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Verification and evaluation of development stage model
for greenhouse cucumber

CAO Yuan-xin, BI Yan-gang, LI Juan-gi. GAO Li-hong, QU Mei”
(College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China)

Abstract Accurate simulation of plant development is an important component in crop simulation models since many
biochemical actions change with plant development stage. Thus, it is important to find the advantages and
disadvantages of each model when applied at different conditions. This study was therefore conducted to evaluate three
approaches of thermal time, physiological development time and exponential sine equation for predicting crop
development stages. Four greenhouse cucumber ( Cucumis sativus L.) experiments were carried out in different
cropping seasons. The root mean square errors (RMSE) of greenhouse cucumber in initial flowering stage. fruiting stage
and mature stage for each approach were 0.8 — 2.4 days for exponential sine equation (Malo's equation) ,(T4) 0.8 —
6.1 and 0.8—7.0 days (T,) for physiological development time and 1.3 — 6.2 days for thermal time (GDD). These
results suggest that Malo’s equation might be suitable to predict greenhouse cucumber development stages under the
environment with a wide range of photoperiods and temperatures.
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Table 1 Morphologic standard of cucumber at different development stages

EH W

Development stage

KH AR

Development process

BB bR E
Morphologic standard

K 1

Germination

4 H 2
Seedling

AL 3
Initial flowering

g5 4
Fruiting

e 5

Harvesting

o b 2 55 — R ELot B
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55— MEAE TR ORI — MEAE AR R CR R >12 em)
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2.1 BARREBZE

FEE IR v i A 7 O B /N R . AR
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AT, = > (T,—T,)/24 (2)
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le Th > Tm
R\:(jxgjh)::K(T—JH) (1)
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Table 2 Base.,optimum and maximum temperature at different development stages of cucumber C
A FH To, — Tou
T, T.
Development stage " J=1
KW 11.5 — 25.0~30.0 35.0

Germination

HHiY 10. 0™ 15.0~18.0 25.0~30.0 40.0"
Seedling

WAL 8.0 15.0~18.0 25.0~30.0 40.0"
Initial flowering

4k 11 8.0 18.0~22.0 25.0~29.0 40.0"
Fruiting

R Wi 8.0" 18.0~22.0 25.0~29.0 40.0"
Harvesting

T "R IR AL 3« "S5 ORI 1405 e 7 BRI R T 8 22 50 s FO A AOdiE 228 Sk 23]

Note:“—" Indicates that the value does not exist; “ *

” Values are based on literature[ 14 ]; “ % * 7

Values are

according to cultivtion experiences; The other values come from literature?3],
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.5 AT 5 KA F #FE DVP (Development
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DVP, A5 Hi 85I 2 & B Be AR A= & 309 A9 2L
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JRO ﬁn[n(%%jj%%> ’ h}}
K= T,<T<T,
lo T<T,®T>T,
AR IMEBELEFTHRE R, Wit ME AT HR,
A RN VE WA B il iR T Bk B — A B BT
A AR % (/D) T A HFEWIRE,C, T, f1 T,
AEEY K EZE W T R B FRE A, °C s g R

B

(1)

RUBI S50 p AR R+ BRI £ A il 580, T il 26
BBE. XEWT . R X HAERK A F
ESINEA

3 HWBRE5ITEMN

RESHHHE

60 1 AR B A R I () A Y | TE 5% 45 R R RO 1Y
AT RCAR Il ASE R T B I A 400 B A S L AR 5T
F TR g — i B r DL b 3 A A, g — A
5 = AR TR . S RSN R E
S0 WL K WL 2 3 K6 DU rh ) AE 3 5 A — HEAE
A SRS A 1 52 R PR DAy S 1 Ak T AR R A
AR PUE SEBRAE IR Z R AT B SR AR K.

3.1

x3 BFHEENSFEFHNUNBHA

Observed data for different cucumber development stages

S ] 3 ve

Fruiting

Harvesting

Table 3
5 W)
Experiment Initial flowering
i % — Experiment 1 2012-02-27—2012-03-24
i 56 — Experiment 2 2012-04-17—2012-05-10
i{ % = Experiment 3 2012-07-26—2012-08-17
i 5 PU Experiment 4 2012-11-06—2012-12-07

2012-03-25-—2012-03-27
2012-05-11-—2012-05-12
2012-08-18—2012-08-20

2012-03-28-—2012-03-31
2012-05-13-—2012-05-16
2012-08-21-—2012-08-24

2013-01-05—2012-01-10 2013-01-11-—2012-01-26

A6 — v A 1 LI KR B RSk 2 R B4
MEFWIR LT AL SR A R AR I

RN TS HOLE 4 f 5,

R4 EREHIYERTENELEETHSHE

Table 4 Parameters of exponential sine equation in each cucumber development stages
28 WAL 45 e W1 NGB uR
Parameter Initial flowering Fruiting Harvesting Calculation
B 0.606 6 0.495 0 0. 860 9 ORIGING. 0 #i A 5 &Y bR
R, 0.918 3 0. 485 0 0.9873  BEUWRALR M
x5 ARERmEEAEGE—)
Table 5 Values of different models in each cucumber development stages (Experiment 1)

