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ABSTRACT

In order to evaluate the effects of nitrogen (N)
rate and application method on the recovery of N
fertilizer applied in spring and summer by Satsuma
mandarins (cv. Myakawa Wase), N as urea was
surface-applied at the rates of 50 (applied with 20
mm water; 50% N application) and 100% (three
treatments; applied as solid, with 5 or 20 mm
water) of the recommended rate (150 kg ha™ yr')
on 25 March and 12 June with a application ratio
of 50 and 20%. The labeled N was applied only
once in spring or summer. There were no
differences among the four treatments in fruit yield,
fruit quality except acid content of juice, and N
content of leaves. The recovery of fertilizer N
applied in spring by a tree ranged from 7.8 to 8.3%
and that of N applied in summer ranged from 11.3
to 14.2% at the three recommended N rates and
was 18.0% for the 50% N application. The recovery
of fertilizer N applied in spring in the upper 40 cm

of soil ranged from 32.1 to 37.7% at the three

recommended N rates and was 55.8% at the 50% N
application while that of N applied in summer was
69.8% for surface application of the recommended N
rate and ranged from 80.7 to 84.4% for the three N
applications with water. The total (tree + soil)
recovery of N fertilizer applied in spring was
highest (64.1%) for the 50% N application and
from 403 to 455% for the three
recommended N rates. The total recovery of N

ranged

fertilizer applied in summer was also highest
(99.4%) for the 50% N application and tended to be
higher for the application of N with water than
surface application and to be increased with

increasing irrigation amount at N application.
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Table 1. Chemical properties of soil before the experiment

Soil depth pH OM. (g Av. P,0; Exchangeable cations (cmol” kg™ CEC EC
(cm) (15 kgD (mg kg T, Mg K Na  (cmol” kg™) (dS m™)
0~10 6.4 86.7 158 1392 . 211 1.90 0.28 21.85 0.14
10~20 6.5 89.8 92 13.72 2.28 151 0.21 20.58 0.21

20~30 5.7 104.0 27 459 1.05 0.89 0.23 11.n 0.24
30~40 6.0 1178 25 7.66 152 0.71 0.33 1451 0.20
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Table 2. Effects of N rate and irrigation amount on fruit yield and fruit quality of Satsuma mandarin trees

N (‘tg"ﬁ?ﬂ(’” Im'ga“"fi No. of \}j:llclit Frut  Frit Frut Edible Soluble Acid Briwacid
j amount Fruit ' (ke weig.hFl length  width parl sol'id content  ratio
25 March 12 June (mm) ber tree tree’)) (g fruit™)  (mm) (nm)  ratio (%) (brix) (%)
o 30 0 %5 27 103 65 53 77 9.18 1.07 858
5] 30 5 230 s 108 65 A Ti 9.31 112 835
IR 30 20 247 26 105 64 R%! 77 9.40 1.07 884
K] 15 20 240 24 102 63 32 77 957 1.04 9.27
LSD (3%) NS NS NS NS NS NS NS 0.05 0.6
CV (%8 20.2 194 86 38 54 12 40 46 6.2

" Applied at N application: urea dissolved in 25 mm water was surface-applied and then 2.5 or 17.5 mm

of water

' The average of 8 trees (replications)



Table 3. Effects of nitrogen rate and irrigation amount on the nitrogen content of spring flush leaves on

Satsuma mandarin trees

(unit : %)
N Application (kg ha™") Irrig. amount” Sampling date
25 March 12 June (mm) 11 June 27 August 19 December

75 30 0 3.027 3.03 294

75 30 5 2.99 3.05 3.00

75 30 20 2.98 3.07 297

38 15 20 2.93 3.03 293

LSD (5%) NS NS NS

CV (%) 42 37 44

T." See Table 2 for explanation
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Table 4. Effects of N rate and application method on dry matter, N content, N accumulation, N derived
from fertilizer, and uptake and recovery of fertilizer N in various parts of Satsuma mandann
trees receiving "°N on 25 March or 12 June

