Materials and Methods: 

Hydroponics Procedure

M. truncatula seeds were surface sterilized with 3% sodium hypochlorite for 7 min. After thorough rinsing with sterile distilled water, seeds were imbibed by immersing in sterile water and kept in the dark overnight at 4ºC. Imbibed seeds were then cold treated by placing on moist filter paper in a Petri dish and incubating for at least 48 h at 4º C. After cold treatment, seeds were germinated in the dark at 24ºC for 24 h.  Germinated seedlings were transferred to hydroponics in a growth room and grown under an 18-h-light/6-h-dark regime at a constant temperature of 23ºC. The light intensity at the shelf height was 260 
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E·m-2·s-1. The hydroponics system consisted of multiple tanks with 25-l capacity. Twenty seedlings of each of the 321 accessions were placed into four plastic mesh-bottomed cups (five seedlings per cup) with the roots threaded through the mesh. Two cups of each accession were placed into a plastic rack that floated on modified Blaydes medium (Blaydes, 1966) plus Al and two cups on modified Blaydes medium minus Al.   Media were aerated with a small aquarium air pump for 15 min, once per h. The Blaydes medium  was modified to contain 0.5 mM CaCl2, 1.8 mM KNO3, 1.8 mM NH4NO3, 30.4 
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M MgSO4 ·7 H2O, 22 
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M KH2PO4, 13 
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M FeSO4, 31.7 
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M Ca(NO3)2, 66 
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M KCl, 26 
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M NaCl, 26 
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M H3BO3, 26 
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M MnSO4·H20, 5.2 
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M ZnSO4·7 H2O, and 4.8 
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M KI. The media were maintained at pH 4.3 by adding 1M HCl as necessary throughout the experiment. After five d of growth in hydroponics with and without Al, seedlings were removed and measured from the base of the cotyledon to the root tip. The experiment was repeated three times, once with the Al concentration at 25 
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M as AlCl3 and twice at 50
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M AlCl3.  
Relative root growth, the ratio of seedling root length grown without Al to seedling root length grown with Al, was used as a measure of Al tolerance.  The optimal aluminum concentration for screening was estimated by measuring the relative root growth response of sixty randomly chosen M. truncatula accessions to 0, 5, 15, 25 and 50
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M AlCl3 in hydroponics as described above. 

Experimental Design and Data Analysis


The experimental design was a split plot, with Al treatment as the whole plot factor, PIs as the split plot factor, and individual seedlings as sub-samples.  PROC MIXED (SAS, 1994) was used to analyze the data.  Means were obtained using LSMEANS.  A SLICE option was used to obtain p-values for comparing the levels of Al at specific levels of PI.  In order to minimize type II errors (declaring a PI Al tolerant when in fact it is Al sensitive), we used a p-value of 0.4 or higher to declare a PI Al tolerant.  At p-values between <.0001 and 0.05, (a significant difference between the plus Al and minus Al treatments) PIs were called highly Al sensitive.  At p-values between 0.06 and 0.39, PIs were considered to be Al sensitive.  
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Objective of study:  

The objective of this study was to screen 321 accessions of M. truncatula from the USDA PI collection for Al tolerance, in order to identify Al tolerant accessions which could potentially be used to improve Al tolerance of cultivated alfalfa.

Species evaluated: Medicago truncatula

Evaluation environment (circle one):

Field    Greenhouse    Lab    Growth chamber    other_____________

Date and Location: 2003 and 2004, Ardmore, OK

Aluminum tolerance.  Relative root length after five days in hydroponics.

