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HE CURRENT work aims to evaluate the benefit effects of

different rates of the local farm organic wastes, i.e., plant residues
(composted wheat-rice straw), poultry and cattle wastes for improving
the productivity of some newly reclaimed soils have different
lithological parent materials (aeolian and Eocene limestone formations)
and developed on eastern edge of El-Fayoum Govemorate, Egypt. To
achieve this target, a field experiment was carried out under wheat-
maize cropping sequence grown on aeolian sandy foam and calcareous
clayey soils located at Demo and Tamia villages, respectively, during
the two agricultural growing seasons of 2001/2002.

The obtained resuits showed a positive benefits for improving the
soil characteristics under study due to the applied amendments, i.e., an
increase ot decrease in the values of bulk density, hydraulic
conductivity, soil strength, available water content, pH value, organic
matter content and the released content of available nutrients, f.e., N, P,
K, Fe, Mn, Zn and Cu. There was a dual relationship between the
applied organic amendments and hydraulic conductivity in both
studied soils, where it exhibited a gradual decrease and increase with
increasing the applied organic amendment rates in sandy and
calcareous soils, respectively.

Application of poultry wastes was very important for enhancing the
previous estimated plant nutrients in soil during the first growing
season as compared to the other used ones due to the fact that it had a
narrow C/N ratio, relatively high contents of active organic compounds
and essential nutrients for plant. The positive effects of the applied
amendments on soil productivity could be arranged into the descending
order of poultry wastes > cattle wastes > composted plant residues. The
beneficial effects of these organic amendments were aiso extended to
the next cultivated crop (maize) at the second growing season, but the
sequence of their superiority has taken an opposite trend, ie.,
composted plant residues > cattle wastes > poultry wastes. This
condition is mainly related to the differences in C/N ratios between
these organic amendments, and in turn the degree ot rate of decaying.
That means that the beneficial effect of composted plant residues,
which had a wide C/N ratio, was extended to the second growing
season.
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Concerning the nuirients uptahe by plants, data revealed that an
increasing trend of nutrient responses for N, P, K, Fe, Mn, Zn and Cu
in the plant tissues of the studied two crops with increasing the applied
amendment tates, with superiority for poultry and composted plant
residues at the first and second seasons, respectively. With exception
of N and K in plants grown on the sandy soil, there were positivly
close to the corresponding ones of available nutrients in both studied
soils, which may lead 10 a gencral suggestion that plant nutrients
having an accumulaiive tendency in the plant tissues grown on
calcarcous soid under the studied conditions o1 the experiments, This
clarified the beneficial effects of the active organic compounds, which
have ability o chelate micronutrients s available strategic storchouse,
and in turn reflected positively on development of crop vield and its
componcits

Keyvwords: Poultry wastes. Cattle wastes, Composted plant residues,
Sandy soils, Calcarcous soils, Wheat, Maize and plant
nulrents.

Conserving the limited agriculwral fands in the newly reclaimed areas (sand or
calcarcous i nature) against desertification is of vital importance. In the lasi
decades, the soil survey dma pointed o a considerable decrease in soil
productivity for these reclaimed desert ones. Takker & Walker (1993) mentioned
that low levels of organic matter in soils are the main factors for widespread
cceurrence of some micronulrients deficiency in the different regions of the
world.

thissanien (1996} found that successive leaching of calcareous soils resulled
m simulancous Jime-crust formation, with a seil strength value of 3.9 bar at the
eind ot leaching, occwred at soil swrface through the carbonation process. The
askdinon of tarmyard manure with a rate of 2 % caused a sharp decrease in soil
strength, where its value reached 0.735 bar. The main mechanical constituents ot
sandy soils are the sandy lraction, which is not parually capable of retaining
neither water nor autrients for growing plants. Accordingly, these soils are poor
not ouly in the natrient-bearing minerals, but also in organic matter, which are
storchouse for the essential plant nuirients. In addition, the occurrence of
inadequate watet retention under such severe conditions, in turn the producuvity
of ditterent crops tends to decrcase markedly (Metwally & Khamis, 1998).

Theretore, the scientific researches are necessary to deternmune the factory
affecting soil productivity of the reclaimed desertic areas. and in turn the effective
measurements to conserve soils (rom further descutification. In general, the
majority ol desertic sandy and calcareous soils having poor hydrophysical and
fertility characteristics, So. the addition of organic matenials is of vital importance
1o improve physical, chemical characteristics  as well us fertility status of these
sotls, Wong & Ho (1991 and Logan ¢z gl (1996 found that the cffect of orgunie
wnendment on soil bulk density and porosity hiad a dual relavonship between the
applied  organic matenid and their values. where 1t significantly reduced soil
bulk density and increased the wtal porosity. Tn addivon, Zaid & Asker {1987)
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buik density and increased the total porosity. In addition, Zaid & Asker (1987)
found that there was a linear relationship between the applied rates, the applied
organic manure and hydraulic conductivity, but it was positive in the sandy soil
and negative in the caicareous one. Basyouny (2002) found that a dual
relationship between the applied organic manure rates and hydraulic conductivity
in sandy and calcaroues soils, where it exhibited a gradual decrease and increase
with increasing the applied organic manure rates in the sandy and calcareous
soils, respectively., '

The pH value was the soil property modified to the greatest depth by organic
amendments (Tester, 1990 and Park ef al.,1991) concluded that application of
organic wastes from food processing factories increased the contents of organic
matter in the soils. Bamow & Whelan (1998) showed that a unit decrease in soil
pH increased the concentration of some micronutrient ions required by 10 folds.
Abdel-Aziz er al. (2000) and Basyouny (2002) reported that increasing the rates
of applied organic manure to calcareous and sandy soils, in general, resulted in an
increase for soil organic matter content as well as a decrease for soil pH.
Application of organic manure from Abo-Rawash sludge to sandy soil at the rate
of 1.6 % decreased the soil pH from 7.5 to 6.6 (Abou-Seeda e af, 1984).

Also, Negm er al. (2003) found that an organic compost of saw dust with
cattle dung application increased slightly ECe and cation exchange capacity, as
well as, reduced soil pH just after additions in small range by advancing time.
Available N, P and K in soil increased after compost application and reduced
gradually by time. Moreover, soil organic matter content also was increased by
compost application, where the curve was at its peak after harvest stage of the
grown plants and gradually reduced.

