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Variation Law and Prediction Model of Substrate Moisture Content
at Different Depths
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Abstract: In order to ascertain the change law of the substrate moisture content at different depths,
drying method was used to calibrate multiple EC — 5 sensors, and the four sensors were placed at four
different depths, i.e., 5 cm, 10 cm, 15 ¢m and 20 cm vertically from the dripper. The changes of the
vertical substrate water content under different dripper flow and drip irrigation conditions were measured,
and a prediction model of substrate water content at different depths was established. The test results
showed that the substrate moisture content of the first layer (5 ecm away from the dripper) was risen first
after the drip irrigation started and quickly reached a higher level. After the drip irrigation stopped, the
moisture would quickly diffuse to the deeper substrate layer, and its moisture content can be increased to
the root system easy to use level (25.3% and above), the rapid water migration time lasted for about
1 h. With the decrease of the initial substrate moisture content, under the same dripper flow and
irrigation conditions, the degree of water migration in the vertical direction was deeper. The initial water
content of the first layer of the substrate, drip irrigation time, prediction time, predicted layer height
difference, and dripper flow were used as input, and genetic algorithm optimized BP neural network
algorithm and random forest regression algorithm ( RFR) were used to establish different depths of water
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content of the substrate under drip irrigation rate prediction model. The predicted water content of the

substrate after drip irrigation in the experiment compared with the actual measured water content of the

substrate at different depths, and the error analysis was performed on the prediction results of different

prediction depths. The results showed that the prediction accuracy (R*) of the GA — BP prediction model
and the RFR prediction model were 0. 866 4 and 0. 946 5, respectively, that was, the prediction model
established by the RFR algorithm was more accurate, and the closer the prediction depth was to the first

layer, the more accurate the prediction result was.

Key words: substrate moisture content; drip irrigation; water transport; random forest; prediction model

0 3

G THE 2R 6 LT A B 2R LA v T Ok
SR T DX R R DX BT, A 2 T At 3 1
RYRI X1 30% 247, A T IRZ BN R R
WA IR R . A X S 4 BT R
R A TR A 2 LA AR S M TR TS R 1) 39 43 1 A X
S, RS Bk T (T RS2 K R 5 R
s5) R (E AR R RS WEE R S HRAE
(T 3k B WG 285 991 R 45 ) LA % A A5 0k CIRLIE L
MR E AN £ B TR L
AT or SITRIN (45 TR IF (N 810 AL

Wi YL 2 5 R A 1 R R
Jr T EEME R O R R R oK,
X HE 7 3T R R I i M RS B B B Y. LIU
241100 ol T S R 5 ) TG K 20 40 A LR HEAT T 40T
3 3 7K A7 S A BT LA R AR S AR BT, R E T AR SR
TR K 2020 A LR, IF B 0 T AR I S A 28 5K
PR RS T A AR SR P, R R i
Sk A LA K 3 HE R, K 40 A 5 JFOKCF D 1) R B
5 T B SO, LG R T T 4 A 1 T R
33 BEBF Y 2 4 v 5 TV U e 10 A AL B L (EL 2 W T
VR I 7K A B BT, DL R K A N 0
REN LT

AR SR ME 7 2T B TS 7 W B A K R A AL
WU, SR FITHL RS2 20 05 s, LA B b 2 8 R 4 7K 6 i
Ske L SR A (V) TR R 4 S A S B
SEAEIE A5 11T K O W IR AE B 4 AR
R ST 7K R T A TR L3 S R i s o e T R
B T R A

1 #REFE

1.1 R8i&t

I R Al K2 A L A TR 2 e /N T
H OV 2 #5647 , 150 B AR 9 o 0, 0 A 38 66 AN
7] A K B 0 AR 2R 43 A T AT S (R 3 Sk I 3
AAE T IR 2318 B AR B, A B 3 Tl B R 0 A
BEa BRI 3 L LT AR S, 4T

