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Abstract 

A series of experiments were carried out during two consecutive years (2013-2014) at 

Agronomic Research Area, University of Agriculture, Faisalabad on the interference of 

Parthenium hysterophorus weed and its management in forage sorghum. The effect of 

different weed density (0, 2, 4, 6, 8, 10, 12, 14, 16 plants m-2), competition periods (4, 5, 6, 7, 

8 weeks after emergence and full season competition) and different Parthenium 

hysterophorus management techniques (weedy check, hoeing after 3 weeks of emergence, 

dicamba 100 % dose, dicamba 100 % dose with 1 % ammonium sulphate, dicamba 100 % 

dose with 2 % ammonium sulphate, dicamba 75 % dose with 1 % ammonium sulphate, 

dicamba 75 % dose with 2 % ammonium sulphate) on Parthenium hysterophorus  fresh and 

dry weight, NPK uptake by Parthenium hysterophorus, forage sorghum yield, yield 

components and forage quality was studied in separate experiments under field conditions. 

Results showed that fresh and dry weight of Parthenium hysterophorus and NPK uptake of 

Parthenium hysterophorus weed increased with increased in Parthenium hysterophorus weed 

density and competition duration periods and maximum values for these parameters were 

recorded at density of 16 plants m-2 and at full season competition period. Yield and yield 

components of forage sorghum (plant height, stem diameter, no. of leaves per plant, leaf area 

per plant, leaf to stem ratio, green forage yield and dry matter yield) were reduced with 

increased Parthenium hysterophorus weed density from 2-16 plants m-2 and with extending 

the competition periods from 4 weeks to full season competition. Reduction in green forage 

yield 0.61% - 24.97 % in 2013 and 1.02 % - 26.44 % in 2014 was observed when Parthenium 

hysterophorus density increased from 2-16 plants m-2 and 2.43 %- 17.71 % reduction in yield 

occurred with extending the competition periods from 4 weeks to full season competition. 

The suggested economic threshold level for Parthenium hysterophorus weed was 1.6 plants 

m-2 in 2013 and 2.2 plants m-2 in 2014 and 5 weeks after emergence seems to be a critical 

competition period. The crude protein and ash contents were decreased with increased 

density of Parthenium hysterophorus and extending the competition periods. Whereas the 

contents of ADF and NDF increased with increase in Parthenium hysterophorus density and 

competition periods. EEF (ether extractable fat) contents were not influenced significantly 

both by density and competition periods. All herbicide treatments dicamba alone or in 

combination with ammonium sulphate and reduced dose of dicamba in combination with 

ammonium sulphate improved the weed control efficiency (WCE), yield and yield attributes 

over the weedy check and hand hoeing practice. Application of dicamba full dose with 2 % 



 

 

xviii 

ammonium sulphate proved superior with 79.60 % weed controlling efficiency (WCE) 

followed by application of dicamba full dose with 1 % ammonium sulphate with 73.51 % 

WCE but both these treatments were statistically similar in affecting yield and yield 

components (plant height, stem diameter, no. of leaves per plant, leaf area per plant, leaf to 

stem ratio, green forage yield, dry matter yield) and increase in fresh fodder yield was 26.39 

% and 20.48 % due to application of dicamba 100 % dose with 2 % ammonium sulphate and 

dicamba 100 % dose with 1 % ammonium sulphate, respectively over weedy check 

treatment. Maximum ash and crude protein contents and minimum ADF and NDF contents 

were observed with the use of dicamba 100 % dose + 2 % ammonium sulphate while ether 

extractable fat contents were not influenced significantly by Parthenium hysterophorus  

management strategies. So it is recommended that Parthenium hysterophorus in forage 

sorghum must be controlled at density of 2.2 plants m-2 within 5 weeks after emergence with 

the application of full dose dicamba (304.5 g a.i. ha-1) with 2 % ammonium sulphate as an 

adjuvant with dicamba. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

1 

Chapter 1 

Introduction 

Sorghum (Sorghum bicolor L.) is a member of family poaceae and grown as grain as 

well as fodder crop in Pakistan, It is predominantly a crop of rainfed areas but it has gained 

popularity in irrigated areas after the introduction of high yielding, early maturing and 

multicut varieties. Sorghum is used as staple food, livestock feed, silage making, alcohol, 

edible oil and sugar extraction. Sorghum ranks fourth among the major cereals after wheat, 

rice and maize.  Fresh sorghum fodder contain about 28.1% dry matter, 33.6% crude fiber, 

57.9% neutral detergent fiber, 35.0 % acid detergent fiber, 8.2% crude protein and 9.1 % ash 

contents and provides 18.1 MJ of energy per kg of dry matter  (Fulkerson et al., 2008). 

Sorghum is considered a best crop for silage as well as hay making due to its high yielding 

potential and juiciness characteristics of its stem (Thomas, 2008). 

Sorghum has great potential to grow in adverse climatic condition, so the climatic and 

soil conditions of Pakistan are favourable for its growth but average yield of sorghum is very 

low. Agronomic factors which affect yield and quality of sorghum are poor quality seed, low 

seed rate, inappropriate sowing method, insufficient nutrition and high infestation of weeds. 

Population is increasing day by day and we have to feed more livestock to support our 

population. The adoption of horizontal approach to produce more is not applicable and has to 

rely on limited area to produce more by increasing per hectare yield. The goal can be 

achieved only by improving crop husbandry practices. Weeds control is one of the main 

components of crop husbandry. Weeds are major threats to the natural ecosystem which are 

destroying natural habitat and competing with our native plants. Weeds which affect the 

growth, yield and quality of sorghum fodder are Trianthema portulacastrum, Cyperus spp., 

Cynodon dactylon, Echinochloa spp, Amaranthus spp., Digera arvensis, Parthenium 

hysterophorus. Weeds causes huge yield losses in different field crops in Pakistan and 

experiments proved the yield losses of 17 to 25, 20 to 63, 20 to 45, 10 to 35, 13 to 41, and 25 

to 55 percent in wheat, rice, sugarcane, cotton (Gossypium hirsutum L.), and pulses, 

respectively (Abbas, 2013). The control of weed in forage crops is also equally important and 

should not be ignored especially when their production is associated with high cost of 

production. Weeds compete with crops for water, light, space and nutrients and reduce forage 

yield and quality of crops and also increase disease and insect attack and create difficulties in 

harvesting operations. Some of the weed floras are poisonous and unpalatable for livestock 

(Green et al., 2003). Thomas (2008) reported 90% reduction in forage yield due to weed 
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infestation and problem of weed infestation is sever at early stages of forage crops. Whereas 

Okafor and Zitta (1991) recorded 65% yield losses due to weed-crop competition in sorghum 

crop. Due to the above facts weeds should be controlled from cultivated fodder as well as 

pastures and range lands to produce a quality fodder to maintain the health of livestock. The 

degree of yield losses due to weed-crop competition depends on intensity of weed, nature and 

stage of crop and weed and duration of weed-crop competition. Density of weeds and the 

weed-free periods in relation to the crop are two most important features of weed-crop 

interference (Tamado et al., 2002). 

            Among the weeds parthenium is considered to be the invasive weed for different 

ecological systems. The term invasive weed is referred to those species which are not native 

to agro-ecosystem. On worldwide the threat of invasive weeds has gained attention in 1980’s 

due to their potential damage. The term invasive plants can be defined as those species which 

are non-native to the subjected ecosystem and their introduction can cause environmental, 

economic, livestock and human damage (ISAC, 2006) and human activities are also involved 

directly or indirectly in introduction of these species and after introduction they have the 

ability to spread into new ecosystem due to their inherent vigor (Rejmanek et al., 2005). So 

invasive species must have the potential to spread indefinitely and ability to detriment the 

ecosystem (Booth et al., 2003).  

Parthenium hysterophorus L. also called parthenium known as white top or white 

head, carrot grass and rag grass in English, is a member of family asteracea. In India and 

Australia it is commonly known as congress grass and parthenium, respectively. Parthenium 

normally germinate in spring and early summer and having the indeterminate growth habit, 

produces flowers and seeds throughout its life span and in autumn it dies away (Adkins et al., 

1996). In Pakistan parthenium is spreading throughout the country and considered a exotic or 

invasive weed species and locally is called as gajar booti (Shabbir and Bajwa, 2007). South 

America and Carribean is the origin of this weed and have invaded almost thirty countries of 

the world including tropical region of Africa, Australia and Asia (Navie et al., 1996; 

Mahadevappa, 1997; Shabbir and Bajwa, 2007; Riaz and Javaid, 2010; Nigatu et al., 2010). 

Wiesner et al. (2007) reported that in invaded countries parthenium has become a potential 

colonizer over railway roads, water channels, in field crops and grazing pastures in different 

growing conditions. Parthenium causes prominent yield losses in sunflower, sorghum, maize, 

pigeon pea, black grams and fodders (Parsons and Cuthbertson, 1992; Angiras and Saini, 

1997; Tamado et al., 2002; Vivek et al., 2008 and Njoroge, 1996). Another harmful aspect of 

parthenium hazardeous is its noxiousness and unpalatability for livestock so animal do not 
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like to eat it. Parthenium causes dermatitis with skin lesion, mouth ulcer with excessive 

saliva, diarrhea due to irritation of gastrointestine, reduction in milk yield, tainting (bitter 

smell) of milk, and in severe cases due to haemorrhaging and rupturing of  internal tissues,  

animal may die away (Patel, 2011). Profitable agriculture is based on the wise and economic 

weed management strategies which is possible by estimation of weeds population that cause 

appreciable yield losses (Deines et al., 2004). The use of herbicide is also key component of 

weed management (Torra et al., 2010) which kills weeds in limited time but due to 

development of resistance in crop plants and environmental risk (Sanyal and Shrestha, 2009) 

its not possible to rely only herbicide, so there is a need to develop integrated strategies 

which reduce herbicide application and must be friendly to environment.  

Weed control beyond the threshould density  level is a key component of integrated 

weed management programe for good crop production (Moorthy and Das, 1998; Knezevic et 

al., 2002) and level of threshould density may vary with weed species (Onofri and Tei, 2006). 

