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Abstract. In order to cover with vegetation the red mud deposition from Tulcea tests with pasture plants have been carried out, in the climate maintenance room. The composite nutritive layer on which the plants were grown consisted of red mud (50%) and phosphogypsum, acid peat, sawdust, compost, and sludge from wastewater treatment, 10% each. In another variant the phosphogypsum and compost percentages were changed, at 5, respectively 15%. Out of the four plant species tested, Lolium perene had the best growth, highlighted both as height and weight. Phleum pratense, Dactys glomerata and Lotus corniculatus followed, in decreasing order. The composite material on which the pasture plants developed had a slightly alkaline reaction and a high organic carbon, total nitrogen, mobile phosphorus and potassium, copper, zinc, cadmium, and chromium contents, and also an advanced salinization, in which natrum sulphate (Na2SO4) predominates. In the dry matter of the plants normal contents of macro elements were determined, except for natrium (Na), which average content was eight times higher than the right limit of the normal content interval. The contents of metallic microelements and heavy metals laid in the normal values area, except for zinc (Zn), which values were twofold the zinc content of plants grown on a normal soil (control variant).
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INTRODUCTION
Red mud is a refuse from alumina (Al2O3) extraction from bauxite, using the Bayer procedure. The refuse quantity is higher than the alumina quantity. The mass ratio between the two materials can reach up to 1.5 in favor of red mud. Since red mud has no practical utility, it is deposited in dumps, not far from the source. 
Because of its caustic nature, its distinct reologic properties, its relatively fine texture, which allows the constituent particles to be driven by deflation after drying, and also because of its chemical composition, the red mud represents a continuous pollution source.
As a consequence, the mud dumps must be ecologized, covered with vegetation, so that they no longer constitute a danger for the environment. But obtaining a nutritive layer for plants in an environment absolutely hostile to this end requires solutions for reducing the excessively alkaline reaction, for lowering the soluble salts content, for achieving optimum nutritive elements contents.
In order to reach this goal, the use of some other refuses, such as mud resulted from used waters treatment and compost, prepared, in its turn, from organic refuses. But choosing the wastewater treatment mud must be done only after analyzing it, since a too high soluble salts content associated with the soluble salts brought by the acidifying material (phosphogypsum) can compromise the nutritive layer, such as it was the case of using wastewater treatment mud from Constanța (Lăcătuşu at al. 2012b). For this reason, in the experiment presented further wastewater treatment mud from Iași was used, with a lower soluble salts content.
For studying and elucidating these aspects experiments were initiated in the climate maintenance room, in small vegetation pots, testing some pasture plants.
MATERIALS AND METHODS
In order to reduce the alkalinity and the soluble salts content of the red mud phosphogypsum, acid peat, and conifers sawdust were used. Compost and wastewater treatment mud constituted the source of nutritive elements. The ratio between red mud and the other ingredients was 1:1. Some of the ingredients (phosphogypsum and compost) were used in different quantities in the two variants. The material quantities introduced in the pots are presented in Table 1. A control variant was also prepared from a soil material collected from the Fundulea Haplic Chernozem
.
Table 1

Quantities of materials used in the experiment
	Variant
	Material
	Quantity (g)

	V1
	Soil from the A horizon of the Fundulea Haplic Chernozem
	1000

	V2
	Red mud
Phosphogypsum
Acid Peat
Sawdust
Compost

Wastewater treatment mud
	500
100

100

100

100

100

	V3
	Red mud

Phosphogypsum

Acid Peat

Sawdust

Compost

Wastewater treatment mud
	500

50

100

100

150

100


Each variant has three replicates.

The chemical composition of the red mud was presented in a previous paper (Lăcătuşu et al., 2014a). The reaction and nutritive elements and heavy metals contents of the other materials are presented in Tables 2 and 3.

Table 2
The reaction and macro elements contents of the ingredients used in experimentation
	Materials nature
	pH

H2O
	organic C
	N
	P
	K
	Ca
	Mg

	
	
	%

	Phosphogypsum (Turnu Măgurele)
	7.06
	-
	-
	2.15
	0.07
	11.0
	0.40

	Compost
	7.13
	9.2
	3.45
	1.54
	0.52
	3.0
	1.15

	Sawdust
	5.62
	
	0.13
	0.09
	0.06
	0.21
	0.05

	Peat
	4.28
	
	0.63
	0.08
	0.03
	0.73
	0.08

	Wastewater treatment mud (Iaşi)
	7.38
	13
	0.84
	0.98
	2.01
	
	


Table 3

	Total microelements (heavy metals) contents of the ingredients used in the experiment

