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!'$D, stalk diameter (mm); PH, plant height (cm); SDW, shoot dry weight (mg); RDW, root dry weight (mg); RSR, root to shoot dry weight ratio; DG, daily growth (cm); LRL, lateral root length
(em); TRL, total root length; RV, root volume (cm?); RAD, root average diameter (mm) and RTD, root tissue density (mg cm'). ’Mean, minimum and maximum of the genotypic values,
respectively. Bold values refer to the group that had the highest genotypic mean.
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Lines HG GD spY RDW RSR DG RDW RSR DG

Top 20 lines Non-Applied P Applied P
'VML002 2 2 456 1196 54031 30391 0.59 035 121518 270 045 114.87 2 632 13.56 748.06 206.87 024 056  1,055.94 226 049 8233
VMLI53 2 9 499 1316 74426 30391 041 043 1,029.38 = 2.93 049 104.87 2 678 1518 946.28 28461 030 068  1,26295 340 0.52 8232
VML137 2 5 551 993 768.41 37102 048 029 148244 382 048 97.39 1 786  13.56 985.32 36235 036 057 | 1,319.05 411 0.55 8741
VMLO36 2 1 477 1201 763.04 438.13 057 038 1,82922 431 047 101.55 1 763 1396 122559 43433 035 062 1,657.50 559 0.55 79.66
VMLI21 2 3 561 1236 95625 485.67 0.50 035 122844 467 056 103.86 1 783 17.95 132470 41705 031 075  1,386.64 526 0.59 80.40
VML119 1 1 462 1103 62618 499.65 0.82 032 140666  4.50 0.53 109.66 14 731 | 1572 937.27 45448 048 065  1,54446 488 0.55 89.29
'VMLO030 1 3 545 1172 899.90 508.04 0.56 035 1,19523  4.60 057 10951 1 823 1536 148387 53510 0.36 067  1,533.63 596 0.59 87.34
VMLI33 2 11 472 9.06 642.29 524.82 083 027 | 113224 | 471 0.60 109.97 6 755 1207  1,04839 46024 043 052 1,367.10 | 6.02 0.61 78.83
VML130 1 1 435 1145 54568 357.04 0.67 039 1,38845  4.00 051 89.21 1 695 1597 112948 37387 033 0.71 1,296.40  4.69 0.58 80.06
VML174 2 3 524 1188 779.14 41017 053 037 115201 4.02 055 101.72 1 794 1703 125862 39690 031 072 | 1,323.89 | 495 0.58 81.49
'VMLO0L 2 1 447 1166 71742 41576 0.58 036  1,647.33 391 047 106.14 1 781 1405 122559 40842 033 060  1,773.07 | 532 0.54 78.88
VMLI165 1 6 556 9.96 875.74 50245 0.57 028 103816 431 059 11534 1 876 | 1423 | 157097 & 53222 033 057 | 1,587.79 | 592 0.58 87.10
VMLO41 1 2 555 1089 81134 39339 048 032 L11024 = 351 053 11223 1 826 1536 132470 43145 032 0.63 1,301.75 | 462 0.59 89.50
VML179 2 2 5.10 1081 653.02 41017 0.64 033 1,127.82  3.60 053 114.05 1 774 1652 124961 43145 034 071 1,516.41 473 055 88.28
VMLO009 1 7 515 858 71205 50524 072 023 102838 4.8 0.59 120.96 6 9.14 1338 130367 48327 038 052 | 1,231.95 | 491 0.60 93.36
'VMLO087 1 10 478 1103 760.36 468.89 0.62 0.30 992.66 4.48 061 106.17 1 827 17.76 = 1,676.08  584.05 035 072 1,66847 6.08 0.57 91.90
'VMLO004 2 3 5.18 1374 87038 508.04 0.59 036 992.40 4.70 0.60 107.97 3 935 2056  2,099.55 55525 0.28 078  1,590.81  6.76 0.59 8244
VMLO042 1 3 5.15 1252 84354 43254 0.51 034 1,094.55 5.0 061 85.07 4 858 1938  1,631.04 51207 032 079 | 1,530.05  7.39 0.62 75.01
VML L2 503 1430 70400 38500 055 038 108670 397 06 9707 3 895 2291 16305 41993 027 | 084 142579 531 058 8025
'VMLO046 1 10 512 1150 77377 536.00 0.69 031 113690 = 4.94 0.60 107.18 10 932 1582 189533 71649 037 062  1,794.82 850 0.61 84.19
Mean of the top 20 505 1148  749.35 437.99 0.60 033 121572 415 055 105.74 803 1602 133536 45002 034 066 = 1,458.42 533 057 84.00
Bottom five