il

BB R A LA TE N 0.153 g/em’, AL BRE
HJ87. 1% , 8 S LB E A 26.7% , ¥ K FLBR & N
60.4% KR 2,26, 2055 R F R 3 5 X RIE
K A3 AE 3 R AR 1) O 2808 %, 1 A0 3 6 B S
VHE TR s [v) 1 5 S s A 7 4 B O X 58 A — B0, IR IE
MIER K EE W RE" . M EC -5 &+ 5
K 3 A T X AS ] % B 35 o A R B 7K R gk A7 W
F 8 FH EM60 £ 45 R 45 2% 1E 17 B0 A7 i, B0d R
LEWIBE N 1 ming, 30 560 50 43 18 1] 5 i K HE T o 4
T Sk o R A VR, AN TR S 9L A A I K
FE Ja S min I H K R E . B 1 s, il
B B AR N 25 em B R 25 em [BIAETE W 58 AR 1
A K5 B 2 0 K R I 3R I 4 RO R A o B AR
B RAE oo B R, B Y05 em fEN
— 2, E — AR E G EC — 5 B HE K 5 IR
i SRR FT R, 5 R AL, R i /A% B TR R AR
5 R U 25 A 3 B R

25 em

2t

o

P
S

Y.

25 em o

BT A R
Fig.1 Moisture sensor arrangement map

T i 25 8 0 e 1 78 55 SRR R B 1k R R K
I3 78 J R I e 3 S L G 26 AN 2 TR
1.2 EC-5BKOERERE

IR EC — 5 H i i B /K 43 4% & 4 R 4R A
[i) TR B ik o AR B KR B AT 7 6 EC — 5 ALK
G IRAREATRR E o BCE T Z WA 8 AR R &
KRB I TAEA W EC — 5 BUAL k2% R 4R R A &
TR N A LR A S s ek — IR, A S IR AR
HRCHE I g T 0 S B 0 R AR S KGR T
FrRg . @R BR, GIERE R RS KRE




410 & Ml

U

2020 4

K2 alEkE
Fig.2 Experimental facility
Lk 2. EC—5 BUKGHEERE 3. W

TEHI SRR, R 22 1 5[] U9 7 Bir g 7 A Jo 5 K %6
0 55 1L AR AR w(mV) Z A EEHOCR T N
6=6x10"u>+0.0003u —0. 143 3
PERER =0.96, i 3 Al % 2 AR
IEJ5 (28 R 0 R 0.982 7, 3% B 6 i ) 4 % K
ARG IPR KRG R 22 BN, AR T A e 5 B

Jo 5 AR B R

80T 1= 0.98284+0.7682

R?*=0.9827

WM &K%
B
=4

0 10 20 30 40 50 60 70 80
SR BRI %
B3 BT K R EIE S IR R R
Fig.3 Verification results of real and measured

moisture contents of substrate

1.3 BEERLEZN BP H&EE

BP( Back propagation) i 28 W 4% J& — Fh 4k |12
I A 3 2 R 0 26 D T # 22 J2 it M 22 R0 4%
HABamAR e aE ' L A2 2
A TABREZE 3 B4, BP P M 4 7 5>
E 4k R 22 I ALk 2 A ad g, A Bk Rl
FH BE T ek R ROk ) % i 22 0 2 ) A AT, 44
Ja e L. (B J2 BP Bl 28 W 48 A7 A6 2 > NS 5
B A BT e /N L 0 4 AN R A i I o 38 AR Rk
(GA) JZHET A 9K B B 13K 7K SCAE Wy 2 kAl 38t A% Bl
i A A A A AR A T AR Y R S AL A AR gk
i R ok 4R B A0 A 19 J7 %, T AR GA Bk 14
KIS RE AN T B A Jay B g 46 B B 4 O A 1L BP9
GOIAAE B AR 1R R kR
(6) HEWEEFE] (7)) FOI s [R] (7, ) T 2 v i 22

(H) Sk (q) oA H bR 2 58 5 & K R AR
D R AR 4 TR

BPHIZE R4 b LT
HEmamgLt | B i
v Lo
LopN e v \
JFIH—feab R o GATS
v A=
SRR o
(L ) o <
1 1 L
; TERLEK —
; (R i) BN
i ! ,
i SR 2=
I AR e AT
v Lo ]
RE EES | |
Vo | A

