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ABSTRACT 

 
Two successive years (2008 and 2009) completely randomized drip irrigated field experiment with four 

replications for each treatment was conducted at El-Saff area, Giza governorate, Egypt, to study the effect of 
composting acidified wood industry wastes (WIW) in a sandy calcareous soil using different diluted acids on 
soil properties, growth response, nutrients uptake and both water and fertilizers use efficiencies by 5 years old 
Thompson seedless vine grapes (Vitis Spp). During winter management practices, soils were treated with 10kg 
WIW/ plant hill saturated with water or 0.5, 1.0, and 2.0 M. of each of commercial HNO3, H3PO4, and mixture 
of both (1:1). Noteworthy that each kg of WIW was dipped in 3 L of the diluted acid and left for two days 
before incorporating into the soil. Incorporating acidified WIW in the soil improved: a) the hydrophysical 
properties that include soil structure, porosity and pore size distribution, moisture retention and available water, 
movement of water in the soil, b) the biochemical properties that include soil pH, CEC and surface area, organic 
matter content and organic nitrogen%, C:N ratio, available nutrients in the soil and total contents of bacteria and 
fungi, c) plant growth, nutrients uptake, obtained yield and both water and fertilizers use efficiencies by the 
plants. The improving effect increases by the concentration of the used acid. It is preferable to use the medium 
concentration of the mixture of HNO3 and H3PO4 i.e 1 M. The increase in plant growth, yield and the 
improvement in soil properties doesn’t coincide with higher concentration. 
 
Key words: Sandy calcareous soil; soil conditioning; acidified wooden wastes; soil properties; water use 

efficiency;  fertilizers use efficiency; vine grapes.   
 
Introduction 
 

Wood industry wastes (WIW), include sawdust, wood bark, wood shavings, wood chips and finely divided 
wood fibers. Such lignocellulosic materials are available in large quantities that reach 15 % of the manufactured 
wood which represents a costly disposal problem. A continued removal of such wastes from the production sites 
to be utilized either alone or after mixing with other lignocellulosic residues in producing effective 
environmentally safe and cheap soil conditioners has become necessary. In Egypt this line of research has 
received great attention because of the shortage in traditional organic residues, manures and the need for low 
priced substrates. (Shaaban, 2002).  

Composting is the biological conversion of solid organic wastes into usable end products that have high 
organic matter content (Rynk, 1992 and Alexander, 1999). Of the conditions that govern the rate of 
decomposition of composted materials is pH of the media (Cooperband, 2000). Diluted acids pretreatment of 
WIW can facilitate composting process through their effect on the structure and composition of lignin and 
cellulose to be turned to easily composted products (Nguyen et al, 2000; Sannigrahi et al, 2008; Sievers et al, 
2009 and Pingali et al, 2010). 

The aim of the present study is to highlight on the effect of acidifying WIW using different concentrations 
of some commercial acids- before incorporating in the plant hills of a sandy calcareous soil- on soil properties, 
water economy and fertilizers use efficiency by growing plants. Five years old, Thompson seedless vine grapes 
(Vitis Spp) were taken as the indicator crop.   
 
Materials And Methods 

 
Two consecutive years (2008 and 2009) completely randomized field experiment with four replications for 

each treatment (Gomez and Gomez, 1984), was conducted as follows:  
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Location: 
 
At a private vineyard (10 fed) in El-Saff, Giza governorate, Egypt. (one fed = 4200 m2).  
 

Indicator plant: 
 
Five years old, Thompson seedless vine grapes (Vitis Spp). 
 

Soil: 
 
A sandy calcareous slightly saline soil (90% sand and 14% CaCo3). The main analytical data of the soil 

(Klute, 1986 and Page et al, 1982) are presented in table 1. 
 