Mchana (1998) reported that the concentration and uptake of some
micronutrients by maize significantly increased at the different applied rates of
chicken manure. Recently, Taha (2000) reported that treating the coarse textures
soils with different rates of composted organic residues significantly increased the
dry matter yield and micronutrients uptake by maize plants over the respected
controls. El-Gizi & Rifaat (2001) and Estefanous & Sawan (2002) amended the
calcareous soils with composted saw-dust and composted saw-dust with cattle,
and found that applied rates of 2.5 and 5% caused significant increases in tomato
cultures, okra and nutrient uptake by them. Mekail (1994) demonstrated that
organic amendments application to coarse textured soils had significant direct and
residual effect on grains yield of maize. Also, More (1994) found that the yield of
wheat was markedly enhanced due to treating the sodic soil with organic
manures.

Therefore, this study is an attempt to evaluate the effect of organic
amendments having different sources {composted plant residues, goultry and
cattle wastes) on some physico-chemical properties of the newly reclaimed sandy
and caicareous soils cultivated with wheat-maize cropping sequence.
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- Material and Methods

Organic amendments ‘

As for the composted plant residues, one ton of wheat straw was mixed with
one ton of rice straw and chemical activator mixture (50 kg ammonium sulphate
+ 50 kg superphosphate). This composting material was prepared as follows: a
portion of the wheat straw was scattered over the area of 2x5 m’, then a portion of
the rice straw and the activator mixture was spread over it and moistened with
water. The moisture was considered satesfactory when a handful of the
composting materials would wet the hand but not drip, (about 70% of water
holding capacity}. The previous mixture represents a first layer of 20 cm height,
then nine layers were built over the first layer in the same manner. Afier the heap
was built to reach 2.0 m height, it was lousily covered with plastic sheet and was
moistened with tap water from above if needed. The heap was turned from inside
to outside every three weeks for four months, The main properties of composted
plant residues, as well as, the other farm organic wastes, ie., poultry and cattle
wastes used in the current study are given in Table 1.

TABLE 1. Some characteristics of the studied organic farm residues (dry weight basis).

Character Compo?ted Poultry Cattle wastes
plant residues wastes
Weight of 1 m* (kg) 360.00 472.00 680.00
pH (1:10 water suspension) 7.12 6.96 7.38
EC (dS/m, 1:10 water extract) 1.62 3.08 2.74
Maoisture % 9.67 7.52 891
Organic matter % 59.99 67.89 74.65
Organic carbon % 34.88 39.46 43,40
C/N ratio 30.07 16.65 19.91
Total macro and micronutrients %
N 1.16 2.37 2.18
p 0.19 0.96 0.47
K 2.06 1.85 1.24
Fe 0.0706 0.7030 0.8608
Mn 0.0257 0.0685 0.0461
Zn 0.0468 0.0767 0.0603
Cu 0.0705 0.1128 0.0987
Available micronutrients (mg/kg)

Fe 17.5 148.2 1329
Mn 26.7 59.8 486
Zn 134 54.8 339
Cu 58 87 7.9
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The different characteristics, which carried out on these farm organic wastes,
were pH (Jodice et af, 1982), organic matter content (Black, 1963), nitrogen,
phosphorus, potassium (Chapman & Pratt, 1961) and micronutrients of Fe, Mn,
Zn and Cu (Hesse, 1971).

Field experimental work

Two field experiments were carried out on some newly reclaimed areas
having different lithological parent materials (aeolian and Eocene limestone
formations) and developed on eastern edge of El Fayoum Governorate, Egypt. In
complete randomuzed block design with 4 replicates, nine treatments of the
previous organic amendments were applied in plots 3.0 x 3.5 m” for each of the
two field experiments. Wheat-maize cropping sequence was grown on the chosen
soil types, i.e., siliceous sandy loam and calcarcous clayey soils located at Demo
and Tamia villages, respectively, during the two agriceltural growing scasons of
2001/2002. :

According to the N content % in the above mentioned organic amendments,
the treatments were applied in the field experiments at Demo and Tamia with
rates of 10, 20 and 30 m’/fed for composted plant residues and 3, 10 and 13
m’/fed for both poultry and cattle wastes. After organic amendment applications
with good turning under in soil, wheat sceds (Sakha 69) were planted on the last
November 200! under furrow irrigation system,

Nitrogen and potassium fertilizers were added to the soils in two equal doses
during the growing period (after 15 and 40 days) in the forms of ammonium
sulphate (20.5 % N) and potassium sulphate (48 % K;O) at rates of 120 kg N/fed
and 100 kg K,0 /fed, respectively. Also, 30 kg P;Os/fed as superphosphate
fertilizer {15 % P;0s) was added during preparing the soil for cultivation,
Samples of wheat plants and soils were collected from cach plot at the elongation
stage (after 80 days), and at harvest (last of April, 2002), plant samples were
separated into grains and straw. In the second agricultural growing season, maize
sceds (single cross 10 hybrid) were sown at mid June, 2002 to identify the
residual effect of the previously applied organic amendments on both soil and
plant characteristics. Similar to wheat, samples of maize plants and soils were
taken from each plot at the elongation stage (after 80 days), and at harvest (mid
October, 2002), plant samples were separated into grains and shoots,

Plant and soil analysis

The plant samples were dried at 70°, ground in a Willy mill and digested with
H, $0O, and H, Os according to Parkinson and Allen (19753) to determine N, P, K
(Chapman & Pratt, 1961}, Fe, Mn, Zn and Cu (Hesse, 1971). In addition, the
collected soil samples, which were taken at the elongation stage of plant growth
were analyzed for particle size distribution (Piper, 1950), bulk density (Black &
[Tartge, 1986), hydraulic conductivily, storage pores, available water content
(Klute, 1980), soil strength (Richards, 1954), organic matter content (Walkely
and Black method as described by Hesse, 1971}, CaCOj; content (Wrnight, 1939),
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cation exchange capacity, exchangeable sodium percent, pH, soil paste extract
(Jackson, 1973} and available contents of N, P, K, Fe, Mn. 7n and Cu
{Sultanpour & Schwab, 1977).

Results and Discussion

General view on soil charucteristics of the field experiments

The studied soils werc morphologically described and analyzed for
identifving the main soil characteristics, as shown in Tables 2 and 3 . Data
obtained from the representative soil profiles lead 10 a good knowledge about the
influence of the prevailing environmental conditions. The studied soil sediments
of Demo profile are characterized by deep profile, single grain structure, loamy
sand in texture and absence of amorphous features.

TABLE 2. The main morphological aspects of the representative soil profiles.

