Korean J. Soil Sci. Fert. Vol.55, No.4, pp.413-423, 2022

Korean Journal of Soil Science and Fertilizer

Article

https://doi.org/10.7745/KJSSF.2022.55.4.413
pISSN : 0367-6315 eISSN : 2288-2162

Determination of Application Rates of Nitrogen Fertilizer for
‘Shiranuhi’ Mandarin in Plastic Film Houses Using Soil Electrical

Conductivity

Ho-Jun Kang', Myung-Hyup Oh', and Won-Pyo Park?*

'Researcher, Jeju Special Self-Governing Province Agricultural Research and Extension Services, Seogwipo 63556, Korea
2Assistant Professor, Plant Resources and Environment Major, Faculty of Bioscience and Industry, College of Applied Life Science,
Jeju National University, Jeju 63243, Korea

*Corresponding author: oneticket(@jejunu.ac.kr

Received: October 26, 2022
Revised: November 1, 2022
Accepted: November 4, 2022

Edited by

Hyuck Soo Kim,
Kangwon National University,
Korea

ORCID

Won-Pyo Park
https://orcid.org/0000-0002-6547-6240

ABSTRACT

In this study, we developed an equation to determine nitrogen fertilizer rates for ‘Shiranuhi’ mandarin [(Citrus
unshiu x C. sinensis) % C. reticulata] growing soils in plastic film houses to prevent salt accumulation and
maintain optimum nutrient levels. We analyzed the amount of applied fertilizers, soil chemical properties, and
yields from 45 farms that vary in salt concentrations on Jeju Island, Korea. The results revealed that the
average soil chemical property values, such as electrical conductivity (EC), available P,Os, and exchangeable
cations (K", Ca**, and Mg”"), were higher than the acceptable range, except for pH and organic matter. The
results showed that higher amounts of nitrogen and phosphorus were applied through fertilizer application
rates (N 327 kg ha™!, P,Os5 294 kg ha', and K,0 236 kg ha™") than the standard amount and rate of fertilizer for
the cultivation of ‘Shiranuhi’ mandarin. The EC values and NOs-N concentration in the soils had a close
correlation (r = 0.96, p < 0.001). The yields did not differ with the amounts of the applied fertilizers while
there was a significant negative correlation with EC values (r = -0.455, p < 0.01) and the concentration of
NO;-N (r=-0.476, p <0.01) in the soils. Our results demonstrated that the NOs-N concentration in the soil of
plastic film houses has a substantial effect on the soil EC value. Soil EC levels may determine the
recommended nitrogen fertilizer rates depending on each tree’s age.
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Recommended application rates of nitrogen (N) fertilizer according to the soil electrical conduc-
tivity (EC) levels depending on ‘Shiranuhi’ mandarin tree ages in the cultivated soils of plastic film
houses on Jeju Island.

Tree ages N recommendation equationT EC(dSm)
(years) 0.5 1.0 2.0 4.0
Recommended rates of N fertilizer (kg ha™)
1-5 Y =-1.6273X + 18.065 17.3 16.4 14.8 11.6
6-10 Y =-8.1363X +90.323 86.3 82.2 74.1 57.8
11-15 Y =-16.273X + 180.65 173 164 148 116
16 -20 Y =-24.409X + 270.97 259 247 222 173
21< Y =-32.545X +361.29 345 329 296 231

TY: Recommended rates of N fertilizer (kg ha™); X: Soil EC value.
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Introduction

AAARA oAM= 7| = ot BH] o] MThARgO & QI EqFo] i it 2lo] ZAIA] Tt (Park et al.,
1994; Lim et al., 2018). 771 A& 7[5 EH = ES 04 71T R 33 5 2= Aol o3t &3
oF. T1efu Rl arefekA] 9l WA 2hE @ oo ZISEH|eL T | B 5 o R A= AV ESS
O] AFHA Rt op 2} 20| o A 5O FAIE 7H2) (Jung et al., 1998).