Table 1: Analytical properties of El-Saff sandy calcareous soil. 
1. Mechanical analysis 

Sand Silt 
 

20 – 2 µ % 

Clay 
 

‹2 µ % 

 
Soil 

texture 
Course 

2000 - 200 µ % 
Fine 

200-20 µ % 
65.0 25.0 6.0 4.0 sand 

2.Chemical analysis 
 

pH 
1:2.5 

 
EC 

dSm-1 

 
CaCO3 

% 

 
OM 
% 

CEC 
Cmole 
kg -1 

Macro – nutrients (ppm) 
Total Available 

N P K N P K 
7.8 2.0 13.95 0.05 4.88 430 800 1020 40 5 60 

3.Hydrophysical analysis 
Bulk density 

 
Mg m -3 

Total 
Porosity 

 
% 

Water holding 
capacity* 

% 

Field 
capacity* 

% 

Available water* Hydraulic 
conductivity 

 
m day -1 

Mean diameter of 
soil pores 

µ 

1.65 37.7 21.9 7.25 6.10 7.6 16.9 
*On dry weight basis. 

 
Table 2: Analysis of irrigation water used. 

Source pH EC 
dSm-1 

Soluble cations (meq/l) Soluble anions(meq/l) 
Na+ K+ Mg++ Ca++ CO3

-- HCO3
- Cl- SO4

-- 
Canal 6.24 0.28 1.91 0.18 2.40 9.0 - 2.2 0.4 10.39 
Well 6.77 0.95 6.0 0.15 6.0 5.2 0.02 2.6 0.4 14.33 

*Adj.SAR = 1.6. for the canal water and 5.06 for the well water. 
** Fe = traces (<3 ppm). 

 
Irrigation system: 

 
Trickle irrigation. Distance between laterals is 2.5 m. Distance between drippers is 2.0 m. Drippers 

discharge is ≈4 l/hr. Number of drippers/fed are 800, i.e. one dripper for each vine. 
  

Irrigation water: 
 
Two sources were alternatively used, i.e. El Saff canal water and water of a well dug inside the yard. 

Regarding their quality, both were classified as no problem waters (FAO, 1994) (table 2). Water requirements 
for the crop determined after Doorenbos and Pruit, 1977 and Vermeiren and Jobling, 1980 are ≈ 3100 m3/ fed 
divided into 1585 hr beginning from 14th of February till 15th of November (table 3). 
 
Fertilization: 

 
Basal dose: 

 
Wood industry wastes (WIW)*, superphosphate 15.5% P2O5, agricultural sulphur and potassium sulphate 

48-52% K2O at the rates of 8 ton, 100 kg, 100 kg and 50 kg/fed, respectively during January (winter 
management practice). 

*Note worthy that Wood industry wastes (WIW) include 60% (sawdust, wood bark, wood shavings, wood 
chips and finely divided wood fibers) and 40% vine yard residues (dry leaves, pruning residues). 
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1. Fertigation: 
 
Ammonium sulphate 20.5% N at the rate of 325 kg/fed; phosphoric acid 50% P2O5 at the rate of 30 kg/fed 

and potassium sulphate 48-52% K2O at the rate of 100 kg/fed distributed along the growing season beginning 
from 15th of February.  
 
Table 3: Water requirements for trickle irrigated vine grapes grown on a sandy soil at El Saff, Giza Governorate. 

Month F M A M J J A S O N 
No.of days 15 31 30 31 30 31 31 30 31 15 

Epan 
mm day-1 

4.5 6.4 8.5 11.2 12.8 11.1 9.7 8.9 6.9 4.5 

Kp 0.7 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.7 
ET mm day-1 3.15 4.16 5.53 7.28 8.32 7.22 6.31 5.79 4.49 3.15 

Kc 0.3 0.3 0.55 0.85 0.85 0.85 0.85 0.55 0.45 0.45 
Kr 0.35 0.35 0.4 0.5 0.5 0.5 0.5 0.6 0.7 0.7 
Ks 1.15 (87%)
Eu 1.11 (90%)
Lr 10 %

IRg 
mm day-1 

0.46 0.61 1.71 4.34 4.96 4.31 3.77 2.69 2.0 1.40 

IRg 
l/day/plant 

2.3 3.05 8.55 21.7 24.8 21.55 18.85 13.45 10.0 7.0 

IRg m3 0.04 0.09 0.26 0.67 0.75 0.67 0.58 0.40 0.31 0.11 
m3/season/plant 3.88 m3/season/vine ≈ 3100 m3 /fed. 

* ET0 = reference crop evaporation, Kc = crop coefficient, Kr = reduction factor for the influence of ground cover, Ks = a coefficient 
for the water storage efficiency of the soil, Eu = application uniformity, Lr = leaching requirements, IRg = gross irrigation 

requirements. 
** Initial leaves: late Feb- early March. 

