HREY¥I 2026,46(3):393—403
Journal of Triticeae Crops doi: 10.7606/j.issn.1009-1041.2026.03.12

159 £ L1 R B 1] £ 2026-01-15
R 2% R Lk hetps: //link. enki. net/urlid/61. 1359. S. 20260114, 1311. 002

HENE 2R ARALNE bl 91 b et 85 152 5%k /> 2 25 DLIRIR PR RERY
55 Wiy B K1~ JC N AL 15 iy B 1 1 7 52

FRE . ETH ., ZFINMHEZKR, AT KBAE,BHKE

CERIPBHF BEAR 2 Bt/ LR AR W 8 BRI 5 i TH R TR ST 0, Z BRI 233100)

H EARZEERAIELAS] BAHE E T 2 ZAFRBRER G Y a, T 20222024 5020 E o fh
Ak A3 AMHF, RN AR & ,RE 4 4\*&&&*5*4&4&}1&%45’1[0(T0>‘10A<T1>\zo/<T2) 30% (T3)]H= 3 A
FrALE E 150 Z Ak « hm 2(D1).300 Z 4k « hm ?(D2) 450 Z # « hm *(D3) .38 70 H 3¢ 2 7 3 48] 1 4k 09 %
v@a"%%%t/\#}nfrj’tiﬂ‘s?ﬂ%&%‘#":}Méﬂ%ﬁm LEREWN, A—HHMEET, Fﬁ%*ﬁﬂ&’g‘ﬁkt{ﬁdé’w@ﬁa &
W& 2 BEHAH ECHEERDEAN, LY E T2 AR T RK;RERIEH S F MREBEERLFE =

EREE NN fl‘éfi”ﬂkiiaﬁuﬁﬁﬁ“ AEYMES L E HEEF RAZLSETHELTEELS B E T2LET
RK, B3R 6 T MEMEFEEGE M, MERGFECHEEKLY 2 EI2YS BRI
/#éz‘ MMIEE KRG FRGR DETRYUAOFBRYEZTELY LGP RAF A% E HEEZARE

FHEANEHAL BED2AE T RS, &AM HL(NDVI.RVI,TVI.DVI.RDVD % A £ &.i5z A
3 FEAEA 5 ik (SMLR,PLSR,PCAR) 3t F) # #& 7. 8) 4k 35 0 69 T AL AL, 13 th 3 i SMILR # 2 37 18) 4k 35 $k 09 AL
ARG JE Fo BRI AR 58 A 0.43 A 0.76, 4 LA, £ 20% 3 KAL) F2 150 7 4k + hm™?
A EE T DN E BEABRFOIRBIRE D ;AT SMLR AR, #) A AL AL 38 27T 5 I & 308048 35 20 Tom)

KB A AAEE BRI EEM LT RS

FE 925 :S36;TP79 SERFRIRAD : A XEHS:1009-1041(2026)03-0393-11

Effects of Planting Density on Stem Lodging Resistance Under Different
Compost Substitutions for Chemical Fertilizers and UAV-Based
Lodging Resistance Prediction of Wheat
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(College of Agriculture, Anhui Science and Technology University/ Anhui Engineering Research Center for Smart

Crop Planting and Processin Technology, Fengyang, Anhui 233100, China)

Abstract: This study investigated the effects of different compost substitution ratios for chemical fertil-
izers and planting densities on wheat stem lodging resistance, and explored the feasibility of using
vegetation indices derived from UAV-based multispectral imagery for lodging prediction, aiming to
provide scientific guidance for fertilizer-density management and lodging forecasting in wheat produc-
tion. Using the wheat cultivar Huaimai 43, a split-plot design was implemented during 2022 — 2024
with four compost substitution levels[0(T0),10% (T1),20% (T2),30% (T3)] and three planting
densities (D1: 1. 5 million plants « hm®; D2: 3. 0 million plants « hm?; D3: 4. 5 million plants ¢