Table 1.  Control root length, Al stressed root length, and relative root length of M. truncatula accessions after 5 days growth in hydroponics.
	Accession
	Country

 of 

Origin
	Control Root 

Length 

(cm)
	Al Stressed Root Length (cm)
	Relative Root Length†
	P-Value‡

	PI 190082
	Australia 
	3.6
	2.01
	0.56
	0.00

	PI 190083
	Australia 
	3.29
	2.38
	0.72
	0.05

	PI 190084
	Australia 
	2.79
	1.83
	0.66
	0.04

	PI 190086
	Malta 
	2.65
	1.74
	0.66
	0.05

	PI 190087
	Australia 
	2.69
	1.93
	0.72
	0.11

	PI 190089
	Australia 
	2.57
	1.5
	0.58
	0.02

	PI 190090
	Australia 
	2.79
	1.72
	0.62
	0.02

	PI 190091
	Australia 
	2.69
	1.64
	0.61
	0.03

	PI 197341
	Australia 
	2.68
	1.95
	0.73
	0.12

	PI 197358
	Australia 
	2.57
	1.8
	0.7
	0.10

	PI 197360
	Malta 
	2.85
	1.91
	0.67
	0.05

	PI 197361
	Australia 
	3.24
	2.1
	0.65
	0.02

	PI 199257
	Greece 
	3.04
	1.96
	0.65
	0.02

	PI 239873
	Algeria 
	2.63
	1.97
	0.75
	0.23

	PI 239874
	Algeria 
	2.72
	1.61
	0.59
	0.02

	PI 239875
	Algeria 
	2.92
	1.75
	0.6
	0.01

	PI 239877
	Morocco 
	2.93
	2.12
	0.72
	0.08

	PI 239878
	Morocco 
	2.78
	1.44
	0.52
	0.00

	PI 243884
	Australia 
	3.16
	1.77
	0.56
	0.00

	PI 244285
	Spain 
	2.81
	1.83
	0.65
	0.04

	PI 283661
	Cyprus 
	3.18
	2.1
	0.66
	0.05

	PI 283662
	Italy 
	3.2
	2.09
	0.65
	0.02

	PI 284123
	Cyprus 
	2.69
	1.62
	0.6
	0.02

	PI 292434
	Israel 
	3.53
	2.46
	0.7
	0.02

	PI 292436
	Israel 
	3.19
	2.35
	0.74
	0.13

	PI 295607
	Turkey 
	3.77
	2.48
	0.66
	0.02

	PI 319045
	Spain 
	3.07
	1.82
	0.59
	0.01

	PI 319051
	Spain 
	2.65
	1.94
	0.73
	0.13

	PI 384633
	Morocco 
	2.7
	1.92
	0.71
	0.10

	PI 384634
	Morocco 
	2.63
	1.79
	0.68
	0.07

	PI 384635
	Morocco 
	2.03
	1.71
	0.84
	0.49

	PI 384636
	Morocco 
	2.62
	1.75
	0.67
	0.06

	PI 384645
	Morocco 
	2.59
	1.78
	0.69
	0.08

	PI 384647
	Morocco 
	3.83
	2.22
	0.58
	0.00

	PI 384648
	Morocco 
	2.98
	1.95
	0.66
	0.03

	PI 384649
	Morocco 
	3.45
	2.02
	0.58
	0.00

	PI 384650
	Morocco 
	3.14
	1.97
	0.63
	0.01

	PI 384655
	Morocco 
	2.97
	2.18
	0.74
	0.09

	PI 384656
	Morocco 
	2.87
	2.02
	0.7
	0.07

	PI 384659
	Morocco 
	2.62
	1.66
	0.63
	0.04

	PI 384660
	Morocco 
	2.83
	2
