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��� 
 (
 = 1,… , ��) � �

�� � (� = 1,… ,35), ��




�� = � �� 
 = 1,… , ��
�� 
 = �� + 1,… , �� + � 

�� 
 �� (��~��0, ����
�� 
 � ���


 � ���~�(0, ���).

significance level (α). For all statistical models, the genetic effect of progeny was first taken 

���

ℎ�

ℎ� = 1 − #̅�%&'
2���

#̅�%&'
Person’s correlat
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.

g

(Robinson 2006). 

.

n

0.5
n
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depths ≥ 5, 6 and 7, window sizes (i.e. physical distance used for haplotype inference) 

g imputed genotypes with the “real”, 

by

.
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) �
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). ��(� ×
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(� × � !" � × �), ��(� × �) �
(� × �)

(� × 1), � � � × �

� � × �
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. 

o
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depth ≥ 6 to minimize miscalling of heterozygotes (expected miscalling frequency 

Population structure and relatedness
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sorghum 

2

2
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d 3.

p

p

p
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Sb03g043890

Sb03g006765

Sb03g031680

– – –
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– – 15 Mb and 65 –
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yielding BRP13R progeny as Δ

Sb03g006765

Sb03g31680

p

Sb03g006765, 

Sb03g031680, which are associated with the highest Δ
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Sb03g031680 –

–
1

Sb03g006765 Sb03g031680

�

Sb03g006765

Sb03g031680

Sb03g006765, 
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� AIC: 

Sorghum bicolor

5d

A: 

by

A: 

S
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2

0 

Sorghum bicolor

267–281

–75
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–585

–

–1177

–1097

–876
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–

–1008

–935

–1753

by

–1413

FAO I (2015) Status of the world’s soil resources (SWSR)

–374

–
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4
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–341

–677

–

009 9984 2

–1723
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100

014 0206 6

754–1760

–

–

766

–1395

–63

–1610

–1914
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–
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–

ph
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–

–90

–171

–1716
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–280

– 007

–

42
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–

–464

– 100102992
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. 

–6552

–4423
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13

. –1230

–15
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–210

–142

–160
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maximum of 20% missing data per site and read depth ≥ 6 were allowed and the dataset contained 

biallelic, polymorphic loci, without insertions and deletions, with a read depth ≥ 6 and MAF ≥ 0.01. 
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.
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2

oni (α = 0.05) multiple test 

2

2

.
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p 10 p
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Sb03g006765, Sb03g031670, Sb03g031680 Sb03g031690

for the “top” and “bottom” progeny are shown in the respective bar charts.
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2

A gives rise to GBLUP

nd 

trix (GF

.
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by

Sites with a number of reads ≥ 6 (yellow) 

.
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.



113

Sb03g006765, Sb03g031670, 

Sb03g031680, Sb03g031690, Sb03g031700 _5947, _6083, 

_24804



114

Difference in favorable allele frequencies between the top and bottom BRP13R progeny (∆f) 

selected for grain yield. Average ∆f per gene was calculated for Sb03g006765, 

b03g031670, Sb03g031680, Sb03g031690, Sb03g031700

.
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6

5 Sudan

BR012(5DX61/6/2)

5DX61/6/2
b

156 5 2 1
b

9929044

9929048

9930002 9930002

1 1 1 1

–

156 8
b

8

9929052

b . 
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Al

1 0.61 2.01 3.48 0.55

0.81 64.15 79.5 64.15

0.75 148.71 188.5 118

1 0.58 2.05 7.33 0.41

1 0.64 4.24 8.92 1.32

1 0.55 6.32 14.77 1.96

1 0.57 2.72 6.48 0.78

1 0.53 1.77 2.89 0.48

0.54 346.74 578.31 181.55

0.37 0.90 1.08 0.77

0.51 96.89 174.99 48.8

0 mm < RD ≤ 1 mm, SA1) 0.54 49.64 89.43 23.72

1 mm < RD ≤ 2 mm, SA2) 0.43 34.22 55.98 15.85

2 mm < RD ≤ 4.5 mm, SA3) 0.47 3.74 10.64 1.19

0.49 2.16 3.88 1.02

1 mm < RD ≤ 2 mm, V2) 0.43 1.15 1.95 0.5

0.61 2.01 3.02 1.07

0.64 1.91 3.02 0.76

Shoot phosphorus content (g, Ps) 0.74 7.58 18.84 4.12

0.51 3.97 8.44 1.63

0.73 75.69 326.04 18.17

o h
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p Ps

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.35 0.25 0.24 0.22 0.16 0.65 0.23 0.34 0.61 0.56 0.31 0.47 0.86