*** Harvest: late half of July. 
**** Ground cover: 30-35% at mid season. 

***** Cultivation: clean cultivated (weeds free). 

 
2. Foliar: 

 
Micro nutrients were sprayed thrice as chelates at the rate of 100, 100 and 200 g/fed, respectively, Mn 

(EDTA) 13% Mn, Zn (EDTA) 14% Zn and Fe (EDTHA) 6% Fe just before flowering, after fruit setting and one 
month later, respectively. 

 
Other agricultural practices:  

 
The normal ones for vines. 
 

Soil treatments:  
 
Taking into consideration that each vine was treated with 10 kg of WIW. The following treatments were 

examined: 
a. Soil treated with WIW saturated with water (the control treatment).  
b. Soil treated with WIW saturated with 0.5, 1.0 and 2.0 M. HNO3. 
c. Soil treated with WIW saturated with 0.5, 1.0 and 2.0 M. H3PO4. 
d. Soil treated with WIW saturated with 0.5, 1.0 and 2.0 M. mixtures of HNO3 and H3PO4 (1:1). 
Noteworthy that each kg of WIW was dipped in 3 L of water or diluted acids and left for two days before 

incorporating into the soil. 
 

Determined parameters:  
1. Plant parameters: 
a. Growth parameters that include: 1) Leaf area. 2) Average dry weight of leaves. 
b. Content of N, P and K in the leaves (Cottenie et al., 1982).  
c. Leaf area and dry weight as well as leaf analysis were estimated for 6 months old leaves randomly 

sampled from each vine. 
d. Number of bunches/ vine, average weight of bunch and obtained yield/ vine. 
e. Water use efficiency by vines expressed as kg of the fruit yield produced by each m3 of irrigation water 

used.   
f. Fertilizers use efficiency by vines expressed as kg of the fruit yield produced by each unit of fertilizer 

nutrient used. 
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2. Soil parameters: 
Some physic- bio chemical properties of the soil of each treatment were determined at the end of the 

growing season according to Klute, 1986 and Page et al., 1982. 
Experimental design and statistical analysis: 

 
The field experiment was designed in a randomized complete blocks design. Results were statistically 

analyzed according to Snedecor and Cochran, 1980. 
 
Results And Discussion 

 
As the obtained results of both successive seasons were not significantly different, their average was taken 

into consideration. 
 
1.Vegetative growth, water and fertilizers use efficiencies: 

 
Concentration of N, P and K in the leaves as affected by incorporating saturated WIW with water or acids 

in the plant hills during winter service practices are presented in table 4. Data show that the content of nutrients 
in the leaves of the vines of the control treatment (WIW saturated with water) are lower than those of the treated 
with WIW saturated with HNO3 by 6.3, 9.6 and 14.8% for N, 11.1, 17.9 and 22.0% for P and 8.1, 10.7 and 
12.0% for K by applying the 3 concentrations of acid 0.5, 1.0 and 2.0M, respectively. Relevant values when 
using H3PO4 were 10.7, 16.7 and 19.4%; 20.0, 27.3 and 33.3% and 11.3, 14.4 and 16.7% and for HNO3 + H3PO4 
(1:1) were 16.7, 18.5 and 21.1%; 31.9, 36.0 and 39.9% and 16.7, 17.8 and 20.4%, respectively. Taking the leaf 
area and the average of the dry weight of the leaves as growth parameters, data in the same table indicate that 
either applied acids or their concentrations markedly affect such parameters. The higher concentrations of the 
acids are  higher is the leaf area or average dry weight of the leaves. Moreover, the effect of examined materials 
on both parameters could be descendingly arranged in the order HNO3 + H3PO4 (1:1) > H3PO4 > HNO3 > water. 
Presented data show that the negative differences between leaf area or the average dry weight of the leaves of 
vines that treated with WIW saturated with water and those treated with acidified WIW reached 10.9 or 10.7% 
for HNO3 ; 12.2 or 11.8% for H3PO4 and 13.9 or 16.0% for HNO3 + H3PO4 (1:1). According to the previous 
presentation of the data, relative uptake of nutrients is also shown in table 4. It is obvious that high concentration 
of applied acids coincides with high relative uptake of the nutrients under study. In other words while the 
relative uptake for nutrients of vines of the control treatment was lower than those of vines treated with WIW 
saturated with 0.5 M of HNO3 , H3PO4 and HNO3 + H3PO4 (1:1) by 10.7, 17.7 and 24.6% for N, 15.3, 26.3 and 
38.5% for P and 12.4, 18.2 and 24.6% for K, the relative uptake of the nutrients by vines treated with the 
medium concentrations of acids (1.0 M) was higher than those of vines of the control treatment by 20.8, 33.5 
and 38.2% for N; 33.3, 53.1 and 76.2% for P; 22.3, 30.0, 36.9% for K using the aforementioned acids, in 
sequence.  Relevant values for the higher concentration of acids (2 M) are 31.4, 40.6 and 50.8% for N, 43.6, 
71.1 and 97.4% for P and 27.2, 36.1 and 36.1 and 49.5% for K, respectively.  
 