So the knowledge of threshould density of parthenium in sorghum may be helpful for weed 

management program. Weeds causes different loss at their different weed densities (Tamado 

et al, 2002 and Safdar, 2015)   

The use of herbicide is one component of weed management programe and is 

considered the most effective, time saving and economical way to control targeted weeds in 

subjected ecosystem inspite of some environmental and quality concerns. The post 

emergence herbicides applied directly on leaf canopy of targeted weeds are absorbed by 

leaves, stems, roots and kill weeds but its absorption depends on several factors, droplet size, 

surface tension, drift etc. and in some cases cuticular surface of leaf tends to repel spray drop 

due to small spherical droplet size (Schonherr, 2006) which ultimately reduces herbicide 

absorption and efficacy. The one aspect of integrated weed management program is the use 

of herbicide in integration with adjuvant to increase the efficacy and to optimize the dose of 

herbicide for foliar applied herbicides (Duke et al., 2002). Adjuvants are helpful to increase 

the effectiveness of herbicide and decrease the application rate of herbicide, especially for the 

broad leaf weeds (Abouziena et al., 2009). Adjuvants are chemicals which are mixed with 

herbicide pre and after formulation to increase efficacy of herbicide by controlling surface 

tension, drift control, droplet size, pH and viscosity of solution (Green and Cahill, 2003). An 

adjuvant is a chemical mixed with herbicide formulation or mixed in spray tank prior to spray 

the crop to enhance the performance of herbicide and application characteristics (Tue and 

Randall, 2003). So adjuvant is defined as “an ingredient that modifies or improves the action 
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of principal active compound”. Adjuvant may be antifoaming agents, compatibility agents, 

buffering agents, drift control agent. Some classes of adjuvant being used with herbicide are 

surfactant (organosilicon), oil adjuvant (crop oil concentrates, petroleum oil concentrates, 

vegetable oil concentrates) and nitrogenous fertilizers (nitrate and ammonical) (Tue and 

Randall, 2003). These compounds increase the amount of herbicide absorbed into the plant. 

Now a days adjuvants are frequently used in agriculture to improve the performance of 

herbicide and most common nitrogenous fertilizer being used as adjuvant is ammonium 

sulphate. The combination of herbicide and adjuvant is used for the control of weeds. 

Adjuvant and herbicide combination enhance the selectivity and performance of mixture 

against broad leaf weeds (Scherb et al., 2000). The recommended dose of ammonium 

sulphate adjuvant 1% - 2% with most of the herbicides is reported to enhance the 

phytotoxicity and absorption of many post emergence herbicides including dicamba, 2,4, D 

amine, and glyphosate (Zollinger, 2010). 

 Inspite of sever threats of parthenium to crops no appreciable research work yet has 

been done with particular reference to forage crops, therefore it is the need of the day to 

conduct research studies with reference to forage crops so that we can know the yield losses 

and suitable management practices against this alarming weed. The proposed study was 

conducted with the following objectives. 

1). To ascertain probable yield and quality losses of forage sorghum at different parthenium 

densities and competition periods.  

2). To determine the critical threshold level (CTL) and critical period of competition (CPC) 

of parthenium in forage sorghum.  

3). To find out suitable dicamba dose and adjuvant level for effective control of parthenium 

in forage sorghum. 
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Chapter 2 

Review of Literature 

The presence of parthenium weed causes yield reduction in different crops due to the 

joint effect of allelopathic inhibition and competition with the main crop for growth 

indicators.  Weeds compete for moisture, lights, nutrients and space ( Anderson, 1983 ) and 

they also release phytotoxic chemicals known as allelochemicals from their living and dead 

body parts which have inhibitory effects on growth and yield ( Zimdahl, 2007 ).  

Weed-crop competition: 

Knowledge of weed-crop competition may be helpful to improve the performance of 

agronomic practices which are performed to manage the weed flora. Competitive ability of 

weed depends on density of weed, duration of competition and species of weed. Critical 

period of competition and critical threshold level are the two most important aspect of weed-

crop competition. Economic threshold level (ETL) is the density or population of weed which 

cause a significant yield loss and control measure should be started at that level, while critical 

period of competition (CPC) is the period during which the presence of weeds may cause a 

significant loss in yield of a crop (Nazir, 1994). Critical threshold level and critical 

competition period may vary with plant species. Weed competition for longer time during life 

cycle may cause more loss in forage yield of sorghum. 

 Different parthenium- crop critical competition periods have been studied for 

different crops. Previous studies show that 19-67 days are critical for pathenium- crop 

competition in sorghum ( Sorghum bicolor L.), 30-60 days after sowing of arhar (Cajanus 

cajan L.) and 30-45 days for black gram (Phaseolus mungo L.) (Vivek et al., 2008). 

However, if parthenium is left uncontrolled for full season it may cause 40-97 % losses in 

grain yield of sorghum (Tamado et al., 2002; Tefera, 2002 & Das, 2008 ), 33% and 67% 

reduction in grain yield of arhar and blackgram, respectively (Vivek et al., 2008). 

Channappagoudar et al. (1990) conducted field trials to determine the effect of parthenium 

(Parthenium hysterophorus L.) and other weeds in sorghum and reported that other weeds 

and parthenium affected the growth and yield components of sorghum. Presence of 

parthenium reduced grain yield (4.25 t/ha) than weed free control (6.45 t/ha) and presence of 

weeds other than parthenium reduced grain yield upto 5.21 t/ha than control (6.45 t/ha). 

Morales-Payan (2000) reported upto 63% reduction in tomato plant yield and biomass when 

parthenium density was 0-6 plants m-2 but tomato plant height remain unaffected. 

Cumberland et al. (1971) reported that weeds compete critically and uptake maximum 
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nutrients during 4-6 weeks of crop emergence in maize fodder so the controlling of weeds 

during this period increased the yield and yield components of maize. Lawrence and Sprague 

(2004) also reported that the ETL of Amaranthus radis L. in maize was 0.3-1.4 plants m-2 and 

first 30-40 weeks after sowing of crops were critical and Amaranthus radis L. must be 

controlled at this ETL and during this competition period. 

Tamado et al. ( 2002 ) studied the effect of different parthenium densities ( 0, 3, 7, 13, 

27, 53 and 100 plants m-2 ) and critical competition period on grain sorghum and reported 

97% reduction in grain yield at 100 plants m-2 and 69% reduction at 3 ( three )  parthenium 

plants m-2.  In second experiment of critical competition period, four weed infested  periods ( 

21, 42, 63 Days after crop sowing and till crop harvesting during 1999 while 14, 21,42 DAS 

and till crop harvesting during 2000 ) and four weed free period ( 21, 42,63 Days after 

sowing and till  crop harvesting during 1999 while 14, 21, 42 DAS and till crop harvesting 

during 2000 ) were studied at two different sites and reported that at intermediate altitude 

weed control period of 19 - 69 and 40 - 57 days of sorghum emergence had maximum 

benefits during the year of 1999 and 2000, respectively. At low altitude, at this site severe 

competition was started just emergence and continued for 61 and 66 days during 1999 and 

2000, respectively.   

Singh et al. (2007) compared the densities of 30-150 plant/m2 of barnyard grass 

(Echinochloa crusgalli L.) in transplanted rice and observed 50-75% loss in grain yield. They 

reported that 30 plant m-2 caused the minimum loss in yield and suggested it as an economic 

threshold level of barnyard grass in rice. Vivek et al. (2008) reported that critical period of 

weed competition periods in Phaseolus mungo L. (blackgram) was 30-45 DAS. Reduction in 

grain yield was observed if crop weed competition period was increased and a loss of 67% 

occured in yield if full crop season competition was allowed. Weeds under study were 

Trianthema portulacastrum, Echinochloa crusgalli, Digera arvensis, Cynodon dactylon, 

Parthenium hysterophorus and Phyllanthus niruri, the grain yield obtained in weed free 

treatment up to harvest was 12.42 qha-1.   

Khan et al. (2013) conducted a survey to know the socio economic effects of 

parthenium in Khyber Pakhtunkhwa, Pakistan ( Swabi, Mardan, Charsadda and Peshawar) 

during 2009 - 2011 and it was concluded that parthenium caused 40% yield reduction in 

crops, increased 21% cost of weeding in term of extra labour and 16 %  reduction in quality 

of crop produce. According to 10% respodents parthenium is causing forage shortage by 

infesting grazing areas. Among the field crops infested by parthenium are sorghum, maize, 

vegetable and tobacco and the extent of yield losses narrated was 30% in sorghum and 20% 
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in maize crop. Contrib et al. (2009) studied the effect of Trianthema portulacastrum L.  at 

densities of 25, 50, 75, 100, 200 plants m-2 on growth and yield of soybean (Glycine max L.) 

and observed negative correlation between density of Trianthema portulacastrum L. and 

growth (growth rate, relative growth rate, dry weight, leaf area index ), yield parameters ( 

pods/ plant, seeds/ pod, seeds/ plant, seed yield, net assimilation rate ) and nutrient uptake (N, 

P and K). The maximum negative impact was observed at 200 plant m-2 of Trianthema 

portulacastrum L. Rosenbaum et al. (2011) maintained the weed densities of 0-188 plant m-2 

for common ragweed and 0-134 plants m-2 for common cocklebur in fescue pasture (Festuca 

arundinacea L.) and reported reduction in yield, biomass and nutritive value of fescue 

pasture (Festuca arundinacea L.) as densities of both weeds increased. 

Vivek et al. (2008) conducted the competition experiment on six weed spp. 

(Echinochloa crusgalli L, Parthenium hysterophorus L, Trianthema monogynaI L, Cyperus 

rotundus L, Digera arvensis L, and Cynodon dactylon L ) to determine the competition 

duration period in arhar (Cajanus cajan L). He observed decrease in grain yield with 

increasing the duration of competition period and observed 33% reduction in grain yield 

when full season competition was allowed and concluded that 30-60 days after sowing was 

the critical competition duration period of weeds in arhar and crop should be weed free 

during this period. 

Barroso et al. (2012) conducted field experiment to know the weed critical period of 

sixteen weeds species in beans (Phaseolus vulgaris L.) with no till sowing system. 

Treatments included were weed free and weed presence period of 0, 10, 17, 24, 31, 45 and 66 

days of seedling growth. Relative importance for each weed was determined and he observed 

the highest relative importance for Parthenium hysterophorus L. and critical period of weed 

interference was between phenological stage leaf two and leaf three stage of bean (Phaseolus 

vulgaris L.)  

Okafor and Zitta. (1991) conducted an experiment in Abubakar Tafawa Balewa 

University, Bauchi to know the influence of weed crop competition duration period and 

different levels of nitrogen on growth and yield component of a new sorghum cultivar BES.  

Fertilized sorghum was tolerant to weed loss at initial growth stage till two weeks with 

negligible yield loss but after that huge reduction in yield was observed when weeds allowed 

to compete for 2- 7 weeks by reducing 1000 grain weight, number of grain per spike and 

spikelets per spike. Unweeded sorghum showed a decrease in yield loss up to 65% in severe 

competition. 

Morales-Payan (2000) conducted a field study in Dominican Republic to estimate the 
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influence of Parthenium densities (0, 1, 3, 6, 9 and 12) on plant height, weed biomass, tomato 

plant biomass and fruit yield of 4 true leaf transplanted tomato plants and parthenium plants 

were allowed to compete and interfere for complete growth season of tomato while other 

weeds were pulled out after 5-6 days interval. Tomato plant height remained unaffected 

whereas weed biomass was increased linearly as parthenium plant densities were increased, 

tomato plant biomass was also reduced directly as weed densities were increased while 

tomato yield loss showed a rectangular hyperbola with weed densities. Maximum yield loss 

of 65% was observed at highest weed density. 

