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ABSTRACT 

Several studies have shown that berseem clover is one of the most important winter leguminous crops as fodder for 

animals due to its high content of crude protein. In Egypt, its cultivation is abundant in soils whether ancient or 

reclaimed soils. This study was designed to evaluate the effect of biofertilizers on berseem clover productivity 

cultivated under sandy soil conditions in Ismailia Research Station, Ismailia Governorate. To reach such aim, an 

identified actinomycete strain (Streptomyces luteogriseus-08) was used with a mixture of biochar, and organic 

fertilizer in several different treatments compared to rhizobia. The experimental results revealed that the percentages 

of crude protein in the two cuts indicated that the 2nd cutting was always higher in the percentage of crude protein 

than the 1st cutting. On planting and treating, the microbial total counts, dehydrogenase activity and NPK contents 

were developed in the soil samples collected from the 15 fertilizer treatments compared to the control-soil sample. 

In addition, treatments containing rhizobium as a biofertilizer showed a high percentage of crude protein compared 

to rhizobium-free treatments. The presence of organic fertilizer was more suitable for improving the growth of 

berseem clover plants compared to biochar. Combination of Rhizobium legumin Sarum bv. trifolii , Streptomyces 

luteogriseus-08, organic fertilizer, biochar in the presence of low nitrogen fertilizer (T16 treatment) gave the highest 

numbers of nodules, dry weight of nodules, and fresh weight of berseem clover nodules. Dry and fresh weights of 

berseem clover shoots, crude protein (%) and expected yield (Ton/Feddan) were higher in T16 compared to the 

control and the other 14 treatments. 

Key words: Berseem clover, biofertilizers, Rhizobium legumino sarumbv. trifolii, Yield, Crude protein (%), 

Streptomyces luteogriseus-08. 

INTRODUCTION 

Egyptian clover (Trifolium alexandrinum L.) is 

considered the main winter forage legume in old and 

new lands of Egypt. This is due to its high yield and 

quality especially crude protein content (Ghaffarzade, 

1997). Ryegrass (Lolium multiflorum L.) is a native 

annual winter grass and adapted to a wide varieties of 

soils and produce quick cover after cutting, of high 

production and quality (Ramadan, 1997). Thus, the 

principal benefits of mixing ryegrass with Egyptian 

clover are the increase of total dry fertilizer production 

and forage quality (James et al.,1998). Organic and 

biofertilizers seem to be more appropriate agronomic 

practices as they are considered the important aspects 

in agronomic clean farming. Among these organic 

materials are crop residues, farmyard compost, green 

manure and bio-fertilizer as microbial fertilizers and 

rhizobium, blue green algae and azolla. These were 

used to improve soil health and increased the yield 

which plays an important role for minimizing the 

harmful effect of pesticides and herbicides 

(Ananata,2005).Egyptian clover is one of keeping the 

soil, prevents wind and increases soil organic fertilizer 

content, particularly in newly reclaimed lands and 

enhancing soil structure and chemical and physical 

feature, (Graves et al.,1996).Thus, there is a need to 

develop berseem clover cultivar and appropriate 
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fertilizer types for high forage production and good 

quality (El-Nahrawy,2005). In Egypt clover is 

considered long winter forage legume. Its cultivated 

area almost accumulates more than 1.25 million fed of 

the total area of around 7.5 million fed. Leguminous 

crop with high yield and nutritive value, berseem has 

become one of the basic entries of successive crops in 

irrigated soils or as a green manure in cash crop 

rotations (Kuneluis, 1997).Ismail and Hassanen (2019) 

investigated the effect of foliar application of compost 

tea humic acid, and biofertilizer on forage production, 

seeds, chemical analysis of plant and soil. In general, 

berseem clover treated with humic acid increased the 

plant height, fresh, dry yield, seeds yield, weight of 

1000 seeds, crude protein, fiber fraction, total 

carbohydrate, digestible crude protein of forage yield 

as compared with control. Mixtures of forage crops 

(cereals and legumes) clearly have many advantages 

and are superior to their monocultures in providing 

greater yield and quality. In this respect grass-legume 

mixtures have high crude protein concentration and 

low fiber concentration than pure grass stand (Chen 

2006 Damadola et al.,2009). Thalooth et al. (2015) 

conducted two field experiments during two successive 

winter seasons of 2008/2009 and 2009/2010 to 

investigate the potentialities of mixing Egyptian clover 

with ryegrass under bio, organic and mineral 

fertilization treatments and their combination to 

increase forage yield and quality grown under sandy 

soil conditions. The experiment included the 

combination of five mixing ratios (Egyptian clover 

alone, ryegrass alone, 75% Egyptian clover: 25% 

ryegrass, 50% Egyptian clover: 50% ryegrass and 25% 

Egyptian clover: 75% ryegrass) and eight fertilizer 

sources, which include control, organic fertilization, 

bio fertilization, chemical fertilizer, organic + 

biofertilizer, organic + chemical fertilizer, bio + 

chemical fertilizer and combination of organic and 

chemical and bio fertilizers. On the other hand, it 

reported the lowest dry weight of weeds g/m2. 