0.21 0.00 0.51 0.02 0.26 0.00 0.00 0.27 0.76 0.72 0.66 0.81 0.56 0.80 0.98 0.54 0.05 0.14 0.19 0.82

0.30 0.27 0.01 0.00 0.01 0.00 0.00 0.72 0.05 0.62 0.07 0.08 0.13 0.20 0.08 0.12 0.15 0.14 0.06 0.00

0.35 0.05 0.17 0.00 0.00 0.00 0.00 0.14 0.93 0.18 0.61 0.96 0.28 0.49 0.54 0.23 0.70 0.96 0.15 0.52

g 0.76 0.16 0.26 0.51 0.00 0.00 0.00 0.31 0.85 0.63 0.74 0.82 0.53 0.79 0.84 0.52 0.94 0.99 0.28 0.44

0.63 0.08 0.18 0.73 0.80 0.00 0.00 0.21 0.79 0.95 0.97 0.82 0.66 0.87 0.94 0.62 0.65 0.57 0.30 0.61

0.56 0.21 0.43 0.66 0.59 0.66 0.00 0.15 0.30 0.35 0.26 0.16 0.76 0.61 0.36 0.74 0.53 0.93 0.70 0.93

0.92 0.22 0.29 0.37 0.72 0.63 0.62 0.45 0.33 0.18 0.28 0.19 0.76 0.31 0.47 0.75 0.94 0.53 0.65 0.95

0.07 0.08 0.03 0.11 0.07 0.09 0.10 0.05 0.06 0.18 0.06 0.09 0.21 0.01 0.10 0.17 0.00 0.03 0.89 0.79

0.08 0.02 0.14 0.01 0.01 0.02 0.07 0.07 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.08 0.03 0.03 0.09 0.03 0.00 0.07 0.10 0.10 0.28 0.40 0.00 0.00 0.00 0.04 0.00 0.49 0.25 0.01 0.00

0.09 0.03 0.13 0.04 0.02 0.00 0.08 0.08 0.13 0.96 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.10 0.02 0.13 0.00 0.02 0.02 0.10 0.09 0.12 0.98 0.36 0.93 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.03 0.04 0.11 0.08 0.04 0.03 0.02 0.02 0.09 0.70 0.36 0.84 0.61 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.09 0.02 0.09 0.05 0.02 0.01 0.04 0.07 0.17 0.50 0.35 0.62 0.42 0.73 0.00 0.00 0.00 0.00 0.00 0.00

0.07 0.00 0.12 0.04 0.01 0.01 0.07 0.05 0.12 0.86 0.14 0.95 0.82 0.91 0.7 0.00 0.00 0.00 0.00 0.00

2 0.04 0.04 0.11 0.09 0.05 0.04 0.02 0.02 0.10 0.68 0.39 0.82 0.59 1.00 0.74 0.90 0.00 0.00 0.00 0.00

0.04 0.14 0.10 0.03 0.01 0.03 0.04 0.01 0.21 0.78 0.05 0.81 0.71 0.75 0.64 0.80 0.74 0.00 0.00 0.00

0.07 0.10 0.10 0.00 0.00 0.04 0.01 0.04 0.15 0.75 0.08 0.79 0.67 0.76 0.71 0.81 0.76 0.82 0.00 0.00

0.05 0.09 0.13 0.10 0.08 0.07 0.03 0.03 0.01 0.49 0.18 0.56 0.44 0.60 0.50 0.59 0.59 0.67 0.59 0.00

0.01 0.02 0.21 0.05 0.05 0.04 0.01 0.00 0.02 0.33 0.33 0.42 0.27 0.54 0.48 0.50 0.55 0.46 0.62 0.60
1 1

