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Identification and Evaluation of Time-series Canopy Cover of Soybean
Germplasm Resources and Screening of Elite Germplasm
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Abstract: Crop germplasm resources serve as the foundational material for the development of new
varieties. Advances in high-throughput phenotyping technology offer a new perspective for the exploration and
utilization of superior germplasm. In this study, the time-series canopy coverage data from 1129 soybean
germplasms, collected by unmanned air vehicles, along with two spatial and temporal traits, max canopy
coverage (MaxCC) and canopy cover increase speed (CCSpeed) , were statistically analyzed. This analysis
aimed to reveal the dynamic growth characteristics and variations of germplasm resources from different
ecological regions in the field. The results showed that under the planting environments of Nanchang, Jiangxi

province, the MaxCC and CCSpeed of these germplasm resources exhibited substantial phenotypic diversity,
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with variation coefticients of 16.09% and 49.35%, respectively. Germplasms with distinct growth habits and

ecological origin varied in their MaxCC and CCSpeed; those with a determinate stem growth habit showed faster

CCSpeed and a higher MaxCC. Soybean germplasms from southern ecological regions demonstrated higher

MaxCC and faster CCSpeed compared from other regions. Twenty-one elite germplasms with MaxCC above

90% and the CCSpeed above 0.3 d' were selected. These germplasms are suitable for planting in the southern

region due to their early canopy closure, which can mitigate weed pressure, thus reducing field management

costs. Rapid accumulation of biomass during the early growth stage can lead to higher yields in later stages.

These findings provide a material basis for the breeding of new high-yielding soybean varieties with desirable

characteristics and hold significant implications for soybean production.

Key words: soybean ; germplasm resources ; time series ; max canopy cover;canopy cover increase speed
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Table 1

Statistical analysis of canopy cover, MaxCC and CCSpeed at each time point

. X o o . 5 AL
PR P i 5 o ME iON] BezE FHE b2 (%)
(4
Traits Time points Min. Max. Range Mean SD cv
A E T (%) Canopy cover CAEPN 0 7.98 7.98 0.49 0.87 176.33
F19K 0 3.69 3.69 0.24 0.40 167.34
H2l K 0 6.07 6.07 0.29 0.58 198.15
24K 0 24.15 24.15 3.77 3.94 104.31
28K 0.07 40.40 40.33 12.80 8.71 68.07
RIS 0.12 59.08 58.96 19.48 12.95 66.49
34K 0.09 77.26 77.17 28.75 19.58 68.12
37K 0.13 87.92 87.79 39.81 23.52 59.09
40K 0.45 91.09 90.63 50.62 24.34 48.08
H44K 9.61 88.99 79.39 60.03 16.34 27.22
48K 20.60 95.33 74.73 68.64 16.76 24.41
EAIBN 22.64 97.55 74.91 66.63 14.24 21.38
63K 20.95 94.05 73.10 66.72 14.77 22.13
65K 24.96 96.24 71.28 70.70 13.19 18.65
%668 K 24.14 95.07 70.93 67.14 13.39 19.94
ENIPN 24.00 95.87 71.87 71.29 13.32 18.68
HBI2K 20.09 85.15 65.05 57.74 13.14 22.76
KR E R (%) MaxCC 30.45 97.55 67.10 76.57 12.32 16.09
H2EWE (d') CCSpeed 0 0.42 0.42 18.05 0.09 49.35
MaxCC: Max canopy cover; CCSpeed: Canopy cover increase speed; The same as below
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Fig.1 The frequency distribution of canopy cover , MaxCC, and CCSpeed at each time point
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Fig. 2 Phenotypic diversity of MaxCC and CCSpeed
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Table 2 Statistical analysis of MaxCC and CCSpeed of soybean germplasm with different stem growth habits
" FRC i g R
LS i Pk WM Rl WE THE b %
) Germplasm ) ) (%)
Stem growth habit Traits Min. Max. Range Mean SD
number cv
R 590 BRERETE (%) 3.53 97.55 64.03 79.75 10.04 12.47
Determinacy BHBHE (d7) 0.01 0.42 0.41 0.20 0.09 46.49
AT FR 231 R )EE S (%) 38.54 95.76 57.22 72.68 13.70 16.80
Semi-determinacy HIBHE (d) 0.01 0.41 0.40 0.17 0.08 4928
JaRR 308 BKEZERE (%) 30.45 93.50 63.05 72.68 13.70 19.82
Indeterminacy BHEHE (d7) 0 0.36 0.35 0.16 0.08 51.79
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Fig.3 The differences of MaxCC and CCSpeed between different stem growth habits soybean germplasm
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Fig. 4 The correlation between MaxCC and CCSpeed of soybean germplasm in different ecological regions
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Table 3  Statistical analysis of MaxCC of soybean germplasm in different ecological regions (%)
AKX /M S ONIE] ez P i 22 EEN
Ecological region Min. Max. Range Mean SD cv
Jt75 Northern 30.45 91.92 61.47 67.34 14.52 21.57
HEYF Huanghuaihai 37.90 96.24 58.34 76.81 10.14 13.20
B J7 Southern 44.07 97.55 53.48 82.66 7.42 8.97

