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INTRODUCTION

Utilization of lime and fertilizers and intense mechanical preparation alter the initial chemical, physical, and physical-chemical equilibrium of soil structure. As a consequence, regular water drainage is difficult, root growth is inadequate, and soil degradation is accelerated by hydro-erosion. 

Adding lime is necessary to make planting in dystrophic and allic soils viable. The liming effect on plant development is often multiple, due to its influence on different soil characteristics. Better particle and structure aggregation, aeration conditions, and soil water movement were observed. (FASSBENDER, 1986). 

Nitrogen, phosphorus, and potassium fertilisation is also necessary. In general, these are salts with different degrees of acid or base hydrolysis. They may be added directly to the soil, or mixed in the ploughed soil layer, or, even, in the covering. Once in contact with the soil, such chemicals react to find a new equilibrium (COSTA  &  ABRAHÃO, 1996).

Fertilizers may be added to the soil by fertigation, which consists of applying water and fertilizers together by irrigation (HERNANDEZ, 1994). Thus, it’s another factor that can contribute to change the condition of the soil balance. Its use brings a series of advantages for the agriculture, however, it’s a typical case where the practice preceded the research. 

Usually, fertigation is done locally using drip irrigation or minisprinklers to soak part of the soil volume explored by roots.  When water is applied, a bulb of moisture appears in the soil in which the fertilizers are concentrated. Acknowledging the formation of these bulbs in different field conditions is very important for irrigation projects and fertigation practice (ZANINI, 1991), and also for obtaining maximum production per unit of water and applied fertilizers (KHAN et al., 1996).

Soluble salts are dissolved and further concentrated around the area where fertilizers had been applied. The distance of salt movement from the point of application depends on its nature, application rate, soil characteristics, and climatic conditions. Phosphorus ion movement is generally limited in the soil and is concentrated in the superficial layers adjacent to the point of application (RAUSCHKOLB et al., 1976).  Nitrogen salts move up and down in soil solution  depending  on  the  direction  of  water 

movement. Of the two most common nitrogen salts, nitrate moves readily because it is not absorbed by soil particles. Ammonium nitrogen is absorbed by soil colloids until  it  is 

transformed into nitrate. Potassium ion, which contains positive charge, tends to join colloidal complex presenting restricted movement (TISDALE et al., 1985).     

According to HILLEL (1982), the attraction of a cation to the negative charges of clay particles increases with cation valence. Mono-valent cations are more easily substituted than bivalent and trivalent cations. Highly hydrated cations, which remain farther from particle surfaces are also more easily substituted than less hydrated cations. Clay particles may flocculate or disperse depending on the hydration state and composition of changeable cations. Dispersion usually occurs with highly hydrated or mono-valent cations such as sodium and potassium. Flocculation occurs with high cation concentration rates or in the presence of bivalent or trivalent cations such as calcium and aluminium.

KRETININA (1990) comments that there is no common agreement about long-term fertilizer application in literature. Many authors assume that large amounts of organic fertilizers and small amounts of mineral fertilizers improve soil physical-chemical properties (Lysogorov  et  al., 1985; Kadam et al., 1984; Muthuvel  et  al., 1982 cited by KRETININA, 1990).

FASSBENDER (1986) shows that pH indirectly influences the physical properties by the proportion of ions in the changing complex. When calcium predominates (high pH), adequate clay flocculation, intense biological activity favouring aggregate formation, and constant aggregation intensity can be observed. Despite high pH, an excessive colloidal dispersion and aggregate instability occur if sodium and potassium are predominant in the changing complex.

Shkonde & Blagoveshchenskaya (1982) and Sharma et al. (1981), cited in KRETININA (1990), state that phosphate fertilizers positively affect soil physical properties, and Black & Abdulhakim (1984) point out the negative effects on fertilizers containing residual sodium chloride. 

CARVALHO JUNIOR et al. (1995), evaluated the liming effect on clay dispersion in different and superficial soil layer samples. They showed that older soils, with higher PCZ, aluminium saturation and contents in oxides, are more susceptible to dispersion once the formation of negative charges is proportionally higher than in younger soils. 


Recently, some Brazilian researchers have studied the influence of correctors and fertilizers on the soil physical properties. COSTA & ABRAHÃO (1996) pointed out a negative influence of liming on soil structure, that is, a clay level increase dispersed in water as can be seen in Jucksch et al. (1986 and 1987), Rosa Junior et al. (1988), Gjorup et al. (1990), Silva et al. (1991), and Oliveira et al. (1993).