1 1 1 1

0 mm < RD ≤ 1 mm); SA2

1 mm < RD ≤ 2 mm); SA3 2 mm < RD ≤ 4.5 mm); RV 1 mm < RD ≤ 2 mm); SDM

.
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1Mb 5Mb 10Mb

99.63 99.67 99.69 99.69 99.75 99.77 99.78 99.78

38.87 43.06 44.74 45.32 45.95 45.43 45.55 45.49

31.24 41.33 47.37 49.07 54.92 55.67 56.59 57.39

97.33 97.54 97.64 97.67 97.76 97.76 97.78 97.79

The original dataset had 50% or less missing genotypes per site and read depth ≥ 6. kb: kilobase

.
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Dominance
p

p p

1 60416633 0.83 0.67 2.70
*

4.16 3.78 7.43

1 69085561 2.53 1.76 2.54 3.41 3.96 7.77

3 9674125 1.09 3.92 3.92 6.32

3 54731076 1.84 0.64 2.71
*

4.40 3.99 7.82

4 16254388 1.86 0.11 2.94
*

4.37 3.66 7.20

4 25220420 1.07 3.87 3.87 6.26

4 55314334 1.82
*

4.18 0.12 0.08 3.46 6.81

5 4738000 1.35 4.24 4.24 6.90

5 13511246 1.00
*

3.90 1.29 1.25 3.98 7.79

5 32372890 1.16 4.27 4.27 6.95

5 46871148 1.13 4.05 4.05 6.56

5 61513895 1.62
*

3.88 0.38 0.32 3.28 6.48

6 6362373 3.24
*

7.05 1.07 0.86 6.67 12.68

6 10559292 2.78
*

7.42 0.84 0.82 7.00 13.24

6 14215828 1.59 6.22 6.22 10.47

6 18017452 1.12 3.26 1.55 2.26 4.27 8.33

6 22469016 1.60 6.38 6.38 10.67

6 26660116 1.51 6.00 6.00 11.02

6 32227756 2.38
*

4.60 0.61 0.41 4.00 7.83

6 35865564 1.71

*

4.97 0.70 0.59 4.48 8.72

6 39176077 2.13
*

5.25 0.10 0.06 4.47 8.70

9 5489179 1.06 3.81 3.81 6.14

1 21408227 130.59 4.20 4.20 7.81

1 54059972 122.77 3.75 3.75 6.72
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Dominance
p

