Protected Horticulture and Plant Factory, Vol. 27, No. 4:424-430, October (2018)

DOI https://doi.org/10.12791/KSBEC.2018.27.4.424

Al

ME2e ME 1FE9|

AN - OIFE - 0[BT - OlNT - BEE -

pISSN 2288-0992
elSSN 2288-100X

£ olE B JH

™

StMIS - Ol&

FENEY FYAISIANY At

Development of Prediction Growth and Yield Models
by Growing Degree Days in Hot Pepper

Sung Kyeom Kim, Jin Hyoung Lee, Hee Ju Lee*, Sang Gyu Lee, Boheum Mun,
Sewoong An, and Hee Su Lee

Vegetable Research Division, National Institute of Horticultural & Herbal Science, Wanju 55365, Korea

Abstract. This study was carried out to estimate growth characteristics of hot pepper and to develop predicted mod-
els for the production yield based on the growth parameters and climatic elements. Sigmoid regressions for the pre-
diction of growth parameters in terms of fresh and dry weight, plant height, and leaf area were designed with
growing degree days (GDD). The biomass and leaf expansion of hot pepper plants were rapidly increased when
1,000 and 941 GDD. The relative growth rate (RGR) of hot pepper based on dry weight was formulated by Gauss-
ian’s equation RGR (dry weight) = 0.0562 + 0.0004 x DAT — 0.00000557 x DAT? and the yields of fresh and dry hot
pepper at the 112 days after transplanting were estimated 1,387 and 291 kg/10a, respectively. Results indicated that
the growth and yield of hot pepper were predicted by potential growth model under plastic tunnel cultivation. Thus,
those models need to calibration and validation to estimate the efficacy of prediction yield in hot pepper using sup-
plement a predicting model, which was based on the parameters and climatic elements.

Additional key words : Capsicum annuum L., growing degree days, growth, prediction yield, relative growth rate
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frall Akt 715mslol st 95 7t 9 (Intergovernmental
Panel on Climate Change, IPCCRIME AT-2d3l= <ls|
At 10097 A] At 712 <F 0.7°C 5319t
19801 o]% 2% 5 Se 28l o) wiEA] 1Y Fo
AL, B A < 19% STFkAL o, feluete]
= AT Hit % AeE Hrh 2 A0 skl A
THIPCC, 2014). HT RIHSH| WAsh= o7V &g
2hEe] AkEF Wil 7P 2 2Rle] Ha gler
(Moriondo 5, 2011; Lim 5, 2015), &3 4299} 342
oA, A0 I8 diSshe e g 2EolX =8
3 Aldo|n, ZE S=8afo] o= Al7)9} HEHAde)] wet F
2HE g 28| Z83 = ITH(Cho 5, 2013).

IF(Capsicum annum Ly= $EUS} 7152 228
ollA 7FF g olfEe Xv|AA Jhed shtE A
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o™ (Bosland &, 2012), FHellX= Aiklo] igF 1
Z8o] 2 AxR B7F ASUoRN T3 o))
% SITHKOSTAT, 2017). 2159 5 2 F4o ) &
719 Az, A9, 7k T 2 VIR 2 A
HjR]e] Eokzel| osia & JFE W=t (Ahmed 5,
2014; Hwang 2 Lee, 1978; Jang 5, 2000; Kim 5,
1995). SEjuElA 35~ tiFE =AARIE 7PdEA
o] Jgke @o] wol oJFd vy} FTEe, B A
AI719) ol A Be 7HE T2 13 Ak 1A
Aoz 714 Ase] Qle] Etk(Hwang 2 Tae, 2001;
Menzel, 2000). 22X FHZQ] 315 ALkS 9fste HIZ}
d Aldo] =YERlLE 15 HIZH A Aple A9 &)
oz Walse] Wl A H FE o] 431, 2
A7TE A ApZIRES Qe a5 AMEE A
Al =Y 4 AtiLee 5, 2014; Lee 5, 2016). 2F=Au)
S 821 FME 712 AEe] A|FF #x9) AL,
T8 Akl FAEE 523 Q2lor I FFR
o 9 o e TE 3L 2EYAE W B
THOh &, 2014). B3k 1159 7k 23 9 <5719
xs, B9, 71, EYE B 2 A
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Fig 1. Changes in air temperature (A), daily light integral (B), growing degree days (C), and integration transmitted radiation (D) in a

plastic tunnel during hot pepper cultivation periods.
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Table 1. Changes in growth parameters of hot pepper from 0 to 154 days after transplanting in those has cultivated in a plastic tunnel.

Meanzstandard errors, n=9.

