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Abstract 

This study was conducted to evaluate the effects of Trichoderma harzianum, and 

Bacillus megaterium var. phosphaticum, and their respective combinations, as well as 

the mixture of inorganic fertilizers, Nitrogen in for of Urea and Phosphor for the plant 

growth promotion. The results presented in this thesis further reinforce the concept of 

Trichoderma herzianum and Bacillus megaterium var. phosphaticum (BMP) as an 

alternative plant growth promoting strategy. Furthermore, this thesis forms a basis for 

Trichoderma herzianum BMP and their respective combinations interaction studies 

and proposes that the two organisms as well as combining them with  inorganic 

fertilizers Nitrogen in for of Urea and Phosphor could be used together to enhance the 

growth promotion of Sorghum, (Sorghum bicolor L.). Treatments were arranged in 

Complete Randomized Block Design (CRBD) with four replicates. The experimental 

work presented in this thesis was carried out in the Environment and Natural 

Resources Research Institute (ENRRI), the National Center for Research, Khartoum, 

Sudan during December 2016/ January 2017.Sorghum seed were placed in soil with 

different treatments, including control (A distilled water without any application was 

used for control), Bacillus spp., Trichoderma. Spp., and their combinations as well as 

NP fertilizer (used in comparisons with biofertilizers mentioned above). The plant 

were selected Sorghum (var. Wad –Ahmed), Sterilized soil was used. Trichoderma 

isolates used in this study was a commercial strain of T. harzianum. The Bacillus 

isolates used in this study were Bacillus megaterium var. phosphaticum. The result of 

plant high was proved to be significant deference all weeks in contrast the untouched 

control. The upshot from week one showed that sorghum treated with BMP and 

1/2NP were showed to increased highest peak with weight against to the control.  In 

dry weigh of both shoot and root of sorghum was not significant difference with 

compared in the control, but the plant treated INP showed to the maximum plant dry 

weight of shoot and root with compared untreated control. According to the results of 

this study the research recommended that have to use microbes, therefore farmers 

should have to use the blend of microbes with inorganic fertilizers.  

 



 ملخص البحث
الفوسفاتيكوم، . أجريت ىذه الدراسة لتقييم آثار تريتشوديرما ىارزيانوم، وعصيات ميغاتريوم فار

ومجموعات كل منيا، وكذلك خميط من األسمدة غير العضوية والنيتروجين في شكل يوريا والفوسفور 
النتائج المقدمة في ىذه األطروحة تزيد من تعزيز مفيوم تريتشوديرما ىيرزيانوم . لمنمو النباتي تعزيز

وعالوة عمى ذلك، . كاستراتيجية بديمة لمنمو النباتي (بمب)فوسفياتيكوم . والعصيات ميغاتريوم فار
تشكل ىذه األطروحة أساسا ل تريتشوديرما ىيرزيانوم بمب والدراسات التفاعل بين مجموعات منيا 
وتقترح أن الكائنين فضال عن الجمع بينيما مع األسمدة غير العضوية النيتروجين في  شكل يوريا 

تم ترتيب . (.Lسورغوم بيكولور )والفوسفور يمكن استخداميا معا لتعزيز نمو نمو الذرة الرفيعة، 
تم تنفيذ العمل التجريبي . مع أربعة مكررات (CRBD)العالجات في تصميم كتمة عشوائية بموك 

الذي تم تقديمو في ىذه الرسالة في معيد بحوث البيئة والموارد الطبيعية، المركز الوطني لمبحوث، 
تم . 2017يناير / كانون الثاني  / 2016ديسمبر / الخرطوم، السودان خالل شير كانون األول 

تم استخدام الماء )زرع بذور الذرة الرفيعة في التربة مع العالجات المختمفة، بما في ذلك الكنترول 
المستخدمة )ومجموعاتيا وكذلك األسمدة نب  ,، تريتشوديرما.، بمب(المقطر دون أي تطبيق لمكنترول

صنف ود )تم اختيار النبات من الذرة الرفيغة . (في مقارنات مع األسمدة الحيوية المذكورة أعاله
كانت العزالت التريكوديرما المستخدمة في ىذه الدراسة ساللة . ، تم استخدام التربة المعقمة(أحمد

العزالت بمب المستخدمة في ىذه الدراسة كانت باسيموس . ىارزيانوم. تجارية من تريتشوديرما
وقد ثبت أن نتيجة ارتفاع النبات لتكون فرقا كبيرا كل األسابيع في المقابل . فسفوتكم. ميغاتيريوم فار

 2NP / 1وأظيرت النتائج من األسبوع األول أن الذرة المعاممة بمب و . الكنترول غير المعالجة
في وزن جاف في الذرة لم يكن فرقا كبيرا مقارنة . أظيرت زيادة ذروة أعمى مع الوزن ضد الكنترول

في الكنترول، ولكن النبات المعالجة إنب أظيرت اعالء زيادة في وزن النبات الجاف مع مقارنة 
ووفقا لنتائج ىذه الدراسة، أوصى البحث بضرورة استخدام الميكروبات، . الكنترول غير المعالجة

 .ولذلك يجب عمى المزارعين استخدام تركيبات الميكروبات مع األسمدة غير العضوية
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CHAPTER ONE 

INTRODUCTION 

The first step towards knowledge is to know that we are 

Ignorant  

– Richard Cecil 

Sorghum (Sorghum bicolor (L.) Moench belongs to family Poaceae is one of the major 

food crops of the world, particularly in Africa and Asia (Chantereau, 1994). It is a good 

concentrate feed for cattle and poultry (Chandrasekaran, B. et al., 2010). FAO (2006) 

reports that sorghum is an important food crop in Africa. It is the fifth major cereal crop 

in the world after maize (Zea mays L.), wheat (Triticum vulgare L.), rice (Oryza sativa 

L.), and barley (Hordeum vulgare L.). Worldwide, the area under sorghum is estimated to 

about 44 million hectares in 99 countries in Africa, Asia, Oceania, and the Americas. 

