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ABSTRACT
Massure application is important faeters-for maintaining enanee and improving ement of soil

qualiéy and aggregation. A-Ttwo field experiments were carried out on a silty clay loam soil

durihly the two successive summer seasons of 2016 and 2017 -to examine the influence of
solidxattle manure (SCM) on soil macro and micro-aggregates (Large soil macro-aggregates
>2 ffn, small macro-aggregates 0.25- 2 mm and soil micro-aggregates < 0.053- 0.25 mm)
and Wispersion ratio in cultivated and non- cultivated soil. The first was designed to study the
effets of SCM on soil aggregation (non- cultivated soil), and the second was to study the
effet6 of SCM and-added to the growning potato on soil aggregation (cultivated soil). Four
rated70f SCM were added to the soil before tilth: 0, 12, 24 and 36 Mg hal. The SCM

appli8ation significantly (P < 0.05) affected soil physical properties after 2 years application.

inerd8sed—seH-Soil porosity; and saturated hydraulic conductivity_increased. —while bulk
deng0y decreased bulk—density due to increasing aggregation in the non-—cultivated soil
congifared to the cultivated one. The aggregates large soil macro-aggregates, small macro-

aggiXates and soil micro-aggregates significantly (P < 0.05) increased by the application of

SCMB The effeet-application of SCM decreased significantly the dispersion ratio. The SCM
incrzdsed significantly the structure coefficient in the non- cultivated compared to the

cultpgated soil. The SCM has a major direct effect on soil macro and micro-aggregates under



potaté production, particularly at high rates of SCM. The organic matter showed highly
significant positive correlations with macro and micro-aggregates and highly negative one
witle&lispersion ratio. The strong positive correlation was between the number of tubers and
dispgsion ratio, as well as between potato yield and soil aggregation, which indicated that the
orgafic matter addition increased the potato yield and decreased the dispersion ratio. In
conglusion, the SCM improveds soil aggregation and dispersion ratio in cultivated and non-
cultBaated soils with increase potato yield.
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1. ISTRODUCTION

The3spplication of animal manure to agricultural lands has been viewed as an excellent way
straB%y to recycle nutrients and organic matter that can support crop production and maintain
or irove soil quality [1]. Generally, soil organic matter and biological activity increase,
and3some soil physical properties improve following manure applications. Aggregation is
perlps one of the most important stable soil aggregates that have a beneficial influence on
soil4physical properties affected by organic matter additions beeause—due to improving

moidure status; and nutrient dynamics, maintaining soil tilth-maintainenee, and soil reducing

erosidn reduetion[2]. —Thus, incorporation of animal manure into the soil alleviates the
negdtive effects and improves soil aggregation.

-Sol48 cattle manure (SCM) is an excellent soil amendment capable of increasing soil quality.
Maug studies have shown that balanced application of organic fertilizers can increase soil
orgatvic carbon and maintain soil productivity [3], either directly through supplying nutrients
or #igdirectly through modifying soil physical properties that can improve the root
enva®nment and stimulate plant growth [4]. Organic applications to soils increase organic

matf@ contents of soils, which can bind soil particles tegether, forming aggregates. This can



impsave soil structure and favors increasing the downward flow of water into soils [5].

Orgadie—The application also increases soil porosity, pore size distribution and saturated

hydsaulic conductivity and reduces bulk density [6,7]. Overall, physical, chemical and;
biolbgical properties of the soil could be improved by organic fertilization [8].

Soilsstructure is defined as the size and arrangement of particles and pores in soils [9]._Good
strusfire for plant growth on loams and clays can be defined in terms of the presence of pores
for fife storage of water available to plants, pores for the transmission of water and air, and
poré&sin which roots can grow [10]. A desirable range of pore sizes for a tilled layer occurs
whespmost of the clay fraction is flocculated into micro-aggregates, defined as < 0.25 mm in
diarfieter, and secondly these micro-aggregates and other particles are bound together into
madib-aggregates > 0.25 mm in diameter [11].