Table 4: Effect of composting acidified WIW in a sandy calcareous soil on growth characters and nutrients uptake by 5 years old vine  
              grapes.  

   Average Concentration of Relative uptake 
Soil treatments Leaf 

area 
dry weight plant nutrients in the leaf    

   of the leaf       
Acid used Conc.( M ) cm2 (g) N % P% K% N P K 

Water - 199.6 1.42 0.75 0.32 1.25 1.065 0.454 1.775 
HNO3 0.5 210.5 1.49 0.80 0.36 1.36 1.192 0.536 2.026 

 1.0 218.7 1.55 0.83 0.39 1.40 1.287 0.605 2.170 
 2.0 224.1 1.59 0.88 0.41 1.42 1.399 0.652 2.258 

H3PO4 0.5 216.3 1.54 0.84 0.40 1.41 1.294 0.616 2.171 
 1.0 220.9 1.58 0.90 0.44 1.46 1.422 0.695 2.307 
 2.0 227.4 1.61 0.93 0.48 1.50 1.497 0.773 2.415 

HNO3 + 
H3PO4 

0.5 219.6 1.57 0.90 0.47 1.50 1.413 0.738 2.355 

(1:1) 1.0 224.2 1.60 0.92 0.50 1.52 1.472 0.800 2.432 
 2.0 231.7 1.69 0.95 0.53 1.57 1.606 0.896 2.653 

L.S.D 0.05 5.1 0.05 - - - - - - 

         
Data of the fruit yield of vine grapes as affected by acidifying WIW are presented in table 5. It is obvious 

that acidifying WIW before applying to the vines hills during winter service practices, markedly affected the 
number of bunches per vine and the average weight of the bunch. Consequently, the obtained fruit yields are 
significantly affected. The positive differences between yield of the vines of treatments that receive HNO3 and 
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control treatment were 19.8, 35.7 and 48.3% for the concentrations 0.5, 1.0 and 2.0M, respectively. Relevant 
values for H3PO4 were 40.0, 57.6 and 65.8% and for HNO3 + H3PO4 (1:1) were 49.6, 67.2, 82.2%, in sequence.    

Values of water use efficiency by the vines expressed as kg of yield produced by each cubic meter of water 
used and values of fertilizers use efficiency by the vines expressed as kg of yield produced by each one unit of 
N, P2O5 and K2O added through fertigation are presented in the same table. Data show that either water use 
efficiency or fertilizers use efficiency by vines of the control treatment were the lowest. Values of water use 
efficiency and fertilizer use efficiency by vines that treated with WIW saturated with acids were higher than that 
of control treatment by ≈ 20, ≈40 and ≈50% when 0.5 M of the acids HNO3, H3PO4 and HNO3 + H3PO4 (1:1), 
were respectively applied. Regarding the effect of acidifying WIW with the medium concentration of the acids 
i.e 1M, increments in water use efficiency and fertilizer use efficiency by vines were 35.6, 57.6 and 67.2% for 
the acids mentioned above, respectively. More increase in the concentration of applied acids to be 2.0 M 
increase both values of water use efficiency and fertilizer use efficiency to be 1.48, 1.66 and 1.82 times that of 
the control treatment for using the three acids, in sequence.  
 
Table 5: Effect of composting acidified WIW in a sandy calcareous soil on yield, water and fertilizers use efficiencies by 5 years old vine  
              grapes.  

