	Table 1. The results of the chemical and physical analysis of the soil at the experiment location.

	O.C.
(%)
	N
(%)
	P
	K
	Mn
	Zn
	Fe
	Cu
	pH

	EC
(dS.m-1)
	Texture
	Year

	
	
	(mg.kg-1)
	
	
	
	

	0.52
	0.1
	6.0
	215
	1.0
	0.83
	0.95
	0.22
	7.92
	6.01
	loam
	2020

	0.56
	0.1
	6.2
	219
	1.0
	0.80
	0.97
	0.23
	7.89
	6.00
	loam
	2021






	Table 2. Analysis of variance for the effects of variety and resources ameliorating on the leaf elements and physiological indicators of maize (Zea mays L.).

	Peroxidase
	Catalase
	Proline
	Soluble sugars 
	Relative water content
	Ion leakage
	Mn
	Cu
	Zn
	Fe
	P
	N
	K
	Na
	DF
	Source of Variation

	**
	NS
	NS
	NS
	**
	**
	NS
	NS
	NS
	**
	NS
	**
	NS
	**
	2
	Block

	NS
	**
	NS
	**
	**
	**
	*
	**
	**
	**
	**
	**
	**
	NS
	2
	Variety (Va)

	**
	**
	**
	**
	**
	**
	**
	**
	**
	**
	**
	**
	**
	**
	7
	Resources ameliorating

	NS
	NS
	*
	NS
	NS
	**
	NS
	NS
	NS
	NS
	*
	*
	*
	NS
	14
	Va × Resources ameliorating

	*
	NS
	NS
	NS
	*
	**
	NS
	NS
	NS
	**
	**
	**
	**
	**
	1
	Year

	3.26
	5.28
	1.51
	8.06
	139.48
	28.31
	16.71
	3.52
	46.54
	616.2
	0.00002
	0.110
	3.32
	42.88
	2
	Block × Year

	NS
	*
	NS
	*
	*
	NS
	NS
	NS
	NS
	**
	NS
	NS
	NS
	NS
	2
	Va × Year

	*
	NS
	NS
	NS
	NS
	*
	NS
	NS
	NS
	*
	*
	NS
	NS
	NS
	7
	Resources ameliorating × Year

	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	14
	Va × Resources ameliorating × Year

	0.27
	0.51
	0.50
	6.77
	6.27
	6.27
	20.82
	1.74
	6.77
	81.22
	0.0001
	0.016
	1.57
	2.08
	92
	Error

	21.2
	8.7
	13.1
	7.3
	15.6
	9.8
	13.6
	10.2
	8.07
	7.4
	6.8
	8.0
	10.3
	10.0
	-
	C.V. (%)

	NS, * and **: Not-significant and significant at 5% and 1% error probability, respectively.



	Table 3. Mean comparison for the effect of resources ameliorating on Na, Zn, Cu, Mn, relative water content, soluble sugars , catalase, chlorophyll a, chlorophyll b and chlorophyll a+b of maize (Zea mays L.).

	Chlorophyll a+b
	Chlorophyll b
	Chlorophyll a
	Catalase
(µmol mg protein-1 min-1)
	Soluble sugars 
(mg g-1 FW)
	Relative water content (%)
	Mn
	Cu
	Zn
	Na
(mg g-1 leaf dry weight
	Resources ameliorating

	
	
	
	
	
	
	(mg kg-1)
	
	

	(mg g-1 fresh weight)
	
	
	
	
	
	

	2.64 c
	0.759 d
	1.88 c
	13.75 a
	17.97 a
	53.82 e
	30.08 c
	11.21 d
	26.37 e
	25.68 a
	Control

	2.97 b
	0.887 bc
	2.09 b
	12.45 bc
	16.91 bc
	57.46 cd
	32.95 bc
	12.46 c
	28.83 d
	24.38 d
	Biochar

	3.09 b
	0.918 bc
	2.17 b
	12.77 b
	17.17 ab
	56.48 d
	33.97 b
	13.37 bc
	31.25 bc
	26.10 ab
	Mycorrhiza

	2.75 c
	0.807 cd
	1.94 c
	13.49 a
	17.59 ab
	56.58 d
	30.03 c
	11.29 d
	26.56 e
	25.90 ab
	Silicon

	3.29 a
	1.00 ab
	2.29 a
	11.62 d
	15.51 d
	60.71 b
	35.00 ab
	13.80 b
	31.58 b
	23.91 de
	Biochar+ Mycorrhiza