Fig.4 Flow chart of GA — BP neural network algorithm

1.4 ETFTHEIFAREEHTINEER

BE DL AR ARIE 7L B AL (Random forest, RF ) & i H]
SR BIE B (CART) F1 487 S (bagging ) it
TFARHG T o B Sy fif v 2 ] U A A AR A T —
FlAE B 2 S S, FE W A ik rh B R
st

BEHLAR AR (0] 9 A B (RFR) 38 3 bootstrap J7 ¥
AN A Al @ 2 B CART 4, JF 5k FH 3L 1t
(B PR O e R B R 2 R0 e i 3
INA B E ARG X ORI AR Y, A S Al b A
W T REBLAS £ 6 1) AR AR, F4 BB T &% A (X, 6,)
(G=1,2,) S a5 R N BUE, I iz iR 2k
Ev (Y =h(X))*. BEHLERBR 800 35 2 08 fn ik,
T A WA

Ev, (Y, h(X,0)) —E, ,(Y-Eh(X,0))
RIVEE AL AR AR 0] 5 e B E b (X, 0) , MR 1 35 572
iRk 2 H

PE,,. =E,E, ,(Y-h(X,0))’
R TR A 1 0 #A
EY=E,h(X,0)

s PE,..<yPE,,
Hrry B Y-h(X,0)5 Y -h(X,0") RIZ [N
AAHE ZR K, 0 7 0" F H A ST, BEAL AR AR 912 1k 1% 22
R Iz AR 22 REAR Ty A% o IR I R AR B iy
D, BEHL AR AL ] bagging J5 vk R 47 I 2R 48 A s
S5 (1 =1/N)" BIREA R RE Bl Il I, BE AR A2 % K )



¥ 2 B A A RRE

F T 7K B AR AL B 5 T A A B 5 411

25 0.368, Rl 51T 37 % HYREA A 2 i i L, 1
B 1R R A A (OOB) |, i T3 26 %5 4 i 47 452 7Y
PEAS Bzl O0B {11, 00B 4 1 42 71l b Bl % Ak
PERE A T EAE bR RFR A0 38 1o 455 il AL e 75 3%
FNEEAS PSR AR B, SR 5 A A AR A R 22 I B
S/ of B S AR G T 2 R R e AR . A K
ﬂ\j[n:
> (Eoooms = Evoon)

ner,P

K 1, ——7 TS5 S A R R
E,pom——"4N(00B) 15 2%
E,oom——HEHLE N E] OOB A 1y T 47 2

B RS T
B 5 Mt i
LA BRMOR 13 7 R AR AR A OOB 4 3 i 45

22 g R F6 A%, 26 HLA B BOR A8 i B0 R, 58

PR SRR ., 78 Aok A TR P RE B B, DL S

HLARAR b o S F B L

2 EHREH

2.1 BEREKETHUME
2.1.1 ASTa) ¥R B 3 o 7K AR AR AR R

DS I 45 T 2019 49 J] 27 H 09:25, ¢4k
20 min % 09 :45 15 5] 45 J2 H & KR E S R .
S 12 (5 em) FE & KR HE BT, 5 2 2
(10 em) HE i & /K FAER 10 min £F 09:40 7245 HF 1R
T RYIEB TR S min JFEEFIKITIEFE S em; 5 3
J2 (15 em) BT & KR AE 09:55 7245 i BT, & B
HEWESS S 10 min {5 0§ 3 0] 12 B8 10 em; 5 4 2
(20 em) FEJE & K 4E 10:20 L4 H /Mg B I £
WA RIEE 1 )2 BR 0 & K RS T 1%, 468 2.3 21l
TR

