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ABSTRACT

The standard growth-stage-based fertigation schedule has provided the weekly supply amount of fertilizer
considering the expecting yield with no regard of soil nutrient status. The study aimed to examine if fertigation
with nitrogen applied at a standard rate results in the best cucumber yield in two greenhouses with different
soil nutrient levels, i.e. optimal and high. We investigated the nitrogen (N) uptake pattern of cucumbers with
the different nitrogen supply levels which included half the standard rate (NO.5), the standard rate (N1) and
double the standard rate (N2). In year 2020, the N1 amendment resulted in highest yield in the soil with
optimal nutrient level, however, lower NO.5 resulted in higher yield in the high-nutrient soil. In year 2021,
there was no statistical difference in the yield by different nitrogen supply levels in both soils with optimal and
high nutrient level. Soil NOs-N remained low in the low nutrient soil regardless of the amount of N supplied,
but soil NOs-N was high in the high nutrient soil supplied with N2. The Partial Factor Productivity of Nitrogen
(PFPN) was highest in the NO.5 and it decreased as N supply increased in the optimal and high nutrient soil. In
conclusion, a precise fertigation schedule is needed to be set with the consideration of the soil nutrient status.
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Soil NOs-N concentrations (mg kg™') during the growth of spring cucumber decreased below the
optimal level (100) in the low soil nutrient greenhouse, however soil NOs-N concentrations fluctu-
ated at the higher values than 70 in the high soil nutrient greenhouse.
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Introduction

= U AV 57 2] ERS Hlm 9 EH]| o] Mkt 3o mheE GRAA o= Qlsto] B 7] 7ol Hast
Ao = Hlth(Kim et al., 2012). AAAMIR= Bl 215 ool gaelle &6kl A4, ik ZA=7h ) &
U=o] LTt (Park et al., 1994; Lee et al., 2006). €7 7515 2| Aoloh= Riag 71a2 /NEsh | A= 2= A
SHAlo] sl 247t Al710] 2FE Qo] S AR oF0] RE S5o] B 25 (Mattson and van lersel, 2011;
Sandal and Kapoor, 2015).

] (fertigation)= T7N<ol] Bl=E =0 AJH[Sk= 21 © & (Hagin et al., 2002), 2= 77 H 248 S 2771 QL
T} (Sinclair and Rufty, 2012). E3H H]| 7 £4-& Fo|11 2H20] H| R8540 852 SHA7|H EF G742 44
Al7he 59 S 71 AL QLo vl vl 8-S A o 21, e HokE A5sk=dl 71992 4 Utk (Kumar and
Singh, 2002; Ebrahimian et al., 2014; Chauhdary et al., 2017). ¥H| 2 RS TGS - TSAH|o] H|5]| o]
& a80] EoMd 4 Q7] dlzel, sa e oo EY dR34E 2= 4 Itk (Ha et al,, 2015).

A= o S71eke FAl 0™, 1996d =) Al W2 42%dha 5 427 A2 13%dha %l | WA
(Park, 1997), 2017\ 7IE0 & =] Al T2 597dha 5 THIAM] (H 240 2412 247%dhad]l ©]= 11 ITHMAFRA,
2018).

=2 TH| AFE A EH, A, ot @o] Fofl tigh PHE]AE7E o] Fo1H AL (Moujabber et al., 2002; Ewais
et al.,, 2010; Badr et al., 2011), ¥H]E F3l H= A8 25% &Y 4= o] A SHoA felshdal shgict
(Chauhdary et al., 2017). =] ] A2] 27| AFE2E= 4=, AlaAl, F-50] 9= (Kim, 1970), 1% Ex}
E, 9], ofl &4}, 5 2145 Amof| High P A-5o] Hol MaE o, A= i 7L BE T E 40|
L8833 85 Rt (Lee et al., 2006; Jung et al., 2010; Ha et al., 2015; Sung et al., 2016). = 5-5A oo
=870, HiE, 4 5 A ASTAE R S L85l T (week)F Hl iR SE e AASH O (Lee et
al., 2018,2019a, 2021), ZEF (http://soil.rda.go.kr)ollX] QO|E 3G Al EAANN 222 &, H|E TFF2 Y
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Table 1. Chemical properties of the soils before cucumber cultivation with optimal and high nutrient soil for year 2020
(a) and 2021 (b).