Soileaggregation is a key indicator of good soil quality since it increases water and nutrient
retefision, and offers suitable habitats for microbial activity[12]. Aggregations have been
studidd by Zhang and Peng [13] and Huang et al. [14] who stated that the internal
micsSstructure of aggregates can provide information regarding soil aggregation processes
and6®il quality. Water stable aggregates are major factors that influence soil productivity.
Forsiation, size and stability of aggregates are affected by physical, chemical and

envfi®nmental conditions [15, 16]- that are directly affected by organic matter application

Paghaietal. [17] reported that organic manure improved soil structure.

Tubedculous crops have a significant effect on soil aggregation and dispersion ratio,
partidularly in potato cultivationsseils-eultivated-with-petate. Potato (Solatium tuberosun L.)
is o2 of the major world food crops. Petate-It is an economical food and-itthat provides a
souz® of low cost energy to the human diet. Organic manures like cattle manure can play an
impd4tant role in potato productivity. These sources can reduce the deficiency of soil

nutriénts and impreve-increase soil organic matter and the overall soil productivity [18].



Omas [19] found that stability of aggregates after potato cultivation is less than after clover,
cottd?d or maize cultivations and that the size of aggregates after potato cultivation was
smalkr. Organic fertilizers have a significant effect on soil aggregation and dispersion ratio
und@s potato production, particularly this-effeet-is-more-pronounced at high erganie-manure
rate8(20].

May soil physical, biological and chemical properties are affected by climate condition. The
nortdzrm of Egypt has a cold semi-arid climate and there is limited documentation on the
impast of organic matter on soil properties. Most soils of Egypt are vulnerable to compaction,
crussihg and erosion because of unstable aggregates. The main objective of the current study
was8fo assess the effect of solid cattle manure on macro and micro-aggregates, dispersion
rati®@nd soil structure coefficient as well as seme-physical properties. in-non—etltivated-and
2. MATERILS AND METHODS

2.1 €tharacterization of Study Site

Thi®atudy was conducted in Sidie Salim_District, Kafr El-Sheikh Governorate, northern
Egypt (31°27'N, 30°79'E), and 10 meters above sea level. The climate of the study area is

arid9® semi-arid and is characterized by a long hot dry summer, mild winter (mean annual

pre@pitation is 140 to 250 mm) and high evaporation rate with moderately to high relative
hung@idity. The average temperature in summer is 26.6°C and in winter is 13.2°C. Wind is
gen®fally western and north westerly.

Soibsampled was taken before the experiment started in December 2015 (0-30 cm soil
dep#). Soil texture (USDA) is a silty clay loam having 7.2% coarse sand, 13.7% fine sand,
44.(®8% silt and 25.1% clay. Main chemical properties are organic matter content of 19.5 g/kg,

EC 84 0.55 dS/m (soil paste extract) and pH value of 7.4 (1: 2.5 soil: water suspension). Solid



cattomanure was taken from a local animal feedlot farm. Main properties of the solid cattle

mari@t are shown in Table 1.

102
103
104
105
106
107
| 108 Table 1. Main properties of solid cattle manure (SCM) applied to the soil
| Properties Unit Value
pH (1:10 SCM : water) -log [H'] 7.51
EC (1:10 SCM : water) dSm! 2.71
Organic matter gkg! 224.50
Moisture content % 17.61
Bulk density Mg m™ 0.401
Total N gkg! 443
Total P g kg 5.22
Total K gkg! 11.88
109

2.2 Txeatments and Experimental Design
Twd field experiments were designed to study the effect of solid cattle manure (SCM) on soil

aggfddation and dispersion ratio (under non-cultivated and nen—cultivated soil with potato)

durihBthe two successive summer seasons of 2016 and 2017. The design was a randomized
comléte block with four replicates. The area of the plot was 20 m* (5 m long and 4 m
widtls The SCM was added to the soil before tilth at four rates i.c. 0, 12, 24 and 36 Mg ha™".
The186M was mixed with soil fifteen days before planting. Plots were planted in the summer
seasti¥ of January 4™ and the harvest was on April 5", 2016 and 2017. Potato tubers

(SolatBim tuberosun L.) cv. Lady Rosetta were planted in prepared plots having 25 cm apart



between each two successive hills. Each plot seil-was sampled between tubers at four
diffaamt sites, in the cultivated soil and randomly in the non-cultivated soil.