N Suil
— Soil colour = Calcic formations
=l = 3 = £ £ structure
7 2| 21 & 2 > '
-E g § E ==. & . = ; ;': o 4 = - 2| o =
a2y ay = & E | 5| 2| 2Bl 2l el 238z
s | 3 AP 0-23 TOYR | 54 ) 33 |5l | 1] -1 sg eofle b s |
15| Sley | 2560 [rovR|{ 73 [T s ftd-]se Lo b [ r]s ]
- -
Z(Ca | 60-100 { IOYR{ &3 {420 sl [ 1] -] sn b s
=h
£ ) ¢ i
= AP 0-23 5Y 730673 21 mj sbk ¢ mlh
G +
[z} =
H g _ . . i . ++
20 51 21GC 23-60 23YR 1 84 | T4 21 i mas . o el mh
N
El C ++
= |C: 60-100 | 1OYR| 714 | 8/3 20 ] abk g | cisyr
+

Texture: si= Sand loamy ¢ = Clay

Strucnre: Grade: 1= Weak 2 = Moderate  Size: =Tine  m = Medium Tipe: sg = Single grain
sbk = Subangular blocky abk = Angular blocky mas = Massive

Calvic formations: Effervescence: + = few ++ = Moderate +++ = Strong Featire: In = Lime nodules

lc = Lime concretions ¢g = Crystals of gvpsumy  Lime quentin: ¢ = Common 1= Few m =
Moderate Sizer s=Small  m=Medium Disrribution: r = Random h = Horizontal

Whereas, the soils represented by Tamia profile (calcareous in nature) are
characterized by different forms of secondary calcic formations in compacted
phase, especially in the uppermost layer. These features stood in harmony with
the fact that CaCQ; was subjected to intensive goechemical weathering during the
humid conditions as a result of continuous applied irrigation water. Also, data in
Table 3 represent the main physical, chemical and fertility properties of the
studied soil sites, which are largely responsible for performing the high lights on
the relationship between soil potentiality for plunt nutrients supplying power and
the origin or nature of the soil sediments.

Favpt. 4. Soil Sci. 44, No. 3 (2004)
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TABLE 3. Some physical, chemical and fertility characteristics of the representative

soils.

Profile layers (cm) of Demo

Profile layers (¢m) of

Soil characteristics site Tamia site

0-25 [ 25-60 [ 60-100 [ 0-25 [ 25-60 160-100

Particle size distribution %, without removing CaCO,
Coarse sand 26.32 30.54 42,91 6.34 4.68 3.54
Fine sand 53.72 45.00 3745 26.80 22.02 24.79
Silt 8.6l 7.42 8.93 20.46 21.69 24 85
Clay 11.35 10.98 t0.71 46.40 51.610 46.82
Texture class* SL SL SL C C C
CaCQ, distribution% in soil mechanical fractions
Coarse sand 0.97 [.27 1.35 6.87 8.94 8.30
Finc sand 1.40 1.46 0.97 8.93 7.89 7.18
Silt 225 1.38 1.02 11.52 9.47 5.96
Clay 3.10 1.34 0.78 13.83 8.09 543
Total CaC0, % 7.72 545 4.12 41.15 34.39 25.87
Bulk density {g/cm’) 1.41 1.44 1.48 1.24 1.31 1.36
Hvdraulic cond. (cm‘h) 6.97 5.64 398 1.24 (.89 0.42
Soil paste extract
ECe {(d5/m) [ 450 | 372 ] 295 [ 632 | 512 | 470
Soluble ions (meg / 1)
Ca" 14.32 17 9.93 12.21 12.43 8.65
My 7.65 5.97 5.30 6.79 6.34 332
Na® 22.36 18.59 15.50 4210 31.36 17.19
K' 0.39 0.27 0.21 0.75 0.66 0.4}
COy” -- - - -- -- -
HCOy 292 2.06 1.72 2.65 243 2.32
Ct 35.14 2741 24.36 42.54 16.36 21.12
S0, 6.60 6.53 4.86 16.66 12.20 26.13
pH (soil paste) 7.40 7.065 7.73 §.34 8.40 8.52
Organic matter % 0.22 0.13 0.08 092 0.68 0.44
CEC (meq/ 100 g soil) 7.82 6.73 5.97 17.12 21.32 2391
ESP 9.19 8.74 7.87 10.62 12.46 11.76
Available macronutrients and DTPA extractable micronutrients {ppm)

N 17.6 9.8 6.4 269 14.8 8.5
P 2.0 1.9 0.9 3.8 24 1.8
K 63.4 48.8 29.6 189.6 157.8 139.9
Fe 1.9 i.2 0.9 2.7 1.8 1.3
Mn 0.7 0.5 04 0.9 0.5 0.5
Zn 0.6 0.4 0.3 0.7 0.4 0.3
Cu 0.4 0.3 0.2 0.5 0.4 0.3
*SL = Sandy loam C =Clay

So, it could be mentioned that the soil of Demo site is, in general, poorer from
all aspects, where it is skeletal in texture, weak in structure, attained very low
organic matter content and unfavorable from the fertility status. Moreover, it is
evident that the secondary surface accumulations of CaCQ; in Tamia profiles is
resulting from the upward movement of the saline ground water table by capillary
rise (lime carbonation) under the hot and arid climatic conditions. These results
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are confirmed by the occurrence of a relatively high soil strength value in the
surface laver of this soil.

The obtained results show that soil potentiality for total content of the essential
plant nutricnts not only tended to increase with increasing the clay content, but also
with the ncrement of organic matter content, as compared between the siliceous
sandy loam so1} with the clayey calcareous one. The studied soils showed relatively
low and moderate CEC values extending parallel close to the relatively low and
moderate contents of charged silicate clay minerals vs relatively high contents of
quartz and CaCOs; particles in the size of clay fracton at Demo and Tamia sites,
respectively. Also, these soils are poor in organic matter content and suffermg from
plant nutrients deficiency, as shown from data illustrated in Tables 3 and 4 , thus,
supplying essential elements to them is undoubtedly of great importance, especially
for micronutrient deficient sandy soil.

TABLE 4. Critical levels of the studied available nutrients in seil (ppm), after
Lindsay & Neorvell (1978) and Page et al. (1982).