  Number of Average  Water Fertilizers use efficiency 
kg unit-1 

Soil treatments bunches/ weight of Fruit yield use 
efficiency 

   

  vine bunch   N P2O5 K2O 
Acid used Conc.(M )  (g) kg/vine Kg m-3    

Water - 12.45 386.5 4.812 0.471 58.0 126.6 38.5 
HNO3 0.5 13.38 430.9 5.765 0.564 69.5 151.7 46.1 

 1.0 14.34 455.2 6.528 0.639 78.7 171.3 52.2 
 2.0 14.82 481.4 7.134 0.698 86.0 187.7 57.1 

H3PO4 0.5 14.46 465.8 6.735 0.658 81.1 177.2 53.9 
 1.0 15.30 495.6 7.583 0.742 91.4 199.3 60.7 
 2.0 15.77 505.8 7.976 0.800 96.1 209.9 63.8 

HNO3 + H3PO4 0.5 15.06 477.9 7.197 0.704 86.7 189.4 57.9 
(1:1) 1.0 15.89 506.3 8.045 0.787 96.9 211.7 64.4 

 2.0 16.49 531.7 8.768 0.857 105.6 230.7 70.1 
L.S.D 0.05 0.33 22.1 0.315 - - - - 

        
2. Soil hydrophysical properties: 

 
The conditioning effect of applying wood industry wastes (WIW) in the soil either saturated with water or 

diluted acids before incorporating into the soil on some hydrophysical properties of the soil related to structure 
stability, porosity and pore size distribution, moisture retention and water movement in the soil are presented in 
table 6. 

Data show that composting WIW saturated with 0.5, 1.0 and 2.0M HNO3 into the soil increased the 
percentages of water stable structural units >0.25 mm in diameter by 8.5, 13.0 and 23.8% over that of the 
control treatment, respectively. Relevant values were 14.4, 23.9 and 34.1% or 13.13, 28.8 and 36.6% for H3PO4 

or   HNO3 + H3PO4 (1:1), respectively. Moreover, MWD of the water stable structural units distribution were 
increased by 48.4, 51.6 and 58.3%; 53.0, 59.0 and 63.6% and 54.3, 61.4 and 67.1% that of untreated soil by 
applying the same acids and concentrations mentioned above, respectively. Regarding the values of structure 
coefficient (Cr) i.e water stable structural units> 0.25 mm/ water stable structural units< 0.25 mm (Shein, et.al. 
2001) were markedly increased to be 1.26, 1.44 and 2.04 times with HNO3 ; 1.50, 2.05 and 3.08 times with 
H3PO4 and 1.45, 2.46 and 3.47 times that of control treatment with HNO3 + H3PO4 (1:1), respectively.  

Values of bulk density, total porosity and macro and micro porosity as affected by composting saturated 
WIW with water,  diluted HNO3, H3PO4 and mixture of HNO3 + H3PO4 (1:1) into the soil are also given in table 
6. Data reveal that applying diluted acids decrease the bulk density of the soil as well as its macro porosity 
(drainable pores having the diameters of > 28.8) relative to those of using water for saturating the WIW. Bulk 
density of the former was lower than that of the later by ~1.16, 1.66 and 2.44% for the 0.5, 1.0 and 2.0 M diluted 
acids treatments, respectively. Relevant values for the macro pores were 6.0, 6.7 and 6.3 %, in sequence. In 
regard to the effect of examined treatments on water holding pores having the diameters of 28.8-0.19, data 
took an opposite trend to that of bulk density and macro porosity. The increase relative to these of the control 
treatment reached 23.5, 27.2 and 23.1% by using 0.5, 1.0 and 2.0M acids, respectively.    