Aot A7 F DRESE]A A AlG=2] Hof| A= TR F-2] 2} [Shiranuhi, (Citrus unshiu x C. sinensis) x C.
reticulata], “373 (Kiyomi, C. unshiu x C. sinensis), XA %F [Tsunogaori, (C. unshiu x C. sinensis) x C. unshiu], 75
[Kanpei, (C. unshiu x C. sinensis) x C. reticulata x (C. unshiu x C. sinensis x C. sinensis)] ‘5] == Q% o] Aui=] 12
2.2 (Moon et al., 2015), TR ZfHfHZA-220213 715 3,458 haZ v S7F5kal QIch (JSSGP, 2022). ©] & 5
A)2k= 1990 256 Aulj=|7] Al2fsto] A A} Aikero] 2|52 0 2 Frtstgl o, Fltoll= TheHAle
AFFo] 2014 32,512 kg ha ' ollA] 2021 25,819 kg ha 2 2F20% 7+4-5FAT} (JSSGP, 2022).

F2)3k= A50] Fdoto] G 877t Ho | vHRO| S TS vl 1 - 3:9o] oy wiel &
Tl A Z LEhR] Qb o] TR st dhdofl A sz s | 4 Add o] Qlrt (Park, 2003). ©]
& o= BR8] 2715 yRiA 0 &2 e oFe] EH|9} HlRE ARSIl Ql= Ao, RIS A AfHA]
E e 7850l offt o] dofur] Yot AR7EAIEA 0 & HA N It AR5 A7 (electrical
conductivity, EC)E 57g5t0] &l & & §lom, AlF2] o Al A 7212 ECE2 2000 1.49 dS m' of}A4] 2008
| 2.01, 20204 2.67 dS m™ & 2} 711 QIk (JSSGPARES, 2020). SHATH RER 7hao] A= AH]g>
e AP AR 2 glo] EF 7 1E AR VI o® BEAHERH A E o] 9lom, EFAol o3t HlE ARG

2
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AaAH|F F4& WA EZF E e stk

A A7 Aol tieh 2| 3 A E2 T e A (Yo d Al At d ) olH, 57
o AaAHERe 15 2 GOl A7 FERITH (Hong et al., 1998). A EFol|A]
so] AAAH|gF o] 71551 (Kang and Hong, 2004; Lim et al., 2007), <8/ &
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¥} 15 0] G048 ZH= 7 0 2 LJERL} (Shi et al., 2009; Lee et al., 2022), AAAMH] ZE0] 214 A4 AJH] 24
EFECHOE FH=1 QIth (NIAS, 2019). A wEF AEiA] o] AR Aot A7 2 TeE fleikie=
F7IEET EY @l 2AR daH 5 AR AHo] HashH, Hlw A FA]o] THARHEC A4S Foll dAH| = AL
& TS HES et olet. 1A & Aol AVA] RASE Vo & HIBARS T, EF S H 4

wpate] PAE Balste] EF EC 440 olet AanE ARG R st skt

Materials and Methods

HIEAIEZ R S+ ZAL 57hv= AR B 2% 2ARE FAo 552 AFfstaL e 455718 Ve

220199014 2020714 24 59k A L A Sl o) ARl 7] UHE GRS FHROE &
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cm)lA] AT 1071 2[4 2] ES AfFIsto] shte] ¢ Al=E THEo] S4% 32 mm A& SAA E4A =
2 ARSI ESF 8feH] B2 EQRRISHEAT (NAAS, 2010)0] et ESF pHe EC= A=t SR/ &S
1:52 5] pH/EC S47]|2 (S47, Mettler toledo, Germany) =513t 1718 &2 0.5 mmE 53 SHEY
2 Tyurin 2.2 X311, 58 9XE2 Lancaster © 2 ZA5130c}. w2Hd 9Fo]-2-2 N ammonium acetate .S
2 F&5}9] ICP-OES (Optima, 7300DV, PerkinElmer, USA)Z S5ttt EQF] e i A= EQF5 ool 557
250 mL2 Wil 3087 15§ oj7)so] o] & H 2utE T2jn] (Metrohm 850, Switzerland) 2 241519
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HIZ SE AR SHA MF  SARHL SASIE I3 (SAS, ver. 9.1y o} §510] ]2