	3.03 b
	0.898 bc
	2.13 b
	11.86 d
	15.68 d
	59.68 bc
	33.80 b
	12.96 bc
	30.25 bcd
	24.60 cd
	Biochar+ Silicon

	3.07 b
	0.898 bc
	2.17 b
	12.03 cd
	16.31 cd
	59.76 bc
	33.83 b
	12.79 c
	29.62 cd
	25.39 bc
	Mycorrhiza+ Silicon

	3.39 a
	1.050 a
	2.34 a
	10.88 e
	14.42 e
	64.20 a
	37.21 a
	14.91 a
	33.93 a
	23.21 e
	Biochar+Mycorrhiza+Silicon

	In each column means followed by the same letters have no significant difference at the probability level of 5% based on the Duncan’s multiple range test.





	Table 4. Effect of year on Na, K, N, chlorophyll b, chlorophyll a+b and oil yield of maize (Zea mays L.).

	Oil yield
(kg ha-1)
	Chlorophyll a+b
	Chlorophyll b

	N
(%)
	K
(mg g-1 leaf dry weight)
	Na
(mg g-1 leaf dry weight)
	year

	
	(mg g-1 fresh weight)
	
	
	
	

	278.88 b
	2.96 b
	0.850 b
	1.70 b
	11.73 b
	25.60 a
	2020

	314.27 a
	3.10 a
	0.955 a
	1.85 a
	12.42 a
	24.45 b
	2021

	In each column means followed by the same letters have no significant difference at the probability level of 5% based on the Duncan’s multiple range test.























	Table 5. Mean comparison for the interaction of variety and resources ameliorating on K, N, P, ion leakage, proline, seed yield and oil yield of maize (Zea mays L.).

	Oil yield
(kg ha-1)
	Seed yield
(t ha-1)
	Proline
(µmol g-1)
	Ion leakage
(%)
	P
(%)
	N
(%)
	K
(mg g-1 leaf dry weight)
	Resources ameliorating
	Variety

	273.7 c
	9.59 b
	6.11 a
	60.51 a
	0.136 d
	1.64 c
	10.93 c
	Control
	704

	343.3 ab
	10.38 ab
	5.42 a
	57.83 ab
	0.147 c
	1.90 ab
	13.66 a
	Biochar
	

	336.1 ab
	10.31 ab
	5.90 a
	59.12 ab
	0.160 b
	1.86 abc
	11.95 abc
	Mycorrhiza
	

	306.5 bc
	10.34 ab
	5.96 a
	57.25 b
	0.143 cd
	1.70 bc
	11.48 bc
	Silicon
	

	373.9 a
	10.56 ab
	4.97 ab
	56.37 b
	0.136 b
	1.99 a
	13.13 ab
	Biochar+ Mycorrhiza
	

	349.6 ab
	10.47 ab
	5.16 ab
	53.32 c
	0.157 b
	1.86 abc
	13.04 ab
	Biochar+ Silicon
	

	351.6 ab
	10.32 ab
	5.43 a
	53.00 c
	0.162 b
	1.93 ab
	12.30 abc
	Mycorrhiza+ Silicon
	

	390.6 a
	10.85 a
	4.12 b
	50.13 d
	0.174 a
	2.00 a
	13.70 a
	Biochar+Mycorrhiza+Silicon
	

	242.0 d
	9.01 b
	6.25 a
	59.58 a
	0.135 e
	1.51 d
	11.00 b
	Control
	604

	280.2 c
	9.51 ab
	5.56 abc
	56.74 b
	0.144 de
	1.77 c
	11.75 b
	Biochar
	

	313.8 bc
	9.54 ab
	6.07 ab
	57.30 b
	0.155 bc
	1.84 bc
	11.39 b
	Mycorrhiza
	

	236.8 d
	9.02 b
	6.19 a
	55.78 b
	0.133 e
	1.58 d
	11.93 ab
	Silicon
	

	333.0 ab
	9.68 ab
	4.95 cd
	55.60 b
	0.165 ab
	1.98 a
	12.38 ab
	Biochar+ Mycorrhiza
	

	309.2 bc
	9.63 ab
	5.07 cd
	53.15 c
	0.149 cd
	1.82 bc
	12.75 ab
	Biochar+ Silicon
	

	308.1 bc
	9.43 ab
	5.12 bcd
	52.35 c
	0.153 bcd
	1.83 bc
	12.30 ab
	Mycorrhiza+ Silicon
	