Days after transplanting Plant height Number of leaves Leaf area Fresh weight Dry weight
(d) (cm/plant) (/plant) (cm?/plant) (g/plant) (g/plant)
0 23.4+ 0.7 13 0 89.7+ 1.2 2.3+ 0.1 0.3+ 0.0
14 28.5+ 3.8 23+ 3 1709+ 179 5.4+ 0.7 1.1+ 0.4
28 39.5+ 43 34+ 4 3592+ 41.1 16.7+ 1.8 3.1+ 1.3
42 63.2+ 4.1 272+ 20 2180.7+ 281.6 70.3+ 5.6 14.4+ 3.3
56 93.2+ 4.7 806+ 61 6501.0+ 4222 210.0+17.2 419+ 93
70 121.3+ 6.6 1,385+112 12,555.8+1,269.3 332.4430.2 67.7+15.2
84 131.2+ 6.2 1,434+ 37 12,326.1+ 731.4 338.2+14.8 92.6+£23.3
98 152.2+ 8.4 2,085+113 25,448.1£2,397.2 483.2428.6 103.9£19.5
112 170.2+ 6.2 3,187+209 29,599.1+1,869.5 575.9432.1 126.0+25.2
126 176.6+13.2 4,3424+305 36,420.5+4,311.3 799.7+48.6 172.1£29.7
140 195.2+17.8 5,549+345 33,253.3+4,056.5 842.5+41.3 181.1+36.5
154 195.6+23.1 4,913+441 41,584.0+£3,617.4 978.8+78.0 194.6+49.0

2. mFo| NS U Sy SY =A

TF] AAF, DEF, 95, GRES oF Fow
BN F 154G 1298) o) 2AS A

ol mx=

(cm*/planty> 74 lem oldo] ¢hd ZUHE S BF
A G5E 24sar g3 7)A(LI-3100, LI-COR,
USA)E ol&3sly SHsIat. 159 8+ A= A
2 T 6HE 23 HHe= F 83 3Ith Aot
Sem olde] 1 AS S8l F 8 Y, A
9 AEFS ARG ¥H, 99 59 ¥ I
£ AT AR B (kg/10a)y A 315 A9
AESIER e T 15 JNxEA F/10a0E

ARteldet. 7% AR YA WRew F

l

N,

3. nFo| M =0l chEt siM R SAH EY

SA 548 SAS ZTZI(SAS 9.2, SAS Institute
Inc., USA)S ©]-&3f, 82 3 U5(DAT; Days After
Transplanting), AJ5E=Y 2%(GDD; Growing Degree
Days), THZAFIAF(DIL; Daily Integral Lightye =
HHTE As 54 298 5 He@AS, d=S
e B gUAE UF A 24 sl

=

GDD = ZMa,x temp. +Min temp. . Max and Min

2
temp.(Q L H FHA 7]2), base temp.(7]A2%)

A a1y} =] tigk 37 2 sigmoidal 5
E)2}(3 ParameteryS ©]-8313Act. 12|31 Williams(1946)
o] At A& (RGR: Relative Growth Rate)2|sto] Y
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A AEFl gt BFE(gg'-day)y= ARSI

— a 1 1= 1=
Growth = _(GDD*b), ab X k= W,
1+exp
RGR = w T A7 WA FA Wy, W,
2~ 4
Zdu g o

1. MA £ =0 M2 nFo| ME, MLMEE

A2l & Ao 1539 AL 63em/plantal, 45
%ol A& & 70Uol= 121cm/plant® oF 28] AFCH
(Table 1). G5 FUHALS H4 & 029 ofF 53]
Z7FIAaL, B2 $ 98Y o|F 1F AEFY IS
Hit 17.6%22, F2 & 029714 105 A 7k
(251%)° Hlsl) dAs] ¥kt 15 A7 &
°F 60 °o]F) o= I WS HF 1dE HTe=
Aol 23 9 HdiE 3 ESel JFE AT 159
AT 2ES e 42 RGR  (fresh
weight) = 0.0488 + 0.0004 x DAT — 0.00000521 x DAT?,
RGR(dry weight) = 0.0562 + 0.0004 x DAT — 0.00000557
x DAT? (Fig. 2). A2 & A 71zl w2 BAFH
Azl Uik o AFES Zojsl] BEAS uf, H
T ZV1RE SV A AFEC] E=keH, Ha
eSS AT A T 409730 0.057g/g/day,
aga AEFES A T 35970 0.064g/g/dayiTt.
150 AL A2 3 A7Izke] AHstel wet 70
e AFHoRE F7lelar, 1 o] A A&
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Fig. 2. Relative growth rate (RGR) of fresh (A) and dry (B) weigh of hot pepper cultivated in green house during cultivation period. RGR
=[(log (A) - log (B)]/growing period (days), A and B were after and before growth measurements, respectively.
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Fig. 3. Changes of fresh (A), dry (B) weights, plant height (C), and leaf area (D) of hot pepper during hot pepper cultivation periods.
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Leaf are =

