fruit)  (um) (mm)  ratio(%)  brix (%)
Liquid 90 306 273 94 52 61 76.9 11.1 196 5.78
180 297 254 95 51 61 76.3 106 1.85 5.90
Solid 180 250 242 103 53 62 76.2 10.8 197 5.55
270 302 231 89 51 61 76.0 10.7 1.82 6.04
LSD(53%) NS 4.0 NS NS NS NS NS NS NS
CV (%) 127 16.7 164 47 4.0 15 59 13.8 114

" Each value is the average of 9 trees (replications)

” Liquid : urea dissolved in 1 mm water was surface-applied (broadcast spraved)
Solid : urea granules (nonlabeled N) or powders (labeled N) were broadcast surface-applied

13 November, respectively

20 (labeled N). 20 (nonlabeled N) and 30% (nonlabeled N) of N were applied on 11 April, 18 June and
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Table 3. Effects of application method and rate of nitrogen on the concentration of macronutrients in spring
flush leaves (Spring) and old leaves (Old) of satsuma mandarin trees (cv. Okitsu Wase) collected
on 15 June, 4 September and 12 November 1996
(unit : %)
Application N_. N P K Ca Mg
method™ (k:z%ea/vr) Spring Old Spring Old Spring Old Spring Old Spring Old
15 June
Liquid 90 257 2.73 0.19 0.11 1.77 0.81 0.40 2.05 0.27 0.32
180 2.60 2.80 0.20 0.12 1.88 0.89 0.65 2.29 0.32 0.37
Solid 180 2.60 2.60 0.19 0.10 1.76 0.75 0.46 2.08 0.28 0.38
270 253 273 0.19 0.11 1.83 0.84 0.62 1.90 0.30 0.31
LSD(5%) NS NS NS NS NS NS NS NS NS NS
CV(%) 43 55 12.9 9.0 39 314 323 249 9.0 240
4 September
Liquid 90 3.15 267 0.16 0.10 1.46 0.89 1.69 2.19 0.45 0.34
180 3.22 2.50 0.16 0.10 1.40 0.81 1.82 249 048 0.38
Solid 180 317 2.43 0.16 0.11 1.47 0.86 1.62 231 0.48 0.37
270 3.12 245 0.16 0.10 1.19 0.76 1.99 237 047 0.35
LSD(5%) NS NS NS NS NS NS NS NS NS NS
CV(%) 2.7 7.2 6.3 5.8 20.0 25.7 236 159 129 16.7
12 November
Liquid 90 3.23 2.71 0.15 0.10 093 0.67 1.84 246 038 0.32
180 322 2.82 0.14 0.10 0.75 0.71 2.18 2.47 0.44 0.33
Solid 180 325 2.69 0.15 0.11 0383 0.67 2.40 252 0.44 0.33
270 325 2.67 0.13 0.10 0.70 0.45 2.69 2.82 0.42 0.36
LSD(5%) NS NS NS NS 0.20 NS 0.60 NS NS 0.06
CV(%) 6.0 10.6 10.2 10.1 20.0 31.0 214 16.1 144 129

* Each value is the average of 3 (on 15 June) or 6 trees (on 4 Sept. 15 and 12 Nov)
" Liquid = urea dissolved in 1 mm water was surface-applied (broadcast spraved)
Solid : urea granules (nonlabeled N) or powders (labeled N) were broadcast surface-applied

*** 50 (labeled N), 20 (nonlabeled N) and 30% (nonlabeled N) of N were applied on 11 April, 18 June and

13 November, respectively
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Table 4. Effects of application method and rate of mitrogen on percentage of N derived from fertilizer in

spring flush leaves (Spring) and old leaves (Old) of satsuma mandarin trees {(cv. Okitsu Wase)
collected on 15 June, 4 September and 12 November in 1996

(unit : %)
L N 15 June 4 September 11 November
Application
e rate*xxx*

method (kg/10a/yr)  Spring old Spring 0id Spring old

Liquid 90 49 16 7.2 3.2 75 4.1

180 6.0 2.1 95 3.1 95 5.3

Solid 180 5.1 19 7.7 33 9.1 6.1

270 83 16 13.8 45 153 8.2

LSD(5%) NS NS 55 NS 45 2.6

CV(%) 358 28.8 186 36.8 19.2 16.2

* Each value is the average of 3 trees (replications)

™ Liquid :

Solid : urea granules

urea dissolved in 1 mm water was surface-applied (broadcast sprayed)
(nonlabeled N) or powders (labeled N) were broadcast surface-applied

™ 30 (labeled N). 20 (nonlabeled N) and 30% (nonlabeled N} of N were applied on 11 April, 18 June and

13 November, respectively
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Table 5. Effects of application method and rate of nitrogen on dry matter, derived from fertilizer (NDFF),
fertilizer N and recovery of fertilizer N in various parts of satsuma mandarin trees {cv. Okitsu