Retained moisture in sandy calcareous soil under different suctions as influenced by incorporating WIW 
saturated with water, 0.5, 1.0 and 2.0 M of each of HNO3, H3PO4 and HNO3 + H3PO4 (1:1) into the soil is 
presented in table 6. Data refer to an increase in the percentages of retained moisture at all suctions under study 
relative to that of the control treatment.  At saturation, i.e. at pF = 0, the total water holding capacity (WHC) of 
the soil was increased by 7.4, 7.1 and 6.6% with 0.5M of each of HNO3, H3PO4 and mixture of HNO3 + H3PO4 



4454 
J. Appl. Sci. Res., 8(8): 4449-4456, 2012 

 

 

(1:1), respectively. Using 1.0 M of acids mentioned above, such increase was 6.7, 7.9 and 7.6%. Similarly, 
WIW saturated with 2.0M of the same acids increased soil WHC by 9.8, 8.6 and 4.8%, in sequence.  At field 
capacity (FC), i.e. at pF = 2, values of retained moisture show increases of 10.4, 15.9 and 13.1% that of 
untreated soil by composting WIW saturated with 0.5M of each of HNO3, H3PO4 and mixtures of HNO3 + 
H3PO4 (1:1) in the soil, respectively. Corresponding values for 1.0 M acids were 13.8, 14.9 and 15.2 % and for 
2.0 M ones were 15.6, 12.5 and 14.5%, in sequence. Because the increase in water retained at FC is far beyond 
that at wilting percentage (WP), i.e., water retained at pF= 4.2, the available water (FC – WP) highly increased. 
Incorporating WIW saturated with acids into the soil raised its available moisture to be 1.0 - 1.22 times that of 
untreated soil regardless of the acids used or their concentrations.  

Some water transmitting properties of sandy calcareous soil as influenced by incorporating WIW saturated 
with water or diluted (0.5, 1.0 and 2.0 M) HNO3, H3PO4 and HNO3 + H3PO4 (1:1) are also presented in the table 
6. Values of all studied parameters were decreased being somewhat lower with the concentration of acids used. 
Compared to those of the control treatment, using 2.0 M HNO3 lowered transmitting properties of the soil by 
19.4% for infiltration rate; 16.9% for hydraulic conductivity; 6.9% for water transmissivity; and 8.8% for the 
mean diameter of soil pores, respectively. Corresponding values for 2.0 M H3PO4 were 20.0, 18.2, 7.7 and 9.5%, 
and for 2.0M HNO3 + H3PO4 (1:1) were 18.4, 18.5, 7.8 and 9.7%, in sequence.   
 
3. Soil biochemical properties: 

 
Some biochemical properties of sandy calcareous soil as influenced by applying saturated WIW with water 

or diluted acids before incorporating into the soil are presented in table 7. Data reveal that all the studied 
properties were improved by varying degrees due to applying acidified WIW. 

Regarding soil pH, all examined treatments decreased the values of this soil property. Calculated 
decrements assendingly arranged according to the concentrations of used acids were 0.05, 0.14 and 0.27 units 
for HNO3; 0.03, 0.12 and 0.27 units for H3PO4 and 0.05, 0.22 and 0.37 units for HNO3+H3PO4 (1:1), 
respectively.  

Slight decrease in soil salinity was noticed regardless of the acid used or its concentration. Calculated 
decrements in soil salinity did not exceed 3%.  

Regarding soil CEC and its surface area, soil conditioning raised both parameters. Incorporating WIW 
saturated with 0.5 M of each of HNO3, H3PO4 and HNO3+H3PO4 (1:1) into the soil increased CEC of the soil by 
2.7, 0.8 and 1.9% and its surface area by 5.8, 4.3 and 4.6%, in sequence. Relevant values were 3.3, 1.9 and 2.5% 
and 4.2, 2.9 and 4.2% for CEC and 6.5, 5.2 and 5.6% and 7.3, 6.2 and 7.5% for the specific surface area using 
1.0 M and 2.0 M of acids mentioned above, respectively.  

As expected, examined treatments raised soil organic matter (OM) percentage and accordingly its organic 
carbon (OC) contents. In other words, composting WIW saturated with 0.5M of each of HNO3, H3PO4 and 
HNO3+H3PO4 (1:1) into the soil increased OM % in the soil to be ~1.08, 1.02 and 1.25 times that of untreated 
soil, respectively. Relevant values were 1.17, 1.25 and 1.32 times and ~1.23, 1.37 and 1.43 times that of 
untreated soil using 1.0 M and 2.0 M of the three acids mentioned above, respectively.  

Similarly, organic nitrogen (O.N) content gave the same trend as that of O.C %. Compared to the control 
treatment, values of organic N were highly increased to be 1.94, 2.28 and 3.22 times that of untreated soil by 
composting WIW saturated with 0.5, 1.0 and 2.0 M HNO3 into the soil, respectively. Corresponding values for 
H3PO4 were 1.72, 1.83 and 1.94 times and for HNO3+H3PO4 (1:1) were 1.78, 1.83 and 1.89 times, respectively.  