x4 FAEESEAEHRNEABEBZENSH

Table 4 The distribution of MaxCC of soybean germplasm in different ecological regions
IX1a] (%) el T ey it H533(%)
Interval Northern Huanghuaihai Southern Total Percentage
[30,40] 8 1 0 9 0.80
(40,50] 42 8 4 54 4.78
(50,60] 49 17 5 71 6.29
(60,70 57 46 15 118 10.45
(70,80] 85 130 95 310 27.46
(80,90] 63 145 280 488 43.22
(90,100] 8 12 59 79 7.00
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MRS, MWILEIRT, B2l P E 2B

RS TRESEREMRHHZRENSEIT S

FR I, AR S RN R A, S R
o J2 2 5 R R I R R AR s (R 5) . i —2
X fe B AN [R) AR 28 DX R S A A AT 2 B, Ay
A 25 DXORI B I Vg A 25 DX ) K ol o 1 ot 2
FLAERTE 0.10~0.20 d', 1 Fg 7 K Rl ) = 4R
HI7E 0.20~0.30 d' (£ 6) o 5 K& Fp i 2 A7 5
PRy B 2B B, DASINTE H AR AR A T e 4
I3, B LUK 3 28 B AR 1 0.30 7 A K B A T E X
RAR SR . bR v AL BE 131 P S R
TR R SRR A 11.60% , b db i AE B X K E
FhJsT 6 1, MUE AE S X KGR 170, B ES
XK G 108 175 (£6) .

Table 5 Statistical analysis of CCSpeed of soybean germplasm in different ecological regions (d")
AKX iR/ ME STINI:} ez FHYME i 2 A5 R E(%)
Ecological region Min. Max. Range Mean SD cv
b7 Northern 0 0.35 0.35 0.14 0.07 51.95

% I Huanghuaihai 0.01 0.40 0.39 0.17 0.08 44.63
77 Southern 0.01 0.42 0.41 0.22 0.09 42.60
*6 ARESXKXEMRHHZRERENSH

Table 6 The distribution of CCSpeed of soybean germplasm in different ecological regions

X (dh) ey B 2] it T53%(%)
Interval Northern Huanghuaihai Southern Total Percentage
[0,0.10] 108 66 58 232 20.55
(0.10,0.20] 145 172 140 457 40.48
(0.20,0.30] 53 104 152 309 27.37
(0.30,0.40] 6 16 104 126 11.16
(0.40,0.50] 0 1 4 5 0.44

2.6 MBERREMBEHELIE

Pt 5 K o ol o o7 2% [v) B L 4% 12 ek 2 7 s
P I 22 REE , (A B AR T 1S BIA X R
M7 e Re 2 B 5 PR A 90% H A 28 1
150.30 d LSRRI 21 03 (3R 7) , X SEFp T RE
WEA BRI 28 I ERAN AT EE L
A, AR E R T ROR G B Fhg T84
Hrp 3B F R B FAU T AR, 4 BEA K
®7 RBAETMHE