1+exp

ac 10 AT 9 AEFY ANH Huigle=,
72y 2,832g/plant 2 633g/plantIth. A FF oz
o] Eolul= A1 GDDe 1,00093, AAT2
AEZO bake 782 2,309 22,2761, kgk G4zt
Z} 689 2 66502 FAISINTHTable 2). 1529 X3}
AuAe] Hdizke A2 F ZZb 194.7cm/plants 2
40,685.6cm?/plant®Z2 dFE oM, AFEHoRE
HHo] F7}hs GDDE 946%12H, “T‘X]‘Tﬂ' TN oV
He AVIE FHEAT ASEdEe ZHEo] ol
B A&7 *ﬁw%ﬂOﬂ webs] o= dH ] ks
O*OM dsdthe 2 7MeE 2E9 gAY, 4

%7] T 2L AEARES A3 S8 ARE
lﬁ: =44k gholth(Baskerville #+ Emin, 1969). =3¢
A(BE s H Y, %—% ¥ S)EE GDDEE Al
Akste] ke SARIAES o] 83l AAE S
=g 74_3 7=, 5] e E 93 AT
o7 A 5o A IS AXskeus &8

Table 2. Parameters of growth models of hot pepper by growing
degree days.

Growth model parameters

Growth traits R?
a b k
Freshweight = 03,4 23096 689.0 0.979
(g/plant)
Dry weight 633.6 22761 665.6 0.984
(g/plant)
Plant height 194.7 11012 577.9 0.988
(cm/plant)
Le%farea 40,685.5 1828.2 474.8 0.978
(cm~/plant)

oV -

ERE - HIS - olas
F ek EmR, A% R SEo] e Be P )
Be) A4S A58 Aoz JuEn) Tet 8 1o
Al folel] Sfdfel At 1F A4S FUSS 5
3 oZ PSS 9Ap BT & glons, mHe) W
4 9 B Ao Basht

3. 8§ 240l MR 4 51

B F 0URE 1R SRS ARG, A

<
7|3to] Z3tol| wet Aol TQ} Hzo] A&EHow
7Vt (Table 3). 824 & Yool wet 583 115
o] g} vlgS AR A A $ 27190 8497
98doll= ZHzt 83.2%9F 83.8%C0F AATEo] QLo
U, 112YFEE 75% A2 ZHEHA0. A & 112
dellA 126971A1] BIZ7F AUe] U Hal 2%
Bt 25w 22} 41.1°C9 37.3°CHaL, EYGR]
< 241%= AU ol¢} T 259 e EY
] g Qs Wl V¥t STk, A3
HlEo] ZAaglowjet AlRETE 5ol Slojx AsEL
o 8 715 fAlske 3ol F8shd, fElvEr AF
e AR 2oz sl wF] RS AdEiaL
718 IS FTMIA S AT EAE B
s1EHE Qth(Lee 5, 2001; Heo 5, 2013). ~12]a 71%
A UE] 2 RCP(Representative concentration pathway)
85ZA@7|HY % 6°C, CO, o‘: 940umol-mol ™!, 7
FF 204% 37t 2Pl aFE ApEHE ol
89% A7 Hoxitke < E_J:‘ AATHLee %,
2018). 15 Al Al FHdHG 2°C F7FE FANME
Tl 13% S7HRIAo Y 1 olde] V|RddANE 45
ol 20% ol FAHUL, 123 EdGE e 7
A el A] ozl wlsl el Asldagate] WlE
o] F71EIdtiE ZA3KHeo 5, 2013; Lee 5, 2015;
Song &, 2015)9F ¥ A7 At FARILE G4 &

49

Table 3. Yield characteristic of hot pepper as affected by days after transplanting. Meantstandard errors, n=9.

Normality fruits

Abnormality fruits

Days after Percentage of
transplanting No. of Fresh Dry No. of Fresh normality fruits number”
(d) fruits weight weight fruits weight (%)
(No./plant) (g/plant) (g/plant) (No./plant) (g/plant)
70 14% 0.5 53+ 2.8 1.1+ 0.5 1.0£ 0 148+ 4.6 58.3
84 154+ 45 1214+ 39.8 25.6+ 9.6 3.1+ 2.1 30.6+ 19.7 83.2
98 43.0%£17.0 505.5£152.8 83.8123.2 8.3+ 7.2 78.2% 66.1 83.8
112 80.6+19.4 792.41+392.9 166.0185.1 26.6£16.9 185.3+ 98.3 752
126 88.4£23.9 600.2£191.6 1443£42.9 37.6x16.6  210.1£107.7 70.2
140 116.3£25.5 901.3+228.3 204.61+36.7 51.6£159  318.0+102.1 69.3
154 126.1£27.1 1032.3£324.1 199.4%46.3 442+17.1  288.4%1159 74.0

“Harvested fruits except small size (fruit length under 5 cm), diseased and cracking fruits.
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Fig. 4. Prediction yield of fresh (A) and dried (B) red pepper
using a sigmoidal regression models based on growing days.
Yield= fresh or dry weight (g/plant) x number of transplanted
plants (1,750/10a).
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