VMLI25 1 15 425 533 457.13 306.71 0.71 0.14 688.08 2.88 057 108.66 6 840 1055 114149 53510 046 042 1,288.02  6.12 063 86.14
VMLIZY I8 357 945 | 47055 26197 | 061 025 85918 266 052 9972 1 854 1536 157998 SI782 033 | 060 15441 678 060 7905
'VMLO067 3 8 4.10 852 52421 273.15 053 023 83158 299 056 9172 4 901 1819 191034  563.89 0.30 070 = 1,458.08 6.84 0.62 8274
'VMLO86 1 8 346 10.09  379.31 192.06 0.55 027 875.86 193 045 104.77 12 814 2011 I 1,282.65 32492 0.26 077 | 128343 I 384 055 83.11
VMLO51 1 8 3.60 879 510.80 27595 0.59 024 806.21 318 0.57 88.50 4 8.08 2041 1,64005 = 566.77 034 0.81 1,586.83 | 7.22 061 80.40
Mean of the bottom 5 3.80 844 46840 26197 0.60 023 81218 | 273 054 98.67 843 1692 151090 | 50170 034 066 143415  6.16 0.60 8229

5D, stalk diameter (mm); PH, plant height (cm): SDW, shoot dry weight (mg); RDW, root dry weight (mg): RSR, root to shoot dry weight ratio; DG, daily growth (cm); LRL lateral rootlength (cm):; RV, root volume (em®); RAD, root average diameter (mm) and RTD, root
tissue density (mg cm?).





OPS/images/fpls.2025.1502884/crossmark.jpg
©

2

i

|





OPS/images/fpls.2025.1502884/fpls-16-1502884-g001.jpg
4-- CHIS 910
- Chiapas

w

N

Nodes with aerial roots (num.)

0 50 100 150 200
Days after planting

4 - TLAX 502
- TLAX 402
- TLAX 89

- TLAX 499
- TLAX 501
- TLAX 531

w

N

Nodes with aerial roots (num.)

Tlaxcala

0 50 100 150 200
Days after planting

Nodes with aerial roots (num.)

Nodes with aerial roots (num.)

F-8

N

44 - AGUC 18

w

N

-_—

- MEXI 673
-~ MEXI 109
- MEXI 662

-
-
-
—————

50

‘, /,_..!.............

/

Amecameca/Calputitlan

100
Days after planting

150

______
——T
>
-

e
-

100
Days after planting

200

Aguascalientes

150

200

Nodes with aerial roots (num.)

Nodes with aerial roots (num.)

4- -~ PUEB 686
- PUEB 542

w

N

-_—

44 - Re-Pioneer

w

N

-—

- CML 576

50

50

-

100
Days after planting

100
Days after planting

150

150

200

Improved
200





OPS/images/fpls.2024.1429901/table1.jpg
% reduction of

CV (%) o : the mean

SD (mm) 346 4.49 5.61 12.81 559 8.70 11.19 823 48.32
PH (cm) 533 10.99 15.28 13.20 10.55 18.09 26.35 8.49 39.22
SDW (mg) 37931 665.49 1,001.87 17.79 691.00 1,701.13 3,117.68 17.96 60.88
RDW (mg) 192.06 359.00 552.78 16.67 206.87 525.17 ‘ 1,010.16 18.65 31.64
RSR (mg mg") 0.34 0.55 0.90 1229 0.24 0.32 ‘ 0.48 15.96 -7391
TDW (mg) 579.49 1,024.48 1,489.03 16.52 887.76 2,226.29 4,088.35 16.53 53.98
DG (cm) 0.14 0.31 0.43 14.97 0.42 0.70 ‘ 0.96 822 56.34
LRL (cm) 586.47 1,048.99 1,829.22 2139 961.85 1,533.24 2,136.32 21.04 31.58
TRL (cm) 1,026.65 1,569.73 2,473.67 18.17 1,343.05 2,297.37 3,279.28 17.55 31.67
RSA (cm?) 17078 266.30 379.34 16.03 189.74 42640 71897 1414 37.55
RV (crnz) 193 3.65 5.99 17.29 226 6.38 } 12.13 16.01 42.81
RAD (mm) 0.45 0.55 0.67 772 0.49 0.59 0.70 8.79 7.61

