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Identification and Evaluation of Time-series Canopy Cover of Soybean
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Abstract: Crop germplasm resources, many of which with excellent characteristics, are the material basis ofnew varieties
cultivation and the strategic resources for safeguarding national food security, which contain many germplasms with excellent
characteristics. In recent years, the progress of high-throughput phenotypic analysis technology not only provides the basis and
conditions for the large-scale phenotypic identification of germplasm resources, but also provides a new perspective for the mining and
utilization of excellent germplasm. In this study, based on the time-series canopy coverage data of 1,129 soybean germplasm collected
by unmanned air vehicle in the early stage, the two spatial and temporal dimensions of max canopy coverage (MaxCC) and canopy

cover increase speed (CCSpeed) were statistically analyzed to reveal the dynamic growth characteristics and differences of germplasm
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resources from different ecological regions in the field. The results showed that under the planting environment of Nanchang, Jiangxi
Province, the MaxCC and CCSpeed of 1,129 soybean germplasm resources had rich phenotypic diversity, and the phenotypic variation
coefficients were 16.09% and 49.35%, respectively. In terms of traits, germplasms with determinate stem growth habit exhibited faster
CCSpeed and a higher MaxCC. In terms of geographical origin, soybean germplasms from southern ecological regions had higher
MaxCC and faster CCSpeed than soybean germplasms from other ecological regions. Finally, 21 excellent germplasms with MaxCC
above 90% and the CCSpeed above 0.3 d"! were selected. These germplasms are suitable for planting in the southern region because
they had early canopy closure, which can reduce weed pressure, thus reducing field management costs. Additionally, more biomass can
be accumulated rapidly in the early growth period, so as to achieve high yield in the later growth period.. It provides a material basis

for cultivating new high-yield soybean varieties with excellent characteristics and is of great significance 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 at each time point, MaxCC and CCSpeed in soybean germplasm resources

ERN I ) 5 /M =N e} V[ Rl bRifEZE 5 RH (%)
Traits Time points ~ Minimum Maximum Range Mean Standard deviation Coefficient of variation
WEETIE (%) canopy cover I8 K 0.00 7.98 7.98 0.49 0.87 176.33
BI19R 0.00 3.69 3.69 0.24 0.40 167.34
21K 0.00 6.07 6.07 0.29 0.58 198.15
24K 0.00 24.15 24.15 3.77 3.94 104.31
28 K 0.07 40.40 40.33 12.80 8.71 68.07
ERIS 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
40 K 0.45 91.09 90.63 50.62 24.34 48.08
ERYIPN 9.61 88.99 79.39 60.03 16.34 27.22
48 K 20.60 95.33 74.73 68.64 16.76 24.41
ERIS 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
68 K 24.14 95.07 70.93 67.14 13.39 19.94
70 K 24.00 95.87 71.87 71.29 13.32 18.68
B2 R 20.09 85.15 65.05 57.74 13.14 22.76
mANEZE T (%) MaxCC 30.45 97.55 67.10 76.57 12.32 16.09

22 (d) CCSpeed 0.00 0.42 0.42 18.05 0.09 49.35
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Fig.1 The frequency distribution of canopy cover at each time point, MaxCC, and CCSpeed in soybean germplasm resources
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A: the material with fast CCSpeed (blue line) reaches MaxCC after 48 days sowing, and the material with slow CCSpeed (green line) reaches MaxCC 61 days
after sowing; B: the material with fast CCSpeed and a large MaxCC (“ShiTangChaDou”); C: the material with CCSpeed and a small MaxCC (“LiuYueBao”).
CCSpeed, canopy cover increase speed; MaxCC, max canopy cover; dashed line represents the time point when maximum canopy cover is reached
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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

R A B \ b2 .
G538 ERTN B/ME S INI: i FME BFERE (%)
Germplasm Standard
Stem growth habit Traits Minimum Maximum Range Mean Coefficient of variation
number deviation
AR R 33.53 97.55 64.03 79.75 10.04
590 12.47
determinacy (%)
FZEHEE (d) 0.01 0.42 0.41 0.20 0.09 46.49
AR I oK et 2 78 i
231 38.54 95.76 57.22 72.68 13.70 16.80
semi-determinacy (%)
FZEHEE (d) 0.01 0.41 0.40 0.17 0.08 49.28
P KR R i 30.45 93.50 63.05 72.68 1370
308 19.82
indeterminacy (%)
BEWE (d) 0.00 0.36 0.35 0.16 0.08 51.79
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The different letters indicate significant differences at the 0.05 level
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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 differences of MaxCC and CCSpeed between different ecological regions soybean germplasm
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Table 3 Statistical analysis of MaxCC of soybean germplasm with different ecological regions (%)
AKX HME RKME S THME N AR5 RAL
Ecological region Minimum Maximum Range Mean Standard deviation ~ Coefficient of variation
4677 Northern 30.45 91.92 61.47 67.34 14.52 21.57

i HuangHuaiHai region 37.90 96.24 58.34 76.81 10.14 13.20

F§ /5 Southern 44.07 97.55 53.48 82.66 7.42 8.97
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Table 4 The distribution of MaxCC of soybean germplasm with different ecological regions

