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Abstract

Sweet corn is an important vegetable crop in Taiwan, with approximately 65% of
the total production falling under the category of super sweet corn. Taiwan's super sweet
corn can be classified into two major types: tian-rang-ke (yellow-kernel super sweet
corn) and chao-tian-bai (specifically referring to white-kernel super sweet corn). Chao-
tian-bai, known for its higher unit price, faces quality challenges due to its sensitivity
to harvest timing, posing difficulties in cultivation. However, there is currently a lack
of digital decision support tools specifically for maize in Taiwan. The study aims to
develop a decision support system to overcome existing challenges.

The color-changing event, resulting from the accumulation of pigments in the
aleurone layer during the transition between R3 and R4 stages, holds significant
importance for farmers in accurately determining the optimal harvesting time. However,
in the chao-tian-bai, the kernels are white and do not accumulate pigments. This lack
of pigment accumulation poses a challenge for farmers in determining the
developmental stage without the presence of color-changing events, making it difficult
to ensure the quality of the crop.

Establishing a corresponding phenological stage model is an integral part of
addressing this situation. However, Taiwan belongs to a tropical region where the linear
growing degree-day (GDD) method fails to accurately reflect crop growth during high-
temperature in summers, resulting in suboptimal predictive performance that does not
meet industry needs. To overcome this, we introduced the trapezoidal GDD method and
developed a parameter optimization algorithm, which is based on the greedy method,
using existing phenological data to select appropriate parameters. During validation
with over 300 field data points, the new method showed substantial improvement over
the linear growing degree-day (GDD) method. The R-square value increased from 0.77
to 0.92, and the standard deviation of predicted values decreased from £6.7 days to +3.2
days.

In further testing, it was found that the prediction errors for the harvest period
converged and stabilized after the whorl stage and the flowering stage, indicating the
utility of predictions during the growing season. A simulation was also conducted to
evaluate the algorithm's performance in the context of learning new varieties. It was

observed that starting from three phenological data points, the proposed algorithm
iii
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consistently outperformed the conventional linear growing degree day method
currently in use.

In addition, a contextual inquiry was conducted for a year and a half, involving
user interviews with stakeholders in the agricultural industry. The insights obtained
from this process were used to build a comprehensive framework for the decision
support system. Subsequently, we developed a minimum viable product (MVP)
prototype using the shiny package in the R language. The MVP prototype was evaluated
through user feedback and iterative testing, ensuring that it meets the requirements and
expectations of the stakeholders.

This decision support system is the first of its kind in the maize production in
Taiwan and has the potential to enhance cultivation practices, optimize harvest timing,
and ultimately improve crop quality and economic outcomes for maize farmers.
Additionally, the developed algorithm in this study holds promise in rapidly assessing
the phenological stages of unknown maize varieties, making significant contributions

to the exploration of new varieties.

Keywords—Contextual inquiry, Data-driven optimization, Decision support system, Growth degree day,

Phenology, Smart agriculture, Sweet corn.
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(2018) > » FFF4p e LB o Jp FiptRPBEBRE - ATV LB ER - g TR

we o EEFRG R EL D G- 2 B BB RR L BRE EE
o 4o iE Ao
D;
cGDD;y j = Z GDDfunctionH(GDDt|parameterj)
t=1

Scorey ;= C.V of {cGDD;y;|i=1,..,n}

#B¥ > cGDDyyj s ¢ w3 GDD functiony & %8k f parameter; T >
UE L GEFRERY E R R F R A Scorey ;R & p %i?‘;}—';-f 4=
3+ ’*CGDDLH]~3%£ 4o ik matﬁ*g;._ v -A kiAo e FEA A P PeE A

il o AR T 4.

DEEFIPEREES 24 30
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PR U EARET A S AT R B R RS 50 - BE
BARE—— # s ki & 57§ 3 8% (Greedy Search) 7 #2(Feo and Resende,
1995) » H i 7424 B 10 °

BIESRER

I
B
v
[ B AR }——4> LB

B 10§ 440 % 2 n Az -

25A
FIREHMN
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Pseudo-Code

Algorithm 1  Greedy parameters optimization for GDD function.

Input:

gdd_function = The GDD function to be optimized. ¥ &2 F s /E Szt o

parameters = An ordered Set of m parameters (such as: Toase , Topt1, Topt2, Tmax ) for
beginning, related to gdd_function. — B 4p97id * chdzgh$fc > Fd T o R
E Az E o

step = 1. Representing how far procedure goes each time. =+ =t i& {7 & & i* 3%

Field data = A given metadata of the same phenological event records, including:
duration of events, and corresponding daily temperature of the duration. .35 2_4p ¢

FirERrze Reso BL 3 HEFRER2Ae - EHERFLEpIPE -

Output:

NEW parameters = parameters after optimization.