N application”

(kg ha) Irrig. , N application on 25 March” N application on 12 June®
amount
25 Mar. 12 June (mm) Roots Stems Leaves Fruits Total Roots Stems Leaves Fruits Total
or avg. or avg.
Dry matter (kg tree™)
i) 30 0 224° 465 1.85 296 11.70 2.18 342 1.37 2 952
(s} 30 5 2.36 467 181 271 11.55 164 357 1.33 168 322
(5} 30 20 2.69 441 163 283 1155 263 319 1.38 216 9.37
3B 15 20 276 472 162 299 12.08 211 3.37 1.28 200 8.7
LSD (5%) NS NS NS NS NS NS NS NS NS NS
CV (%) 213 7.7 353 87 65 146 84 17.1 389 178
N content (%)
I 30 0 1.056 0.68 258 091 1.11 0.89 0.70 244 0.99 107
I5 30 5 098 0.81 270 0.9 118 1.00 0.78 251 0.99 1.15
(5] 30 20 097 0.76 263 1.01 113 1.04 082 2.70 0.99 120
3B 15 20 087 0.67 253 0.9 1.4 093 0.76 254 0.96 11
LSD (5%) 0.10 0.09 NS NS NS NS NS NS NS NS
CV (%) 3.1 36 6.0 5.1 26 104 79 38 18 44
Total amount of N accurnulation (g tree ™)
IS 30 0 237 316 475 270 129.8 194 239 323 2.1 1016
(i) 30 5 23.0 375 487 270 1361 = 164 218 334 163 939
» 30 20 258 333 427 285 1302 274 26.1 371 216 112.1
38 15 20 239 315 40.7 2.2 1252 196 254 323 190 9%.3
LSD (5%) NS NS NS NS NS NS NS NS NS NS
CV (%) 270 7.1 90 6.6 71 205 11.2 15.0 389 179
N derived from fertilizer (%)
(5 30 0 1.26 246 438 6.15 3.78 1.12 1.78 362 356 270
™ 30 5 1.48 254 420 5.46 353 175 205 349 381 282
(R 30 20 1.36 211 508 479 352 1.25 2.24 435 3.7 299
38 15 20 077 1.09 0.87 257 195 1.05 151 353 3.05 2.38
LSD (5%) NS 0.40 0.06 0.11 056 NS NS NS NS NS
CV (%) 248 6.1 41 37 55 239 12.7 79 171 143
Fertilizer N (g tree™)
7 30 0 0.26 0.77 208 1.66 490 0.22 0.46 1.26 091 28
U] 30 5 0.34 095 205 147 481 029 058 1.16 0.62 265
I 30 20 0.35 0.70 2.17 1.36 458 034 058 1.61 0.81 334
38 15 20 0.18 0.34 1.16 0.7 244 0.19 034 1.04 055 212
LSD (5%) 0.11 0.13 058 034 0.63 NS NS NS NS NS
CV (%) 12.3 59 9.7 8.2 47 233 19.7 196 6.6 219
Recovery of fertilizer N (%)
Vi) 30 0 0.45 1.32 3 281 812 095 1.9 534 388 12.12
(6] 30 5 0.55 153 343 248 792 122 24 4% 264 1126
IE 30 20 0.59 1.20 318 232 729 1.46 246 6.84 343 14.19
38 15 20 0.58 1.07 370 241 7.76 462 286 885 471 1804
LSD (5%) NS NS 0.19 031 NS NS NS NS NS NS
CV (%) 139 126 8.0 56 41 26.2 18.8 283 4.7 319

; 15, 30, 38 and 75 kg ha' = 11.8, 235 298 and 588 g tree™
Applied at N application; urea dissolved in 25 mm water was surface-applied and then 25 or 175 mm of
water
: Labeled N was surface-applied on 25 March and nonlabeled N on 12 June
Nonlabeled N was surface-applied on 25 March and labeled N on 12 June
Each value is the average of 2 trees (replications)
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Table 5. Effects of N rate and application method on N content, total amount of N, N derived from
fertilizer, fertilizer N and recovery of fertilizer N at various soil depths in plots receiving N on
25 March or 12 June

