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Methods of Estimating Growing Degree Days to
Predict Growth Duration in Maize
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ABSTRACT

In an attempt to find better ways to relate growth with temperature and to estimate maturity differences in

corn (Zea mays L.), various formulas of computing Growing Degree Days (GDD) were evaluated. Utilizing

data from 17 plantings of a single cross, Suweon 19, over a 3 year period, 24 different methods of computing
GDD were compared for their ability to reduce variations over different plantings. The best equation was to
compute GDD with a base temperature of 10°C and an optimum of 30°C. The excess temperature above 30°C
was subtracted to account for high temperature stress. GDDs required for emergence and silking of Suweon
19 were 64+12°C and 794119°C, respectively. Based on these GDD values, emergence and silking dates could
be estimated with a variation less than 3 days. The observed and estimated number of days from planting to

emergence and silking were not significantly different.
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Table 1. Methods used to compute growing degree days.

Code number Method Formula
1 Daily high accumulation H;
2 Daily low accumulation L;
3 Daily average accumulation H;
4 Daily average-base of 4.2°C (H; +L; )/ 2-4.4
5 Daily average-base of 7.4°C (H; +Li )7 2-17.2
6 Daily average-base of 10°C (H; +Lj )7 2-10
7 High limited -base of 4.4°C (Hy +L; ). 2-4.4
8 High limited -base of 7.2°C (Hy+L; )72-17.2
9 High limited -base of 10°C (H{+L; ) 2-10
10 High reduced-base of 4.4°C Hi"+L; ) 2-4.4
11 High reduced-base of 7.2°C (Hy"+L; )7 2-17.2
12 High reduced-base of 10°C (H;"+L; ).”2-10
13 Low limited ~base of 4.2°C (H; +Li)./2-4.4
14 Low limited -base of 7.4°C (H; +Li072-1.2
15 Low limited ~base of 10°C (H; +L{)72-10
16 Adjusted average (HY+Li")/ 2
17 Adjusted average- base of 4.2 °C (Hy+L;")/2-4.4
18 Adjusted average—base of 7.4 °C (Hy +Li)/2-72
19 Adjusted average-base of 10°C (Hy +L;i")./2-10
20 Daily heat stress (H;"+LiD/ 2
21 Daily heat stress-base of 4.2°C (H;"+L;")/ 2-4.4
22 Daily heat stress—base of 7.4°C (Hi"+L;")/2-17.2
23 Daily heat stress-base of 10°C (H;"+L;")./2-10
24 Ontario system (H;°+Li")./ 2

H; = Maximum temperature for day i in °C

L; = Minimum temperature for day i in °C
H;"=H; if H;<30;H;" =30 if H;>30

H;"=H; if H;<30 ;Hi"=30—(Hi —30) if Hi>30

Li"—‘Li if Li>10;Li' =10 if Li<10

H;*= —0.25(H;)*+ 4.39 (H;)—155.18 (temperature in °F)

BolA AT BEARRY BRS RASAC 19
794 3H 26d%H THA 9H7ZA 154 244
o= 83, 1984 o+ 4A 14HYH 68 238
7z 148 Ho2 63, 198540 48 258
28 6 24874x 144 4oz 33 =¥
173 BERET KRE Fesdv BEEEs
EEfE 60cm, kM 30cm (55008 /10a)2 3o
o, &E 2~3K4 HY HHFEER 1454 ¢z &
obgith 10a% MEEL =%, BE, MEES #
2zt 18, 15, 15kg4 3tgich & 1984 9] FHfkoA
+ HAEBS FHHEM MILRYU 28kg KSR KA
st et Hiths EHERE EEREES gl
HIFH HkA2 & HBENA 50% oA #
Eol HMEF Et MM @2 slgled, REFA #
Be KEAA: EBRAA & 200m "oldl B
REBAm] HEMEE, BNAAL BEANA o 1
km €A HHARF BEMES LAk &

BEAEYH HIFE o hstE71A9] a8 BEE
U BREES o835 & 19 HEUWE GDDE
AArstget. GDD AAbyd zel EmEE HEHR
EENM ) Aol o) Y GDD S BE
Bl Kol A3t plEsiach

