Appendix: 1 Liming history and characteristics of the three selected trial sites in the Wheatbelt of Western Australia (also see Azam and Gazey, 2020)
	Parameters
	Wongan Hills
	Merredin
	Northam

	Map Reference
	Lat: -30.853483°, Long: 116.740563°
	Lat: -31.480585°, Long: 118.214497°
	Lat: -28.09226°, Long: 114.58837°

	Climate classification (Peel et al. 2007)
	Semi-arid
	Semi-arid
	Semi-arid

	Ten-year (2008–2017) average annual rainfall (mm)
	381 ± 113
	319 ± 79

	395 ± 96

	Ten-year (2008–2017) average growing season (April-October) rainfall (mm)
	286 ± 76
	216 ± 42

	286 ± 79

	Soil type (IUSS Working Group WRB 2015)
	Sandy loam (>1.0 m deep); Profundic Lixosol
	Sandy loam (>1.0 m deep); Profundic Lixosol
	Sandy loam (>1.0 m deep); Profundic Lixosol

	Parent material (McArthur, 2004)
	Lateritic 
	Lateritic 
	Lateritic 

	Age of the trial (year) in 2018
	24
	10
	6

	Lime application (samples were also collected from the nil-limed plots in every trial site)
	Two surface applications; 2 and 4 t/ha (1994), 1.5 t/ha (1998) and 3 t/ha (2014); a cumulative rate of 8.5 t/ha 
	Two surface applications; 3 t/ha (2008) and 3 t/ha (2014); a cumulative rate of 6 t/ha
	A single surface of 5 t/ha (2012)

	Cropping history
	Continuous cropping (wheat and canola)
	Continuous cropping (wheat, barley and canola)
	Continuous hay cropping (oat)






Appendix 2: Correlation between soil pH and extractable aluminium concentration (EAC) in the incubation experiment from both control (a) and limed (b) plots at Wongan Hills, Northam and Merredin. 






Appendix 3: Periodic measurement of topsoil (a) (0-10 cm) and subsoil (b and c) (10-30 cm) pH at the Wongan Hills. Lime rates L0, L2, L4, L2.1, L4.1, L2.2 and L4.2 indicate the total lime addition at the rate of 0, 2, 4, 3.5, 5.5, 6.5 and 8.5 t/ha from 1994 to 2014 at Wongan Hills. The vertical lines on the top of the bar indicate the standard error of the mean values. 

(a) Control 

Wongan Hills	
6.19	6.14	6.41	6.2	5.96	5.61	5.74	5.64	4.88	4.91	4.78	4.8600000000000003	4.66	4.6399999999999997	4.57	4.5999999999999996	4.3600000000000003	4.4000000000000004	4.34	4.34	4.13	4.12	4.09	4.04	3.88	3.87	3.87	3.86	3.63	3.66	3.72	3.67	0.1262664	7.8398483999999602E-2	3.0530567999999682E-2	1E-3	3.0530567999999682E-2	7.8398483999999602E-2	3.0530567999999682E-2	7.8398483999999602E-2	0.54707076200000004	0.54707076200000004	0.60687732800000005	0.56700628400000008	0.80623254799999988	0.90591015800000008	1.085329856	1.005587768	2.3412677420000003	2.1020414780000003	2.4608808740000008	2.42100983	4.9026706999999998	5.5476950499999989	4.9026706999999998	4.2576463500000008	8.1277924500000065	8.7728168000000064	8.7728168000000064	7.4827681000000013	15.832970180000006	14.451378340000002	14.105980380000004	14.451378340000002	Northam	
4.46	4.49	4.58	4.5	4.26	4.24	4.26	4.26	4.1100000000000003	4.13	4.1500000000000004	4.1500000000000004	4.09	4.1100000000000003	4.1399999999999997	4.16	4.1100000000000003	4.0599999999999996	4.09	4.12	4.09	4.09	4.07	4.08	4.0599999999999996	4.07	4.0599999999999996	4.08	4.04	4.04	4.04	4.05	2.2599999999999998	0.36560597999999961	1.4840402960000001	1.9026862580000004	4.587916624	4.5150449930000001	4.1506868380000004	4.2235584690000021	7.7942683879999999	7.3570386020000003	6.9926804470000024	6.8469371850000034	7.7942683879999999	8.377241436000002	8.1586265430000005	7.7942683879999999	9.616059163000001	10.563390366000002	9.6889307940000009	8.5958563290000018	13.842613761000003	11.146363414000003	11.583593200000005	11.073491783000001	13.332512344000003	12.822410927000002	13.405383975000003	12.968154189000002	14.789944964	15.154303119000003	14.935688226	14.425586809000002	Merredin	
4.22	4.24	4.1900000000000004	4.21	3.83	3.83	3.88	3.87	3.7	3.74	3.74	3.76	3.73	3.71	3.73	3.78	3.71	3.72	3.71	3.72	3.73	3.73	3.69	3.72	3.69	3.69	3.66	3.72	3.69	3.69	3.7	3.7	4.6607882550000008	4.442173362000001	4.9522747790000015	4.7336598860000008	13.415184460000004	14.451378340000002	13.415184460000004	13.415184460000004	20.668541620000003	19.632347740000004	18.250755900000005	18.250755900000005	22.740929379999997	20.668541620000003	21.359337540000006	21.704735500000002	24.467919180000013	23.777123260000003	22.740929379999997	21.013939580000002	23.086327340000008	24.122521219999999	23.086327340000008	22.050133460000009	26.540306940000008	26.885704900000007	27.576500820000014	26.540306940000008	28.612694700000009	29.994286540000012	26.194908980000012	27.231102860000004	Soil pH 


