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MOBILITY OF EXCHANGEABLE CATIONS IN SOIL TREATED WITH Ca-SULFATE, Mg-SULFATE OR K-SULFATE.
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ABSTRACT
This study was conducted to assess the effect of Ca-sulfate. Mg-sulfate or K-sulfate applied at equivalent rates to the top of soil column on the recovery of Ca. Mg, K and Na in leachates and on their mobility within soil columns. The changes in concentrations of exchangeable cations in leachates corresponded to the changes in ionic strength (/). The effect of the amendments on recovered Ca could be arranged in this order: K-sulfate > Mg-sulfate > Ca-sulfate (R2) > Ca-sulfate (Rl). Application of high quantities of K and Mg in highly soluble forms resulted in the displacement of Ca from the exchange sites, thus resulting in an increased transport of Ca. Magnesium released as a result of using K-sulfate was almost three times that recovered from the second rate of Ca-sulfate. The effectiveness of various treatments on the recovery of K could be arranged in this order: K-sulfate > Ca-sulfate (R2) > Mg-sulfate > Ca-sulfate (Rl). and the influence of soil amendments on released Na followed this sequence: Ca-sulfate (R2) > Ca-sulfate (Rl) > K-sulfate > Mg-sulfate. The effectiveness of Ca-sulfate in replacing Na over the other soluble amendments (Mg-and K-sulfate) was indicated. Using Mg-and K-sulfate decreased the exchangeable Ca in the top layers, but increased it slightly in the lower ones. The exchangeable Mg was low in the top layer (0-2cm) with all treatments and increased with all of them in the middle layers (7-17 cm). Applied Mg-or K-sulfate dissolved completely in the top layer and causing Mg or K ions move by the convective flow to the deeper layers or out of the columns. The effect of K-sulfate on the mobility of Mg was more obvious since the less amounts of exchangeable Mg in different layers were recorded with K-sulfate treatment. Exchangeable Na was high in the unamended soil (control) indicating undoubtably the need for another replacing cation to displace it from the exchange sites. Applying Mg-sulfate decreased exchangeable Na in all depths as compared to Ca-sulfate or unamended soil.

INTRODUCTION
Chromatographic descriptions of solute movement in soil soon evolved into a comprehensive theoretical approach (Nielsen and Bigger. 1961 and 1962) by which solute transport was considered to be governed by the combined processes of convection (movement with bulk soil solution) and diffusion (thermal motion within the soil solution).

The ionic strength and composition of soil solution are important in relation to most aspects of soil chemistry, e.g.. development of surface charge (Uehara and Gillman. 1981). and the solubility of soil mineral constituents (Karathanasis. 19S7).

Gypsum (CaSO4.2H2O) is a good source of Ca and S (Behrens and Hargrove.   1980) that is often used as a soil amendment to improve soil physical and chemical properties especially cation retention by soils    (Oster.  1982; Sumner.   1990).   Results   of  Pavan   et at., (1984) showed a decrease in exchangeable Mg and Al and an increase in exchangeable Ca following leaching of gypsum amended soils. Similar results were also reported by Gates  and Caldwell    (1985)    who    found    that    increasing   gypsum   application   as phosphogypsum and hydroflurogypsum increased the leaching of Mg. K. Na and Mn.

Shamshuddin and Ismail (1995) reported that soil solution Ca and Mg concentrations in the 0-15 cm zone of soils treated with ground magnesium limestone (GML) were high, but in the underlying horizons the values were low. They also added that in the gypsum treated soils, significant amounts of Ca were transported to the underlying horizons.

The factors which affect ion-exchange equilibria are the valency of the counter ion. the swelling pressure of the ion exchanger, and the size of the hydrated counter ion (Helfferich. 1962). Thus, although the sequence of the hydrated ion radii is Na+>K+; Mg^+>Ca^+, the selectivity sequences of a soil may be different depending on the type of clay mineral and the presence of materials such as hydroxy-Al (Keren, 1979).

