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Effect of Nitrogen Application Levels on Nitrate Concentration in
Soil Solution under Plastic Film House

Chang Hoon Lee*, Seong Soo Kang, Myung Sook Kim, and Yoo Hak Kim

Soil and Fertilizer Management Division, NAAS, RDA, Wanju, 560-500, South Korea
(Received: November 21 2014, Revised: February 2 2015, Accepted: February 2 2015)

This study was conducted to investigate investigated the effect of nitrogen fertilizer on nitrate concentration in
soil solution and to determine the relationship between yield and nitrate concentration in soil solution for
cucumber cultivation under plastic film house. Nitrogen as urea was applied at rates of 0, 120, 240, 360, and
480 kg N ha™ as an additional fertilizer by trickle imigation during cucumber cultivation. Monitoring of nitrate
concentration in soil solution was investigated using porous cups at 25 cm depth under soil surface. Nitrate
concentration in soil solution increased with increasing the rate of additional nitrogen. Correlation coefficient
between EC value and nitrate concentration was positive in soil and soil solution (p<0.05). An additional
nitrogen of about 300 kg ha™ was shown the highest yield of cucumber, and improved yield by 5% compared
to N recommendation of 240 kg N ha™. The highest yield was determined at nitrate concentration of 82 mg L'
in soil solution by regression equation (Y=74.2+0.73X+ 0.000504X°, R2=0.629*). These results means
indicate that nitrate concentration in soil solution would be useful method to rapid determination for additional
nitrogen during cucumber cultivation under plastic film house.
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Relationship between the yields of cucumber and N application rate (A) and average nitrate concentration in soil solution
(B) under plastic film house (*denotes significance at 5%level).

*Corresponding author : Phone: +82632382453, Fax: +85632383822, E-mail: chlee915@korea.kr

§Acknowledgement: This study was supported by 2014 Postdoctoral Fellowship of National Academy Agricultural Science (PJ:008598032014),
Rural Development Administration, Republic of Korea.



Chang Hoon Lee, Seong Soo Kang, Myung Sook Kim, and Yoo Hak Kim 31

Introduction

Bl 29| FehArle Ba o] el (K, Ca”, Mg,
Na)Z} g0l (NOs , CI, SO/, HPO, 5)& #ZFE| 4
ZA)AH ESFS] EC (electrical conductivity) Zre A =9|
Al Bt (Jung et al,, 1994), 53] AR = A5 2
Wire R o AHR W $71AAE ASHOR Mgt
Qom, ol Slgh fEEER ARHel walE D gtk
(Pang et al., 1997; Lee et al,, 2009). o|&gt A1} 2HE=2

mopme] Fige] AslEa, EYsEoR Rl o5
o] Xy e 7= St} (Addiscott et al,, 1991;
Lee et al., 1999).

22 AR Eoppnt GRe A BEe 4 9
L Aol Bt ek (Hedge, 1997), Tl AAZe)
Sape] THTR: Agege] 2o Tl B ol8RRS
o), At vlRe) RAE Bo ulro|gae U AEe) S
2 AT (Miller et al., 1976; Cook and Sanders, 1991).
e} 2] Sk B9 uS I Ateo] vlel BAjg A}
oS UehliAmL F3aor R Qle] E9F ECo tiEe]
7184 NOs—N Slefo] 23 w= AulE Zaliskar Uk (Lee et
L., 200D, 1P AVSARAO]H SEASe] T Pl
0 2206 EspeRiTiel I ) ookl 1 5 51

EQole 51302 olFal Fole) o) A% 9
=25 71 EﬁEm 2} (Lee et al., 1995; Han et al.,
1998; Roh e , 1999). EoFg = NOs—N 7| &
o] Aags ] W% Gl gt dte 3= Uck Lim
et al, (2001) Al o] AufE7toll A BEEA 5 NO:—N

T Skl WSt #A7F Qokal B 1151931, Hong et
al, (2001)> AH=29] NO;—N S22 A H| gt {21421
AV L sk, Sl 2Rl A S
EEA]7|20] Qlort, 2B 4akE 98] =9 Booll A
ol /14 & AARE FRAA AL 5 (Lo e
al., 2001; Jung et al,, 1994)., EEH9] NOs-N 5E=&
olga AaAlul mofol AW 9 $YS AU 4
S el sl Hito] B 4 Sl et mool Ay
7} EFgOIS] NO-N 0] ulA gaol dfat AT
nu)gk Argolt, weba] AEAElA] AaxAlv|ke]o] B4
&2 NO;-N =5 B-8otalA} AdAulA] Z-=21u) 7]

Table 1. Chemical properties of soil used in the experiment.
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Materials and Methods

