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Abstract 

 

Phosphorus (P) is a key nutrient for plant growth and development. It is involved in 

cellular energy transfer, respiration and photosynthesis. Nutritional requirements of 

plants vary widely mostly under different ecological conditions. Most of the plants 

have to survive under adverse to the most severe conditions as they are genetically 

adapted to their habitats and even some varieties of the same species differ very much 

in absorption translocations, accumulation and nutrient use. The P is taken up from 

the soil solution by plant roots as orthophosphates ions, principally as mono-

orthophosphates, H2PO4
- ions in acidic soil solution while in alkaline soil solutions 

the principal ions that adsorbed/absorbed are monovalent orthophosphate, H2PO4
- ions 

and divalent orthophosphate, HPO4
2- ions. 

In my several experiments, I have used two hypes of soils- one acidic soil having 

initial soil pH 5.2 in water and the other alkaline soil having initial soil pH 7.9 in 

water. Two recently BARI released wheat varieties namely BARI GOM 25 and BARI 

GOM 26 were used throughout the investigations. The KH2PO4 was used as a source 

of P. The experiments were carried out to examine different parameters such as the 

roles and effects of different P levels and application methods with three triplications 

in improving root and shoot developments of wheat plants (in split-root systems), 

plant growth and development by wheat seedlings, phosphorus use efficiency (PUE) 

by wheat plants that grown in both acidic and alkaline soils. Effects of added soluble 

P on the rate of absorption/adsorption of nutrients from the soil solutions and also the 

effect of P supply to the crop by the soil available P, P fertilizer management, soil and 

environmental conditions that influence P apply to availability and root-shoot ratio.   
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The experimental results along with their comparison between BARI GOM 25 and 

BARI GOM 26 in acidic and alkaline soil which in turn show the betterment of wheat 

plant growth in acidic soil over alkaline soil in tabular and graphical forms. 

In acidic soil, results showed that the growth parameter plant biomass and P uptake 

increased 90%-91% with respect to the controlled treatment. Slightly better results but 

not highly significant, were found for BARI GOM 26 than those for BARI GOM 25. 

The findings clearly indicate that elevated P takes a significant part in wheat plant 

development and the added soluble P increases the absorption of nutrients from both 

acidic and alkaline solutions and the application of elevated P is efficient for both 

increasing shoot development and the root growths and the PUE with respect to plant 

utilization. Results also showed that alkaline soil are somewhat below than therefor 

acid soil. Moreover, the elevated P concentrations in the shoots of the wheat plants 

probably provided more P for shoot unloading of P and for P assimilation in the 

controlled roots, resulting in increased P concentrations in the roots of the wheat 

plants that means, the translocation of P in the roots in acidic and alkaline soils and 

there is no doubt that P plays a significant role in the P dynamics and P translocation 

within the wheat plants in split root systems (in both acidic and alkaline soils). 

The overall experimental results suggested that the acid soil is more suitable than 

alkaline soil for BARI GOM 25 and BARI GOM 26 wheat (Triticum aestivum L) 

cultivation. The study concluded that the both wheat varieties can able to utilize P 

efficiently in both acidic and alkaline soils with the overcoming of P fixation in both 

soils. 
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elongation (Sánchez-Calderón et al., 2005), branching (Linkohr et al., 2002; López-

Bucio et al., 2002), and root hair density (Ma et al., 2001). The root system may also 

act to enhance inorganic P uptake by exuding protons (Hinsinger, 2001), organic acid 

anions (Ryan et al., 2001), and phosphatases (Tadano and Sakai, 1991) into the 

rhizosphere, or by the formation of symbioses with arbuscular mycorrhizas or 

ectomycorrhizas (Péret et al., 2011; Smith et al., 2011). Phosphorus is readily 

translocated within the plants, moving from older to younger tissues as the plant 

forms cells and develops roots, stems and leaves. Moreover, in inorganic P-deficient 

plants the restricted supply of P to the shoots from the roots via the xylem is 

supplemented by increased mobilization of stored P in the older leaves and 

retranslocation to both the younger leaves and growing roots. To understand the 

mechanisms controlling these traits is, therefore, of great importance in the pursuit of 

improved crop inorganic P uptake. 

 

 

 

 

Most of the studies on P application on wheat plant have been conducted in nutrient 

solutions and rooting media which are substantially different from P acquisition, 

translocation and utilization by wheat plant. The primary mechanisms involved in the 

utilization of phosphorus by wheat plant, which means, P uptake, distribution and 

transport in plants, are not thoroughly understood.  Existing solution experiments may 

not be appropriate to understand mechanisms of P utilization by wheat plants. 

Therefore, in this thesis different experimental studies have been conducted to 

understand the P utilization mechanisms by wheat plants with following aims: 

1.3 Aims of the research 
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Chapter 2 

2. Literature Review 
 

 

 

Wheat, an annual plant of Poaceae family, belongs to the genus Triticum which has 18 

species of which bread wheat (Triticum aestivum) is the most important in 

Agriculture. Among the cereal crops, wheat ranks first in world consumption but 

second in Bangladesh after rice. 

Wheat provides larger contribution of proteins and minerals to humans and animals 

than all other cereal crops. Walton stated that wheat is the most important source of 

concentrated carbohydrate for human being and it contains considerable amounts of 

proteins, minerals and vitamins. 

Wheat is considered as the king of cereal crops because its cultivation is easier, 

nutrient content is higher and ecologically suitable. For normal growth and 

development, wheat crop requires macro and micronutrients in addition to its proper 

management of cultivations. 

Phosphorus (P) is an essential macro nutrient. It is vital to plant growth and is found 

in every living plant cell. It is involved in several key plant functions including energy 

transfer, photosynthesis, transformation of sugars and starches, nutrient movement 

within the plant and transfer of genetic characteristics from one generation to the next. 

Low P availability is one of the major factors limiting crop production in both acidic 

and alkaline soils. 

 

2.1 Introduction 
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Soil acidity is a major constraint to crop production. Soil acidification is a continuous 

process and is accelerated by factors such as acid rain and the excess application of 

ammonium-based fertilisers (Zheng 2010). The primary limitations for crop 

production on acid soils are toxic levels of aluminium (Al) and manganese (Mn), as 

well as suboptimal levels of P (Kochain et al. 2004). Of these limitations, Al toxicity 

has been recognized as a major constraint for crop production in acid soil (Yang et al. 

2005). The toxic Al3+ ions in acid soils restrict crop production by reducing either the 

availability of essential nutrients or the effectiveness of the roots to obtain nutrients 

and moisture (Tang et al. 2001). Similarly, the accumulation of toxic Al3+ within the 

plant tissue affects the plant growth and development in acid soil (Ritchey et al. 

1991).  Another limitation is the shortage of P that occurs due to the decrease in 

soluble P in the soil in presence of high Al so that P deficiency is often associated 

with Al toxicity in acidic soil. As a result, both Al toxicity and P deficiency limit crop 

production in acid soils (Sanchez et al. 1997). Therefore, it is important to understand 

how P interacts with Al on plant growth in acid soils so that a feasible and cost-

effective method to alleviate the acidity problem may be proposed. 

 

 

Alkali, or alkaline, soils are clay soils with high pH (> 8.5), poor soil structure and 

low infiltration capacity. Often they have a hard calcareous layer at 0.5 to 1 m depth. 

Alkali soils owe their unfavorable physico-chemical properties mainly to the 

dominating presence of sodium carbonate which causes the soils to swell [Managing 

2.4 Soil acidity problem for crop production 

2.5 Soil alkalinity problem for crop production 



Literature Review   Chapter 2 

13 
 

irrigation water quality, Oregon State University, USA, Retrieved on 2012-10-04.] 

and difficulty to clarify/settle. This is important because high alkalinity exerts the 

most significant effects on growing medium fertility and plant nutrition. 

 

Alkaline soils are difficult to take into agricultural production. Due to the low 

infiltration capacity, rain water stagnates on the soil easily and, in dry periods, 

cultivation is hardly possible without copings irrigated water and good drainage. 

Agriculture is limited to crops tolerant to surface waterlogging (e.g. rice, grasses) and 

the productivity is low. 

 

Phosphorus (P) availability is one of the major growth limiting factors in many 

ecosystems around the world (Barber et al., 1963). Large amounts of P fertilizers are 

generally required for sustainable crop production on variable charge soils because of 

low P availability to plants (Barrow, 1986; Lin, 1995). In sandy soils of arid area of 

southern east Algeria, P is influenced by various factors such as alkaline (pH>7) soil 

conditions and the high CaCO3 content (>3%). Regular applications of ordinary 

superphosphate to sandy soils in laboratory leaching experiments led to a buildup of 

acid extractable inorganic P even though more than 80% of P in the fertilizer is lost 

during the leaching phase following application (Ritchie and Weaver, 1993). 

 

Due to these interactions, nearly 80% of applied P as fertilizers may be fixed in the 

soil (Barrow, 1980; Holford, 1997). According to Raghothama et al. (2005) and 

Rahim et al. (2007), P deficiency is very common in alkaline calcareous soils. The 
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amount of soil P removed by crops need to be replenished through the application of 

fertilizer P and manure to maintain soil P balance (Saleque et al., 2006). 

 

 

Low P availability in acid soils is a major limiting factor for plant growth (Nian et al. 

2009). Generally, P availability in soil is minimum in the pH range of 2 to 4 (Bowden 

et al. 1980). In low-pH soils, the formation of Al-phosphate decreases the 

concentration of P in the soil solution that is controlled by precipitation reactions 

(Pratt 1961). In addition, Schefe et al. (2007) reported that low soil pH reduces the 

availability of P also through increased P sorption reaction. 

 

The fixation of P depends on soil pH (Hsu 1964). The fixation onto colloidal iron (Fe) 

surfaces beginning at very low pH levels, usually below 4, is the dominant P fixation 

process in soils (Kanwar and Grewal 1990; Naidu et al. 1990). There is a relationship 

between soil pH and P fixation (Hocking et al. 1999). Soil pH below 5.5 affects 

solubility of P in soils characterized by cracking clays, where Al and Fe dominate. 

The P fixation with Al is more commonly seen from pH 4.5 to 6 and results in 

substantial lock-up of P, while in less acid-to-neutral pH soils, calcium (Ca) 

phosphate is the more commonly encountered inorganic form of P. Above the pH 

level 7.0, Ca is the dominant ions and fixation is less permanent. The fixation of P in 

acid, neutral and alkaline soil due to Fe, Al and Ca is shown in (Figure 2-1). 

