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ABSTRACT

Two field experiment were carried out at the Farm of Institute of Studies and
Environmental Research, Mimufyia University, Sadat City to evaluate the individual
or the combined effect of both soil amendments and mineral fertilizers levels on vield
and its components of cowpea (Kafr El-Sheikh cv.) plant and Fe, Mn, Zn, Cu uptake.
Experimental design was a randomized complete block, factorial. Factor (A) being
mineral fertilizers at fevels of MO (0 N, 0 P,0s, 0 K;0), M1 (50N, 15 P,Os, 48 K;0)
and M2 (75 N, 22 P,Os, 72 K:0) kg fad™, factor (B) was soil amendments of none,
chicken manure at the ratc of 10 M’ fad*, tafla (shale) at a rate of § fon. fad” and iron
ore (2 % Fe) at a rate of 200 kg. fad ~*. Application of s0il amendments 10 the soil
significantly increased, vegetative growth (plant height, number of branches/plant and
fresh weight of plant foliage) yield and its components, i.e. 100-sced weight, seed
yield per plant in both scason, except the total dry yield of foliage and seeds per fod.
The positive responsc was as follow: Chicken manure > bentonite > iron ore. The
relative average increase of both seeds yield per feddan, were 75.37 > -1.57>-5.33 %
and foliage were 76.59 > -1.63 > -5.52 % respectively.

Application of mineral fertilizers significantly increased all parameters.
The average values of the relative increase for NPK levels were, in seeds 3.82,
24.0 % for M1 and M2. Also in foliage they were 3.83, 23.99 % for M1 and M2.
The highest values of sceds and foliage yields were obtained by the application of
soil amendments with mineral fertilizer at the rate of M2 (75 N, 22 P,Os, 72
K;0). The relative increase of seed yield were 7.27, 129.23, 17.38, 9.60 % and of
foliage 7.18, 129,86, 17.57, 9.60 % non-amended, chicken manure, bentonite and
Iron ore, respectively.

The concentration and uptake of Fe, Mn, Zn and Cu are more affected by
application of soil amendments alone or combined with mineral fertilizers. The
most effective treatments were those by applying soil amendments and mineral
festilizers at the rate of M2 according to the following order: Chicken manure >
Bentoaite > iron ore,
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The extractable nutrients Fe, Mn, Zn and Cu were increased in the
following order: Chicken manure > Bentonite > iron ore. Except Fe extractable as
follow: Chicken manure > iron ore > Bentonite. The best results were obtained by
the application of soil amendments and mineral fertilizers at the rate of M2
enhanced the amount of exiractable nutrients. The regression analysis suggested
that mineral fertilizers: levels and soil amendments showed linear relationships
between available nutrients (Fe, Mn and Zn) and their contents in plant tissue,
except the Cu'in soil were not linearly related to the amount of Cu concentration
in plants. The results indicate that the use of soil amendments as chicken manure
at rate of 10 M. fed.”, Bentonite at rate 8 ton. fad” and iron ore at the rate of 200
kg. fad ' combined with mineral fertilizers at rate M2 (75 N, 22 P;Os, 72 K:0)
gave the highest yield of seeds and foliage of cowpea plants. Also improved soil
fertility status of sorpe micronutrients.

Key words: Chicken manure, Bentonite, Iton ote, Mineral fertilizers, Cowpea,
Yield, Micronutrients.

INTRODUCTION

: The use of soil amendments as well as natural Bentonite, Chicken
manure and or iron oxide ore were effective for improving soil characteristics and
plant growth. Many natural materials such as bentonite (shale) has been used in
Egypt to improve the propertics of sandy soils and plant growth (El- Shanawany
et al. 1994). Abdel- Aziz ef al. (1990) and Hamoud et al, (1999) found that the
yield of peanut and wheat plants significantly increased with increasing amount
of applied shale to the soil, the most cffective treatments were 15 ton, fed” for
"peanut and 20 ton. fed™ for wheat and that levels exceeding such rates caused
reduction in yields but the yield products remained higher than that of the control.

