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Research on maize yield estimation based on machine learning combined with

multi-factor combination

Jia Jinbao', Zhu Chengjuan®, Wang Jiaquan', Zhou Peng®
(1. Xinyang Vocational College of Aart, Xinyang, 464000, China; 2. School of Traffic and Transportation Engineering,
Dalian Jiaotong University, Dalian, 116028, China; 3. College of Information and Management Science, Henan
Agricultural University, Zhengzhou, 450003, China)

Abstract: As one of the main crops in Henan Province, maize yield prediction holds significant importance for regional
trade and food security. In order to establish a simple, timely, and accurate model for predicting crop LAI and yield, this
study employs multiple linear regression (MLR) , partial least squares regression (PLSR), and decision tree (DT)
machine learning techniques. These techniques are combined with multi-factor data, including maize physiological
parameters (P1) , spectral characteristic bands (P2) , soil property parameters (P3) , and meteorological parameters
(P4), to construct estimation models for maize LAI and yield. The study results indicate that among the three machine
learning methods, the LAI estimation accuracy during the grain filling stage is significantly higher than in other growth
stages, while the yield estimation accuracy during the maturity stage is significantly higher than in other stages. Among
the five multi-factor combinations, the PLSR algorithm combined with the P1+ P2+ P3-+ P4 multi-factor combination has
achieved the highest accuracy, with the highest LAI estimation at R,*=0.84 and RMSE, = 0. 38, and the highest yield
estimation at R,*=0.79 and RMSE, = 982 kg/hm’®. These findings provide technical support and theoretical basis for
regional maize growth and yield prediction in the maize-growing areas of northern China, enhancing prediction accuracy
and efficiency, and are of great significance for agricultural production management and decision-making.
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Tab. 1 Soil determination parameters in the study area

SR B 28 HfE

pH 6.9 | HEWE/(mg kg ") 9.4
R TE/ (geem ) 1.37 | AR/ (mg + kg ') 127.07
HHLBR/ % 1.79 | it/ % 70.8
BA/% 2.05 | Yy HEREYE/ % 29.2
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Fig. 2 Meteorological parameters of the study area
1.3 MARAE
AR SCHE B TRL 3 i 7 B 20 R 7 1 S ST R IX 2022 4F

https://www.cnki.net

1 B K = Al AR B A5 AR AR /N X, BEALE /N X
S NSy AR AR (= 30) FIEGIESE (n=15),

B3 RKAREZ
Fig. 3 Technology road map

ABESE R H S—G W 5 E g & Rk
(Successive Projections Algorithm,SPA) , XF 6 1% £ 4
HEAT Ak B DL K R AE 3 B4 O 18 DT A ) B A
PRI FRRAE R BRI (5 B R AT WAL 3 R AE 43 A
HER . PSR £ on 4 % B3 (Multiple Linear
Regression, MLR)"*' i £ /N — 7 [a] I (Partial Least
Squares Regression, PLSR)" il ¥ % # (Decision
Tree, DT)™, = B HILAF 2% 2 5595 4 549 22 6 XF £ oK
7 AR DA AY e R A A IR AR Y LR 2: 1
1.4 BIEAS

2 [ B Z2 52 e PR 04 A B AR R SE BRI 22 )
PNTERC R AR e N E SR EA G A2
AP A, &R (PL.P2) , U F 4 & (P1+
P2 .P3+P4) , ZHF U & (P1+P2+P3+P4) . 3+
P1ANP2AE Ay D] 52 R O AR 0 0K LA T A5
B i HARRME R E AL . P14+ P2 F1 P3+ P4 XA
T4 A 225 b8 3 B 28 Y Y S 2R 1 FLRR B
Bl E AR fE RSN, Z2HFH45 (PL+P2+
P3+P4)WZr4 2% 1B A B2 MO 5 AR X fh
PRI IEM IR T 7EM oK LA P S A AL, e 8 4
T V-1 b 7% P % - 52 e, TR RS [R] 22 P 1~ 4
FRT R K LA™ 5 O READRS B 520

ARICAE I ] =Pl as 2z 2 BEAL AT LG 1), 2800k
PEIE I 12 28 SCHIE Ty VA 1, DUBA PR AL 1Y) s A 1k g
I EE
1.5 RELT

T VRO E K m A T 0 HERA M A 5T R H P
FHCR ¥ 77 MR 2% RMSE FHI G 5% 22 RE 1R R 52
fe b o o RMSE J2 15 I 5 520 00 {8 = 1] 1 22
S5 AR S S R T A A T A Y T
TR 25 1Y RN BUE B /N 26 7 T00I0KS B2 i . RE 2
Sk Al it OO AE 5 B SN E = Rl AR X 22 . R
HUE N B AE O~ 1 Z [a] B 42 3 1 3R 70 A5 ) R BT 4 e fi



55 10 1) B . BTSRRI S

Z T A 1) KA =i 5T 209

R DR AZ B A 728 S P T B ST O 2 s R TR 1 i R i
B RS AT R Ik (D)~ PR .