AF§3, 1810 S 2 ESISH0] JTHEALS ST, STIRALS o) EJECSH AR that £19]
g2 vl HEsteck

A E A FARDL 4557 EFO] ECZHE o] §510] AHRIKS B g 510l Aeh L A4A ] 7122 47
S SRR EC S770] Sfol S48 W2 0] o Al AHESh o8 WAAIF 5
A B AT ARSI ulo] R4 o] P B4 o] §510] LARZSIS: (4] 25% S, Q1) F

FRE (A 50% WEL1E, Q2), 3214 (Al 75% W24, Q3)E ot ARE$14= #9] (interquartile range, IQR)
£ Q394 Q1E Wl gho = Altslolal, oA E ALt 212} 912} oFelf =9 (whiskers) 2] F|Agk} X|thgkS ALt
5171 91l #4712 Q1 - 1.5 x IQRE, Tz Q3 + 1.5 x IQRE A-851o] A= 2ITt (Bae, 2021).

Results and Discussion
HIEAI2E0 EASISHE 2|3} A8 5712 H]= AFSRERS Table 19| HERN ST vl & AR T2

&, 77188 = 9 EHIE ARSI QUSIek 771 Rl ot RS HE had Hart 242 kg0 2 7 E

Table 1. Comparison of N, P,Os, and K,O fertilizer application levels (kg ha') between the standard rate of fertilizer and
farmer’s actual practice.

Nutrients Type of fertilizer Farmers’ actual practice (A) Standard rate of fertilizer (B) A-B
Inorganic fertilizer 242 - -
N Organic fertilizer 85.0 - -
Sum 327 300 27 (109%)
Inorganic fertilizer 209 - -
P-Os Organic fertilizer 84.7 - -
Sum 294 250 44 (118%)
Inorganic fertilizer 185 - -
K>,O Organic fertilizer 50.7 - -

Sum 236 250 -14 (92%)
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o, k2209 kg, A= 185 kgo| QT HIE S7E HA 3382 77144571 69.5%, 571885 24.4% 2
E]H] 6.1% 0 & RS Faotal At QW 2 A FFE2 TN ETF2H 64.1%2) 72.6%, 71 EH| =
7} 2¥2Y 26.1%, 70.0%, EH= Z12F9.8%2F 7.5% 2] a-a Saotal ATt EARS =t 57 ARG Re] Afol=
Table 10 LfERd HeF o] A A=27 kg ha™!, 14k 44 kg ha ' 5 FTAHIGEL Q1910 1, Z2li= 14 kgha' & 217
Alﬂlﬁ a1l saaiq.

Bt 542 AH ROy EC3E22.76 dASm™, G894 744 mg kg, Wt
12230, 9.8, 2 3.4 cmol. kg 2 2 A H T} =9kt (Table 2). 2E AR Z|tigh
Zhof| 20|17} ARt Zl o & LrEliTh

Table 2. Soil chemical properties of ‘Shiranuhi” mandarin cultivated soils of plastic film houses (n = 45) on Jeju Island.

pH Ect oM’ Avail. P,05 Exch. cations (cmol. kg™)

(1:5) (dSm™) (gkg™  (mgkg™) K Ca Mg
Mean 5.4 276 89 744 2.30 9.8 3.4
Maximum 8.4 8.55 204 2,138 523 27.1 10.4
Minimum 3.7 0.47 19 44 0.80 1.4 0.6
Optimum range' ~ 5.5-6.5 <2.0 1 gll fgz) 5 200-300  050-070  5.0-6.0 1.5-2.0

TEC, electrical conductivity; TOM, organic matter; *Optimum range of chemical properties for ‘Shiranuhi’ mandarin growing
soils (NIAS, 2019); “Nonvolcanic ash soils; ‘Volcanic ash soils.