hm?). Stem lodging resistance traits were measured, and UVA multispectral images were acquired
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for lodging prediction. The results demonstrated that, under the same planting density, as the pro-
portion of compost substitution increases, the height of wheat plants showed a trend of first decrea-
sing and then increasing, the center of gravity height showed a fluctuating trend, and all were at the
lowest in the T2 treatment;the lodging resistance index, fresh weight, mechanical strength, the num-
ber and area of large and small vascular bundles in the second basal internode, as well as hemicellu-
lose, cellulose and lignin contents in basal internodes all first increased and then decreased, and peak-
ed under T2. Under the same compost substitution level, as planting density increased, plant height
and center of gravity height showed an increasing trend; whereas the lodging resistance index. fresh
weight, mechanical strength, and the number and area of large and small vascular bundles in the sec-
ond basal internode decreased. In contrast, hemicellulose, cellulose and lignin contents in basal inter-
nodes showed a trend of first increased and then decreased, reaching maxima under D2. Correlation a-
nalysis revealed that the lodging resistance index showed the strongest association with vegetation in-
dices. Accordingly, key vegetation indices(NDVI, RVI, TVI, DVI, and RDVI) were selected to con-
struct lodging resistance prediction models using three regression methods: Stepwise Multiple Linear
Regression(SMLR), Partial Least Squares Regression(PLSR), and Principal Component Regression
(PCAR). The SMLR model achieved the highest accuracy, with calibration and validation R? values
of 0. 43 and 0. 76, respectively. In conclusion, a compost substitution ratio of 20% combined with a
planting density of 1. 5 million plants « hm™? conferred superior lodging resistance in wheat. The
SMLR-based model utilizing vegetation indices effectively predicted the lodging resistance index.
Keywords: Wheat; Planting density; Lodging resistance index; Morphological structure; Chemical
composition
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The nutrient contents of the fertilizers were as follows: the
compound fertilizer contained 15-15-15 of N-P;05-K;O, urea
contained 46 % N, calcium superphosphate contained 12% P, Os ,

and potassium sulfate contained 12% K;O.
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Fig. 1

Changes in wheat plant height and fresh weight under different treatments
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Fig.2 Analysis of wheat lodging resistance under different treatments
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Fig. 4 Analysis of hemicellulose, cellulose and lignin content in basal internodes of wheat stem under different treatments
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Fig. 3 Characteristics of large and small vascular bundles in wheat stem under different treatments
o END2 Bl D3
2022-2023 2023-2024
%:40 F=6.23 %o 40, F=821" %" 40, F=131" %940 F=7.06"
g | 1334 é F=431" g |F=ar g F=433"
ﬂﬁvg 2 35t F,,=9.74 @ & 35 Fpp=2.08" gxg | 35} Fpp=1.14* g&; 535} Fp,=088
.2 K1
igm igm g%ao §§
= =25 fr _§ 25 i = 25 fr _§
#lll'gzo 414’—]520 #J]='§20 TP—]E
5%%15 ®E15 ﬁﬂ%g“ #*®
E1o g 10 £ 10 g
i3 TO T1 T2 T3 3 TO T1 T2 & TO T1 T2 T3 2 TO T1 T2 T3
AL # Treatment Ab# Treatment Ab# Treatment &bfi Treatment
< 40rF=11.62" -40r F=14.23" o 40r F=5.02" .40
g | F=012" 3 : S F =12.95" 3
35tF o= 35 = 35
% é =1. 66'" " £ % é F,,=150" " £
bc a
il i s £3 £3 hte, b, Mo pes BT
B 825 ‘%Tﬁ =2 25laRd HNG “ggzs
=3 s Q Ee=y
T g #E L # g2
ﬁ%éls 5 ﬁ’&'gw ®gls
=10 § B 10 810
TO T1 T2 T3 @2 TO T1 T2 T3 TO T1 T2 T3 A TO T1 T2 T3
AL # Treatment AL 7 Treatment AL 7 Treatment Kb # Treatment
2301 F1005 <30 Fr1a927 301 Fras 230 F1166
L | FA1637 a F=1089" g F =5.86' E F=6.01"
@ %25 | F,,=5.94 & B 25} F,,=831 1&& E’ 25} Fpp=1.62" @ 5 25| F,,=5.70"
= =
5820 Egm 542 ol Eéw d 8 .2
*’TS HE 44]15 e N2 FE |pde b Edab e
%-ﬁls g2l ﬁk-ﬁl 15 w2 IR [NG
E : g :
10 210 10 210
TO T1 T2 T3 TO T1 T2 T3
AL # Treatment 4b# Treatment Ab 7 Treatment Kb # Treatment