2.3 $2il Sampling and Measurements

Thelwvestigated soil was sampled at 0-30 cm depth. Water-stable aggregates were assessed
by d28et-sieving method [21]. Field-moist soil was gently crumbled, air-dried, and passed
throlzzh an 8-mm sieve. Material retained on the sieve was discarded, and visible pieces of
cropi28sidues and roots were removed. A 100 g soil (dry weight), —sSub-sample of soil was
disttidaited on a 2-mm sieve of 20-cm diameter and immersed in about 3 cm of water for 5
minl2&fter immersion, samples were wet sieved by dipping the sieves into water 50 times
duritizBa 2-min period, done first with the 2-mm sieve, and then sequentially with 0.250-mm
and12953-mm sieves. Materials retained in each sieve were washed separately into a 150-ml
bealidpand allowed to settle for about 20 min. Supernatant water was carefully poured off the
bealténd and discarded, while water- stable aggregates were transferred into a pre-weighed
alurh®2um tin, oven dried at 100°C, and weighed. Classes of water-stable aggregates were
larg¢3macro-aggregates (Ag >2 mmé), small macro-aggregates (Ag 0.25-2 mmé), and micro-
aggtdmtes (Ag 0.053- 0.25 mmd) expressed as g 100 g of dry soil [22].

Theldispersion ratio (DR) was determined by the pipette method; using the two mechanical
anali3@s; one without dispersion and the second using sodium hexametaphosphate as a dis-
persiRg agent by Gee and Bauder [23]. The DR was then calculated according to the

folladgng equation:

139 DR = X 100 )

Fed
Whaao W is the percentage of "silt +clay" without dispersion while s¢4 is the percentage
of "4t clay" after dispersion.
Soillg@ructure was evaluated by the structural coefficient of Shein et al. [24]; the structure

coeflfddient (SC) is calculated as:



144 SC = A=+B ?2)
Wha#s A is the percentage of aggregation of particles > 0.25 mm and B is the percentage of
aggfiergation of particles < 0. 25 mm.
Soilibilk density (BD) was determined on undisturbed soil samples using a steel cylinder of
100118’ using three replicates for each plot. Total Seil-soil tetal-porosity (TP) was calculated
fromd4sulk density and average particle size density (2.65 Mg m™). Each plot seil-was also
sampdod by the cylinders three times (replicates) to measure the saturated hydraulic
condtttivity (Ks) in the laboratory using the constant-head method [25]. Soil texture was
deterB2ined by the pipette method [26]. Organic matter was evaluated by using the modified
Wall&dy and Black method [27]. The pH, EC and total forms of N, P and K were also
estitfited by according to Rowell [28].
2.4 $satistical Analysis and Data Processing
Datasgere all statistically analyzed using analysis of variance (ANOVA) at a 0.05 level, with
the i&tp of SPSS19.0 for Windows (SPSS Inc., Chicago, USA). A correlation matrix of
diffesmt properties was based on the linear correlation coefficients (p < 0.05 and p < 0.01).
3. RESULTS AND DISCUSSION

Aftai6D years application of Solid cattle manure (SCM), there was -had-a significant effect (P

< 0.069 on soil physical properties —The SCM application decreased significantly the value of
soil1balk density (BD) in the non-cultivated soil (Table 2). This effect seemed to be
proréanced by increasing rate of SCM application where increasing rate of application from
24 0636 Mg ha™' decreased the BD to by19 to 24%, respectively, compared with zero Mg ha”
'. Apgfying 24 to 36 Mg ha™' manure to the cultivated soil decreased the BD in-eultivated-soit
by 2186 to 5.59 %, respectively, compared with zero treatment. On the other hand, application
of th&7 SCM althengh—decreased also value of BD, “but this decrease was slight and in

signifigant (Table 2). These results are similar to those reported by Celik et al. [6] and Yang



et abef7]. The BD values in the non-cultivated soil were significantly lesser than those of the
cultivited soil. This reflects a great effect of tubers density on the soil BD in the cultivated
soil Timpared to the non-cultivated soil.