Ahmed et al., (1969) concluded that the percent of stable aggregates was affected by the four cations in the order Ca=Mg>K>Na. Thus. Na is the most deleterious ion and K ion has an intermediate effect. It is not clear whether magnesium is desirable and behaves similarly to calcium (U.S. Salinity Laboratory Staff. 1954). or whether magnesium causes dispersion and poor aeration in soil (Ellis and Caldwell. 1935) and damages soil structure ( Kelly. 1962). There are conflicting opinions regarding the importance of exchangeable magnesium on the physical properties of soils. Magnesium ion is more hydrated than calcium ion (Norrish. 1954) and its presence causes a thicker diffuse layer (Shainberg and Kemper. 1967). Thus it would be expected that a Na-Mg soil would deteriorate more than a Na-Ca soil [having the same ESP], when subjected to similar solution concentrations.
This study was conducted to assess the effect of CaSO4. MgSO4 or K.2SO4 applied to the top of soil column on the recover.' of Ca. Mg, K and Na in leachates and on their mobility within soil columns. To compare the effect of each ion (Ca. Mg or K.) on the displacement of the others, they were applied at equivalent rates from their sulfate source.

MATERIALS AND METHODS
This study was conducted in PVC columns packed with a loamy sand soil (collected from the surface layer. 0-15 cm of a field in Meet Kenana village. Qalyoubia Governorate. Egypt). The soil was air-dried, ground and sieved through a 2-mm pore-size sieve and kept for the study. Some physical and chemical properties of the investigated soil are shown in Table (1). Chemical amendments (reagent-grade chemicals) were the sulfates of Ca or Mg or K. [CaSO4.2H20. MgSO4.7H20. K2SO4].

Experiment:
PVC pipes (30-cm long. 6.7 cm inner ij>) were filled with soil and used as soil columns. The bottom of each column was covered with two filter papers (Watman no. 1) followed by double layer of prew ashed cheesecloth. A 2-cm layer of acid-washed sand was placed into the column to cover the filter papers. Soil material (1322 g) was packed in each column. The column was vibrated during packing and the soil was packed to a height of 24.7 cm and the final bulk density in the columns was 1.52 g cm'^.

The packed soil columns were saturated from below using distilled water and left to drain the excess of water. Amendments were incorporated into the top 2-cm of soil in each column. Each treatment was replicated three times and all results presented are the means of the three replications. There are five treatments as follows:

1- Control 

no addition of amendment

2- Gypsum (Rl) 

CaSO4.2H2O at a rate of 16 me column-1
3- Gypsum (R2) 
CaSO4.2H2O at a rate of 70 me column-1
4- Mg-sulfate 

MgSO4.7H2O at a rate of 70 me column-1
5- K-sulfate 

K2SO4 at a rate of 70 me column-1
Treatment 2 provided Ca-sulfate at 1.41g column-1 (or 16 me of Ca column-1, or 1.6 Mg "ton" acre-1; a rate commonly used as a routine practice in many soils of Egypt). Treatment 3 provided Ca-sulfate at 5.99 g column-1 [70 me column-1 or 6.88 Mg acre-1: a rate which is used for many sodic soils). Treatments 4 and 5 gave equivalent (chemically) amounts of the sulfate salt as that of treatment 3. Treatments 3, 4 and 5 provided 70 me column-1 of Ca. Mg and K. respectively. An unamended soil column was used as a control treatment. A filter paper Watman no. 1 was placed on the top of the soil in each column to facilitate filtration.
Tale (1): Some physical and chemical properties of the investigated soil.
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	56.07
	26.57
	5.36
	12.00
	Loamy 
Sand
	0.91
	1.7
	7.60

	Soluble cations ( me L-1 ) *
	Soluble anions (me L-1) *
	organic

matter

	Ca2+
	Mg2+
	Na+
	K+
	Cl-
	HCO3
	CO3
	SO42- **
	%

	10.00
	2.00
	2.95
	1.79
	6.10
	7.10
	0.00
	3.54
	1.84


* in saturation extract ** by subtraction
Each column received a constant flow rate of distilled water (2 mL min."^). Leachate fractions were collected in 100-mL; fifteen leachates were collected with a total volume of 1500 mL. The EC of each leachate was measured. The ionic strength of the leachates was computed from the EC values (Griffin and Jurinak , 1973; and Alva et al, 1991) according to the relationship presented in the following equation:

7 = 0.013 EC. where I  is the ionic strength      (mol L-1)

Concentrations of Ca, Mg, K and Na in leachates were determined as follows, Ca and Mg by the titration against Na-versinate and K as well as Na by flamephotomer. The quantities of these elements were calculated from their concentration in leachates. To calculate the fraction of applied cations (Ca, Mg and K) being recovered in leachate fractions their quantities recovered from the unamended treatment were subtracted from those recovered from the amended ones. At end of the experiment columns were left one day on the platform and thereafter the soil of each column was pushed out of the column, then divided into 5 segments (0-2,2-7,7-12,12-17,17-24 cm) and air-dried before determining exchangeable cations according to Jackson (1967).