Table 7 Excellent soybean germplasm

WG AL ML G, K R S
90.00% , £} 78 3 & 7E 0.31~0.35 d' Z [] ; 2 A1 S5 A
ok A B AR X, 4y AR fl 1 AT AR
W2 v 0, I Rt 2 3 5 FE 3 ) 90.00% , 1428
HEETE 0.34~0.39 d' Z 1] ; HoAx 16 8 S5 Fh i 350k
A AR, 22 R I g o G M E-1 1
BEHETE 0.41~0.42 A" 2Z 0], 76 K G AE K AT EA
& e oA

" SEHE) P .
Tl = g4 K HEBX gAY St " " R R (%) FZEHEE (d7)
em grow|
Accession number Accession name Ecological region ~ Germplasm type b gb't MaxCC CCSpeed
ap1

ZDD10572 BN 3::45) deir 7 bl AR 91.92 0.34
ZDD10598 B AL =i} 7 i il AR 90.79 0.31
ZDD10866 EAN 0 deor T b il AR 91.76 0.35
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x7(4)
il i 4 5 Fil i 2 ik A Fil i Siij&h BIGEZENE (%) HHEREE (d")
Accession number Accession name Ecological region ~ Germplasm type habit MaxCC CCSpeed
ZDD04644 jex:S kAN BRI Hu 7 AR 92.97 0.39
ZDD04834 AR M2t i Y T 7 A A JoR 90.95 0.34
ZDD21538 7 -1 2y At JokR 90.38 0.34
ZDD14192 it SSIT iy 7 ahFh AR 95.03 0.32
ZDD17010 YRR E2p) Hb Ty Tk 92.93 0.31
ZDD05905 Sl A A iy Hb 7 AR 90.15 0.34
ZDD14653 HHE 23 b7 HIR 90.80 0.33
7ZDD14394 4jilll 352 iy 7 ahFh AR 93.88 0.35
ZDD12864 E VIR ey HbJ7 A AR 91.31 0.39
ZDD13590 NS T Hb 7 AR 90.93 0.31
ZDD20754 UNEL) [Eg Al AR 90.41 0.35
ZDD22481 121% iy 7 ahFh AR 91.37 0.31
ZDD06066 HIH-1 B Hb 7 AR 92.41 0.42
ZDD06067 HZ-2 M 7 A Fh AR 91.21 0.30
ZDD06217 A [Eg 7 e AR 91.15 0.35
ZDD06236 HiTH eyl Hy Al AR 92.89 0.41
ZDD06256 HETL 2y M7 A AR 92.94 0.32
ZDD21366 BRI 2y Hu 7 AR 91.96 0.41
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Attached Table 1 Basic information, CCSpeed and MaxCC of test materials