Chemical weed control 

Effective and quick control of Parthenium hysterophorus L. is only possible by the 

application of herbicides. Parthenium is more susceptible to those herbicide which inhibit 

photosynthesis, amino acid synthesis and glutamine synthase as compared to herbicide which 

have other physiological action. Parthenium can be controled by pre-emergence as well as 

post-emergence herbicide. Post emergence herbicides applied at rosette stage (initial stage) 

was more effective for its control (Reddy et al., 2007). Sharma ( 2003 ) concluded from his 

experiment that in non-cropped area application of 1000 to 1500 g/ha of metribuzin have 

shown 100% control of parthenium as compared to equal dose of glyphosate which gave 50 

to 60% control, while 2,4- D has given only 40% control when applied at the rate of 100 g/ha. 

Reddy et al. (2007) checked the efficacy of different herbicides for the control of parthenium 

under green house condition as pre-emergence as well as post-emergence application and 

reported that both herbicides i.e. clomazone and norflurazon applied as pre-emergence 

controlled the parthenium 100%, while fluometuron, metribuzin, diuron, flumioxazin, 

chlorimuron and quinclorac gave 96, 90, 87, 84, 77 and 67% parthenium control, 

respectively. Moreover some herbicides were also tested for post emergence control of 

parthenium at rosette stage. Among these glufosinate glyphosate, trifloxysulfuron and 

chlorimuron equally ranked first with 90% parthenium control followed by flumioxazin, 

MSMA, bromoxynil, halosulfuron and 2, 4-D collectively as second with 58 to 90% control 

of parthenium after 21 days of treatment applied. 

  Robles et al. (2005) conducted an experiment in 2001-2003 to compare the weed 

control efficacy and economic cost of three post emergence herbicide i.e. 2, 4-D, bromoxynil 

and prosulfuron for the control of sorghum weeds. The herbicide 2, 4-D was applied at 

standard dose of 590 g a. i. /ha, bromoxynil at standard dose of 480 g a. i/ha and at reduced 

dose of 360 g a. i/ha, 240 g a. i. /ha and prosulfuron at recommended dose of 28.5 g a. i/ha 

and at reduced dose of 14.2 g a. i. /ha. prosulfuron at reduced dose proved excellent and 
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efficient weed control with 32 % overall cost reduction and 50 % reduction in herbicide cost 

as compared to its standard dose and 31 % cost reduction as compared to dicamba standard 

dose. Ishaya et al. (2007) conducted an experiment on chemical weed control of weeds in 

sorghum during 2002 to 2003. A number of herbicides were used in trial among which 

cinosulfuron @ 0.05 kg a. i.ha-1, pretilachlor + dimethametryne @ 2.5 kg a. i. ha-1, and 

piperophos + cinosulfuron @ 1.5 kg a. i. ha-1 were proved to be best in controlling weeds. 

Sorghum plant height, crop vigour, biological yield was higher in plots where these three 

herbicides were applied. Tadesse et al. (2010) compared the efficiency of atrazine (0.75 

kg/ha) and pendimethaline (1.0 kg/ha) applied as pre-emergence for the control of 

parthenium in grain sorghum and reported that atrazine performed better as compared to 

pendimethalin and also increased 90.8 % grain yield over weedy check. Khan et al. (2012) 

evaluated the effectiveness of different herbicides (atrazine, bromoxinal+MCPA, glyphosate, 

S-metolachlor, metribuzin, triasulfuron+terbutryn, atrazine+s-metalachlor pendimethaline 

and 2,4-D  @ 1.0, .80, 4.0, 1.92, 2.0, .30, 1.50, 1.50, 1.0 kg ha-1, respectively) for the control 

of parthenium at two different growth stages (rosette and bolting stage) in non-cropped area. 

Glyphosate and metribuzin gave better results than remaining herbicides. At rosette stage 

glyphosate gave 96% mortality of parthenium followed by metribuzin with 87% mortality 

after four weeks of treatment. While at bolting stage 91% and 75 % mortality was observed 

in case of glyphosate and metribuzin, respectively after four weeks of application. Tamado 

and Milberg (2004) compared the chemical control (2,4-D @ 1440 g a.i. ha-1), ecological 

control (growing of cowpea as intercrop) and cultural control (hoeing) for the control of 

parthenium and  they reported that cultural control was the best control measure as it 

improved the yield as well as soil physical properties (porosity, bulk density etc.) and it was 

followed by 2,4-D with inconsistent parthenium control because weeds have emerged at later 

stages from the soil seed bank and there was no increase in grain yield of sorghum.  

Safdar (2015) conducted research trial for screening different herbicides for the 

control of parthenium in maize. The herbicide tested were atrazine @ 360 g a.i. ha-1, atrazine 

+ s-metolachlor @ 720 g a.i. ha-1, atrazine + nicosulfuron 385 g a.i. ha-1, dicamba @ 304.5 g 

a.i. ha-1, bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 and reported that bromoxynil + 

MCPA + metribuzin @ 470 g a.i. ha-1 proved better and showed 100 % mortality rate and 

lowest biomass of parthenium and other all crop parameters were also higher in this 

treatment. This treatment was followed by the application of dicamba @304.5 g a.i. ha-1.  

Use of herbicide with adjuvant combination 

An adjuvant is a chemical with herbicide formulation or mixed in spray tank prior to 
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spray the crop to enhance the performance of herbicide and application characteristics (Tue 

and Randall, 2003). So adjuvant is defined as “an ingredient that modifies or improves the 

action of principal active compound”. Adjuvant may be antifoaming agents, compatibility 

agents, buffering agents, drift control agents, organosilicon and nitrogenous fertilizers (nitrate 

and ammonical). These compounds increase the amount of herbicide absorbed into the plant. 

Now a days adjuvants are frequently used in agriculture to improve the performance of 

herbicide and most common fertilizer being used as adjuvant is ammonium sulphate. The 

combination of herbicide and adjuvant is used for the control of weeds. Adjuvant and 

herbicide combination enhance the selectivity and performance of mixture against broad leaf 

weeds (Scherb et al., 2000). Lajos et al. (2000) concluded that the reduced dose of 

chlorifazon, triflusulfuron, metamitron can be applied for the control of five weeds species in 

sugar beet if herbicides are used in combination with white oil adjuvant @ 1 L ha-1. Bunting 

et al. (2004) studied the effect of several adjuvant on the performance of formasulfuron in 

green house and in field condition and concluded  that addition of  methylated seed oil in 

herbicide had great impact on weed controlling efficiency of formasulfuron in green house 

condition. In field condition addition of nitrogenous fertilizer improved the performance of 

herbicide and combination of methylated seed oil + nitrogenous fertilizer proved to be best 

against annual weeds. Nalewaja et al. (2007) evaluated the efficiency of glyphosate, 

isopropyl amine, 2, 4-dimethyle amine, bentazon sodium and dicamba sodium sprayed alone 

and in combination with adjuvants. They reported increase in weed controlling efficiency of 

herbicides when sprayed in combination with citric acid, ammonium sulphate (adjuvants). 

Norsworthy et al. (2007) also studied the effect of ammonium sulphate as an adjuvant on the 

weed controlling potential of glyphosate and glyphosinate in soybean (Glycine max L.) crop. 

They reported increase in weed mortality rate and decreased weed biomass when 

combination of herbicides (glyphosate, glyphosinate) and ammonium sulphate was applied.  

Idziak and Woznica (2008) checked the efficacy of full (1.5 L ha-1) and reduced dose 

(1.0 and 0.75 L ha-1) of callisto 100 Sc ( mesotrion ) with and without adjuvant combination 

(methylated seed oil, parafine oil, ammonium nitrate ) for the control of barnyard grass and 

lamb’s quarter and reported 97-100 % control of lamb’s quarter with and without adjuvant. 

Phytotoxicity of callisto 100 Sc (mesotrion) against barnyard grass was increased due to 

adjuvant and herbicide combination also increased yield of maize when reduced dose was 

combined with adjuvant as compared to applied alone. Tahir et al. (2011) evaluated the effect 

of manual hoeing and full and reduced dose of herbicide (foramsulfuron + isoxadifen + 

isosulfuronmethyl sodium) alone and in combination with urea as an adjuvant for the control 
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of weeds of maize and reported that weeds biomass and density recorded at crop harvest was 

minimum where full dose of foramsulfuron + isoxadifen + isosulfuronmethyl (228.75 g a.i. 

ha-1) along with 3% urea solution was applied. Amiri et al. ( 2013 ) conducted a field 

experiment to evaluate the performance of different herbicides alone and in combination with 

adjuvant { bentazone (1920 g a.i. ha-1), bentazone (1440 g a.i. ha-1), bentazone (1440 g a.i. ha-

1) + an adjuvant (tween 80), bentazone (1440 g a.i. ha-1) + an adjuvant (ammonium sulphate), 

imazethapyr (100 g a.i. ha-1), imazethapyr (75 g a.i. ha-1), imazethayr (75 g a.i. ha-1) plus an 

adjuvant (ammonium sulphate)} for the control of weeds of  new sainfoin (Onobrychis sativa 

L.), a forage crop in Iran and observed that low dose of bentazone (1440 g a.i. ha-1) in 

combination with adjuvant (ammonium sulphate, tween 80) was found more efficient for the 

control of noxious weed of sanifoin forage. However due to loss in biomass of sainfoin 

forage after these treatments application, imazethapyr (75 g a.i. ha-1) proved to be the best 

treatment to control and improve yield of newly planted sainfoin forage. Javaid et al. (2012) 

evaluated the efficacy of different herbicide (carfentrazone-ethyl, fluroxypyr+MCPA, 

bromoxynil+MCPA, tribenuronmethyl, thifensulfuron-methyl) against E. spinosa at their 

recommended dose alone and with the combination of herbicide half dose + adjuvant (fatty 

alcohol ethoxylate and alkyl ether sulphate sodium). They reported that addition of adjuvant 

in herbicide significantly increased the efficacy of herbicide and increased the weed mortality 

rate and weed biomass was low where herbicide half dose and adjuvant combination was 

sprayed. The weed mortality rate and biomass in herbicide and adjuvant combination was 

similar to the full dose alone of application of herbicide except carfentrazone-ethyl. Bekeko 

(2013) reported that urea and common salt can be used as adjuvant with glyphosate which 

enhanced the activity of glyphosate in non-cropped area. He achieved full control of 

parthenium at early growth stage when 150 g urea and 150 g common salt was mixed with 3 

L ha-1 of glyphosate but the same combination was not so good when applied at the later stage 

of parthenium. Singh et al. (2004) also conducted an experiment to check the efficacy of 

glyphosate alone and in combination with adjuvant (MON 0818) for the control of 

parthenium. They reported that combination of herbicide @ 2.7 kgha-1with adjuvant 

increased the efficacy of glyphosate and gave quick control of parthenium as compared to full 

dose (5.4 kg ha-1) of glyphosate.   
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Chapter 3  

Materials and Methods 

3.1. Experimental site and soil 

  Field experiments were conducted during kharif season 2013 and 2014 at Agronomic 

Research Farm (31° N latitude, 73° E longitude, and 184.4 m altitude), Department of 

Agronomy, University of Agriculture, Faisalabad, Pakistan. The experimental area belongs to 

Layallpur soil series (Haplic yermosols in FAO and aridisol-fine-silty, mixed, Haplargid 

hypertermic Ustalfic in USDA classification scheme). Field experiments were carried out at 

two different sites. Physico-chemical soil analysis of the site was carried out each year, 

before the crop sowing (Table 3.1). 