2.6 Effect of pH on P availability 
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Figure 2-1: The fixation and availability of P is affected by soil pH (Source: CSIRO, 

2006) 

 

 

Plant root systems have two main functions; first, to provide an anchor for the plant in 

the soil, and second, to take up water and nutrients from the soil solution. Roots do 

not grow throughout the whole volume even of the surface soil and, as noted above, 

roots explore perhaps as little as 25 percent of the topsoil in one growing season. 

Roots can intercept nutrients (Barber et al., 1963) but less than 1 percent of the 

available soil nutrients are supplied in this way (Barber, 1984). Nutrients are taken up 

from the soil in the region of the root, and this process is largely dependent on 

nutrients moving to the root by two distinct processes, mass flow and diffusion 

(Barber, 1984). 

The amount of nutrient transported by mass flow is related to the amount and rate of 

water movement to the root, the water use by the crop, and the concentration of the 

nutrient in the soil solution. For example, assuming the concentration of P in the soil 

2.7 Movement of phosphorus to the roots 
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length, 1.8 mm for maize and 2.6 mm for rape, respectively (Hendriks, Claassen and 

Jungk, 1981). Itoh and Barber (1983) found a strong positive correlation between P-

uptake rate per unit root length and the volume of the root hair cylinder. Caradus 

(1982) also showed differences in the efficiency of P uptake between genotypes of 

white clover that were related to root hair length. 

Root hairs are more effective in absorbing P than is the root cylinder when the influx 

per unit area of each is compared because the smaller diameter and geometric 

arrangement of the root hairs maintain higher diffusion rates for P (Jungk and 

Claassen, 1989; Claassen, 1990). In soils with little readily-available P, uptake by root 

hairs can account for up to 90 percent of total P uptake by the plant (Föhse et al., 

1991). 

However, a close relationship between root hair length and the extent of the P-

depletion zone in the rhizosphere is not always found. For example, the P-depletion 

zone around cotton, with short root hairs (about 0.2 mm) greatly exceeds the root hair 

cylinder (Misra et al., 1988). For nonmycorrhizal plants, this suggests root-induced 

changes in the rhizosphere, e.g. the release of root exudates (particularly low-

molecular-weight organic acids), pH changes, or a higher efficiency of uptake per unit 

length of root. 

Many plants have developed a symbiotic association with arbuscular mycorrhizal 

(AM) fungi. The spores, which are found in many soils, develop hyphae that penetrate 

the root, remove carbohydrates from it, and grow out into the soil immediately 

surrounding the root, extending the capacity of the root to take up water and nutrients, 

especially P and micronutrients (Tinker, 1984). In soils with adequate plant-available 

P, this fungal association is usually not well developed, suggesting that mycorrhizae 
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are not important in such soils. In mycorrhizal plants, the extent of the P-depletion 

zone greatly exceeds the diameter of the root hair cylinder (Jungk and Claassen, 

1989), and it can be as large as 11 cm in white clover (Li et al., 1991). Some plants do 

not have a mycorrhizal association. These include species of the order 

Chenopodiaceae, which includes agriculturally-important crops such as sugar beet. 

Compared with crops with mycorrhizae, such crops have the disadvantages 

considerably when grown on soils with very small amounts of readily-available P 

(Johnston et al., 1986). 

Differences between genotypes in P-use efficiency may be caused by differences in P 

uptake by roots, P transport within roots, P transport from root to shoot and between 

organs within shoots, and the utilization of P within the plant (Marschner, 1995). 

Perhaps the most important factor causing differences between genotypes is the 

acquisition of P by roots. Differences in P uptake per unit root length may be caused 

by higher influx rates, longer root hairs or differences in root/shoot ratios relative to 

the availability of P in the soil solution. As these differences are genetically 

controlled, there should be good prospects for developing more P-efficient genotypes. 

If such genotypes become available, it should be possible to maintain soils at lower 

critical P concentrations than those required for current cultivars. Such P-efficient 

genotypes, whether produced by conventional breeding techniques or genetic 

manipulation, would have to be high-yielding and not more susceptible than current 

cultivars to other nutrient deficiencies and abiotic and biotic stress. Brown, Clark and 

Jones (1977) showed that some P-efficient genotypes are more susceptible to iron (Fe) 

and copper (Cu) deficiencies. 

There may be reasonably good prospects for improving the efficiency of P use by 

plants by selecting appropriate genotypes with characteristics for root hair length, 
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organic acid production in the rhizosphere, and mycorrhizal associations for soils with 

low P status. This approach to improving P-use efficiency may be more appropriate 

than seeking to modify root architecture, i.e. the shape and branching of the root 

system, which is often suggested as a way of improving nutrient uptake. Field 

evidence shows that root distribution in soil is much more dependent on soil physical 

characteristics than on the inherent shape of the root system. Almost 37 years ago, 

Drew and Saker (1978) showed that plant roots proliferated in soil zones that are 

enriched in P rather than following some specific pattern of spatial distribution. 

 

 

Several researcher like Mimura et al., 1996; Jeschke et al., 1997 described a picture of 

patterns of inorganic P movement in whole plants. In P-sufficient plants most of the 

inorganic P absorbed by the roots is transported through the xylem to the younger 

leaves. Concentrations of inorganic P in the xylem range from 1 mm in inorganic P-

starved plants to 7 mm in plants grown in solutions containing 125µm inorganic P 

(Mimura et al., 1996). There is also significant retrained location of inorganic P in the 

phloem from older leaves to the growing shoots and from the shoots to the roots. In 

inorganic P-deficient plants the restricted supply of P to the shoots from the roots via 

the xylem is supplemented by increased mobilization of stored P in the older leaves 

and retranslocation to both the younger leaves and growing roots. This process 

involves both the depletion of inorganic P stores and the breakdown of organic P in 

the older leaves. A curious feature of P-starved plants is that approximately one-half 

of the inorganic P translocated from the shoots to the roots in the phloem is then 

transferred to the xylem and recycled back to the shoots (Jeschke et al., 1997). A 

2.9 P translocation in whole plant 
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schematic representation of the possible mechanisms of P acquisition and 

translocation is given in Figure 2-2. 

 

Figure 2-2: Schematic representation of the possible mechanisms of P acquisition, 

translocation and utilization 

The phosphate status of the shoot is known to control the root processes involved in 

inorganic P uptake and its subsequent translocation; however, the precise mechanisms 

of this control are unknown). The retranslocation of phosphate from the shoot to the 

root is likely to be involved, acting as a feedback-regulatory mechanism responsible 

for mediating the shoot control of phosphate levels within the plant (Drew and Saker, 

1984; Schjørring and Jense´n, 1984; Marschner and Cakmak, 1986). Feedback 

mechanisms regulating the movement of ions between the root and the shoot have 

also been proposed for sulfate (Jense´n and Ko¨ nig, 1982) and potassium (Pitman, 

1977). Retranslocated inorganic P and organic derivatives of phosphate (Hall and 

Baker, 1972) may have dual functions both as nutrients for root processes and as 

signaling molecules (Drew and Saker, 1984). The precise points of regulation in the 

root are unclear, although some evidence implies that the loading of inorganic P in the 
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uptake, distribution and transport in plants are not thoroughly understood. However, 

little is known about the mechanisms involved in utilization and translocation of P on 

wheat plant; we have used soil-grown plants and isogonic wheat varieties to study the 

phosphorus (P) status in the different part of wheat (Triticum aestivum L.) plant and 

the effects of elevated P on wheat plant growth and P acquisition, translocation and 

utilization in a split-root soil culture. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 3 

 General Materials and Methods  



General Materials and Methods   Chapter 3 

25 
 

Chapter 3 

3. General Materials and Methods 
 

 

Experimental materials and methodologies which are commonly used throughout this 

research are outlined below. Modifications or specific techniques are further 

described in the Materials and Methods section of each relevant chapters. 

 

 

Two types of soils (acidic and alkaline) were used in this study. The soil type I 

(acidic) having pH 5.2 was collected from acidic region of Bangladesh and the soil 

type II (alkaline) having pH 7.9 was collected from alkaline soil region of 

Bangladesh. The basic properties of soil are out-lined in Table 3.1.  

Table 3.1: Properties of soils used in different experiments 

Soil Type 
Soil 

pH 

Total N 

(%) 

Available 

P (ppm) 

Exchangeable 

K (Cmol/Kg) 

Available 

S (ppm) 

Available 

Zn (ppm) 

Organic 

matter (%) 

Soil I 

(Acidic) 
5.2 0.05 10.2 0.2 19.5 0.59 0.85 

Soil II 

(Alkaline) 
7.9 0.03 14.3 0.21 5.6 11.55 0.55 

 

 

 

The BARI GOM 25 and BARI GOM 26 wheat (Triticum aestivum L.) varieties were 

used as testing plants. Among them, BARI GOM 25 is suitable for optimum and late 

3.1 Soils 

3.2 Plants 
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Figure 3-3: Root and shoot samples prepared for analytical experiments 

 

 

Mono-potassium di hydrogen phosphate (KH2PO4) was used as P source. According 

to the treatment of each of the experiments, the total amount of mono-potassium di 

hydrogen phosphate was calculated for different rates and diluted with DI water in a 

volumetric flask.  The diluted mono-potassium di hydrogen phosphate solution was 

pipetted instantly into the soil to avoid precipitation of P within the diluted solution. 

 

 

Soil pH was determined with a 1:5 extraction in 0.01 M CaCl2. A 5 g sample of air-

dried soil was mixed with 25-ml 0.01 M CaCl2 in 50-ml plastic vials and was shaken 

mechanically overnight (16 hr). Vials were centrifuged for 30 minutes at 3500 rpm to 

3.7 Stock solution preparation for P source 

3.8 pH measurements 
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3.9.3 Statistical analysis 

 

Shoot and root parameters were analysed by two-way ANOVA (Treatment × 

Varieties), total P uptake as well as  distribution of P in different plant parts were 

determined by one-way ANOVA using Genstat 11th edition for Windows (Lawes 

Agricultural Trust, UK). 

 

 

The analytical method validation was confirmed with fortification and recovery study. 

All chemicals and standards were AR or GR grade and soil as well as plant samples 

analysis were verified with reference samples throughout the study period. Two 

methods (molydovanado-phosphate and malachite green) were used for determination 

of P in plant tissue to verify the results. If unexpected results were found during 

measurement, two to three time measurements were accomplished to confirm the 

results. 

3.10 Quality control 
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Chapter 4 

4. Phosphorus use efficiency by wheat plants that grown in an acidic 
soil 

 

 

 

 

Phosphorus (P) is an essential macro nutrient. It is vital to plant growth and is found 

in every living plant cell. It is involved in several key plant functions including energy 

transfer, photosynthesis, transformation of sugars and starches, nutrient movement 

within the plant and transfer of genetic characteristics from generation after 

generation (Pasek 2008). Low P availability is one of the major factors limiting crop 

production in acidic soils. 