Sorghum main producers (in million metric tons) are: USA (11.5), Nigeria (8.0), India 

(7.5), Mexico (6.3), China (3.1) and Sudan (2.6). Sorghum is the second most important 

cereal crop after maize in Sub-Saharan Africa (Han, et al., 2006). It is the main staple 

food for about 300 million people who live in the semi-arid tropics (Chantereau, and 

Nicou, 1994). In many parts of the world sorghum is traditionally being used in various 

food items such as kisra, injera, porridge, unleavened bread, cookies, cakes, couscous, 

and malted beverages (Skermann, 1990). In Africa Doggett (1988a) believed that 

sorghum was first domesticated in Ethiopia and then traveled to the Sudan where further 

development and diversification of the crop took place during the development of the 

kingdom of Kush. Also Dirar, (1993) suggested that whatever the origin of sorghum in 

Africa, be in the region of Lake Chad, the Nile valley or the northeastern quadrant of the 

continent the Sudan is part of it. In Sudan the major grass forage crops include Abu 

Sabein (Sorghum bicolor), Sudangrass (S. sudanense), the hybrid Pioneer (Sorghum 

bicolor XS. sudanense) and recently maize (Zea mays). Abu sabein is considered as the 

main cereal forage crop in the Sudan and grown in large area compared to Sudangrass. 

The two species are used as green forage, hay and silage (Khair, 1992).  



Biofertilizers are considered the most advanced biotechnology that can increase the 

output, improve the quality and they are responsible for developing organic, green and 

non-poluted agriculture, biofertilizers contain a variety of beneficial microorganisms and 

enzymes which accelerate and improve plant growth and protect plants from pests and 

diseases, biofertilizers provide the cultivated plants with the macro as well as 

micronutrients, required for healthy growth, therefore, improve yield and quality of 

agricultural crops (Kaymak, et al., 2008). Bacillus is the most abundant genus in the 

rhizosphere, and the activity of some of these strains has been known for many years 

(Probanza A. et al., 2003. and Gutiérrez M. FJ. et al., 2003). Bacillus megatorium 

produce plant growth promoting hormones which help in phosphate solubilizing activity 

of soil, Bacillus megaterium var. phosphaticum was used to create a bio-preparation 

called Phosphobucterin with the purpose of enhancing mineral phosphorus solubilization 

(Al-Rehiayani, et.al., 1999).  Trichoderma strains act as plant symbiotic organisms that 

are able to colonize plant roots by mechanisms similar to those of mycorrhizal fungi and 

to produce compounds that stimulate growth and plant defense mechanisms (Benítez, et 

al., 2004). On other hands, chemical fertilizers that are either natural or synthetic are also 

used to increase crop yields, but their high cost is not always affordable to poor farmers  

moreover, their negative effect on the environment, plants and animals when they are 

mis-used have resulted to water pollution and acidification of soils (Barbier, and Cattin, 

1994). 

This study was designed to find out the effects of Trichoderma harzianum Bacillus 

megaterium var. phosphaticum on Sorghum (Sorghum bicolor (L.) growth in comparison 

with Phosphorus and Urea. 

 

 

 

 

 

 



 

 

CHAPTER TWO 

LITERATURE REVIEW 

Learn, but learn from the learned 

- Cato 

2.1. Sorghum as important crop  

 Sorghum belongs to family Poaceae, It is a self pollinated crop cultivated for its edible 

grains, commonly called sorghum and also known as durra in Sudan. Sorghum 

genetically is considered as a drought tolerant crop and has evolved various eco types that 

withstand an array of biotic factor. It is considered more tolerant to many stresses, 

including heat, drought, and salinity and flooding as compared to other cereal crops (Ali 

et al., 2011). However, the crop grown in rain-fed areas is highly affected by drought 

stress (Kebede et al., 2001). The crop is crucially important to food security in Africa as 

it is exclusively drought resistant and can withstand periods of high temperature (Taylor, 

2006). In Sudan the amount and rainfall patterns of and length of rainy seasons as in Sub-

Sahara Africa is fluctuating. These climatic changes adversely affect traditionally 

sorghum growing areas of North Gdaref, Gezira, Sennar, White Nile State and North 

Kordofan. The dominant varieties grown are the traditional Feterita types e.g. Arfa 

Gadmek, Abdalla Mustafa and Korolo. Tetron and Dabar are grown on a limited scale. 

Some pioneer farmers in south Gadarif grow the improved varieties, Wad Ahmed and 

Tabat. Sorghum grown in this region is used for commercialization purposes and is sold 

mainly in the local markets, with some of it for export (Babiker, 2002). 

