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ABSTRACT

Two field experiments were conducted on a clayey soil during the two successive seasons, winter
season 2017/2018 using wheat plants and summer season 2018 using maize plants at EI-Gemmeiza
Agricultural Research Station, EI-Gharbia Governorate to evaluate the effects of some natural organic
amendments on improving some soil chemical properties and the status of macronutrients N, P and K
and their availability for plants. Furthermore, economical analysis was done by calculating the net
revenue to determine the economical treatment. The experiments were designed in a randomized
complete block design with three replicates. Thirteen treatments having different compost (C), farmyard
manure (FYM) and sheep manure (Sh) were used to cover all possible combinations of these
amendments as well as control (without any addition). The results were shown in a triangle diagram
using a special computer program. Results can be summarized as follows:- All treatments play a
positive role on reducing soil pH and soluble Na and progressive increasing in soil EC, soluble cations
and anions and total soluble salts at the two soil depths (0-20 and 20-40 cm) in the two seasons. While,
SAR values were decreased due to application of all treatments compared with the control. - All
treatments led to significantly increases in Ex. Ca, Mg, K and cation exchange capacity (CEC) while
Ex. Na and ESP were significantly decreased with all treatments at the two soil depths in the two
growing seasons.- All treatments clearly enhanced total nutrients status of the investigated soil. -
Organic carbon (0.C%) and the C/N ratio were slightly increased in surface and subsurface soil layers
as a result of all treatments. - Economical analysis indicate that the highest net income value (11960.06
LE Fed) was incorporated with combination consists of 50% C and 50 Sh. - Therefore, it is more
useful to use those treatments (compost, FYM and sheep manure) and their combination to get a
markedly improve in both chemical properties and macronutrients, which reflect on plants growth
incorporated with high net revenue.

Keywords: Compost, farmyard manure, sheep manure and soil chemical properties.

INTRODUCTION level 10.5 t ha™ of FYM. Mahmoud et al. (2009) found that
the compost of plant residues was higher in saturation
percent, lower in C/N ratio, pH and EC increased,
accumulation of organic C, N and P more than application
of N mineral fertilizers, but compost combined with
application of N mineral fertilizers was the best
management system for increasing soil fertility, and
decrease the cost of N mineral fertilizers. Atere and
Olayinka (2012) reported that the mean values of soil pH
and available P for the two plantings were significantly
(p<0.05) higher in both water hyacinth compost and water
hyacinth compost + N and P than the control. The mean
values of exchangeable cations (Na, Ca and Mg) were also
significantly higher in water hyacinth compost than the
control. Water hyacinth composted with N and P was a
better source of nutrients for soybean production than their
individual applications. Moyin-Jesu (2015) showed that the
use of the various organic fertilizers (poultry manure, wood
ash and rice bran) increased soil N, P, K, Ca, Mg, and O.M
contents compared to control. According to Sarwar et al.
(2008) the increase in Ca and Mg with compost application
could be due to the reaction of organic acids with CaCOs
and Mg salts, the increase could also be from the addition

Low soil fertility due to monoculture cereal
production systems, inadequate fertiliszer application,
biomass removal, soil erosion, nutrient losses through
runoff and leaching are recognised as some of the major
causes for declining crop production in developing
countries Negassa et al. (2007). Moyin-Jesu and
Ogochukwu (2014) also reported that the organic materials
applied have beneficial residual effects on soil properties
which are in line with growing concern of using
environment friendly fertilizer. Bhatt et al. (2019) showed
that improvement and maintenance of soil fertility and
sustaining crop production are of worldwide importance.
Changes in fertility are caused by several factors including
imbalanced fertilizer use, acidification, alkalinity and
decline in soil organic matter, intensive cropping system.
Oladele et al. (2019) found that combination of biochar
and N fertilizer increased soil fertility and chemical status
such as N, P, K, Ca, CEC in the top 10 cm depth of the
soil. Ojha et al. (2014) reported that soil properties like pH,
EC, organic carbon are mostly influenced by application of
21 t ha® FYM. Least change in pH observed in residual
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of Ca from the compost itself as it has high content of Ca.
Marti et al. (2016) suggested that pig manure and compost
increased the organic matter content, soil levels of
phosphorous and potassium and microbial activity. It also
improved the mineralization processes of carbon and
nitrogen, as well as some enzymatic functions and crop
yield. Furthermore, the application of either compost, or
pig manure, was associated with human health risks due to
heavy metal exposure. Wapa and Sodangi (2017) reported
that cow dung and poultry droppings either singly or in
combination with mineral nitrogen fertilizer significantly
improved soil pH, total nitrogen organic carbon content,
CEC, organic matter fractions and increased maize yield.
Asap et al. (2018) reported that soil pH, total P, available P
and water soluble P increased in treatments with 75% and
50%, of 5 t h'* biochar. Also, the chicken litter biochar
increased soil CEC and exchangeable cations (K, Ca, Mg
and Na) by using of 75% and 50% of 5 t ha. Pratap et al.
(2016) suggested that soil chemical properties viz. EC,
organic carbon and available NPK showed a significant
change, the pH values showed gradually decreases with
increase farmyard manure application. Bouajila and Sanaa
(2011) reported that application of farmyard manure and
household wastes compost resulted in significant increase
of organic carbon, with the compost treatment being the
most efficient. Their result showed that the application of
household wastes compost and farmyard manure improved
an organic carbon (1.74% and 1.09%, respectively)
compared with control (0.69%). Tordoff et al. (2000),
Mendez and Maier (2008) obtained that the use of organic
amendments can improve the soil structure, water holding
capacity (WHC), CEC and nutrient status, which
encourage the reestablishment of the vegetation cover on
contaminated sites and reduces surface erosion. Hafidi et
al. (2012) reported that integrated use of crop residue
mixed farmyard manure and inorganic sources of nutrients
along with bio fertilizers proved better untried
management option for higher yield, soil health and net
returns from maize-wheat cropping system. Rizk et al.
(2016) recorded that soil pH values were decreased with all
treatments, while the reverse trend was observed for
electrical conductivity, cation exchange capacity and
soluble ions. The available nutrients were significantly
increased with sheep manure application of all treatments.
Abdel-Fattah (2012) showed that all treatments decreased
soil EC, pH, SAR, and ESP compared with control. Rice

