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Significance of Applied Organic Manure
Combined with N-Mineral Fertilizer to Alieviate
the Possible Risks of Chemical Pollution for
Broccoli

M. S.A. Ewees, A. Sh. Osman* and Dalia M. El Sowfy
Soils and Water Department and *Horticulture Department,
Faculty of Agriculture, El- Fayoum University, El- Fayoum,

Egypt.

FIELD experiment was conducted on a clayey soil at

Sinnuris district, El-Fayoum Govemorate, Egypt during the
two successive seasons of 2006-2007 and 2007-2008 to evaluate
the response of vegetative growth, nutritional status and yield of
broccolt (Rrassica oleracea L. var. Ttalica) as well as head
quality to a partial substitution of 25 % N-mineral by N-organic
source {chicken manure at the rates of 8, 12 and 16 ton/fed) as
compared with applying 100 % recommended dose of N-mineral
fertilizer in the form of ammonium nitrate (33.5% N), hopping
an alleviation of the possible fears of chemical pollution for
such a vegetable crop and environmental risks.

According to the field studies and analvtical data of soil initiai
siate. the obtained results show that the studied soil is mainly
encompassing the Nile alluvium deposits as a parent material and it
belongs to a taxonomic unit at a family level of “Typic haplotorrs,
fine ciay, smectitic, hyperthermic™ as well as it could be evaluated as
moderately suitable for irrigated agriculture tand, with a slight
intensity degree for each of soil limitations of texture (s,), CaCOj5 (53)
and gypsum (s,) as well as it was suffering from zinc deflicient. From
the economical point of view, data of the studied plant characters
indicate that the greatest vegetative growth parameters of broccoli
(i, leaf area plant’', number of leaves plant™". dry weight of leaves
plant, dry weight of stem plant’, leal sugar and leaf nutritional
status) were achieved by plants supplied with the combined treatment
of 12 ton chicken manure/fed + 73 % recommended dose of N-
mineral fertilizer as ammonium nitrate. Such favourable conditions
were positively reflected on the followed growth stages and gave the
greatest total yield/fed (ie., central hcad weight and lateral head
weight), with relative increase percentages reached 13.8 and 13.9 %
for both scasons, respectively, as well as better quality parameters of
broccoli (ie., central head weight, lateral head weight. number of
lateral heads plant™’ and sugar head) during both two studied seasons,
Such beneficial conditions were more attributed with the optimum soil
case of the current experiment, which was achieved by ameliorated
values of soit physico-chemical properties and the nutrients status.



344 MSA EWEES et al.

Superiority of the applied N-mineral in combination with chicken
manure was mairdy attributed to the later due to it plays a direct role
for improving 1) Scil hyrophysical propertics (Le, soil aggregation,
bulk density, total porosity, aeration, hydraulic conductivity and
available water range), 2) Soil chemical characteristics (i.e., soil pH,
released organic constituents of active groups such as fulvic and
humic acids which have the ability to retain the essential plant
nutrients in complex and available chelate forms), 3) Soil biological
conditions {(i.e., a source of energy for the microorganism activities
which enhance in releasing necessary nutrients in available forms
throughout their mineralization) and 4) Soil fertility status (ie. slow
release for nutrients which support root development among the
different growth stages), that finally leading to improve vegetative
growth, chemical constituents and higher yield of broccol: with better
quality heads. Moreover, the periodical application of such natura}
organic manure is considered the best option not enly for reducing the
harmful effects of using chemical fertilizers, but also for sustaining
soil fertility status and help to alleviate the possible risks of
environmental pollution on human heaith.

Keywords: Chicken manure, N-mineral fertilizer, Clayey soil,
Vegetative growth, Yield and guality of broccoli.

Humankind, particularly in the developed countries of World, faces a great
problem either in the human health or in the environmental pollution due to the
excessive uses of mineral or chemical fertilizers, especially those of nitrogenous
ones. Interest in the N-excessive use, it could be partially attributed to the advent
of high yielding crop cultivars under assured perennial irrigation. So that, there is
a renewed interest in organic recycling to nutrients supply as well as to improve
soil fertility status and its productivity. Moreover, the periodical application of
the natural organic wastes to soils has gained momentumn in the recent past and
takes place different aspects, i.¢., organic agriculture, clean agriculture and bio-
agriculture. The integrated use of the natural organic manures and mineral
fertilizers is considered the best option not only for reducing the previous
enormous consumption of chemical fertilizers, but also for sustaining soil
fertility status and help to maximize fertilizer use efficiency in soil (Singh et al,
1999; Bhatia er af, 2001 and Paim et a/, 2001). Thus, the way of clean
agriculture with a minimum polution should be include a conjunctive use of
local organic manure and N-mineral fertilizers. The application of manure to soil
provides several potential benefits, i.e., ameliorating soil fertility status, structure
and available moisture range as well as increasing the natural soil organic
component vs reducing the amount of synthetic fertilizer needed for crop
production {(Grandy ef af., 2002).

The favourable soil conditions, which are associated with the applied organic
manures, are ascribed by many investigators such as Khater er al/. (2004) who
found that the added organic manure as a soil amendment leads to improve its
physical, chemical and fertility status, ie, bulk density, hydraulic conductivity,
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avaitable water content, pH value and organic matter content as well as the
relecased nutrient contenis of N, P, K, Fe, Mn, Zn and Cu. They added that the
beneficial effects of soil treated with organic manure were closely extended to the
cultivated plants. Moreover, such positive effects depend mainly on the C/N ratic
of the applied manure, which plays an important role for the degree or rate of
decaying. In this connection, Salib (2002) reported that. in general, crop yield and
its components responded markedly to the appiied organic amendments, however,
their beneficial effects are cleared through released organic acids as chelating
agents enhancing the nutrients availability, mobility and easily uptake by plants.