3.2. Meteorological data 

Daily minimum and maximum temperature, relative humidity and precipitation during 

the crop growing season of 2013 and 2014  were obtained from Agricultural Meteorology 

Cell (Department of Crop Physiology, University of Agriculture, Faisalabad, Pakistan) 

located near the experimental area. 

3.3. Design and Layout 

All the field experiments were laid out in randomized complete block design (RCBD) 

and each treatment was quadruplicated. Net plot size was 2.4 m x 6 m in each experiment. 

3.4. Seed Collection 

 Seed of sorghum cultivar Hegari was arranged from Fodder Research Institute Sargodha and 

seed of Parthenium hysterophorus L. was collected at maturity (when plant started 

senescence) from several farmer’s field where summer crops were grown at the end of 

summer season from District Cheniot and Sargodha, Punjab, Pakistan. The seeds were 

cleaned and dried for 7 days at room temperature (25 ºC) and then stored in paper bags at 

room temperature until used in the experiments. 

3.5. Crop Husbandry 

Uniform seedbed preparation was attained in all the experimental units. Pre-sowing 

irrigation of 10 cm depth was applied. When the soil reached the appropriate moisture level 

(locally called as wattar) the seedbed was prepared by giving three cultivations with the help 

of a tractor-mounted cultivator each followed by planking. The cultivation was done to a 

depth of 12 cm. The crop was sown on June 5 in 2013 and June 6 in 2014 with single row 

hand drill in 30 cm apart rows using a seed rate of 75 kg ha-1. Recommended dose of 

fertilizers (90 kg N and 60 kg P2O5 ha-1) was applied. Whole phosphorus and half nitrogen 
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was applied at the time of sowing while remaining half nitrogen was applied with first 

irrigation. Ammonium sulphate used as adjuvant in third experiment contained 21% N and 

24% S. Three irrigations each of 7.5 cm were given during the entire growth period of the 

crop. The first irrigation was applied 21 days after sowing (DAS) and second 35 DAS and 

third at full vegetative stage. All other agronomic operations were kept normal and uniform 

except those under study. The crop was harvested 70 DAS with hand sickle when the test 

variety (Hegari) reached to 50% heading stage. 

3.6. Statistical analysis  

Data was recorded using standard protocol. The data collected was analyzed 

statistically by using Fisher's analysis of variance techniques (Steel et al., 1997). Tukey’s 

honest significant difference (HSD) test was applied at 5% probability level to test the 

significance among the treatment means. 

3.7. Economic analysis 

To calculate economic analysis cost of production for both years was worked out. 

Sorghum production cost during 2013 and 2014 was computed for the factors such as sowing, 

irrigation, harvesting and land rent. Then the variable rates according to each treatment was 

determined and summed up to the subtotal and then benefit-cost ratio (BCR) was calculated 

using the following formula. 

BCR = Gross income/ Total cost 

Net income was also calculated by deducting the total expenditure from the gross income for 

treatments individually. Economic analysis for both the experimental years was carried out 

by using the methodology as described in CIMMYT (1988). 
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Table 3.1: Physico-chemical analysis of experimental soil at UAF. 

Characteristic Unit 

Year 

2013 2014 

Mean Mean 

Soil pH - 8.0 8.2 

EC dS m-1 0.56 0.59 

Organic matter % 0.62 0.66 

Total Nitrogen % 0.046 0.059 

Available P ppm 7.10 8.25 

Available K ppm 265 272 

Texture - Sandy clay loam Sandy clay loam 
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Table 3.2 Meteorological data during the crop growing season 2013 and 2014 at UAF 

 

 
Mean maximum 

Temperature (0C) 

Mean minimum 

Temperature (0C) 

Average  

Temperature 

(0C) 

Rainfall (mm) 

Month 2013 2014 2013 2014 

 

2013 

 

2014 2013 2014 

June 39.5 40.9     27.9 28.1 
 

33.7 

 

34.5 67.5 7.1 

July 37.0 26.0 28.00 28.00 
 

33.00 

 

32.5 4.7 57.5 

   August 36.7 37.1 27.2 27.3 
 

31.3 

 

32.2 104.2 3.3 

 

Source: Agriculture Meteorology Cell. Department of Crop Physiology, University of 

Agriculture, Faisalabad, Pakistan. 
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3.8. FIELD EXPERIMENTS:  

3.8.1. Experiment No. 1:  Determination of economic threshold level of Parthenium 

hysterophorus L. in forage sorghum (Sorghum bicolor L.)  

TREATMENTS: P. hysterophorus densities (plants m-2) 

 D0     0  

D1     2                                

          D2     4 

D3     6  

  D4     8  

D5     10     

D6     12 

D7     14       

  D8     16 

Parthenium weed density was maintained by uprooting surplus seedlings from each 

plot at their early growth stage according to the treatment plan, whereas all parthenium 

seedlings was uprooted in control treatment    

 

3.8.2. Experiment No. 2:  Estimation of critical period of Parthenium hysterophorus 

L. competition in forage sorghum (Sorghum bicolor L.) 

TREATMENTS: Parthenium competition periods 

   P0    Zero competition (weed free throughout growth period) 

   P1    Competition for 4 Weeks after emergence (WAE) 

   P2    Competition for 5 WAE 

   P3    Competition for 6 WAE 

             P4    Competition for 7 WAE 

   P5    Competition for 8 WAE 

   P6   Competition throughout growing season 

 In second experiment equall parthenium population of 8 plants m-2 was maintained in 

all plots after their complete germination and then all parthenium plants were removed from 

plots at the prescribed periods of 4, 5, 6, 7 and 8 weeks after their emergence. In zero 

competition treatment, no parthenium seedling was allowed to grow, whereas in full season 

competition treatment, all parthenium seedlings were allowed to grow till harvest of the crop. 
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3.8.3. Experiment No. 3: Parthenium hysterophorus L. management in forage sorghum    

(Sorghum bicolor L.) using dicamba with ammonium sulphate as an adjuvant. 

 

TREATMENTS: 

T1 =  Control (weedy check) 

T2 =  Hoeing after 3 weeks after emergence (WAE). 

T3 =  Dicamba 100% dose (Commit- 40.6 AS @ 304.5 g a.i. ha-1) 

T4 =  Dicamba 100% dose  (Commit- 40.6 AS @ 304.5 g a.i. ha-1) + 1% ammonium sulphate  

T5 =  Dicamba 100% dose  (Commit- 40.6 AS @ 304.5 g a.i. ha-1) + 2% ammonium sulphate 

T6 =  Dicamba 75% dose (Commit- 40.6 AS @ 228.4 g a.i. ha-1) + 1%  ammonium sulphate 

T7 =  Dicamba 75% dose (Commit- 40.6 AS @ 228.4 g a.i. ha-1) + 2% ammonium sulphate 

Spray volume was calibrated before spraying herbicides to know exact volume of 

water needed to spray herbicide. Hand operated knapsack sprayer was used for spray of 

herbicide and spray was done 3 weeks after the emergence of parthenium. 

3.9. Observations 

Data on following parameters were recorded during the course of studies by using 

standard procedures. 

Forage sorghum yield and yield parameter 

1. Emergence count m-2 

2. No. of plants m-2 at harvest 

3. Plant height (cm) 

4. Plant stem diameter (cm) 

5. No. of leaves per plant 

6. Leaf area per plant (cm) 

7. Leaf to stem ratio on dry weight basis 

8. Dry matter % age 

9. Fresh forage yield (t ha-1)  

10. Dry matter yield (t ha-1)         

Forage quality parameters 

1. Crude protein contents (%) 

2. Acid detergent fiber contents (%)  

3. Neutral detergent fiber contents (%) 
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4. Ether extractable fat contents (%) 

5. Ash contents (%)  

 

Weed parameters 

1. Number of weed plants (parthenium) m-2 at crop harvest. 

2. Weed (parthenium) fresh weight (gm-2) at crop harvest in 1st and 3rd experiment while 

at 4, 5, 6, 7, 8 WAE and at crop harvest in second experiment.  

3. Weed (parthenium) dry weight (gm-2) at crop harvest in 1st and 3rd experiment while at 

4, 5, 6, 7, 8 WAE and at crop harvest in second experiment. 

4. Macro nutrients contents (N, P, K). 

5. Macro nutrients uptake (N, P, K). 

3.10. Procedures adopted for recording data 

A. Agronomic parameters 

1. Emergence count (m-2) 

Density of seedlings was recorded at complete emergence in one meter length of three 

randomly selected rows in each plot and after that average m-2 was calculated.  

2. Plant height at final harvest (cm) 

From each plot ten sorghum plants were randomly selected and their height was 

measured from the base to the tip of longest leaf with measuring tape and then averaged. 

3. Stem diameter at final harvest (cm) 

The diameter of ten randomly selected plants from each plot was measured with the 

help of vernier caliper from the base, middle and top portions of the stem and then average 

was calculated. 

 4. Number of leaves plant-1  

All green leaves of ten randomly selected plants were removed, counted and then 

average leaves per plant were calculated. 

 5. Leaf area plant-1 (cm2) 

All plants in two rows of one meter length were harvested and plants were counted. 

Then randomly ten plants among the harvested plants were taken and their leaves were 

removed and weighed. Then a sub sample of 10g was kept over the screen of leaf area meter 

(Licor model 3100) to record leaf area. Then this leaf area was used for calculating leaf area 

per plant. 
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6. Stand density at harvest (m-2) 

The numbers of sorghum plants were counted in one meter length of three randomly 

selected rows in each plot and then average per square meter was calculated. 

7. Green forage yield (t ha-1) 

All the crop plants in each plot were harvested and weighed separately with the help 

of a spring balance and then converted into t ha-1. 

 8. Dry matter yield (t ha-1) 

At harvest, ten randomly selected plants from each plot were chopped with the help of 

fodder cutter and then thoroughly mixed. Fresh weight of the sample was recorded. After 

mixing a sample of 500g was taken from each lot and dried in an oven at 70°C to a constant 

dry weight. These plants were selected from the plot area used for green forage yield and its 

weight was added in each respective plot. Dry matter percentage calculated was used to 

convert green forage yield to dry matter yield. 