RTD (mg cm's) 79.68 99.15 120.96 8.26 7232 82.83 ‘ 94.63 12.18 -19.70

18D, stalk diameter; PH, plant height; SOW, shoot dry weight; RDW, root dry weight; RSR, root dry weight to shoot dry weight ratio; TDW, total dry weight; DG, daily growth; LRL, lateral root
length; TRL, total root length; RSA, root surface area; RV, root volume; RAD, root average diameter, and RTD, root tissue density.
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Non-applied P Applied P Combined analysis

Gap o
SD (mm) 031+ 033 074 1.35% 051 0.89 0.16* 0.67% 0.42 029
PH (cm) 2.78* 211 0.80 8.26 236 091 2.76* 2.76* 223 0.61
SDW (mg) 19,301.00°  14,023.00 081 283,212.00* | 93,362.00 0.90 31,09400° | 120,16200* | 53,69200 | 031
RDW (mg) 6,216.00° 3,582.00 0.84 20,261.00° | 9.588.00 0.86 4,208.00* 9,031.00* | 658500 043
RSR (mgmg")  1.10x10%* 4.66x107 0.88 2.32x1073% 2.59x107 0.73 3.46x107* 3.19x10%* | 3.62x10° | 0.61
TDW (mg) 38,787.00° | 28,632.00 0.80 438,747.00° | 135469.00 091 48953.00° | 189,815.00° | 82,051.00 | 031
DG (cm) 277107 | 2.10x10” 0.80 8.16x107% 331107 0.88 230x107* | 3.16x107* | 270x107 | 053
LRL (cm) 60,534.00°  52,250.00 078 70,003.00° 104,06 0.67 38754.00* | 2651500° | 7815400 | 0.60
TRL (cm) 92,465.00°  81,310.00 077 165,270.00* 162,57 0.75 64,782.00°  64,086.00* | 121,939.00 = 055
RSA (cm?) 2,387.00* 1,822.00 0.80 8,260.00% 3,637.00 0.87 2,186.00° 3,14 273000 052
RV (cm?) 0.60* 0.40 0.82 2.79* 1.04 0.89 0.67* 1.02* 0.72 051
RAD (mm) 2.50x107>* 1.79x10° 0.81 1.83x10* 2.72x107 0.67 147x107* 6.95x107"* | 2.25x10° | 0.67
RTD (mg cm™)  98.63* 67.04 0.82 40.90* 101.80 0.55 46.56* 23.21% 84.41 0.64

18D, stalk diameter; PH, plant height; SDW, shoot dry weight; RDW, root dry weight; RSR, root dry weight to shoot dry weight ratio; TDW, total dry weight; DG, daily growth; LRL, lateral root
length; TRL, total root length; RSA, root surface area; RV, root volume; RAD, root average diameter, and RTD, root tissue density. ** significant at 0.01 by the likelihood ratio test.
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SDW  RDW

