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Abstract

A calcareous soil incubation experiment for four tasting of 16 weeks was carried out in governorate of Etnoh city,
Egypt to ascertain the effect of compost, olive waste and lemon waste on the amounts of extractable sodium,
potassium, calcium and magnesium in a calcareous soil. The rates of organic materials added were 0, 0.5, 1.0, 1.5
and 2 % of the air-dried soil on dry weigh. The periods of sampling affected soil pH and the lowest value was
produced at the fourth time of sampling with olive waste [ pH = 7.16]. Decreasing pH values with increasing rate of
applied organic waste observed at each time of sampling and with increasing time of sampling. The compost gave
the highest value of soluble cation Na at the fourth time of incubation [125 meq/Kg soil], while the lemon waste
gave the highest values of soluble cations K, Ca and Mg at the fourth time of incubation [135, 92 and 55 meq/Kg
soil, respectively]. Generally, Soluble cations Na, K, Ca and Mg were increased with increasing organic materials
rate and increasing time of sampling. The highest values were recorded for 2 % organic material application, rated
at the fourth time of sampling.
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1. Introduction

Calcareous soils are highly buffered and remain in the CaCO3 buffering range of pH until all
carbonate is removed from the fine fraction and weathering of silicate minerals and associated
acidification begins [1]. The soil solution and cation exchange complex of calcareous soils are
dominated by Ca [2]. Magnesium is more readily leached from dolomite-derived soils than Ca [1].
Calcite and aragonite (CaCOs3), dolomite (CaMg (COs),), and magnetite (MgCQO3) are the calcium
and magnesium carbonate minerals found in calcareous soils. They are mainly present as calcite,
and to a lesser extent as dolomite [ 3 and 4]. The actual carbonate content, expressed as the CaCO3
equivalent, must be determined by laboratory analysis [5].
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Calcareous soils have a wide range of pH due to the type and nature of their constituent, calcium
carbonate content and rainfall, and they vary from 7.8 to 8.2. One of the important roles of pH is
controlling nutrient solubility in soil. Solubility of most nutrients usually decreases with increasing
pH [6]. The carbonate minerals may be either primary carbonates originating from carbonate-rich
parent materials, or secondary carbonates formed by partial re-precipitation of dissolved
carbonates. The pH range of calcareous soils (determined in water) is from 7.0 to 8.5 [7].
Calcareous soils are sometimes referred to as alkaline (high pH) soils, but they are distinguishable
from other soils with high pH [8 and 9]. Composts are widely used to improve soil physical
properties and valuable source of organic matter[6]. Many of the composts have relatively high pH
ranging from seven to eight. High pH of the composts is one problem that limits its usage in
alkaline soils.

Calcareous soils are distinguished from saline soils, which contain high concentrations of neutral
salts more soluble than Ca and Mg carbonates [10]._In calcareous soils, 19 months after initial
application, organic amendments decreased soil pH [11]. However, the increase in soil pH due to
compost addition depends on the soil and the compost characteristics as well as on the dose and
time applied[10]._

Increasing the soil organic matter improves soil properties, enhances soil quality, and reduces soil
erosion, and increases plant productivity and soil microbial biomass. Thus, in the regions where
organic matter content of the soil is low, agricultural use of organic compost is recommended for
increasing soil organic matter content and consequently to improve and maintain soil quality.
Composts are widely used to improve soil physical properties and valuable source of organic
matter.

Soil organic matter plays a major role in maintaining soil quality [12]. Also, increasing soil organic
matter, improves soil properties, enhances soil quality, reduces soil erosion, increases plant
productivity and soil microbial biomass [13]. Thus, in the regions where organic matter content of
the soil is low, agricultural use of organic compost is recommended for increasing soil organic
matter content and consequently to improve and maintain soil quality.

Soil amendment includes any material added to soil to improve its properties which can be
physical, chemical or biological to allow healthy crop growth. They improve soil properties and
processes such as structure, water retention, permeability, infiltration of water, drainage, aeration,
nutrient supply and biological activities which are important for proper functioning of soil to
support sustainable agricultural production [7].