p p

2 73019702 186.71 0.03 358.60

*

4.71 3.97 8.52

3 8915961 135.83 4.30 4.30 7.66

3 73632899 222.44

*

4.51 2.76 0.01 3.76 8.08

5 2820424 133.16

*

3.98 148.26 1.31 4.11 8.78

5 56530848 111.66 0.37 275.86

*

4.45 3.86 8.28

6 35545860 135.26 3.75 3.75 6.58

6 40756181 47.17 3.50 295.35

*

3.97 6.07 12.70

6 54520871 96.46 3.19 202.36 2.31 4.25 9.08

7 63381362 136.63 3.91 3.91 6.99

8 38548245 127.02 4.29 4.29 7.84

8 50789907 136.11 4.66 4.66 8.55

8 54846915 241.67 0.66 330.76

*

4.17 3.78 8.13

9 49364208 96.32 3.65 226.02 2.76 5.09 10.77

9 56500336 127.66 4.21 4.21 7.53

10 57992365 161.69 0.01 318.15

*

4.11 3.40 7.33

1 21158289 0.01 1.65 0.31 3.41 3.86 8.39

1 46421958 0.28 3.67 0.17 1.48 3.96 8.59

2 4392984 0.15 0.25 0.36

*

3.82 3.19 6.99

3 57405355 0.19 0.25 0.38

*

3.90 3.28 7.17

4 63850141 0.25 0.85 0.35

*

4.00 3.77 8.19

5 2201209 0.07 2.26 0.26 2.72 3.76 8.18

5 46871148 0.15 3.80 3.80 6.78

5 53751317 0.15 4.08 4.08 7.60

5 56525294 0.29 0.23 0.43

*

4.48 3.81 8.29
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Dominance
p

p p

6 25929004 0.16 3.83 3.83 7.07

6 40756181 0.11

*

4.26 0.29 2.96 5.85 12.41

8 38548245 0.14 3.75 3.75 6.84

8 50789907 0.15 4.26 4.26 7.83

9 44703993 0.03 0.08 0.30

*

4.17 3.47 7.57

9 49364208 0.09 2.82 0.24 2.36 3.95 8.57

10 15901040 0.09 0.19 0.31

*

4.13 3.46 7.56

10 44553503 0.14 0.04 0.33

*

4.13 3.42 7.47

10 52939284 0.15 3.95 3.95 7.17

1 15151700 249.97 4.54 4.54 7.71

1 31357280 421.53 3.82 3.82 6.46

1 38512761 377.19 4.47 4.47 7.61

1 42063798 282.22

*

3.76 139.87 0.46 3.25 6.66

1 54073570 254.03 3.82 3.82 6.46

1 57841084 245.57 3.85 3.85 6.49

1 65749085 407.87 4.07 4.07 6.84

2 6854110 277.56 4.73 4.73 8.40

2 72730705 337.97

*

4.07 105.71 0.46 3.54 7.23

5 2820424 321.20

*

4.23 96.30 0.33 3.61 3.37

5 47652198 247.73 4.71 4.71 8.06

6 40756181 117.30 3.21 418.87 2.73 4.65 9.37

7 10626759 222.21 4.14 4.14 7.07

7 43630613 547.56 4.95 4.95 8.46

7 57897748 253.84 3.83 3.83 6.40
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Dominance
p