Soiliparosity increased significantly due to application of SCM to soil whether cultivated or
not:1¢Bable 2). Porosity values were significantly greater in the non-cultivated than in the
cultivdted soil (54.05 and 47.35%, respectively). The SCM increased directly soil organic
mattétsleading to an improve in soil aggregation and consequently increases in aggregation of
partidles of >2 mm, 0.25 -2 mm and < 0.053- 0.25 mm, and conversely decreases in values of
bulk @ensity with a final product of increasing total porosity [16].

Saturaded hydraulic conductivity (Ks) significantly increased due to SCM application to both
so0ile78uch a result is in agreement with the finding of Shirani et al. [16] who reported that
addir89 manure would increase soil hydraulic conductivity. The SCM rates of 24 and 36 Mg
hai8treased Ks two folds in the non-cultivated soil and only 1.5 folds in the cultivated soil,
as cddpared with the non-amended soil (zero rate of application). The differences among Ks
valu83of manure treated soil were remarked-althoushthey—werenot significant. Generally,
the K84values were higher in the non-cultivated than in the cultivated soil (13.57 and 8.89 cm
h', 188spectively). Addition of SCM promotes the total porosity as the microbial
decdgfposition products of organic manures such as polysaccharides and bacterial gums act
as s@87particle binding agents [11].

TisBle 2. Effects of SCM on soil bulk density (BD) total porosity (TP) and saturated
189 hydraulic conductivity (Ks) under non-cultivated and cultivated soils.

SCM BD TP Ks
Soils Mg ha™! (Mgm?) (%) (cmh™)
0 1.38a 47.92¢ 7.49¢
12 1.22b 53.96b 15.06ab
Non- 24 1.16¢ 56.22ab 15.63a
cultivated 36 1.11c 58.11a 16.10a
soil Mean 1.22 54.05 13.57
0 1.43a 46.03b 6.25¢
12 1.41a 46.79b 9.45ab
Cultivated 24 1.39ab 47.54ab 9.80a



soil 36 1.35¢ 49.05a 10.07a

Mean 1.39 47.35 8.89
Nat@o Values followed by the same letter within a column indicate no significant difference at 0.05
191 level
Theto2binding agents increase soil porosity and decrease soil bulk density by improving

aggf@ation. The SCM application could change the soil density and porosity that
cond&quently change soil hydraulic conductivity. Organic amendments improve these
phyd8al properties and consequently improve soil water regime and soil aggregation for crop
growsh[16,4].

Soil18ggregation was significantly increased with the application of SCM in both the non-
culti@®ed and cultivated soils (Figure 1). The increases in the percentage of aggregates
varyi®® in within < 0.053 — 0.25 mm in non-cultivated soils were 26.68, 12.98, and 2.94 %
recatded for 36, 24 and 12 Mg ha™' treatments, respectively. In the cultivated soil, increased
soil2@icro-aggregates were 3.25, 7.84 and 11.20 % for soils amended with 12, 24 and 36 Mg

ha™'208pectively, compared with zero Mg ha™’.
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Figod Effect of SCM on aggregation of particles under the non-cultivated soil and the
206 cultivated soil. Vertical bars indicate mean = 1 standard error
207
The28€M application rates of 24 and 36 Mg h™' increased soil small macro-aggregates of
partieies of 0.25- 2 mm by 43.69 % and 74.76 % for non—cultivated soil, and 17.68 % and
46.990% for cultivated soil, respectively, when compared with zero treatment. At the

cultvdted soil, the large soil macro-aggregates particles of > 2 mm were significantly lower

at thd zero rate (4.35%) and at 12 Mg ha (5.70 %) rate than at the 24 Mg ha™' (7.40%) and

10



36 Mg ha' (9.95%) rates. The large soil macro-aggregates particles of > 2 mm were
significantly higher at rates of 36 Mg ha” (18.90%) and 24 Mg ha (17.80%) in non-

cultisted soil compared with 12 Mg ha™ (12.56%) and zero Mg ha™ (6.30 %) treatments.
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Rig 2 Effect of SCM on soil structure coefficient under the non-cultivated and the

