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Abstract

[ Objective 1 Intensive seedling nursery in facilities is the main method used in the vegetable
seedling stage due to its controlled environment and easy management. However, due to the high
environmental requirements for seedling growth, the microclimate of the facility needs to be maintained
in a warm and humid environment for a long period of time, which may lead to the frequent occurrence
of seedling diseases, thus affecting the quality of the finished seedlings. sheath bligh and damping-off are
highly prevalent and harmful diseases in the seedling stage of tomato and pepper, which seriously affect
the cultivation of high-quality finished seedlings, and the production often adopts measures such as
pharmaceutical seed dipping, substrate disinfection and fungicide spraying, etc. Although these control
strategies can control the occurrence of diseases, the high management cost, direct seedling loss, as well
as the problems of drug damage and seedling injury are all contrary to the green agricultural development
concept of "reducing application and increasing efficiency” at the present stage of China. In order to
improve the quality of seedling nurseries in facilities, predict the occurrence of tomato and pepper sheath
bligh and damping-off in time, and facilitate the nursery personnel to take intervention measures in
advance to cultivate strong seedlings, it is urgent to carry out the construction of seedling disease

prediction models.

[ Methods ] The study was conducted in the Xinjiang Kashgar (Shandong Shufa) Modern Vegetable
Industry Garden located in Shule County from March to August 2023, with tomato and pepper sheath
bligh and damping-off as the monitoring objects, through the deployment of environmental sensors in the
facility to collect environmental data such as temperature and humidity during the seedling period,
combined with the type and time of disease occurrence recorded by manual investigation, after data
collation and pre-processing, machine learning and deep learning were applied to construct the Binary
Logistic Regression (BLR), Support Vector Machine (SVM), Decision Tree (DT), Random Forest(RF),
K-Nearest Neighbors(KNN), Disease occurrence prediction models with metrics evaluation and

performance comparison, and independent validation for different sowing periods and facility types.

[ Results ] (1) The experiments showed that solar radiation and substrate moisture content were

added to the input characteristic variables of the tomato and pepper sheath blight and sudden downing-off



prediction model, and combined with ambient temperature and relative humidity greatly improved the

prediction effect of the model, AUC increased from an average of 0.75 to 0.92.

(2) Combining the model prediction effects, the RF model was most suitable for tomato and pepper
sheath bligh and sudden blight prediction. The RF model performed best in tomato and pepper
damping-off prediction, showing high recall, high precision, and high F1 scores. In the tomato she bligh
prediction task, the RF model achieved an AUC value of 0.9799, precision, accuracy of 0.92, recall, and
F1 score of 0.91; in tomato sudden damping-off, it had an AUC value of 0.9765, accuracy and precision
0f 0.92, F1 score of 0.91, and recall of 0.90; and in pepper sheath damping-off, it had an AUC value of
0.9884, accuracy and precision were 0.95, F1 score was 0.94, and recall was 0.93; in pepper damping-off
disease, its AUC value reached 0.9799, and accuracy, precision, F1 score, and recall were as high as 0.95,

which indicated that the RF model had excellent classification ability and prediction accuracy.

[ Conclusion] The facility environment (including temperature and humidity) greatly affects the
occurrence of tomato and pepper sheath bligh and damping-off, and can be used as input factors for
disease prediction models; When solar radiation and substrate moisture content are also included in the
model input, the predictive performance of the model can be greatly improved, with the AUC increasing
from an average of 0.75 to 0.92. After comprehensive analysis and comparison of the predictive
performance of the five models mentioned above, the RF model has the highest evaluation index, with
the AUC of over 0.98, making it the most suitable for predicting tomato and pepper sheath bligh and

damping-off.