RESULTS AND DISCUSSION
Ionic strength:
In the first leachate the ionic strength was lower and increased with the progressive leaching up to the third or the fourth leachate, thereafter it decreased drastically. In the third leachate, ionic strength peaked with all treatments except K-sulfate which peaked in the fourth one. Potassium sulfate was the most effective material affecting the ionic strength for leachates followed by Mg-sulfate one (Fig. 1)

1- Cations In Leachates: Calcium:
The changes in Ca concentrations in leachates corresponded to the changes in ionic strength (I) Fig. (1). Magnesium - and K-sulfates leached increasing amounts of Ca with the succession of leachates giving the highest losses in the third leachate. The Ca-sulfates gave their peaks in the fourth leachate. Calcium released from the unamended soil (control) was lower than any of other treatments. From the third leachate onwards, progressive leaching resulted in a progressive decrease (i.e., tailing) in Ca concentration in leachates with all treatments. From the fifth leachate onwards, the Ca-sulfate treatments in particular showed a relatively less steep tailing than the two other salts. This maybe due to the relatively low solubility of Ca-sulfate (for gypsum K50 =2.4 x 10-5 Sposito, 1989), which would result in a slower release of Ca.

Data of Table (2) represent the cumulative quantities of Ca recovered in cumulative leachates of soil columns. The effect of the amendments on recovered Ca could be arranged in this order: K-sulfate > Mg-sulfate > Ca-sulfate (R2) > Ca-sulfate (Rl). It has to be noted that, both of K-and Mg-sulfates released more Ca than Ca-sulfate. This may indicate that a portion of the exchangeable Ca was replaced by K or Mg as a result of their high concentrations. Subtracting the quantities of Ca in the leachates of the control from those of the leachates of each amendment reveals that, K-sulfate was the most effective material followed by Mg-sulfate. Calcium recovered in the leachates of soils amended with the lower and higher rates of Ca-sulfate accounted for 38 % and 14 % of the Ca applied.

Calcium recovered by K-sulfate was 2.29 fold that recovered from the higher rate of Ca-sulfate. The solubility of either Mg-or K-sulfate is much greater than that of Ca-sulfate, thus application of K-and Mg-sulfates resulted in the displacement of Ca from the exchange sites. Such results are in a good agreement with those of Zhu and AJva (1993) who found that application of K-and Mg-sulfates to soil columns increased the recovery of Ca in leachates.

Magnesium:
The obtained trend of Mg concentrations in leachates corresponded to those of Ca and ionic strength / Fig. (1) where it increased in the beginning and decreased with the progressive leaching. The highest Mg recovered in leachates was recorded for Mg-sulfate (Table 2). The exchangeable Mg was displaced partially by K derived from K-sulfate, since the recovered Mg from K-sulfate treatment was higher than that recovered from control and Ca-sulfate treatments.

The cumulative quantities of recovered Mg in leachates increased with using Mg-sulfate and comprised 47.5 % of the Mg applied. Magnesium released as a result of using K-sulfate was almost three times of that recovered from the second rate of Ca-sulfate. The effect of gypsum on increased transport of soil Mg has been reported by Sumner (1990). Alva and Gascho (1991) also reported gypsum-induced transport of Mg, which was much greater in sandy soils than in clay loam soils.

Potassium and sodium:
Potassium released in leachates was affected by the amendments, using K-sulfate increased the concentrations of K to a large extent where the peak was reached in the fourth leachate and K concentrations decreased sharply in the subsequent leachates (Fig, 1). There were slight differences in K concentrations among the other treatments. The effectiveness of these treatments on the recovery of K could be arranged in this order: K-sulfate > Ca-sulfate (R2) > Mg-sulfate > Ca-sulfate (Rl). The displacement of K was affected by the hydrated radii of the counter cations and their concentrations since the second rate of Ca-sulfate was most effective than Mg-sulfate and the latter was superior to the first
Sodium concentrations in leachates corresponded  with the ionic strength (7). Progressive leaching beyond the leachate no.8 increased Na concentrations with Ca-sulfate treatments (Fig. 1). The influence of soil amendments on released Na followed this sequence: Ca-sulfate (R2) > Ca-sulfate (Rl) > K-sulfate > Mg-sulfate (Table 2). This trend indicates the effectiveness of Ca-sulfate in replacing Na over the other soluble amendments (Mg-and K-sulfate). This may be due to the highest relative replacing power of Ca as compared with Mg and K.    These results agreed with those of Gates  and Caldwell   (1985)   who   found   that    increasing  gypsum  application   as phosphogypsum and hydroflurogypsum increased the leaching of K and Na.

