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Precision irrigation method for tea plantation based on CART algorithm
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Abstract Aiming at the problem that it is difficult to determine the irrigation timing and amount in the tea plantation
irrigation system, Houkui tea plantation in Taiping area of Huangshan is taken as the research object. The CART
algorithm is used to analyze the correlation between environmental factors and irrigation and compared with logistic
regression and support vector machines prediction models. The Penman-Monteith formula was used to calculate the
irrigation amount accurately and the irrigation method obtained in this study is then verified by field experiments. The
results showe that: 1) The correlation between soil moisture and irrigation is the largest at 20 cm, 40 cm and 60 cm
underground, they are 40.66% . 12.74% and 12. 25% , respectively. Therefore, soil moisture is the most critical
environment factor in judging irrigation timing; 2) Using the CART algorithm of Taiping Houkui, The accuracy,

precision, recall and F1 value by using the CART algorithm to predict the irrigation timing areincreased by 12% — 16%
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1.3% = 1.4%,

12% — 16% and 7% — 9% than those of the Logistic Regression and the support vector machine

models, respectively; 3) The the irrigation amount calculated by Penman-Monteith formula on shows that the annual

irrigation amount of Houkui tea tree in Taiping area of Huangshan is 200 — 500 mm, and the summer shoot irrigation

amount is the largest, accounting for more than 70% of the annual irrigation amount. Field experiments verifies that the

water-saving rate of this irrigation method reaches 30% to 35% . Therefore, the irrigation strategy obtained by the

CART algorithm and the Penman-Monteith formula has certain references for the precise irrigation of tea plantations in

this area.

Keywords irrigation timing; irrigation quantity; CART algorithm; precision irrigation
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Table 1 Fourteen kinds of external environment data used in this study

EfiR

Index

K Growing period
KSR Weather condition

W 20 cm 4b 4 3838 FF

Soil moisture at 20 cm underground

T 40 cm Ab 38

Soil moisture at 40 cm underground

HeF 60 cm b -+ HE FE

Soil moisture at 60 cm underground

L %% Conductivity

SeHEERJE Light intensity

[% ™ & Precipitation

K Wind speed

SEH a5 SR Average air temperature
2SR JE Air humidity

a5 SR ¥ Maximum air temperature

i
il

e

KA SR Minimum air temperature

Y ER BT K Light duration

BEA R R
Number of samples Classification number

2114 7

2114 11

1711 113

1548 107

1577 111

1647 26

1 839 165

2114 19

1728 4

2 002 121

1 606 73

2114 136

2114 112

1932 39
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Fig. 2 Schematic diagram of field test area
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Table 2 Optimal value of main parameters of CART

samples_split B Py &SR] B A
T/ NVEEAR B, Min_samples_leaf A 75 &
FEA BT AL 1 Fe 0 B B E S 15 AR /N 1 RE A AL

irrigation timing prediction model
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Parameter Optimal value B AR e (YRR AR H A O T B A A AR
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Fig. 3 Partial branch diagram of CART model
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35.00 |
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. 25.00 |-

. 20.00
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15.00
12.55% 12.20%

12.74%

10.00

5.00 -
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T SRR LA K 3808 B (40) (HB R 40 em &b £ 381
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BIHEWE 2 (R AR 2 B s, el 4 B,

12.25%

7.03%
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0% 0%

0

A% Vi VI VI IX
TjiH Ttem

ToARW 0. RACRGE . MR 20 em &b IR E; IV, BT 40 em 4 HHEWRE; V. #F
60 cm Ab - HETR R VI M3 VL ORISR A VI FeR i XL PSS KR .

I . Growth period; Il , Weather condition; [ll , Soil moisture 20 cm underground; [V, Soil

moisture 40 cm underground; V , Soil moisture 60 cm underground; VI, Electroconductibility; VI,

Light intensity; V. Precipitation; [X . Average air temperature.
B4 FENMFARESERFTRZ @EHEXHE

Fig. 4 Correlation coefficient between external environment attributes of tea plantation and irrigation demand
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(Precision) . £ A1 % (Recal D 1 F1 {5 fE} CART
FOEMEBETP M AR AR (3R 3D

3 RSB R Oy TE AR T 2 1E RO 1Y BT A
SR BRI XS Y e, A PR R OR TR B
MR HBE A5 R b BB B X B FeE . 1 $R bR
ZRERE B AR ] 30 7 4 R AR SR AL i P RE

*R 3 CART ExMaEEMN ISR

Table 3 Performance evaluation index of CART algorithm

ey NN

Index Formula
e Accuracy = TP+ TN
Accuracy Y7 TP+ TN+ FP + FN
R ¢ Precision = _Te
Precision ’ TP+ FP
B mR TP