Biofertilizers are microorganisms that enrich the 

nutrient quality of soil. The main sources of 

biofertilizers are bacteria, fungi, and cynobacteria. The 

most striking relationship that these have with plants is 

symbiosis, in which the partners derive benefits from 

each other (Al Abboud et al.,2014). Biofertilizers are 

products applied on the surface of a plant or in soil and 

contain live microorganisms that promote plant growth 

and development. These products may include bacterial 

species such as Rhizobium, Azotobacter, and 

Azospirilium as well as blue green algae (BGA) 

(Kumar et al., 2017 and Noufal et al., 2018). The need 

for N fertilizers could be reduced by biological 

nitrogen fixation  (Nicolás et al., 2006) in other mean 

bio-fertilizers (Ewees and Abdel Hafeez, 2010). Oad et 

al. (2004) reported that an increase in germination of 

seeds appears as a direct result to improving soil 

productivity by adding plant growth-promoting 

rhizobacteria(PGPR) which considered as a group of 

free-living bacteria that colonize the rhizosphere and 

benefit the root growth. Nitrogen fixation and plant 

growth promotion by rhizobacteria are important 

criteria for an effective bio fertilizer. Rhizobia are 

legume root nodule bacteria. A Rhizobium is a legume 

root nodule bacterium, and fixes N2 (diazotroph) after 

becoming established inside root nodules of legumes 

(Fabaceae). Rhizobacteria, through nitrogen fixation 

can able to convert gaseous nitrogen (N2) to ammonia 

(NH3) making it an available nutrient to the hostplant 

which can support and enhance plant growth. The 

host plant provides the bacteria with amino acids so 

they do not need to assimilate ammonia. Several 

microorganisms are commonly used as biofertilizers 

including nitrogen-fixing soil bacteria (Azotobacter, 

Rhizobium), nitrogen-fixing cyanobacteria (Anabaena), 

phosphate-solubilizing bacteria (Pseudomonas sp.), 

and AM fungi (Kumari et al., 2019).Biofertilizers trap 

atmospheric nitrogen to the soil and convert them into 

plant usable forms. They also convert the insoluble 

phosphate forms into plant available forms. They 

stimulate root growth by producing some hormones 

and antimetabolites. Effects of PGPR can occur via 

local antagonism to soil-borne pathogens or by 

induction of systemic resistance against pathogens 

throughout the entire plant. PGPR improve plant grow 

the directly by producing plant growth regulators such 

as auxins, gibberellins and cytokinins; by eliciting root 

metabolic activities and/or by supplying biologically 

fixed nitrogen. Consequently, germination, 

root development, nutrient and water 

uptake are improved (Kumar et al., 2017). 

Biofertilizers such as Rhizobium, Azotobacter, 

Azospirilium and blue green algae (BGA) have been in 

use a long time. Rhizobium inoculant is used for 

leguminous crops. Azotobacter can be used with crops 

like berseem clover, maize, mustard, cotton, potato and 

other vegetable crops. Rhizobium seed inoculation 

alone significantly increased soil nitrogen content and 

soil available phosphorus compared to the control in 

both seasons (Hatim, 2013).The experiment was 

designed to evaluate the effect of bio-fertilizers on 

berseem clover productivity cultivated under the sandy 

soil conditions in Ismailia Governorate. To reach such 

aim, an identified Streptomyces strain associated with 

rhizobium as biofertilizers was used with a mixture of 

biochar, organic fertilizer and ½recommended dose 

(RD) of mineral nitrogen among several different 

treatments compared to unfertilized.  

 

MATERIALS AND METHODS 

Location and season: Among two winter seasons of 

2020 and 2021 at Section 9, Ismailia Agricultural 
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Research Station, Ismailia Governorate, Egypt, this 

field experiment was carried out. 

Soil analyses: Among the two seasons, each of 

mechanical and chemical analyses and soil type were 

determined according to method of Page et al. (1982) 

and Cottenie et al. (1982), and results are recorded in 

Table (1). 

 

Table-1: Mechanical and chemical analyses of cultivated soil among two seasons. 

Parameters  Properties 1st Season 2nd Season 

Mechanical analysis Sand (%) 42.0 41.7 

Fine sand (%) 39.5 39.1 

Silt (%) 11.5 11.8 

Clay (%) 07.0 07.4 

Texture grade Sandy Sandy 

pH (1:2.5) 7.65 7.80 

E.C. (dSm-1 at 25ºC) 0.49 0.51 

 SP (%) 26.0 26.3 

Soluble cations (mmol/L) Ca2+ 1.50 1.60 

Mg2+ 0.50 0.59 

Na+ 0.22 0.26 

K+ 2.45 2.50 

Soluble anions (mmol/L) CO3
2- 0.00 0.00 

HCO3
- 0.50 0.56 

Cl- 3.50 3.63 

SO4
2- 0.92 0.94 

Macroelements Total-N (%) 0.018 0.019 

Total soluble-N (ppm) 100.0 101.1 

Available-P (ppm) 08.24 8.840 

Available-K (ppm) 101.0 98.20 

Microelements (DTPA-extract) Iron(ppm) 0.930 0.810 

Manganese(ppm) 0.310 0.330 

Zinc(ppm) 0.120 0.130 

Copper(ppm) 0.050 0.055 
DTPA: Di-ethylene tri-amine penta acetic acid. 

Characters of used fertilizers: Properties of organic 

fertilizer (farmyard manure) (Table 2) used among the 

two successive seasons were determined. In other side, 

characteristics of biochar conditioner used in the two 

experiment seasons at Ismailia station was as follows: 

% Total N (0.144), N-NH4 (770 ppm), N-NO3 (100 

ppm), P (0.17 ppm), K (0.51 ppm), Fe (3.95 ppm), Mn 

(0.38 ppm), Zn (0.37 ppm) and Cu (0.49 ppm). 

Table-2: Properties of organic fertilizer (farmyard manure) used in the two seasons. 