Also, Negm ef al. (2003) found that the added organic manure reduced soil
pH value vs an increase in soil organic matter content and available content of
each N, P and K in soil. The authors showed that the curve of increase reached
its peak after harvest stage of the grown plants and gradually tended to reduce
again. In addition, Mohammed (2004) reported that the conjunctive use of N-
mineral fertilizers and local organic manure in the newly cultivated desert soils
had tavourable higher influence on crop vield than the recommended doses of N,
P and K fertilizers. This may be due to the applied organic manure caused an
improvement in soil fertility status as a result of already its extend to long run.
Singer et al. (2004} pointed out that the applying organic manure as a soil
amendment to cropland reduces the synthetic fertilizer requirements, and may
efiminate yield differences between conventional and minimum tillage. Also,
they found that crop producers can enhance yield with multiple organic compost
application and eliminate yield differences between conventional and no-till
systems. Nevertheless, organic manure application for seil organic material
enhancement must be balanced with P input to minimize the potential for
excessive soil P accumulation.

Yung-Yu Shu (2006) studied the effects of applied different kinds of organic
composts on some plant characteristics as compared to those treated with the mineral
fertilizers alone, and reported that at the most active vegetative growth stages of the
plants, the amount of nutrients absorbed from the chemical fertilizers were found to
be higher than those treated wit organic manure, Whereas, the values of the studied
plant parameters and nutrient uptake by the plants with the organic manure treatment
were the highest at the maturity stage. The later case confirmed by the plants of the
next crop, however, the values of the same piant parameters at the organic manure
reatment were also recorded the highest among all the treatments at the maturity
stages. It could be interpreted such phenomena on the fact that the chemical fertilizer
was a fast-release fertilizer used to supply nutrients at the early stages of growth in
the first crop, while the beneficial effect of the composts on plant growth and nutrient
uptake was conspicuous in the next crop as compared with that of routine treatment
of chemical fertilizer. Singer et o/ (2007) reported that organic manure amendment
increased whole-plant P and K uptake 19 and 21% averaged across 2 years. Because
organic manure amendment increases soil organic matter, and then soil plant water
status was hypothesized to affect the tillage by organic materials response. in spite
plants growing in organic manure-amended soil accumutated more P and K than
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plants growing in non-amended soils, but the greater uptake was not associated with
increased crop vield. This was true, since sequential organic manure application can
reduce inorganic N inputs for crop production, bat must be balanced with P removal
to avoid excessive soil P accumulation.

Wanas (2006) executed a study to maximize the efficiency of plowing through
incorporating some types of organic manures (cofton stalks compost, sugar cane
refuse compost and water hyacinth plant conipost) to a clayey soil during plowing
operation and creating the physical soil and water conditions suitable for grown
plants. He found that the obtained results revealed that soil buik density significantly
decreased and total porosity increased at the treatments of (plowing + organic
manure) as compared with plowing alone (control). The recorded values either in
decrease and/or increase were higher in shallow plowing than the deep one. The
percentage of water stable aggregates (WSA%, > 0. 25 mm) significantly increased
more than those of <0.25mm, which acted positively upon the structure coefficient.
On the other hand, drainable pores significantly increased and water holding ones as
well, but the increase in drainable pores was much higher than those of water-holding
pores. The changes in WSA% and pore system significantly influenced on available
moisture content and saturated hydraulic conductivity. Such best conditions were
significantly increased crop yield, particularly with the deep plowing than with
shallow one. Accordingly, it can say generally that applied organic manure had the
ability to change positively clayey soil hydrophysical properties and raising its
productivity.

Recently, more attentions extending towards the devoted cultivated areas and
increasing the production of some untraditional vegetable crops including
broccoli, through the pathway of nutrition, for local consumption and early
exportation to European countries, have been directed. So, the current work
aimed at evaluating the partially N-mineral substitution by an alternative N-
source supplied from some local organic manures (chicken manure} to achieve
the new approaches of clean, organic and bic-agriculture on maximizing the
productivity and.head quality of a newly vegetable crop such as Broccoli.
Broccoli (Brassica oleracea L.var, italica) beiongs to family Brassicacea and
considers a number of cole vegetable crops; which includes cabbage,
cauliflower, chinese cabbage, broccoli, brussels sprouts and kohlrabi. It well
known that, broccoli has enormous nutritional and medicinal values due to its
high contents of vitamins (A, B, B2, BS, B6 and E), besides minerals (Ca, Mg,
Zn and Fe) and number of health supporting antioxidant substances, which
prevent the formation of cancer causing agents (Beecher, 1994). So that, it is
widely, cultivated in many European and American countries. In Egypt, broccoli
still a grown in a very limited scattered areas and the total cultivated area is not
exactly known (Abou El-Magd et al., 2006).

Material and Mmetods

A field experiment was carried out during the two successive seasons of
2006-2007 and 2007-2008 at a private farm occupied an area Sinnuris, district,

Egypt. J. Soil. Sci. 48, No.3 (2008}



APPLIED ORGANIC MANURE COMBINED WITH N-MINERAL 347

El-Fayoum Governorate, Egypt characterized by clayey soil to evaluate the
response of vegetate growth and yield of broceoli (Brassica coleracea L. var.
italicay as well as head quality to a partial substitution of 25 % N-menial as
ammonium nitrate (33.5%N} by an alternative N-source supplied from some
local organic manures (chicken manure) as compared with the 10¢ %
recommended dose of N-mineral fertilizer.

The main chemical characteristics and nutrients status of the applied chicken
manure are presented in Table 1.

