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Abstract

This research was conducted to determine the influence of post-planting fertilizer (PPF)
concentrations the growth of hot pepper (Capsicum annuum L. cv. Nokkwang) seedlings when the
nutrient solution was applied by sub-irrigation. Two different root media were formulated by
mixing peat moss (grade 0 to 6 mm, PM06) and perlite (grade 2 to 5 mm, PE3) or peat moss (grade
0to 10 mm, PM010) and PE3 with the ratio of 7:3 (v/v). The media were used to fill the 72- cell plug
trays (cell volume 72 mL) and seeds were sown. After germination, the seedlings were grown in the
growth chamber. The application of 13-2-13, 15-0-15, and 20-9-20 commercial analysis
(N-P,05-K,0) fertilizers in sequence began at the seedling stage 2 (cotyledon emergence) and the
feeding solution nutrient concentrations were varied in three different treatments with 25 mg'L™' N
level increments each week: PPF 1 (0-100 mg'L™"), PPF 2 (25-125 mg'L™), and PPF 3 (50-150 mg
L™). The seedling trays were sub-irrigated with the fertilizer solution when the weight of each tray
was reduced to 40 to 50% from container capacity. After 1,2, 4 and 5 weeks after seed sowing, pH,
EC and macronutrient element concentrations were analyzed and the growth of seedlings were
measured 5 weeks after sowing. The fresh and dry weights of the seedling were heavier in the
treatments of higher EC among the fertilization PPF 1 and 2, compared to those grown in PPF 3. The
upward movement of fertilizer solution by capillary action resulted in the increase in electrical
conductivity (EC) in the upper part of root substrate when the EC was measured separately for the
upper, middle, and bottom portion of the growing media. The highest EC in the upper part of root
media among all treatments was 2.7 dS'm™', suggesting the leaching of nutrients by overhead
irrigation is necessary when substrate EC rise is a concern. The changes of Na’, NO5;-N and K"
concentrations in root substrate during seedling culture had a similar trend as changes in EC. The
macronutrient concentrations of Ca>*, Mg®" and PO,*-P were lowered in the treatments of low or
high substrate pH. In summary, the use of 13-2-13, 15-0-15 and 20-9-20 fertilizers in sequence
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and gradual elevation of nutrient solution N concentrations from 25 to 125 mg'L™" during sub-irrigation were satis-
factory for growing pepper seedlings using the root substrate with 77.9% container capacity.

Additional key words: EC, growth stage, mineral nutrients, pH
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L2tol| A& 71H](Choi et al., 2009), B]=+2] 7-$- pre-planting nutrient charge fertilizer(Nelson, 2003), 12|11 -§-Hol M= £%
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e RMIEES TS| S1t A2 RsHSIH: o] ol A E O] E8l S Alesto] A E S Hofl Alglsirial weRt
65 SHIE R 7M1 9] 7 H F L5 o] YR HE Ytk (Lee etal., 2014). 1 AFE Plof| ZA1H & FA418-2F
2 A= FHSEs(Dongbu Hannong Co., Ltd, Daejon, Korea)©] =t 7futhit ] ERA Blonde Golden 0-6mm -4
(PMO06)7} Orange 0-10mm TZ((PM010)S ZA2 2 51e] PM06+A 7 2-5mm 2] Belo E(PE3)2 18] 7 PMO10 + PE3-LS
7:3(v/v) 0.2 23S AV E ¢t

ZA| F Choi et al.(1997)°] ¥Hol| met SR JE O] Ee) oM 358, AIE B 7180 247 85.2-87.3,77.9 §
7.4-9.4%%311, EC 0.07-0.11dS m™, pH 3.50-3.550]|3]t}. E2]- 3kt A& 241 & Choi et al.(2015)0] AAgHEIL} 5U51HA| 7]
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Table 1. Applied fertigation concentrations (mg'L") of three post-planting fertilization programs (PPF) in each plug stage of seedlings?

Days after sowing 0 7 14 21 28 35
Seedling growthstage® 51-52 s sis4 e e st
PPF 1 0 0 25 50 75 100
PPF 2 0 25 50 75 100 125
PPF 3 0 50 75 100 125 150

“This table was already shown in the manuscript of Park et al. (2017).
YThree kinds of fertilizers, 13-2-13, 15-0-15, and 20-9-20 (N-P,0s-K,0), were fertigated in sequence as sub-irrigation and the fertilizer concentrations were
based on the nitrogen (N).