Properties 1st season 2nd season 

pH 7.85 7.68 

E.C. (dS/m at 25oC) 4.66 5.04 

Organic-C (%) 16.15 17.24 

Total N (%) 1.64 1.57 

C/N ratio 12.80 13.96 

Total-P (%) 0.74 1.05 

Total-K (%) 1.55 1.40 

Total soluble-N (ppm) 95.5 89.4 

Available-P (ppm) 19.3 22.4 

Available-K (ppm) 656.0 691.5 

DTPA extractable (ppm):   

Fe 134.5 141.7 

Mn 31.9 29.90 

Zn 22.1 29.10 

Cu 2.65 3.05 

Microbial total counts:   

Bacteria 6.2X107 9.4X106 

Fungi 5.6X106 2.8X106 

Actinomycetes 3.9X106 2.9X106 

Dehydrogenase activity (µg TPF/g) 107.4 112.7 
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Source of berseem clover seeds and cultivation 

distance: From the Seed Management, Agricultural 

Research Center (ARC), Giza, Egypt, Berseem clover 

seeds was kindly obtained. Seeds were sown at 25 cm 

distance between plants and 50 cm between rows.  

Rhizobium inoculum source: The strainARC-102of 

Rhizobium leguminosarum bv. Trifolii was obtained 

from Biofertilizer Unit; Agric. Res. Microbial; Soils, 

Water and Environment Res. Inst.; Agric. Res. Center; 

Giza; Egypt. Seeds were coated with rhizobium and 

applied for all treatments expect for the control 

treatment that received the recommended dose of 

mineral nitrogen. Each bacterial strain was applied 

either separately or all in combination as a liquid 

culture at the rate of 20 L fed-1 mixed with 400 L 

water/fed for berseem clover plants as a foliar spray. 

Streptomycete source and preparation of its 

inoculum: An identified halotolerant streptomycete 

strain labelled as Streptomyces luteogriseus-08 was 

obtained from Department of Agricultural 

Microbiology, ARC, Giza, Egypt. This isolate was 

previously isolated from Taif soil, KSA and completely 

identified by Mohamed et al. (2013). Inoculum of the 

applied Streptomyces strain was prepared by scraping 

the heavy spores from the surface of the growth of 

starch nitrate slant in the presence of 5 mL sterilized 

d.H2O as described by Osman et al. (2007). An aliquot 

of 2 mL standard inoculum was transferred aseptically 

to 50 mL of a broth medium (data not shown) modified 

from starch nitrate broth medium in a 250 mL conical 

flask. Inoculated flasks were incubated at 28±2oC for 6 

days on a rotary shaker (160 rpm/min) in Molecular 

Biology Laboratory, Department of Agricultural 

Microbiology, Faculty of Agriculture, Ain Shams 

University, Cairo, Egypt. Thereafter, growth was 

centrifuged at 10000 rpm at 4oC for 5 minutes. The 

supernatants and pellets were then distributed in 50 mL 

Fisher tubes and kept at 4oC until used. 

Microbial total counts: Before and after cultivation 

the total counts of microbes (bacteria, fungi and 

actinomycetes) in the soil sample as described by the 

method Clark (1965). 

Design of field experiment: As shown in Table (3), 

number of 16 treatments were designed. In these 

treatments berseem clover seeds were inoculated with a 

combination of different biofertilizers (Rhizobium 

leguminosarum bv. Trifolii and Streptomyces 

luteogriseus-08) and cultivated in soil fertilized with 

low concentration of mineral fertilizer in the presence 

and absence of organic fertilizer and/or biochar. 

Table-3: Design of field experiment. 

Description Treatments 
RD of mineral nitrogen (Control) T01 

Rhizobium leguminosarum bv. trifolii + ½RD of mineral nitrogen  T02 
Streptomyces luteogriseus + ½RDof mineral nitrogen T03 
Rhizobium leguminosarum bv. trifolii + Streptomyces luteogriseus-08 + ½RD of mineral nitrogen T04 
Organic fertilizer+ RD of mineral nitrogen  T05 
Organic fertilizer+ Rhizobium leguminosarum bv. trifolii + ½RD of mineral nitrogen T06 

Organic fertilizer+ Streptomyces luteogriseus-08 + ½RD of mineral nitrogen T07 
Organic fertilizer+ Rhizobium leguminosarum bv. trifolii + Streptomyces luteogriseus-08+ ½RD of mineral nitrogen T08 
Biochar + RD of mineral nitrogen T09 
Biochar + Rhizobium leguminosarum bv. trifolii + ½RD of mineral nitrogen T10 
Biochar + Streptomyces luteogriseus-08 + ½ RD of mineral nitrogen T11 
Biochar + Rhizobium leguminosarum bv. trifolii + Streptomyces luteogriseus + ½RD of mineral nitrogen T12 
Biochar + organic fertilizer+ RD of Mineral nitrogen T13 
Biochar + organic fertilizer +hizobium leguminosarum  bv. trifolii + ½RD of mineral nitrogen T14 
Biochar + organic fertilizer+ Streptomyces luteogriseus-08+ ½RD of mineral nitrogen T15 
Biochar + organic fertilizer+ Rhizobium leguminosarum bv. trifolii + Streptomyces luteogriseus-08+ ½RD of mineral 

nitrogen 
T16 

RD: 40 kg N/fed due to the Ministry of Agriculture. 

Activities of dehydrogenase in soil: Based on the 

method of Stevenson (1959) activity of dehydrogenase 

enzyme was determined in the soil sample before and 

after planting. 

Numbers of nodules: Nodule numbers per berseem 

clover plant and its dry weight were determined post 

planting among the two cuttings.  