3

B RN SR A AT L 1] SR 8 BE T/ N A ZEAT ST EVR PERE R 2 K T I ML AR AT Bl o2

+ 399 -

2.4 HEHEHSRAEEEERIEXE

A B R SR AT

MBS E 5 MR B S PUERAER 2.5 NEETFTHEHEREHNREARIEHERGE
A AE F AN, H 4 MRS ks SRIE

[ FETEME A e 3 ~4 MW B S ff & L &
ot BE HILAHC O B[] 47 75 b 28 A DG M 5 3 /A Bl 4
e IR X R TE Y P N o IR )
RF A AHE B ECS R N ROE E A A7 A
F OGN 52~ 3 AN AE B 48 B0 K /NG A o 1 AR )
FEAE AR OCHME . N ZEFF AL ook . 4 A AT 1
FEE S 2 27 4 25 AT AE 0 35 M Ok s M w4 At
B 5 R BT R Bk (8] A AR OGRS B3 (I8 5), B
KFE AW HEE NDVI.RVI, TVI.DVI.RDVI 5/
BB RMAR AR SCPE T B 4%, AT VR A BRI

e FHAE 9 F5 %0 NDVI,RVI, TVI.DVI,RDVI
Yk B A8, 23 2R SMLR ,PLSR 1 PCAR
HE/NEZPUER 8 Eomim AL R, 25 R dn 3k 2 FiE 6
JIiR . BEMAOR T B A R B K S T ROR 2 R
A SMLR>PCAR>PLSR, H: f1 SMLR ## 5 [
RO B 8 f v, LS R® URMISE 4331 ok 0. 43,
0.19, K B R? #l RMSE 435124 0. 76.,0. 14,
Uk I AE Z Mg R A S B . SMILR B

A AR BOCHEFRAE AR 5, Xt /N B AR IS A
B E A T g

EAHEE R .
FuBlRIaEk | HE
E | o BOBRE
BOSE (W PR 0.80
HUWEREE | #F &8 O 2% R
PR (e o G »f REEHOHE ~0.60
RAEEHEE |27 B B Ny = NEERIHA
INEEREH |#F @ @ B o aF RERTRER - 0.40
KA |66 @) ® 3 NEERER
NEERER |F @ \ e ERERER -0.20
E—TELAER| & 2 AR AR
B_WHHLAER| F & B A B HRAER -0.0
B PHLER| & % A BHASER
B_WELER | F & AR T A B HAAER L -0.20
S—WHEARE z ® oA BETWEARER
FE_VRIARRER 5 * # @ @ »# NDVI | _0.40
NDVI |#* A YL 4 ¥ RVI
RVI|# @ By oF F & & #¥ 3% GNDVI ~0.60
GNDVI| # & FrLar. 3£ TVI
TVI & %% @& & 2900 % W #¥ DVI ~0.80
DVIFRBOBFF F1N0SD * W € 34 RDVI
% P<C0.05; * *: P<C0.01l.
5 NEEEEHSHEAREND EFBINEH LFASOEXN

Fig. 5 Correlation of wheat vegetation indices with lodging resistance, stem anatomical structure, and chemical components
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Fig. 6 Validation of the inversion accuracy of the lodging resistance index model based on vegetation indices
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