N application’

N application on 25 March”

N application on 12 June®

(kg ha™) arrI1rorL11%1.tT Soil depth(cm) Soil depth{cm)
25 Mar. 12 June ™™ 0~10 10~20 20~30 30~40 %% 0~10 10~20 20~30 30~40 o oa
N content (%)
75 30 0 048° 048 0.40 0.40 0.44 0.40 037 0.31 0.30 0.35
7 30 5 0.46 0.45 041 0.42 0.43 0.40 037 0.34 0.29 0.35
75 30 20 0.48 0.43 0.42 045 0.45 0.44 042 0.39 0.27 0.38
38 15 20 0.48 0.42 0.38 0.37 041 0.39 0.39 0.33 0.29 0.35
LSD (5%) NS NS NS NS NS NS NS NS NS NS
CV (%) 31 5.0 56 9.0 2.1 59 8.0 94 104 6.8
Total amount of N (g m™)
75 30 0 243 244 204 203 894 206 190 159 155 710
75 30 5 233 229 210 214 885 205 188 175 148 716
75 30 20 247 219 214 230 910 223 216 199 139 777
38 15 20 247 216 194 190 846 200 199 168 148 715
LSD (5%) NS NS NS NS NS NS NS NS NS NS
CV (%) 3.1 5.0 56 9.0 21 59 8.0 94 104 6.7
N derived from fertilizer (%)
75 30 0.39 0.24 024 0.19 0.26 0.43 0.15 0.14 045 0.29
75 30 5 0.54 0.19 0.19 0.22 0.28 0.43 0.20 041 0.28 0.33
™ 30 20 0.39 0.40 0.26 0.19 0.31 0.54 0.35 0.16 0.20 0.31
38 15 20 0.26 0.22 0.29 0.20 0.25 0.26 0.11 0.18 0.12 0.17
LSD (5%) 0.16 NS NS NS NS NS NS NS NS 0.04
CV (%) 12.4 56.0 34.1 10.2 17.8 26.7 68.8 41.8 443 4.30
Fertilizer N (g m™)
75 30 0 095 0.60 0.48 0.38 240 0.88 0.28 0.23 0.71 2.10
75 30 5 1.25 0.43 0.39 0.46 253 0.92 0.37 0.71 042 242
75 30 20 0.96 0.88 055 0.44 2.83 1.20 073 0.31 0.29 253
38 15 20 0.65 0.49 057 0.39 2.09 0.51 0.23 0.31 0.18 1.22
LSD (5%) NS NS NS NS NS NS NS NS NS 0.20
CV (%) 124 555 325 15.6 176 316 62.6 36.9 54.1 30
Recovery of fertilizer N (%)
75 30 0 126 8.0 64 2.0 321 29.3 95 75 235 69.8
75 30 5 16.7 5.8 3.1 6.1 337 306 124 238 139 80.7
75 30 20 128 11.7 73 59 377 40.1 24.4 10.2 9.7 84.4
38 15 20 173 12.9 152 103 55.8 33.8 15.3 20.5 11.7 813
LSD (5%) NS NS NS 298 NS NS NS NS NS 53
CV (%) 216 46.4 473 13.7 15.1 319 28.4 33.7 505 21

Ty oz
v

. See Table 4 for explanation
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Table 6. Effects of N rate and application method on total (tree + soil) recovery of N applied on 25

March or 12 June

(unit : %)
N Application” (kg ha™) Irrig. amount’ N application date
25 March 12 June (mm) 25 March” 12 June®

75 30 40.3° 814

7 30 419 92.0

75 30 20 455 98.6

38 15 20 64.1 994

LSD (5%) 20.0 14.7

CV (%) 13.1 50

T.T.Y.*.) See Table 4 for explanation
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