*S1: from sowing to radicle emergence; S2: from radicle emergence to cotyledon expansion; S3: from cotyledon expansion to emergence of two true leaves;

S4: from two true leaves to transplant.
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7|87} 2t TS EES ST Ee L EFlo]of mhFolal, Aot $ A ol E8 1 EdlolE Adsto] s Hst
L IR 5 35UAY AVSH A2 FAFSE] Table 20] WEFHSITE PMO6 + PE3 & O] Z-9- 3857 AJH| L= 1l (post-
planting fertilization program, PPF) 55 A|H]%5-I= 7} =2 PPF3 O] AR A A5 AESo] FAHL) A2A9) 2%, 37, A

Table 2. Growth characteristics of hot pepper ‘Nokkwang' plants 35 days after sowing in 72-plug trays as influenced by two kinds of root
media and three post-planting fertilization programs? (PPF)

Plant height Plant width Leaflength  Leafwidth  Numberof  Chlorophyll —Stemdiameter Fresh weight Dry weight

Root media”

(cm) (cm) (cm) (cm) leaves content (SPAD) (mm) (2 (mg)
PMO6+PE3
PPF 1 6.0 6.2 2.6 1.8 6.4 34.7 0.42 0.18 172
PPF 2 54 54 22 1.6 5.6 33.7 0.34 0.12 112
PPF 3 8.1 83 3.5 2.1 6.8 34.7 0.58 0.31 30.4
F—Signifl‘cance ok skek sk * NS NS skskesk ok skokok
PMO010 + PE3
PPF 1 6.9 54 2.5 1.8 7.6 359 0.52 0.17 162
PPF2 8.6 10.8 4.1 2.8 7.8 375 0.74 0.50 485
PPF 3 6.6 5.7 2.9 2.0 7.0 37.0 0.42 0.22 213
F—Signi icance * ek skeskesk * * NS keskok ksksk skeskesk
Root media NS NS NS NS HHK ** * NS NS

“Three kinds of fertilizers, 13-2-13, 15-0-15, and 20-9-20 (N-P,0s-K,0), were fertigated in sequence as sub-irrigation and the fertilizer concentrations were
based on nitrogen (N).

Y Abbreviations in root media: PM06, Canadian Sphagrum peat moss with the grade of 0-6 mm ; PM010, Canadian Sphagrum peat moss with the grade of 0-10
mm; PE3, perlite with the grade of 2-5 mm.

NS, * ok o

Nonsignificant or significant at p < 0.05, 0.01, and 0.001, respectively.
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Fig. 1. pH Changes in soil solutions during growth of ‘Nokkwang’ hot pepper seedlings in 72-cell plug trays as influenced by
two kinds of root media and three post-planting fertilization programs (PPF). Root media were separated into a top, middle
and bottom layer and the pH was measured by the saturated paste method [A: Canadian Sphagnum peat moss with the
grade of 0-6 mm (PM06) + perlite with the grade of 2-5 mm (PE3), 7:3 (v/v); B: Canadian Sphagnumpeat moss with the
grade of 0-10 mm (PM010) + PE3, 7:3 (v/v)]. Vertical bars represent standard error of means from 3 replications.
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Table 20" AIXIRE 35 PPFS} o] H] 5 0] FE FAsto] EQJE of Ayl A] pH kS Z47T A7 PM06 +
PE3& 15 §0f| L= 22 9] pH7} oF 4.5 & S %] Q1S of 2t A|7te] Zafeh-5 Holx]= 7 gko 3{th(Fig. 1). Nelson
(2003) 9 Styer and Koranski(1997= STAEE o] 85t 2FEAulol A A4 pH HSIE 5.6-6.22 AASIACT whehA] PMO06 +
PE3©] R Afzlol ] A7 pH Jeiirt okos] 7]ul2 S e A AlHlelo] Aold 2ol 70 Uelolakn Pekals
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A

§3 8RO BAHL AR pH A5 F015 13t ]20] EFE NH,-N 0 20 NO,-NOE Bie w3 70w
H'o] AP 207 412 Bel 7} ool 2.9 NH, N B4k TPl WA H'o] 25 pHE A 0 2 skl ik vl
gck(Marschner, 2012). 0o} 20] FEISH= o] 4 Algko] kg ket Fig. 1614 Lhebd pH} 114520 2 Vol it

ofa}Fig. 29} Fig. 30 LFERH NH, “NT}NOy N 557} 2|42 0 2 =obx 7] wjRo|ct, Z AH]5H= NH, N2 9] 57}
gho 24 11 A 0] Fgo] S7Fe HeE oL 2ENH, -NO| NOs-N O & 8= S7F519 O P NH, -NENO;-N2o &
O] ASl= EOF AMASIE o= a5t Ao 2 O}Eil #] QIth(Singer and Munns, 2002).

