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ABSTRACT 
 

A pot experiment was conducted in the vegetation house of the programme 
“Micronutrients and Other Plant Nutrition Problems in Egypt” , National Research 
Centre with faba bean (Vicia faba, Giza 3) plants. The work aimed at studying the 

effect of different levels (in the rate of 100, 150 and 200 Kg/fed) of the different used 
dry plant materials (algae, water hyacinth and clover) as soil additives on plant 
nutrient uptake and their concentrations in the plant tissues as well as plant growth, 
yield and yield components. The obtained data showed that high positive correlations 
are found between increasing levels of the green materials and nutrients uptake, yield 
and 100 seed weight (gm). Nearly all additives of such materials increased macro- 
and micronutrients uptake and concentrations in the plant tissues. They consequently 
increased fresh weight, dry weight and plant height (cm) of the plants. Algae 
treatments were superior followed by water hyacinth, but clover treatments were less 
effective. Treatment of 200 Kg/fed gave the best results followed by the treatment 150 
Kg/fed. Treatments with those materials led to average seed yield increases of 21 %, 
23 % and 25 % over control with clover, water hyacinth and algae, respectively. The 
average weight (gm) of 100 seed increases over control reached 75.9 % with clover, 
79 % with water hyacinth and 83 % with algae treatments. The study suggests that 
using of such available and cheap materials can partially substitute chemical fertilizers 
in order to increase yields and avoid more environmental pollution.  

 

INTRODUCTION 
 
Green manures are of great interest in improving both physical and 

chemical characteristics of the soil (De Boodt, 1975; Mengel and Kirkby, 
1987). As soil conditioners, they increase soil moisture holding capacity and 
realize abundant growth of soil flora (Al-Gosaibi, 1994). Raising soil fertility, 
they encourage better growth of the plant roots (Boussiba, 1987; Marschner 
and Roemheld, 1996). Using of green manures was recently reported by 
many authors to increase shoot growth and crop yields (Mandimba et al., 
1998; Paturde and Patankar, 1998; Buragohain and Medhi, 1999 and Vinod 
Kumar et al., 1999). 

Green manures as biofertilizers can be partially used to substitute the 
chemical fertilizers, especially under intensive cultivation, solving the problem 
of chemical fertilizer environment pollution. 

The present work aims at studying effects of some available plant 
materials as green manures on the nutrient availability and sequentially 
growth, yield and yield components of faba bean plants.  
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MATERIALS AND METHODS 
 
A pot experiment was carried out in the vegetation house of the 

Programme “Micronutrients and Other Plant Nutrition Problems in Egypt”, 
National Research Centre, Dokki, Cairo, Egypt with faba bean (Vicia faba, 
Giza 3) to study effects of different levels of different available green plant 
materials as green manures on the nutrient availability for the plants and 
consequently their nutrient concentrations, growth, yield and yield 
components.  
 
Agricultural practices: 

Seeds were sown in November in Mitscherlich pots containing 7.0 Kg 
soil. Before sowing, each pot received 1.0 g ammonium sulfate (20.6% N), 
1.0 g superphosphate (15.5 % P2O5) and 0.5 g potassium sulphate (48 % 
K2O). At seedling stage, the plants of each pot were thinned to 6 plants. 
Irrigation was applied to maintain the water level at 60 % of the field capacity. 
No pesticides were used during the course of the study. 
 
Treatments: 
Green manures:  

clover (Trifolium alexandrinum) plants were brought from Delta 
(Monufia), water hyacinth (Icornia crassipes) from Nile river near Giza and 
alga (Scenedesmus obliquus) from the experimental pilot of the National 
Research Centre (Dokki). Clover and water hyacinth green materials were 
oven dried at 70° C and ground in a stainless steel mill. Algae were drum 
dried at 140° C. Chemical composition of the green materials is shown in 
Table (1). 