TABLE I. The main chemical characteristics of applied chicken manure (dry
weight basis).

i\ Character Value | Character Value

| Weight of 1 m’ (kg) 573.00  { C/N ratio 1347 |
pH {1:10 water suspension) 7.04 Total P % 1.15 |
EC (dS/m, 1:10 water extract) | 4.63 Total K %0 2.38

{ Moisture content % 3.9 Available Fe (mgkg™) 2129

1 Oréanic matter % 54.45 Available Mn_(mg kg'") 205

| Organic carbon % 31.66 Available Zn (mg kg™ (176 |

\ Total N % 235 | Available Cu (mgks™) 134

Disturbed and undisturbed soil samples were collected from the initial state
of the experimental soil at the depths of 0-35, 35-70, 70-105 and 105-150 ¢m for
determining the main soil characteristics. The obtained data of the studied soil
properties and nutrients status are presented in Table 2. Soil physical (ie.,
particle size distribution, bulk density, total porosity, available water range and
soil structure factor) and chemical properties (i.e. pH, ECe, soluble ions, ESP,
gypsum, CaCQ; and organic matter contents) according to the standard methods
outlined by Black er al. (1965); Jackson (1973) and Page et ar. (1982). Available
N, P and K were extracted and determined according to the methods under taken
by Soltanpour & Schwab (1977) and Jackson (1973), respectively. Also,
available Fe, Mn, Zn, and Cu were extracted using ammonium bicarbonate
DTPA extract according to Lindsay & Norvell (1978), and measured by using
Inductively Coupled Plasma Specirometry instrument (Plasma JY Ulrima),
TABLE 2. The main soil characteristics of the experimental field.

a. Morphological features of the studied soil profile*.

| ! Soil colour oy
- PP .

Physiographic Sail Slope | § £ Soil Modified Soil = §

. parent : £ £ ¢ depth w | texture 2 @

unit terial gradieny ! (cm) 2|2 class structure| &2 &

mater T w:‘ Zi8|2 5 g

Ap | 0-35 [ Mmsbk | Hard

El-Fayoum ! The Nile{ Almost | C1 3570 | &2 Mmsbk | Firm
= ey .

alluvial fan | alluvium | fat c2 poos | B | SIS ™Y 1 Mmsbk | Firm

€3 [105-150] Cstsbk_ | Firm

Soil structure: Mmshk =Medium moderate subangular blocky and Cstsbk=Coarse strong
subangular blocky.
¥ Qutlined by USDA (2003). **+ Mmunsell Coloyr Chart (1975).
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b. The main physico-chemical properties of the studied soil profile,

T T T T
_Par.ticle.size ‘iE’ ‘ PRI ' ] = s —W
distribution % i &"E = £ ;;:Q _ug b R z
= BEREF R R RN B
el B I $SI25 S |zgisEf B S I3glEE
{cm) # E] - - | 2TEL ElSElREITEl & omgl A
. @ = = FZ = (EFfl= 28 2 S IV &S
el gl & QS| (E EISNIESIRE g | © 2
= = <@ = ] » an b= &L o
R = & (T 2 &
- =] -
|0-35 5.85123.34[21.56{46.25 o 1.27 [52.08117.86(79.5011.75 |1.74 (447 1072 1715
13570 14.30]21.83123.70]50.i7) ¥ [1.29 [51.32[17.15[78.44[146 (093 |3.50 |0.65 |8.02
70-105 |3 312535122 19]a895] = 130 [50.94[16.72[753611.30 10.75 |275 [054 1976
IT05-150 |2 25 |20 30[24.55]52.90 132 [50.19]15.94[73.05]1.12 [0.36 |1.93 048 [iC.93]
¢. Chemical analysis of soil paste extract of the studied soil profile.
{ Depth | Soil | ECe | Soluble cations (m mmole L') | Soluble anions (m mmolc ") |
1

| (em) | pH* |(@S/m)[Ca” | Mg" | Na' ] K | €O [HCO; [ CU_] 507

(635 1786 [295 1484 |343 11092 1075 [0.00 (225 (1560 [1I[79 |

(3570|787 324 |1205 1458 |1407 1060|000 [220 |17.34 (13036

70-105_ 761|286 (1170 375 {1295 [035 (000 240 [fai0 1145

105-150 [7.95 273 9.63 4.60 1320 1047 0.00 2.85 1475 11010

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

d. Available nutrient contents in the studied soil.

[ Soil depth Macronutrients (mg/kg) Micronutrienis (mg/kg)
{m) N P K Fe Mn Zn Cy
| 0-35 81.30 10.52 476.93 875 3.63 0.82 0.64

0
3570 | 7475|947 43584 | 162 291 0.70 0.55

i

[ Criticat levels of the studied available plant nutrients {mg/kg), after Lindsay & Noryell

| (1978)

Nutrient N P K | Fe Mn Zn ICu
Low <400 <35.0 <85 | <4.0 <20 <10 | <03
8

Medium __ |40.0-80.0 | 5.0-100 | 85-i70_ | 40-60 | 2050 1 1020 | 05-1p
High > 80.0 >100 [ >170 | >é0 > 5.0 >20  [>10

| -

The experimental treatments were included:

1.100 % of N-mineral fertilizer as a control treatment (120 kg/fed, recommended
N-mineral fertilizer for broecoli under El-Fayoum Governerate Conditipns,

(Tolba, 2003).
2. 75 % recommended dose of N-mineral fertilizer + 8 ton chicken manure/fed.

3. 75% recommended dose of N-mineral fertilizer + 12 ton chicken manure/fed.
4. 75% recomniended dose of N-mineral fertilizer + 16 ton chicken manure/fex.

Half the applied chicken manure rates was broadcasted and incorporated during
the soif preparation (25 cm depth into the topsoil) a lightly irrigation was execyted
to boost up the biological activity for enhancing the organic materfals

decomposition before planting, while the other amount was added after 4 we

ks

from transplanting; the remainder quantities of chicken manure rales,
consecutively was side banded beside plants and covered with soils. As for [the
applied N-mineral fertilizer, 30 or 22.5 kg/fed of ammonium nitrate (33.5 %|N)
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was broadcasted and incorporated during the soil preparation in cases of 100 % or
75% WN-mineral fertilizer, respectively, while after 3 and 6 weeks from
transplanting; one third and two third of the remainder quantities of N-mineral
fertilizer consecutively were side banded. Also, calcium superphosphate (15.5 %
P.,0;), as a source of phosphorus, was broadcasted and incorporated at a uniform
dose during soil preparation. Potassium sulphate (48 % K,0), as a respective K
source, was broadcasted and incorporated during the soil preparation at a rate of 12
kg K,O/fed, then one third and two third of the remamder quantitics of KO
fertilizers consecutively were side banded after 3 and 6 weeks from transplanting,

The different treatments were arranged in complete randomized blocks
design with four replications. Seeds of broccoli (Brassica oleracea L. var.
italica) by Battistini Sementi company, [talia were drilled in foam trays of 209
holes in a media consisting on peat moss and vermiculite 1:1 on September 17,
2006 and September 5, 2007, After 35 days seeds drilling, trays were brought as
well as transplants were planted on rows of 6 m in length and 0.60 m in width as
well as interplant spacing was 40 cm along each row (about 16000 plants/fed).
Each plot was planned to consist of 5 rows (the experimental plot area was 18m”)
and every two plots were separated from each other with one row. The irrigation
water was applied through a furrow irrigation system and all other recommended
agro-managements required for broccoli production as irrigation, cultivation and
protection against pests and diseases were practiced whenever it was necessary.