Key words: tomato and pepper; seedling; sheath bligh; damping-off; prediction models



ettt ettt ettt ettt ettt tenaes I
ADSITACT. c.ceeeiiiieeieeeeeeeeeee e II
BB 1 B 0 ottt 1
L1 TIETETE B LI Y e 1
1.2 FE I AMIIEFEIIIR et een s 2
1.2.1 W AEFIBRBSLAL 5 FPE B FEIE R e 2

1.2.2 JRETRIFETLF TEIAR .oovoeoeeeeeeeeeeeeeee e 3

1.2.3 HLES2E S AEIR E AT AT FEIIAR oo 4

L3 T T T 2 e 6
1A FERBELZ I ..o 6

B 2 B B g 70 e 8
2.1 TR T oottt 8
2.2 B RAEE GEIEEERITE oo 10
221 IRBEEIE I IRAE oo oo, 10

222 RITZRI IV oot 12

223 TR BT ET oo 12

2.2.4 5 S BT BTIE AL I .o 13

22,5 BHBEERFIT oo 14

2.3 BRIRIRETE ..o 14
231 BHETHALTE ..o 14

2.3.2 TR R JEFEAN oo 17

2.3.3 BRIUIGAIE .ottt 20

234 BEBEIRIE oo 20

2.4 BRI A FE RN L oo 20

B 3 R g T 22
RIS W2 S S T ot A OO 22
311 BRI G0 I I, 22

3.1.2 IR GIRAE R BHITEZR oo, 25

3.2 BT AEIRAETIRE T RLIGAE ..o 30
321 BB AT T oo, 30



3.2, B T I A T BT oo s r s nnaes 32

3.3 BRI AT RGEE FLIRAIE ..o 35
331 B BB RIAE TR oo 35

3.3.2 BHIEIIETLIEAIE ..o, 36

3.4 AR AE IR RGEE FLIRAIE ..o 39
3.4.1 BT ARG oo, 39

3.4.2 AT AG I IETLIEAIE ..o, 40

3.5 AR AT R EE FLIRAIE ..o 42
3.5.1 BRBURRIE R TR T oo, 42

3.5.2 BABEI T TLIRAIE ..o, 44

3.6 HIGIRZ BB IOAUE AR oot 46
301 ZE T AEIT oot 46

3.6.2 FENIEIEIIT oo 49

3.6.3 FRBOLAETF co.oveeeeeeeeeeee e 51

3.6.4 FRBIIEIRIIF ..o 53

B4 B TR T AL oo 55
B.1 BT e 55
4.1.1 TR AE I I HT oo 55

4.1.2 AR TR II T oo, 55

B2 BEVBEIBE oo 56
B2 ZEVL oottt 56

B2.2 FBER oo 56
BETETTIIR vt 58
BB oottt n et 63



B1E &R BAFRFMLTFMIL

F1E 4L

Ll MIRERREX

Rt 7 A RS B R Bt A= 7 (1 B SR A, A WYY 5 52 1 A Y A (3
ST R 2R . STAR A A A R AU B T v I R R T, fE i A
TR I LR, 500 2 7 AU B A A AR R ST o 7 Tt AR 40 e J A
KU A AR, 9 S b AT 2244, AR AE = B i A bk &, W LSS KR, W
K AR HAT R4, AR DAL B 25580 AL AR i o, ™ B 00 T 5638
TE, ZEMER, WEEMET WEDRSER R L CEET L CONEE T 5D,
e R W R A, R R L, RESDREMRIR. IS+ ER B
IR, JFRESDEIRSEIELE, 2 SfaFIEMR IR F O,

BB O R R RS A T B AT, R N R LR B B A A
PR R BEE AL PSR RN BO R, Wit R A, BB R
WA AR AR EE, NEF NG E M EESR, GFE L. B, Whh. 9
REMIRS R IEAEIB D EAUE G LRI T B r AVE R B ). Bk R AL A HHOR 2
FEARNS PR A B AE N, TR M BRBHE, RAREE. AR BRIt 12 AL
W EHEAMETB E R A A B PGE  PEBT. mRk. dth XARE B — R B Wi T
2o RRGEEH BRRERITT U0, 27 FBARAE YR Bkt 7 i 1 EZAEY, B it
BTN AIHET, A aniABAR ) Bt & R AR AN K ART, R A R AR X
PERRIFREE, 3 B0 IR H IR SR 38 XU RATDEHEAS 2 B B0, 45 S A 55 A
PEDR IR AESOE T AR B, SEURFMERK, M- ERKEE R, SR
K EP TR, HLSFRETIIA SR EN L. GG EFr i IrsEn,