Three replicates for every treatment were carried out and the 
treatments were conducted as follows: 
 
Control:Only basic fertilization without any manure additives 
Green manure treatments: three levels of 0.7, 1.05 and 1.4 g/pot (equal to 

100, 150 and 200 Kg/fed., respectively) 
from clover, water hyacinth and algae were 
used.  

 
Sampling and sample analysis 

 Soil: after soil preparation and before fertilization, a representative soil 
sample was taken. The sample was air-dried and passed through a 2.0 
mm sieve pores. Mechanical analysis of soil sample was carried out using 
hydrometer method (Bauyoucos, 1954); pH and E.C (electric conductivity) 
were determined in soil/water extract (1:2.5) (Jakson, 1973); Calcium 
carbonate (CaCO3) content was determined using Calcimeter method 
(Black, 1965); Organic matter (O.M.) was determined using potassium 
dichromate method (Walkely and Black, 1934) 

Total nitrogen was determined using Bauschi digestion and distillation 
apparatus. Soil phosphorus was extracted using sodium bicarbonate 
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(Olsen et al., 1954). Potassium (K) and magnesium (Mg) were extracted 
using ammonium acetate (Chapman and Pratt, 1978)., while Fe, Mn, Zn 
and Cu were extracted using DTPA (Lindsay and Norvell, 1978). Physical 
characteristics and nutrient contents of soil are shown in Table (2). 
Soil nutrient status was evaluated according to the sufficient 
concentrations of Ankerman and Large (1974) as follows: 

 
Element         P K Mg Fe Mn Zn Cu 

               -------- mg/100 g soil ----------   ----------------- ppm ------------------- 
Conc.     1.2-2.7 21-30 30-180 11-16 9.0-12 1.6-3.0 0.9-1.20 

 
Table 1: chemical composition of plant materials used as green 

manures 
Green material   Composition Clover Water hyacinth Algae 

Moisture (%) in fresh matter 34.3 56.8 - 

Moisture (%) in dry matter at 70C 2.6 0.6 5.0 

Protein   (%) 18.75 10.0 46.9 
N    (%) 3.0 1.6 7.5 
P     (%) 0.32 0.16 0.44 
K    (%) 1.55 6.05 0.95 
Mg  (%) 0.25 0.35 0.21 
Ca   (%) 0.64 1.7 0.09 
Na   (%) 2.2 0.26 0.02 
Fe  (ppm) 559 298 1707 
Mn (ppm) 28.8 224.5 18.6 
Zn  (ppm) 26.4 75.5 14.1 
Cu  (ppm) 2.8 3.9 1.6 

 
Table 2: Mean  values of physical and chemical soil characteristics 

Physical characteristics Nutrient concentrations 

 
pH                               8.4 
E.C. (dS/m)                 0.7 
CaCO3  (%)                 2.0 
O.M. (%)                     1.1 

 
Sand  (%)                    10.8 
Silt    (%)                    24.0 
Clay  (%)                    65.2 

Texture                       Clay Loam 

Exchangeable Macronutrients 
(mg/100g soil) 

P                     9.8* 
K                  28.4* 
Mg                23.6* 

 
Available Micronutrients 

(mg/Kg soil) 

Fe                 3.7*** 
Mn                4.8** 
Zn                 1.9* 
Cu               21.8* 

 * Adequate            ** Low            *** Very low 

 

 Plant materials: At flowering stage (42 days after sowing) faba bean plant 
samples were taken to determine fresh and dry weights and to analyze for 
nutrient concentrations and calculations of nutrients uptake. Plants of 
every replicate were washed with tap water, 0.01 N HCl and bidistilled 
water. Samples of plant materials of faba bean as well as the green 

manures were oven dried at 70ºC for 24 hours and ground.  The samples 
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were dry-ashed in a muffle furnace at 550ºC for 6 hours using 3.0 N 

HNO3. The residue was, then, suspended in 0.3 N HCl. 
Nitrogen was determined using Bauschi digestion and distillation 
apparatus. Phosphorus was photometrically determined using a 
Spectrophotometer. Na, K and Ca were measured using Dr. Lang 
Flamephotometer. Mg, Fe, Mn, Zn and Cu were determined using Atomic 
Absorption Spectrophotometer. 