(a)
) ) pH EC NO;-N OM Av. P,Os Exch. cations (cmol.kg™)
Soil nutrient B B -1 -1
(1:5) (dSm”) (mgkg') (gkg’) (mgkg) K Ca Mg
Optimal 5.5 42 104 26 401 0.77 7.6 2.4
High 6.1 5.1 325 48 1,168 1.38 12.7 3.0
Optimum range” 6.0 - 6.5 <2.0 70 - 200 20-30 400-500 0.70-0.80 5.0-6.0 1.5-2.0
(b)
. ) pH EC NOs-N oM Av. P,0s Exch. cations (cmol.kg™)
Soil nutrient 1 R 1 B
(1:5) (dSm™”) (mgkg) (gkg’) (mgkg) K Ca Mg
Optimal 5.4 0.8 32 21 432 0.41 5.0 1.3
High 6.6 1.4 53 60 1,147 0.85 11.7 2.5
Optimum range” 6.0 - 6.5 <2.0 70 - 200 20-30 400-500 0.70-0.80 5.0-6.0 1.5-2.0

TOptimum range for cucumber cultivation in greenhouse soils (NIAS, 2017).

Table 2. Weekly nitrogen fertigation scheduling (kg 10a") at the different levels for year 2020 (a) and 2021 (b).

(a)

Weeks after N supply (kg 10a™)

transplanting NO.5 N1 N2
3-4 0.3 0.6 1.2
5-12 0.65 1.3 2.6
13-21 0.6 1.2 2.4
Total 8.75 17.5 35
(b)

Weeks after N supply (kg 10a™)

transplanting NO.5 N1 N2
3-4 0.3 0.6 1.2
5-12 0.65 1.3 2.6
13-21 0.6 1.2 2.4

Total 8.2 16.4 32.8
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Partial Factor Productivity of Nitrogen=Yield/N supply (Eq. 1)

SHARN i 3aF Aol oot Lo Bl Qo] AV w4 AAEao] FA1A Afol= ANOVA

testS P < 0.05 <=0l A AA =3It

Results and Discussion

20[9] HA EF Y $£HEHL 20200f HAlEEA =l S|
ZAQHs7 o] A | Fg=ptol| w2 0] AGAZ|E M A TS vl wsHArt (Fig. 1). B 5719
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Optimal Nutrient Soil (Pyeongtaek) High Nutrient Soil (Cheonan)

50

30
=#—-N0.5
20 :
N1

=
/ ——N2

30

20 >//'(’/ﬁ -=-NO5
// N1

Cumulative N uptake (kg 10a'l)
Cumulative N uptake (kg 10a'Y)

10 10 / —N2
0 . T T : 0 T T T T 1
0 5 10 15 20 0 5 10 15 20 25
Week after transplanting Week after transplanting

Fig. 1. Cumulative N uptake (kg 10a") of spring cucumber by different nitrogen supply levels in two different green-
houses with optimal and high nutrient soil for year 2020.
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Fig. 2. Cumulative N uptake (kg 10a”) of spring cucumber by different nitrogen supply levels in two different green-
houses with optimal and high nutrient soil for year 2021. There was no statistical difference in the cumulative N uptake
by the different N supply levels (ANOVA test, P> 0.05).
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Table 3. Nitrogen use efficiency of cucumbers grown in the two different greenhouses with optimal nutrient soil (a) and
high nutrient soil (b) for year 2020, and with optimal nutrient soil (c) and high nutrient soil (d) for 2021.

(a)

N supply level N supply (kg 10a™) Yield (kg 10a™) Partial Factor Productivity of NitrogenJr (kg kg™
NO.5 8.75 13,700 1,566

N1 17.5 14,000 800

N2 35.0 13,700 391

(b)

N supply level N supply (kg 10a™) Yield (kg 10a™) Partial Factor Productivity of Nitrogen ' (kg kg™)
NO.5 8.75 17,400 1,989

N1 17.5 17,000 971

N2 35.0 16,800 480

(c)

N supply level N supply (kg 10a™) Yield (kg 10a™) Partial Factor Productivity of Ni‘[rogenJr (kg kg™
NO.5 8.2 10,450 a" 1,274

N1 16.4 9,810 a 598

N2 32.8 10,370 a 316

(d)

N supply level N supply (kg 10a™) Yield (kg 10a™) Partial Factor Productivity of NitrogenJr (kgkg™")
NO.5 8.2 12,220 a 1,488

N1 16.4 11,880 a 726

N2 32.8 12,150 a 372

TPartial Factor Productivity of Nitrogen = Yield/N supply.
T There was no statistical difference in the yield by the different N supply levels (ANOVA test, P> 0.05).