El-Bagoury et al. 9998) and Yakout er al. (1998) reported that plant
height, number of spikes /m”, spike length, number of spikelets /spike, 1000-grain
weight, and grain and straw yield /fad as well as grain protein, phosphorus and
potassium contents, were significantly increased with increasing rates of organic
manure. Fecenko et al. (1995), Shalabey and Bizik (1998) and Shalabey (2004)
found that the yicld of spring wheat was increased upon addition of sodium
humate or potassiom humate at the rate equivalent to 5-7 kg ha™. Tahoun er al.
(2000) evaluated the feasibility of the town refuse, rabbit manure and tafla (shale)
in a newly reclaimed sandy soil under rye grass plants, The data indicated that the
improved soil fertility and caused an increase dry matter production by a factor of
3 and nutrient uptake by a factor of 5. Awadalla er af. (2002) studied the
comparative effect of shudge, town refuse, chicken manure, and Tafla, The rates
of addition ranged up to 12.5 ton. fed”, by treated mathematical tetra computer
models. The applied treatments were tested for two successive vegetable and
maize scasons. Their results showed the followings: 1. The maximuom valucs of
investment ratio came from using low rates of Tafla. 2. Combination of low rates
of the organic manures gave the highest values. 3. Mixing Tafla and organic
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Warman (2004) found that addition of both municipal solid waste and manure
compost to goil reduced bicavailability and transformation factor for Cu and Zn.

Many investigators reported that iron increased the photosynthesis
process through chlorophyll formation, and activated some enzymes as
dehydrogenises in plants. (Clarkson and Hanson 1980, Mengel and Krikby 1987),
Radwan er al. (2001) found that the application of Fe at 4.12, 8 ppm at different
forms as Fe-SO, Fe- EDTA and Fe — DTPA to different soils, increased the yield
of maize plants. Warren ef al. (2003) found that application of iron oxide at rate
of 5 and 10 g/kg to the soil increased yield of vegetables plants (lettuce, spinach,
potato and beat root) and also increased Mn, Zn and Cu uptake by plants.
Shalabey (2004) found that dry matter yield of maize plants, as well as N, P, K
andFeiuptakzwemmeasedlﬂeuddlmofmaﬂphateatmwoﬂmdu
kg.fed”.

The aim of this investigation was to find the suitable rate of mineral
fertilizers under using natural and synthetic soil amendments to improve cowpea
plants productivity and soil fertility in such newly reclaimed soil

MATERIALS AND METHODS

Two field experiments (in each of two successive seasons) were carried
out at the Farm Desert and Enviroamental Research of Institute, Minufyia
University, Sadat City to evaluate the individual or the combined effect of soil
amendments and mineral fertilizers on yicld and yicld components of cowpea (cv.
Kafr El-Sheikh) as well as Fe, Mn, Za, Cu uptske. Experimental design was a
factorial, randomized complete blocks involving two factors (A) mineral
fertilization, of : MO (none), M1 (50 N, 15 P,Os, 48 K;0) and M2 (7S N, 22 P,Os,
72K 0) kgfad” ., m)wdamdmmwmmm(lom’fad"
Tafla (8 ton. fad™ and iron ore (200 kg. fad*). The ore was obtained from El-
Ahram Company for mining and naural fertilizers.

The propertics of the s0il and those of the amendmeats are shown in
Tables 1| and 2. Mechanical analysis was carricd out by means of the pipcite
method (Piper 1950), the pH was measured in a, 1 M KCl solution, organic matter
according the method of Walkley-Black, cation exchange capacity (CEC) was
done using ammonium acetate solution; CaCO, by means of the calcimeter; all of
which methods cited by Black ef al. (1965). Contents of (N, P, K, Fe, Mn, Zn and
Cu)wedﬁmnedmgthemﬂhodsduaﬁedhy%metd (1982). The
plot area was 9.0m’, and included 3 rows of 4.0 m long and 0.75 m width. Sceds
of cowpea were sown on the second week of April in the two season of 2002 and
2003 in hills at 25cm a part. Seed were sown in hills on one side of ridge, thea it
thinned to leave onc plant per hill.

