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Design and Experiment of Greenhouse Melon Irrigation System
Based on Enviromental VPD Decision
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(1. College of Horticulture, Northwest A&F University, Yangling, Shaanxi 712100, China
2. Key Laboratory of Protected Horticultural Engineering in Northwest,
Ministry of Agriculture and Rural Affairs, Yangling, Shaanxi 712100, China)

Abstract: In order to realize the precise automatic irrigation of melon cultivation in facilities, an
irrigation decision-making system based on the growing demand of melon was designed. Taking into
account the three categories of melon yield, quality, and water and nitrogen use efficiency, a
comprehensive evaluation system was established involving ten indicators, and the AHP method
integrating the maximum membership degree was adopted to determine the comprehensive optimal daily
irrigation level for melon cultivation. The K-means clustering algorithm was used to analyze the daily
optimal irrigation amount and ambient temperature and humidity, and a quantitative irrigation decision
model based on the clustering results of vapor pressure deficit ( VPD) was established for melon in
different growth stages. The results showed that the comprehensive growth of melon was optimal under the
irrigation level of 120% evapotranspiration. When the number of cluster centroids was 3, the contour
coefficient was the largest of 0.72. The contours and boundaries between groups were clear, and the
irrigation amount was increased significantly with the increase in VPD, and the clustering results were the
best. For the automatic irrigation system, RS485 sensors of temperature and humidity were used to detect
the greenhouse environmental parameters in real time, and model-based irrigation control was realized by
microcontroller of STM32F103ZET6, and electronic flowmeter was used to measure and feedback the
amount of irrigation water, and then remote monitoring function was realized through cloud platform. The

system application verification test showed that the melon produced by this system was slightly better than
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that of conventional agronomic management in yield, soluble solids and soluble protein, and it had

significant advantages in water saving, with 15.9% reduction in irrigation amount for the whole growth

period, which also greatly reduced labor costs, and realized automatic precision irrigation.

Key words: melon; analytic hierarchy process; VPD; K-means clustering algorithm ; irrigation system
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Fig.1 AHP evaluation hierarchy diagram

i 3 F fe SRR BE i AHP 32556 R[] 3 J8E A
Jiti LA B2 A5 T A A2 it AR B IR AT AN, R i
RS i B X T A O AT JC i 9 AR b #E T OF fR
16 T A 45 SR AT M A 10

ATPAL R G AL TS 10 4865, 4 @ PF Al 48 bR A
[Z5]

X=[C, C, C, C, C, C, C, Cyp C, Cy,]
PEAN I 5 AN IR 25 9% N
E = [fR4F 4, P 45, 22 AR 22 |

Z M NY/T 427—2016 L4 K Scik [21 - 23], it

JRAS e AR B PEAL PR QN2 1 PR .

F1 KELETENREERNIFEGRE
Tab.1 Evaluation criteria of indicators in evaluation

system of water-nitrogen coupling treatment

EfERN Wer o hE 2 WE
C,,/(t-hm™?) 13 11 9 7 5
Ciy/ % 95 90 85 80 75
Cyy /% 12 11 10 9 8
Cyy /% 10 9 8 7 6
Cyy/(mgeg™") 0.40 0.35 0.30 0.25 0.20
Cp/(pgrg™") 1500 1300 1100 900 700
Chs/(mg- (100 g) =) 70 60 50 40 30
Cp/(pgrg™") 200 300 400 500 600
Cy/(kgem ™) 17 15 13 11 9
Cyy/ (kg kg™") 70 60 50 40 30
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Tab.2 Result of AHP method weight calculation
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[of 0.4675  0.4675
Cr=0.0280
Hizlz ¢ c, 0.3338  0.3338
Xpae =3.0291
Cy 0.1987  0.1987
" ) C 0.7500  0.3506 Cp=0
N C,
C 0.2500  0.1169 A, =2.0000
C,, 0.1567  0.0523
Cyy 0.1966  0.0656
. . Cys 0.1117  0.0373 Cr=0.3338
W C,
Coy 0.1363  0.0455 A, =6.3000
Cos 0.2728  0.091 1
Cae 0.1259  0.0420
" Gy 0.5000  0.0993 Cp=0.1987
HEN €y
Cyy 0.5000  0.0993 A, =2.0000
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Tab.3 Comprehensive evaluation results

e P R W Bm A
wE £ hE 5 RN
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Fig.2 K-means clustering analysis results of blossom and fruit setting period of melon
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Tab.4 Various parameters of melon blossom and

fruit setting period

% HE K AL e VPD/
2N 4 . 5% .
N ALY 7 ¥IfH/ N Wy 2
i EXe kPa
(mL-# ")
(0.93,302.91)  302.91 0~2.50
2 0.71 0.9936
(2.38,608.87)  608. 87 1.50 ~4. 00
(0.52,119.79) 119.79 0~0.75
3 (1.33,421.13) 421.13 0.72 0.75~2.00 0.9996
(2.61,657.87) 657. 87 2.00 ~4.00
(0.43,119.79)  119.79 0~1.00
(0.98,297.92) 297.92 0.50 ~2.00
4 0. 65 0.9954
(1.65,509.57) 509. 57 1.00 ~2.50
(2.68,654.05) 654. 05 2.00 ~4.00

