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Estimating the Yield of Marketable Potato of Mulch Culture using Climatic Elements

An-Soo Lee"’, Seong-dJin Choi', Shin-Jae Jeon', Jin-Hee Maeng', Jong-Hwan Kim', and In-Jong Kim'

ABSTRACT The object of this study was to evaluate the effects of climatic elements on potato yield and create a model for
estimating the potato yield. We used 35 yield data of Sumi variety produced in mulching cultivation from 17 regions over 11 years.
According to the results, some climatic elements showed significant level of correlation coefficient with marketable yield of potato.
Totally 22 items of climatic elements appeared to be significant. Especially precipitation for 20 days after planting (Prec 1 & 2),
relative humidity during 11~20 days after planting (RH_2), precipitation for 20 days before harvest (Prec_9 & 10), sunshine hours
during 50~41 days before harvest (SH_6) and 20 days before harvest (SH_9 & 10), and days of rain during 10 days before harvest
(DR _10) were highly significant in quadratic regression analysis. 22 items of predicted yield (Y=aX;+bXi+c) were induced from the
22 items of climatic elements (step 1). The correlations between the predicted yields and marketable yield were stepwised using SPSS,
statistical program, and we selected a model (step 2), in which 4 items of independent variables (Y;) were used. Subsequently the Y;
were replaced with the equation in step 1, aX;+bXitc. Finally we derived the model to predict the marketable yield of potato as below.

Y =-336xDR_10° + 854xDR_10 - 0.422xPrec_9° + 43.3xPrec_9
- 0.0414xRH_2* + 46.2xRH_2 - 0.0102xPrec_2* - 7.00xPrec_2 - 10039

Keywords : Climatic elements, Marketable yield, Modeling correlation coefficient, Mulching, Potato, Quadratic regression
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Table 1. Number of analyzed years, regions and yield data, and ranges of plant and harvest date and the yield characteristics.

Years Regions No. of Data  Date of planting  Date of harvest Rate of marketable yield Marketable yield
7 9 35 2.23~3.29 5.24~7.4 48.6~96.0 1069~5059
Table 2. Ranges of the sum of climatic element for every 10 days after planting.
D.A.P. T ave (°C) T min (°C) T max (°C) Prec. (mm) W.V. (m/sec) R.H. (%) S.H. (hrs) D.R. (days)
0~10 38.5~121.3 -12.9~78.3 86.3~170.4 0~78.1 13.4~48.5 400~749 41~93 0~4
11~20 44.9~141.8 -11.4~88.2 86.2~209.3 0~201.0 13.1~42.0 401~729 27~89 0~6
21~30 62.9~162.4 20.8~112.2 108.7~245.7 0~92.2 14.6~45.0 465~748 22~89 0~4
31~40 92.3~194.7 38.4~131.1 135.6~264.3 0~98.0 15.2~49.6 403~793 32~94 0~4
41~50 101.5~203.3 49.5~156.6 152.4~256.8 0~119.0 14.4~44.5 398~764 37~108 0~4
Abbreviations : DAP for days after planting, Tave for average air temperature, Tmin for minimum air temperature, Tmax for

maximum air temperature, Prec. for precipatation, WV : wind velosity, RH

days of rain over 5 mm

: relative humidity, SH : sunshine hours, DR for

Table 3. Ranges of the sum of climatic elements for every 10 days before harvest.

D.B.H. Tave (°C) Tmin (°C) Tmax (°C) Prec. (mm) W.V. (m/sec) R.H. (%) S.H. (hrs) D.R. (days)
50~41 122.9~203.6 64.1~156.6 166.9~282.1 0~157.0 13.9~46.4 398~782 35~106 0~3
40~31 126.9~214.0 78.7~162.7 177.2~280.1 0~155.9 11.3~42.4 463~802 34~103 0~5
30~21 148.7~225.4 84.5~178.7 193.8~291.3 0~161.8 13.1~33.6 524~862 37~107 0~3
20~11 159.2~230.4 108.5~192.2 200.3~285.3 0~108.0 10.2~35.8 545~846 26~96 0~4
10~0 173.8~246.8 124.5~203.1 219.0~302.2 0~146.2 12.5~36.7 552~889 22~93 0~4

Abbreviations : D.B.H. for days before harvest
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Table 4. Correlation coefficients between yield characteristics of potato and climatic elements for 50 days after planting.