All reatments of soil ameadments were added before sowing, mineral
fentilizers were applicd at two splits 2 and 6 wocks afer sowing. Fertilizer

materials were calcium supesphosphate (15% P m“ 48 %
m.ummmsm‘ 0. ¢
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At harvest ten plants were randomly taken to determine plant beight,
number of branches/plant, fresh weight/plant, 100-sced weight, seed yicid/plant
and total yield. Data were statistically analyzed according to Gomez and Gomez
(1984). Plant samples were dried at 70°C until the weight became constant and

prepared for chemical analysis.

Table (1): Physical and chemical analysis of wil used in the current

El Sadat City | 0.36

Table (2): Chemical properties and contents of nutrients (available "A" and
total "T") in soil and soll amendments, _
2
o | 2| 2] 7| e | e | e | e | o | o | e
Soil (A) 794 1 182) 021 | 1.10] 685 | 295 | 1498 301 | 1.82 | 101
( B 1 8.00 §6.12 174121 1632 | 11480) 5017 | 3575 | 232 | 12081 55.20
| Iron ore (T) § 12.55] 847 | 000 | 000 | 264 | 400 | 13879[157.75] 325 | 25
*Bentonite is Tafla (shale); Chick. Man. Chicken manyre;, Iron ore is mainly iron
oxide; pH: in 1:2.5 s0il/KCI 1 M; or 1 :2.5 amendment ;water,
RESULTS AND DISCUSSION
I Vegetative growth:
a- Effect of soil amendmsents: _

Data in Tables 3 and 4 show that, the vegetative growth of cowpea
plants (expressed as plant height, number of branches per plant and fresh weight
of plant foliage) were significantly increased with adding soil amendments. It is
also evident that the chicken manure gave significantly highest values in this
respect during both seasons of growth, followed by bentonit then by iron ore. This
is most certainly due, to the enhancing effect of chicken manure on the nutritional
statues of soil. In this respect Khalil ef a/. (2002) on onion reported that using,
chicken manure as organic matter, increased availability of nutrients, biological
nitrogen- fixation and the biological activities of the microorganisms in soil.
Adding bentonite to the soil significantly increased vegetative growth of cowpea.
These results arc in agreement with those reported by El-Shanawany et al. (1994)
‘on peanut. With regard to the effect of adding iron ore to the soil data show

' significant positive effect on vegetative growth during both growing seasons,
these regulis with those reported by Dutta and Dhua (2002) on pea.
b- Effect of mineral fertilizers. : '

: Data prescnted it Tables 3 and 4 show that, all the studied vegetative

growth parameters were significantly increased with adding of NPK festilizers

- and progress at up to the highest M2 level in both growing seasons. These results

agree with those reported by El-Aflfi and Darwesh (1990) on French bean.
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Table (3): Influence of s0il amendments and mineral fertilizer levels on yield
and its vegetative growth characteristics of cowpea plants in two
scasons,

MO: none; M1 and M2 mineral NPK af rates of (50:15:48) and (75:22:72) Kg of
N:P;0s: K;O /fed. respectively.

¢- Interaction effects:

Data in Tables 3 and 4 also indicate that, there were interaction effect
between soil amendments and NPK fertilization growth characteristics. These
results are in agreement with those reported by Abdel-Aty (1997) on pepper. One
aspect of the interaction is when mineral fertilizers were of significant positive
effect particularly where no amendment was applied. Under condition of chicken
manure application, mineral fertilizer "M1" application did not always give
positive response in plant growth or yield. Also, another interaction occurred
when iron ore caused a decrease in growth in the same cases when mineral
fertilizer were given.