09 :45 WEWEZE TS 1 )23 T 1% 7K 2838 B o 5
W 48.5% , W5 5 1 2k BT & K R I IR FR 22T %,

50

I Vi, =

Wiree

—e—5cm

—+—10cm
—+—15¢m
—%—20 cm

e
O
T

LB &K E %

25 L L 1 L L 1 1
09:15 09:30 09:45 10:00 10:15 10:30 10:45 11:00
el

PS5 AN TR) IR 5 2 T K RS A i 2%
Fig.5 Moisture content change curves of

substrate at different depths

FWLA S | BREFOK SR IIERT, Bz %
FERZHE 2 RS KRS TR 0955, 5 (H
HJ31.3% Bl K gk sim Tie RS 3 )2, 3
JZIERE K FEIF LG L FF,5 min J5 10:00 3] 35 0§ 4
28.8% ;55 1 JAHE T K RFFLE T E 1055 5 F
T L5 2.3 2 T 5 K R A 35 B d e 0 )T A T
TR, EHZE 10:15 55 4 2304w G BT B A
WK yia R B 4 )2, 50 4R R BUE I,
IK 4335 F W 0] (1) 7% 1 AT 220, R Tk 9 1) 9 18 4 oK
TR B TR )2 B T K 3 TR R A R B T
FUETEERT W25 5 2L oK 4 B T

VR 25 AR — B I [ I 4% )2 36 T 7 K 6 8k 31
TEIK R K A R E B B Br D 4 25 . K
SrPHiE B B BE K SO E RS S 1 h N, IR 2
JR S K FB T AR R 5 A KO (SR AE S ~
10 kPa 5 J3 R IR E K3, 25.3% KL 1)
R AR K & S EOK B8 EHIRIZE TR R
s R 2 B, TR S K AR DN b A R A R
2 EVE R 25 UG T I ) AR AR A R K s B
G, LUK G DRas 78 B B gl oR A 6 R e IS 1 3 i
KA R KA T VE T
2.1.2  AS[E) G & K i 5L T K R AR fh LA

WE 6 JIF 7,4 YW R A I 33 Sk, 30 3k I &=
AATE] , HLE[RIER S 15 min, & 56 5P 290 46 & KR
W 12% 18% 21% 27% , % FF 45 d Sy 0 B %1,
15 min B}V G 45 1k, 6 A ) V8 R B 00 P, B %5 90 4
KR REAR 7K o A6 3 1] 1438 B S A &, X0
W % L SR Ih 5 K OR BH R BEUK AR A B
U L T O i A R RN N J5E = DN
BB DN T R AR R B SR T 1) B JE R ) IR
B K RFE N I K 43 A B A R T A7 11 35 5
JIER, H iy T 0T AL R R ORI AT
KA T B RS o BT LT T 7 0L AR R AR AT
VR TR 07 3 A VI TR T PR 3 X /N K e, R
e MR RS = AR R TE 7, (R B ] LA 2% 3% i AR R
5
2.1.3 [ i v R B K AR A A

Bl 7 Sl — kT %Sk itk ¢ R 0.75 L/h
B 15 min FIVEME 20 min B A [a] T B 3 25 7K R AR
il 2%, Bt R 0 1, R JOR T I 0 O R R
FEWE 15 min, K3 e & ORI 256 2 )2 58 3 )2 3 i
EOKRIERE WSS R G, FA W RO, w1 L2 A
IF,EVEBE 20 min 55 3 )2 (15 em ) HE 5T & /K S A8 1
T8 485 SRJ5 A B S B, 3 2% B A [ Sk o = R, TR e
WA R R Wi A YR TR e ) 84 o T R, R 5% Ak ) K 4y



412

i 2020 4

——0=12%

15 —a—0=18%
—a—0=21%

1 —X—0=27%
1 1 L 1 L 1 L

50 10 20 30 40 50 60 70
T [E] 7, /min
(a) 5em

80

N

%

éu

= s

o | -
05 —e—0=12% —8— 0=18%
p —— 0=21% —%—0=27%
10

0 10 20 30 40 50 60 70
BT, min
(¢) 15 em

& 6

80

——0=12%
—*—0=18%
——0=21%
—*—6=27%

0 15 30 45 60 75 90
T s ) T,/min

(b) 10 cm
40r
—— (0=12% —%- 0=18%
—— 0=21% ==at== =0T

B St it it St el

By 2p-a—u 2020208680820 -8

15_w

0 20 40 60 30
it et (B 7, /min
(d) 20 cm

S T 490 e 5 7K 5k e i K AR A 2%

Fig. 6 Moisture content change curves of substrate at different moisture content

451
—&— 5cm
—— 10cm
40+ —&— 15cm

—>*— 20 cm

351

K%

&1
= 30+
b

25

0 . . . . . .