 9. Crude Protein (%) 

It involves digestion of the plant material that had been dried at 70°C with 

concentrated sulphuric acid and digestion mixture, comprising K2SO4, CuSO4 and FeSO4 in 

the ratio of 10: 0.5:1. The samples were grinded with locally made grinder until the sample 

was almost converted into a powder form and no sieve was used. The powdered sample (1g) 

was added to kJeldahl digestion flask along with 30ml concentrated H2SO4 and 10g digestion 

mixture. After keeping for half an hour it was heated slowly in the beginning and then on full 

heat until a transparent green liquid material was obtained. On cooling transferred to a 250 ml 

volumetric flask and volume was made up to the mark. Aliquot of 10 ml from this material 

was taken in the micro distillation apparatus using 15 ml 40% NaOH for each sample. 

Nitrogen evolved as ammonia was collected in receiver containing boric acid (4%) solution 

and mixed indicator of bromocresol green and methyl red. The distillation was titrated against 

N/10 sulphuric acid till original color of methyl red was restored. Blank was run for 

eliminating the percentage of nitrogen present in other chemicals used to digest the sample. 

From the quantity of acid used in titration, the percentage of element nitrogen was calculated 

by using the formulas. The reading obtained was multiplied by 6.25 to get crude protein 

percentage. The crude protein percentage was determined by using standard procedure as 

recommended by AOAC (1990). 

Nitrogen percentage = A-B×100×100×0.0014/volume of digested sample used 

Where A= quantity of acid (N/10 H2SO4) used 

B= Blank reading (N/10 H2SO4 used in blank reading) 
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100= Volume made after digestion 

100= for percentage 

0.0014= Factor (which is equal to grams of N in 1ml of N/10 H2SO4) 

 

10. Neutral detergent fiber (NDF %) 

One gram of sample was taken in conical flask. Then 0.50 gram sodium sulphite and 

100 ml of the NDF reagent solution was added to the flask and the flask was fixed to an air 

condenser cooling arrangement. Heat was provided slowly for one hour. Contents were 

allowed to cool and then filtered with the help of suction pump. Residues were washed with 

hot distilled water for 4 times and with acetone once and dried. Residues were transferred to a 

pre weighed dried crucible which was placed in a hot oven at 105° C for four hours. After 

drying, the crucible was placed in a dessicator for 10 minutes. Neutral detergent fiber was 

calculated as follows.  

                     NDF % = (Wt. of crucible + residue) − Wt. of crucible× 100 / Wt. of sample                                                        

11. Acid detergent fiber (ADF %) 

Residues from NDF were transferred to a 500 ml conical flask and 100 ml of acid 

detergent solution was added into a flask which was then fixed to an air condenser. First 

heated to boiling point for 2-3 minutes then the temperature was reduced and allowed to 

reflux for 60 minutes. After removing from the condenser the contents were filtered using a 

suction pump. Then the residues were washed with distilled water for 3 times and once with 

acetone. Residues were transferred in to pre weighed dry crucible which was put in a hot air 

oven at 105°C for 24 hours. After drying, the crucible was placed in a desiccator for cooling. 

Acid detergent fiber % was calculated as follows. 

ADF % = (Wt. of crucible + ADF Residue) − Wt. of crucible × 100 / Wt. of sample 

  

12. Ether extractable fat (EEF) [%] 

Ether extractable fat was determined by taking one gram of oven dried sample in 

extraction thimble and plugged with cotton. The thimble was placed in soxhlet extraction 

apparatus, consisting of three major parts, condenser, jacket containing the sample and flask. 

Ether was added in the flask (250 ml) and connected condenser to inlet and outlet water tube. 

Then the flasks were placed on hot plate to avoid direct heating. Ether in the flask evaporated 

at 40-60°C and vapors moved to condenser and condensed there that fell on the sample in the 

jacket. Ether after extracting fat from sample fell in the flask through siphon tube. The 

process continued for 6-8 hours until whole the fat was extracted. Then flask was detached 
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and put the mixture in a pre-weighed beaker and the beaker was placed in an oven at 70°C. 

Ether evaporated and fat was left in the beaker. 

W1= weight of the empty beaker, W2= weight of beaker – fat 

W3= W1- W2 = weight of pure fat 

From 1.0g sample of dried plant material fat percentage was calculated as follows. 

EEF (%) = W3/sample weight × 100 

The ether extractable fat was determined by using the standard procedure as proposed by 

AOAC (1990). 

13. Total Ash (%) 

To determine ash 5g of oven dried sample was placed in a clean previously weighed 

china dish (W1). The samples were placed in a muffle furnace at (550-650°C) until white or 

grey ash was obtained. After that, residues were cooled in a desiccator and recorded the 

weight (W2) and percentage was calculated as follows: 

Total ash % = W2 – W1/ weight of the sample × 100 

Total ash percentage was determined by using standard procedure as proposed by AOAC 

(1990). 

Weed parameters 

1. Number of parthenium plants (m-2)  

 Parthenium plants were counted from an area of 1 m2 at two different places selected 

randomly within each plot and then average parthenium plant population per m2 was 

calculated.  

2. Parthenium fresh weight (g) 

 Fresh parthenium plant samples (above ground) were harvested and weighed on an 

electronic digital balance. 

3. Parthenium dry weight (g)  

 Parthenium plant samples were dried for two days and then were kept in an electric 

oven at 70oC till they achieved a constant dry weight. These were then weighed by using an 

electronic digital balance.  
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4. Parthenium plant macronutrients (N, P and K) contents (%) 

 Oven-dried parthenium plant samples from each treatment were ground through an 

electric motor grinder. Nitrogen, phosphorus and potassium concentrations were estimated as 

suggested by Williams (1984). 

a. Determination of N 

 It involves digestion of the plant material that had been dried at 70°C with 

concentrated sulphuric acid and digestion mixture, comprising K2SO4, CuSO4 and FeSO4 in 

the ratio of 10: 0.5:1. The samples were grinded with locally made grinder until the sample 

was almost converted into a powder form and no sieve was used. One gram parthenium plant 

sample was digested with 30 ml concentrated H2SO4 in the presence of 10 g digestion 

mixture (K2SO4, CuSO4: FeSO4 at 10.0:0.5:1.0). It was transferred to 100 ml volumetric flask 

after cooling and made up of volume. Ten ml aliquot was taken from this for the distillation 

of ammonia in the presence of 40% NaOH by using micro-Kjeldhal’s apparatus. A receiver 

containing boric acid (4%) solution and mixed indicator (Bromocresol green and Methyl red) 

was used to collect nitrogen evolved as ammonia and titrated against 0.1 N H2SO4. 

b. Determination of P and K 

 One gram plant sample was digested in 20 ml of concentrated HNO3 and 10 ml of 

HClO4 72% per sample. When the volume was reduced to 3 ml upon heating on a hot plate, it 

was cooled and transferred to 100 ml volumetric flask and made up the volume by adding 

distilled water. Five ml of aliquot was taken in 50 ml volumetric flask and 5 ml of color 

developing reagents (ammonium molybdate- ammonium venadate) was added and volume 

was made up to the mark by adding distilled water. It was allowed to stand for half an hour. 

The color intensity was measured on Spectrophotometer (Beckman) at 470 mu wave length. 

After this the actual reading was noted from the standard curve (Allen et al., 1976). 

 Potassium concentration was measured by using 100 ml volume made after digestion 

as described above. Flame photometer (Jenuary 8505) having K+ filter was used for K 

determination. These measurements were made for each sample. 

5. Parthenium NPK uptake (Kg ha-1) 

 Nitrogen, P and K contents of parthenium plant were multiplied with parthenium 

plant dry weight in kg ha-1 to get parthenium N, P and K uptake in kg ha-1.   
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6. Weed control efficiency 

Based on the weed dry matter produced, weed control efficiency was calculated using 

the formula of Kondap and Upadhyay (1992): 

        

         W1 - W2 

Weed control efficiency =  ------------------------- X 100 (Equation 1) 

     W1 

Where, 

W1 = Dry matter of weeds in control plots 

W2 = Dry matter of weeds in treated plots 

 

7. Relative competitive index (RCI) 

Jolliffe et al. (1984) formula was used to describe relative competitive index (RCI) of 

P. hysterophorus. 

 

   (Equation 2) 

 

Where Yweed free was yield of weed free plot and Yweed was yield in the presence of weed. 
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Chapter 4  

Results and Discussion 

FIELD EXPERIMENTS 

4.1. Experiment No. 1: Determination of economic threshold level of Parthenium 

hysterophorus L. in forage sorghum (Sorghum bicolor L.) 

 Results on different parameters of parthenium weed fresh and dry weight, NPK 

contents and their uptake and parameters related to forage sorghum {emergence count  per 

m2, no. of plants per m2, plant height (cm), plant stem diameter (cm), no. of leaves per plant, 

leaf area per plant (cm2), leaf to stem ratio, fresh forage yield (t /ha), dry matter % age, dry 

matter yield (t /ha), crude protein (%), acid detergent fiber, neutral detergent fiber, ether 

extractable fat  (%), ash contents ( % )} are presented and discussed below one by one.  

4.1.1. Fresh weight (g m-2) of Parthenium hysterophorus L.  

The data regarding fresh weight of parthenium as affected by its densities in forage sorghum 

is presented in table 4.1.1. The parthenium fresh weight was increased with increase in 

parthenium density from 2 to 16 plants m-2. The maximum fresh weight was recorded at 

density level of 16 plants m-2 in 2013 and in 2014 while in 2014 density level of 14 and 16 

plants m-2 were found to be statistically at par with each other. The minimum fresh weight 

was recorded when parthenium density of 2 plants per m2 was maintained during both the 

years. The fresh weight was significantly higher during the second year than recorded in the 

first year. In trend analysis linear, quadratic and cubic trend was found significant during both 

the years. The results of this study are parallel to the results of Cortes et al. (2010) who 

observed a linear increase in fresh weight (kg m-2) of velvetleaf, (broad leaf weed) in cotton 

(Gossypium hirsutum L.) when weed density increased from 0-25 plants m-2. These are also 

confirmed by Morales-Payan (2000). They reported that weed biomass was increased linearly 

as parthenium plant density was increased (0, 1, 3, 6, 9 and 12) in tomato. 

4.1.2. Dry weight (g m-2) of Parthenium hysterophorus L. 

The data regarding dry biomass of Parthenium hysterophorus L. in forage sorghum is 

given in table 4.1.2. showed a linear increase in dry biomass of parthenium with increased 

parthenium density level during both the years (2013-2014).  The trend was similar as was  
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Table 4.1.1. Fresh weight of P. hysterophorus (g m-2) as influenced by its different 

densities in sorghum at UAF.  