	0.71
	0.08

	PI 384662
	Morocco 
	3.23
	1.96
	0.61
	0.02

	PI 384664
	Morocco 
	3.24
	2.27
	0.7
	0.04

	PI 384665
	Morocco 
	3.44
	2.12
	0.62
	0.01

	PI 442892
	Australia 
	2.56
	1.73
	0.67
	0.08

	PI 442895
	Australia 
	3.04
	2.05
	0.67
	0.03

	PI 442896
	Australia 
	3.35
	2.15
	0.64
	0.01

	PI 464815
	Turkey 
	3.63
	2.27
	0.62
	0.00

	PI 464816
	Turkey 
	1.81
	1.97
	1.09
	0.83

	PI 469099
	Australia 
	3.8
	2.84
	0.75
	0.04

	PI 469100
	Australia 
	2.65
	2.02
	0.76
	0.40

	PI 469102
	Australia 
	3.1
	1.97
	0.64
	0.02

	PI 493295
	Portugal 
	3.02
	1.82
	0.6
	0.01

	PI 493296
	Portugal 
	3.01
	1.85
	0.61
	0.01

	PI 493297
	Portugal 
	3.5
	2.27
	0.65
	0.01

	PI 505437
	Spain 
	2.91
	2.35
	0.81
	0.23

	PI 505438
	Spain 
	3.23
	2.14
	0.66
	0.02

	PI 516923
	Morocco 
	2.98
	1.86
	0.62
	0.14

	PI 516924
	Morocco 
	3.35
	2.34
	0.7
	0.03

	PI 516925
	Morocco 
	3.4
	2.36
	0.69
	0.03

	PI 516926
	Morocco 
	2.88
	1.82
	0.63
	0.03

	PI 516927
	Morocco 
	2.71
	1.82
	0.67
	0.24

	PI 516928
	Morocco 
	3.03
	2.01
	0.67
	0.07

	PI 516929
	Morocco 
	3.75
	2.54
	0.68
	0.03

	PI 516930
	Morocco 
	3.2
	2.46
	0.77
	0.18

	PI 516931
	Morocco 
	3.41
	1.95
	0.57
	0.01

	PI 516932
	Morocco 
	2.93
	1.77
	0.6
	0.04

	PI 516933
	Morocco 
	3.03
	2.05
	0.68
	0.08

	PI 516934
	Morocco 
	3.03
	1.88
	0.62
	0.04

	PI 516935
	Morocco 
	3.1
	2.08
	0.67
	0.06

	PI 516936
	Morocco 
	3.21
	1.7
	0.53
	0.01

	PI 516937
	Morocco 
	2.97
	1.96
	0.66
	0.07

	PI 516938
	Morocco 
	3.28
	2.04
	0.62
	0.03

	PI 516939
	Morocco 
	3.01
	2.31
	0.77
	0.20

	PI 516940
	Morocco 
	3.15
	2.23
	0.71
	0.10

	PI 516941
	Morocco 
	3.85
	2.22
	0.58
	0.00

	PI 516942
	Morocco 
	2.96
	2.11
	0.71
	0.13

	PI 516943
	Morocco 
	3.88
	2.31
	0.59
	0.00

	PI 516944
	Morocco 
	2.44
	1.7
	0.7
	0.18

	PI 516945
	Morocco 
	3.38
	1.98
	0.59
	0.01

	PI 516946
	Morocco 
	2.97
	1.76
	0.59
	0.01

	PI 516947
	Morocco 
	3.1
	2.01
	0.65
	0.02

	PI 516948
	Morocco 
	2.77
	2.13
	0.77
	0.17

	PI 516949
	Morocco 
	3.13
	2.35
	0.75
	0.10

	PI 516950
	Morocco 
	2.98
	2.12
	0.71
	0.06

	PI 517256
	Ethiopia 
	2.61
	1.85
	0.71
	0.10

	PI 517257
	Australia 
	2.96
	2.21
	0.75
	0.11

	PI 534229