SD (mm) 0.22*% 0.50* 0.80% 0.78* -0.19 0.82* 0.23* 0.54* 0.64* 0.73* 0.74* 0.48* 0.21*
PH (cm) 0.30* 7‘ 0.43* 0.72* 0.49* -0.54* 0.69* 0.91* 0.42* 0.47% 0.49* 0.46* 0.21 0.12
SDW (mg) 0.78* 047* ‘ 0.36* | 0.85* -0.42* 0.99* 0.46* 0.58* 0.69* 0.80* 0.81* 0.50* 0.21*
RDW (mg) 0.63* 0.10 0.64% [ 0.25* 0.08 0.91* 0.24* 0.58* 0.72* 0.88* 0.92*% 0.63* 0.31*
RSR (mg mg'l) -0.21* -0.46* -0.42* 0.41* 0/5 1% -0.32* -0.48* -0.09 -0.07 -0.02 0.02 0.12 0.17
TDW (mg) 0.80% 0.37% 0.95% 0.84* -0.14 0.32* 0.42% 0.59* 0.72* 0.84% 0.86% 0.54* 0.24%
DG (cm) 0.31* 0.93* 0.41* 0.09 -0.41* 0.32* 0.35* 0.34* 0.34* 0.31* 0.25* 0.01 -0.02
LRL (cm) 0.35* 0.19 0.33* 0.48* 0.15 0.42* 0.25* » 0.45% 0.97* 0.81* 0.61* -0.11 0.00
TRL (cm) 0.41* 0.19 0.40* 0.60* 0.21* 0.52% 0.25* 0.98* 0.40% 0.93* 0.78* 0.12 -0.05
RSA (cm?) 0.52* 0.17 0.53* 0.83* 0.32* 0.70* 020 0.79* 0.89* 0.37* ‘ 0.96* 0.46* -0.06
RV (cm?) 0.53* 0.11 0.55* 0.88* 0.36" 0.73* 0.11 0.45* 0.62* 0.90* ‘ 0.39* 0.68* -0.07
RAD (mm) 0.13 -0.10 0.17 0.36% 0.21* 0.26% -0.16 -0.51% -0.35* 0.07 0.46* 0.49* -0.05
RTD (mgem™) | 0.27* -0.02 0.19 0.25* 0.11 0.23* -0.04 0.07 -0.01 -0.13 -0.21* -0.23* 0.46*

''SD, stalk diameter; PH, plant height; SDW, shoot dry weight; RDW, root dry weight; RSR, root dry weight to shoot dry weight ratio; TDW, total dry weight; DG, daily growth; LRL, lateral root
length; TRL, total root length; RSA, root surface area; RV, root volume; RAD, root average diameter, and RTD, root tissue density. ** Significant at P = 0.01. Pearson correlation coefficients
greater than 0.60 are highlighted in bold. Cells shaded along the diagonal represent the Spearman correlation.
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Non-applied P Applied P

LPTI LPPI  LPTI LPPI

Stalk diameter (mm) 0.43* 0.83* -0.66*1/ ‘ 0.12
Plant height (cm) 0.25* 0.49* -0.55* 0.00
Shoot dry weight (mg) V 0.25*% 0.75% ' -0.65* | 0.11%
Root dry weight (mg) 0.34* 0.77* -0.62% ‘ 0.17*
Root:shoot dry weight ratio V 0.09 0.00 ' 0.14 0.05
Total dry weight (mg) 0.31* 0.83* -0.66 ‘ 0.13*
Daily growth (cm) [ 0.47* 0.52% -0.34* A 0.06
Lateral root length (cm) V 0.19 0.71% -0.47% 0.22
Total root length (cm) 0.22* 0.75* -0.54* 0.21*
Root surface area (cm?) V 0.28* 0.76* ' -0.61* | 0.19*
Root volume (cm?) ‘ 0.28* 0.62% -0.60* : 0.16
Root average diameter (mm) 0.11 -0.11 » -0.40* -0.03
Root tissue density (mg cm™) V 0.14 0.34* -0.13 0.08

"+ Significant at P = 0.01. Pearson correlation coefficients greater than 0.60 are highlighted
in bold.
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Multivariate Regression Analysis: 2020 Only

Predictor B
variable

SE t-value P

Response variable: Final Node Count

Early Height 0.013 0.003 4.423 <0.0001 Gl
Early Stem Diameter 0.145 0.128 1.133 0.26 ns
Early Leaf Width 0.127 0.040 3.139 0.0018 >

Response variable: Late Height

Final Node Count 0.980 1.854 0.528 0.60 ns

Early Height 0.359 0.110 3.272 0.0012 b
Early Stem Diameter 14.537 4.831 3.009 0.0028 AL
Early Leaf Width -2.100 1.529 -1.383 0.168 ns

p < 0.0001 = **%, p < 0.01 "*", p < 0.1 = ~, p>0.1 = ns.