Parthenium weed density ( plants m-2)  
Fresh weight of (g m-2) 

2013 2014 

No parthenium (Control) --------- --------- 

2 101.75 h 110.75 e 

4 170.50 g 165.89 d 

6 236.00 f 269.76 c 

8   268.25 e 298.87 bc 

10 292.75 d 301.76 bc 

12 327.75 c 320.76 b 

14 363.75 b 398.76 a 

16 402.50 a 423.76 a 

HSD 24.45 37.49 

Year  270.41 B 286.29 A 

HSD 7.60 

Trend comparison of different parthenium weed densities  

Linear  ** ** 

Quadratic  ** * 

Cubic  ** ** 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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recorded for fresh weight of parthenium during both the year. Maximum dry weight m-2 of 

parthenium was observed at density level of 16 plants m-2 during both the years. The 

minimum dry biomass of parthenium was observed at density level of 2 plants m-2 in 2013 

while in 2014  parthenium density of  2 plants m-2 and 4 plants m-2 produced statistically 

similar weed dry biomass. The dry weight was significantly higher during second year than 

observed in the first year. In trend comparison only linear trend was significant during both 

the year. These results confirm the findings of  Cortes et al. (2010) they observed a linear 

increase in dry weight (kg m-2) of velvetleaf (A. theophrasti), a broad leaf weed in cotton 

(Gossypium hirsutum L.) when plant density was increased from 0-25 plants m-2. Same trend 

was observed by Morales-Payan (2000) who reported that weed dry biomass was increased 

linearly as parthenium plant density was increased (0, 1, 3, 6, 9 and 12) in tomato. 

4.1.3. NPK contents (%) of Parthenium hysterophorus L.  

Data relating to NPK contents of parthenium plants as affected by different levels of 

parthenium densities in forage sorghum is shown in table.4.1.3, 4.1.4, 4.1.5. Results 

regarding N contents (Table 4.1.3) showed that during 2013, 2 parthenium plants m-2 gave 

the maximum nitrogen contents. The nitrogen contents decreased linearly as parthenium 

density was increased. The minimum nitrogen contents were recorded where 16 parthenium 

plants m-2 were maintained.  During 2014 again the parthenium density of 2 plants m-2 

produced the maximum nitrogen contents but it did not differ significantly from parthenium 

densities of 4 plants m-2 and 6 plants m-2. The minimum nitrogen contents were recorded at 

parthenium density of 16 plants m-2. The difference between 14 and 16 plants m-2 was not 

significant during the year 2014. The decrease in nitrogen contents with increased parthenium 

density can be attributed to increase in competition with increased parthenium population. 

The nitrogen contents were significantly higher during the year 2014 than the year 2013. 

Variation in soil fertility status can be the cause of differences between the two years.  During 

both the year only linear trend was significant.  

  The phosphorus contents in parthenium plants were decreased significantly with 

increase in its plant density (Table 4.1.4). There was a significant decrease at each increased 

plant density during the year 2013. During the 1st year phosphorus contents were inversely 

proportional to the parthenium densities which showed a linear decrease in phosphorus 

contents as the parthenium densities was increased. During this year maximum phosphorus 

contents was recorded where lowest parthenium density (2 plants m-2) was maintained and it  
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Table 4.1.2. Dry weight of P. hysterophorus (g m-2) as influenced by its different 

densities in sorghum at UAF 

Parthenium weed density ( plants m-2)  
Dry weight (g m-2) 

2013 2014 

No parthenium (Control) --------- ---------- 

2 25.50 g 31.76 g 

4 37.50 f 43.67 fg 

6 48.50 e 53.78 ef 

8   56.25 e 59.87 de 

10 68.00 d 66.87 d 

12 81.75 c 87.78 c 

14 92.75 b 101.76 b 

16 104.75 a 115.98 a 

HSD 10.319 11.992 

Year  64.38 B 70.18 A 

HSD 2.37 

Trend comparison of different parthenium weed densities  

Linear  ** ** 

Quadratic  NS NS 

Cubic  NS NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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Table.4.1.3. Nitrogen content (%) of P. hysterophorus as influenced by its different 

densities in sorghum at UAF. 

Parthenium weed density ( plants m-2)  
Nitrogen content (%) 

2013 2014 

No parthenium (Control) --------- --------- 

2  

 
4.56a 4.66 a 

4 4.51 b 4.63 a 

6 4.43 c 4.61 ab 

8   4.38 d 4.52 bc 

10 4.32 e 4.47 cd 

12 4.24 f 4.41 de 

14 4.10 g 4.35 ef 

16 4.02 h 4.27 f 

HSD 0.0434 0.100 

Year  4.32 B 4.49 A 

HSD 0.022 

Trend comparison of different parthenium weed densities  

Linear  ** ** 

Quadratic  ** NS 

Cubic  NS NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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was followed by density of 4 plants m-2. The planting density of 16 plants m-2 produced the 

lowest phosphorus contents which might be due to the increase in plants of parthenium as 

compare to the other planting densities. During the year 2014 phosphorus content were 

decreased with increase in parthenium plants m-2 but first four treatments i.e. 2, 4, 6 and 8 

plants m-2 were not statistically different from each other. Minimum phosphorus contents 

were observed in treatment plot where 16 plants m-2 were maintained and it did not differ 

significantly from 14 plants m-2.  The phosphorus contents of parthenium plants were 

significantly higher during the year 2014 than the year 2013. This can be attributed to 

Variation in fertility status of soil. During 2013 linear as well as quadratic trend was 

significant while in 2014 only linear trend was significant. The decrease in phosphorus 

contents with increased parthenium density can be attributed to competition among the 

parthenium plants.   

The effect of parthenium density on potassium contents of parthenium plants given in 

table 4.1.5 showed that potassium contents were decreased with increased parthenium plant 

density during the year 2013. The maximum potassium contents were observed at parthenium 

density of 2 plants m-2 and it was followed by 4 plants m-2. The minimum potassium contents 

were recorded in plants where plant density of 16 plants m-2 was maintained. The difference 

between plant densities of 16 plants m-2 and 14 plants m-2 was not significant. Linear and 

quadratic trend was also significant during this year. During 2014 again a decreasing trend 

was observed with increased parthenium densities, however differences could not reached to 

significant level at each increased planting densities. The difference between planting 

densities of 2, 4, 6, 8 and 10 plants m-2 were not significant.  The planting density of 16 

plants m-2 remaining at a par with planting densities of 12 and 14 plants m-2 produced the 

minimum potassium contents. Only linear trend was significant during the year 2014. 

 During both the years NPK contents showed a decreasing trends as the parthenium density 

increased, this can be attribeted to increase in inter and intra competition with increase in 

parthenium density which may be called dilution effect of plants. These results are in line 

with the results of Safdar (2015) who also observed a decrease in NPK contents of 

Parthenium. hysterophorus L. with increase in its density (0, 5, 10, 15, 20 ) in maize (Zea 

mays L.) due to more competition for the same resources. These results are also confirmed by 

the findings of Wagner and Nadasy (2007) who also reported a decreasing trend of NPK 

contents as the density of  Amaranthus retroflexus L. (redroot pigweed), Sinapis arvensis L. 

(wild mustard) and Chenopodium album L. (common lambsquarters) was increased in green  
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Table 4.1.4. Phosphorus content (%) of P. hysterophorus as influenced by its different 

densities in sorghum at UAF. 

Parthenium weed density ( plants m-2)  
Phosphorus content (%) 

2013 2014 

No parthenium (Control) --------- --------- 

2   0.840 a 0.901 a 

4 0.768 b 0.889 a 

6 0.688 c 0.856 a 

8   0.600 d 0.818 ab 

10 0.558 e 0.765 bc 

12 0.525 f 0.710 cd 

14 0.460 g 0.621 de 

16 0.428 h 0.591 e 

HSD 0.031 0.089 

Year  0.608 B 0.769 A 

HSD 0.193 

Trend comparison of different parthenium weed densities  

Linear  ** ** 

Quadratic  ** NS 

Cubic  NS NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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Table. 4.1.5 Potassium content (%) of P. hysterophorus as influenced by its different 

densities in sorghum at UAF. 

Parthenium weed density ( plants m-2)  
Potassium content (%) 

2013 2014 

No parthenium (Control) --------- --------- 

2 3.10 a 3.21 a 

4 3.00 b 3.19 a 

6 2.90 c 3.15 ab 

8   2.86 c 3.12 ab 

10 2.80 d 3.09 abc 

12 2.73 e 2.99 bcd 

14 2.68 f 2.93 cd 

16 2.63 f 2.90 d 

HSD 0.051 0.184 

Year  2.84 B 3.07 A 

HSD 0.030 

Trend comparison of different parthenium weed densities  

Linear  ** ** 

Quadratic  * NS 

Cubic  NS NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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pea (Pisum sativum L.). They attributed this decrease to sever competition among the plants 

as density increased. 

4.1.4 NPK uptake (kgha-1) of Parthenium hysterophorus L. 

Data regarding to uptake of N by parthenium as affected by its different densities 

given in table 4.1.6 showed a increase in N uptake of parthenium with increase in parthenium 

density. During the year 2013 the maximum nitrogen uptake was observed at parthenium 

density of 16 plants m-2, whereas minimum nitrogen uptake was recorded where 2 plants m-2 

were maintained. The planting density of 14 plants m-2 did not differ statistically from 12 and 

16 plants m-2. Similarly the planting densities of 6 plants m-2 did not differ significantly from 

4 and 8 plants m-2. During 2014 the planting density of 16 plants m-2 remaining at par with 14 

plants m-2 produced the maximum nitrogen uptake.The minimum nitrogen uptake was 

observed at parthenium density of 2 plants m-2. Among the trend comparison only linear 

trend was significant during both the years (2013-2014). During 2014 the nitrogen uptake 

was significantly higher than observed in the year 2013. The reason of getting higher N 

uptake in the year 2014 may be the higher N contents of parthenium plants and higher dry 

matter yield in the year 2014. 

Effect of different parthenium densities on phosphorus uptake given in table 4.1.7 

showed that phosphorus uptake by parthenium plants was increased with increase in its 

density during both the years (2013-2014). The highest phosphorus uptake was given by plant 

density of 16 parthenium plants m-2 during both the years. Minimum phosphorus uptake was 

observed where parthenium density of 2 plants m-2 was maintained in both years. During both 

the year only linear trend comparison was found significant. Phosphorus uptake was 

significantly higher during the year 2014. It is quite obvious to get more phosphorus uptake 

with high dry matter yield having higher phosphorus contents. 

The results relevant to the effect of parthenium densities on potassium uptake of 

parthenium plants given in table 4.1.8 showed that the trend of potassium uptake was almost 

similar during both the years.  In both the years planting density of 14 plants m-2 remained at par 

with 12 and 16 plants m-2. Similarly the planting density of 6 plants m-2 also remained at par 

with planting density of 4 and 8 plants m-2. The parthenium density of 16 plants m-2 showed 

highest potassium uptake during both the year. Lowest potassium uptake was calculated in plot 

where 2 parthenium plants m-2 were maintened during both the years. Linear trend was 

significant while quadratic and cubic was non significant in both the years. The potassium 

uptake was significantly lower during 2013 than the year 2014. The lower dry matter yield of  
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Table.4.1.6. Nitrogen uptake (kg ha-1) of P. hysterophorus as influenced by its different 

densities in sorghum at UAF. 