EAC (mg/kg)




(b) Limed

Wongan Hills	
6.78	6.93	6.92	6.86	6.78	6.79	6.82	6.71	6	5.94	6.06	5.89	5.68	5.48	5.67	5.58	5.37	5.4	5.43	5.45	5.0999999999999996	5.0999999999999996	5.19	4.84	4.6100000000000003	4.51	4.55	4.53	4.0999999999999996	4.1100000000000003	4.0999999999999996	4.13	0.10653322800000012	0.15108799999999992	0.10653322800000012	0.15108799999999992	6.1978455999999855E-2	0.10653322800000012	6.1978455999999855E-2	0.15108799999999992	6.1978455999999855E-2	6.1978455999999855E-2	0.10653322800000012	0.24019754399999946	0.15108799999999992	0.19564277199999969	0.15108799999999992	0.19564277199999969	0.28475231599999973	0.24019754399999946	0.28475231599999973	0.32930708800000003	0.28475231599999973	0.32930708800000003	0.24019754399999946	0.50752617600000005	0.96191254400000026	1.0230546200000004	0.96191254400000026	1.0434353120000002	3.7863286830000007	3.6405854210000004	3.6405854210000004	3.4948421590000005	Northam	
7.02	7	6.97	7.02	6.99	6.98	7.01	7.01	6.78	6.74	6.64	6.58	6.5	6.52	6.47	6.46	6.15	6.26	6.23	6.19	5.66	5.65	5.69	5.69	4.99	5.1100000000000003	4.95	5.01	4.3499999999999996	4.32	4.3099999999999996	4.34	0.17979876699999997	8.9866332999999909E-2	4.4900115999999886E-2	0.13483254999999994	4.4900115999999886E-2	0.17979876699999997	4.4900115999999886E-2	0.13483254999999994	0.13483254999999994	4.4900115999999886E-2	8.9866332999999909E-2	0.13483254999999994	0.17979876699999997	0.17979876699999997	0.13483254999999994	8.9866332999999909E-2	8.9866332999999909E-2	0.13483254999999994	8.9866332999999909E-2	0.17979876699999997	1E-3	0.13483254999999994	0.224764984	0.53952850299999966	0.65375507800000132	0.453134496000001	0.55344478700000066	0.453134496000001	4.0049435760000014	4.1506868380000004	3.7326236440000011	3.9320719450000006	Merredin	
6.69	6.68	6.66	6.74	5.83	5.87	5.74	5.8	4.91	4.8600000000000003	4.82	4.8600000000000003	4.57	4.5999999999999996	4.57	4.58	4.37	4.3499999999999996	4.33	4.33	4.16	4.1399999999999997	4.1500000000000004	4.1900000000000004	3.99	3.98	4.03	4	3.8	3.78	3.81	3.78	4.4900115999999886E-2	8.9866332999999909E-2	0.13483254999999994	8.9866332999999909E-2	8.9866332999999909E-2	0.13483254999999994	4.4900115999999886E-2	4.4900115999999886E-2	0.224764984	0.224764984	0.35966363499999998	0.17979876699999997	0.72921544000000016	0.66035978200000001	0.70626355400000007	0.70626355400000007	2.5194625479999995	2.4735587759999995	2.6704129500000007	2.8152011199999993	4.587916624	4.7336598860000008	4.7336598860000008	4.0778152070000004	8.7728168000000064	8.7728168000000064	6.8377437500000022	7.4827681000000013	14.451378340000002	15.142174260000006	14.451378340000002	15.487572220000004	Soil pH