2- Yield and its components:
a- Effect of soil amendments;

Date in Tables 3, 4 and 5 reveal that the appllcatmn of soil amendments
tothesonlas(chnckcnmanureatthemteofwm fed™', Bentonite at the rate of 5
ton. fed™ and Iron ore at the rate of 200 kg.fed™) significantly increased the total

yield and its except foliage dry yicld components, i.c. 100-sced weight, sced yield
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per plant in both seasons, and yicld. In this respect, application of chicken manure
at 10 m*/fed, gave the highest increments in tofal seed yield and its components.
However, using Bentonite and iron are, tended to reduce the total yield and its
components compared to the cootrol. The superiority of chicken manure
application produced the highest growth. The values of all these traits could be
arranged at the following order: Iron ore < Bentonite < no-amendment < chicken
manure. There fore were decreases of 5.33 and 1.57 caused by iron ore and
bentonite respectively; and an increase of for seeds yield; comparative decreases
were 5.52 and 1.63 % respectively, and the comparative increase was 76.59 % for
foliape yield, This observation can be explained on the basis of the material
amount and their chemical composition, which had higher pH, EC there fore
caused the deleterious effect on plant growth and plant uptake of nutrients,
consequently reduced the vield. El- Shanawany ef al. (1994) Abdel-Aziz ef al.
{1990) and Hamoud ef al. (1990} found that the yield of peanut and wheat plants
increased with applying shale and that the most cffective rate was 15 to 20 ton.
fed'. Any treatment over that levels caused reduction in yields but the yield
products still higher than that of the control.

Table (4): Influence of soll amendments and mineral fertilizer levels on yield
and its component of cowpea plants In two seasons

MO: none; M1 and M2 mineral NPK at ratcs of (50:15:48) and (75:22:72) Kg of
N:P0s: K0 /fed. respectively.
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Table (5): Percent increase (or decrease-) duc application of each treatment
and their averages with rd to foliage and seed yields.

Treatments Average Rate of Average Rate of
A B of folinge relative Of secds relative
kp/fed increase. % |  kgffed increase. %
None 737.87 00.00 687.5 00.00
Chick. Man. 1233.65 67.19 1141.5 66.03
Mo Beatonite 699.95 -5.14 653.5 -4.94
Irom oxide 686.25 6,69 641.5 -6.69
None 816.05 10.59 759.5 10.47
Chick. Man, 1211 64.12 1121.5 63.13
Mi Bentonite 739.05 0.15 689.5 0.29
Iron oxide 720.35 -2.37 673 «2.10
None 790.87 7.18 7375 7.27
Beatonite 16961.1 129.86 1576 129.23
M2 Chick. Man 867.57 17.57 807 17.38
Iron oxide 808.72 9.60 753.5 9.6
Mo 839.43 00.00 7181 00.00
M1 871.61 383 810.87 is2
M2 1040.82 23.99 968 5 24.00
None 781.60 00.00 728.166 00.00
Chick. Man. 1380.25 76.59 1279.167 75.13
Bentonite 768.85 -1.63 716.666 -1.57
Iron oxide 738.44 -5.52 689.333 -5.33

MO: none; M1 and M2 mineral NPK at rates of (50:15:48) and (75:22:72) Kg of
N:P:05: K0 fed. respectively.

In general, it is clear that application of organic substances promoted
plant nutrition as shown in Table 2. which, led to more vegetative growth and
consequently greater yield of both foliage and seeds. This agree with Khalil ef al.
(2002) on onion and Shalabey et al. (2005) on pepper and Shalabey (2004) on
Corn. It is worthy to mention that bentonite treatments came in the second rank in
this respect, during both growing scasons of study. These results are similar to
those reported by El-Shanawany er al. (1994) on peanwt. On the other hand,
applied iron ore treatments came in the third rank after bentonite but without
difference with the non-amended treatment These results agree with those
reported by Dutta and Dhua (2002) on Pea).

b- Effect of mineral fertilizers,

It could be seen from Tables 3, 4 and 5 that the main effect on 100-seed
wcighgswdylddperplantandtotalyleldperfed.(foﬁageandseeds)show
significant increases with applying the increasing levels of NPK fertilizers. The
average increases due to, NPK fertilizers regarding seed yield were, 3.82, 24.0 %
for M1, M2 respectively, and for foliage they were 3.83, 23.99 % for M1, M2.
Such results are in harmony with the findings of El-Afifi and Darwesh (1990) on
French bean and Arafa and El-Maghray (2004) on potato.
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c- Effect of the Interaction.