p p

7 63124965 415.54 3.57 304.02 1.95 4.28 8.66

8 2534263 72.86 0.16 438.51

*

3.79 3.13 6.43

9 49364182 327.52

*

4.39 104.06 0.39 3.80 7.73

9 53507454 450.76 3.02 329.57 2.02 3.82 7.78

9 56378866 285.99

*

4.68 191.72 0.87 4.41 8.92

10 11768931 288.19 4.69 4.69 8.12

10 16289941 273.15 3.99 3.99 6.98

1 14530781 0.44 5.27 5.27 9.69

1 21408227 0.42 4.74 4.74 8.99

1 54039814 0.39 4.19 4.19 7.73

2 12940358 0.29 0.11 0.79

*

3.89 3.21 7.00

2 73019702 0.75 0.57 1.03

*

4.28 3.83 8.30

3 66134 0.39 4.13 4.13 7.67

4 4133580 0.39 4.02 4.02 7.32

5 1938066 0.92 5.11 5.11 9.32

5 42951431 0.76 4.40 4.40 7.99

6 53348412 0.84

*

4.56 0.28 0.57 4.07 8.79

7 5906885 0.56 3.76 3.76 6.71

8 53007092 0.66

*

3.89 0.40 1.41 4.11 8.87

10 15901040 0.44 1.03 0.79

*

3.98 3.88 8.40

1 25624633 4.49 4.23 4.23 7.60

2 61423315 0.84 0.67 8.51

*

4.73 4.32 9.18

2 71377700 6.53 4.54 4.54 8.11

2 74737752 5.18 0.35 9.50

*

4.29 3.69 7.90
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Dominance
p

p p

3 59699601 4.06 0.21 10.19

*

4.64 3.96 8.45

3 70645255 6.84 2.88 6.18 2.50 4.13 8.79

4 4024552 6.24

*

4.15 1.70 0.41 3.58 7.68

4 45901151 2.08 0.94 8.14

*

4.33 4.15 8.84

4 50558826 0.35 0.04 8.34

*

4.57 3.84 8.20

5 3672778 4.89 0.75 12.88

*

6.13 5.73 11.98

5 11403024 7.32 4.75 4.75 8.51

5 22840795 4.72 3.98 3.98 7.04

5 47652198 4.39 4.59 4.59 8.23

5 61934206 4.06 3.85 3.85 6.97

6 3276551 6.30 4.15 4.15 7.42

6 38139028 6.58

*

4.62 1.88 0.33 3.98 8.50

6 42302187 8.44 6.79 6.79 12.40

6 52922413 2.45 3.11 6.50 2.29 4.16 8.85

7 53440991 5.40 4.30 4.30 7.79

7 59638943 4.31 3.77 3.77 6.61

8 302177 5.47 3.83 3.83 6.72

8 4208738 5.15 5.56 5.56 10.23

9 2316133 6.91 4.60 4.60 8.22

9 11676861 1.58 1.25 9.75

*

4.24 4.31 9.17

9 50767185 5.29 4.72 4.72 8.50

9 57556143 7.62 5.06 5.06 9.16

10 113148 4.09 3.82 3.82 7.02

10 5152393 2.36 0.06 9.46

*

5.27 4.52 9.58
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Dominance
p

p p

10 9376689 0.55 1.95 8.35 3.62 4.32 9.19

10 54658615 4.21 3.96 3.96 7.23

1 51011831 0.06 1.41 0.57

*

4.22 4.43 9.67

1 54531403 0.24 3.94 3.94 7.20

1 67345901 0.32 4.86 4.86 9.12

4 7576721 0.29 4.29 4.29 7.90

4 10312688 0.51 4.17 4.17 7.61

5 5052622 0.28 3.77 3.77 6.80

5 15053391 0.47 3.96 3.96 7.18

7 43630613 0.58 5.37 5.37 9.98

7 59696586 0.28 4.62 4.62 8.62

9 57050493 0.23 4.17 4.17 7.94

10 15946933 0.30 3.84 3.84 6.93

10 45539515 0.19 3.84 3.84 7.22

1 10974423 0.46 3.87 3.87 7.00

1 42953217 0.45 4.68 4.68 8.67

1 53580556 0.39 4.51 4.51 8.35

1 59260003 0.50 3.81 3.81 6.87

1 65205800 0.49

*

4.37 0.07 0.16 3.67 8.07

2 8215503 0.09 0.21 0.66

*

3.98 3.33 7.36

2 12209796 0.32 4.08 4.08 7.75

2 54231940 0.31 3.92 3.92 7.10

2 71465500 0.70 3.85 3.85 6.94

3 11001698 0.29 0.20 0.74

*

3.83 3.18 7.04
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Dominance
p

p p

4 55368601 0.52

*

3.89 0.00 0.01 3.18 7.03

5 2562535 0.35 4.19 4.19 7.67

6 50477033 0.48 0.25 0.78

*

3.96 3.33 7.37

8 49037334 0.25 0.81 0.96

*

4.11 3.84 8.43

9 25056019 0.57

*

5.81 0.13 0.28 5.09 11.03

9 57381936 0.20 0.47 0.75

*

4.00 3.49 7.70

10 3472282 0.42 4.66 4.66 8.70

10 12741174 0.40 3.79 3.79 6.94

10 60088745 0.68 4.35 4.35 7.94

Ps 1 5028801 0.48 3.87 3.87 7.09

Ps 1 11292709 0.64 3.85 3.85 7.24

Ps 1 54415741 0.98 3.82 3.82 6.99

Ps 1 64713799 0.72 4.11 4.11 7.66

Ps 1 70027560 0.71 3.76 3.76 6.87

Ps 2 12587852 0.35 0.25 0.96

*