219 cultivated soils. Vertical bars indicate mean + 1 standard error

220
Figm211, shows changes in soil aggregation in the soil treated with different rates of SCM as
conigzred to the zero rates. Increasing the rate of SCM application increased soil micro-
aggates of < 0.053 — 0.25 mm, as well as particles of 0.25- 2 mm and particles of > 2 mm
(P <2M05). Applying 36 Mg ha™ SCM to the uncultivated and the cultivated soils increased
aggXates of particles of >2 mm, 0.25-2 mm and < 0.053- 0.25 mm, when compared to the
oth&@2Geatments.
Appligation of 24 and 36 Mg ha” SCM walues-increased aggregates of particles< 0.053- 0.25
mm29ige by two_folds in the non-cultivated soil and 1.5-fold in the cultivated soil, compared

to tl@aggregates of particles > 2 mm and 0.25 -2 mm size [29]. Similar trend of the obtained

resud80was reported by Bronick and Lal [10]. Binding substances produced during organic

11



mat®31 decomposition in soil as well as the products of microbial synthesis caused more
aggagation with the soil particles [14, 16]. Zhang et al. [5] and Zhou et al. [11] found highly

sigrifizant and positive relations between organic matter content and soil aggregation.
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Fig63 Effect of SCM on dispersion ratio under the non-cultivated and the cultivated
237 soils. Vertical bars indicate mean =+ 1 standard error
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Soil28@ucture coefficient (SC) was significantly increased due to SCM application in both the

nond@ltivated and cultivated soils (Figure 2).—Application—ofSCM—recorded—highly

stgridfitant-effeet-onthe-SC. The SC was highest in the soil treated with SCM rates, compared

witl24he zero rates. Average SC values were significantly higher in the non-cultivated soil
thar24a the cultivated one (0.85 and 0.62, respectively). Degradation of soil structure due to
cultdation was observed with growing potato, compared with the non-cultivated soil.
Howéger, the SC was increased with increasing the rate of SCM applications. Compared with
valwesosin the non-cultivated soil, the results show that SC increased with decreasing number

of tabers in 10 kg weight in the cultivated soil. The SCM application increased soil organic

12



‘ mat@8which consequently would improve aggregation and porosity, -favoring the downward
flow4d water in soil [1].

Dispésion ratio (DR) was significantly decreased due to SCM application in both the non-

cultd&ited and cultivated soils (Figure 3). Application of SCM recorded highly significant
effezson the DR. The DR was lowest in the soil treated with SCM at a rate of 36 Mg h’'
con@iired with the other rates. The SCM application rates of 24 and 36 Mg h™ decreased DR
by D665 % and 21.38 % in the non- cultivated soil, and 2.36 % and 9.38 % in the cultivated
soil2B&spectively; compared with zero rates. The average DR values were significantly lower
in thg6non-cultivated soil than in the cultivated soil (56.15 and 69.97 %, respectively).
Theesfore, the SCM improved DR in the non-cultivated soil more than the cultivated soil.
The2s8fect of organic matter was significant on the DR of clay at 30 cm depth; this clay
dispz§9ed as a colloid with a net positive charge, i.e. the point of zero charge of the clay was
higlaiothan the pH of the soil. Closer to the soil surface where the organic matter content was
greatét, the point of zero charge matched the pH of the soil and there was no water
dispaggible clay [11]. Within about 30 cm of the surface of the soil substantial quantities of
watesglispersible clay were present as the point of zero charge was lowered below the pH of
the 26il by the absorption of organic matter; therefore, the SCM improved DR in soils [30].
Bindftg substances produced during organic matter decomposition in soil as well as the
prod@séts of microbial synthesis caused more aggregation with the soil particles [14,16].
Zhapg7et al. [1] and Zhou et al. [11] found highly significant and negative relations between
org@6i® matter content and DR.