Use of organic composts in agricultural areas is increasing because these improve soil health and
nutrient status. [14 and 15] Reported that, incorporation of organic compost decreased P
adsorption, maximum buffering capacity, bonding energy, and increased P concentration in
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solution. [16 and 17] Demonstrated that long-term use of organic compost in greenhouse soil
improved soil fertility, the use of organic fertilizer resulted in higher soil organic matter, soil N
content, and available P and reported that olive mill waste (OMW) application to soil can result to
some beneficial of soil chemical and physical characteristics, such as increase in organic matter,
organic carbon, major nutrients (e.g N, K), water-holding capacity and porosity.

Addition of compost improved the physical properties of the soil, and increased the supplying
power of available nutrients to plants [18]. Organic materials rates significantly affected soluble
Na® and K" at each time of incubation, except at the second time of incubation significantly
effected soluble Ca*? at the first or fourth time of incubation and significantly affected soluble
Mg*? at the fourth time of incubation. On the other hand, 2% of organic materials, produced the
highest value of soluble Na*, K*, Ca™ and Mg*?, while 1.5% of organic materials produced the
highest value of soluble K™ at the fourth time of incubation. In general, the application of OMW
resulted positive effects on soil fertility which confirmed by other pertinent studies as well [9].

Increased plant available nutrients due to organic fertilization were also observed in soils. Previous
studies mention that application of OMW on soils increases available Mg [19] and to a lesser
degree Ca®* [20].

The objective of this study was to evaluate the effect of three organic wastes [compost, olive
waste and lemon waste] on some soil chemical properties and the Soluble cations [Na, K, Ca and
Mg] as a function of pH tested in calcareous soil.

2. Materials and Methods

2.1 Study area, soil and organic wastes: The soil samples analyzed were collected from the
surface horizon [0 - 30 cm] from Etnoh city governorate at north western coast of Alexandria
,Egypt. The study area is the climate of the Mediterranean, which is characterized by rainy winters
and dry summers. Some physical and chemical properties, the amounts of heavy metal of the
samples and organic materials are given in Tables [1and 2]. The data was collected and handled in
duration of six months.

The soil was air-dried, ground and passed through a 2 mm sieve. The tested organic materials
were compost, olive waste and lemon waste which were ground and passed through 6.35 mm
sieve. The main properties of the soil and the organic materials were determined according to the
methods outlined by[21].
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Some physical and chemical properties of the tested soil

Parice size dsinbution | Taral . | Soluble Amon (meqke) | Sohublecation(neq'ky) | Avatable nicronument (ngkz)
T ‘ pH | EC(dSm) | OM®%) | CaCO; (%) T 1
Cly% | Sit% | Smnd%| class BOOy| O 807 | N | K |G| M | B | Dn | G

G R | B |Sdyleam| 820 | 040 | 19| B4 | 30| 280 | QM0 |13 |20 10 Ge0 | 0142 | 098 | 09

Some chemical properties of the tested organic materials

Solanenduents| B ECI, N | 209 i Total C;ations (D_J?kg) _ Total Ai]ion: Total Micronutrients (mg/kg)
(dS/m) K | N | C" [ Mg“ | Cr [SO | Fe | Zn | Gu
Oltve waste 56 73 | 516 | 0042 | 387 225 | 240 | 78 [200| 4050427 | 25 | 0.006
cotmpost 702 | 71 | 532 {0013 |235| 275 | 160 | 40 | 220 |49.11|2634|3.146 | 0126
Lemonwaste | 326 | 72 | 668 | 0044 [ 407 | 150 | 140 | 23 [21.0 [5125]1923 | 1.079 | 0437

2.2 Incubation trial: The rates of organic materials added the soil were 0, 0.5, 1.0, 1.5 and 2 % of
the air-dried soil on dry weight basis. The soils were homogenized with the dry organic materials
and filled in plastic pots. Each pot consisted of 100 g soil with the various rate of organic
materials. During the incubation periods (4, 8, 12 and 16 weeks). Each treatment was repeated
three times and the experimental layout was split plot design. Soil samples were taken on the 4th
(1st time), 8th (2nd time) 12th (3rd time) and 16th (4th time) weeks after incubation.