Because the increase in O.C is far beyond that of organic N, C/N ratios are narrower. Decrements in C/N 
ratio for WIW saturated with 0.5, 1.0 and 2.0 M HNO3 were 47.5, 51.7 and 63.9% that of untreated soil, 
respectively. Relevant values were 44.3, 35.7 and 33.7% or 33.7, 32.3 and 28.4% using H3PO4, or HNO3+H3PO4 
(1:1), in sequence. Decrements in C/N refer to the easiness of the mineralization of organic nitrogen compounds 
and the possibility to save and provide available forms of N to growing plants. 

Available phosphorus increased to be 1.09, 1.14 and 1.27 times that of untreated soil when composting 
WIW saturated with 0.5, 1.0 and 2.0 M HNO3 into the soil, respectively. Due to the use of H3PO4 for saturating 
WIW, much more increase in available P was obtained being higher with increasing acid concentration to be 
2.47, 3.30 and 3.87 times that of untreated soil, respectively. Values of available P using HNO3+H3PO4 (1:1) 
were in between.  Compared to the control treatment, calculated values of available P were, respectively 1.15, 
1.94 and 2.39 times higher. Concerning available potassium, it increased to be 1.07, 1.10 and 1.16 times that of 
the control when composting WIW saturated with 0.5, 1.0 and 2.0 M HNO3, respectively. Relevant values for 
H3PO4 were 1.03, 1.07 and 1.17 times and for HNO3+H3PO4 (1:1) were 1.08, 1.11 and 1.15 times, in sequence.  
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Table 6: Effect of composting acidified WIW on some hydrophysical properties of a sandy calcareous soil. 

Soil treatments 
 

Structure stability 
 
 

Bulk 
density  

 
 
 
 
 

Mg m-3 

 
 

Total  
porosity 

 
 
 
 
 

% 

Pore size 
distribution as a % 

of total porosity 

 
 

Water  
holding  

capacity 
 
 
 
 

% 

 
 

Field  
capacity  

 
 
 
 
 

% 

 
 

Available  
moisture 

 
 
 
 
 

% 

 
 

Infiltration 
rate of 
air dry 

soil 
 
 
 
 

cm.h-1 

 
 

Hydraulic 
conducti

vity 
(K) 

 
 
 

m day-1 

 
 

Transmi 
ssivity  
∑(K/D) 

 
 
 

day-1 

 
 

Mean  
diameter 

of soil 
pores 

 
 
 

(µ) 

Water 
stable 
struct

ural 
units 

 
>0.25 

mm 

MWD of 
water 
stable 

structu
ral 

units 

Structure 
coeffici

ent 
 

(Cr) 

Drainable 
pores 

 
 
 
 

>28.8µ 

Water  
holding 

pores  
 
 

28.8-
0.19µ 

Acid  
used 

Conc. 
( M ) 

Water - 62.4 0.920 1.66 1.490 43.8 62.3 22.0 22.0 8.6 5.6 69.6 7.04 57.3 16.4 
HNO3 0.5 67.7 0.445 2.09 1.478 44.2 59.6 23.7 23.6 9.5 5.6 60.2 6.11 54.7 15.3

1.0 70.5 0.475 2.39 1.470 44.5 58.1 26.4 23.5 9.8 6.2 58.9 6.01 54.2 15.1 
2.0 77.2 0.536 3.39 1.459 44.9 58.6 25.7 24.1 10.0 6.2 56.1 5.85 53.4 14.9 

H3PO4 0.5 71.4 0.488 2.49 1.471 44.5 57.5 29.1 23.5 10.0 6.9 59.8 6.32 55.7 15.5
1.0 77.3 0.543 3.40 1.465 44.7 58.2 28.9 23.7 9.9 6.9 57.2 6.05 54.4 15.2 
2.0 83.6 0.585 5.11 1.453 45.2 59.3 28.0 23.9 9.7 6.7 55.7 5.76 52.9 14.8 

HNO3 
    + 
H3PO4 

0.5 70.7 0.500 2.41 1.469 44.6 58.3 28.7 23.4 9.8 6.7 61.1 6.03 54.3 15.2 
1.0 80.3 0.565 4.08 1.461 44.9 58.0 28.7 23.7 9.9 6.8 59.9 5.94 53.8 15.1
2.0 85.2 0.617 5.75 1.449 45.3 57.1 27.5 23.0 9.9 6.8 56.8 5.74 52.8 14.8 

 
Table 7: Effect of composting acidified WIW on some bio-chemical properties of sandy calcareous soil. 