Parthenium weed density ( plants m-2)  
Nitrogen uptake (kg ha-1) 

2013 2014 

No parthenium (Control) ----------- ------------- 

2  11.64 f 14.81 e 

4 16.90 e 20.22 d 

6 21.48 de 24.80 cd 

8   24.64 d 27.07 c 

10 29.37 c 29.89 c 

12 34.61 b 38.72 b 

14 37.97 ab 44.23 a 

16 42.10 a 49.52 a 

HSD 4.61 5.33 

Year  27.34 B 31.16 A 

HSD 1.116 

Trend comparison of different parthenium weed densities  

Linear  ** ** 

Quadratic  NS NS 

Cubic  NS NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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Table.4.1.7. Phophorus uptake (kg ha-1) of P. hysterophorus as influenced by its different 

densities in sorghum at UAF. 

Parthenium weed density ( plants m-2)  
Phophorus uptake (kg ha-1) 

2013 2014 

No parthenium (Control) --------- --------- 

2 2.14 e 2.86 e 

4 2.88 d 3.88 de 

6 3.33 cd 4.60 d 

8   3.38 cd 4.90 cd 

10 3.79 bc 5.11 bcd 

12 4.29 ab 6.23 abc 

14 4.26 ab 6.34 ab 

16 4.47 a 6.87 a 

HSD 0.684 1.415 

Year  3.57 B 5.10 A 

HSD 0.260 

Trend comparison of different parthenium weed densities  

Linear  ** ** 

Quadratic  NS NS 

Cubic  NS NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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Table 4.1.8. Potassium uptake (kg ha-1) of P. hysterophorus as influenced by its different 

densities in sorghum at UAF. 

Parthenium weed density ( plants m-2)  
Potassium uptake (kg ha-1) 

2013 2014 

No parthenium (Control) --------- --------- 

2   7.90 f 10.20 e 

4 11.27 e 13.93 de 

6 14.07 de 16.97 cd 

8   16.09 cd 18.65 c 

10 19.05 c 20.69 c 

12 22.32 b 26.22 b 

14 24.84 ab 29.86 ab 

16 27.54 a 33.63 a 

HSD 3.03 4.48 

Year  17.88 B 21.27 A 

HSD 0.838 

Trend comparison of different parthenium weed densities  

Linear  ** ** 

Quadratic  NS NS 

Cubic  NS NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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parthenium with less potassium contents in the year 2013 may be the reason of this variations. 

These results confirmed the findings of Lehoczky and Reisinger (2003). They observed that 

NPK uptake was increased as the population of 5 weed species (Cannabis sativa L., Datua 

stramonium L., Amaranthus chlorostachis Willd, Chenopodium album L., Chenopodium 

hybridum L.) was increased. They also observed a linear trend between NPK uptake and weed 

density. 

4.1.5 Emergence count m-2 of sorghum 

   Good Emergence is a vital component of crop establishment especially in fodder crops, 

so it must be tried to achieve optimum emergence count. The treatments did not differ 

significantly during both the years so the average of two years was taken and presented in table 

4.1.9. The value recorded ranged between 45.26 - 43.10. The uniform seed rate of sorghum 

having same seed viability was used in all treatments, therefore it was quite obvious to get same 

sorghum emergence, indicating no competition among the sorghum and parthenium plants at 

seed emergence stage. 

4.1.6. Plant population m-2 at harvest of sorghum 

   Plant population is a key parameter contributing towards yield of forage crops. Effect 

of parthenium densities on plant population of sorghum at harvest summarized in table 4.1.10 

showed that year as well as treatment effects were non significant. The average mean values for 

2013 and 2014 were given in table 4.1.10. The plant population ranged from 42.13-43.13 plants 

m-2. These results indicate non significant effect of parthenium densities on sorghum plant 

population. This was due to providing uniform seed bed preparation at the time of sowing and 

equall use of seed rate and its uniform distribution among the different treatments.  

 

  

 

 

 

 

 

 

 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Lehoczky%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15149132
http://www.ncbi.nlm.nih.gov/pubmed?term=Reisinger%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15149132
http://www.ncbi.nlm.nih.gov/pubmed?term=Reisinger%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15149132
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Table.4.1.9 Effect of different parthenium P. hysterophorus densities (plants m-2) on 

emergence (%) of sorghum at UAF. 

Parthenium weed density ( plants m-2)  

              Sorghum emergence (%) 

            Average of 2013 and 2014 

No parthenium (Control)  45.25 

2    44.63 

4 44.13 

6 44.00 

8   44.25 

10 43.75 

12 43.88 

14 43.00 

16 44.25 

HSD NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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Table 4.1.10. Effect of different P. hysterophorus densities on plant population at 

harvest of sorghum at UAF. 

Parthenium weed density ( plants m-2)  
 Sorghum plant population m-2 

Average of 2013 and 2014 

No parthenium (Control) 
 

43.13   

2    
 

42.88   

4 
 

43.00   

6 
 

42.63   

8   
 

42.38   

10 
 

41.75   

12 
 

41.38   

14 
 

41.25   

16 
 

42.13   

HSD NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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4.1.7 Plant height (cm) of sorghum  

   Plant height is an important yield contributing factor especially in fodder crops where 

maximum plant biomass is required. The effect of parthenium densities on sorghum plant height 

was significant in both years (Table 4.1.11). The sorghum plant height was decreased with 

increased parthenium densities, however the decrease could not reach to a significant level at 

each increased plant density during both the years. During both the years maximum plant height 

was attained in plots where no parthenium plant was present (control) and minimum plant 

height was noted in plots at highest parthenium density (16 plants m-2). During 2013 sorghum 

plant attained its maximum height when no parthenium (control) plant was present for 

competition and minimum plant height was noted when 16 parthenium plant m-2 were present 

for competition and the height was 17.29 % lower than control treatment. In 2014 previous year 

trend was observed as maximum plant height was recorded in plots where no parthenium plants 

was present and minimum where 16 plant m-2 of parthenium were present. The height was 15.32 

% less than the control. The differences among the parthenium plant densities of 12, 14, 16 

plant m-2 were not significant in both years. The treatment having 0, 2, 4 and 6 plant m-2 also did 

not differ significantly from each other in both years. Among the trend comparison linear trend 

was significant while quadratic and cubic was non significant in both the years (2013-2014).  

Reduction in plant height with increase in parthenium planting density may be due to increase in 

interspecies competition for the same resources. These findings are quite in line with those of 

Sarabi et al. (2013). They reported that plant height of maize was significantly affected when 

crop was infested with varying density of Chenopodium album L. and maize height was 

decreased as density of C. album was increased. Hussain et al. (2011) also reported that height 

of fodder maize was decreased with increased density of Xantium strumarium L. beyond 6 

plants  m-2. Celebi (2010) reported that plant height of alfalfa (Medicago sativa L.) was reduced 

as the weed density was increased. Safdar (2015) also observed similar results. He reported that 

plant height of maize was declined gradually as the density of parthenium was increased (5, 10, 

15, 20 plant m-2)     

4.1.8. Stem diameter (cm) of sorghum 

 Stem diameter in fodder crops is another parameter affecting both quality and quantity 

in fodder crops. The plants having thick stem, the yield will be higher but forage quality may 

be poor due to having more fiber fraction. The data pertaining to effect of parthenium densities  
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Table.4.1.11 Effect of different P. hysterophorus densities on plant height (cm) of 

sorghum at UAF. 

Parthenium weed density ( plants m-2)  
Plant height (cm) 

2013 2014 

No parthenium (Control) 265.60 a 253.50 a 

2     265.25 ab 252.40 a 

4 253.05 abc 248.43 ab 

6 250.25 abc 241.55 abc 

8   249.11 bc 235.67 bc 

10 240.45 cd 229.46 cd 

12 232.40 de 221.67 de 

14 220.41 e 219.34 de 

16 219.68  e 214.67 e 

HSD 16.22 12.98 

Year  244.02 A 235.19 B 

HSD 3.02 

Trend comparison of different parthenium weed densities  

Linear  ** ** 

Quadratic  NS NS 

Cubic  NS NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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on stem diameter of forage sorghum given in table 4.1.12 showed a decrease in stem diameter 

as the density of parthenium was increased. During 2013  sorghum plant achieved maximum 

stem diameter in control plots when there was no parthenium plant to compete with crop plants 

and minimum stem diameter was noted when 16 parthenium plants m-2 were allowed to 

compete with sorghum plants which was 31.79 % lower than control treatment. In 2014 

maximum plant stem diameter was recorded in control treatment and minimum stem diameter 

was measured when highest plant density of 16 parthenium plants m-2 was maintained for inter 

species competition. The height was 28.10 % lower than control treatment. The stem diameter 

of sorghum at parthenium density of zero, 2 and 4 plants m-2 during the first year and zero, 2, 4 

and 6 parthenium plants during the second year did not differ significantly from each other. 

The stem diameter of sorghum plant at parthenium densities of 14 and 16 plants m-2 was 

statistically similar during the both years. The year effect on stem diameter was also 

significant. The stem diameter was significantly lower in 2nd year. The good growth of 

parthenium plant in 2nd year may be the cause of having lower stem diameter. Among the trend 

comparison of stem diameter linear trend was significant other two were non significant in 

both the years. These investigations are in line with the findings of El-Morsy and Badawi 

(1998) and Arif et al. (2010). They observed that stem diameter of maize (Zea mays L.) plant 

was significantly decreased when weeds were present for complete growth period of crop. 

Gholami et al. (2013) also reported that unweeding treatment reduced stem diameter of forage 

sorghum plant than other weeding treatments where weed density was reduced. 

4.1.9. Number of leaves per plant of sorghum 

The higher number of leaves is considered a good parameter in fodder crops because 

they have better quality than stems. Number of leaves on a plant is genetically controlled but it 

may be affected by several environmental factors like water stress, nutrition, competition etc. 

The number of leaves per plant of forage sorghum was affected significantly by different 

parthenium densities in both the years (Table 4.1.13). 16 parthenium plants m-2 produced 18.88 

% and 10.16 % less number of leaves per plant than control treatment in 2013 and 2014, 

respectively. Highest number of leaves were noted in control treatment (no parthenium plant) in 

the both the years. Leaf number decreased with increase in parthenium planting density but the 

decrease could not reach to a significant level at each increased parthenium density in both the 

years. The differences among zero to 4 plants m-2 in the year 2013 and zero to 6 plants m-2 

during the second year (2014) were not significant. The minimum number of leaves were 

recorded at parthenium density of 16 plants m-2 and it did not differ statistically from planting   
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Table.4.1.12 Effect of different P. hysterophorus densities on stem diameter (cm) of 

sorghum at UAF. 