Recall = —————

Recall TP+ FN
Fl{a Pl — 2XPXR
F1 value P+R

TP 2R F0 I B /) 1F 1] s TN 27 0 1F 0 19 )5 4l s FP 3%
735 TR0 4685 15 1) TE 4] s BN 2 78 T 485 352 1) )2 1)

Note: TP, positive example of correct prediction; TN, counter

example of correct prediction; FP, positive example of

prediction error; FN, counter example of prediction error.
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Table 4 Evaluation and comparison of irrigation prediction

performance of four prediction models

T i) A AU R R GRS [l 2 F1 1
Prediction model Accuracy Precision Recall F1 value
#HEMIH LR 0. 854 0.977 0. 862 0.916
SR AL SVM 0.816 0.976 0.823 0.893
CART J3E# CART 0.974 0. 990 0. 980 0. 985
FEHLAR A RF 0.974 0. 990 0. 980 0.985
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s LA e 7 AR BN L LA B n] USSR Ol 4], P
FEoRTE I B [T VA AR ep 00 Sk N R LS
AT R 1 258000 88 Z& , TN A Ay N i Bk HL LS {E
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0.7 C, F¥EmEERN 18. 7 C, FHBIERH
80 U6 » 1 6 e 7% 1% Ml IX B T Ak 1) A R PR B 3 L L R
A BT B AR T LA B B A A AT AR
Ko H Tz XA F X, 22K K HF 35 XU T
F|T 463 km/d, F Iz X 28 & w0k, % X
Yy H B E Sy 4. 8 h PR SHE Ry 13,9 MJ/m*/d,
AR EZ X ET, #£ 2. 52~6. 00 Mm/d,
S ET, M 4.22 Mm/d,

DEW LR K ETe M5,

YTz M X 28 e SRy 22 AF AR A R ) B A
FAOBEA E R A 21 41)-56 HE7E %2 th 2 i) B K
HN 1.0 HIL/EY LR K & ETe 578 15 26 & &
ET, &8 —%.
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Fig. 5 Confusion matrix of four kinds of tea plantation irrigation prediction models
x5 BREFEMEEERREMVER
Table 5 Prediction results of irrigation times required for Houkui tea plantation
ffii 2014 4 2015 4F 2016 4F 2017 4F 2018 4F
4B kI 3 2 4 6 4
Overwintering germination period
H A 3 1 2 1 2
Spring shoot stage
1 WAR IR 2 1 1 2 2
First rest period
4 1 0 0 0 1
Summer shoot stage
552 AR IR 1 0 1 0 1
Second resting period
kA 91 2 2 4 3 3
Autumn shoot stage
PR S5 2 1 2 1 1

Dormancy period
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3)AT B W EFfP B35

J R R BRI R A T AR I e X R
GALIRES A S TN 3 A 9% [ Rl AR R
AR . A EE R A KSR % M X
2019 4 B FE W &8 2 094 mm, B G R R R
1229 mm, H A3 8 FE W & 7€ 16. 73~167. 94 mm, {7
R AT e PR R Y 58.69%, b L 5 H L6 A

THS AW RZ . W R 226 mm LI L,
10 A.11 A .12 AR R /D, BEW R 7 46 mm
PAF . X3 WIAE W 76 KA 220 T 5 1 B K i R
Olo AT 5T 3 i AR M X 2014—2018
R ETo 5 2019 45 ] 28 81, 3k 3% B 3% b X 50 St
B R Rase AR ARy W R AE 25 5, B
T BN AN R4y 1) A 355 B W At 2R AT 40 AT (R 6)

R 6 2014—2018 FEFHET, SHEHEME
Table 6 Average ET(, and effective precipitation range from 2014 to 2018

Ay V¥ ETo/(mm/d) A R K T H /mm
Particular year Average ETo Effective precipitation
2014 4,17 32.6~184.6
2015 4. 26 53.9~185.1
2016 4.32 54.4~185.4
2017 4. 11 40.8~177.4
2018 4,24 41.8~162.2

6 PR A A Z %X ET, F 748
R EAE 5% Z .13 2014 4E, 2016 4F, 2018 4E,
2019 4 22 ] 12 Ml IX A7 76 3 KA 3R T 2 A2 4k
IR BELR G A BT L 4R A o 1 EL R

O IEYHEVE R TWR 19153

3 2oL 2 ) AR AR BEORE S A R R B DT R K

AR LA )20 G e LR i K B R 2 A
e K 37500 A D RO H U, 2k R K B
(22, 400, BB R 2005 MR OKER 1000, Hg
W24 5 BT K R 7.7 %0, 3% X B AR K
BT 1539 mm T A G 6 AR % IX R
SR A AN ] Pt S RE TR DL (3R T

R7T FRHEKXREPANTEMRPERE

Table 7 Irrigation scale at different periods of tea growth and development
A 2B K B 4 FAREmME/mm A EEBE/mm R
R 7 o B R B
* _ KA B %Kt /mm o - _ e
Tea growing ) Effective Tea plantation Irrigation
) Growing month Water demand o o )
period precipitation irrigation times