 

 



  

2.2. Bio-fertilizers  

Organic farming strategy is growing rapidly all over the world to conserve human health 

and the environment, because of the unbalance use of pesticides and chemical fertilizers 

(Boraste, et al., 2009a). Bio-fertilizers are formulations of beneficial microorganisms, 

which upon application can increase the availability of nutrients by their biological 

activity and help to improve the soil health. Microbes involved in the formulation of bio-

fertilizers not only mobilize N and P but is the process of producing crops and foods 

naturally, this method avoids the use of synthetic chemical fertilizers and genetically 

modified organisms to influence the growth of crops, the main idea behind organic also 

secrete various plant growth and health promoting substances (Swigonova Z,  2004). Bio-

fertilizers are low cost, effective and renewable source of plant nutrients to supplement 

chemical fertilizers (Boraste, et al., 2009b).  Increasing crop production is essential for 

meeting the food requirements of the increasing world population, poor soil fertility, 

pests and diseases are major constraints to crop production. Increased crop production 

currently depends on the use of chemical nitrogen (N) fertilizers for nutrients, and 

agrochemicals for management of pests and diseases. However, crop uptake of N 

fertilizers in the form of chemical is low (Garabet, et al., 1998). The use of 

microorganisms in agriculture has therefore been identified as a cheaper and more 

environmentally sound alternative or supplementary mechanism to improve crop 

production and minimize production costs (Wu et al., 2005a). Several free-living bacteria 

genera have been reported to enhance plant growth and to reduce the deleterious effects 

of pathogenic microorganisms and subsequently increasing yields of these crops (Shen, 

1997a; Kennedy et al., 2004). Beneficial bacteria are referred to as plant growth 

promoting rhizo-bacteria (PGPR) (Kloepper, et al., 1989).  Idris, et al., (2007). classified 

these bacteria into three major groups based on their mechanisms of growth promotion, 

those that promote plant growth directly by providing or facilitating the uptake of certain 

nutrients by the plant from the environment are referred to as biofertilizers, while those 

that enhance growth by production of growth regulators are biostimulants,  bioprotectants 

promote plant growth indirectly by lessening or preventing the deleterious effects of 



phytopathogens through production of antimicrobial compounds or by biopriming of 

systemic resistance. Application of beneficial microorganisms in agriculture started more 

than 60 years ago; biofertilizers are products containing living cells of microorganisms 

with the ability to promote plant growth by enhancing availability and uptake of mineral 

nutrients by the plants (Vessey, 2003). In recent years biofertilizers have emerged as an 

important component of the integrated nutrient supply system (Wu, et al., 2005b). At a 

global level many microbial products have been developed and commercialized for use in 

agriculture (Shen, 1997b). 

 

2.3. Definition of plant growth promotion 

 The term “rhizobacterial plant growth promotion” could be defined as the beneficial 

effects of rhizosphere bacteria on plants, resulting in increased plant growth, faster seed 

germination and better seedling emergence (Lazarovits and Nowak, 1997). These bacteria 

are now commonly called plant growth promoting rhizobacteria (PGPR) (Kapulnik, 

1991; Lazarovits and Nowak, 1997) and yield increasing bacteria (YIB) in China (Shen, 

1997c). Trichoderma spp. has also been found to improve seedling emergence and plant 

establishment (Paulitz et, al., 1986; Baker, 1988). 

 

2.4. Mechanisms of plant growth promotion  

Bacteria and fungi are continuously being studied and exploited for their possible role in 

plant growth and health, while some of these investigations are in infant or laboratory 

stages, others are under greenhouse and field studies, some at the point of commercial 

isolation and others are already commercialized and are being sold currently on the 

market (Ousley, 1994). There are various reports and reviews on the effects of PGPRs on 

crop plants. Among them is the use of Rhizobium spp. to improve growth of legumes 

through symbiotic nitrogen fixation (Gardener, 2004). Microbial inoculants improve 

plant health and productivity through enhancement of host nutrition and growth, 

antagonism of pests and pathogens and stimulation of host plant defense mechanism 

(Kloepper et, al., 2004). Husen, (2003), said that number of free-living bacteria have the 

ability to fix nitrogen and increase its availability for plants Indole-3-acetic acid (IAA) 



produced by bacteria improves plant growth by increasing the number of root hairs and 

lateral roots which enhance absorption of water and nutrients from the soil bacteria 

release phosphates by secretion of organic acids and phosphatases that solubilise and 

mineralize phosphates and make them available to plants (Kim, et al, 1997;). Productivity 

of cereal crops can be enhanced by application of selected novel Bacillus strains that 

combine nitrogen fixation with the production of plant growth promoting substances 

(Beneduzi, et, al., 2008a). A number of Bacillus strains have already been commercially 

developed as biological fungicides, insecticides, nematicides and plant growth promoters 

(Beneduzi, et al., 2008b).  

2.5. Application of Trichoderma spp. and Bacillus spp. for plant growth 

promotion 

Development of sustainable agriculture has been earmarked as one of the major strategies 

to reduce the harmful effects on the environment as a result of indiscriminate use of 

fungicides and pesticides on agricultural crops (Doggett H, 1988b). The effects of these 

microorganisms on plant growth and development, besides their involvement in 

mineralization, have drawn the attention of numerous researchers. In this thesis, the 

contribution and role of microbial and fungal species, with specific reference to 

Trichoderma and Bacillus species, towards plant growth promotion are discussed. 

(Kumar, et al., 2001). 

 

 

 

 

 

 

 



2.5.1. Trichoderma spp. 

Trichoderma spp. belong to the phylum Ascomycota, class Euascomycetes, order 

Hypocreal order Hypocreceals Genus. Genus has five species are Trichoderma. koningi, 

T. pseudokoningi, T. longibrachiatum, T.viride and T.harzianum. Morphologically 

feature of conidia and phlaiod help in differentiation of these species from each other 

(Kuhls, et al. 1999). Fungal species of the genus worldwide and can be isolated from soil 

decaying wood and from plant organic materials (Howell, 2003). Trichoderma spp. has 

been showed t o control diseases in biological control for more than 70years (Windling, 

1932). While has been used widely in commercial agriculture (Harman, 2000). They have 

other direct effect on plant which include increase growth and yield of plant, induce 

systemic resistance to disease (Yidida, et al., 2003). Increase nutrients up take and 

fertilizer efficiency utilization, increase leaf greenness that probably related to increase 

photosynthetic rate (Shoreh, 2005). 