straw compost showed a relatively greater effect on
reducing EC, pH, SAR and ESP compared with water
hyacinth compost. EI-Maddah et al. (2015) and El-Sodany
et al. (2016) obtained that the addition of some organic soil
amendments, i.e., farmyard manure, sheep manure, rabbit
manure and pigeon manure, alone and their combinations
led to slightly decreased soil pH and progressive increased
soil salinity (EC). Also, soluble cations and anions slightly
increased except soluble Na, Ex. Na and ESP decreased.
On the other hand, TSS, Exchangeable Ca, Mg, K, CEC,
organic carbon and C/N ratio were increased with all added
amendments compared with the control. Mahmood et al.
(2017) showed that manure efficacy regarding
morphological indices of maize was found as poultry
manure > sheep manure > farmyard manure when applied
with chemical fertilizers. Further, C: N ratio, soil organic
carbon and total NPK increased, while soil pH was
decreased with the integrative application of organic
manures with chemical fertilizer application. Hence,
organic manures can be applied with chemical fertilizers in
organic carbon depleted arable soils to improve soil
properties and crop productivity. Dhaka et al. (2012)
integrated nutrient management involves the integrated use
of mineral fertilizers together with organic manure in
suitable combination compliments and each other to
optimize input use and maximize production and sustain
the same without impairing the crop quality or soil health.
It enables gainful utilization of organic wastes.

Therefore, this study was carried out to evaluate the
effects of some natural organic enhancements on
improving some soil chemical properties. Furthermore,
economical analysis was done by calculating the net
revenue to determine the economical treatment.

MATERIALS AND METHODS

Two field experiments were conducted at El-
Gemmeiza Agricultural Research Station, EI-Gharbia
Governorate during the two consecutive growing seasons
(winter season 2017/2018 using wheat plants and summer
season 2018 using maize plants) to study the effects of
compost, farmyard manure and sheep manure on
improving some soil chemical properties and the status of
macronutrients (N, P and K) and their availability for
plants. Some soil chemical properties of the experimental
soil before planting in the first and second seasons are
presented in Table (1-a) and analysis results of the used
natural soil amendments are shown in Table (1-b).

Table 1-a. Initial physical and chemical properties of the used soil in the first and second seasons.

Properties First season Second season Properties First season  Second season
Soil depth, cm 0-20  20-40 0-20 20-40 Soil depth, cm 0-20 20-40 0-20 20-40

Coarse sand 3.32 321 3.32 3.21 Organic matter (O.M., %) 272 232 274 236

Particle size Finesand 1526 1512 1526  15.12 Organic carbon (O.C.,%) 1578 1.348 1591 1.371
distribution, % Silt 3423 3386 3423 3386 Total nitrogen (T.N., %)  0.145 0.129 0.146 0.133
Clay 4719 4781 4719 4781 C/N ratio 10.88 1045 109 10.31

Texture class Clayey Clayey Clayey Clayey Total P (T.P., %) 0.03 0.028 0.029 0.029
Soil pH, 1:2.5 (suspension) 776 7.87 7.73 7.83 Total K(T.K,, %) 0.383 0.378 0.406 0.413
Soil EC, dSm'! 253 284 2.61 2.96 Ca 2273 2227 2277 2255
Ca* 7.18 7.79 7.32 7.97 Exchangeablecations Mg 1614 16.31 16.32 16.42

Soluble ions, meq I Mg ** 5.84 6.72 6.19 6.99 (meq / 100 g soil) Na 44 449 457 464
Na* 12.08 1371 12.36 14.43 K 1.34 15 125 138

K+ 024 021 0.24 0.22 CEC(meq/100gsoil) 4461 4457 4491 44.99

HCOs" 422 444 4.89 5.19 TSS, % 012 013 013 014

CL- 1179 1306  12.02 136 SAR 473 509 476 528

S04~ 9.33___1093 9.2 10.82 ESP 9.86 10.07 10.18 10.31
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Table 1-b. Some characteristics of different used
organic amendments.

Compost Farmyard Sheep

Properties C manure, manure,
' FYM Sh
Density (g cm) 0.59 0.53 0.32
pH (1:10 manure: water) 7.39 7.42 7.15
EC, dS m'(1:10 manure:water)  3.19 1.34 7.92
Ca, % 0.84 0.98 2.26
Mg, % 0.29 0.4 244
Na, % 0.27 0.28 1.18
Available Fe, ppm 1215 36 26
Available Zn, ppm 83.15 20.55 5.7
Available Mn, ppm 72.8 51.83 3.85
Available Cu, ppm 31.25 10.63 6.95
Ash, % 66.33 70.08 65.78
Organic matter, % 33.67 29.92 34.22
Organic carbon, % 19.53 17.35 19.85
Total N, % 1.78 0.63 1.98
C/N ratio 10.97 27.54 10.03
Total P, % 0.95 0.041 0.82
Total K, % 16 0.514 2.042

* Organic matter (O.M.) = Organic carbon (O.C) X 1724 (
Waksman, 1952 )

The factors involved in this study were three
factors, computer model Moussa (1991) using compost
(X1), farmyard manure (Xz) and sheep manure (Xs)
respectively. The level of each factor amounts to 100% of
its maximum value located on the heads of the triangle and
decreases gradually when moving from the concerned head
towards the opposite side at which the level reaches to
zero.