 

Phosphorus is taken up from the soil solution by plant roots as orthophosphate ions, 

principally as monovalent orthophosphate, H2PO4
- ions and to a lesser extent divalent 

orthophosphate, HPO4
2-ions (Armstrong 1999). Several factors can influence on both 

the rate and amount of P taken up by the plant and therefore, can affect the recovery 

of a single application of P fertilizer. The same factors can also affect the recovery of 

P reserves accumulated in the soil from the past additions of P as fertilizer or manure 

(Syers et al., 2008). 

 

Syers et al., (2008) also reported in FAO fertilizer and plant nutrient bulletin that the 

most important factors controlling the availability of P to plant roots are its 

4.1 Introduction 
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concentration in the soil solution and the P-buffer capacity of the soil. The latter 

controls the rate at which P in the soil solution is replenished, i.e. the rate of 

desorption of P from the solid phase of the soil, which is faster in soils with a high 

buffer capacity. Also important are the size of the root system and the extent to which 

roots grow into the soil, and the efficiency with which roots take up P. When 

considered a single application of P fertilizer, its efficiency depends on how well it 

was mixed with the volume of exploited by the roots. Other factors that affect the crop 

yield, P uptake by the crop, recovery of P and its influence and efficiency include soil 

moisture and the extent of control of weeds, pests and diseases i.e., crop management. 

Because the effects of these factors vary from year to year, it is essential to average 

estimates of P recovery over a number of years in order to obtain reliable data. 

 

This study aims with the following objectives: to understand how elevated P behaves 

in an acidic soil, to determine P uptake by recently BARI released wheat plant under 

acidic condition, evaluate growth response of recently BARI released wheat varieties 

under elevated P applied condition. This study hypothesized that elevated P will help 

to utilized more P by the wheat plant even in acidic condition. 

 

 

4.2.1 Soil and Plant 

 

Acidic soil collected form Thakurgaon district, Bangladesh was used as experimental 

soil. The initial soil pH was 5.2. The basic properties of soil are out-lined in Table 

4.1.The BARI GOM-25 and BARI GOM-26 wheat varieties were used as a testing 

plant. 

4.2 Materials and Methods 
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4.4.6 Total P uptake and P distribution 

 

In both varieties of BARI GOM 25 and BARI GOM 26 were found similar trend in 

total P uptake. The total P uptake by wheat plant was significantly high in Treatment 

T5from other treatments in both varieties. However, total P uptake was about nine 

times greater in treatment T5 than control treatment T1. The total P uptake was 

greater in BARI GOM 26 than BARI GOM 25 in all treatments. Total P uptake in 

BARI GOM 26 were the highest in Treatment T5 (6.64 gm/kg) and the lowest in 

Treatment T1 (0.72 gm/kg) respectively, followed by gradual increase in Treatments 

T2 (2.02 gm/kg), T3 (5.44 gm/kg) and Treatment T4 (6.31 gm/kg) (Figure 4-6). 

Again, for BARI GOM 25 total P uptake were the highest in Treatment T5 (6.56 

gm/kg) and the lowest in Treatment T1 (0.67 gm/kg) respectively, followed by 

gradual increase in Treatments T2 (1.92 gm/kg), T3 (5.32 gm/kg) and Treatment T4 

(6.22 gm/kg) (Figure 4-6). 

 

 

Figure 4-6: Effect of P application on P uptake of wheat plant in various level of P for 

28 days. 
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4.4.7 P use efficiency in wheat plant 

 

Data of P use efficiency (PUE) of wheat are given in Table 03. The PUE was 

calculated in terms of P uptake per unit of P application. The results revealed that 

lower PUE was seen at higher P rates. The maximum PUE of 7.75 % was observed at 

60mg/kg P rate for variety BARI GOM 25 and it decreased significantly at higher P 

rates. Similarly, the maximum PUE of 7.95 % was observed at 60mg/kg P rate for 

variety BARI GOM 26 and it decreased significantly at higher P rates. Again, variety 

significantly affected the PUE and the minimum of 4.17 % was obtained with 30 

mg/kg P application for variety BARI GOM 25 and 4.50 % was obtained with 30 

mg/kg P application for variety BARI GOM 26. Results are in conformity with those 

of Rahim et. al., (2010) who concluded that wheat growth increased significantly with 

the use of P. However, it is clear from Table 4.3 that P application through band 

placement significantly enhanced the PUE with that of broad casting. 

Table 4.3: P concentration in root, P concentration in shoot and P use efficiency of 

two wheat varieties across different P levels 

Variety Treatment P rate 
(mg/kg) 

P in Shoot 
(gm/kg) 

P in Root 
(gm/kg) 

Total P 
uptake 
(gm/kg) 

P use 
efficiency, 

PUE (%) 

Bari GOM 25 

T1 0 0.40 0.27 0.67 0.00 
T2 30 1.29 0.63 1.92 4.17 
T3 60 3.79 1.53 5.32 7.75 
T4 90 4.37 1.85 6.22 6.17 
T5 120 4.49 2.07 6.56 4.91 

Bari GOM 26 

T1 0 0.41 0.31 0.72 0.00 
T2 30 1.36 0.66 2.02 4.50 
T3 60 3.87 1.57 5.44 7.95 
T4 90 4.44 1.87 6.31 6.27 
T5 120 4.53 2.11 6.64 4.98 
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significantly with the use of P. However, it is clear from Figure 4-7 that P application 

through band placement significantly enhanced the PUE with respect to broad casting. 

 

Figure 4-7: P use efficiency of two wheat varieties across different P levels 

4.5.2 Phosphorus uptake efficiency by wheat plant under acidic soil condition 

 

After harvesting, the shoot P uptake amount of the different treatments was compared. 

At low level of P supply, shoot P uptake was significantly increased in comparison 

with the controlled treatment (Figure 1). At high levels of available P, there was no 

significant difference among all treatments. Similar results were observed in different 

genotypes of wheat (Fageria and Baligar (1999); Ahmad et al., (2013); Hu et al., 

(2014)). Total shoot P concentration in BARI GOM 26 of Treatment T2 increased 

70% (1.36 gm/kg) in comparison with the controlled Treatment T1 (0.41 gm/kg). 

Similar trend was found in T3 65% (3.87 gm/kg) in comparison of T2. But, at high 

levels of available P, in Treatment T4 and Treatment T5 the shoot P concentration 

increased 13% and 2 % respectively. Again, for BARI GOM 25 total soot P 

concentration in Treatment T2 was increased 69% (1.29 gm/kg) in comparison with 
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the controlled Treatment T1 (0.40 gm/kg). Similar trend was found in T3 66% (3.79 

gm/kg) in comparison of T2. But, at high levels of available P, in Treatment T4 and 

Treatment T5 the shoot P concentration increased 13% and 3% respectively. This is in 

line with the suggestion of Cavagnaro et al., (2003) that, P uptake by plant shoot was 

significantly high at low P concentration. 

 

During collection, the root P uptake measures of the diverse treatments were 

analyzed. At low level of P supply, root P uptake was primarily found increase in 

examination with the controlled treatment (Figure 1). At elevated amounts of 

accessible P, there was no noteworthy contrast among all treatments. Comparative 

results were reported in different genotypes of wheat (Fageria and Baligar (1999); 

Ahmad et al., (2013); Hu et al., (2014)). Aggregate root P fixation in BARI GOM 26 

of Treatment T2 increased 53% (0.66 gm/kg) in correlation with the controlled 

Treatment T1 (0.31 gm/kg). Comparable pattern was found in T3 58% (1.57 gm/kg) 

in correlation of Treatment T2. Yet, at high levels of accessible P, in Treatment T4 

and Treatment T5 the root P fixation was expanded 16% and 11 % individually. For 

BARI GOM 25 aggregate root P concentration in Treatment T2 increased 57% (0.63 

gm/kg) in examination compared with the controlled Treatment T1 (0.27 gm/kg). 

Comparative pattern was found in T3 59% (1.53 gm/kg) in examination of Treatment 

T2. However, at high levels of accessible P, in Treatment T4 and Treatment T5 the 

root P fixation increased 17% and 11 % separately. This is in accordance with the 

recommendation of Cavagnaro et al., (2003) that, P uptake by plant root was 

significantly high at low P concentration. 
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The plant P uptake measures of the various treatments were investigated. Similar to 

the shoot and root phosphorus uptake pattern total plant phosphorus uptake results 

were compared with different treatments. Total plant P uptake in BARI GOM 26 of 

Treatment T2 increased 64% (2.02 gm/kg) in relationship with the controlled 

Treatment T1 (0.72 gm/kg). Similar example found in T3 63% (5.44 gm/kg) in 

connection of treatment T2. At high levels of accessible P, in treatment T4 and 

Treatment T5 the plant P uptake increased 14% and 5% independently. Again, for 

BARI GOM 25 total plant P uptake in Treatment T2 was extended 65% (1.92 gm/kg) 

in examination with the controlled Treatment T1 (0.67 gm/kg). Similar example 

found in T3 64% (5.32 gm/kg) in examination of Treatment T2. On the other hand, at 

large levels of available P, in Treatment T4 and Treatment T5 the plant P uptake was 

extended 14% and 5 % independently. Thus, P uptake by plant was on a very basic 

level high at low P fixation. 

 

The relationship between shoot P uptake and average plant height was analyzed to 

investigate the P taken up by plants. A significant correlation (R2= 0.87, p < 0.05) 

between plant height and shoot P uptake under elevated P supply indicated that plant 

development enhances with the application of P in soil (Figure 4-8). Similarly, a 

significant correlation (R2 = 0.93, p<0.05) between plant height and root P uptake 

under elevated P application was observed. The relationship indicates that increase of 

the P uptake plant height increases with elevated P application which makes 

increasing absorption of nutrients from soil solution. 
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Figure 4-9: Relationship between (a) shoot dry weight and average plant height; (b) 

root dry weight and average plant height of wheat plant 

The relationship between shoot biomass and average plant height was analyzed to 

determine the effect of plant height on the production of biomass of the wheat plant. 

