LV K224 2024,46(4) http://xuebao.jxau.edu.cn ]
Acta Agriculturae Universitatis Jiangxiensis https://doi.org/10.3724/aauj.2024075  EEzEs:

TR, AT IR TR/, 55 L 3R T 2 4R PR AR /N2 T T B R) 20 A3 B PP 5 IR [0 ) TR P Al K 2224 41, 2024, 46
(4):841-855.

DING Q S,FU L. Q,WANG X C,et al.Evaluation of field distribution quality of wheat seeds based on multidimensional indicators[J].
Acta agriculturae universitatis Jiangxiensis,2024,46(4):841-855.

SEF 2 AR VRS b /1 22 R 1 )
5310 SR VR O TR
TR AHE I, AR, 5 Y

(R AR R T2 BE AL IR B RE AR e A B 280 28, V) At 210031)

BE [ B8 PSR R QUEEY) & SR CREVE Y™ 7 R B REBORIBAR . FERPRS 0 4% o 2 A 0
AN I AR+ I3 B2, JU B 78 B 1) 204 5 A LA R RS B 49 o Bk 5 4 ) e e SR A
FR 1WA N 2R B RE B < (D7 1 TR O AR 7 (0RA 3D B AL Fl Python 555 B AR —E 5T 24
VS b BN B 48 DR AN O 1, HAR B & — 4BV 48 b (Fh T LR BE) \ 4BV 48 bn (b T HUA BE ) (= 4E
PR bR (Fh— 2 BE SR IR 5 Ja 68 /I DORS 2 Al £ 200 8 T o ) 2 4F RO RS 76 2R i F A, R
FHFERIATHE 20 cm , B AR BE 38 FIR BEAH AL G (19 9 Fl LB, BV 1.5 emx2 em (A B,) 1.5 emx3 cm(A,B,) . 1.5 emx
6 cm(A,B,) .3 emx2 em(A,B,) .3 emx3 cm(A,B,) .3 cm*6 cm(A,B,) 4.5 cmx2 em(A,B,) 4.5 cmX3 em(A,B,) 4.5 cmX
6 cm(A,B,) , F T 3204 0 1% i 0 s AN ik OB E o [ 4521 ]2 4R LA 7 LR EE A B AR AL , FLAR 53 2R 408
I3 51K 28.63% 32.67% 5 2 A JE FI T BUOAR BEAE A B AL BRAR P, FLAR 53 2R 8y 730N 28.17% .30.14% 5 -+ 35 T8
T F I RAE A,B A3 (2021—2022 4F ) BUAH e R AE , 4 91.33%, Fli— 300 75 35 R R 5 VR 9 R B bk ™
B FRREEE SORCEL TORLB R Z A TE 0.01 K ARG [Z598 |26 TRl T B A7 BcAi B2 - L 2 s
I I FH 238 55 22 245 P48 broAty A2 (KRS 0 08 o B bk 2 5 A D 05, T YA g AT 9 5 Ao 7 TR i) ) A1 B ] e —
Y BUE IR AR S Y B A BB ek B A PR B 2 (] R R 1 S AR A 5 v A R T R SR R R R
SEY A K Z 8 R RO R LR 2R S R

KB N SRS EIE RN VAN T ZHEEERR AR B A R AR K ]
hE53%S:8512.1;923-0 XHERFRERD: A FFRRE (RRRS ) #7123 (OSID)
X EHS :1000-2286(2024)04-0841-15

Evaluation of field distribution quality of wheat seeds based on
multidimensional indicators

DING Qishuo, FU Lingian, WANG Xiaochan, HE Ruiyin, XU Gaoming

(College of Engineering, Key Laboratory of Intelligent Agricultural Equipments of Jiangsu Province,
Nanjing Agricultural University , Nanjing 210031, China)

Wi H#3:2024-03-16 {22 HH1:2024-04-15

EE&TH : {5 E WA H (2022YFD2300304)
Project supported by National Key Research and Development Program of China(2022YFD2300304)

