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ABSTRACT

Onions are a representative produce that requires supply-demand control measures due to
large fluctuations in production and price by growing season. Accurate forecasts of crop
production can improve the effectiveness of such measures. However, it is challenging to
obtain accurate estimates of crop productivity for onions because they are mainly grown on
the open fields. The objective of this study was to perform the empirical analysis of the
relationship between factors for crop growth and meteorological conditions, which can support
the development of models to predict crop growth and production. The growth survey data
were collected from open fields. The survey data included the weight of above ground
organs as well as that of the bulbs. The estimates of meteorological data were also compiled
for the given fields. Correlation analysis between these factors was performed. The random
forest was also used to compare the importance of the meteorological factors by the growth
stage. Our results indicated that insolation in early March had a positive effect on the
growth of the above-ground. There was a negative correlation between precipitation and the
growth of the above-ground at the end of March although it has been suggested that drought
can deter the growth of onion. The negative effects of precipitation and daylight hours on
the growth of the above-ground and under-ground were significant during the harvest period.
These meteorological factors identified by growth stage can be used to develop models for
onion growth and production forecast.

Key words: Correlation analysis, Variable importance, Onion, Above-ground growth factor,
Bulb weight, Meteorological factor, Random forest

@ @& | * Corresponding Author : Hong-Seok Seo
E— (hongseokseo@krei.re.kr)



2 Korean Journal of Agricultural and Forest Meteorology, Vol. 23, No. 1

LM E

Fihe EntE, s oA AlA 3 AadtE S
SR (Lee, 2019) 2018 7] AAA] APARFS 96.8
ik £ $23of THRECHFAO, 2018). $-2lukatof|A]

T oul 293 FdAAEH 20199 7]F Zu|F)
A YA 3 54.1%S 2}FA|5FaL QTHKOSIS, 2019).
[e]

ot SAHEe] B4 paet 3ol 2] Bes
ol 7] 1] ujEo] SFtel] w2 shAe] WEEo|
7 R S - Sl A7), EohA
5 Rt 3R B A9t ek Rl
A RN Slat S 3wl SlsAlE gk
o HEE o Fo] Folutt Fashul, ol glahrl
o %ol FFL vIAE PRl Bauge] A%
Aoz adck

¢

B2 QI3 Fafjek WelE tinlsoF staL, 3d S
B 59 WA E 7o 2 Qg wshE Fefsof etk
Fuke] A o AYEE, 2, A S
AP 52019 A= 2T 75 e vIAE
agQlow A Stk Lee(2015)0] wham fuk= <
i 227 viesl B9 A vidie] dadt 24
T3P AEAel A716) il vieds 3498
AL o) v|dizE ARbE e, 2E o] 27 G5t
WSS Akl SRtk S AR S dEshA|
gom o] Aso] JA|Ee] 2T 5o I vl
2 o otk webs 71 deQla 45 1k wAlREeE
ofzt 750l FFE vRle 90D AV B
A= FH53fjoF gk

Fute g Aol A7) wizel 7]gHeh
of FFE A ol ARk WE/do] Ak ot

Ak EL GRS 25 913 thgat At o]
2oz YJATHChoi and Baek, 2016; Lee et al.,
2012; Lee et al., 2020; Na et al., 2017; Oh and Kim,
2017; Song et al., 2017), AAFEFS] AsE =431} A
B3t ol 52 ofete AAolt Adadtol A ARG <
o AeA=E BARFTI7E 170 ooz o, A4
e} zshe] AeErt weiR]= A7) olF
s BEATE A7) dieell 7Vdaqly A 1 BAlE
AEsHA k=t A AT ERF B 7
g 81 FAlste] ARt AuE Edjz A%

Ay

=

> ox
)

> 2 o

T A F2 wAolA] A gutel 54
VA Bl 285 oldiek B} ik of
ugksly] $18 BEEAAATUCIS KREDS
202094 S O BE AEZAE A
on, g 2AFY|R O 71 2ARFORA F
of Blo]el AyAkshTh B 7|E ATolAl st
| ke T 71agle Aus Al 4
83k 97} tholmi(Moon e al, 2005), £40]
ARG AR 2R A9 Wt AXs
A ool 44| Alzwr} thh nlEsieick
B ATHE FREYUIAAY 4717 BFoR
HE Y A% o BAY ARS AgToR
W ASARSE AR 31 B9l AR,
ot YLTAE FUUATL 2L /14 1S s
1A gk B WY EAAE SRS olgslel A%
fel3 JRAGT} S /115 G U B8

| Seedling | Rooting | Wintering | Stem and leaf growing | Bulb hypertrophying |
| | Low Bitter Low Frequent | | Rainy |
Drought temperature cold  temperature rain Drought season
* Poor germination + Initial - Freezing - growth - Occurrence * Poor bulb hypertrophy * Harvest delay