A significant correlation (R2= 0.92, p < 0.05) between plant height and shoot biomass 

under elevated P supply indicated that plant development enhances with the 

application of P in soil (Figure 4-9). Similarly, a significant correlation (R2 = 0.95, 

p<0.05) between plant height and root biomass under elevated P application was 

observed. The increase in plant growth is largely due to increase absorption of 
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Table 53. ANOVA results for repellent activity of stem extracts of M. pudica  

           against adult C. pusillus  

Test 

material 

Extracts Source of 

Variation 

SS df MS F P-value F crit 

Stem 

Petroleum 

ether 

Dose  1472.515 4 368.1288 13.4846 5.38E-05 3.006917 

Time  1052.202 4 263.0505 9.635567 0.000365 3.006917 

Error 436.7991 16 27.29995    

Total 2961.516 24     

Chloroform 

Dose  1800.978 4 450.2444 9.968747 0.000303 3.006917 

Time  685.2142 4 171.3035 3.792788 0.023581 3.006917 

Error 722.6496 16 45.1656    

Total 3208.841 24     

Ethyl 

acetate 

Dose  1855.095 4 463.7739 36.56298 7.34E-08 3.006917 

Time  925.2233 4 231.3058 18.23568 8.29E-06 3.006917 

Error 202.9479 16 12.68425    

Total 2983.267 24     

Methanol 

Dose  1675.989 4 418.9973 20.1373 4.37E-06 3.006917 

Time  1093.728 4 273.4319 13.14133 6.27E-05 3.006917 

Error 332.9124 16 20.80702    

Total 3102.629 24     

In case of stem, the F-values were 13.4846, 9.968747, 36.56298 and 20.1373 for the 

analysis between doses and 9.635567, 3.792788, 18.23568 and 13.14133 for the 

analysis between time interval for petroleum ether, chloroform, ethyl acetate and 

methanol extracts respectively (table 53). 
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Table 54. ANOVA results for repellent activity of root extracts of M. pudica  

           against adult C. pusillus  

Test 

material 

Extracts Source of 

Variation 

SS df MS F P-value F crit 

Root 

Petroleum 

ether 

Dose  1547.642 4 386.9106 189.6542 2.93E-13 3.006917 

Time  681.239 4 170.3098 83.48169 1.65E-10 3.006917 

Error 32.64136 16 2.040085    

Total 2261.523 24     

Chloroform 

Dose  1126.007 4 281.5017 66.00051 9.71E-10 3.006917 

Time  530.9797 4 132.7449 31.1232 2.29E-07 3.006917 

Error 68.2423 16 4.265144    

Total 1725.229 24     

Ethyl 

acetate 

Dose  1278.837 4 319.7093 102.7792 3.37E-11 3.006917 

Time  581.417 4 145.3543 46.72803 1.25E-08 3.006917 

Error 49.7703 16 3.110644    

Total 1910.025 24     

Methanol 

Dose 1000.317 4 250.0793 127.6997 6.34E-12 3.006917 

Time 526.9535 4 131.7384 67.27046 8.42E-10 3.006917 

Error 31.33342 16 1.958339    

Total 1558.604 24     

For the root, the F-values were 189.6542, 66.00051, 102.7792 and 127.6997 for the 

analysis between doses and 83.48169, 31.1232, 46.72803 and 67.27046 for the analysis 

between time interval for petroleum ether, chloroform, ethyl acetate and methanol 

extracts respectively (table 54).  

Brine shrimp lethality bioassay 

The petroleum ether, chloroform, ethyl acetate and methanol extracts of leaf, stem and root 

of M. pudica were subjected to apply against brine shrimp nauplii (A. salina) for the 

detection of their biological activity. Several doses were selected by a pilot experiment and 

a final experiment was set up with three replications and control doses. The rates of 

mortality increased with the increase of concentrations of crude extracts. The LC50 values 

along with 95% confidence limits, regression equations and chi-squared value of the crude 

extracts of different solvents of leaf, stem and root for 30 minutes, 24 hours and 48 hours of 

exposure were determined using probit analysis (McLaughlin 1990). The results were 

shown in tables 55-58.  
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Table 55: LC50, 95% confidence limits and regression equations of M. pudica leaf  

           extracts against A. salina 

Test 
extracts 

Time 
exposed 

LC50 value 
(µg/ml) 

95% confidence limits Regression 
equation 

��2 value 
(df) Lower limit Upper limit 

Petroleum 
ether 

30 min 9.808 - - - 0.208 (3) 
24h 2.632 2.210 3.102 y= -1.28+3.11x 2.249 (3) 
48h 1.464 1.016 1.830 y= -0.48+2.83x 2.553 (3) 

Chloroform 
30 min - - - - - 

24h 4.184 3.377 6.024 y= -1.5+2.42x 0.259 (3) 
48h 1.985 1.575 2.374 y= -0.86+2.99x 4.150 (3) 

Ethyl 
acetate 

30 min - - - - - 
24h 3.505 2.923 4.440 y= -1.51+2.77x 0.640 (3) 
48h 1.891 1.513 2.242 y= -0.87+3.2x 1.335 (3) 

Methanol 
30 min - - - - - 

24h 4.096 3.269 6.021 y= -1.35+2.2x 0.849 (3) 
48h 2.244 1.809 2.684 y= -0.97+2.82x 1.270 (3) 

From table 55 it was found that the LC50 values of leaf were 2.632 and 1.464 µg/ml for 

petroleum ether, 4.184 and 1.985 µg/ml for chloroform, 3.505 and 1.891 µg/ml for ethyl 

acetate and 4.096 and 2.244 µg/ml for methanol extract in 24h and 48h respectively. The 

highest activity was found in petroleum ether extract for both in 24h and 48h exposure 

and the lowest activity was recorded in chloroform extract in 24h and methanol extract in 

48h exposure. According to the intensity of activity in 24h the result of the extracts of 

leaf of M. pudica against the brine shrimp nauplii could be arranged in the following 

order: petroleum ether > ethyl acetate > methanol > chloroform. 

Table 56: LC50, 95% confidence limits and regression equations of M. pudica stem  
           extracts against A. salina 

Test 

extracts 

Time 
exposed 

LC50 value 
(µg/ml) 

95% confidence limits Regression 
equation 

��2 value 

(df) Lower limit Upper limit 

Petroleum 
ether 

30 min - - - - - 

24h 2.475 2.091 2.872 y= -1.35+3.45x 3.468 (3) 

48h 1.457 1.052 1.794 y= -0.49+2.98x 1.987 (3) 

Chloroform 

30 min - - - - - 

24h 2.076 1.659 2.466 y= -1.04+3.12x 3.823 (3) 

48h 1.282 0.916 1.583 y= -0.33+3.08x 0.027 (3) 

Ethyl 
acetate 

30 min - - - - - 

24h 2.758 2.230 3.413 y= -1.1+2.5x 0.025 (3) 

48h 1.414 0.992 1.761 y= -0.4+2.69x 0.268 (3) 

Methanol 

30 min - - - - - 

24h 3.178 2.540 4.192 y= -1.17+2.31x 1.080 (3) 

48h 1.520 0.968 1.959 y= -0.39+2.13x 0.215 (3) 
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Table 56 showed that, the LC50 values of stem were 2.475 and 1.457 µg/ml for 

petroleum ether, 2.076 and 1.282 µg/ml for chloroform, 2.758 and 1.414 µg/ml for 

ethyl acetate and 3.178 and 1.520 µg/ml for methanol extract in 24h and 48h 

respectively. The highest activity was found in chloroform extract and the lowest 

activity was recorded in methanol extract for both in 24h and 48h exposure. According 

to the intensity of activity in 24h the result of the extracts of stem of M. pudica against 

the brine shrimp nauplii could be arranged in the following order: chloroform > 

petroleum ether > ethyl acetate > methanol. 

Table 57: LC50, 95% confidence limits and regression equations of M. pudica root  
           extracts against A. salina 

Test 

extracts 

Time 

exposed 

LC50 value 

(µg/ml) 

95% confidence limits Regression 

equation 

��2 value 

(df) Lower limit Upper limit 

Petroleum 

ether 

30 min - - - - - 

24h 1.929 1.603 2.230 y= -1.25+4.11x 3.910 (3) 

48h 1.202 0.915 1.443 y= -0.27+3.64x 0.670 (3) 

Chloroform 

30 min - - - - - 

24h 1.972 0.702 2.958 y= -1.18+3.68x 7.069 (3) 

48h 1.463 1.148 1.737 y= -0.54+3.28x 4.340 (3) 

Ethyl 

acetate 

30 min - - - - - 

24h 2.723 2.274 3.238 y= -1.31+3.03x 0.092 (3) 

48h 1.800 1.459 2.111 y= -0.95+3.7x 1.597 (3) 

Methanol 

30 min - - - - - 

24h 2.712 2.201 3.325 y= -1.12+2.57x 0.574 (3) 

48h 2.043 1.656 2.410 y= -0.98+3.18x 0.333 (3) 

Table 57 showed that the LC50 values of root were 1.929 and 1.202 µg/ml for 

petroleum ether, 1.972 and 1.463 µg/ml for chloroform, 2.723 and 1.800 µg/ml for 

ethyl acetate and 2.712 and 2.043 µg/ml for methanol extract in 24h and 48h 

respectively. The highest activity was found in petroleum ether extract for both in 24h 

and 48h exposure and the lowest activity was recorded in ethyl acetate extract in 24h 

and methanol extract in 48h exposure. According to the intensity of activity in 24h the 

result of the extracts of root of M. pudica against the brine shrimp nauplii could be 

arranged in the following order: petroleum ether > chloroform > methanol > ethyl acetate. 
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Table 58: LC50 values of different solvents of leaf, stem and root extracts of M.  

           pudica against A. salina in 24h and 48h 

Test extracts 

24 hour 48 hour 

Leaf 

LC50 value 

(µg/ml) 

Stem 

LC50 value 

(µg/ml) 

Root 

LC50 value 

(µg/ml) 

Leaf 

LC50 value 

(µg/ml) 

Stem 

LC50 value 

(µg/ml) 

Root 

LC50 value 

(µg/ml) 

Petroleum ether 2.632 2.475 1.929 1.464 1.457 1.202 

Chloroform 4.184 2.076 1.972 1.985 1.282 1.463 

Ethyl acetate 3.505 2.758 2.723 1.891 1.414 1.800 

Methanol 4.096 3.178 2.712 2.244 1.520 2.043 

Table 58 showed the LC50 values of the extracts of leaf, stem and root of M. pudica 

against brine shrimp nauplii in 24 and 48 hours. Among all the extracts the highest 

activity was found in petroleum ether extract of root, where the LC50 values were 1.929 

µg/ml and 1.202 µg/ml in 24 and 48 hours respectively. On the other hand the lowest 

activity was found in chloroform and methanol extracts of leaf, where the LC50 values 

were 4.184 µg/ml and 2.244 µg/ml in 24 and 48 hours respectively. 