Materials nature
	Zn
	Cu
	Fe
	Mn
	Co
	Cr
	Ni
	Pb
	Cd

	
	mg·kg-1

	Phosphogypsum (Turnu Măgurele)
	39
	16
	766
	10
	1.6
	bld*
	6
	7
	2.56

	Compost
	116
	31
	12843
	437
	4.1
	17
	22
	22
	0.36

	Sawdust
	36
	3
	1253
	53
	
	
	
	
	

	Peat
	15
	2
	567
	10.3
	
	
	
	
	

	Wastewater treatment mud (Iaşi)
	2609
	9.7
	29928
	8.7
	3.4
	116
	34
	178
	7.84


* bld – below the detection limit

The experiment was carried out in the climate maintenance room where the parameters specific for the plants vegetation conditions were relatively constant, namely: temperature:          23 ( 2°C, humidity: 40 ( 10%, and luminosity: 3000 lux. The humidity of the composite materials in the vegetation pots was maintained constant, at 70% of the water capacity in the pot.
The tested plants were: Dactylis glomerata (orchard grass), Phleum pratense (timothy grass), Lotus corniculatus (fingers-and-thumbs) and Lolium perene (rye-grass).

During the vegetation period height measurements were carried out and, at harvest, after 55 days of vegetation, green and dry matter were determined.
The composite nutritive layer was analyzed after plants harvesting and pH in aqueous suspension was determined potentiometrically, using a glass-calomel combined electrode, as well as organic carbon, by the Walkley-Black method modified by Gogoașă, the total nitrogen content by the Kjeldahl method, the nitrates contents – potentiometrically, with an ion-selective electrode, and mobile forms of phosphorus and potassium – by flame photometry, in ammonium acetate-lactate extracting solution (AL), at pH 3.7, after Egnèr-Riehm-Domingo. The soluble salts contents were determined by conductometry, the soluble ions by volumetry ([image: image2.png]Co:
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), flame photometry (Ca2+, K+, Na+), and atomic absorption spectrometry (Mg2+). The total microelements (heavy metals) contents were determined by atomic absorption spectrometry in the hydrochloric solution obtained after solubilizing the residue obtained by samples digestion with a perchloric (HClO4) and nitric (HNO3) acids mixture.

In the hydrochloric solution obtained by the dissolution of plants ashes resulted from calcination of samples at 450°C for several hours phosphorus (P) was determined (by spectrophotometry), also potassium (K), calcium (Ca), natrium (Na) (by flame photometry), and metallic microelements (zinc, copper, iron, manganese) along with heavy metals (nickel, chromium, cobalt, lead, cadmium) by atomic absorption spectrometry.
RESULTS AND DISCUSSIONS
The choice of tolerant species is of particular importance for the success of plants growing on alkaline and salinized nutritive environments. Thus, Wehr et al., 2006, test both grass species such as Cynodon dactylon, Chloris gayane, Sporobolus virginicus, Stylosanthes humilis and trees from the Acacia and Eucalytus species for re-growing vegetation on the lands that contain residues from bauxite manufacturing plants from Australia.
Out of the plants we chose for experimentation only Dactylis glomerata and Phleum pratense are known to be tolerant for alkalinity (Davidescu and Davidescu, 1999).

The dynamics of plants height
The data regarding plants height dynamics result from the Figures 1-3. From their examination it is noticed that, practically, the heights of Dactylis and Phleum were equal, as no significant differences existed between the two variants. The control variant (V1) stood out, as the plants were 2-2.5 times higher.
The Lolium plants grew higher than Dactylis and Phleum, but without outrunning the control variant (Figure 2). It is worth noticing that during vegetation the plants from V3 grew more than those from V2. The lower phosphogypsum quantity and the greater compost one had a positive effect on Lolium plants development (Figure 2).

Out of the four pasture plants, Lotus had the slowest growth. It only reached 5 cm high, with no significant differences between the two variants, but with an extra height for the control variant (V1, Figure 2). As for the green weight (Figure 3) it can be noticed that it follows the plants height, namely the plants of the control variant had biggest weight, followed by the plants from V3 and finally those from V2.
This rule is only valid for Lolium, Dactylis and Phleum. The Lotus plants weight grew proportionally from the control to V3. The explanation can be given by this plant capacity to accumulate more water in its leaves.
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Figure 1 – Dynamics of the Dactylis glomerata (a) and Phleum pratense (b) plants height
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Figure 2 – Dynamics of the Lotus corniculatus (a) and Lolium perene (b) plants height
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Figure 3 – Green weight of Dactylis glomerata, Phleum pratense, Lotus corniculatus and Lolium perene plants
Chemical characteristics of the composite material on which he pasture plants were grown
General chemical characteristics
The reaction of the composite material on which pasture plants were grown was slightly alkaline, with an average pH value of 8.20, as compared to the average value of the Haplic Chernozem (V1) of only 7.77. Significant differences, of up to 3.71 times in favor of the material of V3, were registered for the organic carbon, and of up to 2.22 for total nitrogen. As a consequence of these differentiations the C/N ratio value was also up to 2.11 times higher in V2. It is worth noticing the very high quantities, up to 2.3 times for mobile phosphorus and 9.2 times for mobile potassium, in V3, as compared to the same chemical elements from the Haplic Chernozem (Table 4).
Table 4