BR Y B®

A RB& 273 HEe Ay B BE &
SEE 3 108 2% BREL 2% 13 2o 4
Y Fo BERELS 3#F0 2F ulssyd ot 1979
Foll 59 712 10°C ©l8al BEsT ZeotA
PEBRBRE dadth 197940 SE5EEYT 30
C olAe] Ht B8HE 2Hyzn 2 BKES of& sl
ulske] =givh, 6€RE 84U BEFEESL 30
CTE 4+ HESP 197960 27 Gdto] A=glo
v 1984 &3 198540l &= 508 Bl Eollch B

- 188 -



(C) — Mazimum temp,

+g L ~--Minimum temp. 1979
_3 -y
+3
0
-3
+3k e, 1985 ...
0 ?gﬁmv (e D Ny
3 Precipitation
(mm)| o—o 1979
+150: x--—x 1084

+100
+50
oL
—50
—100

Fig. 1. Devations of 10day average miximum
and minimum temperature and 10-
day accumulation of precipitation from
3 year averages.
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Table 2. Planting, emergence and silking dates, scil temperature and height of Suwon 19

in 17 plantings in 3 years.

Emergence Silking Soil Plant
Date No, of days Date No. of days temperature*  height
1979  March 26  April 24 29 July 12 108 103¢C 272 (cm)

April 10  April 27 17 July 12 93 12,5 290

April 25 May 6 11 July 16 82 15.2 275

May 10 May 19 9 July 21 72 16.7 280

May 25 June 2 8 July 26 62 215 269

June 9 June 14 5 Aug. 6 58 22.0 254

June 24  June 28 4 Aug, 16 53 26.0 248
July 9 July 13 4 Aug. 30 52 25.1 243
1984 April 14  April 27 13 July 1 78 11.6 256
April 28 May 8 10 July 8 71 149 263
May 11 May 20 9 July 16 66 17.4 262
May 26 June 1 6 July 27 62 19.8 256
June 11 June 16 5 Aug. 7 57 22.2 240
June 26 July 1 5 Aug. 22 56 23.1 229
1985 April 25 May 5 10 July 8 75 14.6 253
May 25 May 31 6 July 24 61 19.1 262

June 24 June 30 5 Aug. 19 56 233 233

* Average soil temperature at 5 cm during the period from planting to emergence.
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Table 4. Accumulated and unit GDD for 17 plantings of Suweon 19 in 3 years.

Accumulated GDD Unit GDD*
Planting dates Planting Emergence Planting Planting Emergence  Planting
—emergence -silking -silking —emergence -—silking -silking
1979  March 26 83 743 826 2.9 9.4 7.6
April 10 70 726 796 4.1 9.6 8.6
April 25 55 7317 792 5.0 11.2 9.7
May 10 44 742 786 49 11.8 10.9
May 25 72 700 772 9.0 13.0 12.5
June 9 45 758 803 9.0 14.3 13.8
June 24 54 731 785 135 14.9 14.8
July 9 55 712 767 138 148 14.8
1984  April 14 73 688 761 5.6 10.6 98
April 28 63 718 781 6.3 118 11.0
May 11 81 727 808 9.0 12.8 12.2
May 26 74 756 830 12.3 135 12.6
June 11 62 737 799 12.4 14.2 14.0
June 26 63 745 808 12.6 146 144
1985  April 25 78 715 793 7.8 11.0 10.6
May 25 57 730 787 9.5 13.0 12.9
June 24 67 741 808 134 14.5 144
Mean 64+12 730+19 7919 8.9 12.6 12.0

* Unit GDD is computed as accumulated GDD,number of days.
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Table 5. Observed and estimated number of days from planting to emergence and silking

dates,

Planting to emergence

Planting to silking

Planting date

Observed  Estimated Difference  Observed Estimated  Difference
1979 March 26 29 26 3 108 106 2
April 10 17 16 1 93 93 0
April 25 11 13 -2 82 83 -1
May 10 9 12 -3 72 73 -1
May 25 8 8 0 62 64 -2
June 9 5 7 -2 58 58 0
June 24 4 5 -1 53 54 -1
July 9 4 5 -1 52 55 -3
1984 April 14 13 12 1 78 81 -3
April 28 10 11 -1 71 72 -1
May 11 9 7 2 66 66 0
May 26 6 (] 0 62 60 2
June 11 5 6 -1 57 57 0
June 26 5 6 -1 56 56 0
1985  April 25 10 - 9 1 75 76 -1
May 25 6 7 -1 61 62 -1
June 24 5 5 0 56 55 1
x? 4.32 (p>0.995) 0.561 (p>0.995)
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