Eéulo*? o AHIZ A SolFArErA] 913
o] F7toA 2012 8LFE 12¥7HA] ZAFAIE
3 st ARERS] 7Aoo A

7)o WA20 8 Yo 3| R 800 kg ha 2}

E|H] 48 ton ha '& /\13-5 FaL, Qo] A5 F7|HE %

= 48 NK Hl o]-g-3fo] oF 3Y 7HA o=

HAM|E slo] ghom, 7hE Z7]ole WAE glo]

HHAHIE %OH 8 NK H| =28} v|geamem| 2 s
3d A ow ASASS 8 Tastith 2ASEAY
AHEES APE8E7] 918l Table 17 o] AlAH E9F2] EC

oF 7H8/4d NO;-N e B7skeleh, A7 A== (BEC)+=

0.88dSm & ﬂ%‘% AR 7]zl 4] F238k+= EC 2.0
olale UEMYQaL, 7FA NOs 3RS 155 mg kg ' O2

28 ED}E A] A8 A] 182 mg kg - (46-344 mg kg )

3| Wt} (Kang and Hong, 2004). A|EA EoF

Q1 AVEAEIR] E/dS U A] QRtAIRE, A

°ﬂ -2 B8O NOs-N 5ie ¥3hs U E s}
7))l At Ao BRI, AR FEe0] WA
H]ZF 240 kg ha 'S 7]Z02 0, 50, 100, 150, 200%2] 2

20, 120, 240, 360, 480 kg ha ' 54:3=0]| 4 WH=E-0 2 1}7]
2 o] 83}o] v x|} o]U;H ALTIFL QA4S 0] 83}
o 7} Nel TG HF LABAEE mli o] oj

3} B 79} 317 WE|FHE R —g—g-o]— 3, uf3] 240 kg

na o] 22 7e] Pl oF 160 mg L o]glrh, 121
Q4hatt 7hel= KoHPOE ARE-SHo] A 27t FdstA ]
SIQIT}. A o] AulR|ofA -2 A| 7108 10~20 kPa
HeJoA sk AL WSkl 9124 (Chung, 1998), &
ANFoAs A7} 71207 9~3YU 7HAORE 7T~14 Lm ~
O 7 yEstglon, ojuf AEAul 717t F BEFEEEFe]

wishs EQEAe AXE BUEYs
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Xoox 4o e
Ulﬂl O}D e} Ol'm
o

‘ droo o
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jiA
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EQU2M F Aol Al 717t T EFEA AF
= 0] 60 cm, A7 2.5 emQ] T4 # (porous cup)=

Exchangeable cation Extractable N

Contents pH EC oM Av.P,0:s
K Ca Mg NH4-N NOs-N
(15 @S m) (gkg) (mgkg) (cmol kg') (mg kg') —rmees
Mean 5.7 0.88 15.1 67.8 0.25 4.37 1.81 9.86 15.5
sp” 0.11 0.04 0.23 35 0.01 0.12 0.03 0.5 1.2

YSD means standard deviation
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o853}, 2ol A 209 Fof thyAd At e 20]
2] SRR ONA 20em HolXl Aol B9 2lo] 25 em 7}
A 4202 AX|5H31et (Roppongi, 1998), EFEHL- 60 kPa
Ao = = 1314 AfFferalar, e B8NS 0,45 um
membrane filter2 oJ1}5F Fof pHE} ECE &AL, A
AAEEA47] (AutoAnalyzer 3, Bran Luebbe, Germany)=
EFEHO] NH-NZ} NO;-N 55 43t £t «
o] A7)t 5F EFS] NH,~NZF NO;—N T2 5E 5 ¢
= 2MKCIZ2 3&E5}0] No 22 o3t of AaabsiA]7]
= BAsieich

22 U EAQEM oo 7m? g 23 FoA 5225 o
oot FAIE 2ABIAL, 7 27| Fetel 2kt 20|
FAE dAksto] Ae|t] QolwfE AMgsteltt (NIAST,
2000), 20| 5 & EFARE AFIoto] ST tE 2
mmA| 2 st} B EA5IITE B9 pHeL EC= Al
B2l 2542 15 wiv JE8te] pHO}F EC meter2 2331
o} FEQAES Lancasterd], 2|3 ¢Fol-2 1 M ammonium
acetate (pH 7.0)2 2&3}o] ICPZ K, Ca, Mg, Na 32
A8k, Aeka (T-0)2f A (T-NF2 ARA| =
S RpAPollA] FA] Z=2 &, HAEA7] (Vario Max CNS,
Elementar, Germany)S ©]-&5}o] A=Fs15c} (NIAST, 1988).