EAC (mg/kg)




(a) 0-10 cm

L0	3.5210554559212875E-2	3.2274861218398808E-2	0.20815502685405621	0.19694608500875643	0.111210573329042	0.25617376914898904	0.45146982180428719	0.11438239957848864	7.2038762713778751E-2	3.5210554559212875E-2	3.2274861218398808E-2	0.20815502685405621	0.19694608500875643	0.111210573329042	0.25617376914898904	0.45146982180428719	0.11438239957848864	7.2038762713778751E-2	1994	1995	1998	2000	2001	2007	2018	2020	2020 (T25)	5.0299999999999994	4.6749999999999998	5.2762500000000001	4.9674999999999994	4.9450000000000003	5.375	5.0925000000000002	5.58	5.2925000000000004	L2	0.1902233280152395	0.23586577951002316	0.26987096645480912	0.13606239613872731	0.23296265871396138	0.14719601443879085	0.46585942085568821	0.13205901458564873	0.15761239375971764	0.1902233280152395	0.23586577951002316	0.26987096645480912	0.13606239613872731	0.23296265871396138	0.14719601443879085	0.46585942085568821	0.13205901458564873	0.15761239375971764	1994	1995	1998	2000	2001	2007	2018	2020	2020 (T25)	5.5987499999999999	5.8125	6.42875	5.7356250000000006	5.6800000000000006	5.6000000000000005	5.7175000000000002	5.6775000000000002	5.6349999999999998	L4	0.13996947384610781	0.17147247358851078	0.17207769557736091	0.19665737942070316	0.15135347652362668	0.1750000000000084	0.47464899311668463	0.13530828996530395	9.8011478919561981E-2	0.13996947384610781	0.17147247358851078	0.17207769557736091	0.19665737942070316	0.15135347652362668	0.1750000000000084	0.47464899311668463	0.13530828996530395	1994	1995	1998	2000	2001	2007	2018	2020	2020 (T25)	6.1137500000000005	5.8375000000000004	6.6212499999999999	6.1849999999999996	6.4962499999999999	6.0749999999999993	5.9274999999999993	5.9749999999999996	5.8125	L2.1	0.13850458620279332	0.28483028835542312	0.10818588328393941	2.5000000000083372E-2	0.30967725134402563	0.13616013856240589	0.15953056133544341	0.13850458620279332	0.28483028835542312	0.10818588328393941	2.5000000000083372E-2	0.30967725134402563	0.13616013856240589	0.15953056133544341	1994	1995	1998	2000	2001	2007	2018	2020	2020 (T25)	6.2850000000000001	5.9075000000000006	6.3049999999999997	6.2249999999999996	5.5350000000000001	5.9725000000000001	5.9399999999999995	L4.1	0.2337896003664611	0.13904167525249256	0.12349244995033992	6.4549722436797616E-2	0.26695817400232291	7.5111028928292814E-2	0.16544762514665726	0.2337896003664611	0.13904167525249256	0.12349244995033992	6.4549722436797616E-2	0.26695817400232291	7.5111028928292814E-2	0.16544762514665726	1994	1995	1998	2000	2001	2007	2018	2020	2020 (T25)	6.73	6.3725000000000005	6.5637500000000006	6.45	6.15	6.125	6.1374999999999993	L2.2	0.3609709129555953	0.14750000000001756	8.7500000000007572E-2	0.3609709129555953	0.14750000000001756	8.7500000000007572E-2	1994	1995	1998	2000	2001	2007	2018	2020	2020 (T25)	6.3550000000000004	6.7724999999999991	6.4824999999999999	L4.2	0.267706306736819	3.7941841459391612E-2	8.5962685703377423E-2	0.267706306736819	3.7941841459391612E-2	8.5962685703377423E-2	1994	1995	1998	2000	2001	2007	2018	2020	2020 (T25)	6.42	6.9375000000000009	6.7374999999999989	Taget	5.5	5.5	5.5	5.5	5.5	5.5	5.5	5.5	5.5	



