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ABSTRACT

A field experiment was conducted at Cheju from
early March 1998 to early March 1999 to evaluate the
effects of foliar applied urea on leaf N content and N
recovery in satsuma mandarins (Citrus unshiu Marc.).
Seven years old ‘Okitsu Wase' trees received foliar
spray of wurea (22 or 43 g N tree' yr') or soil
application of urea (86 g N tree’ yr''). 55% of N was
applied in spring, 11% in summer and 33% in fall.
There were seven trees per N treatment and two
trees per N treatment received ‘“N-labeled urea in
spring and summer to determine N recovery. There
were no differences between the treatments for fruit
yield and its quality. Nitrogen content of spring flush
leaf blades up to early September was greater for
trees received foliar spray comparing with soil
application but was not greatly affected by any
treatment after mid-November. The recovery of

fertilizer N in various parts of trees receiving foliar
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spray of 22 g N tree ! yr'1 was greatest, followed by
receiving foliar sprav of 43 g N and soil application
of 86 g N. The recovery of fertilizer N in tree was
292 and 17.7% for foliar spray of 22 and 43 g N
tree ! yr, respectively and 8.0% for soil application of
8 g N tree' yr'. The recovery of fertilizer N in the
upper 40 cm of soil was 50.3, 456, and 51.8% for
foliar spray of 22 and 43 g N tree' yr', and soil
application of 8 g N tree' yr', respectively. The
total (tree, fallen leaves, winter weeds, and soil)
recovery of fertilizer N was 81.8, 65.1, and 60.6% for
foliar spray of 22 and 43 g N tree! yr’!, and soil
application of 8 g N tree’! yr‘], respectively.
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Table 1. Chemical properties of soil before the experiment

Soil depth pH OM. T-N Av. POs  Exchangeable cations (cmol” kg™) EC
{cm) (1:5) (g kg (& kg™ (mg kg™ Ca Mg K (dS m™
0-~10 45 56 29 26 10 04 04 11.69
10~20 41 52 24 22 06 03 04 9.08

20~30 46 48 2.1 19 06 0.2 0.4 12.12
30~40 45 38 16 17 08 03 04 0.20

Table 2. Effects of N foliar application on fruit yield and its quality of 7 years old satsuma mandarin trees

N application i i i i
No. of Fruit yield Fr}nt Fruit F{mt Edible part Soluble Acid Brix/acid
Rate Fruit (kg tree”) weight length width ratio (%) solid content ratio
(g tree” yr Method oo pree (g fruith)  (aw) (w Corix) (%)
22! Foliar 257 2749 141 1 58 81 9.70 1.13 954
43 Foliar 21 2623 135 70 57 79 9.70 1.08 9.09
86 Soil 18 2.126 122 68 57 79 9.28 098 883
LSD (5%) NS NS NS NS NS NS NS NS NS
CV (%) 486 334 230 50 6.3 19 85 15.1 16.9

’ 56, 11 and 33% of N were applied 25 March, 11 June and 16 November 1998, respectively
? The average of 6 trees (replications) because of trees without fruits
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Table 3. Effects of N foliar application on the nitrogen content of spring flush leaves on 7 years old

satsuma mandarin trees

(unit : %)
N application 1998 1999
Rate(g tree™ yr') Method 11 June 3 September 16 November 3 March

22° Foliar 2677 3.07 320 3.08

43 Foliar 3.00 3.10 3.28 3.19

86 Soil 251 2.99 3.31 3.20

LSD (5%) 0.06 0.05 0.11 0.09

CV (%) 1.83 1.28 2.67 242

! See Table 2 for explanation
2 The average of 7 trees (replications)
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78~82%R 1, AL AFAETAME JEF AT
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Table 4. Effects of N foliar application on dry matter, N content, N accumulation, N derived from fertilizer,
and uptake and recovery of fertilizer N in various parts of 7 years old satsuma mandarin trees

and winter annual weeds

N application Parts of tree’
Winter
@ trtf?yr_,) Method Roots Stems Leaves (fallen) Fruits  Total or avg.  Weeds
Dry matter (kg tree’')

y./54 Foliar 14410463° 20210488 082*0.177 (016%£0015) 03610340 464+1468 002*0.009

43 Foliar 1421038 19410469 079%0.339 (0.19+0.058) 01210020 426+1215 004*0.020

86 Soil 1.90+0411 20010607 08910250 (016+0014) 0.08° 483+1307 016%0.143

N content (%6)

