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WHEAT PRODUCTIVITY ON A SANDY SOIL TREATED WITH
COMBINATIONS OF VINASSE AND ORGANIC ACIDS’
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Soil, Water and Environ. Res. Inst., Agric. Res. Cent. (ARC), Giza, Egypt

ABSTRACT

A field experiment was carried out for two successive winter seasons at Ismailia Agric. Res.
Station in Ismailia Governorate, Egypt to evaluate possibility of using vinasse in combination with
some organic acids for improving nutrients status of the sandy soil and its reflection on wheat (Giza
168) yield productivity. The experiment was laid out in split plot design, with three replicates. the
main plots included five treatments including control (recommended NPK. dose), vinasse (V), vinasse
and humic acid (VH), vinasse and fulvic acid (VF), vinasse and humic substances (VHS). The sub-
main plots represented treatments with different rates of 0, 20, 30 and 40 liters faddan™. All treatments
were sprayed on the sandy soil three times at 30, 45 and 60 days from shown during two cultivated
seasons. Results revealed that wheat yield (straw and grains) along with total content of N, P and K
generally increased significantly in response to vinasse and fulvic acid (VF) treatment as compared to
either control or other treatments. Moreover, values of wheat plant increased by increasing vinasse
application in combination with different forms of organic acid as compared to either applied vinasse
alone or control treatments; the superior rate was 40 L faddan™. On the other hand, the application of
some organic conditioners slightly decreased both pH and EC values as compared to control treatment.
Relatively different trend was observed with organic matter and saturation percent which increased in
all treatments as compared to control treatment. Also, available NPK in soil were also increased
gradually by increasing rate of organic conditioners. In conclusion, application of vinasse combined
with other organic acids (humic, fulvic and humic substances) generally enhanced wheat yield
productivity, total content of macronutrients in both straw and grains along with improved some
chemical properties of sandy soil under investigation.

Key words: Soil conditioners, vinasse, humic acids, fulvic acid, humic substances, soil chemical
properties, wheat (Triticum aestivum L..).

INTRODUCTION maintains them as reserve nutrients as a slow
release during the vegetative period. These are

Vinasse is a waste material by product from  the most important affect, leading to increase
diStiIIery suger cane industries which has y|e|d and qua“ty of crops (Haggag et al., 2013;

potential to cause major environmental problems Shahin et al., 2015; Haggag et al., 2015).
across the world (Sajbrt et al, 2010 ;

Muhammed et al., 2012).Vinasse has high levels Humic acids are one of the major components
of potassium, calcium and organic matter in its of humic substances. Humic matter is formed

chemical composition as well as moderate through the chemi_cal and biological humification
amounts of nitrogen and phosphorus (Gloria, ~ ©f Plant and animal wastes and through the
1985). Vinasse improves most factors involved ~ Piological activities  of ~ microorganisms
in soil fertility, provides favoring conditions for ~ (Anonymous, 2010). Also, humic acids improves
nitrogen assimilation into the soil, protects the phys'c‘j’l" chemlcal and b_lc_)loglcal properties
nutrients against washing out in winter and ~ Of the soil, maximum efficiency of nutrient
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utilization and influences plant growth (Van
Schoor et al., 2012). In many studies, humic
acids and its derivatives were applied to enhance
the uptake of nutrients (Mackowiak et al., 2001)
and promote the root length (Cenellas et al.,
2002) and to increase the fresh and dry weight
of crops (Chen et al., 2004a,b). Haggag et al.
(2015) detected that application of humic acid
treatments in the form of Actosol (20% humic
+NPK 1:5:6) with three doses (150, 75 and 50
cm®) were increased olive yield by (55.67, 45.67
and 40.35 kg/tree) and (55.05, 44.67 and 36.67
kgltree) in the first and second seasons,
respectively. Also, Brunetti et al. (2007) found
that 2% humic acids increased the grain and
straw yields of wheat by 26% and 23.8%.