The main chemical characteristics of the composite material on which the pasture plants were grown
	Identification
	pH
	organic C
	total N
	C/N
	N-NO3
	PAL
	KAL

	
	H2O
	%
	
	mg·kg-1

	       V1 (Control)
	7.77±0.45
	1.84±0.07
	0.161±0.010
	13.4±0.5
	7±1.0
	56.0±38
	145±4

	V2
	8.18±0.02
	6.41±1.16
	0.262±0.030
	28.4±2.2
	  2±0,1
	203±10
	1028±16

	V3
	8.24±0.06
	6.86±0.73
	0.358±0.030
	22.7±4.5
	3±1.9
	193±27
	1342±41

	     DL 5%
	0.05
	0.88
	0.027
	2.8
	0.9
	27.5
	35

	Significant direction of V2, V3 as compared to V1
	↑
	↑
	↑
	↑
	↓
	↑
	↑


The total soluble salts contents and the soluble salts percentage contents of the composite material on which the pasture plants were grown
The total soluble salts contents of the composite material on which pasture plants were grown in the variants 2 and 3 is 31 respectively 28 times higher than in the control variant, indicating a very high salinization degree for the two variants (Table 5).

Table 5 

The average soluble salts contents (CTS) and the average soluble salts percentage contents of the composite material on which pasture plants were grown

	Identif.
	mg/100g
	%

	
	CTS
	Ca(HCO3)2
	CaSO4
	MgSO4
	Na2SO4
	K2SO4
	CaCl2
	MgCl2
	NaCl
	KCl

	V1
	   67
	53.9±9.9
	8.9±2.9
	4.4±1.0
	
	
	12.8±3.6
	7.2±2.8
	17.6±7.8
	2.6±0.4

	V2
	2091
	2.9±0.5
	14.5±1.4
	0.8±0.0
	79.8±1.2
	0.5±0.1
	
	
	
	1.5±0.1

	V3
	1898
	3.6±0.3
	6.9±2.9
	0.9±0.0
	85.8±2.5
	0.8±0.1
	
	
	
	2.0±0.2


The analysis of the existing salts highlights the fact that calcium bicarbonate predominates in the Haplic Chernozem, followed, in decreasing order, by the natrium and calcium chlorides. Natrium and calcium sulphates predominate in the variants 2 and 3, salts that are brought to the system by the red mud and phosphogypsum. These salts presence will have a negative influence upon plants growth.

The average microelements (heavy metals) contents of the composite material on which pasture plants were grown
The analytical data of these chemical elements contents of the composite material on which pasture plants were grown (Table 6) shows that certain values have significantly increased in the variants constituted from ingredients (V2 and V3), namely cadmium (Cd), chromium (Cr), copper (Cu), lead (Pb), and zinc (Zn), while others decreased: manganese (Mn) and nickel (Ni). Cobalt (Co) and iron (Fe) can also enter this last group, but without statistically insurance between V1 and V2 respectively V3.

Table 6

Total microelements and heavy metals average contents (mg·kg-1) of the composite material on which pasture plants were grown
	Identification
	Cd
	Co
	Cr
	Cu
	Fe (%)
	Mn
	Ni
	Pb
	Zn

	V1 (Control)
	0.574±0.01
	5.43±0.06
	29.2±2.2
	18.1±0.2
	2.68±0.10
	575±24
	30.0±0.9
	14.9±1.0
	83±12

	V2
	2.15±0.50
	3.89±1.82
	304±18
	48.4±28
	1.40±0.11
	270±50
	17.0±3.2
	36.4±4.0
	433±62

	V3
	2.31±0.23
	2.79±1.43
	361±36
	63.2±1.5
	1.51±0.06
	352±20
	23.2±2.9
	38.3±6.0
	489±41

	       DL 5%
	0.42
	3
	83
	6.5
	4.58
	76
	4
	12
	147

	Significant direction of V2, V3 as compared to V1
	↑
	
	↑
	↑
	
	↓
	↓
	↑
	↑

	Normal contents in soils (Lăcătuşu, 2006)
	1.00
	15
	30
	20
	
	900
	20
	30
	100


This picture resulted from the chemical and biochemical phenomena that took place during vegetation, but especially due to the microelements (heavy metals) quantities brought in the variants V2 and V3 (Table 7) by the used ingredients. Significant contributions are noticed for cadmium (Cd), chromium (Cr), copper (Cu), and zinc (Zn) and decreases, significant too, for manganese (Mn), nickel (Ni), and even lead (Pb).
Table 7