AR Z8 U slRa AES 35Hslo] 7 B pHE 2435 A1} 5lRE A48 Eolg out Ao Ajleh 4291
5.6-6.25CH UIIT. 5P AFE o] pH 9k 212 ahaeafo] 5td Zlo] delofelm Azkaich AHEL] giapol &7 4]
EH AE W CO,2 ghito] oA A FEHito] S 5|11, SR OJ5f] pH7F EolRl= 1o Hth(Park et al., 2017).
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Fig. 2. Changes in macro-nutrient concentrations of root media [Canadian Sphagnumpeat moss with the grade of 0-6 mm
(PM06) + perlite with the grade of 2-5 mm (PE3), 7:3 (v/v)] during the growth of ‘Nokkwang’ hot pepper seedlings in
72-cell plug trays as influenced by two kinds of root media and three post-planting fertilization programs (PPF). Nutrients
were extracted by the saturated paste method and analyzed by ion chromatography. Vertical bars represent standard
error of means from 3 replications.
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Fig. 3. Changes in macro-nutrient concentrations of root media during the growth of ‘Nokkwang' hot pepper seedlings in
72-cell plug trays as influenced by two kinds of root media and three post-planting fertilization programs (PPF). Nutrients
were extracted by the saturated paste method and analyzed by ion chromatography. Vertical bars represent standard
error of means from 3 replications. [Canadian Sphagnumpeat moss with the grade of 0-10 mm (PMO010) + PE3, 7:3(v/V)].
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Fig. 4. Changes in soil solution electrical conductivities (ECs) during the growth of ‘Nokkwang’ hot pepper seedlings in 72-
cell plug trays as influenced by two kinds of root media and three post-planting fertilization programs (PPF). Root media
were separated to three parts such as top, middle and bottom and ECs were measured by the saturated paste method [A:
Canadian Sphagnum peat moss with the grade of 0-6 mm (PMO6) + perlite with the grade of 2-5 mm (PE3), 7:3 (v/v); B:
Canadian Sphagnum peat moss with the grade of 0-10 mm (PMO010) + PE3, 7:3 (v/v)]. Vertical bars represent standard
error of means from 3 replications.
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PMO010 + PE3 23 E B PPF 10] 2.8 2ol A Mg™', SO;-S U Na' €] 7} ubg - 277 The 4270 v ot
Heb7HaF71) ol Agolgic

o)2] AT}E Park et al.(2017)0] H1FH U837} 8] 23 ) 2 A70] ECLHNH, 5 %ol =7} J50] Hugh Avjuc
Egton), ol e o] 240l A D91S 2 4= Qlek IE0] HE ZAe] 0} g3 Balo| Ex 47 1-2mme] #Aelglon), 2
Ao 2-5mm ] Wefo|E7} ol G|, 7o) 2 Weto|E9] A9 2o Welo|E Hek 17 FUE/Hgrh TERA
s} Bejo| 9] £l go] FUGIIE AT} 5.2 Befo|E Aololi v]m A tf3Fo] Y=, FULIES BefolE
9} 23tet ¢ 2| 50] 2R F-=2o] FAFI T Verdonck and Penninck, 1986). WA Hato]E Ato]of A= =S 851
£ rERAC) g2 IAte] el B/ A E A4 57151R] o) = &3k L) ool 28k eo] S eelo] Hrt.
E3He0 oFo] £ 2|82 eF0 2 015 EC W 9fo] & 7} tofx] = 9lolo] B, Park et al.(2017)2] H U383} 2 1 79]
AL gepde weet 4 gl 27471 Fek $H8 Kim et al 2017y 2 7F35-0] 92 AFg810] A2 pelletd [ ERA
9}

ESIo] PR w9kt glon] BefolE o] A avhE B stk
OV HE-S RO £ FAG HES o] 4 15 AUTH] SEA| 1 7QRE AHIE Aol N Sz )% 25
mg L5 125mg L'71 AH4,.0 2 AlEls 8 ol o] A Hikalsleha setslsck
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13 Capsicum annuum L. cv. Nokkwang) S A HYH| B © 2 2.9 et uff 34| 9| £5 W =7} § A7tof o) 2| = ¢S
53517] o) 2 A2 ek, 0-6mm S30] HERA%} 27 2-Smm Befo[E(PE3) L= 0-10mm Se] HERAS)
PE3E ZH2} 7:3(viv) 0. 2 231t 25-5 SRS 723 221 1 Ed|o](cell volume 54mL)°f £215}37 o5 . 28-29°C 2
2 WO, WOk 7 Ao S RaHAch 21 stage 21 41847 10] ABIE AEI L0 ZH B
H(N-P,05-K,0) 13-2-13, 15-0-15 & 20-9-20& A HAER ‘55 HIA| 7|1 A2 42513} A7 EE N5
715 25mg L' 9] 2}o| & ZHE 2 325 6] X2 73 (post-planting fertilization program, PPF)&- 7‘4%0} 931, Ze]1 Ego]
o180 S0 IS 1,24 LA TS S0 e 5
S]pH, EC 2 77]0|& F=5 A6t 1t & 557 fr 7 S ZARIITE 2171 B A2 PPF 1729 EC7HESH
A2 oflA] 24515 ‘11 PPF 35 21-85F A2l A 26150t} A|HyH| 3 mAjkeof ool 55 77|19 0% Qs Eglo] 4
Hof 92| AFE S EC7} =911, 7P =9kd A2]i=2.7dS'm ! 2 ZAE|9Ich AFE Q] Na', NOy-N 2 K 55 ECeF-9A}
S Sl 0 ], pH7F e A 10 A 9] o T Mg 57 OHL pHoH 8 A7 POS-P S5527 sl o
A0 U5 01l §718500) B0 AES o5 1% AR SRA) T 7R Al Aelo] N B 712
25mg L] 125meeL 742 7.0 2 A58 ol o] 1 Aol st n B,

27} 220f: 171 H=E, AFEA, 271904 pH
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