Measurements post-harvest: Four parameters, i.e., 

fresh weight (Kg/m2), dry weight (Kg/m2), yield of 

fresh weight (Ton/Feddan) and yield of dry weight 

(Ton/Feddan) were determined for all 16 treatments on 

a random sample of ten guarded plants from each plot 

as reported by Pepe and Heiner (1975) and Helmy et al. 

(2014). 

Content of NPK: According to the method Atta 

Nandana et al. (1999) NPK content (mg /plant) in soil 

sample was measured before and after cultivation. 

Percentage of crude protein (N % X 6.25) in shoots or 

seeds was also determined according to the method of 

Hames et al. (2008).From each ample 0.5 g was 

digested using mixture of sulfuric (H2SO4) and 
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perchloric (HClO4) acids (1:3) as described by Cottenie 

et al. (1982). Nitrogen was determined by micro 

Keldahl, according to Jackson (2005). Phosphorus was 

determined Spectrophotometrcally using ammonium 

molybdate/stannus chloride method according to 

Chapman and Pratt (1961). Potassium was determined 

by a flame photometer, according to Page et al. 

(1982).Variation for each season was determined as 

according to Gomez and Gomez (1984). 

 

RESULTS AND DISCUSSION 

The results of soil chemical and mechanical 

analyses showed that the sample of soil cultivated in 

the experiment at Ismailia Research Station, Ismailia 

Governorate was sandy type. It was able to establish a 

symbiotic association with its symbiotic Rhizobium and 

acquire most of its essential nitrogen. With respect to 

the importance of berseem clover production 

worldwide, providing the suitable conditions for the 

optimum yield production is of great significance. 

The Streptomycesstrain under investigation was 

characterized by gray aerial mycelium (gray color 

series) and the reverse side of substrate mycelium was 

dark gray. Spore chains belonged to section RF or 

spiral with hairy surface. This isolate was also found to 

produce melanoid, did not produce soluble pigments 

and had a good growth on Cazpek’s medium. 

Concerning the utilization of carbon sources, the 

isolate was able to give a good growth in the presence 

of all sugars as sole carbon source. The isolate also 

showed antimicrobial activities, was not inhibited with 

streptomycin (4 μgmL-1) and grew on NaCl 

concentrations up to 21% (Mohamed et al., 2013).  

The soil of this experiment was appeared to be 

poor in NPK elements (52-55 ppm N, 7.2-7.6 ppm P 

and 46-49 ppm K) in unfertilized soil and cultivated 

with control berseem clover seeds (Biofertilizers-free 

seeds). On planting NKP amounts were raised with 

ranges of 89-199 ppm, 8.6-10.7 and 48-91 of N, P and 

K respectively, among the two successive seasons in 

the 15 fertilizer treatments compared control (T01) 

(Table4).

Table-4: Means of NPK elements in soil cultivated with berseem clover subjected to different fertilizers 

treatments. 
Treatments N (ppm) Available P (ppm) Available K (ppm) 

1st Season 2nd Season 1st Season 2nd Season 1st Season 2nd Season 

T01 0.52 0.55 7.2 7.6 46 49 

T02 0.89 0.95 8.6 8.9 48 51 

T03 0.75 0.89 7.9 8.1 44 47 

T04 120 126 8.9 8.6 52 49 

T05 106 110 7.8 8.2 63 66 

T06 141 145 9.0 9.3 68 72 

T07 130 135 8.8 9.1 64 69 

T08 150 160 9.6 10.1 69 73 

T09 074 079 7.4 7.9 54 57 

T10 112 125 8.8 9.1 60 63 

T11 105 095 8.2 8.6 58 61 

T12 132 150 9.2 9.6 68 72 

T13 118 128 8.5 8.9 68 65 

T14 158 173 9.2 9.5 78 83 

T15 140 163 8.9 9.4 72 76 

T16 186 199 10.2 10.7 84 91 

  

The averages of total microbial numbers (Bacteria 

(18-19.2X105), Fungi (0.6-0.65X105) and 

Actinomycetes (3.5-3.9X104) were few in control-soil 

sample (Uninoc. +40 kg N/fed, T01) compared to soil 

cultivated with berseem clover seeds subjected to 

different treatments among the two seasons. Total 

counts of bacteria, fungi and Actinomycetes were  

increased in the soil samples after cultivated with 

clover treated with different treatments of 15 

treatments compared to the control-soil sample 

(Uninoc.+40 kgN/fed, T01) (Table 5). This was 

obvious from the numbers of bacteria (21-39.1 X105), 

fungi (0.7-0.99 X105) and actinomycetes (4.0-6.9 

X104), while the bacterial count was the highest 

followed by total counts of fungi and actinomycetes. 

Data also, mention that inoculated treatment recorded 

higher counts of bacteria, fungi and actinomycetes 

compared with uninoculated treatments. Moreover, 

applied organic matter after cultivated clover recorded 

higher number of bacteria, fungi and actinomycetes 

than applied biochar after cultivated. 

The rate of dehydrogenase enzyme which 

reached up to 4.10 and 4.5 µg TPF/g soil/24 hr among 

the two seasons was fewer in control-soil sample 

(Uninoc.+40 kgN/fed, T01) than soil cultivated with 

berseem clover subjected to different fertilizer 

http://www.pjbt.org/
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/rhizobium


Pak. J. Biotechnol. Vol. 20(1)10-20  Soud et al., 

www.pjbt.org  

15 

treatments. This was approved by the rate of DHA in 

the 15 treatments which ranged from 4.85 to 6.48 µg 

TPF/g soil/24 hr (Table5). 

 
Table-5: Average number of microbial total counts and dehydrogenase activities in soil after cultivated with berseem 

clover and subjected to different fertilizers treatments. 
 