It is shown from Tables 3, 4 and 5 that the effect of soil amendments and
mineral fertilizers on yield of cowpea plant and its attributes exhibited
interactions. The positive effects were significant especially the mineral fertilizer
at rate M2 in presence of amendments. The relative increase in seeds and foliage
compared with the none fertilized none amended under condition of M2 were,
7.27, 129.23, 17.38 and 9.60 %, respectively for the non-amended, chicken
manure, bentonite and Iron ore for seeds comparable values for foliage were 7.18,
129.86, 17.578 and 9.60 %, respectively. This could be attributed to the
mitigation effect of mineral fertilizer which may affect on the chemical properties
of soil amendments which would decrease soil pH, and also further mobilization
of the native elements from soil amendments decomposition to plants. These
results are in agreement with those of Abdel-Aty (1997) on pepper.

3- Micronutrients;
a- Effect of soil amendments:

Data in Table (6) show that the concentration and uptake of Fe, Mn, Zn
and Cu are more affected by application of soil amendments. The concentration
and uptake of those nutrients were increased upon addition of soil amendments
according to the fotlowing order: Chicken manure > Bentonite > Iron ore in both
sceds and foliage plants. This observation can be explained on the basis of
materials nature amounts and their chemical composition. Also the rate of
material decomposition and release of nutrients will affect available nutrients to
the grown plants. These results could confirm those obtained by Lotfy and El -
Hady (1984) who indicated that the addition of bentonite to the 50il increased the
content and uptake of N, P, K, Fe, Mn, Zn and Cu by plants at different stages of
growth. Warren ef a/. (2003) found that the application of iron — oxide at rates of
0.5, and 1% to the soil significantly increased the yield of vegetable plants
(Lettuce, Spinach, Potato and Beat root) and alse increased Mn 7n and Cu
uptake by plants. Shalabey (2004) found that the dry matter yield of maize plants,
N, P, K and Fe uptake were increased afler addition of ferrous sulphate at rates of
7 and 14 kg.fed”" alone or combined with organic substances.

b- Effect of mineral fertilizer.

Data presented in Table (6) show that the concentration and uptake of
Fe, Mn Zn and Cu in seeds and foliage of plants were significantly increased with
.increasing mineral fertilizers from MO (0 N, 0 P;0O; 0 K;0), MI(50 N, 15 P,O;
48 K;0) to M2 (75 N, 22 P,Os 72 K;0). It is clear that the synergetic effect
between macro and four micronutrients (Fe, Mn, Zn and Cu} may have increased
the content of these four elements. Also these elements play important roles in’
biochemical functions in plants. In this respect, Radwan ef al. (1993) on wheat,
Arisha and Bardisi (1999) and Arafa and El-Maghraby (2004) on potato reported
that mineral fertilizers (NP K) generally increased the plant top content of macro
and micronutrients.