EEREN: TR, 2082 W LA 20, B2 FH - -PLA8 R R = DESE , orcid. org/0000-0003-4628—
3870, gsding@njau.edu.cn,

OGI AR RFZRIFWBER, FFAIREL CC BY-NC-ND #



© 842 - L PN Faok

Abstract: [ Objective | Precision seeding technology is one of the key ways to achieve reasonable crop
group and ensure the increase of crop yield. However, there is a lack of the methods for testing and evaluating
the precision of seeding quality as well as the methods of quantitatively evaluating the spatial distribution of
post—sowing seeds in soil volume, and the response of crop emergence rate, yield, and its components to
different precision sowing technologies.[ Method ] A precise seeding quality evaluation method based on multi—
dimensional indicators was constructed using information technologies such as in—situ laser seed position tester,
3D digitization, and Python.The indicators included one—dimensional evaluation indicators (seed straightness) ,
two—dimensional evaluation indicators (seed dispersion) , and three—dimensional evaluation indicators (seed
homogeneous nutrient utilization rate). Afterwards, a 2-year precision sowing experiment on wheat was
conducted using a precision sowing test bench in a residential area.Nine treatments were used, including a row
spacing of 20 c¢m, and a combination of seed spacingXsowing depth of 1.5 emX2 ¢m (A,B,) , 1.5 cmx3 cm
(AB,),1.5 cmx6 cm(A,B,),3 cmx2 ecm(A,B,),3 cmx3 cm(A,B,),3 cmX6 cm(A,B;) ,4.5 cmx2 cm(AB,),
4.5 emx3 em(A;B,) , and 4.5 cmx6 cm (A,B,).This experiment was conducted to verify the quality evaluation
method of this sowing. [ Result] The experimental results showed that the seed straightness was better in the
A,B, treatment for 2 years, with coefficients of variation of 28.63% and 32.67%, respectively; The seed
dispersion was better in the A,B, treatment for 2 years, with coefficients of variation of 28.17% and 30.14%,
respectively; The seed homogeneous nutrient utilization rate reached its maximum value of 91.33% in A,B,
treatment (2021—2022). There was a significant correlation at the 0.01 level between the seed homogeneous
nutrient utilization rate and crop emergence rate, yield per plant, total number of grains per plant, and thousand
grain weight. [ Conclusion | A precise comprehensive evaluation method for seeding quality based on multi—
dimensional indicators such as seed straightness, seed dispersion, and seed homogeneous nutrient utilization
rate can accurately analyze the distribution quality of seeds in the field after sowing.In addition, the analysis
method of the response relationship between seed—soil homogeneous nutrition rate and crop emergence rate,
yield per plant and yield components is also conducive to establishing the relationship between precise seeding
technology and crop growth and promoting the integrated development of agricultural machinery and agronomy.

Keywords: wheat; precision seeding; assessment method; multidimensional indicators; distribution of

seed;crop growth
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Fig.l Schematic diagram of XOY distribution in situ two—dimensional space in seed fields
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Fig.2 Schematic diagram of O-XYZ distribution in situ three—dimensional space in seed fields
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Tab.l Test factors and levels

K # A Factor A (K% B Factor B

Level FEFRIE/cm Sowing spacing HEFEIE /em Sowing depth
1 L5 2.0
2 3.0 3.0
3 4.5 6.0

CRIVNEE FEE R TAs s
Fig.5 Plot precision seeding test bench
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1: Laser spot receiver board ;2 : Data transmitter; 3 : Probe ;4 : Laser distance sensor; 5 : Test points ; 6: Data acquisition system.
(SN Y VA et IR ATF N IS
Fig.6 In-situ laser seed position tester
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Tab.2 Evaluation of one—dimensional and two—dimensional uniformity of seeds
under different sowing spacing and sowing depth