 

Fresh and dry weights determination: 
Plant samples were taken 45 days after sowing. The plants were 

cleaned with tissue paper and weighed for fresh weight determination. Then, 
they were weighed again after drying at 70° C, and the dry weights were 
calculated. 
 
Yield and yield components determinations: 

At the ripening stage, faba bean plants were harvested and plant 
height (cm), seed yield/plant (gm) and 100 seed weight (gm) parameters 
were recorded. 
 
Data analysis 

Data were statistically analyzed using Costate Statistical Package 
(Anonymous, 1989).  
 

RESULTS AND DISCUSSION 
 

Nutrients uptake: 
Data in Table 3 show macro- and micronutrients uptake as affected 

with different levels of different plant materials used as green manures. 
Highly positive correlations were found between green manure levels 
increment and all determined nutrients uptake except of sodium with water 
hyacinth treatments. It seems that this material is glutton to adsorb sodium 
from the root zone and thus has the advantage of lowering pH giving rise to 
more availability of micronutrients and phosphorus in the root medium 
(Schaller, 1987). Realizing most uptake increase, algae was the best material 
followed by water hyacinth and clover. As they act as soil conditioners, green 
manures improve water holding capacity, oxygen status, and organic carbon 
enabling abundant growth for root and soil microorganisms rendering higher 
availability of nutrients to be taken up by plant roots (Cooke, 1977; Boussiba, 
1987; Mengel and Kirkby, 1987, Al-Gosaibi, 1994;  Marschner and 
Roemheld, 1996; Vinod Kumar et al., 1999). In addition to its higher content 
of nitrogen, phosphorus and micronutrients, especially iron and manganese, 
algal material has a high content of protein. Amino acids derived from 
proteolysis in the soil can play a role in lowering of pH and act as 
phytosiderephores for micronutrients making them more available for the 
plant roots (Lindsay, 1974; Cakmak et al., 1994). This can be also true but to 
less extent for clover and water hyacinth. Water hyacinth material has also 
more potassium and micronutrients content especially Mn and Zn and, 
hence, it has the advantage of rendering them more available for the roots. 
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Nutrient concentrations in the plant tissues: 
a) Macronutrients: 

Fig. 1 shows macronutrient concentrations in the tissues of faba bean 
plants as affected by different levels of different plant materials. Algae plant 
material was superior in increasing macronutrient concentrations followed by 
water hyacinth but clover had the least effect. On the other hand, all 
determined macronutrients concentrations (except Na) were increased as 
algae dose increased, while with water hyacinth and clover, concentrations 
increment were more or less stable after the first dose (100 kg/fed) except 
potassium. 
 
b) Micronutrients: 
Micronutrient concentrations in the tissues of faba bean plants as affected by 
different levels of different green manures are shown in Fig. 2.  
 