The study showed that the crude extracts of the plant M. pudica were significantly 

effective and lethal to the brine shrimp nauplii (A. salina) indicating that the extracts 

were biologically active. 
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Uyi and Samugana (2018) revealed that the leaf and stem powders of M. diplotricha 

exhibited some degrees of repellent activity against S. zeamais Motschulsky 

(Coleoptera: Curculionidae), although, the repellent activity was a function of both 

concentration and exposure time. After a 3 hour exposure period, the 3.5g of the leaf 

(53%) and stem (58%) powders exhibited the highest repellent activity against S. 

zeamais. Uyi et al. (2018) denoted that the highest concentration [10% (w/v)] of the 

root extract of M. diplotricha significantly repelled 100% of Macrotermes species 

following a 30 min. exposure period. In the present investigation, the root extracts 

possessed the higher potentiality (highest 90% repellency for petroleum ether extract of 

root, appendix table 68) than leaf or stem extracts.  

Waliullah et al. (2014) carried out the repellent activity using the ethyl alcohol fraction 

of root, leaf and stem of C. viscosum. The result was found to be 100% repellency 

(class V category repellency) for the higher doses. The degree of repellency was 

significantly (p<0.05) different for root, stem and leaf. The strong repellent activity was 

observed in root extract of the plant. This result was supported with the observation of 

Husain and Rahman (2006) and Husain and Hasan (2008) who performed both the 

toxicity and repellent activity test on larvae and adults of T. confusum and a correlation was 

observed between the insecticidal and repellent activity. The present study also showed a 

close agreement with repellent activity for the extracts of root of M. pudica (p<0.01). 

Brine shrimp lethality bioassay 

Brine shrimp lethality test is performed to investigate the presence of bioactive 

compounds of a test material. When the effectivity is observed on the brine shrimp 

nauplii, it indicates the lethality and pharmacological activities of the plant extract 

(Persoone et al. 1980 and Mayer et al. 1982). Therefore, in the present study, the result 

of mortality of brine shrimp nauplii by the crude extracts of M. pudica indicated that 

the plant extracts contained bioactive compounds that possessed antimicrobial as well 

as insecticidal properties. 

Chowdhury et al. 2008 showed that the petroleum ether and methanol crude extracts of 

root of M. pudica showed potential cytotoxic activities where LC50 was 0.05 µg/ml and 

0.035 µg/ml respectively; whereas petroleum ether, chloroform and methanol extracts 

of aerial parts and chloroform extract of root showed poor cytotoxicity (LC50 were 

23.44 µg/ml, 20.89 µg/ml, 80.0 µg/ml and 78.87 µg/ml respectively) by brine shrimp 

lethality bioassay. In the present study, all three parts i.e. root, stem and leaf of M. 

pudica showed moderate potential cytotoxic activity and the petroleum ether extract of 
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root showed the highest potentiality where LC50 were 1.929 µg/ml in 24h and 1.202 

µg/ml in 48h of exposure. In case of 24h, the root extracts showed the higher 

potentiality, but in 48h, the stem extracts showed the higher potentiality except 

petroleum ether extract of root. In case of root and leaf, the highest activity was 

observed by petroleum ether extracts. But for the stem, the chloroform extract showed 

the highest activity where the LC50 values were 2.076 µg/ml and 1.282 µg/ml in 24h 

and 48h of exposures respectively.  

Waliullah et al. (2015) depicted that the brine shrimp nauplii mortality were increased 

with the increase of concentrations of the crude extracts of C. infortunatum 

(Verbenaceae). The LC50 of root, leaf and stem of the tested plant were 20.85, 24.02 

and 31.38 mg/L for ethanol; 30.70, 32.91 and 42.56 mg/L for chloroform respectively 

and 14.68 mg/L for standard drug Tetracycline. The antibiotic Tetracycline showed a 

good correlation with the LC50 of crude extracts, and the root extract of ethanol fraction 

was very effective. They also described that the plant extracts were biologically active 

and the cytotoxic evidence was emerged from the result of brine shrimp bioassay. In 

the present study, the LC50 of chloroform extracts of root, leaf and stem of M. pudica 

were 1.972, 4.184 and 2.076 µg/ml in 24h of exposures and 1.463, 1.985 and 1.282 

µg/ml in 48h of exposures respectively.  

Moncao et al. (2014) described that the ethanol extract of leaves showed low 

cytotoxicity against brine shrimp (A. salina) at the concentrations analyzed and Vieira 

(2005) showed that the ethanol extract of leaf from M. caesalpiniifolia Benth. showed 

no toxicity against A. salina where the LC50 was 1765 mg/L. In another study, Das et 

al. (2014) showed that the leaf extract possessed a significant lethality after 24h of 

exposure in brine shrimp lethality test. The LC50 was 282.35 µg/ml for methanolic 

extract of leaf. The plant showed lethality in a dose-reliant conduct and the leaf showed 

a significant source of anticancer compounds. They concluded that the methanolic leaf 

extract of M. pudica possessed moderate cytotoxic property. The present results 

showed somewhat different findings where the methanolic extract of leaf of M. pudica 

showed potential activity and the LC50 was 4.096 µg/ml in 24h of exposure. 
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SUMMARY AND CONCLUSION 

Summary 

In antibacterial test, among the petroleum ether, chloroform, ethyl acetate and methanol 

extracts of leaf of M. pudica, the highest value of zone of inhibition was found in 

chloroform extract (19.67±0.88 mm) against E. coli and the lowest was in petroleum 

ether extract (11.67±0.33 mm) against B. cereus for both the gram-positive and gram-

negative bacterial strains. In case of stem, the highest value was found in both 

chloroform and ethyl acetate extracts (16.67±0.33 and 16.67±0.88 mm) against S. 

aureus and E. coli respectively and the lowest was in petroleum ether extract 

(12.00±0.58 mm) against S. typhi. And for the root, the chloroform extract showed the 

highest activity where the zone of inhibition was 21.67±1.45 mm against S. sonnei and 

the petroleum ether extract showed the lowest activity (12.00±0.58 mm) against K. 

pneumoniae. Among all the extracts of leaf, stem and root, chloroform extract showed 

the highest activity against both gram-positive and gram-negative bacterial strains. In 

comparison, the root extracts showed more potentiality in antibacterial activity as it 

showed the highest zone of inhibition (21.67±1.45 mm in diameter), followed by leaf 

(19.67±0.88 mm) and stem (16.67±0.33 mm) at 200 µg/disc concentration. Therefore, 

the antibacterial activity order of the plant parts was: root > leaf > stem.  

The petroleum ether, chloroform, ethyl acetate and methanol extracts of leaf, stem and 

root were tested against four species of fungal strains viz. R. oryzae, F. proliferatum, A. 

niger and C. albicans. The activity was very low for the extracts of leaf and stem. But 

the root extracts showed moderate activities. In case of R. oryzae and F. proliferatum 

the highest zones of inhibition were found in ethyl acetate extracts of root that were 

13mm and 12mm in diameter respectively at 200µg/disc concentration. But for A. niger 

and C. albicans the highest zones of inhibition were found in chloroform extract of root 

which were 12mm and 13mm in diameter respectively at the same concentration.  

The Minimum Inhibitory Concentration (MIC) tests of bacteria were carried out with 

chloroform and ethyl acetate extracts of leaf against B. cereus, S. aureus, B. 

zhanjiangensis, K. pneumoniae, E. coli and S. typhi. The highest activity was found 

against S. aureus (32µg/ml) for chloroform extract and that of for ethyl acetate extract 

was 64µg/ml against S. aureus, B. zhanjiangensis and E. coli. 
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The pure compounds 9-Octadecenamide and 13-Docosenamide, (Z)- were tested 

against the bacterial strains and found considerable effects. In case of 9-

Octadecenamide, the highest antibacterial activity was found against E. coli for gram-

negative bacterial strain where the diameter of zone of inhibition was 21mm at 

100µg/disc concentration and that of for gram-positive bacterial strain the zone of 

inhibition was 19mm against S. aureus. In case of 13-Docosenamide, (Z)-, also the 

highest antibacterial activity was found against E. coli (zone of inhibition was 22mm) 

for gram-negative bacterial strain and against S. aureus (21mm) for gram-positive 

bacterial strain at 100µg/disc concentration. 

The MIC value of 9-Octadecenamide among the four bacterial strains was more 

effective against S. aureus and E. coli (64µg/ml) than B. cereus and S. typhi 

(128µg/ml). Whereas, the MIC value of 13-Docosenamide, (Z)- was more potent 

against S. aureus (32µg/ml) than other strains. 

In antioxidant activity test, the ethyl acetate extracts showed the highest scavenging 

activity among the extracts of different solvents, where the IC50 values were 

65.152µg/ml, 76.036µg/ml and 65.000µg/ml and the lowest scavenging activity was 

found in petroleum ether extracts, where the IC50 values were 130.129µg/ml, 

147.891µg/ml and 186.449µg/ml for leaf, stem and root respectively. The IC50 value of 

the standard ascorbic acid was found 18.012µg/ml. 

GC-MS analysis was carried out for petroleum ether, chloroform and ethyl acetate 

extracts of leaf; chloroform and ethyl acetate extracts of stem; and petroleum ether, 

chloroform and ethyl acetate extracts of root. Sixteen compounds were identified from 

petroleum ether extract of leaf. The major compounds were benzene,1-ethyl-3-methyl- 

(14.830%), mesitylene (13.267%), vitamin E (13.117%), nonadecane (7.248%), 

tetratetracontane (6.486%), benzene,1-ethyl-2-methyl- (6.305%) and benzene,1,2,4-

trimethyl (5.649%). Chloroform extract of leaf showed eleven compounds where the 

major compounds were fumaric acid, ethyl 2-methylallyl ester (16.959%), 1-(2-[3-(2-

acetyloxiran-2-yl)-1,1-dimethyl)propyl]cycloprop-2-enyl)ethanone (15.829%), 1H-

pyrrole-2,5-dione, 3-ethyl-4-methyl- (14.966%), 2(4H)-benzofuranone, 5,6,7,7a-

tetrahydro-4,4,7a-trimethyl-, (R)- (12.960%) and 6-hydroxy-4,4,7a-trimethyl-5,6,7,7a-

tetrahydrobenzofuran-2(4H)-one (7.907%). Three compounds were identified from 

ethyl acetate extract of leaf and those were glycerin (74.714%), 9-octadecenamide 
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The highest repellent activity was observed in petroleum ether extract of root 

(p<0.001). According to the intensity of repellent activity the result could be arranged 

in a descending order: root (petroleum ether) > leaf (petroleum ether) > stem (ethyl acetate). 