Soil treatments       
Specif
ic     

Organ
ic   

Availa
ble 

Availa
ble Total  

Total 
fungi 

    pH EC CEC 
surfac
e O.M O.C 

Nitrog
en C/N P K 

bacteri
a 
CFU/g 
dwt. 

CFU/
g 
dwt.  

Acid 
used  

Conc.( 
M ) 1:2.5 

dS m-

1 
c mole 
kg-1 

area 
m2g-1 % % %   ppm ppm x106 x104 

Water - 7.63 1.82 4.79 9.56 0.60 0.36 0.018 20.5 27.6 116.7 510 29.1 
HNO3 0.5 7.58 1.77 4.92 10.11 0.65 0.38 0.035 10.8 30.1 125.3 450 31.2 
  1.0 7.49 1.76 4.95 10.18 0.70 0.41 0.041 9.9 31.6 128.7 430 33.6 
  2.0 7.36 1.78 4.99 10.26 0.74 0.43 0.058 7.4 35.1 135.1 410 35.3 
H3PO4 0.5 7.60 1.80 4.83 9.97 0.61 0.35 0.031 11.4 68.3 120.6 470 30.1 
  1.0 7.51 1.81 4.88 10.06 0.75 0.44 0.033 13.2 91.2 125.1 445 32.4 
  2.0 7.36 1.79 4.93 10.15 0.82 0.48 0.035 13.6 106.9 136.7 430 33.8 
HNO3 + 
H3PO4 0.5 7.58 1.81 4.88 10.00 0.75 0.44 0.032 13.6 59.3 126.3 455 30.9 
(1:1) 1.0 7.41 1.76 4.91 10.10 0.79 0.46 0.033 13.9 81.2 129.6 440 33.1 
  2.0 7.26 1.79 4.99 10.28 0.86 0.50 0.034 14.7 93.6 134.1 420 34.6 

 
Obtained results may be due to one or more of the following: 
1-Hydrolysis of WIW (cellulose, hemicellulose, polysaccharides and lignin) by diluted acids. With this 

respect hydrolysis breaks only the glucosidic bonds between glucose units of the aforementioned polymers and 
don’t affect organic carbon content i.e., facilitate only the composting process. Therefore, the effect of obtained 
compost on soil properties will appear much sooner than that composted under higher pH (Tu, 1995; Nguyen et 
al, 2000; Sannigrahi et al, 2008; Sievers et al, 2009 and Pingali et al, 2010).  

2-Lowering pH of the medium to reach ~ 7.2-7.3 may be suitable for bio-composting of WIW particularly 
with fungi rather than bacteria (Gaur et al, 1982; Wiegant, 1992 and Anastasi et al, 2004). Total count of both 
organisms indicates this phenomenon. Increments in counts of fungi reached ≈ 20% versus ≈ 20% decrement in 
counts of bacteria by applying 2 M of examined acids.  

3-The effect of low pH on improving the nutritional status of soils due to increasing the availability of most 
of plant nutrients and  

4- The effects of the anions accompanied to H+ of the used acids i.e., NO3
- ,  H2PO4

-, HPO4
-- and  PO4

--- as 
necessary nutrients for plants.  

Comparing the effect of examined acids on lowering soil pH, it is preferable to use mixture of HNO3 (strong 
acid) and H3PO4 (weak acid). This increases the ionization of H3PO4 which lower the pH of the medium. 
Moreover, during one year from composting acidified WIW into the soil, the buffering action of the soil was 
notable to return soil pH to its original value. At the end of the growing season, i e after 12 months, soil pH is 
still lower. Therefore, the medium concentration of diluted acid, i.e. 1 M is preferred. The increase in plant 
growth, yield and the improvement in soil properties doesn’t coincide with higher concentration.     
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