o R AR X P Lt ;
Tc):efiojn Zq]cc}efiin Ecologial j}t:niélaism R . HBERE (@) B B ()
number name region type Growth habit CCSpeed MaxCC
ZDD06066 -1 ey HuT7 d A H 0.42 92. 41
ZDD06236 HiH T Hb 5 fH 0.41 92. 89
ZDD21366 =RILE Br 77 AR WA 0.41 91.96
ZDD14474 R KE ey 7 o A 0.41 86. 85
ZDD04723 SIHH TN HuT7 d A WA 0.40 89. 73
ZDD12864 SRILH Br HbJ7 S fH 0.39 91.31
ZDD04644 HrmE 1 BN HbJ7 S fH 0.39 92.97
ZDD14739 BLRHEE ey HuT7 d A f 0.39 86. 17
ZDD21692 TAE ey 7 o f 0.39 87.33
ZDD14835 BN -1 [E=p) Hb 5 A 0.38 85. 54
ZDD15474 L4 3-8 Br HbJ7 S fH 0.38 86. 27
ZDD06145 HH-1 ey HuT7 d A f 0.37 87.05
ZDD04461 S TN HH b f 0.37 88. 85
ZDD13821 1ERE Br HbJ7 S fH 0.37 88. 81
ZDD21704 TRAFEE—1 [E=p) Hb 5 TH 0.37 80. 73
ZDD14750 W ey 7 f 0.37 89. 04
ZDD21298 NEE ey HuT7 d A f 0.37 86. 04
ZDD06461 IR YIVER=! Br 77 AR WA 0.37 84. 96
ZDD05921 ALATRR Br HbJ7 S fH 0.37 86. 46
ZDD06464 e B 5 ey HuT7 d A f 0.37 80. 52
ZDD06282 W) ey 7 f 0.36 84.91
ZDD05883 7R B Br HbJ7 S fH 0.36 81.63
ZDD16872 HRT T Hb 7 TH 0.36 83. 05
ZDD06101 LAH e 7 f 0.36 85. 94
ZDD20590 LtH®E ey HuT7 d A f 0.36 88. 45
ZDD14320 H = Br 7 A H 0.36 88. 65
ZDD20635 53T Br HbJ7 S fH 0.36 84. 67
ZDD17143 TR AR 3 e HuT7 d A f 0.36 79.95
ZDD14472 B e 7 f 0.36 86. 72
ZDD14289 NHE Br 7 T 0.36 86. 54
ZDD04591 RKEEEEL BN HbJ7 S fH 0.35 83. 02
ZDD06217 A e HuT7 d A ¥ 0.35 91.15
ZDD17433 K&t e HuT7 d A f 0.35 84. 61
ZDD14052 KEHA Br 5 T 0.35 84. 59
ZDD24801 AR 99-6 BN A M TH 0.35 89. 07
ZDD14742 PRYEZETE G e 7 f 0.35 85. 62
ZDD12136 T 1 e HuT7 d A f 0.35 85. 27
ZDD12327 ek Br HbT7 S fH 0.35 82.10
ZDD05739 WA Br HbJ7 S fH 0.35 80. 13
ZDD16362 LHE-1 e 7 f 0.35 87.79
ZDD21237 TLYE e 7 f 0.35 89. 02
ZDD10866 AR b7 HbT7 S fH 0.35 91.76
ZDD20754 NEHE-2 Br 7 A fH 0.35 90. 41
ZDD13908 HE-5 e HuTT d A ¥ 0.35 85.10
ZDD14394 HiR -1 e 7 f 0.35 93. 88
ZDD06573 A Br HbT7 S fH 0.35 88. 37
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78.
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89.
83.
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ZDD02524
ZDD02125
Na

ZDD00203
ZDD23736
ZDD03460
Na

ZDD06154
ZDD00686
ZDD00610
ZDD18344
ZDD24883
ZDD08213
ZDD25129
ZDD04415
ZDD17385
Na

ZDD11575
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ZDD11396
ZDD10024
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ZDD20387
ZDD02461
Na

ZDD02466
ZDD24348
ZDD17668
ZDD22030
ZDD02848
ZDD02400
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ZDDO01269
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Na

Na
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Na
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ZDD14252

EAW NG
KAG-1
FREE 25
Sy Qe

#HH 71

L 37
=g
BE-1
E-1

M 12
EE N =1
fteE 3 45
M AL H 2
KHE-3
21k 40
prAutl
EHEKEE
iR= YN
KE-1
iy
84-70
N6
3T 08012
NEE-8
BF20
B 5
MBS 2
P E-6
HEG
EHH 21
[ 5
EEE3
24k 28
5 11-1669
FERET 3 S

FEH-4

70913
A FLiR 8 Pk
HR15
F#E 105
NEG-11
HH-6

FIWFLE

1675
1675
1675
1675
1675
R
1675
2y
1675
1675
1675
2y
B
20
B
2y
1675
20
20
B
B
B
20
1675
1675
1675
1675
1675
Ep]
B
1675
1675
1675
1675
1675
1675
1675
20
20
1675
PR
1675
1675
PR
1675
B
20
PR
PR
B