09:00 09:15 09:30 09:45 10:00 10:15 10:30
2]

(a) F#EFE15 min

ﬁ7j($/%

=S
1 30

20 . . . . . .

08:45 09:00 09:15 09:30 09:45 10:00 10:15
I

(b) J#3HE20 min

VL7 A [l TR i o 5 7k 4 Al il 46
Fig. 7 Moisture content change curves of substrate

at different depths

Wris s BRI R Z , R K s E
AR AR IETT)Z , S R E B TR IR 2K 5T
R, AR T K IR R T A8 A SR, 1% 2R
Z R/ R HEE 5 2, AR AR R A A 1 3 T2 oK
FARFE AR HACE By [ B, B 1kt B2 B T F
TR AR R %
2.2 GA - BP F RFR il 2 % bt 43 4

SR TV R TN AN [ A R K R DL
Hea %% 2% MAE H4J5 #i% 2% RMSE kg 2% R
HATH HE AR A [ 0 B0 B L A o R A R g1 2 5]
e 7, R RE T HRAMAERKRE I ALY, &
2000 4, i zE Rk 1 FE 8 fron, Z5RFEW,
F R T8 4 A5 3] %) o {5 S 2 ) R At S A
5% ,MAE RMSE 1 R*#B:HAE , 40 gk 4k 5 It 42
KO H 6y 8: 2 (I 254 1600 4 4%, ik 4 400
HEHE) BRE)Z A5 7 B, GA — BP i A5
W R* 4y 0. 866 4, 3% FH A 7] (9 50 3% 46 # 57 RFR #
HLH R M 0.946 5,5 F GA — BP B A, 3 i
X A T U R SR K SR I A5 22 3 T AL i % T
IR BE AR, GA — BP 50 1 130 I 485 78U 57 fiI0KS 3 , RFR
RIS 36 T B A 1 )2 R (5 em) G A R
JZ, B A R . AR T A AR
PEAT, AR R A T R R, T L A R



¥ 2 MR A e S ] AR R R TR K AR A R S N A A 5 413

#&1 GA-BP fl RFR & /K T #& 2 bk 5
Tab.1 Comparison of GA — BP and RFR water content prediction models

— 10 cm 15 cm 20 cm
i 1) 465 7
k RMSE/ % MAE/% R? RMSE/ % MAE/ % R? RMSE/ % MAE/ % R?
GA - BP 1. 608 0.971 0.76 1.448 0.815 0. 89 1.085 0.771 0.95
RFR 1.010 0.308 0.96 1.593 0.312 0. 89 1.568 0.788 0.87
A1 8665003001 2R K AR AR T S E 2, 5 RFR
y=U. x+5.092 e N S Y
4op *=0.8664 R S5 T 48 S HEE .

[1]

[2]

[3]

3 &£

(1) LA 9 22 58 T i 2 R 0 6 B WF 58 X &R
PRI T ) A [ T B2 5 o 5 K R AR A ML, i 0 46
R TEHE RS S 1 h Ko b T B 38 75 B B
I HABAR A HE 00 4 35 /K A R 2 UK 0 72 7

TE/ %

T 05 T 14938 5 , D5 2 E R 1% 1 B R o
N (a) GA-BPER T G PR R K 4336 B B, LR I 1
s S A K AR o S0 R

“l (2) 4 e BT 1 7 kU /K 5 ok i
& B A 7 ) 5 O R 5 7K A8 {0 3 RO E S 4 4
8 J2RJH GA — BP Al RFR P BLAL, e 57 7 UG 1
= T A W ) U ] T 2 22
20} I Sk L R 0 AR [ R K R O
5. T T R BB B PERE SEAT T e IS
. . . . WY, WA BRI R 43 51 0. 866 4 110946 5, 3 Xf

O e R T A A 0 45 S0 5225 43T , 45 51 2 0 )

Wmfﬂ . W AL 5 PR TR 0 2 e g % T I ASE AR iy T 4 i
8 GA — BP il RFR T8 Ul £55 750 58 1F 4 Lo s v A
B Al RER B B8 25 7 o R e 3 A LA R0

Fig.8 Verification results of GA — BP and RFR model

2 £ x #

KILIC M. A new analytical method for estimating the 3D volumetric wetting pattern under drip irrigation system[ J]. Agricultural
Water Management, 2019, 228 .105898.