Recorded data

The observations on vegetative growth features were taken using five
randomly selected plants from the first row, in each experimental unit at 70 days
after transplanting. The aerial parts of the chosen plants were cut off at the
ground level and sub-divided into leaves and stem. The following vegetative
parameters were recorded: number of leaves plant”, leaf area plant” using leaf
area-leaf weight relationship from leaf disks obtained by a cork borer (Wallacce
& Munger, 1965), dry weight of leaves and stem plant” by drying in a forced—air
oven at 70 °C till the weight became constant.

In each experimental plot, plants of the two middle rows were allocated to
record observations on total head vield and its components. At harvest, total
yield in kg/fed (ie., central and lateral heads having closed flowers buds, dark
green colour and good compactness), and stalks, then were trimmed. The
following parameters were considered: central head weight plant’, number and
weight of lateral heads plant’, ie, average weight of lateral head plant™, total
central and lateral heads weight piant", central, lateral and total heads yield fed ™.

A plant sample consists of five plants was randomly chosen from the fourth
row, in each experimenta! unit, for chemical determinations. At sampling time,
seventy days after fransplanting, plant samples were cut off at the ground level,
sub-divided into leaves and heads. Total N in leaves and heads was estimated
using the Microkjeldahal apparatus as described in A.Q.A.C. (1995), phosphorus
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was determined using spectrophotometer apparatus according to Jackson (1967),
potassium was determined using Flame photometer (Perkin-Elmer, mode! 52)
with acetylene burner as outlined by Brown & Lilliand (1966}, Fe, Mn, Zn and
Cu (Inductively Coupled Plasma Spectrometry instrument, Plasma JY Ultima)
and leaf or head sugar (A.O.A.C., 1995).

Also, disturbed and undisturbed soil samples were collected from the treated
experimental plots at 70 days after transplanting to monitory the changes in soil
physico-chemical properties and the nutrients status, i.e., seil bulk density, total
porosity (Black & Hartge, 1986), structure factor, hydraulic conductivity,
available water range (Kiute, 1986), soil organic matter (Walkely and Black
method after Hesse, 1971), pH, ECe and ESP {Jackson, 1973). Available
macronutrients of N, P and K were extracted by 1 % potassium sulphate, 0.5 M
sodium bicarbonate and 1 N ammonium acetate, respectively (Soltanpour &
Schwab, 1977) and their contents in soil were determined according to Jackson
(1973). Available micronutrients of Fe, Mn, Zn, and Cu in soil were extracted
using ammonium bicarbonate-DTPA extract according to Soltanpour & Schwab
(1977) and their contents in soil were measured by using Inductively Coupled
Plasma Spectrometry instrument (Plasma JY Ultima).

Statistical analvsis

All data of the two seasons were subjected to the statistical analysis
according to Snedecor & Cochran (1980) to define the least significant
difference test (L.S.D. at p = 0.05 level), which was used to verify the
differences between the tested treatments.

Results and Discussion

A general view on the experimental soil

Soil morphology

Data illustrated in Table 2.a indicate that the experimental soil is mainly
encompassing the Nile alluvial fan of El-Fayoum depression, and it is developed
under climatic conditions of long hot rainless summer and short mild winter, The
studied soil is characterized by a clayey texture grade throughout the different
profile layers. Due to the prevailing ECe and ESP less than dS m™* and 15 %, it
was strveyed as a non-saline and non-sodic soil, respectively. Soil
morphological features showed also that the initial state of the studied soil site
was characterized by a deep effective soil (more than 150 c¢m), sub-angular
blocky structure and without mottling phenomena in the subsoil layers, which
reflected the signs of better soil aeration.

Aralytical data

The results obtained of particle size distribution, Table 2.bc, reveal that the
studied sotl is characterized by fine texture (clayey), and it attains low content of
CaCQ; and very low contents of gypsum and organic matter. The fater may be
ascribed to the low accumulated plant residues and the prevailing hot and arid
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climatic conditions. Also, the studied soil has relatively low values of sodicity
(i.e., ESP, non-alkali soil}, soit pH tended to slight alkaline, ECe less than 4
dSm”' and ESP, which led to classified the studied soil as non-saline and non-
alkaline. Such results are emphasized by the positive effects of the progressive
increments of soluble Ca™ + Mg®* which surpassed the soluble content of Na’
that reflected the signs of better soil aggregation (structure factor), bulk density,
total porosity and available water range. On the other hand, the studied soil was
suffering from micronutrients deficient, however, the available contents of Mn,
Zn and Cu are found in inadeguate amounts to the sufficient levels for plant, as
shown in Table 2.d.

Soif taxonomy and evaluation in the current condition

According to the obtained results of soil morphological and physio-chemical
characteristics as well as based on the outlines of classification system after Soil
Survey Staff (USDA, 2006), the experimental soil could be classified at the
family level as “Typic Haplotorrerts, fine clayey. smectitic, hyperthermic”. By
using a parametric system undertaken by Sys & Verheye (1978), the intensity
degrees of soil limitations were calculated to define the suitability class of the
studied soil, as shown in Table 3. The obtained data show that soil texture {s,),
CaCO; (s3). and gypsum (s4), with an intensity degree ranged moderate-slight
(83-90 %), are represented the main soil limitations for productivity. Also, the
suitability condition in either current or potential classes of the studied soil could
be categorized as moderately suitable (S.) for irrigated agriculture land, with a
suitability index of rating Ci = 72.68 %.