Fulvic acid is a derivative of humic acids, but
it has a smaller molecular size (Grenthe and
Puigdomenech, 1997) and is less stable in soil
due to its greater exposure to microbial
degradation. It occurs naturally in soil, water
and peat like humic acids, and it modifies the
soil structure by binding to sand, silt and clay
due to its colloidal characteristics (Mayhew,
2004). Due to high ion exchange and hydrolysis
capacity of fulvic acid, the resulting excess
amounts of amino acids and organic acids
increase the soil cation exchange capacity.
Fulvic acid decreases soil loss, increases soil
fertility and facilitates the transfer of mineral
nutrients from the soil to plants. fulvic acid can
function as a plant hormone (Akinci and Ongel,
2011)

Humic substances have been reported to
influence plant growth both directly and
indirectly. The effects of humic compounds on
soil fertility include: (i) Increase in the soil
microbial population including beneficial
microorganisms. (ii) Improved soil structure.
(iii) Increase in the cation exchange capacity and
the pH buffering capacity of the soil (Saruhan et
al., 2011).

When adequate humic substances are present
within the soil, the requirements for nitrogen,
phosphorus and potassium fertilizer applications
may be reduced (Pettit, 2004). Humic
substances are major components of organic
matter, often representing 60 to 70% of the total
organic matter (Schnitzer and Khan, 1972).

The main target of this work is to maximize
the use of some industrial wastes by mixing with
some organic acids and its impact on the
chemical properties of sandy soil and wheat crop
productivity.

MATERIALS AND METHODS

A field experiment was carried out for two
successive winter seasons at Ismailia Agric. Res.
Station, Ismailia Governorate, Egypt (Latitude,
30°35'41.901" N and longitude, 32° 16' 45.834"
E), to evaluate possibility of vinasse usage in
combination with some organic materials for
improving nutrient status of the sandy soil and
its reflection on wheat (Giza 168 cultivar) yield
productivity.  Some physical and chemical
characteristics of the studied soil are presented
in Table 1.

The experiment was laid out in split plot
design, with three replicates, the main plots
included five treatments, control (recommended
dose NPK.), vinasse (V), vinasse and humic
acids (VH), vinasse and fulvic acid (VF),
vinasse and humic substances (VHS). The sub-
main plots represented treatments for different
rates of 0, 20, 30 and 40 | fad™. All treatments
sprayed on the sandy soil three times at 30, 45
and 60 days from sowing during two cultivated
seasons. Some chemical characters of organic
materials used in this experiment are presented
in Table 2.

All treatments received mineral fertilizers at
the recommended dose from superphosphate
(15% P,0s) at a rate of 200 Kg fad.™ basically
before sowing; potassium was added in the form
potassium sulfate (48% K,0) at 50 Kg fad.” for
wheat plant. Nitrogen was added in the form
ammonium nitrate (33.5% N) at rates of 358 Kg
fad." for wheat plant. Ammonium nitrate was
added four split equal doses after 2, 4, 6 and 8
weeks from sowing. While potassium was
divided into two equal doses, the first was added
at sowing and the second after 35 days from
sowing of both seasons, respectively.

At harvest, surface soil samples were subjected
to analyses of some soil chemical properties
according to Cottenie et al. (1982), the studied
parameters are:
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Table 1. Some characteristics of soil samples representing the studied site

Soil characteristic Value Soil characteristic Value

Particle size distribution (%) Soluble cations and anions (meq L™)

Coarse sand 570 Ca"™ 0.81

Fine sand 332 Mg"” 0.73

Silt 3.92 Na 1.50

Clay 5.88 K 0.42

Texture class Sandy CO;” -
HCO3 1.50
CcL 2.10
SO,~ 0.14

Chemical properties Available nutrients (mg L™)