	357.1 a
	9.88 a
	4.30 d
	49.58 d
	0.172 a
	2.04 a
	13.50 a
	Biochar+Mycorrhiza+Silicon
	

	185.3 d
	7.86 b
	6.30 a
	58.05 a
	0.119 d
	1.44 d
	10.58 cd
	Control
	370

	238.6 c
	8.56 ab
	5.73 abc
	52.64 bc
	0.128 cd
	1.62 c
	11.63 a-d
	Biochar
	

	252.7 c
	8.59 ab
	5.64 bc
	52.68 bc
	0.145 b
	1.70 bc
	10.37 d
	Mycorrhiza
	

	202.0 d
	8.42 ab
	5.95 ab
	54.39 b
	0.121 d
	1.42 d
	11.08 bcd
	Silicon
	

	291.2 ab
	8.99 ab
	4.98 de
	52.68 bc
	0.147 b
	1.83 ab
	12.33 ab
	Biochar+ Mycorrhiza
	

	268.5 bc
	9.01 ab
	4.99 de
	52.00 bc
	0.139 bc
	1.72 bc
	11.88 abc
	Biochar+ Silicon
	

	263.0 bc
	9.05 ab
	5.31 cd
	51.49 bc
	0.129 cd
	1.71 bc
	11.80 a-d
	Mycorrhiza+ Silicon
	

	310.0 a
	9.32 a
	4.62 e
	50.21 c
	0.164 a
	1.87 a
	12.91 a
	Biochar+Mycorrhiza+Silicon
	

	In each column means for every irrigation regime followed by the same letters have no significant difference at the probability level of 5% based on the Duncan’s multiple range test.














	Table 6. Mean comparison for the interaction of year and resources ameliorating on P, Fe, ion leakage, peroxidase, biological yield and oil percent of maize (Zea mays L.).

	Oil percent (%)
	Biological yield
(t ha-1)
	Peroxidase
(µmol mg protein-1 min-1)
	Ion leakage
(%)
	Fe
(mg kg-1)
	P
(%)
	Resources ameliorating
	Year

	217.7 e
	20.26 c
	2.87 a
	60.99 a
	105.16 e
	0.130 e
	Control
	2020

	262.1 cd
	21.44 bc
	2.63 ab
	56.56 bc
	114.23 cd
	0.142 d
	Biochar
	

	271.9 cd
	21.50 bc
	2.65 ab
	57.86 b
	120.52 bc
	0.152 bc
	Mycorrhiza
	

	235.8 de
	21.47 bc
	2.85 a
	57.69 b
	108.34 de
	0.135 e
	Silicon
	

	317.2 ab
	22.22 b
	2.37 ab
	56.16 bc
	123.63 b
	0.156 b
	Biochar+ Mycorrhiza
	

	286.8 bc
	21.70 b
	2.41 ab
	54.30 cd
	120.27 bc
	0.146 cd
	Biochar+ Silicon
	

	294.6 bc
	22.29 b
	2.56 ab
	53.73 d
	121.96 b
	0.147 cd
	Mycorrhiza+ Silicon
	

	344.6 a
	23.56 a
	2.17 b
	50.97 e
	133.22 a
	0.167 a
	Biochar+Mycorrhiza+Silicon
	

	249.6 d
	21.53 c
	2.71 a
	57.77 a
	107.55 d
	0.130 c
	Control
	2021

	312.7 c
	22.55 abc
	2.34 ab
	54.91 b
	114.87 cd
	0.136 c
	Biochar
	

	329.9 abc
	22.66 ab
	2.43 ab
	54.85 b
	130.31 b
	0.154 b
	Mycorrhiza
	

	261.0 d
	22.18 bc
	2.59 a
	53.93 bc
	106.36 d
	0.130 c
	Silicon
	

	348.2 ab
	22.80 ab
	2.18 ab
	53.60 bc
	135.01 b
	0.161 b
	Biochar+ Mycorrhiza
	

	331.4 abc
	22.97 ab
	2.26 ab
	51.35 cd
	119.95 c
	0.151 b
	Biochar+ Silicon
	

	320.5 bc
	22.90 ab
	2.26 ab
	50.83 d
	119.65 c
	0.149 b
	Mycorrhiza+ Silicon
	

	360.5 a
	23.41 a
	1.99 b
	48.97 d
	147.11 a
	0.173 a
	Biochar+Mycorrhiza+Silicon
	

	In each column means for every harvest followed by the same letters have no significant difference at the probability level of 5% based on the Duncan’s multiple range test.


