c- Effect of the interaction,
With regard to the cffect of the interaction between soil amendments and
mineral fertilizers on the concentration and uptake of macro and micronutrients in
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cowpea plants, in Tables (6) the most pronounced effect of soil amendments
occurred under condition of the high rate of mineral fertilization. This beneficial
effect may be attributed to the both synergistic and acidity effects between
mineral fertilizer and soil amendments, which would increase available nutrient
content in soils. Radwan et al. (1993) Found that the application of compost
materials as wheat straw and clover straw with different levels of mineral
fertilizer to the soif increased the contents and uptake of N,PK, Fe, Mn and Cu
in wheat plants, El-sisi (1996) concluded that the application of Tafla (shale) in
combination with either organic materials or mineral fertilization to sandy soils
achieved the highest positive effect on growth, yield and nutritional uptake in
plant as well as increasing available nutrients in soil. Warren et al, (2003) found
that the application of iron - oxide ore at rates of 0.5, and 1% to the soil along
with mineral fertilizers, significantly increased the yield of vegetables plants
(Lettuce, Spinach, Potato and Beat root) and also increased Mn, Zn and Cu
uptake by plants.

Table (6 A): Influence of chicken manures, bentonite, iron ore and mineral
fertilizers levels in micronutrient uptalu: by seeds of cowpen
p wnonaund loam soil ;

Mo none; MlmsznunemlNPKatmof(so 1548)and(752212)1(gof
N:P,05:K,0 /fed. respectively.
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Table (6 B): Influence of chicken manures, bentonite, iron ore and mineral
fertilizers levels in micronuirient uptake by foliage of cowpea
lants grown on a sandy loam soil (average of two scason),

Treatments | Yield Fe Mn Za Cu
A B__ kel lopug™] pied” [mglq™]| gled’ | meky'] pled’ [mgls'| gled’
None 737875 139024128794} 696 | 51.35] 398 | 2936 | 142 | 1047
ChickMa | 123365 { 58536722121 116 }143.10] 592 | 73.03 | 2846 | 35.10
MO0 { Bentonite | 699.95 | 410.36(287.23( 85 5949 141,751 2922 1 18.75 | 13.12
Tron oxide | 68625 19402233641 80 | 549 4085|2803 { 162 { 1.1
Noane 81605 (4227634499 70.5 {5753 147751389 152 | 1240
ChickM=a.| 1211 [593.83]719.12] 119 [144.10! 602 | 7290 | 295 | 3572
M1 Bentonite | 73905 [422.76]| 31244} 95 TO20{ 495 [ 3658 1 1932 | 1427
Tron oxide | 720.35 ] 50037)36044] %0 | 6483 ] 482 (a7 ) 17 | 1224
None 700875 { 480.5 138001 7225 | 5714 | 485 | 3835 185 | 14.63
Chick Ma| 16961 |604.87] 1025.9] 120 }203.53] 62.85 | 10659 295 | 5003
Bentouite | 867575 144025|38194| 98 | 8502 ) 492 | 4268 | 205 | 178

m2 1ron oxide | 808725 1520321420.79] 92 | 7440) 48 | 338l 19 | 1536
Mo 839431 | 649041408431 8765 | 7721 | 454 | 3991 | 1940 | 1745
Ml 871612 {484.93|434.25{ 93.62 | 84.17 | 5141 | 45.79 | 20.25 | 1866
M2 104082 151148 ] 552.17 | 95.56 | 105.02| 52.13 | 56.61 | 21.87 | 2445
None 7816 |431.16133765| 70.78 | 55.34 [ 4535 ] 3556 | 1596 | 1250

Chick. Ma. 138025 { 594.68 | 82239 | 11833 163.58) 60.75 | 84.17 | 29.15 | 40.28
Bentonite 768.85 | 42445132720 92.66 | 71.57 | 46.81 | 36.16 | 19.52 [ 15.06
Iron oxide 73844 | 503.63]372.55] B7.33 | 64.71 | 4568 | 33.85 [ 174 [ 1290

A} 5320 | NS 4.6 3 NS
LSD.8%B} 5001 | 63 e (186 L | 132 48
ABj 3513 [ 185 520 25 16

MO: none;, M1 ardemealNPKatmtesof(SO 15: 48)and(75 22: 72)Kgof
N:P,0sK;0 /ffed. respectively.