& 3HEf-—5H LA 345 265~345 0~80 1~4
Spring Early March to early May

A 6 HERa—7HTA 577 217~377 0~1

200~360

Summer Early June to late July

ERHE 8 Hfy—10 A A) 345 245~345 0~100 2~5
Autumn Mid August to early October

A 1 R 12 kA2 A LA 150 130~150 0~20 2~7
Winter Early December to early February

H AR 3] 119 79~119 0~40 1~3

Other time
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hOE R R R

2022 4F 55 27 %

F 7 h R AW AE B AL & ) R RO B T g
1T 22 U (W VE I , 3 7T RE 2 iy 9% I 300 8 B o A A1 L 75
B2 YU R 7 1k 5 A B KL A T S A TR I e
IK AN T S B AN T B2 AT AV TR, A% A e
FEWE I AE 0~100 mm., 5§ AR RN 4 B, (78 &
ZE M i vy HAEWITE 12 0 I 7 K = K, TR i
FT 8 RATE MR 25 HE I 5 7F 200~360 mm,

3.3 HERKKBER

2021 4F 2 H—2021 4 5 A IEZBA E LTS
AR bl AT e rPORS M I IXCOR MR
A i K 7 ATV L L A Rl 38 SRy RO A e L
WEZK U5 3595k [ K PR, A B DX P 2 5% AR AH ] L 973
B3 X 2073 5 X, 4530 56 X 50 45 3 (% 8) K A #
LA i XS LA e 5

®8 ARAFETHEXREBRERFZHTE

Table 8 Irrigation amount and tea yield in the experimental area of different slopes
B 9° Slope 9° i 20° Slope 20° BB 45° Slope 45°
A K2R/ K2/ KR/
o . K \ i RERIEE _— sy TRES
e \ u/mm g i/ E A W/ WA W/ fif 2% 7
W T Effect % % %
L ective mm H/k mm o /k mm 2 /k
Irrigation method L. Water g Water g Water g
precipr- - Irrigation ) Fresh  Irrigation ) Fresh  Irrigation ) Fresh
. saving saving saving
tation amount tea yield amount tea yield amount tea yield
rate rate rate
AN HEATHE B 173.0 0.0 38.1 0.0 38.6 0.0 40.5
No irrigation
AT 173.0  258.0 — 44. 8 266.0 — 47.3 287.0 — 48. 8
Artificial watering
T T T 173.0  176.4 31.6 44.3  183.8 30. 9 48.0  187.4 34.7 49.1

Precision irrigation

26 8 AT, B A SRR 1A T R DU 45 5 e A%
W 7 g T LS VAR ON TR AR AN S e
A5 S RS YT 1 75 K (IS N T HE I, Yok R
H30%~35% ., ARIULIIEE T CART Bk 4k b
i VR VR ik A BF 9 BE S T R M IX 2R T K R
B8 S B U e ORI 495 GG TR M JBE Y 5K

T L

AT ATE BRI HIL S E i 2 A T N B
LU ST b DX 4% el A oS o v W ST 25 B L W
A ) 1) 2% el A A TR R 4 v s e R 1Y) O B s Pk
— 7 1] R AN () U8 8 30 3 TR o R R 5 i) e
K,iX 5 Li %M Sianchez-Molina %™ | Kourosh
FED R/ R S 2 R O R
R B M EE R AR AL H R o e R R R
AR R X E I AT A RS 5 Y — T AE
U5 2 H DA A R AR E IR RO 12 kL X 5 R
FHH R G AR H AS A AR T K R B 8~ 13
IREEIR B — 2,

3 20 XoF 224 by A B B R T A AT S R AR
S 30 75 D 7T ) B A B 200~ 360 mm, X 5
HEA AU A A ANAE 7 H 0 R K i
LI F] 176. 2 mm 450 B A AN [R] L 3X AT A2 T
V0 5 8 1 3l XS S R R T 8, IR X
B % BB 2 W B 0 T A Y P A B A
T JE S ] DL B e v i — 2P e AT

AR EELEIBUT

DM CART 5k 588 nl 9 | S 45 1) 5 HLAF 55
291 HEAT 6 b T 25 AR R R B AL L AP BB AT L M
TR KGR, B R F1 E 5k 8 97.4%,
99.0%.98.0%.0.985;

FI AW T4 59 CART 4% el T 0] 72 8% A5 734
55 VR P v R e A AR T RS L A A R R D
0 7 4 VEE TR A e K, 7R RIS 9T DA B A i 0 R
HEAT 22 K/ INGIHE TR, JRE S 2 AR L IR BB KR O

2)) HH 1] 328 56 560 i 2 B0 o R Y e N T R 1 K
RO BT, AE QR IE T R SRR, Y K R R |
30%~35%,
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