Nutrient N P K Fe Mn Zn Cu
level
Low < 40.0 <35.0 < §5.0 <40 <2.0 <1.0 < (.3
Medium [40.0-800 | 5.0-10.0 |85.0-170.0 | 4.0-6.0 | 2.0-5.0 | 1.0-2.0 | 0.3-1.0
(High >8040 [ >100 [>170 >60 ] >50 120 (=10

Soil properties as uffected by the applied organic amendments

Data presented in Tables 5 and 6 showed that the application of composted
plant residues (CPR), poultry wastes (PW) and cattle wastes (CW) to the studied soils
led 1o improve their soil properties, f.¢.. bulk density, soil swength, ECe, pH, CaCO;
and ISP values, since they tended to decrease | gradually with increasing the applied
rates of these amendments. The best condition, which recorded the lowest values
either 1 the case of sandy soil or calcarzous one, occurred at the highest rate of 15
m'/fed of PW followed by 15 m*/fed of CW and 30 m*/fed of CPR. These results are
supported by the conclusions of Laila Hussien ¢r al. (1998) for the etfect of organic
manure application on the decrease of soil bulk density.

A comparative study for the positive effect of suil applied organic amendinents on
improving soil hydraulic conductivity, data in Tables 3 and 6 revealed that PW
surpassed CW and CPR additions either in the case of sandy soil or calcareous one.
This oue hold was observed, siice a dual relatonship between the applied organic
amendments and hydraulic conductivity in both studied soils, whete it exhibited a
gradual decrcase and increase with increasing the applied rates in sandy and
calcareous seils, respectively. Concerning the variations in the values of available
water range, storage pores, organic matter content and CEC in both the soil sites
amony the different applied organic resources, data showed that, in general, the soils
weated with PW possess relatively high values as compared to those amended with
CW and CPR, due 1o the fact that they attain a pronounced high content of active
organic compounds,
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TABLE 5. Effect of the applied organic amendments at clongation stage (80 days) on some physical and chemical characteristics of
the studied sandy soil.

(FQUT) § ON ‘¢F 198 prog 1 1d:G3g

Sail 'E I_ First agricultural.growing season {wheat) B Secomdl agricultural yrowing season (maize)

Soil character] depth £ | Plant residues (n'/fed) | Poultry wasle (m!fl\:d) Catlie waste (uff‘l'cd) "57 Plant residues {m'/led)| Paultry waste (m'/ed) [Cattle waste (nr'/fed)

emp | “ [0 T 2030 [ s T w [ as | s Jaw [ as ] ~“ 1w/l 3]s w [ as [ s [ wTis

Buik densiy [ 0-25 1.43 1,39 (.37 1.30 1.34 1.3 £.29 1.37 .53 1.32 1 41 1.34 1.33 1.31 1.41 1.3y 1.38 1.39 1.3¢ | 133
g.’cm:) 25-60 | 1,46 .44 1.42 1.41 1.40 1.37 1 34 1.92 1.3% (Y .44 1.38 L.37 1.34 1.43 1.41 1.40 1.41 1.40 ﬁ‘
Ryd. 025 | 712 6.47 G Q07 5.63 5.0 | A7) 4329 | 504 547 1 492 1 683 ) 5.1 d.09 | 435 | 601 | 507 | 5014 | 568 | 3.25 [4.73
((‘i':i"h‘; 25600 578 | 508 | 553 | 487 | 471 | 445 0 407 | 500 | 4820 435 ) 547 | 496 | 432 1 367 | 526 | 5.00 | 465 | 5.03 | 461 {412
Soil strength| 0-23 1.33 1.81 1.79 t.75 .63 1.37 1.51 1.7 1.68 1.64 1.94 1.86 | 1.81 1,78 1.493 1.89 1 .46 1.83 184 | 1.82

(kgsenry [ 25601 .- . - - - - - - - - -- - - - - . - - - -
Available 0-25 (1054 | 1165 | 12331376 [ 1400 | 15320 1603 1 1297 [ 1405 [ 1523 11003 [ 13.06 [ 1408 | 1425 [ 1187 1232 [ 1298 | §2.41 | 13.14 [13.65
water % 2560 [ FI.BG [ 12,08 | 12537 | 1275 | 1295 | 1320 | 15378 [ 1234 1 1280 ) 13.07 | 1298 { 14.00 ¢ 14,57 | 1532 | 1331 [ 1370 13.93 ] 13.74 | 14.20 [14.69
Storaye porest 0-25 ) 1345 ] 1432 11648 | 1760 71725 JISES 12163 ({567 | 1700 | IKS3 VI3 R4 | 1685 1 17701 1864 | 14781 134211599 15.60 | 1700 417.7)
%% (10-6 ) | 25-60 | 1581 {16.01 [ 1637 16.82 ] 1666 | 1698 | 1752 1 16361679 | 17,10 | 1607 4 17.46 1 18.13 | 1897 [ 1633 | 3658 [ 1697 | 1684 | 1727 1179
ECe 0-23 4.40 4.32 4.18 3.97 1.86 3.33 36} 417 143 344 | 438 3.99 375 3.08 4.2] 4,03 307 | 408 | 397 1380
(dSm) 23-00{ 2.97 2.83 270} 246l 253 [ 227 203 | 271 249 | 237 289 | 23 ] 220 ] 211 274 1 2.67 | 2.62 | 261 | 252 | 240
pit Q0-25 7.46 732 7.24 719 7.12 7.07 .43 718 .15 711 744 7.29 7.8 7.1} 7.39 7.30 7.26 7.32 723 | 719
(soil paste) | 25-60 | 7.69 7.00 757 7.54 751 747 744 756 152 749 | 766 [ 733 | 40 | TA0 | 200 7A8 ) 7.54 759 | 7585 1750
CaCO, 0-25 1 769 | 708 | ond | 028 | 627 | 580 ] 332 | 7 | 629 | 386§ 767 1 663 | 648 | 574 | I 603 | 6,70 | 692 1 635 | 617

Yo 23-60 | 548 536 5.24 313 30 | 487 | 474 524 511 503 | 545 | 500 462 | 446 | 5237 | 504 1 502 | 515 | 497 14.70
Organic 0-23 | 0.4 0.37 036 1 0.08 033 1 0¥2 082 V040 J 05 0738027 ) 039 ) 047 1 033 5 02X 1 0330 046 | 032 4 038 1042
matter % | 23-660] 0.14 | 0.4 13 [ 017 oo {0 1022 0l ) 07 [ 0 [ oI5 0160072019005 ] 0te] 0161 016 ] 0.16 [ 017
CEC (mey’ | 0-25 773 793 5§22 8.34 532 904 1 Yoo N2 LR 357 780 §.31 8.7 | 404 .07 5.2 £.30 824 | 8.37 [ 543
OO e sanly | 2500 | 6oy (1] [T 716 7.15 [N ! 7.89 699 1M 743 073 7.%3 816 850 T T3l .55 741 7.08 {791
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TABLE 6. Effect of the applied organic amendinents at elongation stage (80 days) on some physical and chemical characteristics of
the studied caleareous soil.