3.82 3.20 7.19

Ps 2 60966307 0.51 4.48 4.48 8.61

Ps 2 71801938 0.70 5.41 5.41 10.30

Ps 2 76653835 0.23 0.32 0.92

*

3.76 3.18 7.15

Ps 3 69867875 0.16 0.11 1.10

*

4.82 4.09 9.11

Ps 4 53704264 1.31

*

5.01 0.61 1.45 5.20 11.42

Ps 5 2562502 0.52 4.40 4.40 8.19

Ps 6 15341422 0.56 3.83 3.83 7.02

Ps 6 33719432 0.60 4.78 4.78 9.06

Ps 6 52239753 0.03 0.50 1.15

*

5.08 4.54 10.05
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Dominance
p

p p

Ps 6 60216488 0.54 4.89 4.89 9.52

Ps 8 5137797 0.65 5.45 5.45 10.65

Ps 8 51667247 0.03 1.61 1.05 3.57 3.98 8.88

Ps 9 22368044 0.49 4.14 4.14 7.76

Ps 9 26586781 0.48 3.91 3.91 7.44

Ps 9 58731859 0.18 0.34 1.07

*

4.18 3.58 8.03

Ps 10 8084680 0.97 3.99 3.99 7.35

Ps 10 53084345 1.06 4.68 4.68 8.74

Ps 10 57741041 0.30 0.22 0.99

*

3.81 3.17 7.14

1 15605312 0.41 0.44 1.34

*

4.48 3.93 8.46

1 54039814 0.61 5.02 5.02 9.35

1 60441337 0.50 3.81 3.81 7.01

2 12940358 0.32 0.09 1.20

*

4.36 3.65 7.87

4 62193771 0.65 1.20 1.12

*

4.28 4.31 9.24

6 1893885 0.32 1.48 1.38 3.65 3.95 8.50

8 46968534 1.37 5.09 5.09 9.24

9 44703993 0.01 0.17 1.11

*

4.33 3.64 7.87

9 49364208 0.33 3.01 0.96 2.71 4.44 9.50

9 57050493 0.54 4.01 4.01 7.43

10 15901040 0.50 0.59 1.15

*

4.16 3.72 8.04

1 21134033 0.02 3.74 3.74 6.98

1 55233715 0.02 3.02 0.02 1.93 3.75 8.41

3 4691980 0.03

*

4.13 0.01 0.59 3.69 8.28

4 53280799 0.03

*

4.95 0.01 0.58 4.45 9.92
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Dominance
p

p p

6 48789341 0.02 4.25 4.25 7.98

6 53630865 0.02

*

4.72 0.01 0.80 4.39 9.78

10 50675188 0.02

*

3.92 0.01 1.16 3.92 8.78

1 50871588 0.24 3.87 3.87 7.13

1 55364790 0.14 3.95 3.95 7.33

1 72149849 0.25 3.09 0.18 2.07 3.93 8.81

2 1538032 0.15

*

3.78 0.10 1.10 3.74 8.40

2 67786190 0.17

*

3.96 0.04 0.36 3.37 7.60

3 2256753 0.13 0.64 0.23

*

3.86 3.47 7.82

3 5304870 0.13 4.08 4.08 7.60

3 10797681 0.13 3.78 3.78 6.95

3 63652171 0.16 4.20 4.20 7.80

3 64921231 0.15 3.94 3.94 7.27

4 42119562 0.18 4.85 4.85 9.19

6 2119120 0.14 4.51 4.51 8.43

6 52239753 0.07 0.12 0.28

*

5.28 4.53 10.08

6 58177575 0.00 0.01 0.24

*

4.69 3.95 8.85

7 1030523 0.13 4.52 4.52 8.50

8 45774346 0.18

*

3.82 0.03 0.26 3.19 7.20

9 57493707 0.14 3.88 3.88 7.20

1 46958948 26.85 4.07 4.07 7.42

1 56164573 21.55 0.85 45.24

*

3.88 3.64 7.99

2 67786190 33.35

*

4.01 21.62 1.20 4.04 8.82

3 53540671 40.39

*

5.34 11.37 0.51 4.77 10.33
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Dominance
p

p p

3 70653295 30.46 5.60 5.60 10.75

3 72149445 22.30 3.86 3.86 7.17

4 66704724 19.22 0.91 47.27

*

4.46 4.25 9.25

5 371341 25.48 3.83 3.83 6.99

5 61875578 23.29 3.86 3.86 7.01

6 47400938 24.99 0.78 45.65

*

3.78 3.50 7.69

6 57864566 23.63 4.21 4.21 7.87

7 1888070 26.89

*

3.90 19.75 0.83 3.64 7.98

10 115384 45.24 3.90 3.90 7.04

10 5168971 4.61 0.32 49.83

*

4.50 3.88 8.49

10 52044243 24.64 3.79 3.79 6.84

1 4220530 0.07 4.73 4.73 8.65

1 50020081 0.06 4.69 4.69 8.47

2 55392807 0.12

*

4.76 0.03 0.46 4.19 8.76

2 57617091 0.07 0.06 0.14

*

3.89 3.19 6.76

2 59918232 0.11

*

4.71 0.03 0.51 4.18 8.74

2 63888111 0.11 3.97 3.97 6.87

2 67928234 0.09

*

3.75 0.03 0.40 3.20 6.76

3 71091428 0.13

*

6.60 0.03 0.60 6.05 12.38

5 58647035 0.13 4.11 4.11 7.15

7 36639472 0.06 4.62 4.62 8.11

8 9386213 0.06 5.05 5.05 9.24

8 37814485 0.09 4.09 4.09 7.16

9 30718732 0.06 3.81 3.81 6.56
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Dominance
p