TABLE 3. Rating of soil fimitations and its suitability fer irrigated agriculture land.
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Effect of applied mineral fertilizer and organic manures on soll properties

Sail physico-chemical properties

The effects of N-mineral fertilizer added as either solely or combined with
organic manure to the experimental soil plots under cultivation with breccoli,
furrow irrigation and efficient drainage systems, caused a pronounced
ameliorated effect in each of the studied soil characters, ie., soil bulk density,
tota) porosity, structure factor, hydraulic conductivity, available water range, soil
organic matter and pH, as shown in Table 4.
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TABLE 4. Some soil physico-chemical as affected by applied N-mineral fertilizer
and organic manure at 70 days after transplanting.

] - - il-
[ Bulk | Total Struc Hyd_r Avail rganic
aulic able

- ur Soil
[ Treatments density porosity matter N
(g/em’} | % factor |conduct| Water % pH

% (cm/h) %
L Season 2006-2007

100 % N-minerat | 125 [5283 [ 8116 | 183 %19.05 176 ] 7.83
75% N-minerak-8

ton/fed OM 120 §5472 {8570 1215 2187 |18 | 7.73
75% N-mineral+12
| ton fHed OM |
75% N-mineral+16
ton /fed OM

1.16 56.23 | 89.85 | 2.76 2392 | 195 7.69

115 560.60 | 90.46 | 2.80 2416 | 1.98 7.67

L.S.D. at 0.05 0.05 172 (441|020 [1.53 (009 [0.065 |
i Scason 2007-2008 B
| 100 % N-mineral 124 5321 [ 8175 1190 J19al [1.78 [7.84
- .

75% N-mineral+8
| 5 { = |
| ton/fed OM 119 15509 | 8644 [ 220 12204 | 092 | 771 |
[ 75% N-mineral+12 o .
y v fied OM 114 | 5698 [ 9002 1280 12417 | 197 | 766
i 75% N-mineral+16 .
l o Thed OM 133 {5736 | 9175 1292 {2438 | 200 ;765
| L.S.D, at 0,05 1005 176 [ 450 022 194 [ 0.10 | 0.067

OM=Chicken manure. *in 1:2.3 soil water suspension.

It is noteworthy to mention that there was a more beneficial effect for each of
these studied soil characters in the second season attributed with the residual
effect of the applied chicken manure, but without significant differences between
the two successive seasons. The sequence of the superiority for the applied
treatments under the cuirent experimental conditions could be arranged into an
ascending order of 16 ton of chicken manure/fed + 75 % of N-mineral fertilizer >
12 ton of chicken manure/fed + 75 % of N-mineral fertilizer > 8 ton of chicken
manure/fed + 75 % of N-mineral fertilizer > 100 % of N-mineral fertilizer.

The obtained data showed also that there was no significant difference
between the positive changes in soil physico-chemical properties which were
accompanied to soil plots received the combined treatments of either 12 or 16
ton of chicken manure/fed + 75 % of N-minetat fertilizer, which surpassed the
other applied ones. Hence from the economical point of view, the combined
treatment of [2 ton of chicken manure/fed + 75 % of N-mineral fertilizer is
considered the superiority over than the other treatments was great enough to
reach the level of significance under the prevailing conditions of the current
experiment. That was true, since the positive effect of the progressive increment
of active organic acids, derived from the applied organic chicken manure,
improves soil pH, soil structure parameters particuiarly bulk density, water stable
soil aggregates and their inter-aggregates (useful = storage pores} or outer-
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aggregates pores {conductive pores). Both pore types lead to ameliorate soil
meoisture regime through increasing the soil available water range and hydraulic
conductivity, respectively. The later character enhances in more salts could be
leached out the root zone, and then reduces osmotic potential which result in an
increase for soil available water range.

Soil content of some available nutrients

it is noteworthy to indicate that the studied Nile alluvial soil is distinctly
micronutrients deficient, ie, Mn Zn and Cu, which are considered of the most
essential micronutrients for plants, as shown in Table 1.d. Thereby, after executing
the organic fertitization, data illustrated in Table 5 showed a progressive significant
increases in all the studied available nutrients upon treating the soil with the
chicken manure in combination with 75 % N-mineral fertilizer, particularly at the
appiied rate of 16 tonffed as compared to the treatment of 100% N-mineral
fertilizer as well as the initial state of the studied soil.

TABLE 5. The nuirients status in the studied soils as affected by applied N-mineral
fertilizer and organic manure at 70 days after transplanting.

Macronutrients % Micronutrients (mg/kg)
t
Treatments N | P | K Fe | Mn | Zn | Cu
Seasen 2006-2007
100 % N-mineral 10545 | 11.05 [ 498121 9.10 4.21 6.98 0.83
75% N-mineral+3 N
ton/fed OM 96.30 I1.84 | 55275 10.24 487 [.35 0.97
75% N-mineral+12 - R
ton /fed OM 11467 | 12,75 7 579345 11.28 5.66 1.87 1.43
75% N-mineral+16
ton /fed OM 121.83 | 1392 158696} 1255 | 5.80 234 1.27
L.S.D. at 0.05 8.11 1.01 44.50 0.93 0.41 0.17 0.1
Season 2005-2008

100 % N-mineral 106.79 | 11.37 {50196 928 4.29 1.0t 0.85
75% N-mincral+8 -
ton/fed OM 97.18 | 11.96 | 537.04 i 10.65 | 4.94 P41 1.01
75% N-mineral+12
ton /fed OM 116.54 | 1292 | 584.12 | 11.41 5.70 [.94 1.19
75% N-mineral+16 -
ton fed OM 12232 14.03 | 59238 12.63 | 591 2.38 1.32
L.S.D. at 0.05 8.81 1.08 | 4530 1.01 0.43 0.17 0.12

OM=Chicken manure .