* Poor growth of seedlings failure

* Planting delay

growth
failure

damage

* Disease

of wet injury - Leaf tip wither * Disease

* Onion maggot

Fig. 1. Lifetime and weather disasters of onions.
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Table 1. Summary of growth observation survey date
in 2020

Round Date
1 14 February~21 February
2 28 February ~9 March
3 13 March~23 March
4 30 March~8 April
5 9 April~20 April
6 20 April ~28 April
7 27 April~8 May
8 11 May~15 May
9 20 May~25 May
10 8 June~10 June
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Fig. 2. Box plot of growth factors variation by round (a) Plant height (b) The number of leaves (c) Stem

height (d) Stem diameter (e) Bulb weight.
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Table 2. Presenting production of detailed past agricultural meteorological data based on automated synoptic
observing system (ASOS) from the Meteorological Administration

Meteorological factor

Detailed description

Resolution(m)

Maximum After spatial interpolation of the maximum temperature observation value

temperature for each station using the IDW (Inverse Distance Weighting) method,
(MaxTemp)(°C) dynamic elevation correction and solar radiation effect are applied.

Minimum After spatial interpolation of the observed minimum temperature of each

temperature station using the IDW method, dynamic elevation correction, urban heat 30
(MinlE)emp)(OC) island effect, warming zone correction, and cold airflow correction are

applied.

Average temperature
(AvgTemp)("C)

It is the average of the maximum and minimum temperatures.

It is estimated

Precipitation(nn) Independent Slopes Model)

using PRISM

(Parameter-elevation Regression on

Daylight hours

It is estimated using the shaded undulations by time.
270

(hour)

After spatial interpolation of the observed values of daily cumulative
Insolation insolation for each station using the IDW method, it is corrected using
(MJ/m) the distribution map of the relative insolation index, which is a

topographic correction value for horizontal insolation.
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Formula

E[ET,], where
200
0.408A(R, — G) + VT E a3 U (e, —ey)

T, =

Evapotranspiration (ET)

A+ (1 +0.340,)

R, is net radiation at the crop surface, G is soil heat flux density,
T is air temperature at 2m height,

U, is wind speed at 2m height,

e, is saturation vapour pressure,

e, is actual vapour pressure,

A is slope vapour pressure curve,

~ psychrometric constant

Growing degree day (GDD)

Emax(0.¥; - 4°C) | Where Y, is average temperature

i

Optimal temperature days (OTD)

¥ I05°C = ¥™¥ =25°C) | Where Y™ is maximum temperature

E[yme — v7"]  where ¥ is maximum temperature and ¥ s

Daily cross

minimum temperature

Hot days

LA™ 230°) | Where ¥™ is maximum temperature

The number of days of precipitation (NDP)