p p

9 58094902 0.12 2.10 0.12 3.12 4.00 8.38

10 21106816 0.13

*

4.35 0.04 0.62 3.91 8.20

10 35408048 0.06 3.88 3.88 6.73

10 42973117 0.14

*

4.98 0.05 0.75 4.59 9.56

1 46614527 0.25 0.37 0.36

*

4.13 3.56 7.86

1 56164573 0.08 0.19 0.32

*

4.77 4.08 8.96

2 66813744 0.11 2.49 0.24 3.07 4.30 9.42

3 50553922 0.23 4.49 4.49 8.25

3 70653295 0.17 4.53 4.53 8.63

4 67180415 0.00 0.80 0.29

*

3.80 3.54 7.82

5 1579777 0.00 2.52 0.31 2.88 4.16 9.13

5 52310727 0.11 2.14 0.24 3.13 4.04 8.88

6 52239753 0.03 0.24 0.29

*

3.82 3.19 7.08

10 1946341 0.01 0.08 0.28

*

3.99 3.29 7.30

10 5168971 0.02 0.93 0.30

*

4.24 4.05 8.91

10 11092809 0.19 3.80 3.80 6.90

10 50673001 0.13 1.15 0.27

*

3.77 3.78 8.34

1 46614527 10.97 0.32 16.39

*

4.36 3.75 8.26

1 56164573 5.05 0.52 13.86

*

4.74 4.23 9.28

2 22195268 4.12 0.35 14.98

*

3.91 3.34 7.40

2 67786190 9.77

*

4.38 4.56 0.82 4.09 8.98

3 53540671 9.72

*

4.26 3.32 0.54 3.77 8.31

3 70653295 8.51 5.85 5.85 11.34

4 67180415 0.09 0.92 14.10

*

4.64 4.43 9.68
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Dominance
p

p p

5 52310727 5.64 2.64 10.51 3.10 4.46 9.76

6 47400938 6.40 0.58 13.40

*

4.28 3.83 8.44

6 57864566 6.41 4.08 4.08 7.69

8 11290791 6.18 4.05 4.05 7.52

10 1946341 0.93 0.02 12.25

*

4.06 3.35 7.42

10 5168971 0.28 0.68 13.12

*

4.22 3.85 8.47

10 52044243 6.72 3.77 3.77 6.83

1 2709945 7.21 3.76 3.76 6.76

1 46958948 4.47 4.67 4.67 8.64

1 56777857 5.71 5.19 5.19 9.59

1 71971026 3.46 3.96 3.96 7.40

2 66813744 1.81 1.65 6.47 3.49 3.95 8.65

3 53540671 6.76

*

6.11 1.47 0.41 5.44 11.72

3 70653295 4.93 6.10 6.10 11.75

4 67180415 0.30 1.18 8.17

*

4.88 4.87 10.55

5 61875578 3.80 4.24 4.24 7.80

6 57864566 3.81 4.53 4.53 8.53

10 5168971 0.04 0.68 7.85

*

4.68 4.28 9.33

1 19661942 1.23 0.61 5.49

*

4.10 3.68 8.20

1 47891922 3.06 0.00 5.93

*

4.10 3.39 7.59

1 56164573 0.54 0.15 5.24

*

4.69 3.98 8.84

1 63521031 3.28 3.79 3.79 6.91

2 67786190 3.67

*

4.17 1.15 0.47 3.64 8.12

3 50553922 3.97 4.64 4.64 8.64
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Dominance
p