EQLBEHY 20204 A7 A AL B 67180] ARl AE B 5740] A9 EoF WAl T
o] 487 )ko] ool wtet aslel, A1 FOl 10 me ke B0h2HE 2k B AT (Fig. 3, Table 4). ¥ A
7 QArE g4 D §7180] 2ol U9 ek 57h0] A9 LTI E B ALT 0 mg ke (HH5E)
O14391 7 BISKE, A1 Folhe N 20 2 BT 70 me ke o4F0] 2k M, Tejme Hel 7he] A
3 AN 19 B AL N 0.5] $70] A4S Sk Zlo] A,

A1 7 B4 B R 7o) ARSI B 5710 A9 R ot YA 2aS el A 5 2
Are o] 22 502 Hol, FYE W |at A2A s o} g5/ S8 20T BIIk Zuo etal,
(20122 418 Y2:0] A3t £ ]2 ol T Y] Pk £ B (poo) 2 E| L 5}
gonz, ke wie) £oE AAvEE §YFINE AOE FHU. AT 5710 49 e 571l v]s) e
Wit A FES sk oA B 4718 FFo] S SeRick ol AZIE A F £ 712
WSS 1 P kRt 20 57l B 2 24t olola 218 2 4 9lop, f7)%e] T/]shlo] itehd
47} APEIGIEL o] AT, Lee et al. (201962 15 AlA] EF BAoIA £7]% Skt 215k Waeg 11l
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Fig. 3. Soil NOs-N concentration (mg kg™') during the growth of spring cucumber (year 2020) by different nitrogen
supply levels in two different greenhouses with optimal and high nutrient soil, respectively (soil NOs-N concentrations
are average values of three soil samples from each plot).

Table 4. Chemical properties of the soils after cucumber cultivation in the two different greenhouses with optimal
nutrient soil (a) and high nutrient soil (b) (soil properties are average values of three soil samples from each plot) for

year 2020.
(a)
N supply in the optimal pH EC NOs-N OM Av. P,0Os Exch. cations (cmolckg™)
nutrient greenhouse (1:5) dSm™" (mgkgh (gkg") (mgkg") K Ca Mg
9 21.3
. . . 4 . . 2.
NO.5 6.0 0.6 -95)" 4.7) 50 0.60 6.5 6
8 19.5
N1.0 5.8 0.4 (-96) -6.5) 479 0.41 6.1 22
39 18.8
N2.0 5.4 1.0 (-65) “72) 536 0.49 5.1 2.0
, . 14 19.5
Farmer’s practice 5.0 0.5 -91) (-6.5) 601 0.66 53 14
(b
N supply in the high pH EC NO;-N OM  Av.P,0s Exch. cations (cmol.kg™)
nutrient greenhouse (1:5) (dSm") (mgkgh (gkg') (mgkg") K Ca Mg
66 35.7
NO.5 6.2 1.9 (-259) (-12.3) 1,324 0.87 10.1 2.1
67 37.6
NI1.0 6.0 1.8 (-258) -114) 1,237 0.98 8.9 2.0
102 37.7
N2.0 5.7 2.1 (-223) -103) 1,433 1.42 8.9 1.8
, . 153 51.4
Farmer’s practice 5.9 3.0 -172) (134) 1,493 1.63 11.5 2.4

"Values in the parentheses are the changes in soil chemical properties by the cultivation.
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Optimal Nutrient Soil (Pyeongtaek) High Nutrient Soil (Cheonan)
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Fig. 4. Soil NOs-N concentration (mg kg™') during the growth of spring cucumber (year 2021) by different nitrogen
supply levels in two different greenhouses with optimal and high nutrient soil, respectively (soil properties are average
values of samples from three to four plots).

Table 5. Chemical properties of the soils after cucumber cultivation in the two different greenhouses with optimal
nutrient soil (a) and high nutrient soil (b) (soil properties are average values of samples from three to four plots) for year
2021.

(a)
N supply in the optimal pH EC NOs-N OM Av. P,0Os Exch. cations (cmolckg™)
nutrient greenhouse (1:5) dSm™" (mgkgh (gkg") (mgkg") K Ca Mg
63 23
NO.5 6.1 1.5 @31t +2) 427 0.94 7.5 25
94 22
N1.0 6.0 2.5 (+62) “1) 386 0.74 6.7 2.0
52 23
N2.0 6.0 1.5 (+20) +2) 368 0.77 7.6 2.5
, . 22 22
Farmer’s practice 5.6 22 -10) +1) 386 0.66 6.6 2.0
(b)
N supply in the high pH EC NO;-N OM  Av.P,0s Exch. cations (cmol.kg™)
nutrient greenhouse (1:5) (dSm") (mgkgh (gkg') (mgkg") K Ca Mg
84 47
NO.5 6.4 22 31) -13) 1,439 1.50 11.4 2.6
89 50
NI1.0 6.4 2.5 (+36) -10) 1,336 1.64 11.6 2.7
116 48
N2.0 6.1 22 (+63) -12) 1,422 1.61 10.8 2.3
, . 223 60
Farmer’s practice 6.1 4.1 (+170) ) 1,684 2.55 13.1 3.1

"Values in the parentheses are the changes in soil chemical properties by the cultivation.
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