Soil 3 First syeiculiural growing steanatt {nhum) z Secoml agricaliural grow g season (ize)
Sotlcharacwr | depth 2 | Mam residues (n'/fed) | Poultry waste (i sied) | 1tk waste (Vi) £ | Photresidies (n'Rad) | Pouliry washe (nvfed) | Cattle waste (' ied)
{c) v 10 0 30 3 10 15 3 10 B} b 1] b 30 3 10 15 5 10 15
Hulk dengity 0.25 1.26 118 IS P LI P10 1ol ol | LG | 112 | Ll 1.25 116 1.4 L] 1200 LI9] LIS} 1la} 135
(grem’y 2500 132 120 V138 | W28 o [ 123 ) s | 120§ 125 | L2 1.31 I3 120§ s 12 | 127 [ 126 120 | 1.3 122
flyd Condinct 123 1.32 148 | s [ Wl 1 i baen | Is2 ] 193 1.37 oo § 181 F 107§ 1A ] Ll | 167 [ 456 ) 173} Y81
{cmhy 25-68 | 0 LOT Frae ] 1as | a0 | va7 | 1se ) s oL 1.34 (L5 18 | L2 ) 127 P13 V108 ) L a2 ] w7y 110
Sonb sty 0-25 380 AN 282 rg0 ) 2T | 23 g iws | 2xs ] 234 232 KT I B L e O B & I R Vo I T O I R R Y
(ko) 25-60 . - - - - - - - - - - - - - . -
Avnlable wawr | 6-25 1880 § 19.31 [ 1056 ) 2041 { Q0621 2085 1 2290 | 1988 { 20520 2143 ¢ 19.03 | 20391 .05 ] 2ot [ 1932119331 2000 {1990 § 2058 | 2087
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UTILIZATION OF SOME FARM ORGANIC WASTES 343

The increase of storage pores percent and the reduce of soil strength values
are contributed to the suitable air-moisture regime and a wide range of available
water, and in turn shows a pronounced positive effect of poor supply conditions
in either stndied sandy or calcarcous soils for nutrients availability and biological
activity for the mechanism of their uptake by plant roots. Therefore, thz beneficial
effect of these organic amendments was also extended to the next agricultural
growing season, as shown in Tables 3 and 6 . Whereas, the beneficial residual
effect or the increase rate occurred in second season scaled a range of 1/3 to 172
fold over the control treatment for the second season as conipared 10 the [irsi vne.
Of course, the occurred soil changes are associated with different factors; soil
physico-chemical properties and plant consumption are of these faciors.

Anyhow, the beneficial residual cffect of the applied CPR as well as
increasing its rates resulted in an increase for cach of the studied snil characters,
this may be due to its wide C/N ratio thai limited or controiied its decavine rate.
On the other hand, the poultry wastes exhibited a relative high accelerating for
decomposition due to its narrow C/N ratio and followed by cattle wactes. So, the
sequence of the superiority for the applied organic amendments has taken an
opposite trend, i.e, composted plant residues (CPR) > catde woses (CW) >
poultry wastes (PW). Thus, the latter conditions, differences beiween these
amendments for C/N ratio as related to the degree or rate of decaying, plaved an
important role for their residual effects i the secomd season. Therefore, soil
improvement degice was extending parallelly close to the increase of arganic
amendment rates, especially for that possesses parrow and wide C/N rarios in ihe
first and second growing seasons, respectively.

It could be noticed that changes in the percentage of the studicd characters
(bulk density, hydraulic conductivity, soil strength, available water, storage pores.
ECe, pH, CaCG;, organic matter, CEC and ESP) for the surface layer of sandy
soil at the highest rate of PW in the first scason, as shown in Tabie 7, ranged
between -5.50 and 270.83 % vs -4.17 and 96.30 % at the highest rawe of PR m
the second season. The corresponding values for the surface layer of calcarcous
soil were —10.22 and 87.78 % for PW in the first season vs -4.34 and 54,08 % for
CPR in the second one.

As for the subsurface layers, data indicaied that they behaved as the same
trend of the surface ones, but with a relatively less changes for the studicd soil
parameters, {e., -3.25 and 57.14 % for sandy soil treated with PW in the [irst
season vs -2.61 and 29.25 % for CPR among the second one. The cemresponding
values for the subsurface layer of calcareous soil were 3.47 and 71.44 % foy PW
in the first season vs -0.98 and 33.68 % for CPR among the second one.
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TABLE 7. Relative changes % in the studied soil characters at the highest rates of
poultry wastes (P\V) and compested plant residues (CPR) in the first and
second scasons, respectively.

Sandy soil Calcareous soil

Seil character | Depth of 0-25 em | Depth of 25-60 cm | Depth of 0-25 e | Depth of 25-60 cm
my CIR PwW CPR PW CPR rw CIPR
Hulk density -9.79 -7.09 -§.22 -5.56 -19.84 -8.76 -10.61 -0.92
Hyd. Conduc. 3975 | -36.31 | -29.58 29.25 73.48 43.80 71.44 33.68
Sail strength -17.49 -8.23 - - -32.44 | -46.19 - -
Avaitable 5304 | 3282 | 1618 | | 5
warer . 2. . 3.03 21.42 £3.56 9.22 974
Sloragg pores 60.82 34.63 10.54 18.05 66.93 30.80 19.54 19.39
L -3475 | <1598 | 3165 | 2699 | -10.22 -6.47 -5.41 -0.29
pll -3.50 -4.17 -3.25 -2.61 -10.27 -4.34 -6.22 -0.98
CaCOs %% -30.82 [ -25.16 § -13.30 | -i8.17 1 -15.21 -9.50 -5.36 -4.73
Organic 270.83 | 9630 | 57.14 | 2667 | 87.78 | 5408 | 2234 ] 1892
matier®s
Ci:C 24.65 15.10 [7.94 2593 19.48 14.36 347 J.64
Lsi i -18.42 | -18.55 | -12.99 | -1972 | -2444 [ -17.73 [ -10.53 -0.82

The magnitudes of available nutrients in both sandy and calcareous soils as
atfected by the different treatments are shown in Tables 8 and 9. The obtained
resulbts showed a progressive increases in the availability of N, P, K, Fe, Mn, Zn
and Cu with increasing the applied rates in the treated soils as compared to the
untreated ones. The highest soil content of available nutrients was achieved upon
treating the soil with the maximum rate of the studied organic amendments, with
superiority to P, due to its narrow C/N ratio and attains relatively high contents
of essential macro and micronutrients. Accordingly, the positve effect of the
applied treatments on the available nutrient contents in seil could be arranged, in
general, mto the descending order of poultry wastes (PW) > cattle wastes (CW) >
composted plant residues (CPR).