	Algeria 
	3.17
	1.98
	0.62
	0.01

	PI 535498
	Tunisia 
	3.29
	2.06
	0.62
	0.01

	PI 535543
	Tunisia 
	3.7
	2.33
	0.63
	0.00

	PI 535544
	Tunisia 
	3.39
	2.03
	0.6
	0.00

	PI 535545
	Tunisia 
	2.66
	1.61
	0.61
	0.03

	PI 535546
	Tunisia 
	3.12
	1.86
	0.59
	0.01

	PI 535547
	Tunisia 
	2.85
	2.02
	0.71
	0.08

	PI 535548
	Tunisia 
	3.64
	1.99
	0.55
	0.00

	PI 535549
	Tunisia 
	3.49
	2.25
	0.64
	0.01

	PI 535550
	Tunisia 
	3.22
	2.26
	0.7
	0.04

	PI 535551
	Tunisia 
	2.99
	2.1
	0.7
	0.06

	PI 535552
	Tunisia 
	3.13
	2.07
	0.66
	0.03

	PI 535553
	Tunisia 
	2.97
	2.3
	0.78
	0.15

	PI 535554
	Tunisia 
	3.22
	2.32
	0.72
	0.06

	PI 535613
	Tunisia 
	2.6
	1.96
	0.75
	0.25

	PI 535614
	Tunisia 
	1.77
	1.69
	0.96
	0.87

	PI 535615
	Tunisia 
	2.33
	2.13
	0.91
	0.67

	PI 535616
	Tunisia 
	2.73
	2.13
	0.78
	0.20

	PI 535618
	Tunisia 
	2.84
	2.36
	0.83
	0.30

	PI 535619
	Tunisia 
	2.4
	1.96
	0.82
	0.35

	PI 535622
	Tunisia 
	2.23
	2.01
	0.9
	0.63

	PI 535648
	Tunisia 
	2.78
	2.41
	0.87
	0.43

	PI 535649
	Tunisia 
	2.95
	2.16
	0.73
	0.09

	PI 535650
	Tunisia 
	2.79
	1.93
	0.69
	0.07

	PI 535651
	Tunisia 
	2.91
	2.22
	0.76
	0.14

	PI 535652
	Tunisia 
	2.66
	2.08
	0.78
	0.21

	PI 535739
	Libya 
	2.32
	1.97
	0.85
	0.45

	PI 535752
	Morocco 
	2.39
	1.93
	0.81
	0.32

	PI 537150
	Italy 
	2.75
	2.07
	0.75
	0.15

	PI 537168
	Cyprus 
	2.48
	2.5
	1.01
	0.97

	PI 537194
	Malta 
	2.76
	1.87
	0.68
	0.11

	PI 537213
	Tunisia 
	2.95
	2.06
	0.7
	0.06

	PI 564941
	Morocco 
	1.96
	1.36
	0.69
	0.20

	PI 566886
	Italy 
	2.78
	1.99
	0.72
	0.09

	PI 566887
	Greece 
	4.07
	2.79
	0.69
	0.01

	PI 566888
	Australia 
	4.34
	2.39
	0.55
	<.0001

	PI 566889
	Turkey 
	5.23
	2.09
	0.4
	<.0001

	PI 566890
	Greece 
	2.37
	2.17
	0.92
	0.72

	PI 577434
	Tunisia 
	3.44
	2.24
	0.65
	0.01

	PI 577597
	Italy 
	4.17
	2.51
	0.6
	0.00

	PI 577598
	Italy 
	2.94
	1.82
	0.62
	0.02

	PI 577599
	Greece 
	4.26
	2.8
	0.66
	0.00

	PI 577600
	Greece 
	2.95
	1.77
	0.6
	0.01

	PI 577601
	Greece 
	2.78
	2.1
	0.76
	0.37

	PI 577602
	Greece 
	3.01
	1.96
	0.65
	0.03

	PI 577603
	Cyprus 
	3.26
	2.27
	0.7
	0.04

	PI 577604
	Cyprus 
	3.03
	2.06
	0.68
	0.04

	PI 577605
	Cyprus 