Treatments 

 

Soil 

amended 

 

 

Biofertilizers 

 

 

Mineral 

nitrogen 

Kg/Fed 

 

Microbial total counts (cfu/gm soil) DHA  

(µg TPF/g 

soil/24 hr) 
Bacteria 

(X105) 

Fungi (X105) Actinomycete

s (X104) 

Seasons 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 

T01 Without Uninoc. 40 18.0 19.2 0.60 0.65 3.5 3.9 4.10 4.50 

T02 Rhizobium 20 21.0 22.2 0.70 0.74 4.0 4.4 4.85 5.15 

T03 Strept. 20 24.0 26.3 0.55 0.58 5.5 5.8 4.90 5.26 

T04 Rhizobium+Strept. 20 26.0 28.4 0.70 0.75 6.0 6.4 5.40 5.80 

T05 Organic Uninoc. 40 28.5 31.1 0.70 0.74 3.5 3.8 5.30 5.60 

T06 Rhizobium 20 30.5 33.4 0.82 0.84 4.5 4.8 5.50 5.85 

T07 Strept. 20 30.0 32.4 0.67 0.69 4.5 4.8 5.35 5.65 

T08 Rhizobium+Strept. 20 34.5 36.7 0.80 0.82 6.0 6.4 6.10 6.50 

T09 Biochar Uninoc. 40 22.5 25.5 0.65 0.68 3.5 3.8 4.30 4.80 

T10 Rhizobium 20 24.0 27.3 0.80 0.83 4.0 4.3 4.65 4.90 

T11 Strept. 20 23.5 25.4 0.70 0.73 5.0 5.6 4.80 5.01 

T12 Rhizobium+Strept. 20 26.5 29.5 0.85 0.88 6.0 6.5 5.25 5.50 

T13 Organic 

+ 

Biochar 

Uninoc. 40 30.5 32.1 0.80 0.84 4.0 4.4 5.45 5.70 

T14 Rhizobium 20 32.5 34.2 0.85 0.89 5.0 5.4 5.65 5.80 

T15 Strept. 20 32.0 33.1 0.70 0.74 5.5 5.9 5.70 5.95 

T16 Rhizobium+Strept. 20 35.0 39.1 0.95 0.99 6.5 6.9 6.23 6.48 
  

The nodules number of berseem clover plants 

among the two cutting, which cultivated in the open 

field through a number of 15 different fertilized 

treatments compared to the control-soil sample 

(Uninoc.+40 kg N/fed, T01) are shown in Table (6). 

Nodule number at the 1st cutting of berseem clover 

were lower than that of the 2nd cutting. Low nodule 

numbers on berseem clover roots were recorded in the 

eight treatments (T01, T03, T05, T07, T09, T11, T13 

and T15) out of the 16 treatments which were 

rhizobium-free. Treatment No.16 (Seed inoulated with 

Rhizobium leguminosarum bv. trifolii + Streptomyces 

luteogriseus-08+ 20 kg N/fed cultivated in soil 

amended with organic matter and biochar) showed the 

highest number of root nodules followed by treatment 

No. 15 which did not inoculated with actinomycetes 

cultivated in the same soil. 

Results also indicated that when organic fertilizer 

was added to the soil in the two treatments of (T06 and 

T08), its activity was increased, and this was obvious 

from increasing the number of root nodules. While 

addition of biochar in the treatments of T09 and T11 

was not effective compared to organic fertilizer in T06 

and T08. Furthermore, the nodule dry weight of the 

berseem clover plants in this study has become in the 

same trend as the results of the root nodules number. 

The effect of soil amended with organic matter 

and/or biochar, results show that the maximum mean 

value was recorded in the treatment which cultivated in 

the soil amended with Organic matter and biochar. The 

means values of nodule number in the first season were 

recorded 28.50 and 50.25 nodule/plant in the first and 

second cutting, respectively. In the second season, the 

maximum values of nodule number recorded 32.75 and 

56.50 nodule/plant in the first and second cutting in the 

same order. The maximum values of nodule dry weight 

were recorded in the seed clover cultivated in the soil 

amended with the two compounds. 

Regardless of soil amended with organic matter 

and/or biochar, data in Table (6) indicate the nodules 

number and dry weight population in response of 

rhizobia and actino inoculation combined with 

activation dose of nitrogen. Results recorded the highest 

significant difference compared with rhizobia 

inoculation alone or rhizobia inoculation combined with 

actinomyces. In the first season, the inoculated rhizobia 

plus actino recorded maximum values of nodule 

number which recorded 34.50 and 58.50 nodule/plant in 

the first and second cutting, respectively.  
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Table-6: Averages of nodule numbers and dry weight per plant of clover among two cutting during two 

successive seasons cultivated under different fertilizer treatments. 
 