Wase)"
Application N rate™ ) Total or
method™ (kg/ha/vr) Roots Stems Leaves Fruits Average
Dry matter (kg/tree)
Liquid 90 4.62 8.15 2.31 2.86 17.94
180 412 7.72 2.10 292 16.86
Solid 180 321 6.32 1.63 2.87 14.03
270 3.62 6.92 1.79 3.51 15.83
LSD(5%) NS NS NS NS NS
CV(%) 19.01 21.7 38.2 17.4 17.3
N concentration (%)
Liquid 90 0.39 0.33 279 0.75 0.73
180 0.38 0.32 2.66 0.80 0.7
Solid 180 0.35 0.31 2.80 0.71 0.69
270 0.53 0.46 2.30 0.63 0.72
LSD(5%) NS NS NS NS NS
C\'(%) 15.1 12.1 53 48 6.9
N uptake (g/tree)
Liquid 90 18.0 26.5 64.4 214 130.3
180 15.8 24.8 55.8 234 1199
Solid 180 11.1 19.7 45.6 204 96.8
270 19.0 32.1 41.2 22.1 1144
LSD(5%) NS NS NS NS 183
CV(%) 16.2 17.1 16.8 17.1 76
NDFF (%)
Liquid 90 3.44 2.49 5.70 6.17 4.81
180 494 250 751 885 6.40
Solid 180 4.86 381 8.27 8.53 7.02
270 7.74 3.18 114 12.81 8.76
LSD(5%) 2.8 NS NS 38 NS
CV(%) 26.6 28.1 26.1 204 239
Fertilizer N (g/tree)
Liquid 0 0.62 0.66 3.67 1.32 6.27
180 0.78 0.62 4.19 2.07 767
Solid 180 054 0.75 3.77 1.74 6.80
270 1.47 1.02 4.70 2.83 10.02
LSD(5%) 0.30 NS NS 0.74 1.83
CV(%) 17.7 279 31.2 184 11.7
Recoverv of fertilizer N (%)
Liquid 90 2.19 2.35 13.03 471 22.27
180 1.40 1.11 7.45 3.69 13.64
Solid 180 0.96 1.34 6.70 3.09 12.09
270 1.74 1.21 563 3.36 11.87
LSD(5%) NS 0.76 482 NS 6.75
CV{(%) 38.2 28.8 272 19.1 21.1

* Each value is the average of 3 trees (replications)

“ Liquid : urea dissolved in 1 mm water was surface-applied (broadcast sprayed)
Solid : urea granules or powders (labeled N) were broadcast surface-applied

" 50 (labeled N). 20 (nonlabeled N) and 30% (nonlabeled N) of N were applied on 11 April, 18 June and
13 November. respectively
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Table 6. Effects of application method and rate of
nitrogen on N concentration, total amount
of N, N derived from fertilizer (NDFF),
fertilizer N and recovery of fertilizer N at

various soil depths’

e 2ol A Asol o AuwED Ay

Soil depth (cm)

Applicati N rate™
on

b e kghalyr) 0~10 10~20 20~30 OrTOa‘;':‘é
N concentration (%)

Liquid 90 0.45 0.46 0.46 0.46

180 0.49 0.48 0.44 0.47

Solid 180 0.49 0.42 0.46 0.46

270 0.47 0.46 0.49 0.48

LSD(5%) NS NS NS NS

CV(%) 116 12.0 13.3 7.6
Total amount of N (g/m")

Liquid Q0 198 204 189 591

180 191 186 184 561

Solid 180 207 178 209 594

270 188 182 208 578

LSD(5%) NS NS NS NS

CV(%) 13.2 11.2 12.8 74

NDFF (%)

Liquid 90 0.1 0.39 0.28 0.37

180 0.75 0.59 0.53 0.62

Solid 180 0.64 0.62 0.37 0.52

270 0.96 0.59 0.63 0.72

LSD(5%) NS NS NS 0.17

CV(%) 316 30.7 16.8 14.8

Fertilizer N (g/m°)

Liquid R0 0.93 0.76 0.49 2.18

180 1.42 1.06 0.9 347

Solid 180 1.25 1.09 0.76 3.10

270 1.76 1.09 1.29 4.14

LSD(5%) NS NS NS 1.18

CV(%) 237 30.3 379 18.3
Recovery of fertilizer N (%)

Liquid 90 20.7 16.9 10.9 485

180 158 118 11.0 386

Solid 180 139 12.1 85 345

270 13.0 9.1 10.2 31.3

LSD(5%) NS NS NS NS

CV(%) 25.3 437 15.2 19.0

* Each value is the average of 3 trees(replications)
“ Liquid : urea dissolved in 1 mm water was
surface-applied (broadcast sprayed)
Solid : urea granules or powders (labeled N) were
broadcast surface-applied
50 (labeled N), 20 (nonlabeled N) and 30%
(nonlaheled N) of N were applied on 11 April, 18
June and 13 November, respectively
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Table 7. Effects of application method and rate of
nitrogen on total recovery of fertilizer N
by satsuma mandarin tree (cv. Okitsu

Wase) and soil

Application N rate™” Total recovery

method™ (kg/ha/vr) (%)
Liquid 90 709
180 522

Solid 180 46.6
270 432

LSD(5%) 105
CV{5%) 99

" Each value is the average of 3 replications
" Liquid : urea dissolved in 1 mm water was
surface-applied (broadcast sprayed)
Solid : urea granules or powders (labeled N)
were broadcast surface-applied
" 350 (labeled N), 20 (nonlabeled N) and 30%
(nonlabeled N) of N were applied on 11 April,

18 June and 13 November, respectively
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