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ABSTRACT

Laboratory and greenhouse experiments were carried out to study the
mineralization rate of nitrogen from feather meal and its effect on growth and chemical
composition of spinach plant on sandy and clay soil. The release of inorganic N from
feather meal incubated with clayey and sandy soil was monitored as a function of
time.

During the first week of incubation considerable amount of NH;-N was
recorded, however small amount of nitrate was noticed. The amount of NHs-N
released from feather meai was higher with time up lo 14 days of incubation in bolh
sandy and clay soils. With respect to the effect of feather meal on growth and plant
composition of spinach plant. i{ was reveaied that fealher meal applied at the rates of
0.2 % and 0.4 % had a predominant effect on dry matter production of the spinach
plant rather than the other treatments for both sandy and clay soils. Application of
feather meal gradually increased the total nitrogen content in the piant tissues.

Feather meal at the rate of 0.2 % gave the highest value of N recovery for
both types of soil as compared with other treatments. Also, result revealed that total
inorganic N in spinach plant increased in control as compared with feather meal
treatments in both soils. Potassium and phosphorus content and uptake increased
with application of feather meal. Feather meal increased residual total N and NH4-N
conlent in soil while decreased NOa-N aceumulation for both two soils.

INTRODUCTION

Organic Farming system is based completely on the decomposition
of organic materials. For commercial crop production the farmers can not
depend on organic amendment as the main source of available nitrogen and
need materials that release nitrogen at a greater rate for pre planting or top
fertiiization (Ciavatta et al., 1990).

In organic farming, where the use of chemicals is prohibited, poultry
and dairy manures having a high N contenl serve as a nitrogen fertilizer.
Supplementary N side dressing is needed in organic cropping systems when
the release of available N from soils and composted manures applied
annually is in adequate to meet crop requirements. Such conditions prevaii in
soil which have recently been converled to organic farming or inhigh N
demanding crops (Doran ef ai., 1987, Liebhardt et a/., 1989 and Lockeretz et
al., 1981}

Feather meal is a by-product of the pouitry processing industry which
contains 10-15 % nitrogen as non soluble keratin and ¢can be promising as
organic fertilizer. Hadas and Larissa Kautsky (1994).

Feather meal contains 75-85 % protein and about 2-13 % crude fat,
and it is considered to some what a poor source of protein for animal nutrition
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because of its slow degree of  digestion. However, in the soil, prolonged
decomposition of protein rich materials such as feather meal may be
advantagecus for improving nutrient stalus panicularly nitrogen in addition to
effectiveness of soil microflora for its decomposition (Bielorai st al., 1982). To
improve yield stability; various keratin sources such as feather mail, hair, skin
and horn meal as well as some plant proteins, were incorporated info
composts as slow release fertilizers. Hydrolyzed feather meal and extruded
Maize protein at rate of 1 % increased yield by & kg/m? compared with the
untreated control (Owverstijns and Backstacle 1988 and Gagnon and
Berrouard, 1994},

The objective of this study was to determine the rate of nitrogen
mineralized from feather meal treated soil and its effect on the growth and
chemical composition of Spinach plant.

MATERIALS AND METHODS

Laboratory experiment :

Sandy and clay soils were used for this study. Three hundred grams
of 2 mm sieved air dried soil were treated with feather meal at the rate of 0.5
% and placed in wide mouth 400 ml plastic containers. Treatments were
replicated and kept under controffed conditions, moisture content was
maintained at 60 % of water holding capacity through the incubation periods.
Samples were taken at intervals of 1,3,7,10,14,21,28,42,56 and 70 days.
Determination of NH4-N and NC,-N followed as described by Black (1982).

Pot experiment :

A pot experiment was carried out in the greenhouse at National
Rssearch Centre. Sandy and clay soils were selected for this study. The
sandy soil was characteristics as follows :
pH 7.8, EC 0.13 dsm™, CaCQa 3.5 %, organic matter content 0.23 % clay
content 3.2 %, silt content 47 % and sand 92.1 %. The clay soil had the
following characteristics, pH 8.25 EC 0.49 ds.m™ organic matter 0.82 % clay
content 50.9 % silt content 33.2 % sand, 15.9 %. Feather meal used in this
experiment was Homogeneous powder containing 98 % dry matter {dried at
65°C). Feather meal contains about 8.84 % as a total nitrogen and a soulable
nitrogen was about 605 mg/kg Feather meal. Pots were filled with 8 kg of air
dried soil. Feather meal was applied at rates of 0.1, 0.2, 0.4 and 0.8 %, mixed
with soil. Phosphorus and potassium were applied at rate of 50 and 40 mg P
and K/kg soil as superphosphale and polassium sulphate, respectively, for
control $oil in both sandy and clay soil the nitrogen fertilizers at rate of 90
mg/kg were used as areccmmended rates in order to compar between the
feather meal treated soil and control soil,

five seeds of Spinach {Spinucia oleracea L.) fpot were used as test
plant seeds were sown and harvested after 60 days from plantation thinning.
Fresh and dry weight were recorded and prepared for analysis. Total N, in
plant and soil were determined according to the methods described by
Bramner and Muivaney (1982). Ammonium and nitrate nitrogen were
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determined according to Cottenie et al. {(1982). Phosphorus and potassium
were determined using a spectrophotometer and a Flame photometer as
described by Cottenie et a/. {(1982).