Table 3: Macro- and micronutrients uptake  (mg/pot) by faba bean plants  

as affected by different levels of different green materials as 
soil additives 

 
Element 

Treatments 
Manures 

Cont 100Kg
/fed 

Inc. 
% 

150 
Kg/fed 

Inc. 
% 

200Kg
/fed 

Inc. 
% 

Mean SD r 

 Clover  339.1 34.6 363.4 44.2 370.5 47.0 331.2 54.5 0.96 

N Water hyacinth 251.9 343.1 36.2 401.7 59.4 396.9 57.6 348.4 69.6 0.96 

 Algae  405.7 61.0 463.1 83.8 479.5 90.3 400.5 103.1 0.98 

 Clover  80.1 16.9 82.8 20.3 85.5 24.3 79.3 7.3 0.98 

P Water hyacinth 68.8 89.3 30.3 97.9 42.3 105.0 52.6 90.3 15.6 0.99 

 Algae  95.0 38.0 115.5 67.7 126.5 83.8 101.5 25.4 0.99 

 Clover  231.4 6.0 249.3 14.1 272.6 24.8 242.9 23.5 0.95 

K Water hyacinth 18.4 258.5 18.4 383.3 29.7 306.6 40.4 266.7 37.7 0.99 

 Algae  274.4 26.5 319.0 46.0 242.7 56.9 288.6 85.3 0.99 

 Clover  34.7 34.5 37.7 44.5 39.0 51.2 34.3 5.9 0.98 

Mg Water hyacinth 25.8 32.9 27.5 36.0 39.5 37.8 46.5 33.1 5.3 0.99 

 Algae  44.1 70.9 52.8 105 37.5 123 45.0 14.0 0.99 

 Clover  44.5 7.74 42.3 2.42 44.7 8.2 43.2 1.7 0.69 

Na Water hyacinth 41.3 32.0 -22.5 33.6 -18.6 31.5 -23.7 39.6 4.5 -0.88 

 Algae  47.0 13.8 56.1 39.2 57.5 39.2 50.5 7.7 0.96 

 Clover  81.0 3.4 86.5 10.5 89.3 14.0 83.8 5.0 0.96 

Ca Water hyacinth 78.3 87.4 11.6 96.0 22.6 99.8 27.5 90.4 9.6 0.99 

 Algae  90.2 15.2 105.6 34.8 113.9 45.5 97.0 15.9 0.98 

 Clover  1.18 5.35 1.43 27.7 1.61 43.7 1.33 0.23 0.92 

Fe Water hyacinth 1.12 1.22 8.92 1.44 28.6 1.68 50.0 1.36 0.25 0.94 

 Algae  1.69 50.1 2.00 78.6 2.47 121 1.82 0.57 0.99 

 Clover  0.338 3.7 0.359 10.1 0.370 13.5 0.348 0.02 0.96 

Mn Water hyacinth 0.326 0.357 9.5 0.402 23.3 0.420 28.8 0.376 0.04 0.97 

 Algae  0.402 23.3 0.528 62.0 0.598 83.4 0.463 0.12 0.97 

 Clover  0.640 65.4 0.745 92.5 0.826 113 0.65 0.19 0.99 

Zn Water hyacinth 0.387 0.611 57.9 0.814 110 0.840 117 0.66 0.21 0.98 

 Algae  0.676 74.7 0.858 122 0.934 141 0.71 0.24 0.99 

 Clover  0.142 10.0 0.156 20.9 0.161 24.8 0.147 0.014 0.98 

Cu Water hyacinth 0.129 0.150 16.3 0.164 27.1 0.168 30.2 0.152 0.017 0.99 

 Algae  0.167 29.5 0.198 53.4 0.207 60.4 0.175 0.035 0.99 

Cont. = Control     Inc. %  =  Increase %           over control SD = Standard deviation    
       r = Correlation coefficient 
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Fig. 1: Macronutrients concentrations in faba bean plant tissues at 

flowering stage as affected by different levels of different green 
manures added to soil 
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Fig. 2: Micronutrients concentrations in faba bean plant tissues at 
flowering stage as affected by different levels of different green 
manures added to soil 
 
The same trend as that with macronutrients was found with algae 

treatments where they gave the best effect on micronutrient concentrations 
increases in the plant tissues. Iron, zinc and copper concentrations were 
increased with different degrees with all different green manures, while Mn 
concentrations appeared to be not affected by the additives of water hyacinth 
and clover. 