	4.09
	2.05
	0.5
	<.0001

	PI 577607
	Lebanon 
	3.19
	1.75
	0.55
	0.00

	PI 577608
	France 
	3.16
	2.2
	0.7
	0.04

	PI 577609
	Sweden 
	2.22
	1.81
	0.81
	0.38

	PI 577610
	USA 
	3.3
	1.84
	0.56
	0.00

	PI 577611
	Germany 
	2.95
	1.77
	0.6
	0.01

	PI 577612
	Malta 
	2.62
	1.79
	0.68
	0.08

	PI 577613
	Italy 
	3.07
	2.01
	0.65
	0.02

	PI 577614
	Malta 
	2.85
	2.01
	0.7
	0.13

	PI 577615
	Italy 
	2.36
	1.76
	0.75
	0.20

	PI 577616
	Australia 
	3.27
	2.02
	0.62
	0.01

	PI 577617
	Greece 
	2.63
	1.91
	0.72
	0.12

	PI 577618
	Greece 
	3.42
	2.19
	0.64
	0.01

	PI 577619
	Tunisia 
	3.08
	1.73
	0.56
	0.00

	PI 577620
	Algeria 
	3.12
	1.96
	0.63
	0.01

	PI 577621
	Algeria 
	3.04
	2.16
	0.71
	0.06

	PI 577622
	Algeria 
	3.26
	1.77
	0.54
	0.00

	PI 577623
	Algeria 
	3.17
	2.04
	0.64
	0.02

	PI 577624
	Algeria 
	2.97
	1.94
	0.65
	0.03

	PI 577625
	Morocco 
	2.36
	1.58
	0.67
	0.10

	PI 577626
	Algeria 
	5.07
	2.31
	0.46
	<.0001

	PI 577627
	Algeria 
	3.4
	2.14
	0.63
	0.01

	PI 577628
	Spain 
	3.41
	2.37
	0.7
	0.03

	PI 577629
	Italy 
	3.13
	2.03
	0.65
	0.02

	PI 577630
	Italy 
	2.96
	1.85
	0.63
	0.02

	PI 577631
	Italy 
	2.83
	1.83
	0.65
	0.03

	PI 577633
	Greece 
	3.57
	1.67
	0.47
	<.0001

	PI 577634
	Cyprus 
	3.7
	2.07
	0.56
	0.00

	PI 577635
	France 
	3.79
	1.92
	0.51
	0.00

	PI 577636
	Spain 
	3.76
	2.28
	0.61
	0.00

	PI 577637
	Spain 
	3.09
	1.78
	0.57
	0.01

	PI 577638
	Sweden 
	3.12
	2.09
	0.67
	0.03

	PI 577639
	Sweden 
	4.04
	2.22
	0.55
	0.00

	PI 577640
	USA 
	3.27
	2.2
	0.67
	0.02

	PI 577641
	Australia 
	3.09
	2.2
	0.71
	0.06

	PI 577642
	Germany 
	3.52
	2.23
	0.63
	0.01

	PI 577643
	Malta 
	3.61
	2.42
	0.67
	0.01

	PI 577645
	Tunisia 
	3.28
	2.45
	0.75
	0.08

	PI 577646
	Tunisia 
	3.57
	1.83
	0.51
	0.00

	PI 577648
	Morocco 
	3.21
	2.02
	0.63
	0.01

	W6 4980
	France 
	2.43
	1.59
	0.65
	0.07

	W6 4996
	Greece 
	3.03
	1.91
	0.63
	0.02

	W6 4998
	France 
	2.85
	1.78
	0.62
	0.02

	W6 5001
	Portugal 
	2.65
	1.6
	0.6
	0.03

	W6 5010
	Greece 
	3.2
	1.91
	0.6
	0.01

	W6 5018
	Italy 
	3.39
	1.87
	0.55
	0.00

	W6 5022
	Italy 
	2.62
	1.57
	0.6
	0.03

	W6 5963
	Italy 
	3.75
	2.52
	0.67
	0.01

	W6 5964
	Italy 
	3.14