RESULTS AND DISCUSSION

Incubation experiment :

Data in Figure (1) indicate that two processes of N transformalion are
at hand, the first process is largely related to the mineralization of the
organic-N into mineral N. Thus the rate of NH, release increases gradually
from the beginning of the incubation period up to 14 days of incubation. This
does not exclude the occurrence of the second process which is nitrified of
NH, to NO; in a rather slow rate. The following period which started after 14
days characterized by a steady decrease in NH, and a parallel steady
increase in nitrate indicating that the process of nitrification reached its
maximum up to the end of the incubation period. The two different soils used
in this experiment showed the same trend of feather meal transformation,
however, with different magnitude. The mineralization rate of feather meai in
sandy soil did not exceed 5 mg day’' in the first two weeks whereas it
reached 8 mg day” in clay soil in the same period also, the nitrification
rate in both soils had the same trend. However, the second and third
phases of the experiment indicated a rather quick nitrification rate in clay
soil than in sand soil. Nitrate buld up in cilay soil reached 77.7 mg N/kg
corresponding to only 52.7 mg N/kg in sand soil. These results indicate that
feather meal can create a considerable amounts of NH, which can be nitrified
gradually particufarly in ciay soil then sandy soil which empathize the
assumption of using feather meal as a slow ralease fertilizer for nitrogen.

The nitrate-N concentration changed slightly with time of incubation.
Data also show that NO;-N content increased in clay soil as compared with
sandy soil. This increase may be due to higher microbial activity in clay soil
than in sandy soil. The first considerable amount of nitrate were obtained
after one day in clay soil while after 10 days of incubation was occurred in
sandy soil.

Biological experiment ;
Effect of feather meai on fresh and dry matter production :

Data in Table (1) show that fresh and dry weight of spinach piant
tended to increase in both soils under study as a resuit of applying feather
meal with different rates as compared with the controi. This result is
confirmed by Russo (1993) and Gagnorn and Berrouards (1994). They
reported that hydrolysed feather meal and extruded maize protein at rate of 1
% increased yields by 6 kg/m? compared with the untreated control. it was
observed that iresh and dry matter for spinach plants grown in the clay soil
treated with feather meal with different rates were higher when compared
with the sandy 50il.
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Fig (1)° NH,-N. NOs-N released out from incubation as

affected by feather meal.
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In the same time data show that applying feather meal at rate 0.2 %
and 0.4 % were more effective in producing fresh and dry matter than the
other rates for both sandy and clay soil,

Results show also that the high rate of feather meal cause a
reduction in both the fresh and dry matter. This phenomena may explained
either by low solubility or by low digestibility of the feather meal. These
process can not supply nutrient elements for plant growth. Aviva e! al. (1994).
They reported under suboptimal field conditions the rate of minerahzation
might be smaller. The slow release of inorganic nitrogen was attributed in part
to retension of N by the microbial population (immobilization) that developed
while decomposing of feather meal and its decay products which depending
on the amount of available carbon in the soil and nitrogen which may vary
among soils.

Table (1) : Effect of applied feather meal rates on fresh and dry weight
of spinach plant.

Sandy sail Clay soil

Treatments F.w. D.w. Fw. D.w.

glpot _g/pot g/pot g/pot
Control 8.00 1.2 13.99 161
Feather meal 0.1 % 17.61 221 23.49 264 !

0.2 % 23.01 267 51.19 4.65

0.4 % 26.01 2.85 56.97 549
08% 15.61 2.15 34.78 341 |

Data showed that application of feather meal stimulate the fresh
weight of spinach plant. At a rate of 1 % the fresh weight of the spinach plant
was increased by about 120 % and 250 % relative to control for both sandy
and clay soil. Resuits also cleared that increasing rate of application gradually
increase the fresh weight except at high rate particularly for sandy soil.
Similar trends were observed in case of dry weight of the spinach plant.

Effect of feather meal on N content, uptake and easy extractable N in
spinach plant :

The concentration and uptake of nitrogen in spinach piants grown in
sandy and clay soil treated with different rates of feather meal are recorded in
Table (2). Data indicate that ail treatments tended to increase nitrogen
conceniration and uptake as compared with the control. It is of interest to
mention that N concentration in spinach plant with respect to type of soil
and rate of feather meal was very clear.

Taking the nitrogen uptake into consideration, data in the same table
show that N uptake increased in the clay soil than sandy soil. This increase
seems to be due to the increase in dry matter formation. Application of
feather meal at rate of 4 % gave the highest value of N recovery for both
sandy and clay soil {76.47 and 226.09 mg/pot) respectively.

Results observed that application of feather meal in clay soil resuited
in an increased the concentration of N-the highest N concentration 5.56 %
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was observed in clay soil particularly at high rate of feather meal (8.00 %).
However, about 4.3 % of nitrogen was recorded for sandy soil at the same
rate {8.0 % of feather meal).