B st RS B vl &2 Fig. 13 23ttt 315h4] E49E A4 Q] tin] B5-8-2 pH7}H60.0%0] A E o]
F7+53.3%%}77. 8%.2%}116} ASITh. webd 2] o] Hrhe-2 100%E B A

| A7RIIE 2etalom, Wby At nfvlae] oh&: 78 62.2%2t 71.7%2 =0Tk AdAERA]
%, 750l eJgh Jat-ggo] Yojur] (o HA] e YA o] ey whzel] Aol HlRAg O 2 B AR
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Fig. 1. Excess, deficient, and optimal ranges of selected chemical properties in ‘Shiranuhi” mandarin cultivated soils of
plastic film houses on Jeju Island.
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Fig. 2. Correlation analysis of the relationship between ‘Shiranuhi” mandarin yields and the amount of (a) N, (b) P,Os,

and (c) K,O fertilizer applied in cultivated soils of plastic film houses on Jeju Island.

H|2ARS T ESF ofebd ko] THAl= Fig. 30l Lrehd vief do] E9F Aited At wehd Zef= vl mARE o]
H2rE ZolR= o] Aol o, s sl -Fa ik Aol itk

k= AR} EOF fatlh 11' oFdt T o] whe A2 Al 3hihe] EQR allophaned HEF=E} Al
Fe2o] AI5hE, ~A415}=2] OH” |2} v <] ]— 07 Q5] Qlakgzto] & dojit (Yoo and Song, 1984; Shoji et al.,
1993), SRS thFo & AlgstE et fa it 5] 577 22 ¢7] whzoloh (Ryu et al., 1978).
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Fig. 3. Correlation analysis of the relationship between selected chemical properties ((a) NOs-N, (b) Avail. P,Os, and (c)
Exch. K) and the amount of (a) N, (b) P,Os, and (c) K,O fertilizer applied in ‘Shiranuhi’ mandarin cultivated soils of plastic
film houses on Jeju Island.
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o] o] It EoFO) 0]z 7|9 = CI > NOy > Mg > K" > S0O,” ©]™ (Cho et al., 2011), A|
AR R A B LA AR ECE 15 O] A o] Afto] vrehutal, At A weld ZEat dAdedate] 8l
A7 (Shi et al., 2009; Lee et al., 2022) z gFo| it
Fregalt WS TS W]l B sfeld-2 ECot A E g oH, T 9] AR A do] gt 4849 el
AAEECH A0 f-ofgt A d o] L © ™ (Shi et al., 2009; Park and Sung, 2021; Lee et al., 2022),
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2] 7Vo)| AFA|ZT}-2-0] ZES LFERA AL ]2 AR eFo] WAL} 51 H<lo]| LetelA] W S8k 27} Zo] Tsls}
At Aok F44 91 AR Ueh 7] wiZo|th (Kang and Hong, 2004). Hong (1998)-2 Al A8 EQFoflA &
QA weld Zg ol vl o ST fadttolu weld ZE ol it s A4 ol Al
Thal B skt Fig. 1 2 ZAPIAE Fa Qi webd 25 o e Tt Hlgo] 242 77.8%%}
100%= =347] thzoll st -Fasit 9 webd Zgate] Folde gigiu}_ EC’J o] A dAE REEo] A
H= EBE=EC

EgolA darrde 3517 913t A B2 S8 = 74_E ﬂ}‘?ﬂ'%‘:]'

rﬂm

Table 3. Correlation coefficients among the selected chemical properties and the yield in ‘Shiranuhi’ mandarin culti-
vated soils of plastic film houses (n = 45) on Jeju Island.