CaCO;« (%) 1.82

pH (suspension 1:2.5) 7.80 83.0

EC dSm™ (Saturated paste extract) 039 P 19.0

Organic matter (%) 0.60 K 65.6

Table 2. Some chemical characters of organic materials used

Parameter Vinasse Humic acid Fulvic acid Humic substances
pH 4.50 6.0 2.0 12.6
ECdSm™ 21.1 59.0 55.3 61.4

OM (%) 25.9 13.0 12.9 13.1

N 1.42 % 710 mg L™ 705 mg L* 650 mg L™
P,Os 0.30 % 200mg L™ 150 mg L* 190 mg L™
K,O 4.22 % 4.0% 3.90% 4.10%

a- Soil pH was determined in 1:2.5 soil water
suspensions.

b- Electrical conductivity (dSm™) of the soil
paste extract.

¢- Organic matter content (%).
d- Available N, P and K (mg Kg™)
e- Cations and Anions (meq L™)

Samples of both straw and grains for crop
was collected from each plots, weighed and
oven dried at 70°C for 48 hr., up to a constant
dry weight, ground and prepared for digestion

using as described by Page et al. (1982). The
digests were then subjected to the evaluation of
nutrients (N, P and K) according to procedures
described by Cottenie et al. (1982).

Apparent nutrients recovery (ANR) by
calculated according to Quanbao et al. (2007).

ANR:%AOO

A : Uptake in fertilized plot (Kg fad.™)
B :Uptake in control plot (Kg fad.™)

C: Quantity of fertilizer nutrient applied (Kg
fad.™).
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Harvest index was calculated by using the
following formula (Fageria and Baligar, 1997):

Harvest index (%) =
Grain yield (Kg fad.™)
Biological yield (Kg fad.")

Obtained results were subjected to statistical
analysis according to Snedecor and Cochran
(1980) and the treatments were compared by
using LSD at 0.05 level of probability.

RESULTS AND DISCUSSION

Wheat Yield

Statistical analysis of data in Table 3 show
that the mean values of grain and straw yield of
wheat plant had increased significantly by
vinasse applied in combination with fulvic acid
compared to other treatments, such increase
reach to 47.1%, 23.3% for grain yield and
78.1%, 45.9% for straw yield in two successive
seasons as compared to control treatment,
respectively. These increases may be due to
fulvic acid and its role as a plant hormone
(Akinci and Ongel, 2011). Also, the increase of
wheat yield as a result of vinasse and organic
acids application may be attributed to better
growth under favorable physical condition of
treated soil can be related to beneficial effect of
vinasse and humate materials containing a
considerable amount of organic matter of
nutritional elements for plant growth. (Arafat
and Yassen, 2002).

Regarding to organic material concentrations,
the mean vales in Table 3 showed that by
increasing the rate of application generally
increased both grain and straw yields; the
highest value was observed with 40 L fad.

In general, obtained results showed that
wheat crop vyields (grain and straw) were
increased significantly in all treatments as
compared to control. The treatments of different
soil conditioners can be arranged as the
following order VF> V> VHS> VH. Such
results are in harmony with Seyedbagheri (2010)
who stated that potato yields increased with
increasing rates of humic materials application
up to 30 L/humic acid/acre as organic
conditioner, but were reduced at the highest
treatment of 60 L/humic acids/acre. The impacts

on yield could be due to the effects of humic
acids on the reactions that form organic-clay
complexes “This reaction contributes to the
creation of stable humus, which impacts soil
physical, chemical and biological functions.
Radwan et al. (2015) indicated that the highest
humic materials application rate (4kg/fad.)
produced the highest grain yield (2.77 and 2.80
ton/fad.), biological yield (6.42 ton /fad.) in both
seasons.

On the other hand, harvest index of wheat
crop yield was slightly increased and such increase
was not significant between concentrations rates
applied in all treatments. Similar results were
obtained with Radwan et al. (2015) who added
that the differences between 3 and 4 kg humic
fad™ did not reach the significance level for
harvest index in the two seasons.