BEETHENUR 2 5N TR BENGE, HLEs NS TR R E S5k, #
R BNl U7k, BEFCE AR TR LT G A B Bl AT BRI 2%, S
B el )k R SR, JFXSWEFE HARREAT 7098, BIASESEN A, mtsese (s Bk,
RN O R B B A B EPEIA IR IR AAS W e s AR, St s B LAY A2 Wk 70 75 22
(31, Bl o 1R USRS A AR R M T EAE , T2 BN 35 TN AR ) Al ok 7 5
(41, WL 2 A0 G e T AT A R AR R K T AR R S, RO T8 E
DUITUR v 1 L EERIE FEH 71500 G A ks S IR R S50 A mT DA Wl SR B it =i 2B K A S s

1



B1E &R AAFAFHEFEMILT
LEEPUE A 2 A DU R, R e S iRacm i 540, [FRF, fE
o T 1) LNt R foc AR PS8 AT Al e 2 DR (4 35 DA R AT g I BRI O, 3 T
BRI R FEIE AN WA, B R 28 i AR v 91 A 25 AT T AR AT T AR X 8 A
PRI, 1 Xof 7 A A B e 30 5 B ven B &5 —— AN AR B, 3 P AL 7% > O i i
T TR, DLRR AR 35 25 P i R A6 35 ek

AICRZ T T LS 7 21 0 SRR 1) — o A AE AR 9 25 T b (2%
R, B IR (BLR)  SCRFFENL (SVM)  BENLARM (RF) « REEH (DT)
AK BRI (KNND X TR iLas 27 SRR, A D 2 i AT OB S Aol 9 AR (1905 9 5 i 2B
TR B a7 > o RTRIAR A, I TR R AT ELB S VPO, AN DAt P 3 B P 3 ot
AR 39155 35 B TR A Y SRR it 2%

1.2 ERIMNARINIK

1.2.1 EAnFNEREISL 4R AN S22 EI R 5 i R

1.2.1.1 MR EEREE

SEAER IR ESE W SR AR B T, e B, DR, BN
B A B R 07, 120 AR W R T, E T T BN AT I O R A
WRAEDE, 254 s B R A BE 2% o IR AEIRIE ) 2 A N5 5 K, A I 5 0451
TR KA, X 0 A A AR B T BRI B s AN T8 R K B R IR OR 3 =2 Wl
M AN AR ZINEE T e 52 252 T RS T, R L 22 3 A A A KO R AT
A8, S, 2 TR AR T, Rl R AR I L BRIHUO, SEAR 3 B AR A
A B2 1 5, wARE RN, RWYIH, B RS B E
BEIRAS, (HA2fEM BIPRS00, 75800 B 1) 25 B30 7 A A0 [ T A R D £ 1 4
CIREE, VEY R, FEIRREZY, PREEEIRE, WG RS,
Lidi, HIRBE RSN, TH, WEES, BHRSAWIME, K52 ZEERE
R, BRI E A RIERILR . ERNBIHET, R, sl KI—ME
fBligk 22 11 4 €0 55 TR 22

SEAGIR IR JE R SE RS 22 4% B (Rhizoctonia solani) , VA 2244 . BAZEE 7 2N A
A, AIEELPRA 2—3 4, WARREERATE, BUmK, EBK. EE, KA
AT 25, BT I E. PEKEIER20—24°C, &eESiRE 40—42°C, &K
T 13—15°C23, #E 12°CBA R 30°C BA_E s i AR K sz 200, w BRI & 48K