The superiority of applied chicken manure is mainly attributed to it attains
high contents of essential macro and micronutrients, beside its beneficial effects
on soil properties through lowering soil pH and maintaining a suitable air-
meisture regime, as discussed previously. The latter conditions led to enhance
the microbial activity in soil, which accelerate the decomposition of organic
matter and maximize soil content of nutrients, especially for those of

micronutrient deficient in the soil. These findings are confirmed by the results
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undertaken after Sarker et &/ (1992) who found that, the organic manure
provided a substantial modification of physical properties such as bulk density
and aeration, which affected solubility, adsorption and availability of nutrients,

Response of braccoli yield and quality to the applied treatments

Vegetative growth characters

Vegetative growth characters of broccoli (ie, leaf area plant”, number of
leaves plant”', dry weight of leaves plant” and dry weight of stem plant'} were
widely differed between the tested treatments as shown in Table 6. The obtained
data show clearly that, the greatest values of the studied vegetative growth
characters of broccoli plants were achieved by plants supplied with chicken
manure at both rates of 12 and 16 ton/fed, without significant differences, in
combination with 75 % N-mineral. Meanwhile, the lowest values of vegetative
growth characters were recorded at the treatment of 8 ton chicken manure/fed in
combination with 75 % N-mineral. These findings were similar and true in both
the studied two seasons of study.

TABLE 6. The vegetative growth parameters of broecoli as affected by applied N-
mineral fertilizer and organic manure at 70 days after transplanting.

r .
Dry weight | Dry weight J

Leaf area Number of
Treatments plant’ leaves of leaves of stem
(em?) plant’ plant (g) plant? (&
Scason 2006-2007
100 % N-mineral 6542 35.83 57.99 56.25
75% N-mineral+8
ton/fed OM 5837 3246 51.85 3043
75% N-mineral+12 ton /
fed OM 7548 20.15 65.76 64.87
75% N-mineral+16 ton /
fed OM 7579 40.71 66.10 63.12
L.S.D. at 0.05 { 506 322 5.36 5.13
Season 2007-2008

100 % N-mineral 6378 36.44 58.24 56.74
75% N-mineraf+8 - A
ton/fed OM 3864 3285 52.67 51.08
75% N-mineral+12 ton / - -
fed OM 7396 40.97 66.98 65.97
75% N-mineral+16 ion / .
fed OM 7613 41.12 67.45 66.22
L.S.D. at .05 511 329 5.39 5.11

OM:=Chicken manure.

The vigor of broccoli plants growth supplied with chicken manure over than
that supplied with N-miheral fertilizer might be due to the more accompanied
easily available essential macro and micronutrients. Moreover, the chicken manure
siowly nutrients released at a ienger time, which directly absorbed by roots system,
hence reflected on the plant growth. The noticeable increases of morphological
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parameters of broccoli plants by increasing the applied rates of chicken manure
may be confirmed by the progressively increases of the nutritional elements in
rooting zone, and consequently the absorption of more nutrients. The positively
response of applied organic manure was studied by many authors such as Abdel-
Mouty (2000}, Salman et @/, (2002) and Mohamed (2006).

From the economical point of view, the superiority over than the other
treatments was great enough to reach the level of significance, so that the
treatment of 12 ton chicken manure/fed in combination with 75 % N-mineral is
considered the better one. These results held good in the two successive
experimental seasons as well as were coincided with those reported by Abou El-
Magd et al. (2006). The sequence of the superiority for the applied treatments
under the current experimental conditions could be arranged into an ascending
order of 16 ton of chicken manure/fed + 75 % of N-mineral fertilizer > 12 ton of
chicken manure/fed + 75 % of N-mineral fertilizer > 100 % of N-mineral
fertilizer > 8 ton of chicken manure/fed + 75 % of N-mineral fertitizer.

Nutrient and sugar contents in broceoli feaves

Results in Table 7 show that there were significant differences in the nutrient
(ie, N, P, K, Fe, Mn, Zn and Cu) and sugar contenis of broccoli leaves at a
period of 70 days after transplanting by using different organic manure
treatments in the two seasons of study. However, there was an increase in each
of the studied nutrients with increasing the applied rates of chicken manure.

TABLE 7. Effect of the applied treatments on nutrient and sugar contents of
broccoli leaves at 70 days after transplanting.

Macronutrients % Micronutrients {mg/kg) !Sugar

N [P TK [Fe [Mn [Zn [Cu | %
Season 2006-2007

100 % N-mineral 348 [0.345 ] 225 {1103 {71.74 137.91 {1170 | 6.32

75% N-mineral+8 3.02 (0307 | 199 [94.8 16091 [33.42 (985 | 5.41

Treatment

ton/fed QM

75% N-mineral+12

ton /fed OM 389 10.394 [ 2.68 [116.7 |75.28 140.78 112,47 | 7.01
75% N-mineral+16

ton /fed OM 3.97 |0397 1 270 |1176 [76.81 [401.54 (1263 716
L.S.D. a1 0.05 037 10.032 1 022 1540 {3.16 (261 {070 | 0.39

Season 2007-2008
100 % N-mineral 3.52 10347 0 2310 (1117 173.13 [38.70 |12.02 | 6.55

75% N-minerat+8 300 (0312 | 2.04 (962 [63.05 13436 11013 | 572

ton/fed OM

75% N-mineral+12

ton /fed OM 398 (0396 (272 (117817678 |4183 112761 7.26
75% N-mineral+16

ton /fed OM 405 (0403 | 276 (1190 |78.42 142.62 |13.29 | 7.34

L.S.B. at 0,05 0.33 10037 ) 0.25 |580 |3.22 |2.72 |0.68 0.62
OM=Chicken manure.
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Accordingly, the greatest values of the studied nutrient and sugar contents in
tissues of broceoli leaves were produced by applying chicken manure at a rate of
16 ton/fed in the two successive scasons of study. with insignificant differences
with those received [2 ton chicken manure/fed. These findings emphasized that
the later treatment was great enough to reach the level of significance, so it is
considered a better one from the economical point of view. On the contrary, the
lowest leaf nutrient contents were found by N-mineral fertilizer treatment,
without any application of organic manure, in the two seasons. Concerning the
superiority in elemental values in tissues of broccoll by increasing the chicken
manure, may be attributed to the relatively high contents of essential plant macro
and micronutrients in the chicken manure, which are mostly found in a form of
high availability. mobility as well as are found in an enough quantity which
required for a good plant growth.