Brine shrimp lethality test was performed to access the biological activity of the 

extracts of leaf, stem and root of M. pudica and found that the rates of mortality 

increased with the raise of concentrations of crude extracts.  In case of leaf, the 

petroleum ether extract showed the highest activity (LC50 2.632µg/ml) in 24h exposure 

and the intensity of activity could be arranged in the following order: petroleum ether > 

ethyl acetate > methanol > chloroform. In case of stem, the highest activity (LC50 

2.076µg/ml) was found in chloroform extract in 24h exposure and the intensity of 

activity could be arranged in the following order: chloroform > petroleum ether > ethyl 

acetate > methanol. And that of the root, the highest activity (LC50 1.929µg/ml) was 

also observed in petroleum ether extract in 24h exposure and the intensity of activity 

could be arranged as: petroleum ether > chloroform > methanol > ethyl acetate. All of 

the crude extracts were found to be lethal and significantly effective to brine shrimp 

nauplii (A. salina) indicating that the extracts were biologically active. 

Conclusion 

The findings of antimicrobial screening indicate that the plant M. pudica possesses 

promising antibacterial and antifungal properties against harmful pathogens. Therefore, 

this plant may be an effective natural source for development of new drugs and also 

eco-friendly biopesticides. It contains potential antimicrobial components which can be 

used for the development of therapy for infectious diseases. Various phytochemical 

constituents are responsible for the antimicrobial potency of the plant and this study 

indicates that the sample plant may be a potential source of antimicrobial agents. The 

isolation and purification of phytoconstituents as well as bioactive compounds can 

reveal the potency of M. pudica which can inhibit the pathogenic microbes and thus 

control the microbial diseases. 

Stable, biologically active components are represented by the traditional plants which 

may be new sources of antimicrobials and may establish a scientific base to use the 

plants in modern medicine. These ethnomedical plant sources should be evaluated 

scientifically and the botanical preparations can be disseminated for further 

investigation for discovery of new drugs. 
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inactivity of the extract. Rather it may contain the active compounds in the minimum. If 

it is possible to identify the active compound then it would show a remarkable activity 

to the biological test. 

Insecticidal activity test of M. pudica showed that the plant contained bioactive 

compounds. The dose-mortality effect was different for different extracts of leaf, stem 

and root. Also it was exposure time dependent; as the exposure time increased, the 

mortality also increased. The chloroform extracts of leaf, stem and root showed the 

highest activity than the other solvent extracts which indicated that the chloroform 

extracts possessed one or more bioactive compounds that were required further 

investigation to isolate.  

The pure compound 13-Docosenamide, (Z)- was more effective on insecticidal test, 

was found in all the extracts of root. 

More or less repellent activity was observed in both dose and time effects. But the dose 

effects showed higher efficiency and the root extracts showed the highest activity. An 

intensive investigation of the phytoconstituents is required to observe the repellent 

activity of the extracts. 

Brine shrimp lethality bioassay indicates that the plant possesses potent bioactive materials 

which may be useful as pesticidal, antiproliferative and other bioactive agents (Mayer et al. 

1982). Insecticidal, antimicrobial, cytotoxicity and other pharmacological activities of plant 

extracts were evaluated by brine shrimp lethality bioassay method. Different solvent 

extracts of M. pudica were found to be lethal to different degrees. In 24h of exposure 

the root extracts showed higher potentiality than stem and leaf. But in 48h of exposure 

the stem extracts showed the higher activity except the petroleum ether extract of root.  

The present result shows that extracts as well as pure compounds have good 

antimicrobial and insecticidal effects against C. pusillus. They could be good 

bioinsecticide alternatives for chemical control, while preserving human health and the 

environment. These new molecules are biodegradable and less likely to cause the 

resistance of the target species. Therefore, the present investigation is designed to 

evaluate the antimicrobial and insecticidal potency of different parts of M. pudica in 

different solvents with the ultimate goal of developing new drugs. 
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APPENDICES 

Insecticidal activity test 

Table1. Dose-mortality effect of petroleum ether extract of leaf of M. pudica against C. pusillus   
adults after 24 hours of exposure 

 
Dose 

(mg/cm²) 
Log 
Dose 

Observed Observed 
Responses 

Expected 
Responses 

Residual Probability 

PROBIT 

0.25 .301 30 6 4.004 1.996 .133 
0.50 .477 30 8 7.544 .456 .251 
1.00 .602 30 10 10.810 -.810 .360 
2.00 .699 30 13 13.623 -.623 .454 

LD50 is 5.560 mg/cm2 
95% conf. limits are 4.296 to 10.250 

Log LD50 is 0.745 
�� 2 = 2.300 with 3 df 

Table 2. Dose-mortality effect of petroleum ether extract of leaf of M. pudica against C.  
pusillus adults after 48 hours of exposure 

 
Dose 

(mg/cm²) 
Log 
Dose 

Observed Observed 
Responses 

Expected 
Responses 

Residual Probability 

PROBIT 

0.25 .301 30 8 5.303 2.697 .177 
0.50 .477 30 10 9.593 .407 .320 
1.00 .602 30 13 13.302 -.302 .443 
2.00 .699 30 15 16.320 -1.320 .544 

LD50 is 4.535 mg/cm2 
95% conf. limits are 3.674 to 6.711 

Log LD50 is 0.657 
�� 2 = 3.298 with 3 df 

Table 3. Dose-mortality effect of petroleum ether extract of leaf of M. pudica against C.  
pusillus adults after 72 hours of exposure 

 
Dose 

(mg/cm²) 
Log 
Dose 

Observed Observed 
Responses 

Expected 
Responses 

Residual Probability 

PROBIT 

0.25 .301 30 10 6.555 3.445 .218 
0.50 .477 30 12 11.464 .536 .382 
1.00 .602 30 15 15.465 -.465 .516 
2.00 .699 30 17 18.556 -1.556 .619 

LD50 is 3.870 mg/cm2 
95% conf. limits are 3.206 to 5.134 

Log LD50 is 0.588 
�� 2 = 4.493 with 3 df 

Table 4. Dose-mortality effect of chloroform extract of leaf of M. pudica against C. pusillus  
adults after 24 hours of exposure 

 
Dose 

(mg/cm²) 
Log 
Dose 

Observed Observed 
Responses 

Expected 
Responses 

Residual Probability 

PROBIT 

0.25 .301 30 13 9.027 3.973 .301 
0.50 .477 30 17 15.626 1.374 .521 
1.00 .602 30 19 20.314 -1.314 .677 
2.00 .699 30 22 23.431 -1.431 .781 

LD50 is 2.891 mg/cm2 
95% conf. limits are 2.442 to 3.409 

Log LD50 is 0.461 
�� 2 = 5.549 with 3 df 
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Table 5. Dose-mortality effect of chloroform extract of leaf of M. pudica against C. pusillus  
adults after 48 hours of exposure 

 
Dose 

(mg/cm²) 
Log 
Dose 

Observed Observed 
Responses 

Expected 
Responses 

Residual Probability 

PROBIT 

0.25 .301 30 16 11.169 4.831 .372 
0.50 .477 30 20 18.512 1.488 .617 
1.00 .602 30 22 23.112 -1.112 .770 
2.00 .699 30 24 25.820 -1.820 .861 

LD50 is 2.472 mg/cm2 
95% conf. limits are 2.074 to 2.866 

Log LD50 is 0.393 
�� 2 = 7.475 with 3 df 

 
Table 6. Dose-mortality effect of chloroform extract of leaf of M. pudica against C. pusillus  

adults after 72 hours of exposure 

 
Dose 

(mg/cm²) 
Log 
Dose 

Observed Observed 
Responses 

Expected 
Responses 

Residual Probability 

PROBIT 

0.25 .301 30 18 12.998 5.002 .433 
0.50 .477 30 22 21.586 .414 .720 
1.00 .602 30 25 26.016 -1.016 .867 
2.00 .699 30 27 28.094 -1.094 .936 

LD50 is 2.190 mg/cm2 
95% conf. limits are 1.854 to 2.503 

Log LD50 is 0.341 
�� 2 = 6.779 with 3 df 

 
Table 7. Dose-mortality effect of ethyl acetate extract of leaf of M. pudica against C. pusillus  

adults after 24 hours of exposure 

 
Dose 

(mg/cm²) 
Log 
Dose 

Observed Observed 
Responses 

Expected 
Responses 

Residual Probability 

PROBIT 

0.25 .301 30 8 5.480 2.520 .183 
0.50 .477 30 11 10.033 .967 .334 
1.00 .602 30 13 13.937 -.937 .465 
2.00 .699 30 16 17.071 -1.071 .569 

LD50 is 4.314 mg/cm2 
95% conf. limits are 3.540 to 6.067 

Log LD50 is 0.635 
�� 2 = 3.166 with 3 df 

 
Table 8. Dose-mortality effect of ethyl acetate extract of leaf of M. pudica against C. pusillus  

adults after 48 hours of exposure 

 
Dose 

(mg/cm²) 
Log 
Dose 

Observed Observed 
Responses 

Expected 
Responses 

Residual Probability 

PROBIT 

0.25 .301 30 10 7.019 2.981 .234 
0.50 .477 30 14 12.393 1.607 .413 
1.00 .602 30 16 16.665 -.665 .555 
2.00 .699 30 18 19.862 -1.862 .662 

LD50 is 3.577 mg/cm2 
95% conf. limits are 2.997 to 4.516 

Log LD50 is 0.554 
�� 2 = 4.356 with 3 df 
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Table 21. Dose-mortality effect of ethyl acetate extract of stem of M. pudica against C. pusillus  
adults after 72 hours of exposure 

 
Dose 

(mg/cm²) 
Log 
Dose 

Observed Observed 
Responses 

Expected 
Responses 

Residual Probability 

PROBIT 

0.25 .301 30 12 7.726 4.274 .258 
0.50 .477 30 14 12.660 1.340 .422 
1.00 .602 30 16 16.498 -.498 .550 
2.00 .699 30 17 19.391 -2.391 .646 

LD50 is 3.576 mg/cm2 
95% conf. limits are 2.946 to 4.668 

Log LD50 is 0.553 
�� 2 = 6.790 with 3 df 

 
Table 22. Dose-mortality effect of methanol extract of stem of M. pudica against C. pusillus  

adults after 24 hours of exposure 

 
Dose 

(mg/cm²) 
Log 
Dose 

Observed Observed 
Responses 

Expected 
Responses 

Residual Probability 

PROBIT 

0.25 .301 30 8 5.554 2.446 .185 
0.50 .477 30 11 10.250 .750 .342 
1.00 .602 30 14 14.262 -.262 .475 
2.00 .699 30 16 17.458 -1.458 .582 

LD50 is 4.210 mg/cm2 
95% conf. limits are 3.477 to 5.784 

Log LD50 is 0.624 
�� 2 = 3.014 with 3 df 

 
Table 23. Dose-mortality effect of methanol extract of stem of M. pudica against C. pusillus  

adults after 48 hours of exposure 

 
Dose 

(mg/cm²) 
Log 
Dose 

Observed Observed 
Responses 

Expected 
Responses 

Residual Probability 

PROBIT 

0.25 .301 30 10 6.822 3.178 .227 
0.50 .477 30 13 12.385 .615 .413 
1.00 .602 30 16 16.834 -.834 .561 
2.00 .699 30 19 20.144 -1.144 .671 