The amounts of the added soil amendments were
calculated on basis the total N% in each amendment,
therefore the maximum rate of compost, farmyard manure
and sheep manure were 4.213, 11.905 and 3.788 ton fed*
in the first season and 6.742, 19.048 and 6.061 ton fed™ in
the second one, respectively. The triangle is divided into
ten sections each denotes 10%, therefore the triangle
consists of 66 intersection (combinations) cover all the
possible combinations of compost, farmyard manure and
sheep manure. Thirteen intersection treatments from the
triangle were chosen to carry out those experiments, Table
(1-c) and Figs. (1 and 2), beside the control (treatment No.
14) where no amendments were used.

Table (1-¢) The chosen combinations of organic amendments.

Amount of organic amendments, Ton fed *

Relative fractional as unit

Treatment First season Second season
No. X1 Xa X3 Compost Farmyard  Sheep manure Compost Farmyard Sheep
.C manure, FYM ,Sh .C manure, FYM  manure, Sh
1 100 0 0 4.213 0.000 0.000 6.742 0.000 0.000
2 0 100 0 0.000 11.905 0.000 0.000 19.048 0.000
3 0 0 100 0.000 0.000 3.788 0.000 0.000 6.061
4 50 50 0 2.107 5.953 0.000 3.371 9.524 0.000
5 50 0 50 2.107 0.000 1.894 3.371 0.000 3.031
6 0 50 50 0.000 5.953 1.894 0.000 9.524 3.031
7 333 333 333 1.403 3.964 1.261 2.245 6.343 2.018
8 66.6 16.6 16.6 2.806 1.976 0.629 4.490 3.162 1.006
9 166 66.6 16.6 0.699 7.929 0.629 1.119 12.686 1.006
10 166 16.6 66.6 0.699 1.976 2.523 1.119 3.162 4.037
11 444 444 111 1.871 5.286 0.420 2.993 8.457 0.673
12 444 111 44.4 1.871 1.321 1.682 2.993 2.114 2.691
13 111 444 44.4 0.468 5.286 1.682 0.748 8.457 2.691
FYm Farmyard manure,

Compost, C Z = FYmMm

Sheep manure, Sh

Fig. (1): Location of the thirteen chosen
treatments on the triangle diagram

The plot area of the experiments was 42 m? (6 X 7
m) in a randomized complete block design with three
replicates. The addition of soil amendments were added
and homogenously mixed with the 0-20 cm surface layer
before sowing in the first and second seasons. Wheat
grains (Giza 168 variety) were planted in the first season
(2017/2018) at the rate of 60 Kg fed™, while maize grains
(Zearmaysythree=way:crosspGizas329):were planted in the

Fig. (2): Guide for the amendments
combination of each point ton fed!

second one (2018) at the rate of 15 Kg fed. The normal
cultural practices of EI-Gemmeiza Research Station were
adopted. The normal agricultural practices except those
under study were carried out as usual for each crop
according to the recommendations of EIl-Gemmeiza
Research Station.

At harvesting of each growing season, soil samples
(0-20 and 20-40 cm depths) were collected from each plot.
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The collected soil samples were air-dried, ground and
passed through 2 mm sieve and stored for chemical
analysis.

Soil pH in soil water suspension (1: 2.5) and soil
electrical conductivity (EC, dSm™) in soil paste extract
were measured. Soluble cations and anions were
determined in soil paste extract using the methods
described by Page et al. (1982).

Sodium Adsorption Ratio (SAR) was calculated as:

T+ -1
Na™ megl
SAR = il

Ca™ +Meg™ megl™
3

Total soluble salts, % were calculated according to the
following equation:

EC d5m™ = 0.064 = SP

T.5.5., %% =
100

where: SP = Saturation percentage

Cation exchange capacity (CEC, meq 100g soil?)
was determined using sodium acetate solution 1.0 N with
pH 8.2, exchangeable cations (meq 100g soil') were
displaced using 1.0 N ammonium acetate solution.
Exchangeable sodium percentage (ESP, %) was calculated
according to the following equation:

Ex Na megl00 g soil ™

ESP, % =
CEC megl00 g_soil

= 100

Organic matter was determined by Walkely and
Black method according to Black (1965). Total NPK of the
soil were determined according to Hesse (1971). Total
nitrogen by macro-Kjeldahel method, total phosphorus
calorimetrically using ascorbic acid and total potassium by
flame photometer method.

Economic evaluation was done to compare between
different treatments to state which one is the best. The test
was executed according to the price of the yield (4000 LE
ton™) of wheat grain and (1000 LE ton™) of wheat straw in
the first season and (2105 LE ton?) maize grain in the
second season, as well as the cost of different treatments
including the price of the addition treatments and the price
of labor they added, which was calculated considering
conventional method of estimating both fixed and variable
Costs.

The collected data were passed through the
computer program to receive results represented on the
triangle at the same site of the concerned combined
treatments. The maximum value will be represented by
number 10 and printed in a place form which the
combination treatment resulted, other figures will shown
values related to the maximum one. Moreover, the
computer output shows the average value, correlation
coefficient, fisher criterion, coefficient determination,
maximum and minimum values.

RESULTS AND DISCUSSION

Some Soil Chemical Properties Affecting by Different
Addition of Soil Amendments.
Soil reaction (pH), Electrical
Soluble Cations and Anions.

The results in Tables (2and3) show that the applied
organic soil amendments as individual or combined with
others play a positive role on reducing soil pH and

Conductivity (EC),

increasing in soil EC, soluble cations and anions at the two
soil depths (0-20 and 20- 40cm) in the two seasons
compared with the control. The lowest pH values were
7.49 and 7.56 decreased by 3.60 and 3.94% under the
control at (0-20 and20- 40cm) soil depths, respectively in
the first season and were 7.45 and 7.51 decreased by 3.75
and 4.21% at the two soil depths, respectively in the
second season for the treatment consists of 50% C and
50% Sh. This may be due to the produced organic acids by
decomposition of organic substances in the added
amendments. These results revealed that there is no wide
variation between the different treatments on soil pH
values because the magnitude of pH change depends on
many soil properties, including buffering capacity and
length of time after the application of organic matter.
Similar findings were also reported by Abdel- Fattah
(2012), EI- Maddah et al (2015) and El-Sodany et al
(2016).