Parameter pH EC OM Avail. P,Os  Exch. K Exch. Ca Exch. Mg NO;-N
EC -0.159

oM -0.237 0.327*

Av.P,0s 0.094 0.079 -0.454%*

Exch. K 0.291 0.624***  -0.001 0.264

Exch. Ca 0.792%** 0.224 0.163 0.041 0.467**

Exch. Mg 0.628*** 0.478** 0.049 0.210 0.626*** 0.797%**

NO;-N -0.062 0.960*** 0.212 0.184 0.624%*** 0.289 0.537%***

Yield 0.035 -0.455%%* -0.103 -0.260 -0.218 -0.161 -0.234 -0.476**

* Rk %k significant differences at the 0.05, 0.01, and 0.001 probability levels, respectively.

HAH|E FHA AY EGEC TE EY AEIEA TS 5951 flote] E ECeF AAtEIEAE 3]
AEAsI fold A7 At A1 0.960. 02 115 0] -F-014%1 A o] Adate] Yrelit. whebi] EFECSHE L
A RS FAT A= 128 FA Y = 112.6X - 90.663 (Y: AT AYE T (mgkg™), X: EYEC %t
(dS m™)y& EESISITt (Fig. 4a). “L2ut AAH| = AR 7308 Sloliide EF ECHO] 275 A4H & F370]
ZloofFgitt. Table 20 FERS BER} Zro] EC Z|thZh2-8.55 dS m™' &2 %431 0.47 dS m' 2] Zo]7} 27| wj o] EC
O] ARE9I 2421} (Table 4)E 28510 Mﬂllﬂ%ﬁﬂ“ S AFESH=H] o] 85t

ARSI e FolX A=l Y= A 270 & YGRS ] o] AS 4550k A1l e A= omIgith A
=R ohke] ZhE o= Al RS Fho & Ao EAS %Zé Slof Koy ‘E&—O— S Adshy| izl & §-4]
2= 5 mfeloh=t] ARSI (Bae, 2021). Z ECHOl 75%%k GARESRH I 3.73-& wijA] 2-20] 4k& ZH=ECE Al 2lst
o ES AL A A S SRR A, EFECHIT At E A 7J°ﬂ ARIAIS710.912.0 2 19 -G-0]5H A
TRIAZF LR (Fig. 4b). Wb EFECEH 0 & A s 3788 4 e 12 34 Y =-152.95X +

il
iy
ri
fuj
)

519.92 (Y: AAH|= AF8SF (kgha™), X: EQFEC #(dS m™))2 =&t o] 3| AL EQFECEo] Hod4E
AArFAwro] ZHadsh= PAE HAct 9] Alof o5 ECZEe] 0.1 dS m™' Y 739 A4 2470 505 kg ha' 2 ¥}

S =3, EC#1e] 3.5 dS m! o1l 7% i 370 0] ghe LB B =2 ZiA|n|t Haavge A
Asto] AA AH|EF 244 fdlo] I gt
Fig. 4b9] Y =-152.95X + 519.922]°]| ECZFO] ARE-94 24147 (Table 4)= &-8-5t0] 2|l - 2|4 AlH|EES 2H
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Fig. 4. The correlation between soil electrical conductivity (EC) values and the (a) NOs-N concentration in soils and (b)
recommended rates of nitrogen (N) fertilizer converted from NOs-N concentration in ‘Shiranuhi’ mandarin cultivated
soils of plastic film houses on Jeju Island.

Table 4. Results of interquartile tests of electrical conductivity (EC) values in ‘Shiranuhi’ mandarin cultivated soils of
plastic film houses (n = 45) on Jeju Island.