B1E i BAFAERLHMRY
Iy WEFHARTEARERL, REME . R A R K 5 R AR EE R A
FRREAK, ZE2MRNIEREE S MERE. 440 AaK %, R LN 55,
B BRGE 2N, 55 RILFEN. 120 EEAFERIR, BN RSZ.
JGHRA ARy 0T B o AE VA Y, T A R 3R T AR G I R IRE . ST
Fili I AN AE PRI AT 5 S R U P I G, 3 mT DAAE K 3 A 2R Jo o, ™ B ) o
A TR, F A 22 A% B 5] AT N A hn B SRR R AR, TR IS BT AN FIRR
GFRIS, KRN G A RO AR, A2 E I LA A S 10%—20%, JTE
IR 40%—50%126),

1.2.1.2 HEFENLEREE

PRI “RET7 o “Ble” o ONEE” 2R B A B I e AE
WES, ZRAEETEFHREE EA L, ARG R SRR =07,
B AR, 4 22 RIS AR K BUIR, AT KRGS, IR Dy st If Kk JE
BHRE, BTG R MEAR, BULTLH EEK 5 SR, Ay BEIR kX S RE
FIM BRI, IR 4 RIER T 1, RIRRES T I, m oA eEsk o, 43l
S ZERAK S TREZETZ8, IR 2 R ER e AR N, 1 R AR IR LR
I, RSB WA B O ZURY, ATk, B 22 ARUT PRABI AR ok
PR AGRERIR, N0 B A 5 — PR N B AT 3 i Bl 40 R BIARAE T, DRUR IR,
EROELATTIE, H SRR, BRAR KT,

PEAEP 99 S 2 K, B IS8 (Pythium) ] T (Fusarium) « 221% % (Rhizoctonia)
&, BT PRI R R AR A R kA, SRR BN IR R A
ARG, BCFE T K5 T At 7 2228, dkm = Al RN T, WEE
Afe iR 9, AR IR IR, Rl E S AU I I R R K, R
KR HHEE . AR B AR FHIE SN AL RRCY 3, BRI ZEREEIR AN, WE M 1—2d. Wi
B 3436 °Cili, (HAE 8—9 *CIRIR A T T A K, MUR RBC I 8] PREFRIR i
[ 2% A 2 S| AR AR ARG R A AE B2, (RO BRI, AR B A AEPRENm, JC I v A i 1
- ep 3R 70 SRAE TR AR R FLSEHT, A0iE SR NAN R, PUR IS5, B RIR SiE A
155, 2w RIZ 5008 B R WE TR AR 2R, DRI AN RSO 2 R R 0 ) A A
AW R EARENE, BEHACH, WP GUR BB, R ER 2 E K 1—2
FEMETRAE, 3 R B R RRE,

1.2.2 wmEFUNFERAFRINIK

T B LT 6 Web of Science . 2003 28 2022 4F 8] 4= BRAE 955 2 W I F1 5 215 7%

3



B1E &R AAFAFHEFEMILT
FIAR SRR SCREAT 70 i, R HUE 5 FIUEE B 7E H A I A T PRad A IR 38, 2 2017 £ 2 )5
AR SCERCZ AT RS2 RIE LG, AEUER N 21609 F STHR, 76% K SCHR A AT+ LLFy
Bt R AR A PO X T R A A R AT . SR, B ER
S B2 U ) B v RO B R], HE T ML &2 21 2 EE BRI FEIME L —, O AR R A4k
(RIRJ& 7 1A o

TR B TR 2 (O F 7 — B A U EZL R — o TR, BEE ML)
SLRORRRE, HIHH TG 7 ARKRE R, X LR a] DURSE AP0 5 R . 5
(55 COVRRT 25 177 LA S5 02, R AR AT RE A AR R0 Tt 00 A 75 B A BRS B it
KWGE AT HIIART, SEmARAE ™ AR B, Bl as o S AR 5 35 00 o 4%
FEEEMFM. SCFAEL (SVM) | BEVLARMA (RF) SEHLa8 5 > 5% AT DA A A 54
o R M BIRAEE) SRR AREAT I TIN0, JX S R AR R I 3 . AU R
SEITHA R, REBEA RO R T AT TN AN T