Procedure:

cGDD collection < {sum of gdd function (Field data;, parameters) }
i=1,...,n. A set of cGDD values for all events in Field data. tA=4:i% 7T > 475
PrdrteRe R mEEZ £ & o
Min CV < Coefficient of Variance of c¢GDD collection. 3+ %
c¢GDD collection z_ % 3 T #c > i BT RP i Slcig i o
Loop
#A X ERIEE 2 ARIT Sl
candidate list <= A m x 2m list, generating from enumerating all results
from adjusting only one element in parameters by * step. % 3 7| # & =x i {
# 2 parameters ¥ — 38 S¥c + step 2. %% 0 (T L B i 2 13:E S8k
candidate list < (if needed) Adjust every elements of candidate_list if it’s
out of the boundaries. It’s a constraint of parameters. ¥ % %% > W R H B 7 42

IV o b pdet LRI Y
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candidate list < (if needed) Sort elements in each row of candidate list.
It’s a constraint of parameters. 5 7|d /] D]~ £ F > p S @2 B F ~ ) B %

P o

SN A
v —rr\::r‘!”

For (j from 1 to 2n)
cGDD collection; = { gdd function (Field data;, jth row of

candidate_list as parameters) }, i=1,...,n.

Search_CV; < Coefficient of Variance of cGDD collection;. % ! &
# % candidate list; 5 $-¥ctc » T 5 3 E N2 § oo fpR B R Gl

HIRE ~ [ AT
12 CV S M2 Sl fe i #rand iz o v F(1)
FRLEE o RIESHT 5 R

k <= kth element of Search CVs is minimum. #3 } Search CVs -] 2_ iz

Tmp CV <= Search CVi. £ Tmp CV { #75 Search CVs &) & o

If (Tmp CV <Min_CV) then
Min CV < Tmp CV. Update Min_CV to be the newest minimum C.V.

# Tmp CV #2 3 2 Min CV :B{ /| » PI{ ATd | & kg o
parameters <— kth row of candidate_list. Update parameters. #-¢ = %

3 Fren g fici gt

else break.

Return NEW parameters <— parameters W & & % B & i {5 2. % ¥
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AR EEZ P E N Hig e g Piper et al. (1996) 2 linear three-
segmented = 2 (B:xH > 22 aH-FE A Il F 2 ite )X FlH R &7 j3E B
PR MR AR o (TR AR R Y 2 FFFEES 0 BT

GDD; = temp; — Tpgse » if Toptl = temp; 2 Tpgse
GDD; = optl — Thase » if Toptz = temp; = Toptl

(temp; — Toptz)

(Tmax - Toptz)
GDD; =0, otherwise.

HY stemp; a2 % i P2 TR a %2 2BEFRIELEZLT L -

GDD; = (Toptl = Thase) X if Tnax = temp; = Toptz

T3 TN

Tbase _—_ —»E—gﬁiﬂ- ’ "/.w_}if“g—}”i\ly‘ l;éﬁ'*a'ﬁ‘ 4 E o "%%ﬂr}%élﬂ-léb r\i%
2 AHBEARR o

Topti 4 £ 2_ i B & (optimal temperature) » * k£ fed5 it 4 £ £ g3k
Top2 A kel B R R
Tmax 2EZEBIERCERNAMLETFIBIEEE A BLLE o
DAl e BREFET - R AL ER G
Tbase < Toptl < Toptz < Tmax
BUMEEZRE RS DS ERERD ed R FS AR
gk

RRREIE SR S iR et

[
k)

,;ﬁg_r/é—_ Q#/ﬂ-% 3&(@ Toptl [T Topt2 = #E;E-Bi:,—,b = ﬁ-’—]/)

B 7
B B2 RTAAIRLBEBE DL LB T RT T

B R EL Fo AR G TR A 0 RS Rl R b e
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Toptt | 19°C < Topeg < 30°C | B M iRF 2 19°C A F] L B0 im0 7 &
G £ 2R
BRI 30°C PG BRTLEFES LG e fon
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Topt2

24°C < Toppp < 36°C

BMK 224°C S G § b AT Bl
BR A E TR E o (Zhou and Wang,
2018)

BB K2 36°C 0PI w pkdg R 3OK 2 B
R G33°CR A AT o

Tmax

37°C < Ty < 40°C

B MK 5 37°Co @ H & Topn 536°CH > % ¢ 2
4 B RERETEE o

Bo% 5 40°C Zepdp izl 2 R B EA
(Stone et al., 1999) -

x ﬁ T 2. F L Thase < Toper < Toprz < Trax
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CVs Change Before / After Optimization
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Error Convergence during Growth
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