Codes 

 

Soil 

amended 

 

Biofertilizers 

 

Mineral 

nitrogen 

Kg/Fed 

Nodule number(#/plant) Nodule dry weight (mg/plant) 

1st Season 2nd Season 1st Season 2nd Season 

1st 

cutting 

2nd 

cutting 

1st 

cutting 

2nd 

cutting 

1st 

cutting 

2nd 

cutting 

1st 

cutting 

2nd 

Cutting 

T01 Without Uninoc. 40 8 21 11 16 21.2 26 29.2 32.1 

T02 Rhizobium 20 25 46 29 34 54.6 66.5 70.6 73.4 

T03 Strept. 20 12 21 15 18 32.8 40.4 44.3 47.2 

T04 Rhizobium+Strept. 20 30 56 36 48 66.5 82.2 86.2 89.1 

T05 Organic  Uninoc. 40 9 13 12 18 17.8 24.9 28.2 32.2 

T06 Rhizobium 20 30 30 28 38 52.7 63.9 66.3 69.2 

T07 Strept. 20 14 23 17 27 23.7 29.6 33.2 36.2 

T08 Rhizobium+Strept. 20 35 44 36 52 43.7 54.7 58.3 61.2 

T09 Biochar  Uninoc. 40 14 23 17 26 26.5 30.9 34.1 37.2 

T10 Rhizobium 20 32 57 39 61 56.7 57.7 61.2 64.3 

T11 Strept. 20 16 35 19 39 31.5 37.2 40.1 43.7 

T12 Rhizobium+Strept. 20 36 65 45 70 62.8 74.6 78.1 81.2 

T13 Organic 
+ 

Biochar 

Uninoc. 40 15 31 18 36 24 28.5 32.1 35.1 

T14 Rhizobium 20 40 64 46 73 61 74.8 78.9 81.2 

T15 Strept. 20 18 37 21 41 25.2 30.2 34.8 37.2 

T16 Rhizobium+Strept. 20 41 69 46 76 65.9 80.4 85.3 88.5 

LSD 0.05 2.20 2.25 2.13 3.12 1.23 2.13 1.78 1.85 

Effect of soil amended 

Without 18.75 36.00 22.75 29.00 43.78 53.78 57.58 60.45 

Organic 22.00 27.50 23.25 33.75 34.48 43.28 46.50 49.70 

Biochar 24.50 45.00 30.00 49.00 44.38 50.10 53.38 56.60 

Organic + Biochar 28.50 50.25 32.75 56.50 44.03 53.48 57.78 60.50 

LSD 0.05 1.10 1.13 1.07 1.56 0.62 1.07 0.89 0.93 

Effect of Bio-fertilizers 

Uninoc., 40kgN/fed 11.50 22.00 14.50 24.00 22.38 27.58 30.90 34.15 

Rhizobium, 20kgN/fed 31.75 49.25 35.50 51.50 56.25 65.73 69.25 72.03 

Strepto.,20kgN/fed 15.00 29.00 18.00 31.25 28.30 34.35 38.10 41.08 

Rhizobium+Strept., 20kgN/fed 35.50 58.50 40.75 61.50 59.73 72.98 76.98 80.00 

LSD 0.05 1.10 1.13 1.07 1.56 0.62 1.07 0.89 0.93 

 

The same trend in the second season, where the 

maximum values of nodule number recorded 40.75 and 

61.50 nodule/plant in the first and second cutting in the 

same order. Regarding to the nodule dry weight of 

clover plants result show that the values of thesis 

parameter were recorded in the seed clover inoculated 

with rhizobia and actinomycetes combined with 

activation dose of nitrogen. In the first season, the 

mean values were 59.73 and 72.98 mg nodules/plant 

for nodules dry weight in the first and second cutting, 

respectively. The corresponding values in the second 

season were 76.98 and 80.00 mg nodules/plant in the 

same order.  

The importance of biofertilizers was inconsistent 

and reflected from the results of fresh weight of 

berseem clover plants in this study through the 16 

treatments. Data in Table (7) show the fresh weight 

(kg/m2) among the two cuts of berseem clover shoots 

cultivated under different fertilizer treatments. The 

experimental results paid an attention to the importance 

of rhizobia to legume crops. This was clear from the 

decreasing in the fresh weight of berseem clover shoots 

in the absences of rhizobium. Similar observation was 

noted in the case of organicfertilizerthat increased the 

fresh weight of the berseem clover shoots compared to 

the use of biochar. As overall, treatment No. 16 (T16) 

gave the highest fresh weight due to combination of 

Biochar + organic fertilizer+ Rhizobium japonicum bv. 

trifolii + Streptomyces luteogriseus-08 + ½RDof 

mineral nitrogen (20 kg N/fed).Results of the dry 

weight of the berseem cloverplantsin this study has 

become in the same direction as the results of fresh 

weight (Table 7). 

Regardless biofertilizer inoculation combined with 

activation dose of nitrogen, results in Table (7)showed 

significant differences among amended soil with 

organic matter and/or biochar. The highest values of 

shoot dry weight in the first season (3.38and 4.08 

kg/m2 in the same order in the first and second cutting). 

The corresponding values in the second season were 

3.68 and 4.48kg/m2, respectively. On the contrary plant 

cultivated in the soil without organic matter or biochar 

scored the lowest values of shoot frish and dry 

weight.Data show also, the inoculation with rhizobia 

and actinomycetes combined with activation dose of 

nitrogen were recorded the highest significant 

difference compared with uninoculated plant in the two 

seasons. 
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Table-7: Fresh and dry weights (kg/m2) of clover shoots among two cutting cultivated under different treatments during 

two seasons. 
Codes Soil 

amended 

Biofertilizers Mineral 

nitrogen 

Kg/Fed 

Fresh weights (kg/m2) Dry weights (kg/m2) 