Concerning soil salinity data presented in Tables (2
and 3) showed that the different treatments gave different
effects on (EC, dSm), soluble cations and anions, sodium
adsorption ratio (SAR) and total soluble salts (TSS) of the
soil at the end of the two growing seasons at the two soil
depths (0-20 and 20-40 cm). It could be concluded that soil
EC values were increased in the two seasons compared
with the control. The lowest EC values were (2.59, 2.92)
and (2.67, 3.03 dSm?) slightly increased by (1.97, 2.46)
and (1.91, 2.02%) over the control at the two soil depths in
the two seasons, respectively which recorded by the
treatment consists of 50% of both C and Sh, respectively.
The highest EC values were (3.07, 3.47) and (3.16, 3.57
dSm) at the two seasons, for the treatment consists by 1/3
of C, FYM and Sh, These increases in soil EC values over
the control may be due to the high content of these
amendments of available elements (Table 1-b). These
results are in line with those reported by Mahmoud et al.
(2009), Ojha et al. (2014) and Oladele et al. (2019).

From Fig. (3), it can be noticed that the highest EC
value was 3.08 dSm? obtained by number 10 which
consists of 40, 40 and 20% of C, FYM and Sh,
respectively, while the lowest one was 2.59 dSm* for the
treatment consists of 60% C and 40% Sh respectively.
Also, the results indicate that the three single treatments (C,
FYM and Sh) gave 80, 80 and 90% of the maximum EC
values for every treatment, where they were 2.72, 2.75 and
2.84 dSm'?, respectively, at the surface soil layer (0-20 cm)
in the first season.

Sodium Adsorption Ratio (SAR) and Total Soluble
Salts (TSS)

Data presented in Tables (2 and 3) show that SAR
decreased with all experiment treatments compared with
the control at (0-20 and 20- 40cm) soil depths in the two
seasons. While, total soluble salts (TSS) were slightly
increased, where the lowest SAR values were (3.61, 3.85)
and (3.67, 4.09) decreased by (23.68, 24.20) and
(22.90,22.54%) compared to the control at the two soil
depths in the two seasons, respectively, these results reveal
that the treatment consists of 50% C and 50% Sh led to
decrease in SAR greater than the other treatments in the
two seasons. These results are in agreement with those of
Sarware et al (2008) they found that the increase in Ca**
and Mg** with compost application could be attributed to
the reaction of organic acids with CaCOz and Mg salts.
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Table 2. Effect of different combinations of compost, farmyard manure and sheep manure on some soil chemical
properties in the first season (winter 2017/2018).

1 -1 i -1
Treatment  pH,1:25(susp) EC, dSm? Cations, meq| Anions, meq| SAR TSS, %
No. Ca® Mg~ Na* _K* HCOs; CI _SO:
0-20 cm
T 757 272 864 736 1001 028 370 1310 1040 386 014
2 758 275 868 738 1117 028 379 1328 1044 394 014
3 7561 284 910 754 1152 029 393 1358 1093 399 014
4 764 292 936 777 173 032 397 1367 1154 40l 015
5 7.49 259 840 718 1007 025 401 1219 969 361 012
6 752 265 844 723 1056 027 393 1253 1003 377 013
7 766 307 975 815 1245 034 472 1393 1204 416 016
8 754 260 851 736 1075 027 375 1298 1016 38 013
9 753 267 849 731 1068 027 370 1277 1028 380 013
10 7:56 270 862 731 1082 028 430 1277 997 383 014
11 763 288 911 776 1160 030 379 1351 1146 399 015
12 7.60 278 870 745 1132 028 385 1311 1081 398 014
13 750 261 833 744 1035 026 388 1239 981 372 013
Contral 777 254 710 586 1208 025 422 1192 925 473 0.2
20-40 cm

1 7.65 309 968 845 1248 026 395 1453 1239 415 015
2 7.66 311 068 860 1258 026 415 1453 1244 416 015
3 7.70 320 1010 859 1303 027 429 1482 1289 426 016
4 773 33 1050 893 1347 031 425 1530 1366 432 017
5 756 292 943 815 1142 023 432 1329 1162 385 014
6 7:60 301 954 824 1203 025 412 1386 1208 404 015
7 774 347 1078 943 1412 032 473 1587 1405 444 018
8 7,62 304 955 832 1225 026 397 1431 1209 410 015
9 7,61 303 957 830 1214 026 389 1417 1221 406 015
10 7,63 305 955 834 1235 026 453 1406 1190 413 015
11 771 324 1015 876 1325 028 407 1525 1312 431 016
12 7,68 316 979 877 1279 027 421 1465 1277 420 016
13 758 205 953 810 1163 023 411 1352 1187 392 014
Control 7.87 285 782 6.6 1373 022 444 1311 1099 508 0.3

Table 3. Effect of different combinations compost, farmyard manure and sheep manure on some soil chemical
properties in the second season (summer 2018).