	1.89
	0.6
	0.01

	W6 5965
	Italy 
	3
	2.03
	0.67
	0.04

	W6 5966
	Italy 
	3.45
	1.87
	0.54
	0.00

	W6 5968
	Greece 
	3.22
	2.16
	0.67
	0.03

	W6 5969
	Greece 
	2.97
	1.9
	0.64
	0.02

	W6 5970
	Greece 
	3.17
	2.27
	0.72
	0.06

	W6 5972
	Greece 
	3.63
	1.78
	0.49
	0.00

	W6 5973
	Greece 
	3
	2.12
	0.71
	0.06

	W6 5974
	Greece 
	3.17
	2.14
	0.68
	0.03

	W6 5976
	Greece 
	2.93
	1.77
	0.61
	0.01

	W6 5977
	Greece 
	3.67
	2.3
	0.63
	0.00

	W6 5978
	Greece 
	3.33
	2.29
	0.69
	0.03

	W6 5979
	Greece 
	3.79
	1.99
	0.52
	0.00

	W6 5980
	Greece 
	3.45
	2.02
	0.59
	0.00

	W6 5981
	Greece 
	4.03
	2.4
	0.6
	0.00

	W6 5983
	Cyprus 
	3.31
	1.97
	0.6
	0.00

	W6 5984
	Cyprus 
	3.36
	2.46
	0.73
	0.10

	W6 5985
	Cyprus 
	3.31
	2.23
	0.67
	0.02

	W6 5986
	Cyprus 
	3.64
	2.31
	0.63
	0.01

	W6 5987
	Cyprus 
	3.36
	2.05
	0.61
	0.01

	W6 5988
	Cyprus 
	3.98
	2.35
	0.59
	0.00

	W6 5990
	France 
	2.98
	2.26
	0.76
	0.12

	W6 5991
	France 
	2.93
	2.03
	0.69
	0.05

	W6 5992
	France 
	2.98
	2.18
	0.73
	0.09

	W6 5997
	France 
	3.27
	2.19
	0.67
	0.03

	W6 5998
	France 
	3.21
	2.22
	0.69
	0.04

	W6 5999
	France 
	3.24
	1.99
	0.61
	0.01

	W6 6000
	France 
	3.34
	2.1
	0.63
	0.01

	W6 6001
	France 
	2.8
	1.94
	0.69
	0.07

	W6 6002
	France 
	2.9
	2.14
	0.74
	0.10

	W6 6004
	Italy 
	3.22
	2.06
	0.64
	0.01

	W6 6008
	France 
	3.23
	2.37
	0.73
	0.06

	W6 6009
	France 
	2.76
	2.28
	0.83
	0.31

	W6 6010
	France 
	3.44
	2.34
	0.68
	0.02

	W6 6011
	USA 
	4.69
	2.45
	0.52
	<.0001

	W6 6012
	Italy 
	3.87
	2.34
	0.6
	0.00

	W6 6014
	France 
	3.58
	2.43
	0.68
	0.02

	W6 6015
	Germany
	2.85
	1.8
	0.63
	0.03

	W6 6016
	Canada 
	5.34
	2.66
	0.5
	<.0001

	W6 6017
	Canada 
	3.56
	2.27
	0.64
	0.01

	W6 6018
	Germany 
	4.35
	2.3
	0.53
	<.0001

	W6 6019
	Canada 
	2.67
	1.99
	0.75
	0.15

	W6 6020
	Canada 
	2.84
	2.41
	0.85
	0.36

	W6 6021
	Italy 
	2.94
	2.31
	0.79
	0.18

	W6 6022
	Italy 
	3.25
	2.38
	0.73
	0.06

	W6 6023
	Italy 
	2.98
	2.25
	0.75
	0.12

	W6 6024
	Malta 
	2.72
	2.32
	0.85
	0.38

	W6 6025
	Italy 
	4.33
	2.85
	0.66
	0.00

	W6 6026
	Italy 
	3.01
	2.29
	0.76
	0.12

	W6 6027
	Malta 
	3.55
	2.36
	0.66
	0.01

	W6 6028
	Italy 
	2.77
	2.2
	0.79
	0.22