Table (2): Cumulative quantities (in all leachates) of Ca. Mg, K and Na recovered from soils amended with Ca-sulfate, Mg-sulfate or K-sulfate.

	Amendment
	Cations (mg/1500 mL)

	
	Ca
	Mg
	K
	Na

	Ca-sulfate (Rl) (1.62 Mg acre-1)
	381.0
	116.5
	63.3
	7.4

	Ca-sulfate (R2) (6.88 Mg acre-1)
	427.4
	128.3
	86.7
	7.5

	Mg-sulfate (9.99 Mgacre-1)
	629.1
	484.7
	83.2
	6.5

	K-sulfate (7. 06 Mg acre-1)
	669.8
	206.3
	483.6
	6.7

	Control
	238.8 
	81.7
	53.1
	6.9


Mg= Megagram=1000 kg

2-Exchangeable Cations Within Soil Columns: Calcium:
Data presented in Fig. (2) showed that, in the first depth (0-2 cm), exchangeable Ca was higher in the Ca-sulfate treated soils than in Mg-and K-sulfate treated ones. This may be due to an existence of solid Ca-sulfate in this soil segment. Within the top 7-cm unamended soil showed the lowest contents of exchangeable Ca of all treatments. The higher Ca-sulfatc rate showed the highest exchangeable Ca of all treatments along soil columns. Within the deep segments of columns. Mg-and K-sulfate showed the highest amount of exchangeable Ca. The downward mobility of Ca within the soil columns was demonstrated by the increased content in exchangeable Ca with the Ca-sulfate ones. Similar results were obtained by Pavan eta/., (1984). Magnesium sulfate as well as K-sulfate increased slightly the exchangeable Ca in the lower depths. This means that some of the soluble Ca removed from the top were adsorbed on the exchange sites of soil in the subsequent layers. In this context, the application of Mg- and K-sulfate affected the mobility of Ca through the whole column where Ca was moved to the bottom /or out of soil columns. This result goes along with the data concerning Ca recovered in leachates of these treatments (see Table 2).
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Fig. (1): lonic strength and concentrations of Ca, Mg, K, and Na in
leachates from soil columns treated with Ca-sulfate, Mg-sulfate

or K- sulfate.
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Fig. (2): Distribution of exchangeable cations in soil columns treated
with Ca-sulfate, Mg-sulfate, or K-sulfate.




Magnesium:

Except with the control soil which showed a steady increase in exchangeable Mg with soil depth, columns treated with sulfate salts showed an irregular increase followed by a decrease (Fig. 2). Added Mg-sulfate must have dissolved completely rendering Mg moving downwards by the convective flow and at the same time soluble Mg of the Mg-sulfate treatment must have compensated Mg removed by water flow, thus giving higher exchangeable Mg in this treatment compared with the K-sulfate one. The distribution of Mg in the unamended soil column increased with increasing depth. Increasing the rate of Ca-sulfate decreased the exchangeable Mg in all layers except the top one. The effect of K-sulfate on the mobility of Mg was more obvious since the less amounts of exchangeable Mg in different layers were recovered with K-sulfate treatment. There was a gradual increase in the exchangeable Mg with increasing depth up to 17 cm. this may be due to the partially adsorption of mobile Mg in the middle layers (7-17 cm).

Potassium and sodium:

As shown in Fig. (2), there was a slight increase of exchangeable K with depth in all treatments indicating a mobility of K within soil column under the influence of percolating water. Soil amended with K-sulfate exhibited considerably greater contents of exchangeable K as compared with all other treatments.