SILVA et al. (1991) also evaluated the effect of mineral fertilisation on clay dispersion of a Latossolo Vermelho Amarelo, submitted to liming. They noted higher levels of dispersed clay when phosphate and potassium fertilizers were applied and lower levels when nitrogen fertilizers and complete fertilisation  (N, P, K) were used.

There has been little research about the effect of chemicals on soil properties in Brazil (Yamada, 1985 cited by SILVA & JUSTINO, 1994), especially those using fertigation. A comparison is necessary between the results of traditional and liquid fertilisation, with emphasis on soil property alterations, and effects on plant development and production. This study aims to evaluate chemical effects on some of the physical properties of a latossolo vermelho of clay texture, where fertigation was used on citrus for six consecutive years. 

MATERIALS AND METHODS

The experiment was installed in a clay dystroferric latossolo vermelho in November  1990.   The   soil   was  composed  of  140  g.kg-1  sand,  60  g.kg-1  silt,  and 

800 g.kg-1 clay. Valence orange trees grafted on Cravo lemon trees were planted 8 X 5 meters apart. 

Prior to this planting, the area was cultivated with cereals, and had been therefore ploughed to incorporate vegetal debris. Furrows of 30 cm were ploughed along the planting line using tractors to facilitate the opening of holes.

These holes received 250 grams simple super-phosphate and 20 grams zinc sulphate. After planting, N, P, and K nutrient and liming quantities were calculated based on soil chemical analysis and production expectations. Micronutrients were applied by foliar pulverisation based on the analysis of leaves and visual diagnosis.

Urea and ammonium nitrate were applied as nitrogen source,
 and potassium chloride as potassium source. Phosphorous was manually applied around the plant using simple super-phosphate three times in rainy seasons. All N and K nutrients were parceled in twelve times, with monthly application.

The effect of drip fertigation with maximum 100% (GO-100%) evapo-transpiration (ET) was compared to 50% (GO-50%) based on the Class A pan evaporation and crop coefficient. Four drippers per plant were used which supplied 15 l water per hour. Four soil samples were collected using 10 x 10 x 10 cm volumetric sampler in 1.70m deep trenches perpendicular to the planting line beside the moisture bulb passing through its centre to the following depth: 0 – 0.10m, 0.15 - 0.25m, 0.30 – 0.40m, 0.45 – 0.55m, and 0.60 – 0.70m, and at the distances: 0 – 0.10m, 0.25 – 0.35m, 0.55 – 0.65m, 0.85 – 0.95m, and 1.15 – 1.25m from the moisture bulb centre. 

Irrigation was applied weekly when necessary, and the crop received other care usually recommended for the region. 

Dispersed clay in water and soil density were analysed according to the EMBRAPA’s method (1997), and the soil chemical and physical-chemical properties according to RAIJ & QUAGGIO (1983).

RESULTS and DISCUSSION

 Alterations in values of clay dispersion in water were observed in both 100% and 50% ET drip irrigations. This may be attributed to the soil fertigation, once there is a variation in surface and depth, which is not characteristic of dystroferric Latossolo Vermelho of high structural stability. Tables 1 and 2 show higher values of dispersed clay, usually near water and nutrient supply, and in the more superficial soil layers. Comparing the values between the four trenches, variations were observed, 

which might be due to water and nutrient conductors’ movement over the years. These conductors were not fixed in the soil making the fertilizers disperse through a different soil line. 

Table 1- Mean values of water dispersed clay (g.kg-1) for drip irrigation and 100% ET.

	Depth (m)
	Distance from supply point (m)

	
	0 – 0.10
	0.25 – 0.35
	0.85 – 0.95
	0.55 – 0.65
	1.15 – 1.25

	0 – 0.10
	20
	16
	14
	10
	17

	0.15 – 0.25
	16
	14
	13
	14
	17

	0.30 –0.40
	12
	12
	14
	11
	14

	0.45 – 0.55
	12
	13
	13
	15
	14

	0.60 – 0.70
	10
	13
	18
	16
	14


Table 2- Mean values of water dispersed clay (g.kg-1) for drip irrigation and 50% ET.