2 Foliar 1.00£0020 101+0071 3.17%0.039 (298+£0017) 087£0003 1400082 3.03+0.220

43 Foliar 1.01 0031 1.03+0006 334+0036 (298£0.040) 08710015 143+0.082 310+0.801

86 Soil 1010022 1010002 31210093 (282%+0104) 089 1400003 3.0210363

Total amount of N accumulation (g tree™)

2 Foliar 14474905 2004+3504 2593%5208(4.70+0.431) 31512968 6399+1666 04610250

43 Foliar 143844327 1996+4719 2647%+11612(562£1.796) 1.02+0.187 61.82+20.846 0.96+0318

86 Soil 1938+4597 2030+6.181 27.38*+6961(46310234) 070 6741118090 5204885

N derived from fertilizer (%)

2 Foliar 5111063 65+1970 7.08%0.113 (0.07£0.000) 1552+28% 67510561 1.49*0.1%4

43 Foliar 72811008 8120268 8810856 (0.09:0.004) 254912985 84910739 148*0.209

L 4] Soil 62410480 7.10%0377 7.11%£0297 (0.041£0009) 1266 68810342 40612244

Fertilizer N (g tree™)

2 Foliar 07120159 12440165 184%0404 (032£0028) 04110370 41910768 0.01+0.005

43 Foliar 1000170 1610330 223+0.797 (051+0.144) 02510017 510*1314 0010007

86 Sail 11910194 142+0363 1930414 (020£0029) 0.9 458*+1014 03210315

Recovery of fertilizer N (%)

2 Foliar 493+1106 865+1150 1281+2813 (224+0193) 282+2574 2921+5342 0.056*0.032

43 Foliar 349+0591 560*1.147 7782774 (1.79+0501) 08810061 17744573 00610023

86 Soil 207£0337 24710631 33510720 (0.34£0061) 0.15 79611766 05610548
* Trees except fruits and weeds were harvested 3 March 1999 ; fruits were harvested 16 November 1998
% 56 (labeled), 11 (labeled) and 33% (nonlabeled) of N were applied 25 March, 11 June and 16 November 1998,

respectively

# Each value is average *1 SE for 2 trees (replications)

* One tree did not produce any fruit
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g FHEE UEE AT HS ol Fol 24N £) 5& ¥ 59 Uetdth Eoke] AAFBL 021~
S A8 68 T £E TH AT AR ALH gag000 4 90 cmid EAl 2E4E diAE ga
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1976). 2F27o) AoJM HAi35&e EU FF, olAte] RS ANF MEZ 2L Fatd EobE
AW, Aud Fol W WA de A B S5 o gagan coze Aiuas Do 4G E
Fo AL AR o ALIFEL 2~66%2 B A 'Y AAgeas Argan gz gL A
g ¥ AH(Timmons# Cruse, 1990; Torbert %, o]A=d 0~40 cm Weol AAETFRL 25 50% dU
1992). Al 3, E2 A ol A 2z 571, 588, 627 g m 2ol itk

Table 5. Effects of N foliar application on N content, total amount of N, N derived from fertilizer, fertilizer

N and recovery of fertilizer N at vanious soil depths

N application Soil depth”’
Rate
(g tree! yrh) Method 0~10 10~20 20~30 30~40 Total or avg.
N content (%)
227 Foliar 033+0017"  0.27+0,001 0.25+0.011 02110033 02720.015
43 Foliar 03140006  026+0012  023+0.021 02110030  025%0.017
86 Soil 0.39+0.047 0.34+0.014 0.27x0.021 0.22x0.015 0.31£0.024
Total amount of N (g m?
2 Foliar 1757518828 14499+0535 136.16%5618 114.23+17.388 571.13+31.299
43 Foliar 180337564 15314*2719 131.03=4.128 12317+9815 587.68+3660
86 Soil 197.26+2382 17643%+16.167 13826=7661 1151247899 6270734110
N derived from fertilizer (%)
2 Foliar 0.23£0.003 0.15+0.020 0.18+0.071 0.15x0.002 0.18+0.022
43 Foliar 0.42%0.001 0.371£0.082 0.27x0.072 0.17£0.025 0.31+0.032
86 Soil 0.63+0.109 0.68+0.04 0.68+0.012 0.75+0.047 0.69+0.006
Fertilizer N (g m'®
» Foliar 0.40*£0.026 0.22£0.029 0.24+0.087 0.1820.024 1.04%0.066
43 Foliar 0.75+0.033 057+0.116 0.35*0.105 0.21+0014 1.88+0.174
86 Soil 1.24+0.200 1.21+£0.205 0.95*0.036 0.87+0.114 4.27+0.14
Recovery of fertilizer N (%)