ELNESR M N, ALAZBA A A. Simulation of water distribution under surface dripper using artificial neural networks [ J].
Computers and Electronics in Agriculture, 2017, 143.90 - 99.

LIU Junping, ZHU Xingye, YUAN Shouqi, et al. Modeling the application depth and water distribution uniformity of a linearly
moved irrigation system [ J]. Water, 2019, 11(4) :827.

AHMAD I, WAJID S A, AHMAD A, et al. Optimizing irrigation and nitrogen requirements for maize through empirical
modeling in semi-arid environment [ J]. Environmental Science Pollution Research, 2019, 26(2) . 1227 - 1237.

COOK F J, THORBURN P J, FITCH P, et al. WetUp: a software tool to display approximate wetting patterns from drippers
[J]. Trrigation Science, 2003, 22(3 -4): 129 - 134.

KERMANI S G, SAYARI S, KISI O, et al. Comparing data driven models versus numerical models in simulation of waterfront
advance in furrow irrigation [ J]. Trrigation Science, 2019, 37(5) . 547 - 560.

HE Q, LIS, KANG S, et al. Simulation of water balance in a maize field under film-mulching drip irrigation [ J]. Agriculture
Water Manage, 2018, 210:252 -260.

BEORAE, XIBKEE, BRURIGE,SF. 45T HYDRUS — 3D #4524 S #E ik - 5K 0 AR L T/0L ). b HLA -4, 2017,
48 (34 P)) :290 -295.

JI Ronghua,LIU Qiuxia, CHEN Zhenhai, et al. Numerical simulation of soil water infiltration based on HYDRUS — 3D finite
element model under moistube-irrigation [ J/OL ]. Transactions of the Chinese Society for Agricultural Machinery, 2017,
48 (Supp. ) :290 —295. http: / www. j-csam. org/jcsam/ ch/reader/ view_abstract. aspx? flag = 1&file_no = 20175044 &journal _
id = jesam. DOI;10. 6041/j. issn. 1000-1298.2017. S0. 044. (in Chinese)



414 PSS A1 M | = O 14 20204

[9] LIUZ, LIP, HU Y, et al. Wetting patterns and water distributions in cultivation media under drip irrigation [ J]. Computers

and Electronics in Agriculture, 2015, 112:200 - 208.

[10] LIUZ, LI P, HU Y, et al. Modeling the wetting patterns in cultivation substrates under drip irrigation [ J]. Journal of Coastal
Research, 2015, 73.173 - 176.

(1] AfRIR, ol XVARIE , 45, BUAE & 2 IR A B BUK 43 40 A5 [T ] HEME PR TR %4 ,2017,35(6) :535 - 540.

LU Jiajun, WANG Jizhang, LIU Jizhan, et al. Mixed matrix water distribution in strawberry viaduct cultivation [ J]. Journal of
Drainage and Irrigation Mechanical Engineering, 2017, 35(6) :535 —=540. (in Chinese)

[12] 250, EEME, R 5,55 JET K-means R A AR HEM R MG OF 5 [ J/OL]. R HLAR 2, 2020, 51(1) 295 -302.
LI Li, WANG Hongkang, WU Yong, et al. Investigation of strawberry irrigation strategy based on K-means clustering algorithm
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2020, 51(1) :295 - 302. http: / www. j-csam. org/
jesam/ ch/reader/view_abstract. aspx? flag = 1 &file_no = 20200132 &journal _id = jesam. DOI: 10. 6041/j. issn. 1000-1298.
2020.01.032. (in Chinese)

[13]  BRLWE, 250, 4806, 55 6T Sk B3 K 0V ) 26 16 &l 35 5 1000 52 R AF 5 [ 1/70L ] Rk HL AR~ 41 , 2019, 50 (4%

) :187 - 194.
CHEN Shiwang, LI Li, YANG Chengfei, et al. Estimation and prediction model of crop transpiration based on matrix moisture
content[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50( Supp. ) :187 —194. http: // www.
j-csam. org/jesam/ ch/reader/view_abstract. aspx? flag = 1&file_no = 2019s029&journal _id = jesam. DOI; 10. 6041/j. issn.
1000-1298.2019. S0.029. (in Chinese)

[14]  XUGENI, 2588, B1K06, 5. WA BT B oK 43 1 Jk s T 5 B 35 0 o & K SRR bR B A B [T ] &l TARE = 4R, 2011,
27(2) :199 -202.