2.4.2. Bacillus spp. 

Species of the genus Bacillus are mainly gram positive rods motile non motile and non 

acid, they produce heat resistant, spores under aerobic condition (Gordon, et al., 1973a). 

Most Bacilli are aerobic, some species are anaerobic usually axidase available, and 

catalase positive species of genus differ in manner in which they attack sugar (Anandraj, 

et al., 2001). Bacillus spp. are widely distributed in the environment mainly because of 

their resistant endospore which are able to tolerate extremely condition such as 

desiccation and high temperature (Quinn, et al., 2002). The genus can grow at 

temperature between (5-5.8), and flourish extremes acidity and alkalinity ranging Ph 2-10 

(Gordon, et al., 1973b).  

 

 

 

 



2.5.3. Mixtures of bio fertilizers 

Multi-strain inoculants may be required to obtain maximum effects on plant growth. 

Multi-strain inoculation has been found to produce better results than single strains in 

some cases (Naseby, et al., 2000). Enhance plant nutrient uptake and subsequently 

improve crop yields (Glick, 1995). 10-20% increase in crop yield was reported in field 

trials using a combination of B. megaterium deBary and A. chroococcum Beijerinck 

(Brown, 1974). Co-inoculation of Bacillus Isolate B69 with Trichoderma 

atrovirideSYN6 gave a plant growth promotion of 43% and increased nitrogen 

concentration in leaves of bean seedlings over non-inoculated control plants in the 

greenhouse (Yobo et, al., 2011).  

2.6. Biofertilers for specific nutrients 

Plant growth-promoting microbes which fix N2, solubilise phosphate, and/or produce 

siderophores are classified as biofertilisers, since they increase the availability of these 

nutrients to plants (Marschner, H. 1995). 

2.6.1. Nitrogen fixation 

N2 is abundant in the atmosphere, but is unavailable to plants. Plants receive their 

nitrogen in the form of ammonium (NH4+) and nitrate (NO3-). Uptake of NO3- occurs 

together with influx of protons whereas uptake of NH4+ occurs together with release of 

protons. These processes therefore cause alkalinization and acidification of the 

rhizosphere, respectively, and substantially influence rhizosphere processes. 

Conversion of atmospheric N2 to ammonium is known as the process of biological 

nitrogen fixation or diazotrophy. The ability to fix nitrogen is widespread among 

prokaryotes with representatives in both bacteria and archaea (Tarkka, M. et al., 2007). 

However, the alternative nitrogenases have a lower efficiency of nitrogen 

fixation compared with the conventional ones (Joerger, and Bishop, 1988). In addition to 

symbionts, there are also free-living and associative diazotrophs; 

these include bacteria from a number of genera: Acetobacter, Azoarcus, Azospirillum, 

Azotobacter, Bacillus (Dobbelaere, et al., 2003). 



2.5.2. Phosphate solubilization  

After water and nitrogen, phosphorus is the third plant growth-limiting compound. 

Phosphorus plays a role in numerous plant processes including energy generation, 

nucleic acid synthesis, photosynthesis, respiration and cellular signaling (Vance, et al., 

2003). Plants can absorb phosphorus only as H2PO4- and HPO42- ions. Most soils contain 

amounts of phosphate which are in principle sufficient to support plant growth. 

However, many of these organic and inorganic forms are not accessible for the plant. 

Also phosphorus added to the soil as a soluble chemical fertilizer can be rapidly fixed 

into insoluble forms and thus made unavailable to plants (Rodriguez, and Fraga, 1999; 

Smyth, 2011a). Phosphorus is widely applied as a chemical fertilizer, and the excessive 

and unmanaged application of phosphorus can have negative impacts on the environment, 

including the eutrophication and hypoxia of lakes and marine estuaries (Smyth, 2011b). 

Some bacteria, referred to as phosphate-solubilising bacteria (Igual et al., 2001;  

Kim et al., 1998) are able to solubilise bound phosphorous from organic or inorganic 

molecules, thereby making it available for the plant (Lipton, et al., 1987). 

Phosphate-solubilizing bacteria are ubiquitous and Bacillus Enterobacter, 

Erwinia and Pseudomonas spp. are among the most potent species. 

Production of organic acids such as gluconic acid is a major factor in the release of 

phosphorous from mineral phosphate (Rodríguez, et al., 2006). 

  

 
 
 
    

 

 

 

 

 

 

 



CHAPTER THREE 

MATERIALS & METHODS 

 
The Greatest invention of the world is the invention of 

the method of invention 

– A.N. White Head 

This experiment was conducted at the Environment and Natural Resources Research 

Institute (ENRRI) the National Center for Research, Khartoum, Sudan. A completely 

randomized design (with twelve treatments and four replications) was used in this 

experiment. Sorghum seed were placed in soil with different treatments, including control 

(tab water without any application was used for control), Bacillus, Trichoderma and their 

combinations as well as NP fertilizer (used in comparisons with biofertilizer mentioned 

above). The sorghum was (Var. Wad-Ahmed) a Sudanese indigenous sorghum variety. 

The soil used was sterilized. Trichoderma isolates used in this study was a commercial 

strain of T. harzianum. The Bacillus isolates used in this study were Bacillus megaterium 

var. phosphaticum. The study was conducted in Khartoum, Sudan from December 2017 

to January 2017. 