: -1 H -1
Treatment  pH, 1:25 (susp.) EC, dSm! Cations, meql Anions, meq| SAR TSS, %
No. Ca™__ Mg~ Na* K __HCOs _CI__SO:-
0-20cm
1 7.54 2.79 8.74 7.50 11.41 0.27 4.32 1260 11.01 4.00 0.14
2 7.54 2.80 8.80 741 11.53 0.27 4,19 1266 1116 4.05 0.14
3 7.60 2.90 8.95 7.87 11.90 0.27 414 1349 1136 4.10 0.15
4 7.62 3.00 9.33 7.95 12.46 0.30 412 1419 1174 424 0.16
5 7.45 2.67 8.67 7.35 10.40 0.25 4,58 11.72 10.37 3.67 0.13
6 7.48 2.72 8.78 7.43 10.76 0.25 4.44 1186 1092 3.78 0.13
7 7.63 3.16 9.70 8.59 12.94 0.33 4.05 1582 1169 4.28 0.16
8 7.50 2.75 8.58 7.53 11.08 0.26 4.34 1243 1068 3.91 0.14
9 7.49 2.73 8.67 7.42 10.94 0.26 4.40 1248 1042 3.86 0.14
10 7.51 2.77 8.65 7.49 11.28 0.26 4.34 1241 1094 397 0.14
11 7.61 291 8.97 1.77 12.06 0.28 413 1349 1146 4.17 0.15
12 7.56 2.85 8.87 7.69 11.71 0.27 418 13.08 11.28 4.07 0.15
13 7.46 2.70 8.78 7.43 10.52 0.25 4.55 11.68 10.75 3.69 0.13
Control 1.74 2.62 7.35 6.21 12.39 0.24 4.89 12.05 923 476 0.13
20-40 cm

1 7.59 3.20 9.88 8.61 13.26 0.26 4.68 1483 1250 4.36 0.16
2 7.61 3.23 10.00 8.58 1341 0.27 4.64 1464 1299 4.40 0.16
3 7.67 3.26 9.80 8.68 13.81 0.28 4,52 1528 1277 454 0.16
4 7.69 3.44 10.34 9.11 14.65 0.31 4,50 1641 1350 4.70 0.18
5 7.51 3.03 9.43 8.42 12.22 0.23 5.01 13.68 1161 4.09 0.15
6 7.54 311 9.71 8.60 12.55 0.25 4.79 1365 1267 4.15 0.15
7 7.70 3.57 10.86 9.47 15.08 0.33 443 18.09 1322 473 0.18
8 7.56 3.15 9.64 8.64 12.94 0.25 4,72 1438 1237 4.28 0.15
9 7.55 3.13 9.66 8.57 12.79 0.25 473 1395 1259 4.24 0.15
10 7.57 3.17 9.73 8.66 13.09 0.26 4.68 1436 1270 431 0.16
11 7.68 3.34 10.06 8.76 14.25 0.29 451 1596 1289 4.65 0.17
12 7.62 3.24 9.88 8.63 13.63 0.27 453 15.03 12.85 4.48 0.16
13 7.53 3.08 9.58 8.55 12.40 0.23 4.85 1340 1251 4.12 0.15
Control 7.84 2.97 8.00 7.01 14.45 0.22 5.19 13.63 10.85 5.28 0.14

Data illustrated in Fig (4) show that the highest 3.94 and 3.99 for C, FYM and Sh, respectively at surface
SAR value was 4.18 obtained by number 10 from the soil layer (0-20cm) in the first season, these results
treatment consisting of 40,40 and 20% of C, FYM, Sh, observed that the single C treatment was greater than both
respectively at (0-20cm) soil depth in the first season, the single FYM and the single Sh treatment on decreasing
while the three single treatments gave 90% of the SAR. Similar results were obtained by Abdel-Fattah
maximum_SAR values for every treatment equal to 3.86, (2012) and Pratap et al. (2016).
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Fig 3.

Soil EC, dSm™ (0-20 cm) as affected by all possible combinations of compost, Farmyard manure and

sheep manure after wheat plants in the first season.
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Fig 4. Sodium adsorption ratio (0-20 cm) as affected by all possible combinations of compost, farmyard
manure and sheep manure after wheat plants in the first season.

Concerning soluble cations and anions, the results
in Tables (2 and 3) generally indicate that the soluble
cations (Ca*?, Mg*, Na™ and k') and soluble anions
(HCOz%, CI* and SO4?), slightly increased with all added
treatments in the two soil depths at the end of the two
seasons. Similar conclusion was obtained by EI-Shouny
(2006) who reported that the application of different rates
of FYM to clay soil increased soluble cations and anions.

As for TSS%, Fig. (5) shows that the highest TSS
value denoted by number 10 was 0.16% recorded by the
treatment consists of 40% C, 40% FYM and 20% Sh equal
to 1.685, 4.762 and 0.758 ton fed® of C, FYM and Sh,
respectively for the surface layer in the first season. On the
other hand, the lowest TSS value was 0.12% which

recorded by the treatment consists of 50% C with 50% Sh
and represented by number 7. Also, from the same Fig. (5),
the three single treatments (C, FYM and Sh) respectively
gave 80% of the maximum TSS values where they were
0.14% for both single treatment. The numbers located
inside triangle showed interaction between the three
combinations of soil amendments on TSS values which
appear from the zone greater than 70%, while the number
located on X, X, and X, X3 side were greater than 80% of
the maximum TSS values referred to positive interaction
between dual combinations of C, FYM and FYM, Sh on
their action upon TSS. These results are in line with those
obtained by El-Maddah et al. (2015) and El-Sodany et al.
(2016).
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Exchangeable Cations, Cation Exhange Capacity
(CEC) and Exchange Sodium Percentage (ESP).

The results in Tables (4 and 5) indicate that all
added soil amendments (C, FYM and Sh) led to increase in
exchangeable soil cations (Ca, Mg and K) and CEC, while
exchangeable Na and ESP decreased compared to control
at (0- 20 and 20- 40cm) soil depths in the two seasons. The
highest CEC values were 45.75, 45.53 and 45.79, 45.59
meqg100 g soil* at the two soil depths in the two seasons,
respectively for the treatment consists of 50% C and 50%
Sh equal to 2.107 ton fed* C and 1.894 ton fed Sh in the
first season and were 3.371 ton fed® C and 3.031 ton fed?
Sh in the second season. On the other hand, the lowest
exchangeable Na were 2.23, 2.72 and 2.70, 2.67 maq100g
soil! and the lowest ESP values were 4.87, 5.97 and 5.89,
5.86% at the two soil depths in the two seasons,
respectively for the same treatment. These results may be
attributed to the organic matter, which led to improve soil
structure, reduce soil pH and the ability of absorbing soil
nutrients as a cause to increase CEC. Similar results were

obtained by Tordoff et al. (2000), Mendez and Maier
(2008), Rizk et al. (2016) and Oladele et al. (2019).