LIU Zhigang, LI Pingpin, HU Yongguang, et al. Calibration method for dectection of matrix water content with dielectric-type
moisture sensor[ J]. Transactions of the CSAE, 2011, 27(2) :199 —202. (in Chinese)

[15] sk, s, 4258 46 5L T35t f% BP M 48 M 2% 1 A% Mk e 4 D) IR R [ T ] Al A% 4% 4% ,2014,30(18) .78 - 84.

ZHANG Hong, MA Yan, LI Yong, et al. Rupture energy prediction model for walnut shell breaking based on genetic BP
neural network[ J]. Transactions of the CSAE, 2014, 30(18) .78 —84. (in Chinese)

[16] LEO B. Random forests [ M]. Kluwer Academic Publishers, 2001.

[17] SHIRIJ, KARIMI B, KARIMI N, et al. Simulating wetting front dimensions of drip irrigation systems: multi criteria
assessment of soft computing models [ J]. Journal of Hydrology, 2020, 585:124792.

(18] EmiZ, D8, 0K, 5. JET BENLAR AR A IH 5032 10/ 22 - SPAD (B2 A 5[ J/0L ] Rk MLAE 4 1% ,2015,46 (1) -

259 - 265.
WANG Liai, MA Chang, ZHOU Xudong, et al. Estimation of wheat leaf SPAD value using RF algorithmic model and remote
sensing data[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(1) :259 —265. http: // www.
j-csam. org/jesam/ ch/reader/view_abstract. aspx? flag = 1&file_no =20150136&journal _id = jesam. DOI:; 10. 6041/j. issn.
1000-1298.2015.01.036. (in Chinese)

[19] ISHWARAN H, LU M. Standard errors and confidence intervals for variable importance in random forest regression,
classification, and survival [ J]. Statistics in Medicine, 2019, 38(4) : 558 - 82.

[20] U, BKAE, W1/0%, 4. JETREALARAR [T 5075 09 3 R R 2 06 SR A AR B [ 1701 ] AP HLARAE 4, 2019, 50(5) :

214 -222.
SHI Yi, GENG Nan, HU Shaojun, et al. Illumination distribution model of apple tree canopy based on random forest
regression algorithm[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(5) :214 —222. htip:
// www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? flag = 1&file_no =20190525&journal _id = jesam. DOI;10. 6041/
j. issn. 1000-1298.2019.05.025. (in Chinese)

[21] WIER. BEPLARARSERAATSELD]. dbat i #4551 5 K ,2014.

CAO Zhengfeng. Study on optimization of random forests algorithm [ D ]. Beijing: Capital University of Economics and
Business, 2014. (in Chinese)

[22] LIL, CHEN S, YANG C, et al. Prediction of plant transpiration from environmental parameters and relative leaf area index
using the random forest regression algorithm [ J]. Journal of Cleaner Production, 2020, 261.:121136.

(23] W, skaE R, X8R, 55, i A A8 A Ak Bt F AL A LU A B LR S [ 1] AR0lk T2 2 41,2008 ,24(4) :199 - 203.

SHI Lianhui, ZHANG Zhiguo, LIU Dengmin, et al. Comparison of physiochemical properties between spent mushroom
compost and peat substrate and adjustment[ J]. Transactions of the CSAE, 2008, 24(4) :199 —203. (in Chinese)

[24] 200, PhVERR, THIR AR , 55 BB T 9 A [W) 7K 43 A 38008 VR 2 7% A0 AR 2R3 JJy ROk 23 R RS 52 [ 1] 9 oK 88, 2019

(12):53 -57.
LI Xufeng, SUN Xihuan, MA Juanjuan, et al. Effects of different water treatments under film drip irrigation on root activity

and water use efficiency of greenhouse tomato[ J]. Water Saving Trrigation,2019(12) ;53 —57. (in Chinese)