It is worthy to mention that the application of the studied organic amendments
was more effective for improving the different studied sotl characters, especially
i1 decreasing soil pH in the calcarcous soil, due to the fact that they attained an
active organic acids and compounds which have ability to release from these
organic amendments. Results obtained revealed that, the residual effect as related
to all the studied soil characters was more pronounced for the composted plant
residues (CPR) as compared to association of other treatments.

The changes in the percentage of the studied nutrients for the surface layer of
sandy soif at the highest rate of PW in the first season surpassed CPR, where their
relative increases ranged between 173.08 and 325.00 % for PW vs 165.19 and
2§8.18 at the highest rate of CPR in the second season. The corresponding values
for the surface tayer of calcareous soil were 87.74 and 433.33 % for PW vs 74.53
and 287.30 % at the highest rate of CPR in the second season, (Table 10) .
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TABLE 8. Available nutrient contents (mg/kg) in the studied soils as affected by the
applied rates of the different organic amendments under investigation
during the first agricultural growing season (wheat).

Soil E B Piant residues Poultry wastes Cattle wastes
depth | 'E = {m'/fed) {m'/ed) (m*/fed)
(cm) g o]
10 [ 20| 3 ] 5 ] 10 ] 15 ] 5 10 | 1s
Sandy soil
0-25 N 176 | 181 | 252 | 334 | 203 | 424 | 638 { 196 | 302 | 486
25-60 98 | 104 | 118 | 1351 1swe1t 214 {1069 i36 ] 174
0-25 b 26 | 29 { a5 | 59 | 36 | 54 ] 71 31 52 6.3
25-60 17 1 201 24 22 | 22| 24 | 28 | 21 23 2.5
0-25 K 634 | 765 | 889 | 1037 | 845 | 1298 1 1846 1 793 | 108.1 | 1443
25-60 448 | 503 | 526 | 550 1517 ] 5851 679 | 508 ) 557 | 6L.5
0-25 ; 24 | 37 1 44 | 51 4.1 66 | 97 | 39 | 53 74
e
2560 1.7 19 | 20 | 22 | 21 28 | 36 | 20 [ 24 29
0-25 " 055 | 080 | 090 | 1.0 [ 100 | 160 | 230 [ 090 | 120 170
n
2560 035 | 050 [ 060 | 070 [ 060 | 080 | 110 | 060 | 0.70 | 0.90
| 025 . 045 | 070 | 080 | 100 | 050 | 130 | 160 | 030 | 1.10 | 140
n
[ 2560 035 | 050 | 050 | 0.50 | 060 { 070 | 090 | 050 | 060 | 0.70
| n2s . 040 | 050 | 060 {070 {070 | 100 | 170 | 060 { 080 | 120
+ u
| 25:60 | 030 | 040 [ 040 | 040 | 050 | 060 | 070 | 040 | 050 | 0.50
Calcareous soil
0-25 N 269 | 287 | 363 ) 455 | 304 | 547 | 829 [ 295 { 454 | 642
25.00 148 | 156 | 203 { 260 | 170 ] 303 | 456 | 163 | 256 ] 353
0-25 b 31 | 42 | 49 § 57 | 49 | 72 57 | 48 | 6.2 7.7
25.60 24 | 27 ] 30 ) 33 ) 30 [ 41 53 | 28 [ 34 | 43
0-25 K 1696 ) 196.4 | 211.7 | 232.4 | 199.8 | 256.2 | 3184 | 1983 | 2347 § 2754
25-60 147.8 | 1686 | 173.9 [ 180.1 [ 1773 | 198.6 1 224.9 | 174.2 ) 1869 | 202.5
0-25 . 2.1 29 | 39 1 50 | 33 ) 75 J1i2 ]| 32 | s6 | 81
e
25-60 14 1 18 1 20} 23 | 20| 32 ] 41 19 | 25 32
0-25 M 070 [ 110 | 140 [ 170 | 130 [ 240 ( 350 {120 | 1.80 | 260
n
25-60 050 | 060 | 060 | 070 080 | 100 7 130 | 070 | 080 | 1.00
0-25 2 060 ( 080 | 100 | 120 ) 1.10 | 1.60 ] 220 J 090 | 120 | 1.70
| It
25-60 040 ) 050 | 050 ) 050 | 070 [ 090 [ 110 | 060 | 0.70 | 080
025 c 045 { 060 [ 070 | 090 [ 080 | 130 | 200 | 070 | 100 | 140
u
25-60 040 | 050 | 050} 050 | 070 1 0.80 | 090 [ 0.60 | 0.60 | 0.70
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TABLE 9. Available nutrient contents (mg/kg) in the studicd soils as aifected by the
residual effect of the applicd rates of the organic amendments under
investigation during the sccond agricultural prowing season (maize).

Seil
depth

Plant residues Poultry wastes Catile wastes

(o' Hed) {n’ifed) (m/Ted)