LD50 is 3.554 mg/cm2 
95% conf. limits are 2.996 to 4.430 

Log LD50 is 0.551 
�� 2 = 3.826 with 3 df 

 
Table 24. Dose-mortality effect of methanol extract of stem of M. pudica against C. pusillus  

adults after 72 hours of exposure 

 
Dose 

(mg/cm²) 
Log 
Dose 

Observed Observed 
Responses 

Expected 
Responses 

Residual Probability 

PROBIT 

0.25 .301 30 13 8.810 4.190 .294 
0.50 .477 30 16 15.107 .893 .504 
1.00 .602 30 19 19.667 -.667 .656 
2.00 .699 30 21 22.779 -1.779 .759 

LD50 is 2.980 mg/cm2 
95% conf. limits are 2.510 to 3.549 

Log LD50 is 0.474 
�� 2 = 5.782 with 3 df 
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Table 25. Dose-mortality effect of petroleum ether extract of root of M. pudica against C.  
pusillus adults after 24 hours of exposure 

 
Dose 

(mg/cm²) 
Log 
Dose 

Observed Observed 
Responses 

Expected 
Responses 

Residual Probability 

PROBIT 

0.25 .301 30 12 8.141 3.859 .271 
0.50 .477 30 15 14.364 .636 .479 
1.00 .602 30 18 19.003 -1.003 .633 
2.00 .699 30 21 22.232 -1.232 .741 

LD50 is 3.119 mg/cm2 
95% conf. limits are 2.638 to 3.732 

Log LD50 is 0.494 
�� 2 = 4.873 with 3 df 

 
Table 26. Dose-mortality effect of petroleum ether extract of root of M. pudica against C.  

pusillus adults after 48 hours of exposure 

 
Dose 

(mg/cm²) 
Log 
Dose 

Observed Observed 
Responses 

Expected 
Responses 

Residual Probability 

PROBIT 

0.25 .301 30 15 9.890 5.110 .330 
0.50 .477 30 17 16.658 .342 .555 
1.00 .602 30 20 21.268 -1.268 .709 
2.00 .699 30 23 24.230 -1.230 .808 

LD50 is 2.722 mg/cm2 
95% conf. limits are 2.289 to 3.193 

Log LD50 is 0.435 
�� 2 = 7.009 with 3 df 

 
Table 27. Dose-mortality effect of petroleum ether extract of root of M. pudica against C.  

pusillus adults after 72 hours of exposure 

 
Dose 

(mg/cm²) 
Log 
Dose 

Observed Observed 
Responses 

Expected 
Responses 

Residual Probability 

PROBIT 

0.25 .301 30 18 12.588 5.412 .420 
0.50 .477 30 21 20.958 .042 .699 
1.00 .602 30 24 25.480 -1.480 .849 
2.00 .699 30 27 27.716 -.716 .924 

LD50 is 2.241 mg/cm2 
95% conf. limits are 1.895 to 2.566 

Log LD50 is 0.350 
�� 2 = 7.256 with 3 df 

 
Table 28. Dose-mortality effect of chloroform extract of root of M. pudica against C. pusillus  

adults after 24 hours of exposure 

 
Dose 

(mg/cm²) 
Log 
Dose 

Observed Observed 
Responses 

Expected 
Responses 

Residual Probability 

PROBIT 

0.25 .301 30 15 10.569 4.431 .352 
0.50 .477 30 19 18.028 .972 .601 
1.00 .602 30 22 22.799 -.799 .760 
2.00 .699 30 24 25.633 -1.633 .854 

LD50 is 2.548 mg/cm2 
95% conf. limits are 2.151 to 2.948 

Log LD50 is 0.406 
�� 2 = 6.142 with 3 df 
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Table 33. Dose-mortality effect of ethyl acetate extract of root of M. pudica against C. pusillus  
adults after 72 hours of exposure 

 
Dose 

(mg/cm²) 
Log 
Dose 

Observed Observed 
Responses 

Expected 
Responses 

Residual Probability 

PROBIT 

0.25 .301 30 15 10.426 4.574 .348 
0.50 .477 30 19 17.427 1.573 .581 
1.00 .602 30 21 22.042 -1.042 .735 
2.00 .699 30 23 24.909 -1.909 .830 

LD50 is 2.611 mg/cm2 
95% conf. limits are 2.192 to 3.046 

Log LD50 is 0.417 
�� 2 = 7.039 with 3 df 

 
Table 34. Dose-mortality effect of methanol extract of root of M. pudica against C. pusillus  

adults after 24 hours of exposure 

 
Dose 

(mg/cm²) 
Log 
Dose 

Observed Observed 
Responses 

Expected 
Responses 

Residual Probability 

PROBIT 

0.25 .301 30 9 5.587 3.413 .186 
0.50 .477 30 10 9.649 .351 .322 
1.00 .602 30 12 13.105 -1.105 .437 
2.00 .699 30 15 15.920 -.920 .531 

LD50 is 4.649 mg/cm2 
95% conf. limits are 3.705 to 7.274 

Log LD50 is 0.667 
�� 2 = 4.508 with 3 df 

 
Table 35. Dose-mortality effect of methanol extract of root of M. pudica against C. pusillus  

adults after 48 hours of exposure 

 
Dose 

(mg/cm²) 
Log 
Dose 

Observed Observed 
Responses 

Expected 
Responses 

Residual Probability 

PROBIT 

0.25 .301 30 11 7.100 3.900 .237 
0.50 .477 30 13 11.953 1.047 .398 
1.00 .602 30 15 15.822 -.822 .527 
2.00 .699 30 17 18.785 -1.785 .626 

LD50 is 3.765 mg/cm2 
95% conf. limits are 3.103 to 5.000 

Log LD50 is 0.576 
�� 2 = 5.638 with 3 df 

 
Table 36. Dose-mortality effect of methanol extract of root of M. pudica against C. pusillus  

adults after 72 hours of exposure 

 
Dose 

(mg/cm²) 
Log 
Dose 

Observed Observed 
Responses 

Expected 
Responses 

Residual Probability 

PROBIT 

0.25 .301 30 13 8.405 4.595 .280 
0.50 .477 30 15 14.109 .891 .470 
1.00 .602 30 17 18.374 -1.374 .612 
2.00 .699 30 20 21.421 -1.421 .714 

LD50 is 3.184 mg/cm2 
95% conf. limits are 2.662 to 3.897 

Log LD50 is 0.503 
�� 2 = 6.569 with 3 df 
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Table 37. Dose-mortality effect of 9-Octadecenamide from chloroform extract of leaf of M.  
pudica against C. pusillus adults after 24 hours of exposure 

 
Dose 

(mg/cm²) 
Log 
Dose 

Observed Observed 
Responses 

Expected 
Responses 

Residual Probability 

PROBIT 

0.25 .301 30 6 4.237 1.763 .141 
0.50 .477 30 9 8.166 .834 .272 
1.00 .602 30 11 11.765 -.765 .392 
2.00 .699 30 14 14.811 -.811 .494 

LD50 is 5.069 mg/cm2 
95% conf. limits are 4.043 to 8.157 

Log LD50 is 0.705 
�� 2 = 2.079 with 3 df 

 
Table 38. Dose-mortality effect of 9-Octadecenamide from chloroform extract of leaf of M.  

pudica against C. pusillus adults after 48 hours of exposure 

 
Dose 

(mg/cm²) 
Log 
Dose 

Observed Observed 
Responses 

Expected 
Responses 

Residual Probability 

PROBIT 

0.25 .301 30 8 5.863 2.137 .195 
0.50 .477 30 12 11.357 .643 .379 
1.00 .602 30 16 15.958 .042 .532 
2.00 .699 30 18 19.464 -1.464 .649 

LD50 is 3.770 mg/cm2 
95% conf. limits are 3.192 to 4.739 

Log LD50 is 0.576 
�� 2 = 2.468 with 3 df 

 
Table 39. Dose-mortality effect of 9-Octadecenamide from chloroform extract of leaf of M.  

pudica against C. pusillus adults after 72 hours of exposure 

 
Dose 

(mg/cm²) 
Log 
Dose 

Observed Observed 
Responses 

Expected 
Responses 

Residual Probability 

PROBIT 

0.25 .301 30 11 7.357 3.643 .245 
0.50 .477 30 13 13.613 -.613 .454 
1.00 .602 30 18 18.430 -.430 .614 
2.00 .699 30 21 21.835 -.835 .728 

LD50 is 3.257 mg/cm2 
95% conf. limits are 2.772 to 3.903 

Log LD50 is 0.513 
�� 2 = 4.079 with 3 df 

 
Table 40. Dose-mortality effect of 13-Docosenamide, (Z)- from chloroform extract of leaf of  

M. pudica against C. pusillus adults after 24 hours of exposure 

 
Dose 

(mg/cm²) 
Log 
Dose 

Observed Observed 
Responses 

Expected 
Responses 

Residual Probability 

PROBIT 

0.25 .301 30 21 16.323 4.677 .544 
0.50 .477 30 25 26.234 -1.234 .874 
1.00 .602 30 28 29.106 -1.106 .970 
2.00 .699 30 30 29.788 .212 .993 

LD50 is 1.915 mg/cm2 
95% conf. limits are 1.651 to 2.154 

Log LD50 is 0.282 
�� 2 = 6.545 with 3 df 
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Table 45. Dose-mortality effect of petroleum ether extract of leaf of M. pudica against A. salina  
after 48 hours of exposure 

 
Dose 

(µg/ml) 
Log Dose Observed No of 

Death 
Expected 
Responses 

Residual Probability 

PROBIT 

25 .301 30 19 19.061 -.061 .635 
50 .477 30 21 23.610 -2.610 .787 
100 .602 30 26 26.030 -.030 .868 
200 .699 30 29 27.407 1.593 .914 

Log LD50 is 0.166 
LD50 is 1.464 µg/ml 

�� 2 = 2.553 with 3 df 
95% conf. limits are 1.016 to 1.830 

 
Table 46. Dose-mortality effect of chloroform extract of leaf of M. pudica against A. salina  

after 24 hours of exposure 

 
Dose 

(µg/ml) 
Log 
Dose 

Observed No of 
Death 

Expected 
Responses 

Residual Probability 

PROBIT 

25 .301 30 7 6.533 .467 .218 
50 .477 30 10 10.879 -.879 .363 
100 .602 30 14 14.432 -.432 .481 
200 .699 30 18 17.240 .760 .575 