Total Content of N, P and K in Wheat Plant

Data in Table 4 show that the most humate
materials and vinasse had a positive effect on
macronutrients total content in comparison with
control, however VF treatments recorded high
levels of NPK uptake comparing with the other
treatments. With respect to organic conditioner
rates, NPK total content by wheat plant was
significantly increased by increasing the
application rate (40 L fad.™) of all treatments in
two successive seasons.

Sharaf EI-Din et al. (2011) stated that the
increase in the N, P, K (%), could be resulted
from the increase in the uptake of the nutrients
through the root system, which became more
capable of absorbing more amounts of nutrients
due to hormone-like activity of fulvic acid from
the vermi composts or due to plant growth
hormones adsorbed. This is related to the
surface activity of humic substances resulting
from the presence of both hydrophilic and
hydrophobic sites (Chen and Schnitzer, 1978).
Humic can affect the solubility of insoluble
phosphorus compounds in soil by its chelation
capacity, and chelated metals are also available
to plants by exchange (Tan, 2003). Also, the
humic substances may interact with the
phospholipid structures of the cell membranes
and react as carriers of nutrients through them.
In addition, Arafat and Yassen (2002) found that
by increasing rate of vinasse from 1% to 2% the
N, P and K uptake increased and this was
parallel to the grain and straw yields increase.
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Table 3. Effect of different rates of vinasse in combination with organic acids on wheat yield
productivity at two successive winter seasons

Organic Rate of First season Second season
conditioner applicat_ilon Grain Straw  Harvest Grain  Straw  Harvest
(L fad. ™) TR index (%) KgTad index (%)
1201 1528 44 1413 1574 47
20 1382 1808 43 1434 1837 44
30 1578 2203 42 1866 2250 45
v 40 2008 2881 41 2348 2907 45
Mean 1656 2297 42 1883 2332 45
20 1296 2476 34 1476 2461 37
30 1341 2703 33 1567 2735 36
VA 40 1617 3054 35 1931 3093 38
Mean 1418 2744 34 1658 2763 38
20 1452 2852 34 1713 2915 37
30 1816 2626 41 2151 2672 45
VF 40 2033 3137 39 2336 3177 42
Mean 1767 2872 38 2067 2922 41
20 1264 2577 33 1480 2645 36
30 1576 2834 36 1763 2852 38
VHS 40 1844 3036 38 2152 3116 41
Mean 1561 2816 36 1798 2871 38
\% 1656 2297 42 1790 2331 43
Mean Pf VH 1417 2744 34 1785 2871 39
Cogg?gg:](;rs VF 1766 2871 37 2066 2921 41.2
(A) VHS 1561 2815 35 1798 2871 38.6
Cont. 1201 2328 34 1160 2001 37.4
Mean of 20 1319 2448 37 1452 2372 38.5
application 30 1502 2518 37 1646 2502 39.6
rates (B) 40 1740 2867 35 2061 2859 419
LSD at 0.05%
A (conditioner) 417.3 546.7 9.06 3228 5939 7.1
B (rates) 307.6 410.0 4.07 315.2 3155 4.0
AxB 251.4 334.8 3.3 257.0  320.2 3.3

V= venasse, H=Humic acids, F= Fulvic acid, HS= Humic substances
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Table 4. Effect of different rates of vinasse in combination with different organic acids on
macronutrients total content by wheat crop at two successive seasons

Organic Rate of Macronutrients total content (kg fad.™)
conditioner applicat_ilon First season Second season
(L fad.”) Straw Grain Straw Grain