The results in Figs (6 and 7) indicate that the
highest CEC value was 45.75 meq100g soil* at (0-20cm)
soil depth in the first season and was 45.59 meq100g soil™*
at (20- 40 cm) soil depth in the second season, that
appeared by number 10, which its treatment consists of
60% C and 40% Sh in the two seasons, while the three
individual treatments (C,FYM and Sh) were 90% of the
maximum CEC values for each individual treatment at (0-
20 cm) soil depth in the first season and at (20- 40cm) soil
depth in the second season, where the highest CEC value
was 45.37 meq100g soil™* at (0-20cm) soil depth in the first
season and was 45.29 meq 100g soil*at (20-40cm) soil
depth in the second one for the individual C treatment.
These results reveal that individual C treatment was more
effective than FYM or Sh on increasing CEC values, thus
the individual treatments could be arranged in the order: C
>FYM > Sh.

Table 4. Effect of different combinations of compost, farmyard manure and sheep manure on exchangeable cations

in the first season (winter 2017/2018).

Exchangeable cations, meg100g soil*

- o
Treatrent Ca Mg Na K CEC, meqg100g soil ESP, %

No. 0-20cm 20-40cm 0-20cm 20-40cm 0-20cm 20-40cm 0-20cm 20-40cm 0-20cm  20-40cm  0-20 cm 20-40 cm
1 23.90 23.02 17.28 1741 2.50 2.99 1.69 1.71 45.37 45.13 5.51 6.62

2 23.81 23.13 17.30 17.29 2.55 3.02 161 1.66 45.27 45.10 5.63 6.70

3 23.50 22.94 17.38 17.17 2.62 3.17 1.58 1.59 45.07 44.86 5.80 7.05

4 23.59 22.92 17.06  16.99 2.71 3.23 1.48 1.56 44.84 44.70 6.04 7.22

5 24.07 23.54 1757 17.30 223 2.72 1.88 1.97 45.75 45,53 4.87 5.97

6 24.04 23.42 1742 17.28 2.40 2.85 1.75 1.80 45.61 45.35 5.26 6.29

7 2351 22.89 17.02 16.95 2.74 3.31 1.42 155 44.70 44.69 6.12 7.41

8 23.96 23.27 1743 17.27 2.45 2.92 1.69 1.76 45,54 45.22 5.39 6.45

9 24.05 23.37 1739 17.21 242 2.90 1.73 1.79 45,59 45.27 5.32 6.42
10 23.91 23.23 17.39 17.23 248 297 1.69 1.72 45.47 45.15 5.45 6.58
11 23.48 22.95 17.26  17.07 2.67 3.20 153 1.58 44,94 44.80 5.95 7.14
12 23.67 22.96 1735 1731 2.58 3.10 1.59 1.62 45.19 44.99 5.72 6.89
13 24.06 23.44 1751 17.37 2.33 2.81 1.80 1.84 45.70 45.46 5.11 6.19
Control 22.74 22.27 16.15 16.32 4.40 4.49 1.35 1.50 44,64 4458 9.87 10.08

Table 5. Effect of different combinations compost, farmyard manure and sheep manure on exchangeable cations

in the second season (summer 2018).

Exchangeable cations, meq100g soil*

- o
Treatment Ca Mg Na K CEC, meq100g soil ESP, %

No. 0-20cm 20-40cm 0-20cm 20-40cm 0-20cm 20-40cm 0-20cm 20-40cm  0-20cm  20-40cm 0-20cm  20-40 cm
1 23.55 2360 1715 17.20 3.04 2.94 1.67 155 45.41 45.29 6.69 6.49

2 23.57 2354 1715 17.12 3.06 2.99 1.59 153 45.38 45.18 6.74 6.61

3 23.47 2347 17.01 17.06 3.16 3.06 154 150 45.17 4511 7.00 6.79

4 23.39 2330 17.02 17.01 3.25 3.13 1.40 1.48 45.06 44,92 7.20 6.97

5 2413 2392 17.07 17.25 2.70 2.67 1.89 1.76 45,79 45,59 5.89 5.86

6 23.84 2377 1715 17.20 2.90 2.83 1.75 1.66 45.63 4545 6.34 6.23

7 23.34 2321 1695 16.89 3.36 3.30 1.32 144 4497 44.84 7.48 7.36

8 23.56 2370 1722 17.19 2.98 2.88 1.70 1.60 45.47 45.37 6.56 6.34

9 23.76 2375 1713 17.18 2.93 2.85 1.72 1.63 45.55 45.41 6.44 6.28
10 23.52 2363 1724 17.23 3.00 2.89 1.69 158 45.45 45.33 6.59 6.38
11 23.40 2342 17.06 17.01 3.18 3.08 1.46 1.49 45.10 45,01 7.04 6.85
12 2351 2351 1710 17.10 3.10 3.03 1.56 152 45.27 45.15 6.85 6.71
13 23.94 2378 1719 1731 2.81 2.75 1.79 1.69 45,72 45,53 6.13 6.04
Control 22.78 2255 1633 16.43 457 4.44 1.26 1.38 44.93 44.80 10.16 9.91

From data in Figs (8 and 9) it is found that the three
single treatments (C, FYM and Sh) gave 80, 90 and 90%
of .the _maximum._ESP_values._equal _to 5.51, 5.63 and