Microelements (heavy metals) quantities brought to the vegetation pots (mg/pot)
	Identification
	Cd
	Co
	Cr
	Cu
	Fe (%)
	Mn
	Ni
	Pb
	Zn

	V1 (Control)
	 0.57
	5.43
	29
	18
	2.68
	575
	30
	15
	83

	V2
	1.15
	5.26
	315
	42
	2.27
	212
	3
	5
	310

	V3
	1.34
	5.96
	317
	47
	2.29
	278
	7
	9
	330


Absorption of nutritive elements and heavy metals in pasture plants
The average analytical data of the macro elements contents of the four pasture plants species (Table 8) show that all the analyzed macro elements, except for the natrium (Na), belong to the normal contents interval, although there are differentiations between the control (V1) values and the other two variants (V2 and V3), grown on the composite material consisting of red mud and added ingredients.
Out of the three primary macro elements (nitrogen, phosphorus, and potassium), only potassium accumulated in plants with a value approximately 50% smaller than that of the plants grown in the control variant. An approximately 40% decrease was also registered with calcium (Ca) and a 30% one with magnesium (Mg). But these decreases happened inside the normal content values interval. It is not the case with natrium (Na), which accumulated in the plants grown on the composite mixture with red mud over 11 times more than in the plants of the control variant and 8 times more than the right limit of the normal content interval (Table 8). However, in spite the natrium excess, the pasture plants grew, some of them better, as was shown in subchapter 3.1.
Table 8

The average macro elements contents (%) of the pasture plants grown on composite layer with red mud

	Identification
	N
	P
	K
	Ca
	Mg
	Na

	       V1 (Control)
	 3.24
	1.53
	3.16
	0.99
	0.369
	0.376

	V2
	3.21
	1.53
	1.53
	0.55
	0.312
	4.765

	V3
	3.00
	1.40
	1.54
	0.65
	0.203
	3.620

	Normal content intervals (Bergmann and Neubert, 1976, Bergmann, 1992)
	2.1-4.6
	0.27-0.90
	1.3-5.0
	0.3-0.9
	0.2-0.5
	0.2-0.5


As regards the nutritive metallic microelements (copper, iron, manganese, zinc), balanced values are ascertain, around the normal contents interval, except for zinc (Zn), which registered an almost twofold loading as compared to the zinc value of the plants grown in the control variant (Table 9).
Table 9

Average microelements (heavy metals) contents (mg·kg-1) of the pasture plants grown on composite layer with red mud

	Identification
	Cd
	Co
	Cr
	Cu
	Fe
	Mn
	Ni
	Pb
	Zn

	V1 (Control)
	 0.68
	1.54
	2.67
	7.59
	770
	217
	5.87
	Sld
	122

	V2
	0.69
	1.82
	3.50
	7.44
	552
	51
	1.68
	2.26
	212

	V3
	0.71
	1.60
	20.40
	12.20
	618
	55
	2.20
	2.84
	254

	Normal content intervals (Bergmann and Neubert, 1976; Bergmann, 1992)
	
	
	
	6-10
	42-620
	64-160
	
	
	19-76


Also, the determined heavy metals (cadmium, cobalt, chromium, nickel, lead) did not accumulate at high content levels, and the values of the three variants are comparable                    (Table 9).

As a consequence, out of all the macro-, microelements, and heavy metals determined in the pasture plants, only natrium (Na) laid at high content values.
CONCLUSUINS
The nutritive composite layer on which pasture plants were grown, in the climate maintenance room, consisted of red mud (5-%) and phosphogypsum, acid peat, sawdust, compost, and sludge from the Iași wastewater treatment plant, 10% each. In another variant the phosphogypsum ratio was changed (5%) as well as the compost one (14%). The red mud:ingredients ratio was generally 1:1.

Out of the four tested plant species, Lolium perene had the best growth. Phleum pratense, Dactys glomerata, and Lotus corniculatus follow, in decreasing order. Consequently, only two genera (Lolium and Phleum) can be considered for the ecologization of the red mud dump.

The composite material on which pasture plants were grown had a slightly alkaline reaction and high organic carbon, total nitrogen (N), mobile phosphorus and potassium contents. High concentrations of metallic microelements (copper and zinc) and heavy metals (cadmium and chromium) were also registered and a high salinization degree, with the predominance of natrium sulphate (Na2SO4).
Normal macro elements contents were determined in the dry matter of the pasture plants grown on the composite mixture, except for natrium (Na), which average content was                 8 times higher than the right limit of the normal contents interval.

 The pasture plants metallic microelements and heavy metals contents laid in the normal values area, except for zinc (Zn), which registered an average concentration two times higher than in the plants grown in the control variant.
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