T % BE 2 % ( Silhouette coefficient ) 2 3 25850 R i 1E My 7 =X, H
EATL -1, 1] 8k T 1 AR N 3 EE 43 8 2 AR AR X 2 o
N K-means 2 28 Bk % A & 4] TF 46 4k
FIRFNRE RN 3 A2 T W 0 A, B o = O B A
5 PR TE S ML B, N & T 4R 4 AR
VPD PesfE ik, 8 o VPD d5 K 4 28 i D) o 5
W .
x5 WMAFREAEEHALRE VPD X EK#EKE
Tab.5 Irrigation amount for different VPD intervals

in different growth periods of melon

EEM VPD/kPa WK/ (mLegk ")
0~1.25 142. 4
(G- 1.25 ~2.35 384.2
2.35~4.00 666. 4
0~0.75 119. 8
T AL A 4 0.75 ~2.00 421.1
2.00 ~4.00 657.8
0~1.50 127.3
i S5 41 1.50 ~2.50 396.9
2.50 ~4.00 756.3

2 EBARZIRIT

2.1 RESEREEEGEER
TEE 2 G0 h B R 4R A F R LR DR A

PF WA 0F A (B 3 4) o Hod BE SR
LA X LR S EC /LS IR B
R 5 Y 0 3 — A SRS AT 485 U R . A
Y11 Hh 485 BEIYCRT 4G WA LAY 5. PSR 4114 R
STM32 B 5 AL 55 45 i 45 A 4 . MW 4 4 14 i B 3
LCD Wi# i /n e Ml 4G s AR ik i i 5 Al .
T8 2H 07 45 A K A L % TR AR L A0k L VB K RE L
WA LR A R T o

O R AR L
I R ) o WA SR

ebrdiima | | ssmnmt i — s ||

| | '
------------------------------- HORfEE
il : SRHRE MEBEALE |
| Kb 55 S — |
i B STM32F103ZET6 i
| R e
| B £ i

3 ETIREE VPD B IR = R R S a1
Fig.3 Topology diagram of greenhouse melon irrigation

system based on environmental VPD decision

4 JETEREE VPD iR % BB &R 5 A6 B s A
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Tab.6 Specifications and performance of system hardware

EIREE AN 2 B A LS Bk Hh/70
i LIRS EC LR RS485 7 T 75 41 1 280
B R 4 4 A B8 IR 5 IR IR — e A R RS485 1% Jii AR 41 0 — 65535 1 99
485 M it Meacon Hi, % % & Ui it 11 1 1476
AL 485 tlw‘ﬂi-:ﬂe SP3485 1 5
4G Py A AT E29V 1 109
TR SR 2 A Bl STM32F103ZET6 1 120
oK EGP4500L,130W , 4% %2 3. 8 m, i f 4 800 L/h 2 58
1 Bk 2% TONGLING 5VDC 3 2
THE TR 25 K A MERA LM (PVC) 25 F1 400 L 1 355
WL B SR MERA LK (PVC) 47160 L 1 45
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T i 4 L/h U i E SR A 144 2
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Fig.5 Control flow chart of greenhouse melon irrigation system

based on environmental VPD decision
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Fig.6 Actual operation diagram of system
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Tab.7 Melon indicator comparison

AR

it TR AR

] - : , T ; ; PR A E
b 2 ‘ = Fr i/ Al Tk I B AR CFw/ CIR S i d S i 1vd o
AR g > o l 1 W AKR/L
(t*hm ") &/ % (mg-(100g) ~") (mg-g™ ")
iR I 261.16 9.79 9.88 53.83 0.44 13.20
POzt 255. 36 9.58 9. 80 42.76 0. 39 15. 69
LTE NS NS NS s NS

= KR BE NS KR ARE,

JRAR S B B R 9. 79 v/hm® , K4 T % B 4k 2
2.2% i 3o b T TS AT 35 14 (318 7 i AT s
B AT T 6 R A T A3 ) 0. 98% 1 12.8%
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