MRYE BRI TN TR 2 ] LUK S DAl 1% s Bl 1 07
%, MRS TSR R AR IR (U AR IS | TR AR IS ) SRR MR B 2R PR B 4,
ZEE LS 2 S FAN X SRR AT o0 A, R DAY 35 R AR O 2T R s
757, TR iR R KRS WRISHYRE RS R, W
DA ST PSR, 5 B O A0 =5 1) R AR IS TR AR B2 s BT~ BEUGAEO I 7k, AR
JEEAIBOR, FenlRERMZ g, af I Y i 34T 08, i seBLEY)
PENBZRBMN S, KRR AV S U RS VIR IRCR; 2T EXAS
W55, BHRRGE G TR AR, w] DL B2 e AN S A s 144, RO ik
I T KR RO .

SR, R AR (ORI 7T 5 1R 22 B AN R e, A5 B AN R B R AN 1%
A LERCASH B8 i ) TR R ) WL 5 S AR R )0 T TN Uk B A0 A0 & B N
sl KRR, BB BRI EED BRI R, IX B ARURE S8 Nt S AR AR H
AN AL P SR AT R B S HRF «

1.2.3 HlSRF JEFRE FTUNERMRIVR

HLAS 25 S TEARHE PR35 7010 TR AR 40995 5 R A= RO E 90 — A 52 QTR I AU 2%
S SRR I 3 BT PR A AN T A 2 TR ) SR, AT DA B A BRI SN B B v
b TN AE A0 T B A, AT SR EDURE S B B 45 48 48T . AR IX — S B e, R ML
) ENE AR SRR ENL (SVMD L BENLARAR (RF) . #4R R (LR) 55WI, iXiL
SRk T DR D7 s BB B AN 0 B B a3 AT I S, T 2 S TS A 38 o0 B R S R



B1E i BAFAERLHMRY
TIEHE . A KBRS ISR R, I LR AT DL AE A5 T ) AT R A A B T R
w1501

BB R YU S AE DR T B IE AN S (), vk T — R TR R
IS HF I ENL (PSO-SVR) HERY 1R HWIBRIN T2 R 458,  FRGuidad o Wil s 247 43
BTG, 00T T AR A T T AR . @ PSO-SVR AR =R . JRIE S50
FTTRIN, TRIHERR 5N 97.6% 96.8%. INNNZE2E ] BP #14 M 248 B8 15 7%,
G N PR DR T B TR DLIRAT R, AR R AR T T SRR A A A PR vk
ML T 2 0 R0 BP #HE ML CREMENLZ 0 R EIEME T 2 HE INE
IR TSR FEHEAT T XS L ar AT, Ferh SCRpIal AL 22 40 M) 2 RS B e e R e e o 20k
NI TS0 A 5045 B 70 b, L T I A2 5 DX 28 A0 SRR [ea) BEAILIR) /N 22 245 0 T A
M, HT/NZRSRIRATREE PRI . 22 5 Am S S F 6 Tl B 28 ek i & R
B i 0 AT I, AR R T T RS RZ MRR, FERAED
[ 21 53 BTV A Sl 2 T A s (AT TIIASERY o B S 50T Y DL et o Bk it A% 4t
BP 4148 [0 25 1 ROK 08 T TRV, Tl A HER R IL B 94.04%, FHEUESE BP 14
ZERRMER IR S T 5.49%, 193] 7 HEF I HUE AR o KhaliliB7%F 2000 # A5 A1 44 tE
PR IE 1 TURILAS 7 3 BEARAE K S R E 0 PO (R, — 2R A 1 AR B A SRR A
NPLES IR AN, SRR (GBT) 0 2REsi REBUZ AR R, TR
UERA T GBT 78 3 SR 5E A Fl A 7% JB5 99 R I& A . MehtalSISE R I BE ML AR AR (RF) A0
PR (DT FEAL T R T AL, HERf 2 53 I8 21 95.30%F1 96.73%; Binyamin[™!
DR MR T 9 975 PR AP IR R R A L PO ASE Y, R Rtk (B U o A, 49 B EL R AR T
MRE. RGH . BERYE . AR A B IR R AE NI 5 DM FREEAR & 22 o[BI B e RS IR
HhfERE 83% 1T ALK AR AL s SinghlCOFI FH #A AR AT WG AR 45 B WLas 2 ST HAR KAy
THH A A NP B, &R RN 2] (ML) FIRA S (MC) #
ARIGE G, REEHE E I A) 5 4 T R A0 25 ™ LA FE R TS % ;. Bhardwaj® V2 7 — 4
PP T8 HE S ORI v AU P 8 4 (e D RS 2R, KT L ADGHE B N R Dy T BT - 44
NBERY, A R s 7 B R v (10 S B T (R 3, SR FH 28 SIS UF 3 A K AR Y Fy v i 12 3
A7 TR, AT DARATBHA AR A, Jb k.