1st Season 2nd Season 1st Season 2nd Season 

1st 

cutting 

2nd 

cutting 

1st 

cutting 

2nd 

cutting 

1st 

cutting 

2nd 

cutting 

1st 

cutting 

2nd 

Cutting 

T01 Without Uninoc. 40 2.1 2.9 2.3 2.6 0.432 0.51 0.462 0.501 

T02 Rhizobium 20 3.2 3.9 3.5 3.8 0.582 0.71 0.61 0.642 

T03 Strept. 20 2.7 3.2 2.9 3.1 0.48 0.59 0.51 0.551 

T04 Rhizobium+Strept. 20 3.4 4.1 3.7 4.0 0.606 0.74 0.636 0.674 

T05 Organic Uninoc. 40 2.9 3.5 3.1 3.4 0.534 0.63 0.562 0.591 

T06 Rhizobium 20 3.3 4.0 3.6 3.9 0.588 0.72 0.61 0.642 

T07 Strept. 20 3.0 3.7 3.2 3.5 0.57 0.67 0.6 0.632 

T08 Rhizobium+Strept. 20 3.4 4.1 3.7 4.5 0.618 0.76 0.642 0.673 

T09 Biochar Uninoc. 40 2.7 3.3 3.0 3.6 0.48 0.59 0.51 0.542 

T10 Rhizobium 20 3.2 3.9 3.5 4.2 0.582 0.71 0.612 0.634 

T11 Strept. 20 2.9 3.6 3.2 3.9 0.528 0.65 0.558 0.61 

T12 Rhizobium+Strept. 20 3.4 4.1 3.6 4.5 0.606 0.74 0.634 0.654 

T13 Organic + 
Biochar 

Uninoc. 40 3.1 3.6 3.3 3.9 0.558 0.65 0.588 0.601 

T14 Rhizobium 20 3.5 4.3 3.8 4.7 0.624 0.77 0.652 0.692 

T15 Strept. 20 3.2 4.0 3.5 4.4 0.576 0.7 0.601 0.634 

T16 Rhizobium+Strept. 20 3.7 4.4 4.1 4.9 0.666 0.82 0.695 0.71 

LSD 0.05 0.2 0.4 0.2 0.4 0.12 0.18 0.14 0.16 

Effect of Soil amended 

Without 2.85 3.53 3.10 3.38 0.53 0.64 0.55 0.59 

Organic 3.15 3.83 3.40 3.83 0.58 0.70 0.60 0.63 

Biochar 3.05 3.73 3.33 4.05 0.55 0.67 0.58 0.61 

Organic + Biochar 3.38 4.08 3.68 4.48 0.61 0.74 0.63 0.66 

LSD 0.05 0.10 0.20 0.10 0.20 0.06 0.09 0.07 0.08 

Effect of Bio-fertilizers 

Uninoc., 40 kg N/fed 2.70 3.33 2.93 3.38 0.50 0.60 0.53 0.56 

Rhizobium, 20 kg N/fed 3.30 4.03 3.60 4.15 0.59 0.73 0.62 0.65 

Strepto. ,20 kg N/fed 2.95 3.63 3.20 3.73 0.54 0.65 0.57 0.61 

Rhizobium+Strept. ,20 kg N/fed 3.48 4.18 3.78 4.48 0.62 0.77 0.65 0.68 

LSD 0.05 0.10 0.20 0.10 0.20 0.06 0.09 0.07 0.08 

 

Data in Table (8)showed the percentages of 

nitrogen content and crude protein among two cuts of 

berseem clover shoots cultivated under different 

fertilizer treatments in the two successive seasons 

conductedin the open field.The experimental 

resultsillustrated that the percentages of crude protein 

in the two cuttings indicated that the 2nd cut was always 

higher in the percentages of each of nitrogen content 

and crude protein than the 1st cutting.  

In addition, treatments containing rhizobium as a 

biofertilizer showed a high percentage of crude protein 

compared to rhizobium-free treatments. The presence 

of organic fertilizerwasmore suitable for improving the 

growth of berseem clover plants compared to biochar.  

Table-8: Nitrogen and crude protein percentages among two cutting clover cultivated under different fertilizer treatments 

among two seasons. 
Codes Soil 

amended 

Biofertilizers Mineral 

nitrogen 

Kg/Fed 

Nitrogen (%) Crude protein (%) 

1st Season 2nd Season 1st Season 2nd Season 

1st 

cutting 

2nd 

cutting 

1st 

cutting 

2nd 

cutting 

1st 

cutting 

2nd 

cutting 

1st 

cutting 

2nd 

Cutting 

T01 Without Uninoc. 40 2.21 2.29 2.41 2.62 13.81 14.31 15.06 16.38 

T02 Rhizobium 20 2.45 2.8 2.65 3.1 15.31 17.5 16.56 19.38 

T03 Strept. 20 2.32 2.77 2.42 2.91 14.5 17.31 15.13 18.19 

T04 Rhizobium+Strept. 20 2.54 3.01 3.1 3.25 15.88 18.81 19.38 20.31 

T05 Organic Uninoc. 40 2.34 2.39 2.53 2.67 14.63 14.94 15.81 16.69 

T06 Rhizobium 20 2.42 2.91 2.54 3.32 15.13 18.19 15.88 20.75 

T07 Strept. 20 2.45 2.7 2.64 3.12 15.31 16.88 16.5 19.5 

T08 Rhizobium+Strept. 20 2.53 3.07 2.73 3.36 15.81 19.19 17.06 21 

T09 Biochar Uninoc. 40 2.11 2.48 2.34 3.2 13.19 15.5 14.62 20 

T10 Rhizobium 20 2.32 2.96 2.54 3.32 14.5 18.5 15.88 20.75 

T11 Strept. 20 2.21 2.77 2.41 2.96 13.81 17.31 15.06 18.5 

T12 Rhizobium+Strept. 20 2.35 2.91 2.53 3.23 14.69 18.19 15.81 20.19 
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T13 Organic + 