2.3 Sample analysis: The Soil pH and electrical conductivity (EC) were measured in 1:2, soil:
water ratio according to [22]. Organic matter content in soil was determined the method by [21].
Particle size distribution was determined according the method outlined in [22]. The Soluble
cations, water soluble sodium and potassium were determined in soil-water extract by using a
flame photo meter as mentioned by [22]. In addition water soluble calcium and magnesium were
determined in soil-water extract (1:2) by titration with Ethylene diamine tetra acetic acid (EDTA),
according to [22].

The obtained data were statistically analyzed according to the technique of analysis of variance
(ANOVA) and the least significant difference (L.S.D) was used to test the difference between the
treatment means, as described by [23].
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The effect of soil type, type and rate of
organic material on soil pH at each time
of incubation

oM Time of Incubation The Mean values of soil pH at each
Type | Rate [1"tme [2%tme [3%tme | 4™ time time of sampling as affected by the type
o 00 817 | 810 | 800 | 795 and rate of oraanic materials
£ 05 812 7.93 7.90 740 A
p 10 £.00 7.90 7.88 730 Time of Sampling
g 15 793 7.89 7.70 720 Treatments e | 7% i | 404
e 20 760 | 175 | 135 | 116 lume time | 3 time | 4 fime
0.0 817 £.10 £.00 705 Organic material type
Q 05 8.08 8.00 7.95 7.92 Olive Waste 5.00 782 178 742
% 1.0 197 7.90 7.86 785 Compost 3.00 1.82 7.84 778
z 1.5 7.90 7.82 7.80 781 Lemon Waste | 7.58 780 7.50 172
20 | 78 | 7 L 750 | 7T LSDoos | 2.80E-02 | 2.80E-02 |3.60E-02 | 8.30E-02
s 00 | 817 [ 810 | 800 [ 795 — . ——
g 03 800 | 797 | 7% | 787 Rate of organic material %
= 1.0 7.05 7.87 781 781 0.0 8.20 8.10 3.00 2.00
Z 15 787 782 7.70 750 0.3 8.07 797 7.93 773
g 2.0 7.78 7.70 7.64 741 1.0 8.00 750 787 767
STATISICAL SIGNIFICAN LSD. 0.05 - - - — —
OMtype M) | 1.86E-01] 186E-01] 0211 |3.38E-02 15 1.93 7.83 1.73 750
Rate of OM(R) |144E-01|144E-01] 0.163 |262E-01 20 1.77 1.77 7.30 730
M*R 267E-02]2.67E-02| 0345 |2.86E-02 L8D 905 3.70E-02 | 3.70E-02 ]4.70E-01 | 1.20E-01

3. Results and Discussions

The effect of organic material type at each time of sampling, on the soil pH except at the time of
sampling Table [3]. Indicated a significant effect by decrease as results of present of organic
material, whether with respect to the type or the rate and their interaction. The fourth time of
sampling was significant lower soil pH Table [4].

The lowest value of pH (averaged 7.16) was recorded at the fourth time of sampling with olive
waste. Soil pH has decreased slightly due to the acidity indicated by the disposal of raw olive
waste. It can be concluded, therefore, that due to the carbonate content of the soil, the surface
application of olive waste does not markedly affect soil pH [24].

Regarding to the effect of organic material rate on soil pH, the data presented in [Table 4]
indicated that the rate of organic material has significant effect on pH at each time of sampling.
These results agree with those obtained by [25, 26 and 27]._
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Soluble cation in soil: The organic material types, rates of application and their interactions
significantly influenced the amounts of soluble Na, K, Ca and Mg in soil at all time of samplings,
except those of at the time of sampling. The highest values of soluble Na was given with the
compost at the fourth time of sampling (125 meg/kg soil). And the highest values of soluble K, Ca
and Mg was given at the fourth time of sampling with lemon (135, 92 and 55 meqg/kg soil), Table
[5]. Generally, the amounts of soluble Na, K, Ca and Mg in soil were increased with increasing
organic material application rates and increasing time of sampling Table [5].

The highest values were recorded for 2% organic materials rate at the fourth time of sampling.
Also, the means of soluble Na, K, Ca and Mg ,Table [6] showed that the compost gave the highest
values of available Na and Ca at the fourth time of sampling (90 and 68 meg/kg soil). However,
lemon waste gave the highest values of available K and Mg at the fourth time of sampling (95 and
39.40 meqg/kg soil) and the lemon waste gave the lowest value of available Na, K, Ca and M Mg at
the first time of sampling (21.88, 45.66, 20.00 and 13.92 meg/kg soil, respectively).