4-Residues effect of micronutrients in soil after harvesting of cowpea plants.
a- Influence of soil amendments,

Application of soil amendments significantly increased available
nutrients in soil (Table 7). There were increases in the following order {average
effect): Chicken manure > Bentonite > iron ore with regard to available Mn, Zn,
and Cu. As for available Fe the pattern was: Chicken manure > iron ore >
bentonite. The average response according to the main effect was as follows for
Fe: 1062, 2,19 and 1.64 % for chicken manure, iron ore and bentonite
respectively. With regard of Mn increases were 18.61, 8.08 and 2.84 % for
chicken manure, bentonite and iron ore respectively. For Zn, comparable
respective values were, 17.49, 11.04 and 5.89 %, for Cu values were, 24.35. 7.26
and 2.56 % for chicken manure, bentonite and iron ore respectively. The positive
effect for chicken manure was higher than bentonite and iron ore. It indicates that
the rate of application, degradation and chemical composition for organic material
was higher than bentonite and iron ore. Zheljazkov and Warman (2004) found
that the addition of both municipal solid waste and manure compost to soil
reduced bioavailability and the transfer factor for Cu and Zn. Piccolo (1989)
showed that addition of humic substances affectively inumobilized the sofuble and
exchangeable forms of nutricnts in soil. Lotfy and El — Hady (1984) found that
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bentonite increased soil nutrients and attributed this increase to the increase of ion
mobility due to the increase of retained water and CEC of the treated soil.

b- Effect of mineral fertilizers.

It is obvious from Table 7. that available nutrients (Fe, Mn, Zn and Cu) were
increased by adding fertilizers in the following order M2 > M1. The average
increase values of (Fe, Mn, Zn and Cu) for M1 and M2 as were: 1.12, 2,32, 4,50
and 4.08 % Fe, Mn, Zn and Cu respectively due to M), 3.23, 3.84, 7.21 and 8.09
% same nutrients respectively duc to M2. This may be attributed to the acidity
effect for fertilizer were added as the form of acid, hence led to decreased soil pH
and consequently increased solubility of nutrients in soil.

Table (7): Residual effect of chicken manures, bentonite, iron ore and
mineral fertilizers levels on availability of some micronutrient in
soil after harvest of two season of cowpea plants.

LSD.5%B

VIO mone, ML 2 M2 mimcent PR 2t r2ios of (S0.13.48) and (75.22.72) Ka of
N:P,04:K;0 /fed. respectively.

c- Effect of the interaction.

It could be concluded from Table 7, that application of soil amendments
were most effective in presence of mineral fertilizer at rate M2, which reflects
that both soil amendments and mineral fertilizers could not act independently.
The relative increase were as follow: Fe 1.62,14.06,3.52 and 5.47 %. Mn 24,
224, 11.2 and 6.4 %; Zn 6.28, 27.14, 16.57 and 12.85 %. Cu 9.33, 33, 15 and 10
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% for control, Chicken manure, bentonite and iron ore respectively. Acidity effect
on mineral fertilizer due to organic material would enhance nutrient availability
by root system. Zheljazkov and Warman (2004) found that the addition of both
municipal solid wastes and manure compost to soil reduced bioavailability as well
as the transfer factor for Cu and Zn. Piccolo (1989) showed that addition of humic
substances effectively immobilized soluble and exchangeable forms of nutrients
in soil. Lotfy and El - Hady (1984) found that bentonite increased soil nutrients
and attributed this to the increase of ion mobility and to the increase of retained
water as well as the CEC of the treated soil.

5. Regression analyses.

Linear regression analysis was used to define the relationship between
the concentration of Fe, Mn, Zn in plant tissue and the amounts of available
nutrients (Tables 8 & 9. A,B). The regression analysis suggests that mineral
fertilizers levels were not linearly related to the available nutrient extraction and
plant tissue concentration, but in soil amendment treatments there was a linear
relationship between of available nutrients and plant tissue Fe, Mn and Cu except
Zn exiraction in soil. It means that Zn has relatively high affinity for sorption on
the surface of Fe and Mn oxides, and beatonite especially with an increase of pH
(Luo and Chrisitie 1998). Over ail, addition of chicken manure to the soil reduced
relative bicavailability of Zn and relative transfer of Zn from soil to plants.