20

7
HbJ7 A
HH S
7
HH
HbJ7 A
HH S
7
7
HbJ7 A
HbJ7 A
HH
7
HH S
HbJ7 A
7
HH
HbJ7 A
HbJ7 A
7
7
HbJ7 A
HbJ7 A
7
HH
HbJ7 A
HH S
HH
7
HbJ7 A
HbJ7 A
HH
7
HbJ7 A
HH S
HH
HH
HbJ7 A
HbJ7 A
HH M
7
HH S
HH S
HH
HH M
HbJ7 A
HH S
HH
7
HbJ7 A
HbJ7 A

7

0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

80.
69.
46.
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ZDD19963
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ZDD20938
ZDD25115
ZDD08603
ZDD10899
ZDD00296
ZDD04321
ZDD01240
ZDD10393
ZDD15733
ZDD24647
ZDD20348
ZDDI11588
ZDD18729
Na

ZDD02559
ZDDO01335
ZDD03212
Na

ZDD23828
ZDD24160
ZDD25262
ZDD12903
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ZDD21175
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55.
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48.
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44.
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45.
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75.
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42.
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45.
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79.
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ZDD01096
Na

ZDD03651
ZDD03270
ZDD23910
ZDD10359
Na

ZDD04739
ZDD01245
ZDD08968
ZDD10186
ZDD18402
ZDD1839%4
Na

Na
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ZDD00079
ZDD22145
ZDDO07580
ZDD20713
ZDD22796
ZDD00605
ZDD00532
ZDD12825
ZDD03138
ZDD24054
ZDDO03515
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ZDD01169
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Na

ZDD17283
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Na
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Na

ZDD21852
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Na
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ZDD17713
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77.
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91.
79.
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7.
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35.
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61.
40.
46.
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60.
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7.
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49.
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41.
72.
76.
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58.
76.
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51.
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7.
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ZDD00898
ZDD21053
Na

ZDD03191
Na

ZDD23959
ZDD21485
ZDD04395
ZDD12847
ZDD00059
ZDD08697
ZDD06836
Na

ZDD04382
ZDDO01629
ZDD07010
ZDD16985
Na

ZDD00023
ZDD14604
ZDD13117
ZDD17640
ZDD00548
ZDD00196
ZDD09160
ZDD23877
ZDD23915
ZDD07218
ZDD19410
ZDD19339
ZDD00021
ZDD25213
ZDD02348
ZDD14240
ZDD17882
ZDD03683
ZDD22657
ZDD18928
Na

ZDD04437
ZDD24399
ZDD00183
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ZDDO07809
ZDD00603
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ZDD24651
ZDD23893
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56.
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81.
86.
82.
81.
52.
50.
46.
79.
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66.
43.
83.
48.
53.
85.
72.
79.
67.
51.
82.
52.
73.
62.
75.
47.
64.
68.
68.
69.
61.
80.
59.
76.
57.
75.
40.
31.
59.
74.
58.
67.
66.
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81.
67.



ZDD23629
Na

ZDDO07186
ZDD12023
Na

ZDD00043
ZDD12862
ZDD11384
ZDD00163
ZDD23603
ZDD20857
ZDD00378
ZDD00044
ZDDO01430
ZDDO07191
ZDD08033
ZDD03013
ZDD08214
ZDDO07353
ZDD03066
ZDD24843
ZDD00377
ZDD09634
ZDD01010
ZDD07307
ZDD00269
ZDD18648
Na

ZDD14218
ZDD24632
ZDD15285
ZDD14267
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ZDD21846
ZDD02881
Na
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Na
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7.
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81.
57.
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75.
73.
60.
73.
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78.
64.
73.
74.
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63.
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74.
57.
41.
50.
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ZDD24640
ZDD23818
ZDD23883
Na
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