SAXME|  eolawF W EYEAY] FAX]= SAS (version
9.2)2 o< 0.05914] Duncan A5kt E3F 3]
248 Bof S, T2 EEe] B NO-N HE9}

O,

U8 HAME  oomEAulolA ERHAT
2 o[8% B W 30 kPa Ol5}E BT A FAHT
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Water potential (kPa)
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ATt (Chung, 1998). & AloA Al o|xful 7]7F &<t
T~14 Lm” Ppdt Al EFeRA 0] M9k 10~120
kPag UERHSITE (Fig, 1), Al Qo] Aui7|7t 5 o3
7] (porous ceramic cup)®]] 60 kPa 7tslo] EoFgole 1
& 17,3471 mLE AFSAA, AoALT D v 1)
of B8 TS w2 HAE YElT (Fig. 1.
Ergole] AFe chael ohedl e 9 ALt o
=0 BEA, e 9 WA, 29 ar AEASol ofsfiA
T gEpd o= i} B3] AAAHEES 9o T A e &
71E 3] W ol REo| EE A oR UTA
o} (Sung et al,, 2010), Fig, 104 X 3l=0], B8 A
2fepe] AelTrk £ Mol AdLole] WaFL Aol7)
Erie QOoRXEAR oAl AXE wetE,
o g0 % sjobx 54 wsle Fig, 29} 2},
H| 9] pHi= Ao Aul 7]7to] soldol whef tha
oMt AL WYL, EFgle] HoE A&HOE 7
B A Bk 2y A4S AaAME ST
SFgole] pit 2o BOE S7MIZT, el =gl
NHN s aAe77h Bsigh Aol gk o]
W) Ekgele] NOWN FEE SABLLAZo| Z7)
ool whet wobg ot ARt AR FoAk= ¢l
o}, Z7|270A Aae ARG C & HiEE NO;-N &
B2 EA5}7] wEo] (Sainju et al., 1999; Wivstad, 1999),
A @o0) R F7)0|F EPEH F NH-N FE=1mg L
oJstoI1L, NOy-N Bell7} 571e) o] o 2xIsh
3L ek (Fig, 2(C), 2(D). Aldeolul A 717t &<t &
)] EgHe] NOy-N St Bt 17.7 mg L©]
5, AAjsego] Z7Hete] vt £eFgele] H NOyN
Tl 7}7} 19,0, 25.5, 55.4, 50.1 mg L7 o= Z7}E]9]
. AAAERR] EYF NO;-N -2 BE4F BCoF 7214 Sl=
O AE YeEPATE (Hong et al,, 2001; Lee et al.,
2001), Al o] Aui7]7t 53¢ B8NS NO;-N s

o
o
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Fig. 1. Changes of water potential (A) and amount of soil solution (B) during cucumber cultivation under plastic film house.
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Fig. 2. Changes of pH, electrical conductivity, NHs;-N and NQO;-N concentration in soil solution during cucumber cultivation under

plastic film house.

Table 2. Correlation coefficient between pH, EC, NH4-N, and NOs-N of soil and soil solution during cucumber cultivation.

Soil
Contents
pH EC NH4-N NOs-N
pH 0.082 0.033 -0.031 -0.157
) ) EC -0.247 0.370 0.384 0.457
Soil solution
NH4-N 0.052 0.026 0.027 0.005
NOs-N -0.326 0.278 0.470 0.515
Note) n=120
oA W Jo] WAph Egrou), B Bo9H BF ik el HasRe] we 2, vjce, 22w

NOs-N Tt B A et
EGRgo0] NOy-N S520] v 3| 202 weheinh, olejt
A3 EFGAO] NOFN FE7k AARIO R Bhe] A

ARl 28 B8-E 5 e ARSI QU

Q0|FHEY A Q0|9 425FE4]-2 Table 33} 2T},
A AKn| o] $25kS 82 ton ha '0]YlaL, AR HIA|o] T
H|Z 360 kg ha Q] A4S FF38to 2 H12F 104 Mg

ha ' (Y=81,5+0,14X—0,00023X>, R’=0.712)< A& <= 9}

G Qo5 el pzte] BAKQ foxprt glgich Eok
goHo] NOs-N =t EoF BCo NO;-N Fheka oyt
A7} QA7) wf o] (Table 2) EFEoHO] Hat NO-NT} £.0]
SEkate] WAS RARE AT}, Y=74,240,73X— 0,00504X
(R’=0,629)¢] TAS A& 4= 9IS, o= Baf s
FE 9I% EFEHO] B NON s oF 82 mg Lo
2 F7hEQde), ol A Ao EokgoH o]
NO;-N 52 2hg3lo] )49l EFdas 1t 4= 9l

L 7Rs e AL Qe
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Table 3. Cucumber characteristics in soil applied with different levels of N application under plastic film house.