Increase of macro- and micronutrients concentrations in the plant 
tissues due to different plant materials used as green manures reflects the 
improvement in their uptake as a result of their availability increment in the 
root zone. Similar results were obtained by Al-Gosaibi (1994) with algae as 
soil conditioners in Saudi Arabia. Elements concentration increase in the 
plant tissues means that addition of the green manures creates a nutrient 
balance in the rihzosphere enabling the absorption mechanism of the root to 
freely select the required nutrients and amounts (Shaaban and Abou El-Nour, 
1996, El-Fouly and Shaaban, 1999). 
Superiority of green algae material can be explained on the basis that it has 
higher content of nitrogen, protein and micronutrients. On the other hand, 
drum drying for algae cells enables the break down of the cellulose cell wall 
making its components readily available for the plant root. Despite of its less 
nitrogen and protein content, spongy cell contents of water hyacinth also 
appeared to be more available than the clover cell contents. In addition water 
hyacinth contains higher potassium percentage. 
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Fig. 3: Fresh  weight, dry  weight  and  plant  height  of  faba bean plants 

as affected by different levels of different  green manures 
 
Plant growth parameters: 

Fresh weight, dry weight (gm) and plant height (cm) of faba bean 
plants as affected by different levels of different plant materials used as green 
manures are shown in Fig. 3. The figure clearly illustrates that for all used 
materials, the 3rd treatment (200 kg/fed) was the best followed by the 2nd one 
(150 kg/fed). Algae treatments were the best in realizing the highest biomass 
formation as well as the highest plant elongation, followed by water hyacinth, 
but clover treatments were the lowest. As a single cell plant, algae have the 
higher nitrogen and protein content (Table 2). They also contain high nucleic 
acids, growth regulators and enzymes (El-Fouly et al., 1985) which directly 
involved in the physiological processes of faba bean plants, thus play a better 
role in biomass formation and plant cell elongation. Beside its containing 
plant growth enzymes, water hyacinth contained more calcium which plays 
an important role in plant cell elongation and more potassium which of great 
importance in plant cell turger and respiration process control (Mengel and 
Kirkby, 1987). 
 

Yield: 
Data in Table 4 show dry seed yield and 100 seed weight (gm) with 

different treatments. Both seed yield and 100 seed weight were highly 
positive correlated with increasing of green manure levels. Algae treatments 
gave the highest yield and the highest weight of 100 seed, followed by water 
hyacinth treatments while clover gave the lowest. It can be also recognized 
from the Table that the great part of the yield increases are due to seed 
weight increase not to the increase of seed number, where average of the 
seed weight increase reached 75.9, 79.0 and 83% over control with clover, 
water hyacinth and algae, respectively.  
 

Table 4: Seed yield (g/pot) and 100 seed weight (g) of faba bean plants   
as affected by different levels of different green manures 

 
Treatment 

 
Clover 

Effect 
(increase %  
over control) 

Water 
Hyacinth 

Effect 
(increase % 
over control) 

 
Algae 

Effect 
(increase % 
over control) 

Dry seed yield (g/plant) 

Control 19.3 - 19.3 - 19.3 - 

100 Kg/fed. 19.6 1.55 20.8 7.77 24.5 26.9 

150 Kg/fed. 22.3 15.5 25.7 33.2 27.4 42.0 

200 Kg/fed. 22.8 18.1 26.5 37.3 29.2 51.3 

Mean 
± SD 

21.0 
1.8 

11.71 23.0 
3.6 

26.09 25.1 
4.3 

39.96 

R 0.90  0.93  0.99  

100 seed weight (g) 
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Control 69.0 - 69.0 - 69.0 - 

100 Kg/fed. 70.5 2.17 80.0 15.5 83.0 20.3 

150 Kg/fed. 80.2 16.2 82.0 18.8 89.0 29.0 

200 Kg/fed. 84.0 21.7 85.0 23.2 91.0 31.9 

Mean 
± SD 

75.9 
7.3 

13.35 79.0 
6.9 

19.16 83.0 
9.9 

27.06 

R 0.91  0.98  0.98  
       SD = standard deviation             r = correlation coefficient 

This can be attributed to the improvement in nutrient concentrations 
in the plant tissues which, in turn,  improved formation of the 
photosynthesates in the leaves as well as their translocation to the storage 
organs (Mengel and Kirkby, 1987, Marschner, 1995).  
 