(em) 10 ] 20 ) 30 ] 5 a0l as ] s ] w0 ] s

Sandy soil

Nutrient
Control

0-25 N 18.1 335 408 _143.0 20.1 237 29.0 264 [533.3 T-H.O
25-60 10.2 132 151 170 106 il §i20 i3 [131 15.0
0-25 o 238 3.1 6.3 7.0 3.1 4.3 37 42 3.6 6.1
25-60 1.9 24 25 28 20 21 23 22 2.4 206
0-23 K 659 1098 1319 1330 (737 [903 107.0 |89.5 11066 (1240 |
235-60 453 |349 (3901 |63.0 |s8.4 1308 330 (5312 1547 1543
0-25 Fe 23 33 0.1 7.9 3z 4.3 5.2 +.2 5.3 ‘6‘3
25-60 1.8 24 29 3 1.9 23 27 12 2.0 3t
0-235 M 060 |1.10 330 [180 3070 1090 ll.iO 0.80 . .00 [1.30
25-60 040 050 030 (100 030 '0 60 {0.7C {060 070 1090
0-23 n 030 (090 (120 (130 (060 (0¥0 §G.OC (070 j080 1110
23-60 040 070 1030 |0.80 1050 10.60 050 10.60 1070 1070
0-23 cu 050 |09 (120 |40 [0.60 {070 [0.90 }0.70 ]j0.90 110 _'_1
23-60 030 070 J080 {080 (040 (030 j0.30 1030 |0od 106D
Calcarcous soi
0-25 N 287 1492 |381 |67.0 (318 3307 481 306 lSO 300|597
35-60 15.1 299 3534 410 182 J23.5 29.0 246|311 37.0
0-25 P 3.3 6.4 7.6 8.9 4.4 3.2 6.1 4.3 6.5 73
25-60 23 3.3 4.l 4.8 20 34 3.6 3.1 3.6 4.3
0-25 1713 12248 j260.6 §299.0 |1766 |182.0 |187.6 |188.3 12009 (2130
25-60 b 149.5 11838 (1969 1212.0 |!568 (1647 |173.2 [170.1 {182.8 {1979
0-25 2.4 6.0 7.0 93 32 4.6 6.1 45 160 73
25-60 re 1.5 .5 3.2 38 i.7 21 2.6 11 2.0 3.3
0-25 080 |[1.80 [230 [290 (100 (130 [t6G [130 (70 (210
25-60 M 060 |090 |100 [1.10 070 j0S0 {080 (O30 {090 (0.90
0-23 _ 070 120 [i36 (180 (070 (G80 Yi.ig Q.0 : 300 oo
23-60 “ 030 loso (090 1090 [060 |0.70° (07D 0.70 ;O 30 0.80
0-25 430 j0.90 120 {1606 (030 [0.70 090 010 jo.ve 1.20
25-60 « 043 (060 [0.70 (080 (047 [050 |60 030 jo.o0 070 J
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TABLE 19. Relative changes % in the studied available nutrients at tle highest rates
of poultry wastes (PW) and compaosted plant residues (CPR) in the first
and second scasons, respectively.

Available Sandy sail Calearcous soif

nutrients | pepgh of 0-25 o | Depthof 25-60 cm | Depth of 0-35 cm | Depth af 25-60 cm

(me/ks) 1 pw | cPR PW | PR W | CPR W | CPR
N 262.50 165.19 118.37 GO.07 20818 13345 208 B 17f 32
P 173.08 21813 64.71 10000 | 21290 169.70 120 ;‘ —“:}_2—01‘}
K 19101 | 13207 | S1s6 | 15000 | 8774 | 7455 | 5217 | 4180

- |

e 304.17 182.14 t11.76 88 39 43333 | 28750 § 192386 153.33
Mn 31818 20000 1 21429 36.07 JU0.00 | 262.50 164 0 §3.33
Zn 255.56 160.00 15714 47 37 206.07 17143 17500 S0.00
Cu 325.00 18000 13333 ab 47 33344 ) 22000 12500 7778

As for the subsurface layers, data indicated that they behaved as the same
trend of the surface ones, but with relative slight increases for these studied plam
nutrients, i e., 31.56 and 214.29 % for PW in the sandy soil during the 1irst season
vs 36.07 and 166.67 % for CPR among the second one. The corresponding values
for the subsutface layer of calcareous soil were 52.17 and 208.11 % for P\ i the
first season vs 41.81 and 171.52 for CPR among the second one

Nuwtrient comtents in plant @t elongation stage as affected by the upplicd
amendments

Studying the effect of applied composted plant residues, poultry wastes and
cattle wastes to both sandy and calcarcous soils. (Table 11}, it could be noticed
that the PW caused a markedly positive effect on the wheat contents of' N, P, K,
Fe, Mn, Zn and Cu in the whole plant as compared to CPR and CW among the
different applied rates in the first growing season. While, it exhibils an opposite
trend for the nutrients content in the next crop of maize plants during the second
growing season, since the CPR gave the highest values.

As mentioned before, such effect being dependent on the nanwe of concerned
organic amendment, especially its chemical conposition and C/N ratio, along
with its applied rate or the initial state in soil, m organo-metalic lorms, as a
storehouse, and increase their mobility or availability for uptake by plants

Generally, it could be concluded that the nutrient contents mn plants were

extending parallelly close to the corresponding available nutrient contents in
s0iis, as shown in Tables 8,9, 11 and 12.

Egvpr. 1 Soil Scr. 44. No_ 3 (2004)
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TABLE 11. Nutrient contents (mg/kg) in wheat and maize plants grown on the
studied sandy and calcarcous soils as alfected by the applied rates of
. the organic amendments under investigation.

Plant residues Poultry wastes Cattle wastes
(m’/Ted) (m*/fed) (mY/fed)

Soil type
Nutrient
Control

10 120 J30 js5 Tie J1s [10 [1s

Wheat

15 ]]

237 | 255 (271§ 289 | 3.35 [ 3.69{ 398 | 293 | 330 | 3.51
P 1028 030 )033]036}038)042 ] 048 {034 | 06371042
K 1279 [289 ) 301 | 31433243793 | 438 | 3.04 1337|380
Fe |42.55|49.38158.62(69.03)|64.67|79.52(103.61|56.74|70.49 | 83.07
Mn [36.29[41.52|147.67|56.16 [ 54.82|65.54 | 79.68 [47.91|35.73(67.04
Zn [27.18[30.48|34.65]39.32(39.37146.64 | 55.78 [34.75]39.82{46.03
Cui 696|719 1753 (7921789 (914 [11.95] 740 [ 8171909
2821294309 (320247 (336 452 | 2.15([295] 390
P |034 035036038043 1048 | 054 | 038|042 0406
K | 341 [ 353369387 (3971438 495 [ 3611 3.8274.13
58.73164.817170.34{79.89 (8246|9957 1117.19(72.24[§1.17]93.30
Mn [52.57 5673 |61.49{67.18)6G7.86[77.63] 90.07 161.45)|68.29]76.86
Zn |31.38(35.67140.81[46.53149.43155.85[ 63.05 |41.67{47.29 54.5i
Cu| 982 1 987995 [1003]10.03]11.74[ 1351 | 994 {1046]11.18

Maize

2501274 | 298 1329 [ 258 [ 2697 283 [ 265 277 | 298
P 1025]029[033]1039]026[029] 032 10.27 030033
K 128713533061 )|3.69,349 352 3.56 |3.51]355]3.62
49.71[59.46 | 71.57[84.92[51.83|55.76 | 61.15 |54.62{60.3867.49
Mn [42.53148.53156.88(65.93|43.67[49.35; 5778 14535[53.49]062.13
Zn 27.2432.54[38.97]46.37| 28.65 | 31.88 36.53 130.14|35.36141.87
Cu | 615|697 | 853987 638|704 791 | 6597431876
294 | 315 [ 3371369 (299 |3.08] 3.17 | 3.06| 321 339