Cucumber fruit

Treatments Height Nod - - -
Length Thickness Weights Numbers Yields Index
(cm) (No. plant‘l) (cm) (mm) (g No™) (No. m'z) Mg ha'l)

NO 163.5a 18.3a 27.9a 35.2a 251.2a 32.8a 82¢ 84c
N 120 172.6a 18.2a 27.9a 35.4a 255.4a 35.7a 91bc 93bc
N 240 167.7a 18.6a 27.6a 35.8a 252.0a 40.0a 98a 100a
N 360 172.5a 19.3a 25.7a 33.7a 255.3a 39.5a 104a 106a
N 480 160.5a 18.3a 27.6a 35.2a 250.4a 37.5a 94ab 96ab

Note) yields was tested by Duncan’s multiple range test at P=0.05

Table 4. Chemical properties of soil applied with different N rates after harvesting cucumber under plastic film house.

Exchangeable cations Extractable N
Treatments pH EC oM Av.P,0s
Ca Mg Na NH;-N NOs-N
(15 @S mh)  (gkg)  (mgkg') e ((SE T D T ——— (mg kg") -

N 0 5.7% 0.44¢ 9.5a 11.6a 0.26a 4.39a 1.94a 0.20a 4.54b 2.2e
N 120 5.66a 0.45¢ 10.0a 12.2a 0.24a 4.14a 1.75a 0.26a 4.90b 8.5d
N 240 5.43ab 0.50bc 8.5a 17.2a 0.21a 3.73a 1.56a 0.19a 4.92b 16.7¢
N 360 5.18b 0.71a 10.3a 16.4a 0.31a 4.07a 1.48a 0.23a 8.83a 28.9b
N 480 5.13b 0.69a 8.8a 15.4a 0.21a 3.84a 1.52a 0.19a 9.19a 43.4a

Note) chemical properties was tested by Duncan’s multiple range test at P=0.05
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Fig. 3. Relationship between N application rate (A) and yields of cucumber and average nitrate concentration (B) in soil solution
and yield of cucumber under plastic film house (*denotes significance at 5%]level).

TEI| EUEY ] AT EY ECe (Table 3), ZLeLf Fu|to]| thH] 275 AaAuFe] F7}
0.44~0,71 dS m™' ®<ol| 9%, o]H3t EoF ECE AlF = 77| B NO-N s 8~47% F7HA1Z1AL, B9 pH
A EoF BCol| tu] oF Baj| oF 20~50% 7+AE| Qi) o] 23t = 5~10%5 ZAAZAT) (Table 4), Au]Fo| whel =3}
AT AAAR|EES Ea AR ARAHL 27E 3H2 E4o] DA, Lee et al, (2001)2 EOF pH 74
= Ao 7FsdE AARSEAL Qleh ey $2817] ool 3 =Y ECoF NOs-N o5 S7h= 847} KNOsof| Hlsf 3=
SASA A AH]EFo] Z715to| wle Bk Bo= Z7hE| 9ok ThaL seich 2 AIFolA Lol Al EA 0] Aagawke] w2
(Table 4), UubAoz QolAFA]| Fhuir] & 161 mgo| & ol &6kl 487] EFe] pH 49} EC Bl NO; e
25 5451 (Lee et al,, 2012), 20] ulr]4=7} 1737421 N 71 olfi= S ALY RE Q45 AFST AR A

360 A 2|to] HaFeEe ol vis) 5.8% =94t =Hh oo AdolM EFEH NOs—N 5= s
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Conclusion

EoFof| AaAH|7} EoFgoH O] NO;-N F=of 1]
ool Brystaar A Al A ZEAE 717 5 A A
Zof| w2 EQRg- o] NOy-N Fi=, 5, 18|31 B3}
Aol mAe GRS 2ARIAL. THIS 53 Ao
ofaf EOREHO] NO-N B=E Z7HE91, B BCeF NO-N
Sk Ao aA7L IATh (p<0.05). THIE 360 kg ha '
O] ALE FFUoEN A eo|erks AE 4= AL,
EFgN0] W NO;-Nit Sol4eate] BAALS E3)
T4 EOFRHO] W NO;-N HEl OF 82 mg L2

L=
pu

o 4y of

1

i

)= e
B AT QPA) BT AR FotE Sfat
|

(e} . b
gt &Ql diote] € Aoz HriEQIch a8 Al
Al o] YIRS QM BEofu|LEE 1es e A
2ARZE Hash Zloz AlmEc)
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