5.81%, respectively at (0-20 cm) soil depth in the first
season (Fig. 8) and were 80, 80 and 90% of the maximum
ESP values equal to 6.49, 6.61 and 6.79% for (C, FYM and
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Sh) respectively at (20-40 cm) soil depth in the second
season (Fig. 9). The highest ESP values were 6.23% at (0-
20 cm) soil depth in the first season and 7.41% at (20-40
cm) soil depth in the second season denoted by number 10
which its treatment consists of 40, 40, 20% of C, FYM, Sh,
respectively. On the other hand, the lowest ESP values
were 4.87 and 5.86 at the previous soil depths in the two
seasons, respectively, this appear from the compound
treatment of 60% C and 40% Sh for the same depths and
seasons. These results may be attributed to improvement
of physical and chemical soil properties as a result of
organic matter decomposition. These results are in
agreement with those obtained by Sarwar et al. (2008),
Mahmoud et al. (2009), Abdel-Fattah (2012) and Marti et
al. (2016).
Total Macronutrients (NPK), Organic Carbon (O.C)
and C/N ratio.

The results in Tables (6 and 7) show that (total
NPK, O.C and C/N ratio) increased with applied of all
treatments compared with the control at (0-20 and 20-40
cm) soil depths at the end of the two growing seasons,
where the highest values of total (NPK), O.C and C/N ratio
were achieved by the treatment consists of 50% C and 50%
Sh, equal to 2.107 ton fed® C and 1.894 ton fed? Sh for
wheat plants in the first season and were 3.371 ton fed™ C
and 3.031 ton fed® Sh for maize plants in the second
season, while the lowest values of the same characters
achieved by the treatment consists of 1/3 from each of (C,
FYM and Sh).The maximum values of total soil N were
0.164, 0.147 and 0.165, 0.152% in the two soil depths, O-
20 and 20-40 cm, respectively at the end of the two
growing seasons, where the increases were 12.33, 13.95%
in the first season and 12.24, 14.29% in the second one,
over the control. Regarding the phosphorus and potassium
concentrations in soil, they take the same trend as nitrogen,
where results indicate that application amendments led to
an increase in soil P and K concentrations at the two
seasons compared with the control. The maximum values
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of them were (0.049, 0.494) and (0.044, 0.490%) for the
two soil depths, respectively at the end of the first season
and were (0.042, 0.491) and (0.041, 0.496%), in the second
season for the same depths. These results show that it may
be practical to apply these soil amendments to soil to
increase NPK concentrations in the soil and thereby
enhanced its availability to crops.

The highest O.C% values were 2.012 and 1.739%
increased by 26.14 and 28.43% over the control at (0-20
and 20-40 cm) soil depths, respectively in the first season
and were 1.916 and 1.665% increased by 19.30 and
21.53% over the control at (0-20 and 20-40 cm) soil
depths, respectively in the second one, while the highest
C/N ratio were 12.28 and 11.79 increased by 12.76 and
12.72% over the control at (0-20 and 20-40 cm),
respectively in the first season and were 11.63 and 10.94
increased by 6.70 and 6.01% over the control at (0-20 and
20-40 cm) soil depths, respectively in the second season.

Data in Figs (10 and 11) show that the three single
treatments (C, FYM and Sh) gave 90% of the maximum
C/N values equal to 12.06, 12.04 and 11.89, respectively at
(0-20 cm) soil depth in the first season (Fig. 10) and were
10.72, 10.70 and 10.67, respectively at (20-40 cm) soil
depth in the second season (Fig. 11). This means that the
highest values of C/N ratio were recorded for the single C
treatment, while the lowest one obtained with the single
Sh treatment. The highest C/N values were 12.28 and
10.94 at (0-20 cm) in the first season and (20-40 cm) in the
second one, respectively obtained by number 10 which
consists of 60% C and 40% Sh equal to 2.528 and 1.515
ton fed! in the first season and were 4.050 and 2.424 ton
fed™, respectively in the second season. These results may
be due to high content of O.C and NPK in soil by adding
organic matter from the amendments and its
decomposition resulting high content of these elements.
These results are in agreement with those reported by
Bouajila and Sanaa (2011), EI-Maddah et al. (2015), EI-
Sodany et al. (2016) and Mahmood et al. (2017).
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Fig .5.Total soluble salts (TSS,%) 0-20 cm as affected by all possible combinations of compost, farmyard manure
and:sheep-manure.after-wheat;plants in the first reason.
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Fig .6.Cation exchange capacity (CEC meq 100g soil™*) 0-20 cm as affected by possible combinations of
compost, farmyard manure and sheep manure after wheat plants in the first season.
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Fig.7. Cation exchange capacity (CEC meq 100g soil*) 20-40 cm as affected by possible combinations of
compost, farmyard manure and sheep manure after maize plants in the second season.
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Table 6. Effect of different combinations of compost, farmyard manure and sheep manure on soil macronutrients
and C/N ratio in the first season (winter 2017/2018).

Total macronutrients, % Organic carbon, O.C, .