Yields D.A.P. Tave (°C) Tmin (°C) Tmax (°C) Tm-m (°C) Prec. (mm) W.V. (m/sec) R.H. (%) S.H. (hrs) D.R. (days)
0~10 0.043 0.040 0.068 0.053 0.097 0.015 0.064 0.004 0.060
11~20 0.024 0.010 0.030 0.022 0.096 0.020 0.161* 0.012 0.110*

ii:i: 21~30 0.022 0.045 0.006 0.023 0.006 0.022 0.033 0.028 0.039
31~40 0.036 0.026 0.008 0.115% 0.111* 0.004 0.096 0.145% 0.019
41~50  0.140% 0.107 0.114 * 0.014 0.019 0.021 0.059 0.026 0.001
0~10 0.035 0.007 0.006 0.082 0.199%* 0.051 0.001 0.025 0.104
11~20  0.145% 0.085 0.156* 0.069 0.128* 0.068 0.184** 0.026 0.105

Y mar. 21~30 0.103 0.067 0.062 0.038 0.008 0.173* 0.036 0.099 0.006
31~40 0.048 0.035 0.037 0.071 0.075 0.026 0.152%* 0.060 0.061
41~50 0.108 0.114%* 0.080 0.034 0.058 0.024 0.017 0.077 0.001

Table 5. Correlation coefficients between yield characteristics of potato and climatic elements for 50 days before harvest.

Yields D.B.H. Tave (°C) Tmin (°C) Tmax (°C) Tm-m (°C) Prec. (mm) W.V. (m/sec) R.H. (%) S.H. (hrs) D.R. (days)
50~41 0.070 0.102 0.035 0.004 0.016 0.018 0.069 0.243** 0.017
40~31 0.005 0.020 0.056 0.021 0.031 0.000 0.064 0.073 0.045

rig;i: 30~21 0.007 0.005 0.008 0.095 0.007 0.115* 0.167* 0.015 0.005
20~11 0.001 0.013 0.037 0.035 0.042 0.006 0.072 0.145* 0.065
10~0 0.025 0.115* 0.045 0.060 0.096 0.032 0.166* 0.112* 0.313**
50~41 0.184* 0.149* 0.141* 0.031 0.047 0.121* 0.104 0.198** 0.096
40~31 0.005 0.006 0.032 0.027 0.045 0.069 0.080 0.035 0.039

Y mar. 30~21 0.071 0.035 0.060 0.056 0.073 0.049 0.160* 0.016 0.055
20~11 0.036 0.068 0.007 0.111* 0.193** 0.062 0.066 0.199%* 0.088
10~0 0.004 0.127* 0.001 0.100 0.128* 0.051 0.114* 0.142* 0.296%**
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Fig. 1. Correlations between rates of marketable yield and
sunshine hours during DBH 50~41.
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Fig. 2. Correlations between rates of marketable yield and
days of rain during DBH 20~11.
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Fig. 3. Correlations between rates of marketable yield and
sunshine hours during DBH 10~1.
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Fig. 4. Correlations between rates of marketable yield and
days of rain during DBH 10~1.
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Fig. 6. Correlations between marketable yields and relative
humidity during DAP 11~20.
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Fig. 7. Correlations between marketable yields and sunshine
hours during DBH 50~41.
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Table 6. Models and its r2 for predicting marketable yield using each climatic element.