The amounts of available Na*, K*, Ca™ and Mg*?( meg/kg soil) in the soil at each time of sampling
as affected by type and rate of material application.

Orzanic Bt (g kg) E* i) el fmmia) Mgl i)
makrial Timpof Sampling Timeaf argling Timwof Samgling Time of Sampling
Type | Ram 6 [ loime | Ioime | I ime | dttme ]“13 Iodma | me | 4btims | Mime | Iidme | ms | dme | 1Mme | IMeme | Fim | #dms

a 150 1] MO | Wb | 00 | 430 [ 450 | 40 120 Bo | 1o | BO 1] 174 178 170
0l 15 fx0 WO O| TEO | 400 [ N0 | €0 | T o 0 | #0 [ 520 100 M0 ol 0
s 00 00| 0| 450 [ &0 | T 850 o1t 40 | o | &0 170 i W o
13 400 A1 WO | W0 | S0 | 630 | %0 | D) A0 50| G0 | &0 190 1o 1o 40
m 450 S50 | 1000 | I0SD | THO | 10RO | 130 | 10| 30 Moo | w0 10 i 410 40 40
a 150 1] MO | Wb | 00 | 430 [ 450 | 40 120 Bo | 1o | BO 1] 174 178 170
03 it ] 60 [ S0 | 430 | X0 | 30 [ THE0 170 0| @0 #o 140 bl k1] o

TERTL A0
¥

o
_E ] 13 il TOO[ W | M0 | M0 ) &0 | T 190 0| 10| o 190 Mo p ] 40
£ 13 it il 950 | 00D | 30| 630 [ TR | Ww i #0| Moo 0 i 1o 430 L1
m 400 W0 | 100 | 10 [ @0 | D | TRD | 850 ol f0 | 0 | TI0 0 40 40 o
~ a 150 1] MO | Wb | 00 | 430 [ 450 | 40 120 Bo | 1o | 30 1] 174 178 170
2 0l 00 hal S0 | &0 | 400 [ N0 | &0 | T ol 40 | B0 | #o 120 0 i 0
8 10 s ] WO | TEO | 450 [ N0 | T 0| 0 0 | @0 | T20 140 ol W 410
g 13 o A1 OO W | 0| 80 ) W0 |10 | 30 M0 | TED | w0 160 Ha 1o 40
B

il i3 il B0 [ W | M3 | W0 ) 950 | BID| MO B0 | o | s0 190 1o 40 il
STATECALZIGNTFICAN LED, .
OMtyps (M) L1326 1787 | LI3 | L1 [ 18I | 138 | 14 | 1B [ LIS 138 ) 1738 [ 1398 | 1046 1208 1 LI

Ramof OME) | 270p-m | 1sepqp | 113 | L6768 | 1416 | L34 | L1861 | 1173 | ggapgp | 12 | 138 | LB | goomar | o3eE00 | £30E01 | 286801
M1k L34l 1473 | 3501F | 36M | L9 | 4359 | 4476 | 600F | oppgy | LSO | 137 | 19TE | sagmg | LD3D | ssomal | oTEL
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Means of Na*, K*, Ca*? and Mg*?( meq/kg soil) at each time of sampling as affected by type and
rate of organic materials.

Na+ (megks) K+ (megks) Ca+2 (meglks) Mz+2 (meglks)
Treatments Time of Sampling Time of Sampling Time of Sampling Time of Sampling
Ptime | 2time | 3% time | 4% time | 1 time | 2% time | 37 time | 4 time | 1%time | 2 time | 3% time (4% time | 1%time| 2% time | 3Ftime | 4% time

(Orzanic material type
Qlive Wastz | 320 710 T80 | 820 | 300 | 650 | 770 | 890 | 230 | 448 | 406 | 368 153 | 293 323 364
Compost 83 760 TRO | 9S00 | 480 | 370 | 620 | TT3 | 233 | 496 | 6l& | 630 175 | 328 364 384
Lemon Waste| 219 630 680 | T20 | 457 | 390 | TLO | 950 | 200 | 424 | 438 | 332 | 139 | 284 336 354
LD 1431 | 230 | 3696 | 3811 | 2722 | 4613 | 4706 | 6421 | 1012 | 196 | 22 | 2079|0891 119 | 933E01 | 1018