Exchangeable Na increased slightly with depth in all treatments indicating the mobility of Na with water. In Ca-sulfate treated soils and in the unamended one the exchangeable Na was increased with increasing depth. The exchangeable Na was high in the unamended soil indicating undoubtably the need for another replacing cation to displace it on the exchange sites. Using Mg-sulfate decreased exchangeable Na in all depths as compared to unamended soil. The same trend was obtained with K-sulfate where exchangeable Na recorded less amount in the top two layers and increased in the rest of layers. The high effect of Mg and K may be attributable to their high solubility.

In conclusion, results of this study revealed that soil amendment with Ca-sulfate, Mg-sulfate or K-sulfate enhances leaching of exchangeable cations due to cation exchange which was described by many researchers, i.e., Gapon (1933); Helfferich (1983) and Sparks (1986).
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حركة الكاتيونات المتبادلة في أرض معاملة بكبريتات الكالسيوم أو الماغنسيوم أو البوتاسيوم

على محمد أحمد عبد الحليم ، عصمت حسن عطية نوفل.

أبو النصر هاشم عبد الحميد

قسم الأراضي والكيمياء الزراعية- - كلية الزراعة بمشتهر – جامعة الزقازيق / فرع بنها.

أجريت هذه الدراسة لتقييم فاعلية كبريتات الكالسيوم والماغنسيوم والبوتاسيوم المضافة بمعدلات متكافئة إلي سطح أعمد تربة رملية طمييه على كمية الكالسيوم والماغنسيوم والبوتاسيوم والصوديوم المزالة بالغسيل وعلى حركتهم داخل أعمدة  التربة . توافقت التغيرات في تركيزات هذه الكاتيونات مع التغيرات في القوي الأيونية لأجزاء الغسيل الناتج. ويمكن ترتيب تأثير المصلحات المضافة على الكالسيوم المزال في الغسيل الناتج . ويمكن ترتيب تأثير المصلحات المضافة على الكالسيوم المزال في  الغسيل كما يلي: كبريتات البوتاسيوم >  كبريتات الماغنسيوم > كبريتات الكالسيوم ( المعدل الثاني)> كبريتات الكالسيوم ( المعدل الأول) إضافة كمية كبيرة من البوتاسيوم  والماغنسيوم نتج عنها طرد الكالسيوم من علي مواقع التبادل وبالتالي زاد انتقال الكالسيوم . وبلغت كمية الماغنسيوم المزالة نتيجة لاستخدام   كبريتات البوتاسيوم ثلاثة أمثال الكمية المزالة بواسطة المعدل الثاني من كبريتات الكالسيوم . وتأثير المصطلحات المختلفة على البوتاسيوم المزال قد تتبع هذا الترتيب: كبريتات البوتاسيوم > ثلاثة أمثال الكمية المزالة بواسطة المعدل الثاني من كبريتات الكالسيوم. وتأثير  المصطلحات المختلفة على البوتاسيوم المزال قد تبع هذا الترتيب : كبريتات البوتاسيوم > كبريتات الكالسيوم ( المعدل الثاني) > كبريتات الماغنسيوم > كبريتات الكالسيوم( المعدل الأول). بالنسبة للتأثير على الصوديوم المستخلص بالغسيل كان الترتيب كما يلي: كبريتات البوتاسيوم > كبريتات الماغنسيوم . وكانت كبريتات الكالسيوم أكثر فاعلية في إزاحة الصوديوم مقارنة مع المصطلحات الأخرى. استخدام كبريتات البوتاسيوم والماغنسيوم خفض الكالسيوم المتبادل في الطبقة السطحية ورفعه في الطبقات العميقة.

انخفض الماغنسيوم  المتبادل في الطبقة السطحية  مع كل المصطلحات وزاد معهم في الطبقات الوسطي ( 7-17سم). ذابت كل من كبريتات الماغنسيوم والبوتاسيوم المضافة  وتحرك محتواهما من الماغنسيوم والبوتاسيوم  بواسطة التدفيق الكتلي إلي الطبقات  العميقة أو خارج الأعمدة. وكان تأثير كبريتات البوتاسيوم على حركة الطبقات. كان الصوديوم المتبادل عاليا في أعمدة التربة الغير معاملة ( الكنترول) مؤكداً بلا شك الحاجة إلي أيون آخر ليحل محل الصوديوم على مواقع التبادل. خفضت كبريتات الماغنسيوم والبوتاسيوم الصوديوم المتبادل في كل الأعماق مقارنة بالكنترول.