N P K N P K N P K N P K
312 81 153 300 54 138 323 83 115 31.8 57 159

20 363 81 181 332 64 163 37.2 125 168 31.0 6.0 16.7
30 382 101 220 331 69 182 394 104 131 353 74 212

v 40 471 13.7 288 469 88 232 48.0 14.0 108 49.3 93 26.7
Mean 389 106 229 37.7 7.41 19.2 40.0 10.8 164 386 7.6 216
20 396 122 248 30.7 6.1 146 398 87 127 314 6.2 165
30 39.2 104 270 317 6.6 154 40.0 133 136 334 6.9 17.7
vH 40 519 116 305 350 83 19.0 53.1 16.1 143 37.7 89 223
Mean 436 114 274 325 699 163 442 125 135 343 7.3 188
20 418 87 285 334 6.2 174 432 9.1 155 355 65 20.2
30 438 130 263 381 7.6 209 450 11.7 16.1 40.7 7.7 244
VF 40 53.3 158 314 495 8.7 234 546 119 179 512 9.1 265
Mean 46.3 125 287 4033 7.49 20.6 475 109 165 424 78 238
20 395 88 258 295 6.3 142 410 126 144 311 6.7 164
VHS 30 406 115 283 373 6.8 185 413 10.7 16.7 375 7.2 204

40 435 114 304 412 81 209 451 119 174 432 83 241
Mean 412 106 282 359 7.04 179 425 117 162 374 75 203

\ 38.7 106 293 37.7 7.39 191 295 841 23.0 48.2 9.39 26.7
Mean of VH 435 124 309 323 6.98 164 28.0 831 20.1 57.1 123 314

CO,?;?SQ,'LS VF 463 114 347 400 7.1 206 32.6 822 25.1 605 10.6 33.6
A) VHS 413 106 344 362 7.43 17.9 257 6.84 22.0 60.0 12.6 32.4
Cont. 334 105 291 300 543 137 16.2 562 145 450 815 22.7
20 377 993 293 311 6.08 152 222 593 175 50.8 9.92 27.0
I'r\gteei”(g; 30 387 111 301 342 664 17.3 249 7.27 19.7 51.8 10.1 28.5
40 457 126 357 404 7.85 20.1 32.1 9.23 257 60.1 11.7 325

LSD at 0.5%
A (conditioner) 743 23 66 111 145 483 56 149 3.66 157 2.88 6.85
B(rates) 721 17 43 71 14 358 49 151 374 991 1.75 452

AxB 56 14 40 58 12 29 40 12 31 81 14 37
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Fig. 1. Nutrients recovery as affected by combination of vinasse and organic materials in wheat
crops at harvesting in two successive seasons



1594 Eletr and Zein ElI-Abdeen

This phenomenon could be explained by the
fact that the total amount of inorganic NPK
added within vinasse especially at application
2%.

Apparent Nutrients Recovery (ANR)

Macronutrients  recovery indicated the
percentage of element taken up by plant parts
(straw and grain) to relative amount of fertilizer
applied. Data in Fig. 1 show the effect of
different combination of both vinasse and
organic materials on ANR in wheat plant after
harvesting.

Regardless either rate of organic materials
application or wheat plant parts, the mean values
of N and K recovery ,in general, increased
gradually in all treatments, as well as the high
value was obtained with VVF. The treatments can
be arranged as the following order VF> V>
VHS>VH, such result may be due to the fulvic
acid had high ion exchange capacity and
function as plant hormone as reported by Akinci
and Ongel (2011). Also, the increased in N and
K uptake consequently increase the nutrients
recovery. While P recovery was the same trend
with VH treatment than other treatments that
may be due to the VH was acidity in soil media
resulting to enhancement P availability from soil
to plant.

Soil Chemical Characteristic after Wheat
Plant Harvested

Data in Table 5 revealed that the application
of organic acids in combination with vinasse, as
industrial waste, were generally decreased
slightly both pH and EC in all treatments as
compared to control. Also, by increasing rates of
application both pH and EC values decreased.
Ribeiro et al. (2012) reported that the decrease
in pH may be due to the acidity of vinasse (pH =
3.5) initially contributes to increase H+ in soil
solution and consequently, decrease the pH. For
pH in all soils where when the clay fraction was
treated with vinasse, the zeta potential was
closed to 0, indicating that the soil charges were
partially neutralized. Arafat and Yassen (2002)
concluded that the application of vinasse had
slight effect on soil pH due to the production of
the organic acids and hydrogen ion (H). The
decomposition process accelerates the release of

CO, and organic acids that would reduce pH.
Mohamed (2012) added that the EC value of the
soil was lower in HA application rate compared
to the untreated one of HA. However, the effect
of application of dose (1.0 g kg') was not
significant compared with control. The EC
values of soil decreased significantly with doses
(2.0 and 3.0 g kg) treatments. This could be
due to the role of humic acid in improving soil
aggregation and water movement leaching the
excessive soluble salts.