L1 (Zf 2 5r“"‘) , Where Z is daily precipitation

Rainfall index

% ZFm, Where

zim = {z,-. Z;+ Z;_, = 50mm
0, otherwise >
Z is daily precipitation
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Table 4. Correlation and variable importance between meteorological factors and plant height of onion
Correlation . Variable Correlation . Variable
Meteorological importance (Rank) | Meteorological importance (Rank)
factor** OOB | Node factor** OOB | Node
Coef | p-value error | importance Coef | p-value error | importance
1~2% S5~6*
MaxTemp(30) | 0.661 | 0.000 | 1 1 Precipitation(10) | 0.360 | 0043 | 1 | 4
OTD(30) 0.643 | 0.000 3 2 6~7*
Daily cross(7) 0.512 | 0.003 10 11 Precipitation(7) 0.536 | 0.002 2 2
ET(15) 0.493 | 0.004 8 13 Rainfall index(30) | 0.492 | 0.004 | 22 43
Insolation(30) 0.480 | 0.005 13 10 MaxTemp(7) 0.415 | 0.018 16 16
Daylight hours(30) | 0.422 | 0.016 11 9 Daily cross(10) 0.402 | 0.023 3 9
2~3% OTD(15) -0.397 | 0.024 6 13
GDD(10) 0.887 | 0.000 11 6 NDP(7) 0.387 | 0.028 | 26 47
AvgTemp(7) 0.886 | 0.000 10 11 Daylight hours(15) | -0.350 | 0.050 14 18
ET(30) 0.863 | 0.000 19 21 7~8*
MaxTemp(7) 0.843 | 0.000 8 8 NDP(10) 0.572 | 0.001 25 46
Insolation(10) 0.832 | 0.000 1 1 Precipitation(10) | 0.533 | 0.002 7 2
Daylight hours(10) | 0.817 | 0.000 4 7 Rainfall index(30) | 0.507 | 0.003 15 14
NDP(15) 0.753 | 0.000 27 35 ET(30) -0.497 | 0.004 4 15
OTD(15) 0.745 | 0.000 | 3 5 MaxTemp(30) | -0.496 | 0.004 | 1 1
Daily cross(7) 0.663 | 0.000 | 22 22 GDD(10) 0.472 | 0.006 16 4
Precipitation(10) | -0.612 | 0.000 35 24 AvgTemp(10) 0.472 | 0.006 | 27 5
3~4* MinTemp(10) 0.469 | 0.007 | 40 21
MaxTemp(30) 0.431 | 0.014 2 4 Daily cross(30) |-0.445| 0.011 10 17
OTD(30) 0.413 | 0.019 14 6 Daylight hours(10) | -0.427 | 0.015 41 39
Precipitation(10) | -0.388 | 0.028 1 15 Insolation(10) -0.425 | 0.015 20 29
Daily cross(30) | 0.360 | 0.043 11 13 OTD(30) 0.375 | 0.035 37 41
4~5% 8~9*
MaxTemp(7) 0.572 | 0.001 30 21 Daily cross(30) |-0.553 | 0.001 5 9
NDP(10) 0.561 | 0.001 36 43 OTD(7) 0.516 | 0.002 37 42
Precipitation(10) | 0.538 | 0.002 16 23 MinTemp(7) 0.484 | 0.005 52 10
AvgTemp(10) 0.484 | 0.005 20 17 MaxTemp(30) -0.480 | 0.005 14 21
GDD(10) 0.484 | 0.005 21 19 Precipitation(10) | 0.474 | 0.006 1 8
Daylight hours(10) | -0.471 | 0.006 10 8 NDP(7) 0.420 | 0.017 24 44
ET(30) 0.439 | 0.012 4 4 ET(30) -0.416 | 0.018 4 5
Daily cross(7) 0.435 | 0.013 5 3 9~10*
5~6* Daylight hours(15) | 0.523 | 0.002 1 1
Insolation(10) -0.375 | 0.034 13 17 Rainfall index(30) |-0.409 | 0.020 14 13
ET(15) -0.371 | 0.037 5 5 OTD(30) 0.398 | 0.024 11

* (t~t+1) refers to

** The numbers in parentheses refer to the number of days used to calculate each meteorological

the period from the (t)th survey to (t+1)th survey.

factor.
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Table 5. Correlation and variable importance between meteorological factors and the number of leaves of onion

. Variable . Variable
Correlation . N Rank) Correlation . N (Rank)
Meteorological importance (Ran Meteorological ‘mportance (Ran
sk 5k * %k
factor OOB | Node factor OOB | Node
Coef | p-value . Coef | p-value .
error | 1mportance error | importance
1~2% 7~8*
Daylight hours(15) | -0.606 | 0.000 1 1 MaxTemp(30) -0.537 | 0.002 1 1
2~3% NDP(10) 0.512 | 0.003 35 44
Daily cross(7) 0.460 | 0.008 3 10 Precipitation(10) | 0.511 | 0.003 12 12
OTD(30) 0.449 | 0.010 5 13 OTD(15) 0.430 | 0.014 8 5
Daylight hours(10) | 0.443 | 0.011 6 7 Rainfall index(10) | 0.430 | 0.014 21 37
MaxTemp(7) 0.428 | 0.015 13 9 Daylight hours(10) | -0.396 | 0.025 19 36
Precipitation(10) | -0.418 | 0.017 17 11 Daily cross(30) |-0.394 | 0.026 15 15
ET(10) 0.384 | 0.030 51 30 AvgTemp(30) -0.385 | 0.030 | 27 28
3~4* GDD(30) -0.385 | 0.030 43 31
Precipitation(10) |-0.472 | 0.006 1 4 MinTemp(10) 0.378 | 0.033 37 40
MaxTemp(30) 0.354 | 0.047 3 2 AvgTemp(10) 0362 | 0.042 | 46 17
5~6* 8~9*
MaxTemp(7) -0.405 | 0.022 2 3 Daily cross(30) |-0.455| 0.009 4 12
AvgTemp(15) -0.375| 0.035 19 22 Precipitation(7) | 0.436 | 0.013 16 30
GDD(15) -0.375| 0.035 22 28 MaxTemp(30) -0.435 | 0.013 3 14
6~7* OTD(7) 0.433 | 0.013 25 38
Daylight hours(10) | 0.441 | 0.012 1 1 NDP(30) 0.425 | 0.015 22 28
ET(10) 0.432 | 0.014 6 4 ET(30) -0.380 | 0.032 19 4
NDP(10) -0.403 | 0.022 36 38 9~10*
Insolation(10) 0.379 | 0.032 5 8 OTD(30) 0.459 | 0.008 1 2
OTD(30) 0.351 | 0.049 7 5 Daylight hours(10) | 0.449 | 0.010 6 3
7~8* Insolation(10) 0.401 | 0.023 4 7
ET(30) -0.589 | 0.000 4 4 Rainfall index(30) | -0.375 | 0.035 31 18
Insolation(30) -0.546 | 0.001 23 13 Precipitation(7) | -0.371 | 0.037 13 13