CONCLUSIONS 
 
Using algae, water hyacinth and clover green materials as soil 

additives before sowing could improve the nutrient uptake, concentrations in 
the plant tissues and consequently growth, yield quantity and quality of faba 
bean plants. Treatments in the rate of 150 and 200 Kg/fed were found to 
achieve the best uptake, concentrations of the nutrients as well as growth 
parameters, yield and yield components. Algae treatments were the best 
followed by water hyacinth. Such cheap and available materials can partially 
substitute the chemical fertilizers to avoid environmental pollution. More 
studies should be done to stabilize application of such green materials as soil 
additives for all crops. 
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ااعأأا ض مأأدضا ض ا ات أأر ض ءفأأاضص حيأأا عأأ   ر ض  تأأير ا ضافأأالأر ضةافأأ ر  أأ    

   متعاص دكذ ك ض امد دض م عدل دمكدااته  ا ات ض فدل ض  ياى
 ز اب م مدا م ــــااك -م مدا م ما ش  ان 

 ج.م.ع-ض قاهاه-ض اقا-ض ماكز ض قدما  ي  دث-قسم ض ا ات

 
يرة النبرات  رص مصرر أجريت تجربة أصص بصوبة برنامج العناصرر المذييرة الصرذرم وملراغذ تذي

 200، 150، 100( بهرر د  را ررة تررضاير اسررا ة م ررتويات ملتلاررة  معرر ذ 3علررص نبررات الارروذ البلرر م  جيرر   
 امتصرراص النبررات للعناصررر الملتلاررة الطحالرر ( علررص-ور  النيررذ-غج/ رر ا ( مرر  المرروا  النباتيررة الجا ررة  البر رري 

ا الحبررو  ومغوناترروض أوسررحت النتررااج أ   نرراوترغي اتهررا  ررص أن ررجة النبررات، وغرريلا نمررو النبررات ومحصرروذ 
طة اايرة بوا رارتباطا موجبا بي   يا ة م تويات الما ة المسا ة م  غذ المروا  النباتيرة وامتصراص العناصرر الذي

لريم حبةض  لق   ا  امتصاص العناصر مع غذ المعرامتت تقريبرا وا 100النبات ومحصوذ الحبو  وغيلا و   
باترات العناصر  الرذ أن رجة النبرات وغريلا الرو   اولسرر والرو   الجراد وطروذ النا تتبعو  يا ة  ص ترغي  

 ا  ، غج/ ر 150غج/ ر ا  أ سرذ المعرامتت تلتهرا المعاملرة  200والمحصوذ م  الحبو ض ولق  غانرت المعاملرة 
ج قرذ النترااأغما أعطت معامتت الطحال  أح   النتااج تلتها معامتت ور  النيذ بينما أعطت معامتت البر ي  

 با رتل ا  %25% ،  23، %21ايجابيةض ولق  غا  متو ط ال يا ات  رص محصروذ الحبرو  عر   ليرذ التجربرة 
امتت % مرع معر 75,9حبرو  100البر ي ،ور  النيذ والطحال  علص التوالص ،  غما غا  متو ط  يرا ة و   الر 

   ض وتوصرص ال را رة برض   ري  المروامرع معرامتت الطحالر %83% مرع معرامتت ور  النيرذ و  79البر ي  ، 
جنر  لانترا  وتالنباتية المتو رة والرليصة الام  يمغ  أ  تحرذ ج ايرا محرذ ا رتل ا  او رم ة الغيماويرة ل يرا ة ا

 الم ي  م  التلوث البياصض   
 
 
 
 
 