	Table 7. Mean comparison for the effect of year and variety interactions on Fe, relative water content, soluble sugars, catalase, harvest index and oil percent of maize (Zea mays L.).

	Oil percent (%)
	Harvest index
	Catalase
(µmol mg protein-1 min-1)
	Soluble sugars 
(mg g-1 FW)
	Relative water content (%)
	Fe
(mg kg-1)
	Variety
	Year

	324.9 a
	44.01 a
	11.69 b
	15.85 b
	56.52 b
	129.17 a
	704
	2020

	275.1 b
	43.58 a
	12.38 a
	16.62 a
	58.59 a
	121.22 b
	604
	

	236.6 c
	40.98 b
	12.71 a
	16.97 a
	58.68 a
	104.86 c
	370
	

	356.4 a
	43.20 a
	11.98 b
	16.15 a
	57.51 b
	126.47 a
	704
	2021

	320.0 b
	43.05 a
	12.69 a
	16.34 a
	59.41 a
	124.09 a
	604
	

	266.3 c
	41.82 b
	12.69 a
	16.75 a
	60.80 a
	117.24 b
	370
	

	In each column means for every harvest followed by the same letters have no significant difference at the probability level of 5% based on the Duncan’s multiple range test.
























	Table 8. Mean comparison for the effect of variety on Zn, Cu, Mn, chlorophyll a, chlorophyll b, chlorophyll a+b and biological yield of maize (Zea mays L.).

	Biological yield (t ha-1)
	Chlorophyll a+b
	Chlorophyll b
	Chlorophyll a
	Mn
	Cu
	Zn
	Variety

	
	
	
	
	(mg kg-1)
	

	
	(mg g-1 fresh weight)
	
	

	23.75 a
	3.15 a
	0.958 a
	2.19 a
	34.87 a
	13.36 a
	31.30 a
	704

	21.84 b
	3.06 a
	0.909 a
	2.15 a
	33.16 ab
	12.98 a
	30.12 b
	604

	21.06 c
	2.88 b
	0.840 b
	2.04 b
	32.05 b
	12.20 b
	27.97 c
	370

	In each column means followed by the same letters have no significant difference at the probability level of 5% based on the Duncan’s multiple range test.
























	Table 9. Analysis of variance for the effects of variety and resources ameliorating on the chlorophyll a, chlorophyll b, chlorophyll a+b, seed yield, biological yield, harvest index, oil percent and oil yield of maize (Zea mays L.).

	Oil yield
	Oil percent
	Harvest index
	Biological yield
	Seed yield
	Chlorophyll a+b
	Chlorophyll b
	Chlorophyll a
	DF
	Source of Variation

	NS
	NS
	NS
	**
	NS
	NS
	*
	NS
	2
	Block

	**
	**
	**
	**
	**
	**
	**
	**
	2
	Variety (Va)

	**
	**
	NS
	**
	**
	**
	**
	**
	7
	[bookmark: _GoBack]Resources ameliorating

	*
	NS
	NS
	NS
	*
	NS
	NS
	NS
	14
	Va × Resources ameliorating

	**
	**
	NS
	**
	NS
	**
	**
	NS
	1
	Year

	5816.2
	0.022
	13.34
	28.00
	6.006
	0.008
	0.198
	0.202
	2
	Block × Year

	NS
	*
	*
	NS
	NS
	NS
	NS
	NS
	2
	Va × Year

	NS
	*
	NS
	*
	NS
	NS
	NS
	NS
	7
	Resources ameliorating × Year

	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	14
	Va × Resources ameliorating × Year

	1195.4
	0.080
	5.17
	8.29
	0.587
	0.059
	0.028
	0.024
	92
	Error

	11.6
	9.1
	13.3
	12.1
	14.0
	8.0
	18.6
	7.3
	-
	C.V. (%)

	NS, * and **: Not-significant and significant at 5% and 1% error probability, respectively.
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Table  1.   The results of the chemical and physical analysis of the soil at the experiment location.  

O.C .   (%)   N   (%)   P   K   Mn   Zn   Fe   Cu   pH     EC   (dS.m - 1 )   Texture   Year  

(mg.kg - 1 )  

0.52   0.1   6.0   215   1.0   0.83   0.95   0.22   7.92   6.01   loam   2020  

0.56   0.1   6.2   219   1.0   0.80   0.97   0.23   7.89   6.00   loam   2021  