H:F #/d Development stage

A 1k — T A
~ YIAE ] 25 L1 i ] A
Method Calculation
Initial flowering Fruiting Harvesting
AP % B NE (T, PDT 14 2 3 A5 ~(T)
IR B RE (T, PDT 14 2 3 ARG ~(6),(8) ~ (9
R/ CC -« d) GDD 247 39 47 AR (1) ~(3)
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R A 12X 20 A U 00 % L IR B R ORL i BR A il 191 4 S I 1) 1 B AU (E S B OWL I R Y FE 843
RN NI iy o N i ) RS = B R s W36,
F 6 AFEEBISEREEE R E A E R ELUE 0 E R R 2= (0 E -4 S0 E )
Table 6 Simulated and observed durations of different development stages and

their prediction errors (observed-simulated) based on three diverse models

W46 Initial flowering 25 B Fruiting KW Harvesting
EiERy
Index HEHUE WE R BIE WME R BHUE TAE iR
Simulatied Observed Error Simulatied Observed Error Simulatied Observed Error
W= AMPUR 20 24 +1 3 2 —1 4 4 0
Experi- GDD
mentZ g 19 24 +5 2 2 0 3 1 +1
B IE) (T4
PDT
EHEE 20 24 +4 3 2 -1 4 4 0
B R (T
PDT
E5Z38 %k 25 24 —1 3 2 —1 5 4 —1
Malo’s
equation
RE=  ARHR 13 23 +10 2 3 +1 3 4 +1
Experi- GDD
ment 3 g 14 23 +9 2 3 +1 3 4 F1
A MRl (T
PDT
EMERH 20 23 +3 3 3 0 3 4 +1
AR (T
PDT
1F %8 % 24 23 —1 3 3 0 4 4 0
Malo’s
equation
iR 56 Py A RO 31 32 +1 11 6 —5 14 16 +2
Experi- GDD
ment gy 30 32 +2 12 6 —6 16 16 0
At E] (Ty)
PDT
AMEE 21 32 +11 5 6 +1 15 16 +1
B AL (T
PDT
1F 5% ¥ % 31 32 +1 5 6 +1 12 16 +4
Malo’s
equation

T A HAFIIRE s Ty A /NI 240 2

Note: Ty is the daily mean temperature, T}, is the mean temperature per hour.
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it Fr iR 22 RMSE (Root mean squared errors,
RMSE) 7541 A€ 1] .45 TR AR o 20 530 6. 2.3.0
1.3 do A ORI v TR 2 v AR B 3
50 R = ) A6 9 T a5 22 K 1 g T
WIAEII L 4 day, 056 =0 WL AT 7 10 d, X2
PR S i v v TGRS R0 AR 91 B B cE A 10 d LR R
TN H R EAE 19~ 27 CZ A, & Al
(15.3~22.1 CHOBI R (B 1(a) ~ (b)) . K I
A RRORA I A B A T S PR A R A Tl
EEAY RO | B B B AT AE g = b X A s R CRE N
H SRR 21~30 °C) S 800 Tl 2 40 4 0 42 i

50 50
40 40
30 30

20
10

Temperature
(33
S

B

—
(=]

B WY o 3 3 WA ARRR IR 1 7l A v I ol
S WA RUA O A AR B 9 A — o T Y [
TN RE 4 H RN 3600 S B K 7 R A {8, — ELJRLEE
HH 3T TR 000 3 R 5 5 PR A A R AR B R R
28 o AEAE BRI DU L 2R R 0 A0 A 30 AR X g
O S0: — F0I R 22 fie /N » 32 2 AT RE A4 TP 2 I B B
PG B AR AR ZL R 1 o) i 309 P s i AT T
7 SR AR DL 4R 5 S B T R Y 1R 22 AH AR e 2 4
TUIARRS HERA . A SOBUR I P AR X BT Uk B 3 A 2
M 2 B2 Ay T A ) A 1 I v 00 6 IR 45 R A0 B
Br e BrBeilt s 9 0P B R 7.6 CL i
14,4 °C AR iR {58 75 A58 28 A58 400 S5 /N T 52 B 2B K
ROERSFEINAFTES.

50

O 1 1 ]
A ) A Q 4\ @
N N\ AN
7/ / # P # £ s
F X XK IS Q

H #H Date

10

‘6 © p &
S oL SN
N N N N/ N7

H #{ Date

W HERERE: e HPWEE: & HEMREE: (@ .. 5 55— L5 = Fil s =

& The daily maximum T; @ the daily mean T;

experiment 1,2 and 3,respectively.

- the daily minimum T;(a).(b) and (c) indicates

1 SERBVEHSEERE

Fig. 1 Daily temperature (T) at initial flowering stage for each experiment
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