7§Xy—wy

(1)

(2)

rRE=D"0! (3)
Vi

Kb n DI B8 50 4R 1R AR 4L
y —— SIS 4
V55 i A S

AR

2 HRESWH
2.1 EREKHALEEIEIRRN

BT K 1 44 A I 2 A B AR 4
AR KA I — AR L] o AR FE SR
(P1),3RBUAY A= B2 8050 A VG FEL Q& 4 PIF i o

0;

(a) Bk (b) SPAD

(c) MER T (d)
(e) TH (1) - 1h B 4 %K
(g) =i

4 EXREKERSH

Fig. 4 Growth index parameters of maize
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Tab. 2 Characteristic wavelength selection
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Tab. 3 LAI and yield of maize S1—S4 were estimated using a machine learning algorithm

LAI/(m® «m %)

Bl A H BT

74t/ (kg » hm 2)

R/’ RMSE, RE/% R/’ RMSE, RE/%
S1 0.23 0.97 17.7 0.22 2624 19.7
S2 0.45 0.82 14.9 0.42 2136 14.9

MLR—P1
S3 0.70 0.45 8.2 0.62 1541 13.2
S4 0.66 0.51 9.3 0.68 1 349 11.5
S1 0.28 0.94 17.1 0.25 2575 19.4
S2 0.47 0.80 14.6 0.44 2011 14.7
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Tab. 4 Multi-factor combination modeling and correction for estimation of maize LAI

R 27 (YR = 30)

BERUHS  (REIESRE n = 15)

Hlds2: ) ZHFAHE . - . -
R. RMSE. R, RMSE, RE/%
P1 0.62 0.53 0.59 0.59 11.2
P2 0.58 0.59 0.52 0.65 12.3
MLR P1+P2 0.78 0.44 0.76 0.46 8.7
P3-+P4 0.32 0.77 0.29 0.83 15.7
P1+P2+P3+P4 0.82 0.39 0.79 0.40 7.6
P1 0.69 0.48 0.68 0.47 8.9
P2 0.65 0.50 0.62 0.54 10.2
PLSR P14-P2 0.84 0.38 0.81 0.39 7.4
P3+P4 0.32 0.78 0.33 0.80 15.1
P1+P2+P3+P4 0.85 0.37 0. 84 0.38 7.2
P1 0.58 0.59 0.54 0.39 7.4
P2 0.56 0. 60 0.49 0.58 11.0
DT P1+P2 0.70 0.46 0.68 0.47 8.9
P3+P4 0.25 0.84 0.23 0.85 16.1
P1+P2+P3+P4 0.79 0.41 0.74 0.44 8.3

2.3.3 ZHTFUA K Al AR
FIFH =R @5 245 & TR S H(PL) JEIERFIE

W Bt (P2) A3 S 5U(P3) MR S 80P I T8
TS 2 2 T A B TR P AR, 03 SR
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Tab. 5 Modeling and correction of multi-factor combinations to estimate maize yield

BT e 7 (I 254 n = 30)

RERUAS B (AL IE4E n = 15)

Ptesd FHTAS R RMSE, /(kg « hm™?) R/ RMSE, /(kg « hm™?) RE/%
Pl 0. 66 1510 0. 64 1422 12.5

P2 0.59 1727 0.55 1786 14.1

MLR P1+P2 0.75 1143 0.74 1241 9.5
P3+P4 0.22 2 657 0.19 2 743 21.1
P1+P2+P3+P4 0.79 994 0.77 1098 8.2

Pl 0.70 1388 0.68 1 299 11.5

P2 0.67 1489 0.64 1 520 12.4

PLSR P1+P2 0.77 1067 0.73 1240 9.9
P3+P4 0.23 2 561 0.23 2 624 19.6

P1+ P2+ P3+P4 0.82 915 0.79 982 7.7

P1 0. 66 1502 0.61 1537 13.2

P2 0.61 1 695 0. 60 1 603 13.4

DT P1+P2 0.73 1267 0.70 1 350 10.9
P3+P4 0.20 2 644 0.19 2 683 21.1
P1+P2+P3+P4 0.77 1051 0.72 1270 10. 1
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Fig. 6 Optimal modeling validation of a 1:1 fit
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