	W6 6029
	Italy 
	3.21
	1.91
	0.59
	0.01

	W6 6030
	Italy 
	2.91
	2.21
	0.76
	0.14

	W6 6031
	Italy 
	2.57
	1.95
	0.76
	0.19

	W6 6032
	Italy 
	3
	2.15
	0.72
	0.07

	W6 6033
	Malta 
	3.56
	2.43
	0.68
	0.02

	W6 6034
	Australia 
	2.64
	1.92
	0.73
	0.13

	W6 6035
	Spain 
	2.45
	1.97
	0.8
	0.38

	W6 6037
	Spain 
	5.64
	2.32
	0.41
	<.0001

	W6 6040
	Greece 
	3.43
	2.62
	0.76
	0.08

	W6 6041
	Greece 
	2.36
	1.82
	0.77
	0.25

	W6 6042
	Greece 
	3.53
	2.68
	0.76
	0.07

	W6 6043
	Greece 
	4
	2.66
	0.67
	0.00

	W6 6044
	Greece 
	3.52
	2.41
	0.68
	0.02

	W6 6047
	Tunisia 
	4.84
	2.52
	0.52
	<.0001

	W6 6048
	Tunisia 
	3.34
	2.2
	0.66
	0.02

	W6 6049
	Tunisia 
	3.73
	2.12
	0.57
	0.00

	W6 6050
	Tunisia 
	3.15
	2.08
	0.66
	0.02

	W6 6052
	Algeria 
	3.48
	2.28
	0.66
	0.01

	W6 6053
	Algeria 
	3.51
	2.64
	0.75
	0.06

	W6 6054
	Algeria 
	2.57
	1.89
	0.74
	0.15

	W6 6055
	Algeria 
	3.2
	2.07
	0.65
	0.02

	W6 6056
	Algeria 
	3.47
	2.62
	0.75
	0.07

	W6 6057
	Algeria 
	3.25
	2.23
	0.69
	0.03

	W6 6058
	Algeria 
	3.41
	2.25
	0.66
	0.01

	W6 6059
	Algeria 
	2.61
	2.15
	0.82
	0.32

	W6 6060
	Algeria 
	3.25
	2.15
	0.66
	0.02

	W6 6062
	Algeria 
	3.46
	2.21
	0.64
	0.01

	W6 6063
	Algeria 
	3.19
	2.38
	0.75
	0.09

	W6 6064
	Algeria 
	3
	2
	0.67
	0.03

	W6 6065
	Algeria 
	3.32
	2.25
	0.68
	0.02

	W6 6066
	Algeria 
	2.95
	1.92
	0.65
	0.03

	W6 6067
	Algeria 
	3.21
	2.4
	0.75
	0.08

	W6 6068
	Algeria 
	2.43
	1.49
	0.61
	0.09

	W6 6069
	Algeria 
	2.97
	2.25
	0.76
	0.13

	W6 6071
	Algeria 
	4.18
	2.08
	0.5
	<.0001

	W6 6072
	Algeria 
	4.25
	2.4
	0.57
	0.00

	W6 6073
	Algeria 
	3.85
	2.17
	0.56
	0.00

	W6 6074
	Algeria 
	4.54
	2.26
	0.5
	<.0001

	W6 6075
	Algeria 
	4.23
	2.25
	0.53
	<.0001

	W6 6076
	Morocco 
	5.66
	2.85
	0.5
	<.0001

	W6 6077
	Morocco 
	4.36
	2.59
	0.59
	0.00

	W6 6078
	Morocco 
	4.54
	2.3
	0.51
	<.0001

	W6 6079
	Morocco 
	3.58
	2.05
	0.57
	0.00

	W6 6080
	Morocco 
	3.5
	2.23
	0.64
	0.01

	W6 6081
	Morocco 
	3.84
	2.03
	0.53
	0.00

	W6 6082
	Morocco 
	4.06
	2.57
	0.63
	0.00

	W6 6084
	Morocco 
	2.6
	1.68
	0.65
	0.05

	W6 6085
	Morocco 
	2.58
	1.7
	0.66
	0.06

	W6 6086
	Morocco 
	4.33
	2.18
	0.5
	<.0001