(b) 10-20 cm

L0	4.2695628191492779E-2	6.2915286960598615E-2	6.3688696014286894E-2	7.354137157637225E-2	4.9413223601262622E-2	0.23629078131263323	0.27072433704170745	7.4386378681405532E-2	8.9942111012208656E-2	4.2695628191492779E-2	6.2915286960598615E-2	6.3688696014286894E-2	7.354137157637225E-2	4.9413223601262622E-2	0.23629078131263323	0.27072433704170745	7.4386378681405532E-2	8.9942111012208656E-2	1994	1995	1998	2000	2001	2007	2018	2020	2020 (T25)	4.1124999999999998	3.9749999999999996	4.0225	4.1049999999999995	4.0749999999999993	4.3499999999999996	4.1674999999999995	4.41	4.5525000000000002	L2	0.12586368287424271	0.13228756555323204	0.2078611315277544	0.11078319668011449	0.13363507523600554	9.1287092917525098E-2	4.7871355387894089E-2	0.13701429365823978	0.17660572848390824	0.12586368287424271	0.13228756555323204	0.2078611315277544	0.11078319668011449	0.13363507523600554	9.1287092917525098E-2	4.7871355387894089E-2	0.13701429365823978	0.17660572848390824	1994	1995	1998	2000	2001	2007	2018	2020	2020 (T25)	4.1949999999999994	4.05	4.4225000000000003	4.3375000000000004	4.4000000000000004	4.2	4.1474999999999991	4.5975000000000001	5.2875000000000005	L4	3.5910769044036117E-2	2.5000000000000473E-2	0.11839200423452485	0.26673957336698384	0.23289840417372137	4.0824829046367736E-2	8.3466560170349438E-2	0.18905466581564856	0.29673220249915422	3.5910769044036117E-2	2.5000000000000473E-2	0.11839200423452485	0.26673957336698384	0.23289840417372137	4.0824829046367736E-2	8.3466560170349438E-2	0.18905466581564856	1994	1995	1998	2000	2001	2007	2018	2020	2020 (T25)	4.2724999999999991	3.875	4.33	4.47	4.7649999999999997	4.4000000000000004	4.2549999999999999	4.8650000000000002	5.2700000000000005	L2.1	5.2993710318612393E-2	4.4064346888026816E-2	7.1807033081725688E-2	0.18427786989580602	0.24088378940892929	7.2038762713786966E-2	0.11782755761423015	5.2993710318612393E-2	4.4064346888026816E-2	7.1807033081725688E-2	0.18427786989580602	0.24088378940892929	7.2038762713786966E-2	0.11782755761423015	1994	1995	1998	2000	2001	2007	2018	2020	2020 (T25)	4.1850000000000005	4.3949999999999996	4.4874999999999998	4.7249999999999996	4.2524999999999995	4.6375000000000002	5.0199999999999996	L4.1	0.23103030104295896	0.15505375411987479	0.24814310387355371	0.24152294576982447	0.59441848333757152	0.30323258400112718	7.028216938408556E-2	0.23103030104295896	0.15505375411987479	0.24814310387355371	0.24152294576982447	0.59441848333757152	0.30323258400112718	1994	1995	1998	2000	2001	2007	2018	2020	2020 (T25)	4.4550000000000001	4.5149999999999997	5.0749999999999993	5	4.6499999999999995	4.9799999999999995	5.1675000000000004	L2.2	0.25966324345198494	0.13241349377361025	0.16610112381718917	0.25966324345198494	0.13241349377361025	0.16610112381718917	1994	1995	1998	2000	2001	2007	2018	2020	2020 (T25)	4.4725000000000001	5.33	5.8025000000000002	L4.2	0.92690794221073813	6.5574385243024863E-2	0.28700682337997852	0.92690794221073813	6.5574385243024863E-2	1994	1995	1998	2000	2001	2007	2018	2020	2020 (T25)	5.3074999999999992	5.3599999999999994	5.7375000000000007	Target	4.8	4.8	4.8	4.8	4.8	4.8	4.8	4.8	4.8	
Soil pH