On the other hand, the available N, P and K
generally increased with VF treatment as
compared to control and other treatments. Also,
applied different rates of vinasse in combination
with organic acids gradually increased N, P and
K availability in soil especially with 40 L fad.™.
The same trend was observed with OM content
which increased in all treatments as compared to
control treatment. Mahmoud et al. (2011)
reported that organic matter was significantly
increased upon the soil application of HA and
progressed with increasing its rate from 15 to 30
kg HA/fad.

Status of Soil Anions and Cations

Results in Table 6 revealed that the
saturation percent (SP) was slightly increased in
all treatments either when vinasse was applied
alone or in combination with humic materials
(HA, FA and HS) in comparison to control
treatment. Pena-Méndez et al. (2005) concluded
that by increasing the application rate of organic
materials, the SP values generally increased.
The addition of humic acid also indirectly
increase the reserves of H,O in the soil because
of its ability to absorb water becomes high.

With respect to different organic sources
applied to sandy soil, some soluble cations and
anions were affected as shown in Table 6. The
obtained results reveal that generally Ca™, K*
and Na+ as cations and CI, SO, as anions
increased slightly in all treatments as compared
to control. On the other hand, HCO; and Mg""
were decreased in all treatments applied either
with vinasse separately or in combination with
(HA, FA and HS). Meanwhile, no clear trend
was observed with rate application of all
investigated treatments.
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Table 5. Effect of different rates of vinasse in combination with different organic acids on sandy
soil chemical properties at two successive seasons

Organic Rate of First season Second season
conditioner application™,j™"EC™ OM  Available pH EC OM  Available
(Lfad.") (1:25)(dSm?) (%) macronutrients (1:2.5)(dSm?) (%) macronutrients
(mg kg™) (mg kg™)
N P K N P K

714 105 040 140 252 172 7.1 111 0.44 168 30.3 207
20 702 1.00 053 182 322 181 7.1 095 048 218 38.6 218
30 698 072 056 182 299 214 7.0 0.73 056 218 35.8 258

v 40 691 098 058 182 218 159 7.0 075 0.66 218 26.1 191
Mean  6.97 0093 056 168 27.9 185 7.04 081 057 202 335 222

20 705 073 046 189 310 205 7.1 08 056 227 37.2 246

30 702 086 054 140 467 277 7.1 095 057 168 56.0 334

VH 40 696 083 058 140 67 226 7.0 109 061 168 80 271
Mean 7.01 081 053 153 281 236 7.08 095 0.58 188 33.7 283

20 712 070 042 168 158 221 7.2 074 045 202 19.0 266

30 702 130 054 175 283 232 7.1 098 057 210 34.0 279

VF 40 698 079 066 180 189 161 7.0 083 070 218 22.7 194
Mean  7.04 0093 054 170 21.0 205 7.11 085 057 210 252 246

20 707 095 047 140 185 182 7.1 078 049 168 22.2 219

30 707 087 047 182 182 256 7. 091 049 218 21.9 308

vHS 40 697 076 051 172 264 202 7.0 070 060 207 31.7 243
Mean  7.04 086 048 164 210 214 7.1 080 053 198 253 256

v 697 093 055 168279 185 7.04 081 059 140 22.3 148

Mean of VH 701 081 053 156 281 236 7.08 0094 055 130 22.4 189
Cogg?fi‘g‘:]irs VF 704 093 054 175 210 205 7.1 085 057 145 16.8 164
A) VHS  7.04 086 048 164 21.0 214 71 079 050 137 16.8 171