9 Foliar 19.44+1.247 10.74+1.428 116214206 851*1.178 50.31+3.208
43 Foliar 18.17+0.793 13.71 2810 858+255 5.10%0.342 4555+4.229
86 Soil 15072432 1466+2.482 11.47£0.436 1058+1.384 51.78+1.870

‘ Soils were sampled 3 March 1999

*“ See Table 4 for explanation
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7 NDFFE 25 50% QAAHT, E3 A TFollA
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Hol A F, 1998 |9} #, 1994). A 4€ "N 82
22y fdY 32 AFFL on BEYANY B% 9
BAB|<50% FAAIN<ERAIE] ol EA 40cm
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2ol BAIgle]l EAo] HEFE A2 RolA& o
oM £F27HA f, 1998 Z T 1998), (o]} &,
1994), %44 (Wienhold ¥, 1995) Al EgelHq d&
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509% QAT EFAHTFAAN 32 503, 456, 51.8%
ojdch ¥ AFasb 19963 10448 FAZ A JHE
Z 45, 90, 135kgha '8 A|&3AY APolM EF 3
ALRFES 313~485% 1 AR(F &, 1998), 1997 8
G4y FHZAPA B dF 47 FALE 7€
50, 20% BZAIv|Et) s8Il ZAREIAYE £ A48
A4vEe EY 3 A2AH5ES 47 403, 814%A
(2 +, 1998).

FA 2 AL A2 A5, EY Ocm7tA Y E
% F ALVRES T AN LS H 644 BE
upg} o] 25 50% AWAM|FE, EFAuFAA ZZH
818, 6.1, 606%%cd, ol F2 FMd oF 34§
o] zolof 71Q1HU AR AL F FMA FFHA
BAAY EG AHHA 4L Fae EA 40cm °lF}
2 2gHAAY A R AN ¥ stx FHzE
EAHAL Aot £8 d¥E FobH E4A FAHA
& 7te A= Utk BYEZAHE ALS & FE A
2ol E4 20cm ol F2 EX¥Eo] glong Ed
2HE BaF YR FFo #gdo o FrHAY

3ed %o Aavt AM3E 2F Hez 4¥€¥E Ao
dRe €4 Aol

2 Age] ZA2 & o AFEY FE Ayt of
FEo] A7 83 o FokE HEd UAF2E FAY
IAY A5EN AEE o] &3t AL 1A HF
Fg 242 AUAB| GO A4 #37 FHd o
g F2 gouA FAL o]§EE IAN %Y F U
PeH AL B8 &9 J# A5 29L Y+
Aoz Azddd.

% K3

82 QuEANZ 2397 Yo 4P, FM L E
%o AaFEd vlX e A%L FYHA 19989 7
QA FAzAe AL 71EF EEAU(124 kg ha'
yr', U%% 8 g), 71239 50% GAA62 ke
ha'lyr!, U532 43 g), 7123 25% FAAHI3] kg
ha! yr!, U453 2 g)HEE T2 &, o9&, 71 vE
2 56(2¢HE ON EA a4 SuHE gub 9) 11((29HE
BN Bz 24, 59HE Adwt g A) 33%(7uHE 2% Yl
a4) v&2 BAEe Al ARE s%4sd de&d
o Uy ()3 F3425F3 9 F22 AR fA8 A
oj7b 1lth B B&o JNY AFLYFL 9¥ Y
74 E Ao gtoy 119 16Y(%7))e]
Foade AHYP E Fol7t Tt BERA A AiYF
&L ol £l RHANY 25% JUANTFAN 7}
9T, 50% FAA ] FAAN dEeg =4t £ A
Mo AAEEL 25 50% FPAHT, FZAH| T
A Ztzk 292, 177, 80%°1At. £3 & A€
49 EA 0~40 cmol A9 ZHFEE 25, 50% YA Y]
T, E2Au TN 227 503, 456, 51.8%°lUuct. AA
(FA, 94, 3%, EY) Y5 5 0% AWAHT,
E& Ao M 22} 81.8, 65.1, 60.6%°1 31t

Table 6. Effects of N foliar application method on total fertilizer N recovery

(unit : %)
N application
— Tree Fallen leaves Weeds Soil Total
Rate (g tree” yr'')  Method
22° Foliar 29.22 2.24 005 50.31 81.82
43 Foliar 17.74 1.79 0.05 4555 65.13
86 Soil 7.96 0.34 0.56 51.78 60.64

¢ See Table 4 for explanation
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