 

3.1. Microbial plant pathogenic fertilizers and inorganic fertilizers sources  

Trichoderma harzianum and Bacillus megaterium var. phosphaticum selected for this 

study were obtained from the collection of Trichoderma sp. and Bacillus sp. Stored in the 

Environment and Natural Resources Research Institute (ENRRI), the National Center for 

Research, Khartoum, Sudan. While the inorganic fertilizers (Urea and Phosphor) were 

secured from the previous researches work at the Department, College of Agriculture, 

and University of Bahri.  

3.1.2. Source of plant 

Sorghum (Var. Wad-Ahmed) was obtained from Sudan University of Science and 

Technology.  

 

 



3.2. Sterilization of media and plastic cups  

All media and materials used in this experiment were autoclaved at 15 psi pressure for 20 

minutes at temperature 121
o
C. The plastic cups used were also sterilized in ethanol.  

3.2.1. Media preparation and sterilization dextrose Agar medium (PDA) 

The fungal isolates Trichoderma harzianum was cultured on PDA amended with 

chloramphenicol (0.05g/L). The medium was prepared by boiling 200g of sliced potato in 

1liter distilled water. Twenty grams (20g) of dextrose, and 20g agar powder were added 

to the medium and the volume was adjusted to 1liter, then sterilized by autoclaving for 15 

minutes at 121C˚ and finally left to cool. Trichoderma culture on solid media was stored 

at 5C˚ until ready to use. 

3.2.1.1 Preparation of Bacillus sp. culture 

Bacillus megaterium var. phosphaticum was in the laboratory by diluting with distilled 

water in 9ml conical flasks and left for one day. Next day Bacillus was transferred into 

test tubes and diluted serial dilution in distil water, then 5ml was taken for use. 

3.2.2. Soil preparation  

Autoclaved homogenous sandy clay loam soils were used. The inoculated soil was 

immediately placed in 15 × 15 cm plastic containers (cups) which had already been 

sterilized. 

3.3. Sorghum plant preparation  

Sorghum seeds were sterilized with chloroform, and then washed three times with sterile 

distilled water to reduce the amount of chloroform residues on the treated seeds and were 

air-dried under a laminar air flow bench. The sorghum seed after sterilization were 

immediately transferred into plastic cups containing Trichoderma spp., Bacillus spp., 

Urea and Phosphor treatments. The sorghum seeds were grown in autoclaved sandy clay 

loam soil under open environment condition with normal temperature and humidity. 

 

 



3.4. Experimental set up 
 
Plastic Cups (15 cm size) were used. Each cup contained 0.5 kg soil approximately. 

Sorghum seeds were soaked in water five seeds were sown in every cup and was applied 

different treatments as plate 1. Indicates. After growth, only 3 plants per cup were 

maintained. Readings were taken throughout week one to week fourth effect of biofilms 

and inorganic fertilizers, individual and dual cultures on various plant parameters were 

determined. 

3.5. Parameter taken 

Germination percentage was measured seven days after irrigation started three days. 

After planting continued every two days physiological characteristics were made on flag 

leaves. These measurements were taken on a clear sunny day between 09:45 am until 

11:30 am under a saturated light condition. Plant height (cm) measured from ground level 

to the tip of the longest leaf. The sorghum plants root fresh weight was measured using 

digital scales. Sorghum root and shoot dry weights (g) measurement was done after being 

dried at a normal temperature in three days. 

3.6. Statistical analyses 
Data on Sorghum growth attributes were subjected to statistical analysis using Statistic 8 

statistical software, Version 2.0 (UK). Means were separated for significance using 

Duncan Multiple Range Test (DMRT).  

.  

 

 

 

 

 

 

 

 



 

 

Plate 1. Sowing sorghum seeds in plastic cups and applying different treatment. 

 

 

 

 

 

 

 

 



CHAPTER FOUR 

RESULS AND DISCUSSION 

The man of science has learned to believe in 

Justification, not by faith, but by verification 

– Thomas Henry Huxley 

 

4.1 Effects of Trachoderma harzianum, Bacillus megatarium 

var. phosphaticum, and mixture of Nitrogen and Phosphorus on 

Sorghum growth 

4.4.1 Effects of Trichoderma harzianum, Bacillus megaterium var. 

phosphaticum, and mixture of Nitrogen and Phosphorus on Sorghum 

growth  

At week one and week two from week after sowing (WAS), the results displayed that 

Sorghum treated Trichoderma harzianum, Bacillus megaterium var. phosphaticum, and 

mixture of Urea and Phosphorus furthermore combination between them increased plant 

height significantly as compared to the control (Table 1).The sorghum plant height of 

week one from WAS from untreated control was 5.4(2.0)
 abc

* (Table 1). The result proves 

that treated with Bacillus megaterium var. phosphaticum, Trichoderma harzianum in 

addition to 1NP are consequence control. The treated of Bacillus megaterium var. 

phosphaticum (BMP) +half of assortment concentration of Nitrogen and Phosphor 

(1/2NP) as well as Trichoderma herzianum + the full concentration of Nitrogen and 

Phosphor (1NP) are confirmed the highest degree 13.1, in compared to control. The 

combination of Bacillus megaterium var. phosphaticum, Trichoderma harzianum and 

with 1/2NP are showed incompatible routine caused the main reduction 5% with contrast 

to control. Trichoderma harzianum alone, showed a reduction of 11.1% in growth 

sorghum compared to the untreated control. The blend of Trichoderma harzianum and 

Bacillus megaterium var. phosphaticum, are showed the diminished of 4.8% by measure 

up to control. Bacillus megaterium var.phosphaticum+1NP and the mixed of Bacillus 



megaterium var. phosphaticum mixed both Trichoderma harzianum and 1NP are 

illustrated the decrease of 9.1 and 17.6% irrespectively. How the sorghum was appeared 

in week one were indicated in (Plate 2.)  . 