No. Climatic elements Steps for analysis Models r

1 Tave 2 DAP 11~20 Y, = 0.3812%Tave 2° - 84.971*Tave 2 + 7478.3 0.1445*
2 Tave 6 DBH 50~41 Y, = -0.239*Tave 6° + 98.94*Tave 6 - 6636.1 0.1835%
3 Tmin_5 DAP 41~50 Y; = 0.4573*Tmin_5° - 90.041*Tmin 5 + 7243.7 0.1139*
4 Tmin_6 DBH 50~41 Y, = 0.0982*Tmin_6> - 2.7129*Tmin_6 + 2032.1 0.1488*
5 Tmin_10 DBH 10~ 1 Ys = -0.896*Tmin_10°> + 306.37*Tmin_10 - 22809 0.1266*
6 Tmax 2 DAP 11~20 Ys = 0.1732*Tmax_2° - 62.84*Tmax 2 + 8388 0.1555*
7 Tmax 6 DBH 50~41 Y; = -0.236*Tmax_6" + 116.46*Tmax_6 - 10976 0.1405*
8 Tm-m 9 DBH 20~11 Ys = -0.9896*Tm-m 9° + 160.43*Tm-m 9 - 3117.4 0.1106*
9 Prec 1 DAP 1~10 Yo = -0.5004*Prec_1° + 55.348*Prec_1 + 2324.7 0.1994**
10 Prec 2 DAP 11~20 Yio = -0.0116*Prec_2* - 7.9329*Prec_2 + 3297.7 0.1276%*
11 Prec 9 DBH 20~11 Y1, = -0.4421*Prec 9 + 45.317*Prec_9 + 2496.8 0.1933%*
12 Prec_10 DBH 10~ 1 Y12 = -0.2001*Prec_10> + 22.007*Prec_10 + 2823.2 0.1283*
13 WV 3 DAP 21~30 Yi3 = -6.7275*WV 3% + 383.67*WV 3 - 2023.5 0.1728*
14 WV_6 DBH 50~41 Y4 = -5.1203*WV_6° + 276.35*WV_6 - 337.37 0.1212%*
15 RH 2 DAP 11~20 Yis = -0.0511*RH_2° + 57.001*RH_2 - 12406 0.1836%*
16 RH 4 DAP 31~40 Yis = -0.0155*RH 4> + 14.008*RH 4 + 342.61 0.1520%*
17 RH 8 DBH 30-~21 Y7 = -0.0479*RH 8> + 61.794*RH 8 - 16571 0.1597*
18 RH_10 DBH 10~ 1 Yis = -0.044*RH_10" + 59.732*RH_10 - 16980 0.1141*
19 SH 6 DBH 50~41 Yo = -1.1705*SH_6" + 185.81*SH_6 - 3950 0.1982%*
20 SH 9 DBH 20~11 Y2 = -0.8866*SH_9” + 94.326*SH 9 + 914.37 0.1989%*
21 SH_10 DBH 10~ 1 Yo = -0.9715*SH_10> + 115.73*SH_10 - 14.725 0.1417*
22 DR _10 DBH 10~ 1 Y2, = -400.52*DR_10> + 1019.2*DR_10 + 2817.4 0.2955%*
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Table 7. Analysis of variance.
Model Sum of square Degree of freedom Mean square F P value
Linear regression 11703350 1 11703350 13.841 .001°
1 Residual 27903775 33 845568.932
Sum 39607125 34
Linear regression 20000110 2 10000055 16.321 .000°
2 Residual 19607014 32 612719.201
Sum 39607125 34
Linear regression 23661412 3 7887137.3 15.333 .000°
3 Residual 15945713 31 514377.825
Sum 39607125 34
Linear regression 27461496 4 6865374.0 16.958 .000°
4 Residual 12145629 30 404854.289
Sum 39607125 34
Table 8. Unified models for predicting marketable yield of potato.
Non-standardized coefficient Standardized coefficient
Model t P value
B Standard error Beta
| (Constant) -.298 839.145 .000 1.000
Yo 1.000 269 544 3.720 .001
(Constant) -3279.673 1142.131 -2.872 .007
2 Y» 1.028 229 .559 4.488 .000
Y 1.041 283 458 3.680 .001
(Constant) -5019.031 1232.937 -4.071 .000
3 Y2 936 213 .509 4.405 .000
Y 974 261 428 3.737 .001
Yis 124 271 309 2.668 .012
(Constant) -7635.282 1387.692 -5.502 .000
Y2 .838 191 455 4.380 .000
4 Yu 955 231 420 4.129 .000
Yis 811 242 347 3.346 .002
Yio .883 288 316 3.064 .005
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Fig. 11. Correlations between the real marketable yield and HL

the predicted yield.
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