p p

3 58636643 2.79 4.48 4.48 8.44

3 61407483 0.75 2.73 5.03 3.32 4.75 10.46

3 72149445 2.81 5.51 5.51 10.71

5 52310727 1.29 1.65 4.86

*

4.33 4.74 10.43

6 52239753 0.82 0.13 5.49

*

4.70 3.98 8.85

6 60678196 2.50 3.91 3.91 7.19

8 11290791 2.24 3.84 3.84 7.17

10 50673001 1.72 0.76 5.02

*

4.56 4.22 9.36

1 52623530 0.62

*

3.77 0.02 0.03 3.06 6.92

3 11968376 0.59 3.88 3.88 7.17

3 50553922 0.60 4.18 4.18 7.76

4 3272274 0.53 4.31 4.31 8.17

4 21838051 0.62

*

4.75 0.19 0.49 4.20 9.37

4 42119562 0.53 3.78 3.78 6.98

4 57389532 0.59 4.24 4.24 7.88

4 61484871 0.59

*

3.87 0.06 0.12 3.18 7.17

5 45606056 0.53 4.39 4.39 8.41

5 51000703 0.67 4.16 4.16 7.72

6 52239753 0.07 0.33 0.90

*

4.90 4.26 9.51

1 8560472 0.15 4.55 4.55 8.66

1 46614527 0.16 0.04 0.31

*

4.11 3.41 7.68

2 14675692 0.10 0.20 0.29

*

3.97 3.32 7.49

2 67786190 0.18

*

3.93 0.11 1.08 3.87 8.68

3 2256753 0.09 0.07 0.28

*

4.37 3.65 8.22
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Dominance
p

p p

3 7419256 0.03 0.74 0.26

*

3.87 3.56 8.01

3 59931709 0.15 4.33 4.33 8.21

3 64921231 0.16 3.78 3.78 6.96

4 1384342 0.16 3.53 0.14 1.68 4.00 8.96

4 17424187 0.12 0.72 0.32

*

4.20 3.86 8.66

4 42119562 0.18 4.02 4.02 7.48

4 66704724 0.09 0.62 0.27

*

4.96 4.51 10.04

6 2119120 0.16 4.49 4.49 8.41

6 52239753 0.05 0.12 0.30

*

5.05 4.32 9.64

7 1026001 0.13 4.01 4.01 7.49

8 26890994 0.14 4.13 4.13 7.78

9 6613082 0.18

*

4.20 0.06 0.46 3.66 8.24

10 1816337 0.17 0.14 0.29

*

3.97 3.29 7.43

1 10850288 0.18 3.82 3.82 6.98

1 19661942 0.05 0.55 0.20

*

4.14 3.68 8.22

1 47891922 0.11 0.00 0.21

*

4.21 3.49 7.82

1 56164573 0.01 0.22 0.18

*

4.62 3.94 8.78

1 63521031 0.12 3.97 3.97 7.30

2 14675692 0.07 0.16 0.19

*

3.78 3.12 7.02

2 67786190 0.13

*

4.02 0.04 0.51 3.52 7.88

3 50553922 0.14 4.71 4.71 8.79

3 58636643 0.10 4.44 4.44 8.38

3 61407483 0.03 2.90 0.18 3.32 4.90 10.79

3 67059263 0.09 3.81 3.81 7.05
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Dominance
p

p p

3 72483804 0.02 0.01 0.17

*

3.79 3.10 6.96

5 52310727 0.04 1.49 0.18

*

4.48 4.75 10.48

6 52239753 0.03 0.13 0.20

*

4.79 4.07 9.06

6 60678196 0.09 4.01 4.01 7.42

10 50673001 0.06 0.80 0.18

*

4.54 4.24 9.41

0 mm < RD ≤ 1 mm); 

1 mm < RD ≤ 2 mm); SA3: surface area 2 mm < RD ≤ 4.5 mm); RV: root volume (cm³); V2: volume of fine roots (cm³ 

1 mm < RD ≤ 2 mm); SDM: shoot dry matter (g); RDM: root dry matter (g); Ps: shoot phosphorus content (g); Pr: root phosphorus
*
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a

0.22 0.08

0.24 0.08

0.20 0.09

0.21 0.09

0.24 0.10

0.28 0.11

0.29 0.06

0.28 0.07

0.22 0.07

0.18 0.07

0.40 0.06

0.53 0.05

0.27 0.08

0.28 0.08

0.24 0.08

0.23 0.09

0.28 0.09

0.26 0.09

0.35 0.06

0.34 0.06

0.37 0.06

0.33 0.08

0.42 0.07

0.45 0.09

1

1
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