X[ (%) 1675 S Ep] it HHE (%)
Range Northern HuangHuaiHai region 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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Xof AN [ SR Y5 K 2 Ao J5 FE VL VG K = A S A 1 1) 3 2B P R AT 20 M, R IR D7 DR S M o 3 256k 2 ) B 7
fE40.00d", HAMEH 035dY, FHER 0.14d", 257 REON 51.95%;  BEHRE R G5 3 28 19 FE 1Y) /)
fE40.01d7, HBAMER 040 dY, FHMER 0.17 dY, A5 RECN 44.63%: B 5 K S0 35 22568 P 1) a5 /ML
90.01dY, BKR(EN0.42d", FIHEN 0224, AR RN 42.60% (R 5) o BIZEHEE AR R K
T 40.00%, KN AL T > HER>FE 75 . IALRIRS, SR TP E R R, AR R A
SR ERER, SR EE L EIAHRIR &S (R 5) o #E— DXk B AR X R A B
RGP R B, AT FH B I AR 2 X AR DR S M B 1 ) 2 i 2 AR P AE 0.10~0.20 d, T R 7 K S Ao )
FPALE 020~030d" (R 6) o U KGN BA EHRAIEZEHE, LABGINAE B AR B4 T RISE5 0,
T LR 2B LR I 0. 30 d R E RN BT E SOV IRRAM BT, JEit 131 fy, S RE MR 11, 60%, I

AL TT KRG 6 4y, BEHE R SR 17 4y, FE7 REF 131 4 (R 6) .
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Table 5 Statistical analysis of CCSpeed of soybean germplasm with different ecological regions

AEX RAMA iEINE| e T NG R R (%)
Ecological region Minimum Maximum Range Mean Standard deviation Coefficient of variation

4t Northern 0.01 0.42 0.41 0.22 0.09 42.60



G HuangHuaiHai region 0.01 0.40 0.39 0.17 0.08 44.63

/7 Southern 0.00 0.35 0.35 0.14 0.07 51.95
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Table 6 The distribution of CCSpeed of soybean germplasm with different ecological regions

XM (dh 677 B M7 #it HAHE (%)
Range Northern HuangHuaiHai region Southern Total Percentage
[0.00,0.10] 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
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Table 7 Excellent soybean germplasm

LR Fh 44 B A AR RNEREEE (%) BB (dY)
Accession number  Accession name  Ecological region  germplasm type Growth habit Max canopy cover  canopy cover increase speed
ZDD10572 FRET ki) Hb 75 AR AR 91.92 0.34
ZDD10598 B k(i) HuJT A AR 90.79 0.31
ZDD10866 LLHT b7 HuTJT D AR 91.76 0.35
ZDD04644 MRl G BN Hb 75 AR AR 92.97 0.39
ZDD04834 AR I 2 3 TOEN HuJT A Tomg 90.95 0.34
ZDD21538 BT —1 ey Hu T b TomR 90.38 0.34
ZDD14192 L) ENIE T Hb 75 AR AR 95.03 0.32
ZDD17010 AR ey HuTJT D JofR 92.93 0.31
ZDD05905 I L ROk e HuTJT A AR 90.15 0.34
ZDD14653 HHWG Br 7 A AR 90.80 0.33
ZDD14394 HlR ey Hu T A AR 93.88 0.35
ZDD12864 SRIUA e Hu T i Ah AR 91.31 0.39
ZDD13590 TG Br 7 A AR 90.93 0.31

ZDD20754 UNEEGA M H 7 A HIR 90.41 0.35



7ZDD22481 121 5 M H7 A AR 91.37 0.31

ZDD06066 HF-1 Br L5 A AR 92.41 0.42
ZDD06067 -2 Br L5 A AR 91.21 0.30
ZDD06217 A ey Hu T i Ah A PR 91.15 0.35
ZDD06236 Hiw T b5 b AR 92.89 0.41
ZDD06256 HHT T b5 bR AR 92.94 0.32
ZDD21366 RIS e Hu T dhAh AR 91.96 0.41
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