In week two from WAS as of (Table 1). The result explained that all treatment were 

significantly different as weigh against to control. Sorghum treated BNP+1/2NP and INP 

were increased the array between 12.5 and 11.7 in respectively. But BMP it selves was 

increased at 10.8%. The treated of combination in BMP+TRI+1NP were displayed the 

highest decrease 11.2%. Plant treated combination of 1NP in both TRI and BMP were 

showed lowest enhancement between 2.6 and 3.6%, while the combination for BMP+ 

Trichoderma harzianum also flowed for increasing 6.9% with comparison to the control. 

The treated Trichoderma harzianum and 1/2NP were showed the lowest reduction in 5%, 

but the treated TRI+1/2NP as well as the BMP+TRI+1/2NP were got to decrease 3.3-8% 

in plant height. The appearance of sorghum in week two was showed in (Plate 2).  . 

 

 

 

 

 

 

 

 

 

 

 

 



Table 4.1 Effects of Trachoderma harzianum, Bacillus megatarium var. phosphaticum 

and mixture of Urea and Phosphorus on Sorghum growth   

Plant height (cm)/week Treatment 

Week2 Week1  

 (18.9)
abc

  (2.0)
abc

* CONT 

 (21.2)
ab

  (2.0)
abc

 BMP 

 (18.8)
abc

  (1.8)
bc

 TRI 

 (21.4)
a
  (2.0)

abc
 1NP 

 (18.0)
abc

  (1.6)
c
 1/2NP 

 (20.3)
abc

  (2.2)
ab

 BMP+1NP 

 ((21.6)
a
  (2.3)

a
 BMP+1/2NP 

 (19.4)
abc

  (2.3)
a
 TRI+1NP 

 (17.5)
bc

  (2.0)
abc

 RI+1/2NP 

 (19.6)
abc

  (2.1)
abc

 BMP+TRI 

 (17.0)
c
  (1.7)

c
 BMP+TR+1NP 

 (18.3)
abc

  (1.6)
c
 BMP+TR+1/2NP 

1.3* 2.44* Pr<0.5 

13.55 15.73 CV% 

 

 

*Means within a column having the same superscript letter(s) are not significantly different 

according to LSD test.* = P ≤ 0.05 

 

 

 

 

 

 



 

 

Plate 2.  Effect of different treatments on Sorghum growth A) First week from SAW B) 

Second week from SAW. 
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4.1.2 Effects of Trachoderma harzianum, Bacillus megatarium var. 

phosphaticum, and mixture of Nitrogen and Phosphorus  

At week three from SAW as cleared (Table 2). The result displayed that Sorghum treated 

Trichoderma harzianum, Bacillus megaterium var. phosphaticum, and mixture of Urea 

and Phosphorus furthermore combination between them increased plant height 

significantly as compared to the control (Table 2). The results declared that the part 

treated sole of Bacillus megaterium var. phosphaticum was showed soaring increasing  

8.4%, then run after those treated the half of recommended dose of the mixture of Urea 

and Phosphate and combination of the BMP+1/2NP which were increased 5.6 and 5.8%, 

at respectively compared in the control in (Table 4.22.) . whereas amalgamation both of 

BMP+ Trichoderma harzianum The full recommended amount of the mixture are 

exhibited the height a significant condense in 29.4%, the Trichoderma harzianum within 1/2NP 

also indicate to decrease in 15.7%, later than the treated through 1/2NP and 

BMP+T.harzianum+ 1/2NP e were displayed a reduction in sorghum by 8.7 and 11.6% 

respectively in comparison with the treatment free control (Table 4.2.2.). The result in T. 

harzianum solitary and when combined with 1/2NP are pointed to the reduction between 1.6 and 

3.3% where the combinations both of BMP+1NP, along with BPM+T.harzianum also decreased 

the range between 2 and 2.9% (Table 4.2.2). The sorghum was looked like in week three 

point out in (Plate 3).   

In week four from SAW as of patented in (Table 4.2.2). The result explained that all 

treatment were significantly different as weigh against to control. The outcome proved 

that the full suggested rate of mixture of Nitrogen and Phosphor (1NP) was increased the 

uppermost range 8.6%, but the treated with combination of Bacillus megaterium var. 

phosphaticum plus Trichoderma harzianum had no significant effect in compared to the 

control (Table 4.2.2).The highest reduction were observed those treated the blend of both 

T.harxzianum with halved optional of mixture of the N and P 1/2NP, and 

BMP+T.harzianmu+ 1NP by means of 38 and 21.1, respectively, while T.harzianum 

lonely increased  6.4. However the lowest reduction was discovered the plant treated 

BMP+1NP in 3% (Table 4.2.2). The  treated of pure of the individually BMP and 

T.harzianum were found to increase  5.2 and 6.4%, respectively, but the combining BMP 



with 1/2NP and 1/2NP itself were showed the decreasing by 5.4 and 6.4, respectively, 

nevertheless the combination of BMP+T.harzianum+1NP was decreased at 11.1%  (Table 

4.2.2). The appearance of sorghum in week four was indicated in (Plate 3.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 4. 2 Effects of Trachoderma harzianum, Bacillus megatarium var. phosphaticum 

and mixture of Urea and Phosphorus on Sorghum growth  

Plant height (cm)/week Treatment 

  

Week3 Week4  

   