Table (8): Totﬂylddofwwpuplmﬂmpofdments(l?e,un Za an
Cu} in P

1435375
87515
135345
132775
157555
2332250
1428.55
139335
1528375
M1
1674575
1562225
1620431
1682488
2009319
(1509.767] 21.13
2659.917
1485.525
1427775

: o
MO: none, M1 and M2 minersl NPK ot rates of (50:1548) and (75:22:72) Kg of
N:P,0sK0 /fed. respectively.
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Table (9 A): Linear regression expressions that describe the change the
concentration in plants and (Fe, MN, Za and Cu) as a
function of available of these clements in soils.

Linear regression expression
. =-53048 +37.19 X
romneral Y=6179+934 X
) Y=-4145+2275X
Y=20.56 -0.015 X
Y =-88545+5294 X

| mef:'ents Y =-10082 + 12.21 X
ey Y =-29.40 + 19.64 X
Y = 16,96 + 0.09 X
Y= 83823+ 5084 X
Y = -99.09 + 12.08 X
Y=-2745+19.19X
Y=1922+002X

Table (9 B): Lincar regression cxpressions that describe the total yield of
cowpes plants and available of (Fe, Mn, Zn and Cu) in soll after
harvest plants.
Lincar regression expression
Y =-10868 + 562,08 X
Y =-7906.19 + 712,24 X N.S
Y =-3409.82 + 1319.39 X NS
Y=-321705+147823 X N.8
Y =-10738 + 55545 X *
Y =-5292.61+519.56 X NS
Y =-500601 +1723.36 X N.§
Y =-3862.05+ 1663.23 X *
Y=-10535+54728X e
Y=-549545+5348]1 X b
Y =-495148 + 171267 X 4
Y =-3721 + 1627.59 X *

Level of

*, *%, ***, Significant at the (.05, 0.01, and 0.001 levels of probability respectively
NS, not significant, P > 0.05.

MO: none; M1 and M2 mineral NPK at rates of (50:15:48) and (75:22:72) Kg of
N:P;O5 KO /fed. respectively.

Concerning the interaction between mineral fertilizer levels and soil
amendments were linearly related to the amount of available nutrient (Fe, Mn and
Zn) concentration and plant tissue, except for Cu in soil which was not linearly
related to the amount of Cu conceatration in plants. That phenomenon explains
that Cu has relatively high affinity sorption or binding with organic matter. There
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are a number of plant species which showed responsc to the Cu and other heavy
metals (Rodd et af., 2000).

The regression amalysis suggested that mineral fertilizers were not
lingarly related to available nutrient extraction and totai yield of plants Table (8
and 9) but with soil amendments these were linear relation between available
nutrients and total yield of plants (seeds and Foliage) except for Mn and Zn in
soil. It means that Zn has relatively high affinity for sorption on the surface of Fe
and Mn oxides, and bentonite especially with an increase of pH (Luo and
Chrisitie 1998). Overall, addition of chicken manure to the soil reduced relative
bioavailability of Zn and refative transfer of Zn from soil to plants.

Concerning the interaction between mineral fertilizer levels and soil
amendments there were linear relation between available nutrient (Fe, Mn and
Zn) and total yield of plants (scads and Foliage). That phenomenon emphasizes
the importance of N.P,K of mineral fertilizers and Fe, Mn, Zn, Cu in soil. The
results indicate that the use of soil amendments as chicken manure at rate of 10
M’.Fed.”, Bentonite at rate of 8 ton. fad” and iron ore at the rate of 200 kg. fad ™'
combined with mineral fertilizers at rate M2 (75 N, 22 P,0s, 72 K;0) gave the
highest yicld of sceds and foliage of cowpea plants; and Also improved soil
fertility status.
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