* (t~t+1) refers to the period from the (t)th survey to (t+1)th survey.
** The numbers in parentheses refer to the number of days used to calculate each meteorological factor.
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Table 6. Correlation and variable importance between meteorological factors and stem height of onion

Correlation Variable Correlation Variable
Meteorological importance (Rank) Meteorological importance (Rank)
o *%
factor Coef | p-value OOB Node factor Coef p-valu | OOB Node
P error | importance e error | importance
1~2% 4~ 5%
Daylight hours(15) | -0.353 | 0.048 12 21 AvgTemp(10) 0.632 | 0.000 2 2
2~3% GDD(10) 0.632 | 0.000 1 1
MaxTemp(15) 0.676 | 0.000 4 2 Daylight hours(15) | -0.558 | 0.001 3 3
Daily cross(7) 0.646 | 0.000 10 8 NDP(15) 0.526 | 0.002 | 30 44
OTD(10) 0.628 | 0.000 15 22 MaxTemp(7) 0.521 | 0.002 | 17 23
NDP(10) -0.625 | 0.000 | 46 35 Precipitation(15) | 0.485 | 0.005 | 22 17
ET(10) 0.538 | 0.001 9 11 ET(7) 0.456 | 0.009 | 11 10
Insolation(10) 0.511 | 0.003 6 10 MinTemp(10) 0.386 | 0.029 13 14
Daylight hours(10) | 0.502 | 0.003 32 25 8~9*
Precipitation(10) | -0.493 | 0.004 | 30 12 NDP(7) -0.469 | 0.007 | 43 22
AvgTemp(10) 0.486 | 0.005 14 16 GDD(15) -0.455 | 0.009 6 16
GDD(10) 0.452 | 0.009 16 19 AvgTemp(15) -0.455 | 0.009 7 15
MinTemp(7) -0.397 | 0.025 50 30 Daylight hours(10) | -0.412 | 0.019 3 8
3~4* ET(15) -0.405 | 0.022 1 2
MaxTemp(10) 0.553 | 0.001 1 1 MaxTemp(15) -0.389 | 0.028 2 1
Daily cross(7) 0.472 | 0.006 18 6 OTD(15) 0.384 | 0.030 | 33 41
ET(30) 0.447 | 0.010 | 42 9 Insolation(10) -0.362 | 0.042 | 16 13
GDD(30) 0.385 | 0.029 | 35 8 9~10%*
NDP(7) -0.385 | 0.030 | 35 44 OTD(10) -0.366 | 0.039 | 44 43
AvgTemp(30) 0.373 | 0.035 17 15

* (t~t+1) refers to

the period from the (t)th survey to (t+1)th survey.
** The numbers in parentheses refer to the number of days used to calculate each meteorological factor.
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Table 7. Correlation and variable importance between meteorological factors and stem diameter of onion

