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Modeling for Predicting Yield and a-Acid Content in Hop
( Humulus lupulus L.) from Meteorological Elements
I . A Model for Predicting Fresh Cone Yield

Kyeong Yeol Park*

ABSTRACT

The hop yield prediction model developed based on meteorological elements in Hoeongseong was SA('=6, 042.
846-17.665X,-0.919X,-96.538X,—138.105X, +86.910Xs +X,, with MSE, of 25.258, R,* of 0.9991, Ra,? of

0.9962 and C, of 7.00.

The minimum air temperature at early growing stage(X,), the total precipitation at cone ripening stage

(X3), the maximum air temperature at flower bud differentiation stage(X;) and the maximum air temperature

at flowering stage(X,) influenced on hop yield as decrement weather elements. The average air temperature

at early growing stage(Xs) and the total sunshine hours at cone development stage(X,) influenced on hop yield

as increment weather elements.
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Table 1. Growth and developmental stage of hop.

Period Growth and developmental stage
April 21 through .
May 20 Early Growing
May 21 through Flower bud differentiation
June 20
June 11 through Flowering
July 10
July 1 through Cone development
July 31
July 21 through Cone ripening
August 20
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Table 2. All possible regression analysis for prediction hop yield from meteorological elements.
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R SQUARE ADJ.R SQUARE MSE Cp VALUE PSS EQUATION*
0.3615 0.2703 4, 851.024 1,339.438 54, 856.062 Y=F(1)
0.2903 0.1889 5,391.670 1, 489.276 55, 360.522 Y=F(2)
0.0086 —0.1330 7,531.614 2,082.351 93, 554.663 Y=F(3)
0.6150 -0.1257 7,483.027 2, 068.885 75, 347.404 Y=F(4)
0.1610 0.0411 6,374.121 1,761.557 64, 915.570 Y=F(8)
0.0219 —0.1178 7,431.043 2,054.478 62, 996.228 Y=F’§)
0.6770 0.5693 2,863.153 677.151 31,078.133 Y=F(1,2)
0.3623 0.1497 5, 652.204 1, 339,698 75, 860.433 Y=F(1,3)
0.3661 0.1548 5,618.338 1,331.653 67, 295.524 Y=-F(1,4)
0.3616 0.1488 5, 658,448 1, 341.102 102, 620.958 Y=-F(1,%)
0.3616 0.1488 5,658,182 1,341.119 99, 817.432 Y==F(1,6)
0.4545 0.2726 4,835,321 1, 145.645 65, 629.820 Y==F(2,3)
(.3592 0.1455 5, 680.094 1, 346.324 61,018.834 Y=F(2,4
(.3628 0.1504 5,648.134 1,338.732 54,054 .843 Y=F{(2,5
0.3399 0.1199 5, 850.557 1, 386.818 71,977.071 Y=F(2,6)
0.0242 —0.3011 8, 648.945 2,051.583 105, 866.617 Y=F(3,4)
0.2285 -0.0286 6, 838.083 1,621.408 §2,861.876 Y=F(3,5
0.0353 —{.2863 8, 550.668 2,028.237 104, 422.599 Y==F(3,6)
0.2568 —0.0091 6, 586.952 1, 561.751 68, 838.527 Y=F(4,5)
0.0219 —0.3041 8, 668.979 2, 056.343 90, 165.514 Y—=F(4,6)
0.1960 —.0720 7,126.023 1, 689.809 72, 268.649 Y==F(5,6)
0.7951 ¢.6721 2,179,881 430.531 25,324.104 Y=F(1,2,3)
0.7213 (0.5541 2,964 .248 585.805 30,748.217 Y=F(1,2,4)
0.7408 0.5852 2, 757.342 544 .846 26, 558.528 Y=F(1,2,5)
0.6844 0.4950 3, 356.945 663.544 37, 006.569 Y=F(1,2.6)
0.3671 —0.0127 6, 731.804 1, 331.634 95, 166.341 Y=F(1,3,4)
0.3624 —0.0202 6, 781.944 1, 341 .560 134, 401.009 Y=F(1,3,5)
0.3626 —.0198 6,779.333 1, 341.043 178, 664.103 Y=F(1,3,6)
0.3679 —0.0114 6, 723.474 1, 329.985 132,799 .531 Y=F(1,4,5)
0.3745 —0.0007 6,652.532 1, 315.941 129, 178.899 Y=F(1,4,6)
0.3617 -0.0213 6, 789.270 1, 343.010 181, 263.305 Y=F(1,56)
0.5663 0.3060 4,613.340 912.261 650, 705.786 Y=F(2,34)
0.6165 0.3864 4,078.663 806.416 56, 618.436 Y=F(2,3,5)
0.5644 0.3031 4,632.733 916.110 63, 671.782 Y=F(2,3,6)
0.5111 0.2177 5,200.173 1,028.431 53, 970.688 Y=F(2.4,5)
0.3592 —0.0253 6, 815.901 1,348.282 237, 493.921 Y=F(2,4,6)
0.4204 0.0727 6,164.406 1,219.311 65,128.529 Y=F(2,5,6)
0.3648 —0.0163 6, 755.962 1, 336.416 99, 376.313 Y=F(3,4,5)
0.0363 ~0.5419 10, 249.894 2,028.078 152, 894.626 Y=F(3,4,6)
0.2875 -0.1401 7,578.712 1,499 .289 306, 765.655 Y=F(3,5,6)
0.2994 -0.1210 7,452.165 1,474.237 89, 503.006 Y=F(4,5,5)
(.8709 0.7419 1,716.026 272.765 29, 633.140 Y=F(1,2.3,4)
0.8026 0.6052 2,624.644 416.661 36, 496.368 Y=F(1,2.3,5)
0.8303 0.6607 2.,255.669 358.227 55, 069.763 Y=F(L,2,3,86)
0.7460 0.4920 3.376.703 535.764 36, 296.380 Y=F(1,2,4,5)
0.7574 0.5147 3, 226.061 511.907 60, 329.997 Y=F(1,2,4,6)
0.7408 0.4815 3, 446.509 546.819 36, 624.940 Y==F(1,2,5,6)
0.3804 —0.2392 8,238.026 1, 305.646 207, 327.917 Y=F(1.3,4,5)
0.3746 —-0.2509 8, 315.408 1, 317.901 425, 151.423 Y=F(1,3,4,6)
0.3631 -0.2737 8, 467.314 1,341.958 412, 618.467 Y=F(1,3,5,6)
0.3850 —0.2301 8,177.156 1, 296.006 253, 553.221 Y=F(1,4,5,6)
0.9339 0.8679 878.175 140.075 19, 556.478 Y=F(2,3,4,5)
0.5741 0.1481 5,662.795 897.810 172,341.311 Y=F(2,3,4,6)
0.7712 0.5424 3,041.688 482.708 138, 696.572 Y=F(2,356)
0.5677 0.1353 5, 747.970 911.299 198, 232.530 Y=F(2.4,5,6)
0.4025 —0.1950 7,943.799 1,259.049 346, 318.646 Y=F(3,4,56)
0.9343 0.8248 1,164.990 141,373 31, 186.003 Y=F(1,2,3,4,5)
0.8804 0.6810 2,120.582 254.875 83,121.077 Y=F(1,2,3,4,6)
0.8310 0.5493 2,996.270 358, 887 114, 994, 927 Y=F(1,2,3,56)
0.7629 0.3677 4,203.250 502.247 107, 630.217 Y=F(1,2,4,56;
0.4066 —(.5823 10, 518.480 1,252.349 539, 63.770 Y=F(1,3,4,5,6)
0.9880 0.9679 213,193 28,322 8, 446.318 Y~=F(2,3,4,5.6)
0.9991 (.9962 25, 258 7, 000 2,192.609 Y=F(1,2,3,4,5,6)
* 1: Mean minimum air temperature at early growing stage.