Biochar 

Uninoc. 40 2.38 2.58 2.57 2.97 14.88 16.13 16.06 18.56 

T14 Rhizobium 20 2.48 2.96 3.01 3.21 15.5 18.5 18.81 20.06 

T15 Strept. 20 2.54 2.83 2.73 3.31 15.88 17.69 17.06 20.69 

T16 Rhizobium+Strept. 20 2.66 3.18 2.93 3.41 16.63 19.88 18.31 21.31 

Effect of Soil amended 

Without 2.38 2.72 2.65 2.97 14.88 16.98 16.53 18.57 

Organic 2.44 2.77 2.61 3.12 15.22 17.30 16.31 19.49 

Biochar 2.25 2.78 2.46 3.18 14.05 17.38 15.34 19.86 

Organic + Biochar 2.52 2.89 2.81 3.23 15.72 18.05 17.56 20.16 

Effect of Bio-fertilizers 

Uninoc., 40kgN/fed 2.26 2.44 2.46 2.87 14.13 15.22 15.39 17.91 

Rhizobium, 20kgN/fed 2.42 2.91 2.69 3.24 15.11 18.17 16.78 20.24 

Strepto.20kgN/fed 2.38 2.77 2.55 3.08 14.88 17.30 15.94 19.22 

Rhizobium+Strept.20kgN/fed 2.52 3.04 2.82 3.31 15.75 19.02 17.64 20.70 

 

Combination of rhizobium, actinomycetes organic 

fertilizer, biochar in the presence of low nitrogen 

fertilizer gave the highest crude protein content as 

shown in (T16). The presence of organic amended and 

Rhizobium plus Streptomyces as biofertilizers gave 

higher yield of fresh weight (Ton/Fed)compared to 

control soil (Uninoc.+40 kg N/fed, T01) (Table 9). 

Treatment T16 containing Rhizobium and 

streptomycete isolate as biofertilizers, organic 

fertilizer, low concentration of nitrogen fertilizer and 

biochar appeared the highest fresh weight per Feddan 

compared to all treatments. Similar observations were 

recorded in case of berseem clover yield of dry weight 

(Ton/Fed) of this study among the two cuttings in the 

two seasons.  

Table-9: Fresh and dry weights (Ton/Feddan) of clover among two cutting cultivated under different treatments during 

two seasons. 
Codes Soil 

amended 
Biofertilizers Mineral 

nitrogen 

Kg/Fed 

Fresh weights (Ton /Feddan) Dry weights (Ton/Feddan) 

1st Season 2nd Season 1st Season 2nd Season 

1st 

cutting 

2nd 

cutting 

1st 

cutting 

2nd 

cutting 

1st 

cutting 

2nd 

cutting 

1st 

cutting 

2nd 

Cutting 

T01 Without Uninoc. 40 8.4 11.6 9.2 10.4 1.728 2.04 1.848 2.004 

T02 Rhizobium 20 12.8 15.6 14 15.2 2.328 2.84 2.44 2.568 

T03 Strept. 20 10.8 12.8 11.6 12.4 1.92 2.36 2.04 2.204 

T04 Rhizobium+Strept. 20 13.6 16.4 14.8 16 2.424 2.96 2.544 2.696 

T05 Organic  Uninoc. 40 11.6 14 12.4 13.6 2.136 2.52 2.248 2.364 

T06 Rhizobium 20 13.2 16 14.4 15.6 2.352 2.88 2.44 2.568 

T07 Strept. 20 12 14.8 12.8 14 2.28 2.68 2.4 2.528 

T08 Rhizobium+Strept. 20 13.6 16.4 14.8 18 2.472 3.04 2.568 2.692 

T09 Biochar  Uninoc. 40 10.8 13.2 12 14.4 1.92 2.36 2.04 2.168 

T10 Rhizobium 20 12.8 15.6 14 16.8 2.328 2.84 2.448 2.536 

T11 Strept. 20 11.6 14.4 12.8 15.6 2.112 2.6 2.232 2.44 

T12 Rhizobium+Strept. 20 13.6 16.4 14.4 18 2.424 2.96 2.536 2.616 

T13 Organic + 

Biochar 

Uninoc. 40 12.4 14.4 13.2 15.6 2.232 2.6 2.352 2.404 

T14 Rhizobium 20 14 17.2 15.2 18.8 2.496 3.08 2.608 2.768 

T15 Strept. 20 12.8 16 14 17.6 2.304 2.8 2.404 2.536 

T16 Rhizobium+Strept. 20 14.8 17.6 16.4 19.6 2.664 3.28 2.78 2.84 

LSD 0.05 1.3 1.6 1.5 1.8 0.012 0.014 0.012 0.013 

Effect of Soil amended 

Without 11.40 14.10 12.40 13.50 2.10 2.55 2.22 2.37 

Organic 12.60 15.30 13.60 15.30 2.31 2.78 2.41 2.54 

Biochar 12.20 14.90 13.30 16.20 2.20 2.69 2.31 2.44 

Organic + Biochar 13.50 16.30 14.70 17.90 2.42 2.94 2.54 2.64 

LSD 0.05 0.40 0.80 0.40 0.80 0.24 0.36 0.28 0.32 

Effect of Bio-fertilizers 

Uninoc., 40kgN/fed 10.80 13.30 11.70 13.50 2.00 2.38 2.12 2.24 

Rhizobium, 20kgN/fed 13.20 16.10 14.40 16.60 2.38 2.91 2.48 2.61 

Strepto. ,20kgN/fed 11.80 14.50 12.80 14.90 2.15 2.61 2.27 2.43 

Rhizobium+Strept. ,20kgN/fed 13.90 16.70 15.10 17.90 2.50 3.06 2.61 2.71 

LSD 0.05 0.40 0.80 0.40 0.80 0.24 0.36 0.28 0.32 
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