035038 (0397043 ]036(0371 038 | 037 | 039 ] 040
K | 345 | 356|368 | 385|348 352] 357 |351 /1359|369
Fe 6273|7291 }83.85(96.17165.62 {6841 [ 7295 |68.94|76.86 | 88.46
Mn [49.68|55.75|6346|72.05[51.35|55.87] 61.76 [53.17]59.42| 66.38
Zn |34.42138.76[43.46|49.89 [35.65[37.15] 39.91 [36.8440.62]45.12
Cu | 8.17 1907 110.00)11.07{ 846§ 897 972 | 873 | 9.63 11047

Sandy soil

Calcareous soil
izl
(]

Sandy soil
w3}
[¢]

-]

Calcareous soil
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TABLE 12. Relative changes % in the studied nutrients at the highest rates of poultry
wastes (PW), cattle wastes (CW) and composted plant residues (CPR) in
the first and second seasons.

First season Second season

Sandy soil Calcareous soil Sandy soil Calcareous soil
PW cw CPR | PW | CW [ CPRICPR| CW | PW | CPR | CW | PW

(me/kg)

Nutrient

N 67.9 26.09 21.94 | 603 | 387 | 156 | 318|187 1281) 255 | 153 78
P 1.4 50.00 28.57 [ 58.8 | 353 | 118 156040032380 ] 229 | 143 ] 8.0
K 57.0 36.20 1254 [ 452 1 211 £ 135 (7831260 (240 Ll6 | 70 [ 3.5
Fe 143.5 107.0 02.5 99.5 | 589 | 360 |708 (358230 833 [410¢1103
Mn | 11906 84.7 548 | 713 1462 | 278 5504611359 ] 450 133671243
Zn 105.2 69.4 447 | E009] 737 | 483 16995377341 | 449 {311 ] 160
Cu 7.2 30.6 13.8 376 | 1394 20 (605|424 1286 | 355 [282]19.0

Dry weight of straw or shoot and grain yields as affected by the applied organic
amendments

Data presented in Table 12 , indicated that application of the studied organic
amendments to both soils under investigation had a beneficial effect on plant dry
weights , the straw and shoots yields of wheat and maize plants, as well as, their
grain yields at the first and second growing seasons, respectively. Also, the
results obtained showed the superiority of poultry wastes and composted plant
residues for increasing the studied plant parameters at the first and second
growing seasons, respectively, with more respondence to the calcareous soil than
the sandy one. These findings are good in agreement with those obtained by
Abdel-Aziz et al. (2000).

The relative increases of wheat dry weight (per plant) as a tesult of applied the
highest rates of CPR, PW and CW were 265.05, 530.10 and 374.76 % for the
sandy soil vs 211.30, 384.52 and 294.05 %, respectively, for the calcareous soil.
Similar trends were found for wheat straw, where the corresponding values were
80.49, 112.20 and 92.68 % for the sandy soil vs 20.29, 37.68 and 33.33 %,
respectively, for the calcareous soil.

Whereas, the relative increases of wheat grains were 119.94, 151.82 and
135.50 % for the sandy soil vs 18.87, 34.41 and 28.85 %, respectively, for the
calcareous soil.

In addition, opposite trends held true for maize dry weight, shoots and grains
in the second growing season, where the relative increases in plant dry weight
were 25.63, 9.65 and 18.36 % for the sandy soil vs 22,96, 11.49 and 18.15 %,
respectively, for the calcareous soil. Similar frends were found for maize shoots,
where the corresponding values were 152.63, 124.56 and 140.35 % for the sandy
soil vs 96.10, 80.52 and 84.42 %, respectively, for the calcareous soil. Whereas,
The relative increases of maize grains were 103.41, 80.48 and 95.79 % for the
sandy soil vs 43.79, 28.77 and 37.08 %, respectively, for the calcareous soil
(Table 13).
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TABLE 13. Effect of the applied organic amendments on shoot dry weight, straw and
grains yields of wheat and maize crops grown on the sandy and
calcareous soils under investigation.

First agricuitural growing season (wheat)
Soil g Plant 3resit:l’ues Pouln;y waste Cattl;! waste
type g (m’/fed) (m’ed) {m Hed)
> 10 ] 20 [ 30 5 1 10 [ 15 s [ 10 [ 15
Dry weight (g/plant) at the elongation stage

= (103 [ 187 [ 262 [ 376 [ 3.04 { 467 | 649 | 2.64 | 3.52 | 4.89
- Straw or shoot vield (ton/fed)
2| 205 | 31 [ 345370 [ 365 | 410]435]320] 355|395
2] Grain vield (kg/fed)

907 [ 1687 ] 1789 [ 1993 T 1987 [ 2115 | 2284 [ 1806 { 1998 [ 2136
= Dry weight (g/plant) at the elongation stage
§ 1.68 | 230 | 3.62 [ 523 [ 336 [ 523 [ 8.14 [ 295 | 418 [ 6.62
2 Straw or shoot yield (ton/fed)
S 13450365405 ] 4154100440475 3907 420 [ 4.60
= Grain yield (kg/fed)
© 17924 [ 2079 ] 2118 1 2287 [ 2307 [ 2423 T 2586 [ 2136 [ 2314 [ 2479

Second agricultural growing season (maize)
Dry weight (g/plant) at the clongation stage

& [1L97{119.32[124.51]140.67[114.54]117.27]122.781117.46[121.27]132.53
2 Straw ot shoot yield (ton/fed)
B 1285 1655690 720 ] 61 1625 ] 640 [ 630 | 6.70 | 6.85
& Grain yield (kg/fed)

1378 [ 2504 | 2716 [ 2803 [ 2106 [ 2290 | 2487 [ 2359 | 2517 | 2698
= Dry weight (g/plant) at the elongation stage
5 128.90]136.29]146.62[158.50[130.92]137.43[143.71[133.83[141.71[152.30
3 Straw or shoot yield (ton/fed)
€ 385 [ 690 [ 725 755 | 635 [ 670 | 695 | 650 | 6.85 | 7.10
= L Grain yield (kg/fed)
© 172489 [ 3284 | 3402 | 3579 | 2887 [ 3096 [ 3205 | 2976 | 3292 | 3412
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