2 : Total precipitation at cone ripening stage.

3 Mean maximum air temperature at flower bud differentiation stage.

4 . Mean maximum air temperature at flowering stage.

5: Mean average air temperature at early growing stage.

6 . Total sunshine hours at cone development stage.
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Fig. 1. Changes in MSEp, Rp? Rap? and Cp by
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EgF el MR (ERARES #Hel, RERR
& )7 2Ae) WEEd =4 BEL 4 HE
7t Sled B8-S 34 T+ HEME (influential
observation) & i shevl #AS £ WEs 77t

27 glonk® 4 PgEel A= Cook® o]  HixEat
D) = (b—b(3))’" x X (b—(by) - hi
Y= K+ D& k+D—hip)

or? & METEE FIMG oH, #ig e DQ)
ZF(k+1, n—k—1; 005 ¢]=2 F(7,2; 0.05)
= 4742 F FHRAAE 198642 &) Cooks
Dist gk 5.8736 o2 [HEF 54T A5 R &S A
Z flEEe fHE=9g-)

3. NEN FREXR BF
bgpe) WM EHE RE] & KRBERS 29
HBEMES AR sl Estd va, W &

B9 HERRL 2255 AY BZRE U [
e PHRE L =255 EY #HRE vehdgl

oh EFSCHIS BESS] HSRflE 22T A

o] HRE Tovl AL = AFHY  HRE
15~ 16°C WA 2L29 2 TEEMURERCl = RET

yrotol MEYHBE RSt WFHE @A shod

Table 3. The practical model estimated from ALLREG for predicting hop yield.

R - 5 - -~
Variable® egression Standard 95% confidence limits T value
coefficient error Lower Upper
Intercept 6, 042.846 228.535 5, 059.459 7,026.233 26.442**

X, -17.665 3.658 -33.406 -1.925 -4.829*
X, -0.919 0.026 -1.031 —0.807 -35.318**
X; —-96.538 4.329 -115.167 =77.909 —22.299**
X, -138.105 7.341 -169.695 -106.515 -18.812**
Xs 86.910 5.498 63.252 110.568 15.807**
Xs 1.000 0.086 0.631 1.368 11.678**
* X, ! Mean minimum air temperature at early growing stage.
X, : Total precipitation at cone ripening stage.
X5 : Mean maximum air temperature at flower bud differentiation stage.
X, : Mean maximum air temperature at flowering stage.
X5 . Mean average air temperature at early growing stage.
X, . Total sunshine hours at cone development stage.
Table 4. Residual analysis of the actual and predicted hop yield in Hoeongseong, Korea.
Fresh cone yield(kg/10a) Studentized Standar— Cooks
Year dized
Actual Predict Residual residual residual D)
1978 637.4500 636.2869 1.1631 0.2314 0.9581 2.1163
1979 709.6000 706.6128 2.9872 0.5944 1.3895 1.2315
1980 715.8600 718.0269 ~2.1669 ~-0.4312 -0.7511 0.1639
1981 804.1700 803.1926 0.9774 0.1945 0.4269 0.0994
1982 772.7700 776.5372 -3.7672 —0.7496 -1.2499 0.3973
1983 748.1100 750.0394 -1.9294 —-0.3839 -0.9918 0.7972
1984 877.5900 873.9396 3.6504 0.7264 1.0397 0.1620
1985 893.9700 895.6376 -1.6676 -0.3318 -0.7403 0.3113
1986 792.0300 791.2771 0.7529 0.1498 0.9859 5.8736
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