(c) 20-30 cm

L0	9.1957870788731799E-2	0.10307764064043486	4.3493294502333329E-2	3.4490336810955494E-2	8.4901904179674276E-2	0.11902380714237645	0.1053565375285114	5.7644745351744194E-2	4.4347115652168631E-2	9.1957870788731799E-2	0.10307764064043486	4.3493294502333329E-2	3.4490336810955494E-2	8.4901904179674276E-2	0.11902380714237645	0.1053565375285114	5.7644745351744194E-2	4.4347115652168631E-2	1994	1995	1998	2000	2001	2007	2018	2020	2020 (T25)	4.2175000000000011	4.0250000000000004	3.9050000000000002	3.8325	3.7649999999999997	4.1500000000000004	3.915	3.9324999999999997	3.9099999999999997	L2	0.10472185381603574	9.464847243000532E-2	5.6917337721767193E-2	7.0059498523279778E-2	2.5413251136618947E-2	7.0710678118656084E-2	9.4295634398791323E-2	4.4534630719612611E-2	5.1478150704926777E-2	0.10472185381603574	9.464847243000532E-2	5.6917337721767193E-2	7.0059498523279778E-2	2.5413251136618947E-2	7.0710678118656084E-2	9.4295634398791323E-2	4.4534630719612611E-2	5.1478150704926777E-2	1994	1995	1998	2000	2001	2007	2018	2020	2020 (T25)	4.17	3.9249999999999998	3.9474999999999998	3.9350000000000001	3.8950000000000005	4	4.0274999999999999	3.95	4.24	L4	2.8867513459478415E-2	0.16044209755132027	4.5734742446702732E-2	8.5962685703349875E-2	4.082482904641125E-2	0.17823205847057969	9.8773731325703967E-2	0.11988709966742025	2.8867513459478415E-2	0.16044209755132027	4.5734742446702732E-2	8.5962685703349875E-2	4.082482904641125E-2	0.17823205847057969	9.8773731325703967E-2	0.11988709966742025	1994	1995	1998	2000	2001	2007	2018	2020	2020 (T25)	4.04	3.95	4.0749999999999993	3.9050000000000002	4.0425000000000004	4.1999999999999993	4.1350000000000007	4.3474999999999993	4.4275000000000002	L2.1	6.5367550563454738E-2	5.0000000000024636E-2	3.4731109973621332E-2	0.13768926368215015	6.1305247192492161E-2	5.3909646632130194E-2	8.7118214704689889E-2	6.5367550563454738E-2	5.0000000000024636E-2	3.4731109973621332E-2	0.13768926368215015	6.1305247192492161E-2	5.3909646632130194E-2	8.7118214704689889E-2	1994	1995	1998	2000	2001	2007	2018	2020	2020 (T25)	4.0975000000000001	4.0199999999999996	3.8925000000000001	4.2750000000000004	4.1425000000000001	4.4675000000000002	4.3275000000000006	L4.1	0.12922847983320146	9.9613837726837087E-2	9.9278648258322652E-2	0.27195281453467912	0.43611924974713007	0.12405475941427324	0.19871986144654166	0.12922847983320146	9.9613837726837087E-2	9.9278648258322652E-2	0.27195281453467912	0.43611924974713007	0.12405475941427324	0.19871986144654166	1994	1995	1998	2000	2001	2007	2018	2020	2020 (T25)	4	4.0374999999999996	4.0475000000000003	4.625	4.6000000000000005	4.4725000000000001	4.6475	L2.2	0.10719919153924075	3.4731109973595763E-2	0.19137659209004226	0.10719919153924075	3.4731109973595763E-2	1994	1995	1998	2000	2001	2007	2018	2020	2020 (T25)	4.1775000000000002	4.3325000000000005	4.7350000000000003	L4.2	0.42504901678120277	8.6120071218424757E-2	0.22409075542436799	0.42504901678120277	8.6120071218424757E-2	0.22409075542436799	1994	1995	1998	2000	2001	2007	2018	2020	2020 (T25)	4.4800000000000004	4.63	4.7700000000000005	Target	4.8	4.8	4.8	4.8	4.8	4.8	4.8	4.8	4.8	