Log LD50 is 0.622 
LD50 is 4.184 µg/ml 

�� 2 = 0.259 with 3 df 
95% conf. limits are 3.377 to 6.024 

 
Table 47. Dose-mortality effect of chloroform extract of leaf of M. pudica against A. salina  

after 48 hours of exposure 

 
Dose 

(µg/ml) 
Log 
Dose 

Observed No of 
Death 

Expected 
Responses 

Residual Probability 

PROBIT 

25 .301 30 11 15.113 -4.113 .504 
50 .477 30 21 20.930 .070 .698 
100 .602 30 24 24.304 -.304 .810 
200 .699 30 28 26.298 1.702 .877 

Log LD50 is 0.298 
LD50 is 1.985 µg/ml 

�� 2 = 4.150 with 3 df 
95% conf. limits are 1.575 to 2.374 

 
Table 48. Dose-mortality effect of ethyl acetate extract of leaf of M. pudica against A. salina  

after 24 hours of exposure 

 
Dose 

(µg/ml) 
Log 
Dose 

Observed No of 
Death 

Expected 
Responses 

Residual Probability 

PROBIT 

25 .301 30 8 7.459 .541 .249 
50 .477 30 11 12.760 -1.760 .425 
100 .602 30 18 16.904 1.096 .563 
200 .699 30 20 19.989 .011 .666 

Log LD50 is 0.545 
LD50 is 3.505 µg/ml 

�� 2 = 0.640 with 3 df 
95% conf. limits are 2.923 to 4.440 
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Table 53. Dose-mortality effect of petroleum ether extract of stem of M. pudica against A.  
salina after 48 hours of exposure 

 
Dose 

(µg/ml) 
Log 
Dose 

Observed No of 
Death 

Expected 
Responses 

Residual Probability 

PROBIT 

25 .301 30 17 19.501 -2.501 .650 
50 .477 30 25 24.304 .696 .810 
100 .602 30 26 26.709 -.709 .890 
200 .699 30 29 27.994 1.006 .933 

Log LD50 is 0.163 
LD50 is 1.457 µg/ml 

�� 2 = 1.987 with 3 df 
95% conf. limits are 1.052 to 1.794 

 
Table 54. Dose-mortality effect of chloroform extract of stem of M. pudica against A. salina  

after 24 hours of exposure 

 
Dose 

(µg/ml) 
Log 
Dose 

Observed No of 
Death 

Expected 
Responses 

Residual Probability 

PROBIT 

25 .301 30 18 14.415 3.585 .481 
50 .477 30 22 20.554 1.446 .685 
100 .602 30 23 24.143 -1.143 .805 
200 .699 30 25 26.254 -1.254 .875 

Log LD50 is 0.317 
LD50 is 2.076 µg/ml 

�� 2 = 3.823 with 3 df 
95% conf. limits are 1.659 to 2.466 

 
Table 55. Dose-mortality effect of chloroform extract of stem of M. pudica against A. salina  

after 48 hours of exposure 

 
Dose 

(µg/ml) 
Log 
Dose 

Observed No of 
Death 

Expected 
Responses 

Residual Probability 

PROBIT 

25 .301 30 22 21.706 .294 .724 
50 .477 30 26 26.149 -.149 .872 
100 .602 30 28 28.065 -.065 .935 
200 .699 30 29 28.958 .042 .965 

Log LD50 is 0.108 
LD50 is 1.282 µg/ml 

�� 2 = 0.027 with 3 df 
95% conf. limits are 0.916 to 1.583 

 
Table 56. Dose-mortality effect of ethyl acetate extract of stem of M. pudica against A. salina  

after 24 hours of exposure 

 
Dose 

(µg/ml) 
Log 
Dose 

Observed No of 
Death 

Expected 
Responses 

Residual Probability 

PROBIT 

25 .301 30 11 10.906 .094 .364 
50 .477 30 16 16.091 -.091 .536 
100 .602 30 20 19.704 .296 .657 
200 .699 30 22 22.227 -.227 .741 

Log LD50 is 0.441 
LD50 is 2.758 µg/ml 

�� 2 = 0.025 with 3 df 
95% conf. limits are 2.230 to 3.413 
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Table 65. Dose-mortality effect of ethyl acetate extract of root of M. pudica against A. salina  
after 48 hours of exposure 

 
Dose 

(µg/ml) 
Log 
Dose 

Observed No of 
Death 

Expected 
Responses 

Residual Probability 

PROBIT 

25 .301 30 19 16.933 2.067 .564 
50 .477 30 22 23.526 -1.526 .784 
100 .602 30 26 26.716 -.716 .891 
200 .699 30 29 28.264 .736 .942 

Log LD50 is 0.255 
LD50 is 1.800 µg/ml 

�� 2 = 1.697 with 3 df 
95% conf. limits are 1.459 to 2.111 

 
Table 66. Dose-mortality effect of methanol extract of root of M. pudica against A. salina after  

24 hours of exposure 

 
Dose 

(µg/ml) 
Log 
Dose 

Observed No of 
Death 

Expected 
Responses 

Residual Probability 

PROBIT 

25 .301 30 10 10.992 -.992 .366 
50 .477 30 18 16.351 1.649 .545 
100 .602 30 20 20.053 -.053 .668 
200 .699 30 22 22.607 -.607 .754 

Log LD50 is 0.433 
LD50 is 2.712 µg/ml 

�� 2 = 0.574 with 3 df 
95% conf. limits are 2.201 to 3.325 

 
Table 67. Dose-mortality effect of methanol extract of root of M. pudica against A. salina after   

48 hours of exposure 

 
Dose 

(µg/ml) 
Log 
Dose 

Observed No of 
Death 

Expected 
Responses 

Residual Probability 

PROBIT 

25 .301 30 14 14.646 -.646 .488 
50 .477 30 22 21.067 .933 .702 
100 .602 30 24 24.702 -.702 .823 
200 .699 30 27 26.758 .242 .892 

Log LD50 is 0.310 
LD50 is 2.043 µg/ml 

�� 2 = 0.333 with 3 df 
95% conf. limits are 1.656 to 2.410 
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Table 68. % repellent activity of extracts 

Petroleum ether extract of leaf 

Dose 1h 2h 3h 4h 5h 

10 66.67 70.00 70.00 73.33 73.33 

5 60.00 63.33 63.33 66.67 66.67 

2.5 56.67 60.00 60.00 63.33 63.33 

1.25 53.33 56.67 56.67 60.00 63.33 

0.625 50.00 53.33 53.33 56.67 60.00 

Chloroform extract of leaf 

Dose 1h 2h 3h 4h 5h 

10 60.00 63.33 60.00 66.67 66.67 

5 56.67 60.00 56.67 60.00 63.33 

2.5 53.33 53.33 56.67 56.67 60.00 

1.25 50.00 50.00 53.33 53.33 56.67 

0.625 46.67 46.67 50.00 50.00 53.33 

Ethyl acetate extract of leaf 

Dose 1h 2h 3h 4h 5h 

10 60.00 63.33 63.33 66.67 70.00 

5 56.67 60.00 60.00 63.33 63.33 

2.5 53.33 56.67 56.67 60.00 60.00 

1.25 50.00 50.00 53.33 56.67 56.67 

0.625 46.67 50.00 53.33 53.33 56.67 

Methanol extract of leaf 

Dose 1h 2h 3h 4h 5h 

10 63.33 63.33 66.67 66.67 70.00 

5 60.00 63.33 63.33 66.67 66.67 

2.5 56.67 60.00 60.00 63.33 63.33 

1.25 53.33 56.67 56.67 60.00 60.00 

0.625 50.00 53.33 53.33 56.67 56.67 

Petroleum ether extract of stem 

Dose 1h 2h 3h 4h 5h 

10 63.33 66.67 66.67 70.00 73.33 

5 60.00 60.00 63.33 66.67 70.00 

2.5 53.33 56.67 60.00 66.67 66.67 

1.25 50.00 56.67 56.67 60.00 63.33 

0.625 46.67 50.00 53.33 56.67 60.00 

Chloroform extract of stem 

Dose 1h 2h 3h 4h 5h 

10 60.00 63.33 63.33 66.67 70.00 

5 56.67 56.67 60.00 63.33 66.67 

2.5 53.33 53.33 56.67 56.67 63.33 

1.25 50.00 50.00 53.33 53.33 60.00 

0.625 43.33 46.67 50.00 50.00 56.67 
 

Ethyl acetate extract of stem 

Dose 1h 2h 3h 4h 5h 

10 70.00 70.00 73.33 73.33 76.67 

5 63.33 66.67 70.00 70.00 73.33 

2.5 56.67 60.00 66.67 70.00 70.00 

1.25 53.33 56.67 60.00 63.33 66.67 

0.625 50.00 53.33 56.67 60.00 60.00 

Methanol extract of stem 

Dose 1h 2h 3h 4h 5h 

10 63.33 66.67 66.67 70.00 73.33 

5 56.67 60.00 63.33 66.67 70.00 

2.5 53.33 56.67 56.67 60.00 66.67 

1.25 50.00 53.33 53.33 56.67 63.33 

0.625 46.67 50.00 53.33 56.67 60.00 

Petroleum ether extract of root 

Dose 1h 2h 3h 4h 5h 

10 80.00 83.33 86.67 86.67 90.00 

5 76.67 80.00 83.33 83.33 86.67 

2.5 70.00 73.33 76.67 80.00 83.33 

1.25 63.33 70.00 73.33 76.67 80.00 

0.625 60.00 63.33 66.67 70.00 73.33 

Chloroform extract of root 

Dose 1h 2h 3h 4h 5h 

10 66.67 66.67 73.33 73.33 76.67 

5 63.33 66.67 66.67 70.00 73.33 

2.5 60.00 63.33 63.33 66.67 66.67 

1.25 56.67 56.67 60.00 63.33 66.67 

0.625 53.33 53.33 56.67 60.00 63.33 

Ethyl acetate extract of root 

Dose 1h 2h 3h 4h 5h 

10 66.67 70.00 73.33 76.67 76.67 

5 63.33 66.67 66.67 70.00 73.33 

2.5 60.00 63.33 63.33 66.67 70.00 

1.25 56.67 56.67 60.00 63.33 66.67 

0.625 53.33 53.33 56.67 60.00 63.33 

Methanol extract of root 

Dose 1h 2h 3h 4h 5h 

10 73.33 76.67 80.00 80.00 83.33 

5 70.00 73.33 76.67 76.67 80.00 

2.5 66.67 70.00 73.33 76.67 76.67 

1.25 63.33 66.67 70.00 73.33 73.33 

0.625 56.67 60.00 63.33 66.67 70.00 
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