Treatment N P K % C/N ratio
No. 0-20cm 20-40cm 0-20cm 20-40cm 0-20cm  20-40cm 0-20cm  20-40cm  0-20cm  20-40cm
1 0.156 0.141 0.041 0.037 0.457 0.457 1.877 1.607 12.06 11.38
2 0.155 0.140 0.041 0.037 0.453 0.456 1.866 1.591 12.04 11.33
3 0.153 0.136 0.039 0.036 0.439 0.440 1.822 1.526 11.89 11.26
4 0.151 0.135 0.038 0.034 0.410 0.414 1.789 1.505 11.84 11.19
5 0.164 0.147 0.049 0.044 0.494 0.490 2.012 1.739 12.28 11.79
6 0.161 0.146 0.045 0.040 0.486 0.483 1.967 1.695 12.18 11.61
7 0.149 0.132 0.034 0.031 0.403 0.395 1.764 1.476 11.82 11.18
8 0.158 0.143 0.042 0.038 0.467 0.469 1.924 1.650 12.15 11.55
9 0.160 0.145 0.043 0.040 0.478 0.478 1.948 1.684 12.17 11.60
10 0.157 0.142 0.042 0.038 0.463 0.464 1.893 1.613 12.09 11.40
11 0.152 0.135 0.039 0.035 0.436 0.433 1.799 1.519 11.85 11.22
12 0.154 0.136 0.040 0.036 0.446 0.446 1.845 1.540 11.99 11.30
13 0.162 0.147 0.046 0.042 0.491 0.489 1.979 1.716 12.22 11.66
Control 0.146 0.129 0.031 0.028 0.385 0.379 1.595 1.354 10.89 10.46

Table 7. Effect of different combinations of compost, farmyard manure and sheep manure on soil
macronutrients and C/N ratio in the second season (summer 2018).
Total macronutrients, % Organic carbon, C /N ratio
N P K 0.C,%
0-20cm 20-40cm 0-20cm 20-40cm 0-20cm  20-40cm 0-20cm  20-40cm  0-20cm  20-40cm
1 0.160 0.146 0.037 0.036 0.464 0471 1.838 1.564 11.45 10.72
2 0.159 0.145 0.037 0.035 0.463 0.466 1.817 1.551 1141 10.70
3 0.156 0.143 0.036 0.035 0.457 0.464 1.780 1.522 11.38 10.67
4 0.154 0.141 0.033 0.032 0.430 0.437 1.744 1.500 11.32 10.65
5 0.165 0.152 0.042 0.041 0.491 0.496 1.916 1.665 11.63 10.94
6
7
8
9

Treatment
No.

0.163 0.149 0.040 0.038 0.486 0.492 1.879 1.608 1151 10.79
0.150 0.134 0.032 0.030 0.427 0.432 1.695 1.429 11.31 10.64
0.161 0.148 0.039 0.037 0474 0.481 1.863 1.588 11.54 10.75
0.163 0.149 0.039 0.037 0.483 0.489 1.865 1.599 11.48 10.77

10 0.162 0.147 0.038 0.037 0.470 0.475 1.850 1.579 11.43 10.74
11 0.155 0.142 0.035 0.033 0.454 0.462 1.769 1515 11.39 10.66
12 0.157 0.143 0.036 0.035 0.460 0.464 1791 1.525 11.38 10.68
13 0.164 0.150 0.040 0.039 0.490 0.495 1.895 1.627 11.58 10.82
Control 0.147 0.133 0.030 0.029 0.407 0.414 1.606 1.370 10.90 10.32
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Fig.9. Exchangeable sodium percentage (ESP,%) 20-40 cm as affected by possible combinations of compost,
farmyard manure and sheep manure after maize plants in the second season.
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Fig.11. C/N ratio (20-40 cm) as affected by possible combinations of compost, farmyard manure and sheep
manure after maize plants in the second season.

2- Economical analysis:

The results in Table (8) show that the highest net
revenue value (11960.06 LE fed™) was incorporated with
the combination consists of 50% C and 50% Sh equal to
2.107 and 1.894 ton fed™ respectively, in the first season
and were 3.371 and 3.031 ton fed™ respectively in the
second one, which was the best treatment and should be
recommended due to a relative high net revenue comparing
to other treatments. This may be due to this treatment was
recorded,theshighestvalues,ofyyieldqingthe first and second

seasons, consequently high net profit. Also, it can be
noticed that the net revenue values were increased by using
all different treatments comparing with the control. Similar
results were obtained by Hafidi et al. (2012), Dhaka et al.
(2012), Wapa and Sodangi (2017). Finally, from the
obtained data, it could be concluded that the application of
organic soil amendments (C, FYM and Sh) led to improve
chemical soil properties; therefore, this study recommends
the use of organic amendments under such conditions of
these soils.
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Table .8. The net revenue * (LEfed™ .) due to different treatments through the two growing seasons under study.

Increasing yield Tonfed™.

Total yield price, LEfed™.

Treatment

Total cost of soil ~ Net revenue

No. Wheat Wheat Maize What Wheat Maize conditioner LEfed-1.
grain straw grain grain straw grain

1 1.5000 2.0410 1.5300 6000.00 2041.00 3220.65 2519.65 8742.00
2 1.4490 2.0070 1.4450 5796.00 2007.00 3041.73 2940.54 7904.19
3 1.3520 1.8990 1.3620 5408.00 1899.00 2867.01 1536.44 8637.57
4 1.1890 1.9180 11710 4756.00 1918.00 2464.96 2730.09 6408.86
5 1.8670 2.3080 2.0010 7468.00 2308.00 4212.11 2028.05 11960.06
6 1.6910 2.1420 17610 6764.00 2142.00 3706.91 2238.49 10374.42
7 1.0100 17110 1.1590 4040.00 1711.00 2439.70 2329.88 5860.82
8 1.6200 2.0630 1.6790 6480.00 2063.00 3534.30 2421.27 9656.03
9 1.6660 2.0790 1.6920 6664.00 2079.00 3561.66 263171 9672.95
10 1.5800 2.0670 1.5630 6320.00 2067.00 3290.12 1929.66 9747.45
11 1.3060 1.8910 1.3210 5224.00 1891.00 2780.71 2594.87 7300.84
12 1.4060 2.0320 1.4090 5624.00 2032.00 2965.95 2127.31 8494.64
13 1.7380 2.2220 1.8000 6952.00 2222.00 3789.00 2267.46 10695.54
Control 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00

* = (Yield of treatment - control) - the cost of the treatment

The price of yield and the costs of different treatments were calculated as subsidized price of 2017 and 2018.
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