\ 2021—2022 2022—2023
fwﬁfiﬁ’mg fi*i‘ir: DB R D AR RE% D AR REI% 2D A R %
) Y ) Y
A, B, 68.63M 79.96 58.83" 80.77M
B, 53.39™ 61.07™ 44.60™ 61.25™
B, 41.46%" 61.16™ 42.38"" 60.97"
A, B, 70.40™ 28.17™ 78.87 30.14*
B, 62.79"% 38.53* 50.60™ 43.31"
B, 28.63™ 41.87" 32.67% 46.20"
A, B, 64.54* 45.90" 63.17" 43.25"
B, 48.68™ 36.89™ 46.63" 40.44"™
B, 43.85" 28.46% 47.67™ 30.31™

ALA AT FRIRFERRLIE S 1.5,3.0,4.5 cm; B, B, B, 73 5l s AEE R R 8 2.0,3.0,4.5 em; AR E FhER R
—RERIRLER T RN BE W) 22 53 25 (P<0.05) s AN[F)/NG " E 0 [l — SR AP IR 2 T S ok ) 22 53 1k 12 2% (P<0.05)

A, A, and A, indicate that the sowing spacing is 1.5,3.0,4.5 c¢m, respectively; B,, B, and B, are indicated as sowing depths of
2.0,3.0,4.5 cm, respectively; Different capital letters indicate significant differences between seeding depths at the same spacing

(P<0.05).Different lowercase letters indicated significant differences between seeding spacing at the same sowing depth (P<0.05).
I AE SRR, 248 BE R 71O FEAE A,B AR BRETOG , HAR S R By 73908 28.17% .30.14% . TE[F)—1%
FRERIET , B 2D 73 A1 728 5 2 80y TEREFIORLEE A, ) 12 35 00 T HABRE RIoRL IR AL B . HL 2 4E B2 476 A B, I
WG e KA, 239008 79.96% F180.77% .. X R WIREFURLEE A I Fh 775 — 4k 23 [0 N A B LI P . 24F
JELERRIR B, I, FEFICRLEE A, 5 A KB Pl BICAT AT , 2R DA AE 4k 23 (8] N 23 A1 2 SO — 3
XU 22 ELAERON 43 M 2R B, 36 Ffobr B 5 R A DR B B AR XA 1 Bk A7 TR 0 8 5 ), B R IR B 1Y) 52 i
e TRERORLEE (6 3) . FEFICRLER 5 R P IR B2 AR X b~ B B A AE 035 5 ), (BB Ao R 199 52 ) 5 1
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Tab.3 Analysis of variance for straightness and dispersion

tibr BRAEE TIR Frte s P P
Index Effect size SS DF MS F value P value
FhF EZR /% A 55.33 2 27.66 2.36 0.123
Seed straightness B 1174.57 2 587.29 50.00 <0.000 17
AXB 353.17 4 88.29 7.52 0.001""
Foh - H0CAT B2 /% A 1760.02 2 880.01 158.46 <0.000 1"
Seed dispersion B 60.11 2 30.06 5.41 0.014"
AXB 513.18 4 128.29 23.10 <0.000 1"

A ERIKLEE T 200 5 B - R AR E ALV 5 AXB - % FIURLIFE5 RE RN R BE S ELAAON 5, 43 )| R 7E 0.05.,0.01 /K F- E 28 57
B#F.
A : Main effect of sowing spacing; B: Main effect of sowing depth ; AXB: interaction effect between sowing spacing and sowing

depth;*,** indicates a significant difference at the levels of 0.05 and 0.01.
22 MF=#NrmREFENESF