[FIES, — LS TR IR ER 1AL AS 5 S A R R A e 3 AN E A £ R 7 T %) B T2, e
e B A OC B PRARFAE A T RRAE , PT DASE B (R RO HERA ML) b, AN R KR
(PR B B AT Bl AR G, AT DUBE AT b 2 AT AR 098 5 R 2R R A 34004 gk
Wi, ATLER 2 > B 7R AR U8 PRI A0 A OO AR 40996 55 2B IO b R 3 B AR S,
BRI AT 20 FIECHE AW AR 2, WLA8 2 ST R AR 1K — AT 1 B DR BE )22 AR N
AR ORAT R Al AR 7= B (it B 25 S RRLOST,




F1E it BAFREMETEMILX
1.3 fIRAR

FIENLA I BB TIGE . R E B R ST RO iR, HEAE S LT
BHLE S S B szt RS A7 AR A ABAR i NI AR R « PRI AR AT Fent
B, SEMIRMRESOR, B AT (BLR) « SCRFFEHL (SVMD | SRR
(DT) « KL (KNN) | FENLARAR (RF) FFMEREY 5 00 Pl Stietde 5 W,
IR AL 2R, JF R T A RS BE I & 7 90 25 P, 36 LU R R AT VA S X LE
LA 3k AR e S e 8 R0 5 [ B A A

(1) MEEiR . MRS R Z0 e H R AR S 50t B HER . RSk
T B IR SR E A, AFBIAEEIR . TR F P AR, O e SR R AR 1R 11 5L
.

(2) FAHATBAAOLAL R« AR A R @A . = AE R A RO X B 2R
RME 7R, ok TR R, CROHNREE it Galig 1D BdlEfas ek
BRI AR, 2% bR CGalle 20 A FAF e 1 iR L, o LU A BEAT VR4

(3) FAHABAOLAL R AR TN R A e ik . = AE e A 10 HDG IR =
AT T EERE G 3D, Al VIR BRI RS K EAUR B B, iz
AR HEAT o KA, FRXT LEAR R AT PIA

1.4 HAREEEE

AR AL WE 1-1 Fros.



B1E it AAFAFHEFEMILT

| RIS, S ErTER |

!

R . RS e
1

(ﬁﬁﬁ\ﬁ@ﬁﬁﬁﬁﬁ) (ﬁ%ﬁ%ﬁﬂ) ( B4 )

- SRR AT t—7

} |
! | R :
=}‘ t 1
|

l |
I |
I |

e
& S e

P
|
1 Al et
(o)

-- BERNTAY -

i
! ! ! } ¥
: ( AUC )( Recall ) ( Fl-Score ) ( Accuracy ) (Precision)

b i
| B |

B -1 ASCROR
Figurel-1 Technical roadmap of article