L4

Bate of organic material, %
0.0 150 500 50 500 | 300 | 450 | 450 | 450 120 | 280 B0 | 293 | 86 170 170 170
03 42 583 633 730 | 417 | 300 | 333 TLT | 210 | 400 | 483 | 347 | 120 263 320 36.7

1.0 275 63.0 T30 | 833 | 467 | 367 | TLT | 823 | 230 | 480 | 360 | 633 | 167 | 313 333 400
15 350 6.7 86.7 | SLT | 367 | 630 | 800 | 1067 | 277 | 320 | 640 | 720 | 180 | 360 37 437
0 392 883 983 | 1067 | 644 | 850 | 950 | 1200 | 313 | 693 | 693 | 787 |IL7 | 410 4713 510
LD 1848 | 3336 | 4772 | 4582 | 3314 | 3836 | 6073 | 820 | 1306 | 2338 | 325 | 2683 | 113 | 1336 1.207 1314

105

These results are in agreement with those of [17]. In this respect [13] found that increasing the soil
organic matter improves soil properties enhances soil quality.

Addition of compost improved the physical properties of the soil, and increased the supplying
power of available nutrients to plants [18]. Organic materials rates significantly affected soluble
Na’ at time of incubation, except at the third time of incubation, and K" at time of incubation,
except at the second, third and fourth time of incubation, significantly soluble Ca*? at the first or
fourth time of incubation and significantly affected soluble Mg*? at the fourth time of incubation.
On the other hand, 2% organic materials, produced the highest value of soluble Na*, K*, Ca* and
Mg*?, while 1.5% organic materials produced the highest value of soluble K* at the fourth time of
incubation. Generally, the application of OMW accrued positive effects on soil fertility that
confirmed by other pertinent researches such as [8].

The regression equations for the relation between the soluble Na* (Y1), K* (Y2), Ca*? (Y3) and Mg*
(Y.) and the organic material rate (X) Table [7]. A specific relationship was found between Na",
K*, Ca™ and Mg" and organic material rates for the three materials at the first or fourth time of
sampling. The comparison of the slopes of Na*, K*, Ca™ and Mg" regression equations give a
quantitative expression of the efficiency of organic waste rates for each organic material type.
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The relationship between the available Na*, K*, Ca* and Mg*? and organic material rates after 4
and 16 weeks of sampling.

Time of Organic Regression Equation

n n il 3

Sanplng | matenal Na K (2" Mg"

ovewste | VAOIDH0IMx | R089) | VALTIIH0x | R0 | VRD2HL000x | R0 | Vl4934413063 | R0
Aerdwesks | compost | VSDN06A0N06r | R0 | YAOTAADr | RE0S | TALD06M | RO | VLA6THL068 | RD94T
fmonwaste | V02EH366x | RS9 | VA0OIA6Rx | R9H | VALLILIDn | R0 | Velilld6x | R0
dvewste | VISMALT06x | R0SR | TRLISM6x | R0 | TRL460L080x | RMR | TAl6063098s | R0
Merlfweds | compost | V260408080 | BT | Velieldl6r | RO | VEOSTRHOAITE | R0 [ V8000648 | RD8
fmonwaste | VEL342006x | B8 | VRLS6130n | RSB0 | VSNMIN0x | R0 | VeliB064x | BT

TN T Tt YA X=Rateof OM

4, Conclusion

Soluble cations were increased with increasing time of incubation for the soil. The lemon waste
induced the highest values of soluble K, Ca** and Mg™ (135, 92 and 55 meq /Kg soil,
respectively), The compost gave the highest value of soluble Na* (125 meq /Kg soil) compared
with those of the other organic materials types. compared with those of the other organic materials
types. Organic materials 2 %, produced the highest value of soluble Na*, K*, Ca*? and Mg*? at the
fourth time of incubation. In conclusion, compost, olive waste and lemon waste are three organic
materials that can improve the physical, chemical and biological characteristics of the soils.
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