	W6 6087
	Morocco 
	3.22
	2.27
	0.7
	0.04

	W6 6088
	Morocco 
	3.57
	2.12
	0.59
	0.00

	W6 6089
	Morocco 
	3.86
	2.25
	0.58
	0.00

	W6 6090
	Morocco 
	3.82
	2.51
	0.66
	0.01

	W6 6091
	Algeria 
	3.7
	2.13
	0.57
	0.00

	W6 6092
	Tunisia 
	4.54
	2.14
	0.47
	<.0001

	W6 6093
	Unknown
	4.08
	2.19
	0.54
	<.0001

	W6 6094
	Spain 
	5.95
	2.08
	0.35
	<.0001

	W6 6095
	Germany 
	3.9
	2.12
	0.54
	0.00

	W6 6096
	Germany 
	3.18
	1.74
	0.55
	0.00

	W6 6097
	Italy 
	4.69
	2.82
	0.6
	0.00

	W6 6098
	Italy 
	3.75
	2.39
	0.64
	0.00

	W6 6099
	Portugal 
	2.36
	1.97
	0.83
	0.60

	W6 6100
	Germany 
	2.81
	2.05
	0.73
	0.10

	W6 6102
	France 
	2.41
	1.55
	0.64
	0.06

	W6 6103
	Cyprus 
	2.62
	1.85
	0.71
	0.10

	W6 6104
	Cyprus 
	2.77
	2.1
	0.76
	0.15

	W6 6105
	Italy 
	3.45
	2.34
	0.68
	0.02

	W6 6106
	Italy 
	2.91
	2.44
	0.84
	0.40

	W6 6107
	Italy 
	2.54
	1.88
	0.74
	0.15

	W6 6108
	Italy 
	2.89
	2.05
	0.71
	0.07

	W6 6109
	Italy 
	2.47
	2.24
	0.91
	0.62

	W6 6110
	Italy 
	2.84
	2.13
	0.75
	0.13

	W6 6111
	Italy 
	2.94
	2.15
	0.73
	0.09

	W6 6112
	Italy 
	3.23
	2.34
	0.72
	0.06

	W6 6113
	Italy 
	3.17
	1.99
	0.63
	0.01

	W6 6114
	Italy 
	3.11
	1.97
	0.63
	0.02

	W6 6115
	Italy 
	3.33
	2.19
	0.66
	0.02

	W6 6116
	Italy 
	3.15
	2.86
	0.91
	0.61

	W6 6117
	Greece 
	2.46
	1.87
	0.76
	0.21

	W6 6118
	Italy 
	2.83
	2.01
	0.71
	0.08

	W6 6119
	Italy 
	2.76
	2.17
	0.79
	0.21

	W6 6120
	Italy 
	2.56
	2.07
	0.81
	0.29

	W6 6140
	France 
	3.12
	2.17
	0.69
	0.04

	W6 6141
	Tunisia 
	3.17
	2.35
	0.74
	0.14

	W6 6142
	Tunisia 
	3.8
	2.36
	0.62
	0.00

	W6 6143
	Algeria 
	3.25
	2.25
	0.69
	0.03

	W6 23646
	Morocco 
	3.01
	1.59
	0.53
	0.00


† Relative root growth as a ratio of growth under Al stress to root growth under no Al stress.

‡ P-values for comparing the levels of Al (control vs. 50
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M AlCl3) for each accession. At p-values between <.0001 and 0.05, PIs were considered highly Al sensitive.  At p-values between 0.06 and 0.39, PIs were considered to be Al sensitive.  At p-values 0.4 or higher PIs were considered to be Al tolerant.
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