SRR P8 FRERAS A AT DA E— 25 PPN P77 B 1) =28 0 20 A i, HLPPAN 8 b S b — 1 35 58 32
RO Vi B ol = D By NI O i o o B4 0 1 7 7 8 R0 O S R 5 o =1y . S I N
Ffter B KB TR T O Rh T = 450 A B AN 4 s o IRIR 25 SR I R[] b B [A) 77 7E B 5k 25 57, 7E R —
FERIRLEE T, Foh— 359 5 75 I3 R 36 B4R o R B 1 R R M B8 (6 4) o 2021—2022 4F , Ffi— 35 5 8 75
FIHRAE ALB, B e RAH, 4 91.33%, 78 A, B, I U KA, 47 89.69% 52022—2023 4F, 7E A, B, if A
5 KAE L K 90.52%, 75 A,B, I} BUAS 58 K AR, K 87.95% 5 2 4F B ¥ 7 A, B, I HUIS 5t /M, 43 91 70.22% Fl
73.51% (R 4) . R AT g 3% BIORLRE 55 /Nl 6 Fi R B AL TR ), P4 FE 8] 5377 & HH B Rl 22 s B
“EAERLT LG, FER T SR ER B TP X B K
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Tab.4 Three—dimensional distribution quality of seed—soil under different sowing spacing and sowing depth

) ‘ 2021—2022 2022—2023
b /em FEFPRE fem —
. : . Fobi— B TR R I 3/%
Sowing spacing Sowing depth
Seed homogeneous nutrient utilization rate
A, B, 75.20" 75.05"
B, 74.01" 73.88"
B, 70.22" 73.51"
A, B, 91.33" 87.95™
B, 80.92" 78.90"
B, 74.70% 76.62""
A, B 89.69" 90.52"
B, 88.81" 84.26"
B 82.94" 83.41"

3

AA AR IEFORLE N 1.5,3.0,4.5 em; B, (B, B, 2 B R AR S 2.0,3.0,4.5 em; AR KE FH:E R H
—FE PRI T R AP GR L 0] 22 53 135 (P<0.05) s AR/ NG - RESRR ) — 3 Rl R BE T B ROk 5] 22 571 1 2% (P<0.05)

A, A, and A, indicate that the sowing spacing is 1.5,3.0,4.5 ¢m, respectively; B, B, and B, are indicated as sowing depths of
2.0,3.0,4.5 cm, respectively; Different capital letters indicate significant differences between seeding depths at the same spacing

(P<0.05).Different lowercase letters indicated significant differences between seeding spacing at the same sowing depth (P<0.05).
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Tab.5 Wheat emergence rate under different seed spacing and sowing depth

JRFPRIIE /em PEFNGEEE /em 2021—2022 2022—2023
Sowing spacing Sowing depth P % /% Wheat emergence rate
A, B, 70.67" 71.00"
B, 64.67"" 65.00"™
B, 57.67™ 60.00™
A, B, 82.00" 78.00""
B, 78.67'* 76.67"
B, 66.67" 68.00"
A, B, 79.00*" 80.00™
B, 81.00* 78.00"
B 68.00™ 73.00*

3

ALALA ST IR FE ORI 1.5,3.0,4.5 cm; B, (B, B, 23 B MR R IE 4 2.0,3.0,4.5 em; NEKE PR RH
— BRI T R AR ) 22 57 5 25 (P<0.05) s ANR/ING P REFR IR [l — B R R BT 6 Fiokr I [A] 22 544 1 25 (P<0.05)

A, A, and A, indicate that the sowing spacing is 1.5,3.0,4.5 c¢m, respectively; B,, B, and B, are indicated as sowing depths of
2.0,3.0,4.5 cm, respectively; Different capital letters indicate significant differences between seeding depths at the same spacing