	Depth (m)
	Distance from supply point (m)

	
	0 – 0.10
	0.25 – 0.35
	0.85 – 0.95
	0.55 – 0.65
	1.15 – 1.25

	0 – 0.10
	18
	23
	24
	20
	20

	0.15 – 0.25
	17
	16
	17
	19
	18

	0.30 –0.40
	21
	16
	15
	17
	14

	0.45 – 0.55
	20
	16
	16
	16
	14

	0.60 – 0.70
	15
	16
	15
	15
	14


As observed in Tables 3 and 4, higher negative electrical charges, i.e. a higher capacity for cationic exchange (CCE) may be one of the factors influencing clay dispersal in the superficial soil layer. CARVALHO JUNIOR (1995) and COSTA & ABRAHÃO (1996) also pointed out a negative influence on clay dispersion with an increase in soil negative charge.

Table 3- Mean values of cation exchange capacity (mmolc.dm-3) for drip irrigation and 100% ET.

	Depth (m)
	Distance from supply point (m)

	
	0 – 0.10
	0.25 – 0.35
	0.85 – 0.95
	0.55 – 0.65
	1.15 – 1.25

	0 – 0.10
	88
	71
	79
	70
	64

	0.15 – 0.25
	77
	71
	65
	59
	59

	0.30 –0.40
	66
	57
	56
	54
	47

	0.45 – 0.55
	51
	49
	43
	43
	43

	0.60 – 0.70
	39
	38
	38
	40
	40


High levels of potassium and greater salt concentrations, shown by electrical conductivity, are the two other factors favouring clay particle dispersion. Tables 5, 6, 7, and 8 show that the values of potassium and electrical conductivity are higher in 

the superficial soil layers and below the water and nutrient supply. It is important to know that as well as potassium, nitrogen levels also have a significant influence on soil electrical conductivity. Therefore, higher concentrations of soluble salts such as potassium and nitrogen influence the process of clay particle dispersion, contributing to 

Table 4- Mean values of cation exchange capacity (mmolc.dm-3) for drip irrigation and 50% ET.

	Depth (m)
	Distance from supply point (m)

	
	0 – 0.10
	0.25 – 0.35
	0.85 – 0.95
	0.55 – 0.65
	1.15 – 1.25

	0 – 0.10
	107
	68
	74
	68
	65

	0.15 – 0.25
	94
	71
	57
	54
	54

	0.30 –0.40
	79
	62
	53
	44
	43

	0.45 – 0.55
	65
	47
	43
	41
	40

	0.60 – 0.70
	41
	37
	36
	39
	39


Table 5- Mean values of potassium (mmolc.dm-3) for drip irrigation and 100% ET.

	Depth (m)
	Distance from supply point (m)

	
	0 – 0.10
	0.25 – 0.35
	0.85 – 0.95
	0.55 – 0.65
	1.15 – 1.25

	0 – 0.10
	3,5
	3,0
	2,1
	1,7
	1,5

	0.15 – 0.25
	2,1
	2,2
	1,3
	1,1
	1,0

	0.30 –0.40
	2,7
	1,8
	0,9
	0,8
	1,2

	0.45 – 0.55
	1,5
	1,3
	1,0
	0,6
	0,8

	0.60 – 0.70
	0,5
	0,9
	1,2
	0,4
	0,6


Table 6- Mean values of potassium (mmolc.dm-3) for drip irrigation and 50% ET.

	Depth (m)
	Distance from supply point (m)

	
	0 – 0.10
	0.25 – 0.35
	0.85 – 0.95
	0.55 – 0.65
	1.15 – 1.25

	0 – 0.10
	3,6
	2,0
	1,6
	1,8
	2,0

	0.15 – 0.25
	2,1
	1,5
	1,1
	1,2
	1,6

	0.30 –0.40
	1,6
	1,6
	0,9
	0,7
	0,6

	0.45 – 0.55
	2,0
	0,9
	0,6
	0,5
	0,4

	0.60 – 0.70
	0,7
	0,9
	0,7
	0,6
	0,4


Table 7- Mean values of electrical conductivity (mS.cm-1) for drip irrigation and 100% ET 

	Depth (m)
	Distance from supply point (m)

	
	0 – 0.10
	0.25 – 0.35
	0.85 – 0.95
	0.55 – 0.65
	1.15 – 1.25

	0 – 0.10
	635
	650
	536
	294
	354

	0.15 – 0.25
	874
	673
	426
	314
	107

	0.30 –0.40
	763
	614
	359
	285
	189

	0.45 – 0.55
	737
	928
	228
	166
	160

	0.60 – 0.70
	369
	405
	354
	291
	189


the loss of aggregates stability, as pointed out by HILLEL (1982), TISDALE et al. (1985) and FASSBENDER (1986). 

Table 8- Mean values of electrical conductivity (mS.cm-1) for drip irrigation and 50% ET.