Broceoli yield and its qualiry

Resufts illustrated in Table 8 show that there were significant differences in the
total yield of broeccoli in kg/fed (ie, central head weight and lateral head
weight/fed) as well as quality parameters of brocceli {ie, central head weight,
lateral head weight, number of lateral heads plant’l, head nutritional status and
sugar of head %) as affected by increasing the applied rates of organic manure.
which are actually combined with N-mineral fertilizer, in the two seasons of study.

TABLE 8. Total yield and its quality of broccoli as affected by applied N-mineral
fertilizer and organic manure,

1—- Total yield (kg/fed) i Yield quality parameters |
Number

i Treatments Central Lateral Central | Lateral [ of lateral

’ heads heads

i heads heads (@/plant) | (g/plant) heads/

l p £ ) plant

E Season 2006-2007
100 % N-mineral I 4268 4696 263.40 300.07 f 576 |
75% N-mineral+8 - C -

| ton/fed OM l 3793 4192 23595 26415 522
75% N-mineral+12 |
ton / fed OM i 48[3ﬂ 5387 300.87 34394 643
75% N-minerai+16
tan / fed OM 4875 5476 304.64 347.76 6.57

| L.S.D. at 0.05 356 408 2540 29.30 0,50

E Scason 2067-2008
100 % N-mineral T 4325 4737 26471 | 30363 | 585
A ‘

75% N-mineral+8 3847 4253 | 23715 267.92’ 5.27

ton/fed OM |

75% N-mineral+12 | .

ton / fed OM 4874 5448 30150 | 346.02 1 6.49
75% N-mineral+16 <

ton { fed OM 4916 5512 30628 | 35085 6.64
L.S.D. at 0.05 [ a7 429 2490 31.20 0.53

OM=Chicken manure.
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The greatest tota! yield of broccoli heads was produced by plants supplied by
chicken manure at the rates of 16 and 12 ton/fed in combination with 75 % N-
mineral fertilizer in the two successive seasons of study, without significant
differences between the two treatments. This was frue, since the favourable
conditions of soi] properties as a result of the applied organic manure should be
ensuring their responsibility according to broccoli needs at different growth
stages and managed in optimum crop yield and its components at harvest time.
On the contrary, the relatively low total yield of broccoli heads was produced by
pants received either the recommended N-mineral fertilizer or 8 ton chicken
manure/fed in combination with 75 % N-minera] fertilizer, these findings held
good in both experimental seasons. These results are in accordance with those
obtained by Real-Rosas er 4. (2002).

The positive effect of both mineral fertilizer in combination with chicken
manure on yield and its components may be due to increasing the availability of
macro and micronutrients in rooting zone and consequently, the absorption of
more nutrients which resulted a significant increase in leaf and stem dry weight
plant”', number of feaves and Leaf area plant™. Thus these increments may be led
to the favoured increase in yield and its compenents. As well as yield increases
in response to chicken manure applications are frequently attributed to N and
other accompanied nutrient effects (Hochmuth er al, 1993 and Hue &
Sobiezczyk, 1999), however, chicken manure contains a wide range of plant
nutrients, and it is also considered a good source of Mg and Ca (Mengbo er al,
1997). In fact, P levels in both soils and plant tissues have been shown to
significantly increase with chicken manure application, and may actually lead to
excessive P levels in soils not deficient in that nutrient (Cheung & Wong, 1983;
Browaldh, 1992 and Hue & Sobtezczyk, 1999). These trends are in a good
accordance with those outlined by many investigators such as Ali & Abdel-
Mouty (2000); Salman et a/, (2002} and Mohamed (2006).

In here, the magnitudes of broccoli yield parameters at harvest were also
behaved the same trend as mentioned before through the discussion of vegetative
growth ones, as follows: 16 ton of chicken manure/fed + 75 % of N-mineral
fertilizer > 12 ton of chicken manure/fed + 75 % of N-mineral fertilizer > 100 %
of N-mineral fertilizer > 8 ton of chicken manure/fed + 75 % of N-mineral
fertilizer. Such magnitude confirmed the fact that plant life represents a
continuous or complete life cycle. However, the relatively high values were
observed with the combined treatments of 16 or 12 ton of chicken manure/fed +
75 % of N-mineral fertilizer, while the reiatively low ones were associated with
either solely treatment of N-mineral fertilizer or combined one of 8 ton of
chicken manure/fed + 75 % of N-mineral fertilizer. These results are in
agreement with those obtained by Gomaa (1997) and Mcmullan et al (1998)
who pointed out that total yield was highly correlated with the development of
vegetative growth as well as dry matter accumulation.

The increase in the total yield of broccoli resulting the organic manuring may
be attributed to that organic materials derived from applied chicken manure
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{active organic acids) enhanced soil aggregation, soil aeration and increasing
water holding capacity and offers good environmental conditions for the root
system of broccoli plants Abou E!l-Magd er al (2005). In addition, the applied
chicken:organic manure is rich in essential nutrient contents that slow release
nutrients allover the growth stages along the growing season. These favourable
conditions create better nutrients absorption and favours the vegetative growth
and development of root system which in true and dry matter accumutation.
Consequently, better total yield would be obtained by applying chicken manure
in a suitable rate and in combination with the usefulness doses of mineral
fertilizers to alleviate the possible fears of chemical pollution for broccoli as a
vegetable crop and environmental risks.

The tabulated data in Table 8 show clearly also that the better quality
parameters of broccoli plants (ie., central head weight, lateral head weight,
number of lateral heads plant” and sugar head) were recorded by using chicken
manure at either 16 or 12 ton of chicken manure/fed + 75 % of N-mineral
fertilizer, without significant differences between the two rates of organic
manure. Meanwhile, the relatively low quality parameters were associated with
the solely treatment of N-mineral fertilizer. These results held good in the two
experimental seasons.