 (27.6)
abc

  (25.1)
abc

 CONT 

 (29.5)
ab

  (27.4)
a
 BMP 

 (29.1)
ab

  (24.7)
abc

 TRI 

 (30.2)
a
  (26.6)

ab
 1NP 

 (26.4)
abcd

  (23.1)
bcd

 1/2NP 

 (26.8)
abc

  (24.6)
bc

 BMP+1NP 

 (29.4)
ab

  (26.5)
ab

 BMP+1/2NP 

 (26.0)
abc

  (24.3)
abc

 TRI+1NP 

 (22.8)
dc

  (21.7)
cd

 RI+1/2NP 

 (27.6)
abc 

 (24.4)
abc

 BMP+TRI 

 (20.0)e  (19.4)
d
 BMP+TR+1NP 

 (24.8)
cd

  (22.5)
cd

 BMP+TR+1/2NP 

4.69 2.80** Pr<0.5 

10.38 11.13 CV% 

 

*Means within a column having the same superscript letter(s) are not significantly different 

according to LSD test.* = P ≤ 0.05 

 

 

 

 

 

 

 



 

 

Plate 3. Effect of different treatments on Sorghum growth A) Third week from SAW B) 

Fourth week from SAW 
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4.4.3 Effects of Trachoderma harzianum, Bacillus megatarium var. 

phosphaticum, mixture of Nitrogen and Phosphorus on sorghum shoot 

and root dry weight 

Statistical analysis showed that differences between treatments in shoot of sorghum dry 

weight were not significant (Table 4.3) .Treatment free control displayed a shoot dry 

weight of 0.53%, the result showed that sorghum  treated 1NP increased the highest dry 

weight of shoot in 25.4%, at the same time as those treated the unadulterated 

Trichoderma harzianum and Bacillus megaterium var. phosphaticum also were illustrated 

to increased the amount between 17.2 and 18.5% , but conversely  the combinations of 

Bacillus megaterium var. phosphaticum (BMP)and T. harzianum  was showed no 

significant to the control compared to the control in (Table 4.3.1.). The combinations of 

the Bacillus megaterium var. phosphaticum+ Trichoderma harzianum+ full counseled 

quantity of the mixture of Nitrogen and Phosphor (1NP)  and BMP+T.harzianum+halved 

the mixture of N and P (1/2NP) are explained the highest decrease of  sorghum shoot dry 

weight by 20.5 and 29.3%, in respectively.(Table 4.3). Nonetheless the consortiums of 

T.harzianum+1NP and T.harzianum+1/2NP were pronounced to decrease in 10.4 and 

12.8%, in respectively. The 1/2NP lone announced to decrease 10.4% while some time its 

combination with Bacillus megaterium var. phosphaticum (BMP+1/2NP) showed to 

increase 10.2% , but BMP+1NP was decreased 3.6% compared to the control (Table 4.3.) 

Statistical analysis showed that differences between treatments in root of sorghum dry 

weight were not significant (Table 4.3) .Treatment free control displayed a shoot dry 

weight of 0.58%, The result showed that sorghum treated with both 1NP and Bacillus 

megaterium var. phosphaticum  were  increased  the highest root dry weight by 18.3 and 

19.4% in respectively, but highest decrease were found those treated  Bacillus 

megaterium var. phosphaticum+ Trichoderma harzianum+ full counseled quantity of the 

mixture of Nitrogen and Phosphor (1NP) in 26.1% compared to the control (Table 4.3). 

the unmixed Trichoderma harzianum and combinations of BMP+TR were be evidence 

for increase 17.2 and 4.9%, while the clean of BMP and the  combination of BMP+1NP 

was found to reduce 10.8% comparison of at treated control (Table 4.3.).The result 

witnessed that combinations TRI+BMP+1N and TRI+1/N decreased the amount of 5.5 



and 18%, whereas plant treated with combinations RTI+1/2 and 1/2N were demonstrated 

the reduction of sorghum root dry weight in 3.6 as compared the control. After dried and 

weighted the sorghum shoot and root were looked like as illustrated in (Plate 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 4.3  Effects of Trachoderma harzianum, Bacillus megatarium var. 

phosphaticum and mixture of Urea and Phosphorus on Sorghum shoot and root dry 

weight 

Treatment                      Dry  weight /g 

 Shoot Root 

CONT  (0.53)
abcd

  (0.58)
abc

 

BMP  (0.65)
ab

  (0.65)
ab

 

TRI  (0.64)
ab

  (0.64)
ab

 

1NP  (0.71)
a
  (0.71)

a
 

1/2NP  (0.48)
abcd

  (0.56)
bc

 

BMP+1NP  (0.55)
abc

  (0.65)
ab

 

BMP+1/2NP  (0.59)
a
  (0.72)

a
 

TRI+1NP  (0.48)
abcd

  (0.57)
abc

 

TRI+1/2NP  (0.47)
bcd

  (0.56)
bc

 

BMP+TRI  (0.53)
abcd

  (0.61)
abc

 

BMP+TR+1NP  (0.41)
d
  (0.46)

c 

BMP+TR+1/2NP (0.44)
cd

  (0.55)
bc

 

Pr<0.5 1.93
Ns

  1.63
Ns

 

CV% 17.32 16.98 

*Means within a column having the same superscript letter(s) are not significantly 

different according to LSD test.* = P ≤ 0.05 

 

 



 

Plate 4. Laboratory measuring of Sorghum root and shoot dry weights using a sensitive 

balance A) Shoots B) Roots.  

 

 

 

 



CHAPTER FIVE  

DISCUSSION 

Wu, et al. (2005c) evaluated the effect of mixture of four biofertilizers on growth of 

Zeamays and soil properties, controls where no fertilizer, chemical fertilizer and organic 

fertilizer, and two types of biofertilizers. The mixture of the four microbes significantly 

increased the growth of Zeamays and resulted in the highest biomass and seedling height. 