Early height and early leaf width both predicted final node count, while early stem diameter
did not. Early height and early stem diameter predicted late height, but final node count and
early leaf width did not.
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Accession Maximum number of aerial = Growth rate of aerial Growth duration (days) Pseudo-R?

nodes (Yy) nodes (k-day™)

PUEB 686 2.39 £0.03 0.15 £0.02 57.64 +1.21 0.99
Chiapas 1.5% £0.01 0.13 £0.03 59.80 +0.50 0.98
Re-Pioneer 1.66 +0.04 0.10 £0.03 59.52 +0.98 0.98
TLAX 459 2.38 £0.09 0.12 £0.01 57.13 £0.66 0.99
PUEB 542 150 £0.02 0.20 £0.02 54.73 + 0.76 0.99
CML 576 0.50 £0.01 0.15 £0.02 55.80 +0.02 697
MEXI 673 3.72 £0.12 0.11 £0.03 63.38 £1.42 0.99
CHIS 910 2.08 £0.02 0.10 £6.01 60.80 +0.36 0.99
TLAX 501 176 £0.03 0.12 £0.01 63.87 £0.03 0.99
TLAX 502 2.96 £0.04 0.13 £0.01 59.55 +0.50 0.99
AGUC 18 3.24 £0.1% 0.08 £0.04 62.24 +0.02 0.97
TLAX 402 2.66 £0.15 0.07 £0.02 59.69 +1.47 0.97
MEXI 109 243 +£0.05 0.15 £0.04 58.64 +0.58 0.98
TLAX 89 2.50 £0.02 0.14 £0.01 62.86 +0.41 0.99
MEXI 662 2.05 £0.05 0.17 £0.03 64.51 +0.01 0.99
TLAX 531 160 +0.02 0.15 £0.01 61.97 +0.47 0.99
Average 2.21 #0.11 0.13 +0.00 60.13+0.724

Standard deviation 0.150 0.008 0.724

Growth rate of nodes with aerial roots across landraces varied, and the maximum number and growth rate of nodes with roots had a negative relationship, suggesting that plants with more aerial
nodes exhibit a slower development rate of those nodes. Parameter values + standard error. The parameters were estimated using the logistic model. Each parameter value represents the
estimated mean across four replicates, with corresponding standard errors (SE). Bold numbers indicate averages and standard deviations for the whole dataset.
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Source of variatiol arly Height ial Nodes Final Leaf Wi Final Stem Diam

2019
Accession 491 1556 165 15,47~ 1.99 1545* 211 g545* NA

2020
Fertilizer 1.50 ;5™ 040 5™ 3.92 16~ 095 1,6 429 15"
Accession 23.53 1 58" 16 g 0" 4.16 g39™* 1148 g7t 19.60 436
Fertilizer x Accession 1.70 1 57 1.00 5,46™ 119 g30™ 093 g™ 181 g3 ~

F-valuenumerator d, denominator df-

P <0.0001 = ***, p < 0001 =*** p< 0.05=* p<0.1=
§ square root transformation; ¥ log transformation.
Fertilizer was not applied in the 2019 experiment. We identified differences among accessions for many traits in both years, including the final number of nodes with aerial roots in 2020.

, p>0.1 = ns.
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Source of var A AN Ndfa (sunflower ref) = Ndfa (improved maize ref)
Fertilizer ‘ 3.61 130~ 14.87 1.3 0.002 5"
Accession ‘ 12.83 39"*** 2.63 636" 1.16 535" 2.98 420"
Fertilizer x Accession ‘ 148 30" 0.46 636™ 0.14 535" 022 424™

F-valuenumerator df, denominator df.

P <0.0001 =***, p < 0,001 =***, p< 0.05 =%, p < 0.1 = ~, p>0.1 = ns.

Ndfa: percentage of N derived from atmosphere.

The 8'"°N and Ndfa (using sunflower as a reference) were affected by fertilizer and %N, §'°N, and Ndfa (using the improved conventional maize as a reference) were affected by accession.
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Response Variable: Final Node Count

Predictor variable B SE t-value
2020 Early Height 0.018 0.0030 6.9 <0.0001
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Response Variable: Final Leaf Width
2020 Final Node Count 0.40 0.065 62 <0.0001
2019 Final Node Count 1.85 0.440 42 <0.0001

Response Variable: Final Stem Diameter
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Response Variable: Ndfa (sunflower ref)
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P <0.0001 = **%, p < 0001 = ***, p< 0.05 = *, p < 0.1 = ~, p>0.1 = ns.

A simple linear regression model was fitted to obtain the coefficients. Plants that were bigger early on produced more nodes with aerial roots. Final node count also predicted final leaf width, stem
diameter, and height. These relationships indicate that plants with more nodes experienced greater growth. Final node count also predicts %Ndfa when using sunflower as a reference (and was
nearly significant with improved maize as a reference).
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