Thig&dfect was more pronounced under low rate of the applied SCM, which further led to
incr2aee the compaction around tubers [19]. Pagliai et al. [17] reported that the compacted

soil@#te characterized by a predominance of microaggregates. According to Bear et al. [29]

13



aggates diameter of 0.25 to 2 mm need to be protected by organic carbon agents
otha@¥ise, under heavy and intensive cultivation they would be disrupted.

Pot@ptyield increased by SCM application (Table 3) with lower number of tubers in 10 kg
weighig which indicated that the organic matter addition produced an increase potato yield
and2#&crease tubers numbers. Contents of organic matter showed a positive correlation with
aggate particles of, > 2 mm, 0.25 - 2 mm and > 0.053 - 0.25 mm whereas it showed a
negati®e one with the DR, which indicates that the organic matter addition increases the soil
aggeation and decreased the DR in the same time.

The28Gvas a positive correlation (p < 0.01) between the number of tubers in 10 kg weight and
the 18R, indicating that the DR increased with the increase of tuber size; and a negative
corrzgation (p < 0.01) with aggregates of >2 mm and > 0.053 - 0.25 mm, and (p < 0.05) with
0.2%282 mm, which indicates that the aggregates decreased with the decrease of tuber size.
The284was a positive correlation between potato yield and aggregates of 0.25- 2 mm and >
0.09850.25 as well as aggregates of >2 mm and a negative correlation with the DR, which
indiedées that the organic matter increased potato yield and decreased the dispersion ratio.

Thea8%esults are in agreement with those of Gu and Doner [31] and Saman [30].

288

289

290

291

292

293

294

295

296

Table 3. Effect of SCM on soil organic matter, number of tubers in 10 kg weight and
298 potato yield in the cultivated soil
SCM Soil organic matter ~ Number of tubers Potato yield
Mg ha’! (g kg") in 10 kg weight (Mg ha™)

0.0 19.50¢ 124 a 55¢
12 20.15ab 102 b 9.0b
24 21.32a 88 be 11.0 ab
36 22.36a 78 ¢ 13.0a

14



N@@9 Values followed by the same letter within a column indicate no significant difference at 0.05
300 level
301
Tabd&2 3 and 4 indicate that the organic matter in SCM caused a major direct effect on soil
agga@ftion under potato cultivation. Such effects were more pronounced with application of
the Righer rates of SCM. Similar results were reported by Shirani et al. [16]. Such increase in
soil3@ggregation as well as protection of aggregates from destruction by compaction was
sho®@6in the cultivated soil. The above mentioned results may lead to the conclusion that
suitable manuring rate at 24 andor 36 Mg ha” is a major factor of protecting aggregation
fromakestruction.
Taok 4. Correlation coefficients among aggregates of particles, dispersion ratio (DR),

soiBd@ganic matter, number of tubers in 10 kg weight and potato yield in the cultivated
311 soil

>2 mm 0.25-2mm <0.053- DR
0.25mm
Soil organic matter 0.95%** 0.85%** 0.96** -0.86**
-1
(g kg™)
Number of tubers in 10 -0.92%* -0.77* -0.93%* 0.83%*
kg weight
Potato yield (Mg ha™) 0.65* 0.80%** 0.93** -0.85%*
312 Note: *, **Significant at p < 0.05 and p < 0.01, respectively
313
4. GANCLUSIONS

Appication of solid cattle manure for two successive years improveds soil macro and micro-

aggdgates through associated increases in organic matter. Effect on aggregate structures may
be @aite different. The SCM increased soil porosity, and saturated hydraulic conductivity
whiBd glecreased bulk density via increasing aggregation in the non- cultivated soil compared
to tidd@ultivated one. The dispersion ratio decreased by SCM applications, -particularly in the

non3adltivated than in the cultivated soil. The SCM increased soil structure coefficient in the

15



non3ziltivated compared to the cultivated soils. Organic matter showed a positive correlation
witlB2®gregation of soil particles and, on the other hand, a negative correlation with the
dispg23ion ratio, indicating that the organic matter caused increase soil aggregation and
decae in the dispersion ratio. Application of solid cattle manure at a rate of 24 and-or36
Mg35' was the most effective management practice to improve the soil aggregation against

dest3nsétion.
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