Minimum 25th percentiles Median 75th percentile Maximum

EC (dS m™) 0.46 1.19 2.19 3.73 7.54

HJ

AVl B2]5ke] EoF ECHA N o3t A7 HAAH|EE 4FE0E] floto] 4557 EgREAE oA ECEto]
0.47 dS m™ ©]51Q1 744 Z A AAH]ZFS 450 kg ha' © 2 A5, ECZE0] 2.19 dS m™ o491 -9 | A-AA]
H|ZhS 185 kg ha' 0 = AXoto] A 27 AU =4S 913t 12} 2| AAE =03t (Fig. 5). Aa 27 AR
FHAL Y =-32.545X +361.29 (Y: A4FH% (kgha), X: EYEC %t (dS m™)) o[t} &, ESFECE
2.0, 4.0 W) 212} AAFHTE 345, 329, 296, 231 kg ha' o] FIth (Table 5).

e P AE= ol wet i 8] th2r] izl R AlH 4 3
(NIAS, 2019)°] =38 AlH| vl 27g W} o] Hx|o}e] -5 21 A o= 71 0= 510 16 - 201948 AW
2213 AH[FC] 75%, 11 - 153482 50%, 6 - 10948-225% 12131 112 5%5 2 8olo] 538 AH|gS A
Aol (Table 5).

oA dao] AMFE EY V1= g A, B, Bl R® ot A7 Ege] B Helolsle=
FER 7| RS 28Rl f7|ERtgo] B ofstellAe SAIsHES g Hie] 1 ooflx= HHlote =

Tl (Lee et al., 1993), & A7olA = FRASF AVAAHIA] EFEC A o= - AAn|m ARSS 54
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Fig. 5. Equation for estimating nitrogen fertilizer recommendation according to electrical conductivity values (EC) in
‘Shiranuhi’ mandarin cultivated soils of plastic film houses on Jeju Island.

Table 5. Recommended application rates of nitrogen (N) fertilizer according to the soil electrical conductivity (EC) levels
depending on ‘Shiranuhi’ mandarin tree ages in the cultivated soils of plastic film houses on Jeju Island.

Tree ages N recommendation equationJr EC @ )
(years) 0.5 1.0 2.0 4.0
Recommended rates of N fertilizer (kg ha™)

1-5 Y =-1.6273X + 18.065 17.3 16.4 14.8 11.6
6-10 Y =-8.1363X + 90.323 86.3 82.2 74.1 57.8
11-15 Y =-16.273X + 180.65 173 164 148 116
16-20 Y =-24.409X +270.97 259 247 222 173
21< Y =-32.545X +361.29 345 329 296 231

TY: Recommended rates of N fertilizer (kg ha™); X: Soil EC value.

Conclusions

2 A= A AV E9e] aR3A WR|e AAn|m AR S R ES TS| flste] ettt Al
FEUolA AR iRt 4571 A 3ol A Hl=ARS: AE], EF aFel] B4 Bl g TAlsto] A1 S 24
Sttt E9F 3lehd EAJ o] Bt SFFS pHE 7= AlQlRt B A Ro] AAH Q] HTH =itk HlE AR RS
ha @ A4 327 kg, Q141294 kg, 2] 236 kg © & TR BEAH[RH T D49} QIARS elA| ARRSET 9190
o}, Sk v ARGkl whet xlo)7t glolow, B ditedact wel/dade| = v RAME o] BEaE =o =
7o) o] vehgdth. EUSIstA 7o) Tl EFFECS Wi Ze], npadlg 9 AAkej A 7 o] Afato] et
Wtk et EF sfebditolli= ECeF At dart 5o Adato] Uikt EY EC datdldael dato] =11,
T2 EC 9 At aete] Adato] =] Ul ol2igt A=K e AdAE) Eoe] AiteAA fte2 ECY
A °§f‘>§~% 0| 2]= A EE UER T whbA ESF ECO] whe AAH|m AR T34, Y =- 32.545X

+
(98
(o))
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=<



422 - Korean Journal of Soil Science and Fertilizer Vol. 55, No. 4, 2022

47 AR (kg ha'), X: EQFEC g (dS m™))2 AAstct 7t AaH|gArg s 242 AFr wis

AldAERA] ol A mARS RS Aol A FEe wElE & e Aoz ZdiEr:
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