Nutrient and sugar contents in broccoli heads

Results given in Table 9 reflected significant differences in the contents of
nutrients and sugar in the tissues of broccoli heads as a result from increasing the
applied rates of chicken manure, which actually combined with N-mineral
fertilizer. However, the greatest values of the studied nutrients and sugar in the
tissues of broccoli heads were produced by plants supplied by chicken manure at
the rates of 16 and 12 ton/fed in combination with 75 % N-mineral fertilizer in
the two successive seasons of study, without sigrificant differences between the
two treatments, On the other hand, the relatively low values were associated with
the solely treatment of N-mineral fertilizer. These results held good in the two
experimental seasons. Also, the obtained resuits are in good agreement with that
obtained by Sanchez et al. (1996).

Concerning the superiority in both nutrients and sugar values in tissues of
broccoli heads by increasing chicken manure rates, may be attributed to the high
macro & micronutrient contents as well as their high availability, mobtlity and
are mostly found in an enough quantity which required for a good plant growth,
consequently higher yield and more better quality were achieved. These findings
are in accordance with those obtained by Real-Rosas ef ai. (2002). Also,
increasing such chemical constituent concentrations in [eaves or heads of
broccoli plants with mineral or chicken manure fertilizers might be due to the
increased plant capacity to absorb nutrient, which jncreased the root surface per
soil volume unit. These obtained resulis are cope with those obtained by
Mohamed & Matter (2001), Mohamed e o (2001), Mohamed & El-Ganaini
(2003); Mohamed & Medani (2005) and Mohamed {2006).
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TABLE 9. Effect of the applied treatments on head nutrient and sugar contents for
the tested broceeli crop.

Macronutrients % Micronutrients (mg/kg) | Sugar

N | P ] K| Fe | Mn]Zn| Cu] %

Season 2006-2007

100 % N-mineral 3.89 J0.613] 318 [1224]79.5274223112.03 1 10.483
[

75% N-mineral+8 3.45 10547 ] 279 105616804 | 3731|1046 9.35

Treatment

ton/fed OM

75% N-mineral+12

ton /fed OM 437 | 0698 3.68 | 1289847714599 1387 11.94
75% N-mineral+16

ton /fed OM 448 (07191 3.76 {130.3 | 86.29 | 46.45 | 14.39 | 12.21
L.S.D. at 0.05 038 (0054029 | 620 [ 512 [ 292 [ 124 [ 094

Seasen 2007-2008
100 % N-minera 3.93 ]0.6227 3.24 [123.8]80.74]43.72 1125211975

T5% N-mineral+8
ten/fed OM

75% N-mineral+12
ton /fed OM

75% N-mineral+16
ton /fed OM 453 10731 382 | 13301 8708487911496 1248

L.S.D. at 0.05 0.41 10.062[ 0327107508 | 312133096
OM=Chicken manure.

3.50 10554 2.85 1075169423843 110.84| 9.82

446 0T 379 L1317 (8396 4718 1427 1 1210

In addition, the applied chicken manure plays an important role on both the
availability of nutrients and other biological activity in the vicinity of roots through
towering soil pH value, besides the ameliorating soil drainage and aeration, which
encouraged the bio-mechanism of nutrients uptake. Such results are in harmony
with those reported by Tisdale et af (1993) who pointed out that plant uptake of
nutrients precedes best at a neutral pH value and their contents depressed by
increasing its value. Differences in rhizosphere pH of up 0.81 units have been
chserved for the control treatment versus combined one of 16 ton/fed in
combination with 73 % N-mineral fertilizer under cultivation of broccoli plants.

Thus, the use efficiency of chicken manure showed an-useful phase, since
large released amounts of nutrients, which are available for uptake under the
modified favorable soil media (Isfan et al, 1995). Jones ef al (1991} reported
that the increment of nutrient uptake is mostly dependent upon biological activity
that is markedly affected by soil temperature, moisture, aeration and criginal soil
pH. Thereby, the increments in available nutrients encouraged their uptake by
plants (Tables 5 and 7) and the growth parameters (Table 6), which were also
resulted from increasing the net photosynthesis, stomatal conductance and
transpiration rate when broccoli plants were subjected to the prevailing best
conditions (Naire & Khuble, 1990).

Finally using Italica crop cv. of broccoli with chicken manure at the
economical rate of 12 ton/fed could be followed for producing high yield of
Egypt J. Soil Sci. 48. No.3 (2008)
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brocco!i with high quality of heads. That was true, since that interaction
treatment, in general, significantly affected all vegetative growth characters of
broccoli plants, probably due to the applied chicken manure besides it is
considered as a source for all essential macro & micronutrients, plays a direct
role for ameliorating soil hyrophysical properties (ie, soil aggregation, bulk
density, total porosity, acration, hydraulic conductivity and available water
range), soil chemical characteristics (L e., soil pH, released organic constituents
of active groups such as filvic and humic acids which have the ability to retain
the essential plant mutrients in complex and available chelate forms), soil
biological conditions (ie, a source of energy for the microorganism activities
which enhance in releasing necessary nutrients in available forms throughout
their mineralization), and in turn soil fertility status (ie, slow release for
nutrients which support root development among the different growth stages),
that finally leading to higher yield and better quality of broccoli plants.

Moreover, it could by concluded that, the applied treatment of 75%
recominended dose of N-mineral fertilizer as ammonium nitrate + 12 ton chicken
manure/fed is the best to improve soil properties which positively reflected on
vegetative growth, chemical constituents and total yield of broccoli, i e, central
and lareral heads with relative increase percentages reached [3.8 and [3.9 % for
both seasons, respectively, as compared to the recommend dose of 100 % N-
mineral as ammonium nitrate/fed. Moreover, the periodical application of such
natural organic manure is considered the best option not only for reducing the
harmful effects of using chemical fertilizers, but also for sustaining soil fertility
status and help to alleviate the possible risks of environmental pollution on
human heaith.
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