Table {2) : Nitroegen content (%), uptake (mg/pot) and N recovery
(mg/pot) in spinach plant as affected by feather meal.

Sandy soil Clay soil
Treatments N N
% mg/pot |recovery| % |mg/pot|recovery
mg/pot mg/pot
Control 378 | 45.36 - 4.03 | 64.88 -
Feather meal 0.1 %| 3.77 83.31 37.95 | 466 |123.02| 58.14
02% | 422 112.67 67.31 474 | 220.41| 15553

04% | 426 | 121.83 76.47 5.30 129097 | 226.09
08% | 429 §2.23 46.87 5.56 | 189.59 | 124.71 |

It was observed that application of feather meal for both sandy and
clay soils gradually increased the NH, and NO, inspinach plant. Results
noticed that at 1 % feather meal an increased of NH, in the spinach plant was
abcut 20 % and gradually increased by increasing the feather meal. Data in
Fig. (2) show that application of feather meal were more effective for
increasing the control of both NH4 and NO; in spinach plant as compared with
sandy soil.

Effect of feather meal on P and K content and uptake in spinach plants :

The effect of feather meal application on the P and K concentration in
spinach plant was shown in Table {3). Resuits cbserved that application of
feather meal resulted in an increase in the P uptake by spinach plant for both
sandy and clay soils. However, feather meal was more pronounced effect in
clay sqil that in sandy soil due to the differences in its physiochemical
properties. The high increase in P was clear in 0.8 % feather meai rate in the
clay soil (0.81 %) as compared with cther treatments for both two soils under
study.

Potassium concentration in spinach plant was increased with
increasing feather meal in the clay soil as compared with the sandy sail. In
the clay soil data indicated that higher increase in K content was noticed in
0.1 % feather meal (8.2 %) as compared with other treatments. However, the
uptake of the potassium were always increased in spinach plant as affected
by feather meal application as compared to the control soil. Resuits also
noticed that apphcation of feather meat on the uptake of potassium for both
sandy and clay soil was dissimiation. Conceming P and K uptake data
illustrate that the uptake was higher in the clay soil compared to the sand soil
for both P and K.

The differerces due to the low content of the potassium in the feather
meal and also due to its difference in chemical properties of the soi 1t was
observed that application of feather meal were gradually decreased the
potassium content in the spinach plant particularly in sandy soil.
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Table (3) : Effect of feather meal treatments on P and K content and
uptake in sandy and clay soil of spinach plant.

-

-

Sandy soit Clay soil
Treatments P K P K
o | M9 | oo | MG/ | | Mgl my/
L plant _plant plant plant ]
Control 032( 384 | 73| 876 |061] 982 | 6.5 [104.65]

Feather meai 0.1 %{0.40| 8.84 | 6.3 [139.23]0.53) 13.99 | 8.2 {216.48
02%1032) 9.15 | 58 |165.88]0.51| 2745 7.9 {433.71
0.4% ({043 11‘48L4.7 25.49 {0.57 | 26.50 | 6.9 |320.85
08% (041 881 | 4.9 1105.35/0.81]27.62 | 6.5 [221.65

Residual ammonium, nitrate and total N in soil after harvesting :

The residuai total N and the form of NH,-N and NO,-N content in soil
after the harvest of spinach plants from the two soils under investigation are
illustrated in Table (4). Data show that feather meal increased total N and
NH&N content in soil, while decreased NO;-N accumulation for both sandy
and ciay soil. The highest increase was observed in the clay soil as
compared with the sandy soil.

The residual total N and extractabie fractions of nitrogen (NH,-N,
NO;-N) content in the soils after the harvest of spinach plants are ilustrated
in Table (4). Resuits observed that application of feather meal increased. The
residual fraction of nitrogen as well as the extractable one. Feather meal
increased the ammonium-nitrogen (NH4-N) due to mineralization the organic
nitrogen. However, NO;-N in the soil decreased due to d nitrification process.
This process was more pronounced effect in sandy soil for the clay soil. With
regard to the effect of feather meal application, itis clear that 0.8 % gave
higher values of residual total N for both soils (0.053 % and 0.195 %
respectively).

Also, data indicated that increasing feather meal application
increasead total N, NH,-N content in soil.

Table {(4) : Residual ammanium, Nitrate (ppm) and totai N % in the two
seil after harvesting.
Treatments Sandy soil Cilay soil
NHa-N | NO5-N |Total Nj NHs-N | NOs-N |Total N
Ccntrol 110.03 | 17.36 | 0.025| 130.76 | 110.10 | 0.115
Feather meal 0.1 % ‘ 175.20 | 27.40 {0.035| 169.66 | 5165 | 0.139
G.2% | 180.26 19.56 | 0.051, 168.60 { 9120 | 0.155
0.4% i 16550 | 40.77 | 0.043 | 20466 | 99.73 | 0.186
08% | 180.13 59.0 ] 0.053 | 236.27 | 145.90 1 0.195
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