(P<0.05) .Different lowercase letters indicated significant differences between seeding spacing at the same sowing depth (P<0.05).
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A, A, and A, indicate that the sowing spacing is 1.5,3.0,4.5 cm,respectively; B , B, and B, are indicated as sowing depths of
2.0,3.0,4.5 cm, respectively; Different capital letters indicate significant differences between seeding depths at the same spacing
(P<0.05).Different lowercase letters indicated significant differences between seeding spacing at the same sowing depth (P<0.05).
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Fig.7 Trends in nutrient utilization efficiency and emergence rate of seed soil homogenization under different sowing

depths and spacing during the period of 2021—2022
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A, A, and A, indicate that the sowing spacing is 1.5,3.0,4.5 ¢m, respectively; B, B, and B, are indicated as sowing depths of
2.0,3.0,4.5 cm, respectively; Different capital letters indicate significant differences between seeding depths at the same spacing
(P<0.05).Different lowercase letters indicated significant differences between seeding spacing at the same sowing depth (P<0.05).
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Fig.8 Trends in nutrient utilization efficiency and emergence rate of seed soil homogenization

under different sowing depths and spacing during the period of 2022—2023
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Tab.6 Different seed spacing and sowing depth on single plant yield and yield composition of wheat
0y FERRI/em  FEMRE /em  BARRBEEUAS BARRESSORIEUA TORLT /g gk /g
Year Sowing spacing  Sowing depth ~ Spikes per plant ~ Kernels per plant 1 000 grain weight Yield per plant
2021—2022 A, B, 4.00™ 147.0™ 32.86" 4.88"™
B, 5.67" 119.3* 30.81" 3.62"
B, 2.67% 84.3" 30.80™ 2.59"
A, B, 4.67" 202.0™ 37.71% 7.68™
B, 6.00" 209.0*" 34.12" 6.89™
B, 3.33% 126.7** 32.57" 3.98*"
A, B, 6.33" 305.0" 36.33"" 11.08*
B, 7.00™ 254.0™ 35.62" 9.29™
B, 5.33% 242.3" 34.19" 7.98™
2022—2023 A, B, 3.33™ 164.0™ 40.86" 6.70™
B, 4.67% 112.0" 40.58" 4.55"
B, 3.33" 100.7™ 40.67*" 4.10™
A, B, 5.67" 233.0™ 4111 9.51™
B, 5.00™ 215.3" 40.85"" 8.79"
B, 3.67" 188.0™ 40.56™ 7.62"
A, B, 6.33" 347.7" 41.33" 14.36™
B, 6.33" 292.7" 40.86™ 11.96"
B 5.33% 275.0™ 40.83™ 11.25"

3

ALA AT FRRFEFRLIE S 1.5,3.0,4.5 cm; B, B, B, 3 5 KR AEEFR S 2.0,3.0,4.5 em; AR K E FRER R A
—HERIRLEE T BRI BE 0] 22 53 .25 (P<0.05) s AN R/NE "7 BRI ) — SR Fh IR 2 T B iR I 1) 22 S 1k 1 % (P<0.05) o

A, A, and A, indicate that the sowing spacing is 1.5,3.0,4.5 ¢m, respectively; B, B, and B, are indicated as sowing depths of
2.0,3.0,4.5 c¢m, respectively; Different capital letters indicate significant differences between seeding depths at the same spacing

(P<0.05).Different lowercase letters indicated significant differences between seeding spacing at the same sowing depth (P<0.05).
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Tab.7 Correlation analysis between homogeneous nutrition rate and seedling emergence rate,
yield and yield composition factors

Fifi— 1 4 BTE IR ER/ISE RN

A% R - TRF /g Bk iit/g
55 H FIII/% LT KA . i
Seeding Spikes per 1000 grain ~ Yield per
ltems Seed homogeneous Kernels
) o rate plant weight plant
nutrient utilization rate per plant

Fobi—H B B TR R I 3/%
Seed homogeneous nutrient 1
utilization rate
HHT%/% Seeding rate 0.892" 1
AR

0.680" 0.693" 1
Spikes per plant
BRSNS SRR . .

0.881 0.774 0.786 1
Kernels per plant
TR g

0.968 0.901 0.514 0.812 1
1 000 grain weight
L . .

0.924 0.818 0.768 0.992 0.864 1

Yield per plant
A 0.01 K- 3 HIC #4E 0.05 /K i ARG

** Significant correlation at level 0.01,* Significantly correlated at level 0.05.
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