It also increased assimilation of N., P and K. moreover; soil properties such as organic 

matter and total N in soil were improved. Crop productivity in fields can increase up to 

30% after the addition of Trichoderma harzianum or Trichoderma koningii (Benítez, et 

al., 2004b).Plants react to P-limitation by acidification of the rhizosphere, by increased 

growth of roots towards unexploited soil zones, by increasing the number of root hairs, 

and by secreting phosphatases. Acidification is the result of secretion of organic anions 

together with protons. Organic anions, with citrate and oxalate being more effective 

than others, can directly facilitate the mobilisation of phosphate (Kim, et al. 1998). 

Dry weight was increased after six weeks growth by 150 to over 250 percent by addition 

of Trichoderma spp. (Baker, 1988b) . 

This result also indicates that Trachoderma harzianum with combinations of Bacillus 

megatarium var. phosphaticum had significantly potential to increase plant growth of 

sorghum. Also result reveled the Bacillus megatarium var. phosphaticum itself has ability 

to help us increase the plant height. Generally the chemical fertilizers have wide spread 

problems and they are successfully increase the yield. However, their cost is so high, and 

they have side effects of ecosystem. Basing on the present study, biofertilizers could an 

alternative choice for farmer and may be helpful. This is a part of integrated pest 

management philosophy which assists the use of microbes to increase the productivity 

but needs a time.  

 

 

 



 

Recommendation   

According to the results of this study the research recommended that farmers should 

have to use microbes, mainly Bacillus megatarium var. phosphaticum with half 

normal recommended dose of mixture of the Nitrogen and Phosphor. 

A call for other interested researches to perform on further studies in this important 

issue of biofertilizers. 
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APPENDICES 

Appendix 1.  

Table 1. Effects of Trichoderma harzianum, Bacillus megaterium var. phosphaticum, a 

mixture of Urea and Phosphorus and their combination Sorghum plant height  

Treatment Plant height (cm) /week 

 Week1 Week2 

 CONT 5.4(2.0)
abc* 10.5(18.9)abc 

 BMP Non
 abc

 Incr10.8% ab 

 TRI Dec 11.1%
 bc

 Dec0.5% abc 

1NP Non
 abc

 Incr11.7% a 

1/2NP Dec25%
 c

 Dec5% abc 

BMP+1NP Incr9.1%
 ab

 Incr6.9% abc 

 BMP+1/2NP  Incr13.1%
 a

 Incr12.5% a 

 TRI+1NP Incr13.1%
 a

 Incr2.6% abc 

 TRI+1/2NP Non
 abc

 Dic8% bc 

BMP+TRI Incr4.8%
 abc

 Incr3.6% abc 

BMP+TRI+1NP Dec 17.6
 c

 Dic11.2 c 

BMP+TRI+1/2NP Dec 25
 c

 Dic3.3 abc 

P ≤ 0.05 1.3* 2.44* 

CV% 27.78 22.92 

*Means within a column having the same superscript letter(s) are not significantly different according to LSD 

test.* = P ≤ 0.05 

 

 

 

 

 

 



Appendix 2.  

Table 2. Effects of Trichoderma harzianum, Bacillus megaterium var. phosphaticum, a 

mixture of Urea and Phosphorus and their combinations  on Sorghum plant height  

*Means within a column having the same superscript letter(s) are not significantly different 

according to LSD test.* = P ≤ 0.05 

 

 

 

 

 

 

 

 

 

Treatment                Plant height (cm) /week 

 Week 3 Week 4 

CONT 18.1(25.1)abc 21.5(27.6)abc 

BMP Incr8.4% a Incr6.4% ab 

TRI Dec1.6% abc Incr5.2% ab 

1NP Incr5.6% ab Incr8.6% a 

1/2NP Dec 8.7% bcd Dec 4.5% abcd 

BMP+1NP Dec2% bc Dec 3% abc 

BMP+1/2NP Inc5.3% ab Incr6.1% ab 

TRI+1NP Dec3.3% abc Dec 6.4% abc 

TRI+1/2NP Dec 15.7% cd Dec 21.1% dc 

BMP+TRI Dec 2.9% abc Non abc
 

BMP+TRI+1NP Dec 29.4% d Dec 38% e 

BMP+TRI+1/2NP Dec 11.6% cd Dec 11.1% cd 

P ≤ 0.05 4.69 2.80** 

CV% 19.58 17.95 



 

Appendix 3. 

Table 3.  Effects of Trichoderma harzianum, Bacillus megaterium var. phosphaticum, a 

mixture of Urea and Phosphorus and their combination on Sorghum shoot and root dry 

weight   

Treatment             Dry  weight (gm) 

 Shoot Root 

CONT 0.33(0.53)abcd 0.28(0.58)abc 

BMP Incr18.5% ab Incr10.8% ab 

TRI Incr17.2% ab Incr17.2% ab 

1NP Incr25.4% a Incr18.3% a 

1/2NP Dec10.4% abcd Dec3.6% bc 

BMP+1NP Incr3.6% abc Incr10.8% ab 

BMP+1/2NP Incr10.2% a Incr19.4% a 

TRI+1NP Dec10.4% abcd Dec 18% abc 

TRI+1/2NP Dec 12.8% bcd Dec 3.6% bc 

BMP+TRI Non abcd Incr4.9% abc 

BMP+TRI+1NP Dec 29.3% d Dec 26.1% c 

BMP+TRI+1/2NP Dec 20.5% cd Dec 5.5% bc 

P ≤ 0.05 1.93
Ns

  1.63
Ns

 

CV% 17.32 16.98 

*Means within a column having the same superscript letter(s) are not significantly different 

according to LSD test.* = P ≤ 0.05 

 

 

   

 

 

 

 

 