Correlation . Variable Correlation . Variable
Meteorological importance (Rank) Meteorological importance (Rank)
Factor®* OOB |  Node Factor** OOB | Node
Coef | p-value error | importance Coef | p-value error | importance
1~2% 4~ 5%
NDP(7) 0.421 0.016 4 23 MinTemp(10) ‘ 0.358 ‘ 0.048 ‘ 19 ‘ 13
OTD(10) 0.416 | 0.018 15 18 5~6*
MaxTemp(10) 0.353 | 0.047 2 2 Insolation(10) -0.638 | 0.000 7 12
2~3% ET(10) -0.608 | 0.000 6 5
Insolation(10) 0.626 | 0.000 2 2 Precipitation(7) 0.600 | 0.000 1 2
AvgTemp(10) | 0.601 | 0.000 | 1 1 Daylight hours(10) | -0.590 | 0.000 | 10 10
GDD(10) 0.598 | 0.000 3 3 MaxTemp(10) -0.576 | 0.001 3 1
OTD(30) 0.595 | 0.000 28 37 NDP(7) 0.539 | 0.001 37 43
MaxTemp(7) 0.578 | 0.001 8 7 Daily cross(10) |-0.460 | 0.008 32 30
Daylight hours(10) | 0.560 | 0.001 33 26 MinTemp(7) 0.416 | 0.018 28 26
ET(7) 0.547 | 0.001 20 12 GDD(10) -0.398 | 0.024 | 24 23
NDP(15) 0.482 | 0.005 39 41 AvgTemp(10) -0.398 | 0.024 18 27
Daily cross(7) 0.472 | 0.006 13 23 6~7*
Precipitation(10) | -0.445| 0.011 11 22 OTD(30) 0.514 | 0.003 1 27
NDP(30) 0.356 | 0.046 38 44 ET(10) 0.470 | 0.007 2 6
3~4* Insolation(10) 0.470 | 0.007 13 8
Daylight hours(10) | 0.394 | 0.028 39 34 NDP(10) -0.446 | 0.011 15 47
Precipitation(7) | -0.378 | 0.036 4 1 Daylight hours(10) | 0.354 | 0.047 5 5
OTD(30) 0.375 | 0.037 44 21 7~8*
4~5% NDP(7) ‘ 0413 ‘ 0.019 ‘ 40 ‘ 35
Precipitation(30) | 0.668 | 0.000 1 1 8~9*
NDP(30) 0.623 | 0.000 11 10 OTD(7) 0.438 | 0.012 21 43
OTD(10) -0.488 | 0.005 5 2 Rainfall index(10) | -0.404 | 0.022 | 42 2
ET(10) -0.460 | 0.009 13 7 MinTemp(7) 0.364 | 0.041 30 19
* (t~t+1) refers to the period from the (t)th survey to (t+1)th survey.
** The numbers in parentheses refer to the number of days used to calculate each meteorological factor.
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Table 8. Correlation and variable importance between meteorological factors and bulb weight of onion

Time Meteorological Correlation Variable importance (Rank)
point* factor** Coefficient p.value OOB error Node importance
Precipitation(30) 0.498 0.000 58.332 1 1526.465 1
NDP(15) 0.473 0.000 0.020 21 190.238 27
5~6 OTD(15) -0.327 0.008 7.152 9 173.199 31
MaxTemp(10) -0.302 0.015 -1.345 40 336.687 10
Daily cross(10) -0.258 0.039 1.586 14 244172 21
ET(30) 0.473 0.000 21.395 2 920.078
MaxTemp(30) 0.421 0.001 10.427 5 382.330 7
Daily cross(30) 0.369 0.003 -3.427 51 1108.136 2
6~7 OTD(10) -0.334 0.007 3.002 18 41.083 38
GDD(30) 0.322 0.009 2.664 21 112.587 34
AvgTemp(30) 0.322 0.009 6.259 8 169.781 23
Precipitation(10) -0.248 0.048 2.949 19 301.893 10
Daylight hours(15) -0.361 0.003 18.790 13 1097.118 6
Precipitation(15) 0.353 0.004 25.550 11 993.862 11
ET(7) -0.325 0.009 50.511 3 1057.867 8
7~8 Daily cross(30) -0.301 0.016 94.333 1747.701
MaxTemp(30) -0.277 0.027 5.843 31 268.170 41
NDP(10) 0.275 0.028 3.464 37 100.463 45
MinTemp(30) 0.264 0.035 7.434 27 734.271 13
Daylight hours(7) 0.265 0.034 4716 7 979.736 16
8~9 Insolation(10) -0.264 0.035 -15.527 43 1250.171 9
ET(7) 0.261 0.037 -4.851 30 966.155 17
NDP(7) 0.639 0.000 222.194 4 3239.092 7
Precipitation(7) 0.579 0.000 249.091 2 3753.540 5
Rainfall index(30) 0.498 0.000 266.009 4788.628 1
Daylight hours(30) -0.489 0.000 53.046 15 2448.931 11
9~10 Daily cross(30) -0.478 0.000 98.065 10 2241.380 16
MaxTemp(30) -0.465 0.000 115.648 9 2783.775 9
OTD(7) 0.451 0.000 -0.463 50 12.647 45
MinTemp(30) 0.379 0.002 76.891 12 1423.384 23
ET(7) -0.268 0.033 65.374 13 1393.558 25

* (t~1t+1) refers to the period from the (t)th survey to (t+1)th survey.
** The numbers in parentheses refer to the number of days used to calculate each meteorological factor.
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