	Depth (m)
	Distance from supply point (m)

	
	0 – 0.10
	0.25 – 0.35
	0.85 – 0.95
	0.55 – 0.65
	1.15 – 1.25

	0 – 0.10
	769
	804
	241
	219
	204

	0.15 – 0.25
	909
	1084
	123
	130
	100

	0.30 –0.40
	1292
	957
	127
	83
	81

	0.45 – 0.55
	758
	450
	146
	108
	71

	0.60 – 0.70
	583
	330
	137
	140
	55


Calcium, which favours the process of clay particle flocculation, was observed in lower proportions near the water and nutrient supplies. Fertilizer acidity and the more intense local lixiviation of bases may explain this behaviour. We observed that with lower calcium - flocculent ion, and higher potassium - dispersing ion, there is higher clay particle dispersion (Tables 9 and 10). 

Table 9- Mean values of calcium (mmolc.dm-3) for drip irrigation and 100% ET

	Depth (m)
	Distance from supply point (m)

	
	0 – 0.10
	0.25 – 0.35
	0.85 – 0.95
	0.55 – 0.65
	1.15 – 1.25

	0 – 0.10
	6
	9
	10
	19
	16

	0.15 – 0.25
	9
	8
	9
	11
	11

	0.30 –0.40
	9
	11
	9
	12
	10

	0.45 – 0.55
	10
	9
	9
	10
	12

	0.60 – 0.70
	12
	10
	10
	10
	12


Table 10- Mean values of calcium (mmolc.dm-3) for drip irrigation and 50% ET.

	Depth (m)
	Distance from supply point (m)

	
	0 – 0.10
	0.25 – 0.35
	0.85 – 0.95
	0.55 – 0.65
	1.15 – 1.25

	0 – 0.10
	5
	14
	12
	13
	14

	0.15 – 0.25
	4
	6
	8
	10
	12

	0.30 –0.40
	4
	5
	9
	11
	11

	0.45 – 0.55
	4
	6
	11
	12
	9

	0.60 – 0.70
	11
	11
	11
	12
	13


Comparing both fertigation systems, clay values, cationic exchange capacity, potassium level, and electrical conductivity are higher near water and nutrient supplies, and superficial soil layers in the 50% ET drip irrigation. This may be attributed to the lower water volume, therefore the lower lixiviation of bases from the applied fertilizers. Tables 11 and 12 shows that soil density was not influenced by any system. 

Table 11- Mean values of soil bulk density (kg.dm-3) for drip irrigation and 100% ET.

	Depth (m)
	Distance from supply point (m)

	
	0 – 0.10
	0.25 – 0.35
	0.85 – 0.95
	0.55 – 0.65
	1.15 – 1.25

	0 – 0.10
	1,46
	1,47
	1,46
	1,43
	1,52

	0.15 – 0.25
	1,39
	1,45
	1,51
	1,42
	1,47

	0.30 –0.40
	1,43
	1,49
	1,41
	1,41
	1,43

	0.45 – 0.55
	1,36
	1,33
	1,32
	1,32
	1,38

	0.60 – 0.70
	1,35
	1,32
	1,29
	1,30
	1,32


Table 12- Mean values of soil bulk density (kg.dm-3) for drip irrigation and 50% ET.

	Depth (m)
	Distance from supply point (m)

	
	0 – 0.10
	0.25 – 0.35
	0.85 – 0.95
	0.55 – 0.65
	1.15 – 1.25

	0 – 0.10
	1,36
	1,45
	1,39
	1,49
	1,46

	0.15 – 0.25
	1,25
	1,46
	1,46
	1,40
	1,38

	0.30 –0.40
	1,21
	1,39
	1,42
	1,38
	1,39

	0.45 – 0.55
	1,21
	1,34
	1,41
	1,40
	1,35

	0.60 – 0.70
	1,32
	1,32
	1,32
	1,33
	1,36


In general, we verified data variation either with the increase of depth or the distance from the water and nutrient supply. Six-year fertigation was not enough to observe the influence on soil density values due to the clay texture. 

CONCLUSIONS

Higher levels of clay dispersed in water, cationic exchange capacity, potassium, and electrical conductivity, usually occur in the same places relative to water and nutrient supply. 

Lower levels of calcium are related to depth near and below the water and nutrient supply, indicating that there might be greater lixiviation in these areas due to volume of water.

After six consecutive years of drip fertigation at 100% and 50% evapo-transpiration, clay particle dispersion in dystroferric latossolo vermelho was evident.

Soil density was not an adequate parameter to differenciate between both drip fertigation after six-year application. 
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