Cont. 704 1.03 039 182 252 172 7.1 1.11 045 151 20.1 138
20 706 088 045 163 245 192 7.13 088 048 136 19.6 154

:\gteeas”(g; 30 703 095 050 172 297 230 7.09 093 054 143 23.7 184
40 697 089 055 171 245 184 7.04 0.89 058 142 158 147

LSD at 0.05%
A (conditioner) 015 003 008 126 83 254 015 003 008 10.2 6.67 20.4
B (rates) 009 001 006 443 524 157 009 001 006 39 419 126

AxB 0.1 08 005 36 43 128 0.08 06 005 32 34 103
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Table 6. Effect of different rates of vinasse and organic conditioner on status of anions and
cations in sandy soil after plant harvesting

Organic  Rateof SP Anaions (meq L™) Cations (meq L™)
conditioner application
(L fad.™) CO, HCO, CI sSo, Ca’ Mg Na K
Control 26.4 - 760 1.25 0.30 2.00 5.20 1.10 0.80
20 27.7 - 6.42 1.50 1.33 2.25 3.75 1.85 14
Vv 30 28.4 - 5.14 1.65 0.72 1.75 2.75 165 1.35
40 26.9 - 6.27 1.75 0.98 1.75 4.75 155 0.95
Mean 27.3 - 594 1.63 1.01 1.92 3.75 1.68 1.23
20 27.5 - 5,53 1.00 1.27 3.00 2.50 1.20 1.10
VH 30 28.2 - 7.14 1.00 0.87 3.50 2.40 1.60 150
40 27.7 - 6.99 150 0.77 3.00 3.80 150 0.95
Mean 27.8 - 6.55 1.17 0.97 3.17 2.90 143 1.18
20 27.5 - 549 1.25 112 2.50 2.40 1.30 1.65
VF 30 27.2 - 8.25 150 1.2 3.00 3.50 140 3.05
40 27.7 - 6.4 1.75 1.45 2.00 3.80 1.30 2.5
Mean 27.5 - 6.71 1.50 1.26 2.50 3.23 1.33 240
20 28.7 - 6.14 150 0.82 2.25 3.15 1.15 1.95
VHS 30 26.3 - 6.03 1.25 1.62 2.75 3.45 155 1.15
40 24.7 - 6.17 1.25 1.48 2.50 2.95 255 0.90
Mean 26.5 - 6.11 1.33 1.31 2.50 3.18 1.73 1.33

El-Desoky et al. (2010) stated that vinasse
increased the available calcium in all studied
soils. It may be attributed to its acidity that
dissolves calcium carbonate as well as having
some soluble organic components that are able
to chelate and complex calcium. Humic acid
came after vinasse in its ability to increase the
available calcium of the studied soils. It caused
substantial increases in the available Ca of the
soils under study due to its high ability to
chelate soil calcium because of its high
alkalinity (pH11.66) whereas calcium chelates
are stable. The behavior of humic acid can be
attributed to the humic acid had adsorption site
so the positive ions bound to oxidized site
adsorption provide space for the entry of

negatively charged molecules which causes
them to absorb micronutrients (Tan, 2003 and
Mikkelsen, 2005). Recently, Mindari et al.
(2014) concluded that the humic acid material
affected the value of exchangeable Na and K but
did not significantly affect exchangeable Ca and
Mg. Although the dose and type of humic acid
only partially affected soil cations, there was a
strong interaction between them on all the
cations evaluated.

Conclosion

From the above mentioned results it can be
concluded that the application of vinasse
combined with other organic acids (humic acids,
fulvic acids and humic substances) especially at
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40 L fad." was generally more effective than
application vinasse alone. These combinations
of vinasse with organic acids lead to improve
some chemical properties of sandy soil and
nutrients availability in growth media which
reflected on enhanced total contents of
macronutrients and nutrient recovery in wheat
crops.
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