Parthenium weed density (plants m-2)  
Stem diameter (cm) 

2013 2014 

No parthenium (Control) 1.06 a 1.001 a 

2    1.02 ab 1.00 a 

4 1.01 ab 0.975 a 

6 0.948 bc 0.942 ab 

8   0.92 c 0.901 bc 

10 0.873 cd 0.856 cd 

12 0.808 de 0.821 de 

14 0.783 ef 0.757 ef 

16 0.723 f 0.719 f 

HSD 0.075 0.069 

Year  0.903 A 0.886 B 

HSD 0.014 

Trend comparison of different parthenium weed densities  

Linear  ** ** 

Quadratic  NS NS 

Cubic  NS NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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Table.4.1.13. Effect of different P. hysterophorus densities on number of leaves per plant of 

sorghum at UAF. 

Parthenium weed density ( plants m-2)  
Number of leaves plant-1 

2013 2014 

No parthenium (Control) 12.18 a 11.12 a 

2 
12.13 a 10.95 ab 

4 11.23 ab 10.65 abc 

6 11.10 bc 10.50 abc 

8   10.98 bc 10.35 bc 

10 10.96 bc 10.25 c 

12 10.85 bcd 10.15 c 

14 10.20 cd 10.10 c 

16 9.88 d 9.99 c 

HSD 1.01 0.70 

Year  11.06 A 10.45 B 

HSD 0.185 

Trend comparison of different parthenium weed densities  

Linear  ** ** 

Quadratic  
NS NS 

Cubic  
NS NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non 

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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density of 4 plants m-2 during the year 2013. During the second year the minimum number of 

leaves (9.99) was again observed at planting density of 16 plants m-2 but it did not differ 

significantly from parthenium planting density of 10, 12 and 14 plants m-2. The leaves of 

sorghum plants were significantly lower in the second years (2014) than the first year. The 

climatic conditions may have been more condusive for sorghum during the year 2013. Only 

linear trend was significant while quadratic and cubic were not significant in both the years.  

These results are supported by the finding of Ronchi and Silva (2006). They 

investigated the effect of densities of five weed species (Bidens pilosa, Commelina diffusa, 

Leonurus sibiricus, Nicandra physaloides, Richardia brasiliensis) on leaf number of coffee 

plant and reported a decrease in leaf number per plant with increasing density of weeds.  

4.1.10. Leaf area (cm2) per plant of sorghum 

Leaf area is an important indicator of plant growth and it determine the final harvest 

of crop plant because higher the leaf area mean higher the area for food synthesis and higher 

will be the supply of food to other parts and more will be dry matter accumulation ultimately 

giving high yield. Data pertaining to effect of different parthenium densities on leaf area per 

plant of sorghum presented in table 4.1.14 indicated a significant reduction in leaf area per 

plant due to increase in parthenium density. Control treatment gave the highest leaf area per 

plant in both the years. The leaf area started to decrease as parthenium population increased, 

finally sorghum plant showed lowest leaf area per plant when parthenium population was 16 

plants m-2. The leaf area was significantly higher during the first year than the second year. 

The differences in crop growing conditions would have been cause of these differences. 

Linear trend was only significant in both the years. These results are in line with those of 

Rezvani et al. (2012) who reported a decrease in leaf area of soybean (Glycine max L.) due to 

weedy condition. Sarabi et al. (2013) also investigated that density of lambsquarters (0, 4, 8, 

12, 16 and 20 plants per m2) had significantly reduced the leaf area index of maize (Zea mays 

L.) and high density (16 and 20 plants per m2) caused maximum reduction in leaf area index.  

4.1.11 Leaf to stem ratio of sorghum on dry weight basis 

Leaf to stem ratio is an indication of inter and intraspecific competition. More the 

competition less will be the leaf to stem ratio. Data regarding effect of parthenium density on 

leaf to stem ratio of sorghum plant given in table 4.1.15 showed that weed density 

significantly affected the leaf to stem ratio. Initially reduction in leaf to stem ratio was less 

because less competition due to low weed density and effect was prominent as the weed  
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Table.4.1.14 Effect of different P. hysterophorus densities on leaf area per per plant 

(cm2) of sorghum at UAF. 

Parthenium weed density ( plants m-2)  
leaf area plant-1 (cm2)   

2013 2014 

No parthenium (Control) 3035.1 a 3002.4 a 

2   3006.5 ab 2996.0 ab 

4 2982.9 bc 2985.7 ab 

6 2973.1 cd 2974.3 bc 

8   2963.7 cde 2962.3 cd 

10 2950.6 def 2944.5 de 

12 2944.4 def 2931.4 ef 

14 2933.3 ef 2919.9 f 

16 2929.4 f 2909.6 f 

HSD 32.04 23.05 

Year          2968.8  A        2958.5   B 

HSD 7.36 

Trend comparison of different parthenium weed densities  

Linear  ** ** 

Quadratic  NS NS 

Cubic  NS NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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density was increased. Maximum leaf to stem ratio was observed when weed to crop 

competition was not allowed (no parthenium). The parthenium density of 2, 4, 6 plants m-2 in 

2013 and 2, 4 plants m-2 in 2014 were statistically at a par with control. Minimum leaf to 

stem ratio was recorded when parthenium density of 16 plants m-2 was maintained in both the 

years. The density of 16 plants m-2 did not differ significantly from parthenium densities of 

10, 12 and 14 plants m-2 in the year 2013 and planting densities of 12 and 14 plants m-2 in the 

year 2014. Parthenium density of 16 plants m-2 gave 51.01% and 45.03% less leaf to stem 

ratio as compared to control treatment during 2013 and 2014, respectively. Leaf to stem ratio 

was significantly higher in the year 2014 than in the year 2013.   

These results are quite in line with those of Gholami et al. (2013). They reported that weeds 

competition caused heavier stem and decreased weight of leaves ultimately decreased the leaf 

to stem ratio of forage sorghum. Mohammad (2013) also reported that leaf to stem ratio  of 

Clitoria ternatea L. (Butterfly pea) was low when it was left unweeded and ratio was more 

when weed density was low due to three time weeding of crop. 

4.1.12 Fresh fodder yield (Tons ha-1) of sorghum  

Fresh fodder yield is the cumulative result of all growth and yield components in 

fodder crops which are affected by genetic as well as environmental factors. Fresh fodder yield 

showed a decreasing trend as parthenium density was increased during both the year (Table 

4.1.16). Maximum fresh fodder yield was estimated when no parthenium plant was present to 

compete with sorghum during 2013. The fresh fodder yield started to decrease as the 

parthenium plant m-2 were increased and minimum yield was obtained at highest parthenium 

density level (16 plants m-2)  in both the year (2013 and 2014). Highest parthenium density (16 

plants m-2) decreased the fresh fodder yield of 24.97 % and 26.44 %  over control in 2013 and 

2014, respectively. Analysis of trend comparison showed that only linear trend was significant 

while other two were non significant both the year. The fresh fodder yield was significantly 

higher in the first year than in the second year (2014). These differences can be attributed to 

variation in soil fertility status and climatic conditions. Decrease in fresh fodder yield with 

increased parthenium densities may be attributed to decrease in growth parameters like plant 

height, stem diameter, leaf area, leaf number. These results confirm the finding of Celebi et al. 

(2010). They observed that green forage yield of alfalfa (Medicago sativa L.) was minimum 

where highest weed density was present and yield was highest where minimum weeds were 

present to compete with alfalfa. Massinga et al. (2004) also reported a significant decrease in 

maize (Zea mays L.) fodder yield with increased weed density. 
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Table.4.1.15 Effect of different P. hysterophorus densities on leaf to stem ratio of sorghum 

at UAF. 

Parthenium weed density ( plants m-2)  
Leaf to stem ratio 

2013 2014 

No parthenium (Control) 0.347 a 0.362 a 

2  0.332 ab 0.360 a 

4 0.299 ab 0.339 ab 

6 0.339 ab 0.311 bc 

8   0.277 b 0.289 c 

10 0.209 c 0.243 d 

12 0.213 c 0.232 de 

14 0.189 c 0.201 e 

16 0.170 c 0.199 e 

HSD 0.064 0.037 

Year  0.264 B 0.282 A 

HSD 0.0149 

Trend comparison of different parthenium weed densities  

Linear  ** ** 

Quadratic  NS NS 

Cubic  NS NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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Table.4.1.16 Effect of different P. hysterophorus densities on fresh fodder yield (Tons ha-

1) of sorghum at UAF. 

Parthenium weed density ( plants m-2)  
Fresh fodder yield (Tons ha-1) 

2013 2014 

No parthenium (Control) 56.19 a 54.57 a 

2 55.85 a 54.00 ab 

4 53.43 ab 52.11 abc 

6 51.18 bc 50.01 abc 

8   49.13 cd 46.11 abcd 

10 47.15 de 45.56 bcd 

12 45.84 de 43.57 cd 

14 43.94 ef 40.20 d 

16 42.16 f 40.14 d 

HSD 3.47 8.89 

Year  49.43 A 47.36 B 

HSD 1.35 

Trend comparison of different parthenium weed densities  

Linear  ** ** 

Quadratic  NS NS 

Cubic  NS NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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Percent decrease in fresh fodder yield with increasing parthenium density was 

referred to as relative competitive index (RCI). Figure 4.1.1 showed that relative competitive 

index (RCI) varied between 1 % - 25 % with increasing parthenium density from 2-16 plants 

m-2 showed a linear trend. The increase in yield reduction with increasing parthenium density 

may be described by increase in inter-species competition for same resources throughout the 

season of crops. Our findings are parallel with the results of Morales-Payan (2000) who 

reported upto 63 % reduction in tomato yield with increasing 0-12 parthenium plants m-2. 

Bridges et al. (1992) also reported 4 to 54% reduction in peanut yield as density of 

Euphorbia heterophylla increased from 1-32 plants in 5 m long row. 

 

4.1.13. Dry matter yield (Tons/ha) of sorghum  

The dry matter yield of sorghum was significantly influenced by parthenium weed 

density and year effect was found non significant so the two years mean values were presented 

(Table 4.1.17). The dry matter yield was decreased with increase in plant density of 

parthenium weed, however the decrease could not reach to a significant level at each increased 

parthenium density. The control treatment remaining at par with 2 and 4 plants m-2 of 

parthenium weed density gave the maximum dry matter yield. The minimum dry matter yield 

was obtained when 16 plants m-2 of parthenium weed were maintained. The differences among 

the 12, 14, 16 plants m-2 could not reach to a significant level. Dry matter yield decreased up to 

33.55, 36.60 and 40.88 percent for 12, 14 and 16 parthenium plants m-2, respectively over 

weedy check. Trend comparison showed that only linear trend was significant while quadratic 

and cubic were non significant. It is quite obvious to get higher dry matter in those treatments 

where green forage yield was higher having higher dry matter contents. The competition 

among the sorghum and weed plants for nutrients uptake may have been the cause of these 

significant differences. These results are in quite in line with the findings of Celebi (2010) who 

reported that presence of weed drastically reduced the dry matter production in alfalfa 

(Medicago sativa L.) and maximum dry matter was accumulated where weed density was low 

and was reduced as the weed density was increased.  

 

 

 

 

 

  



 

 

50 

 

 

 

 

 

 

Fig.4.1.1. Effect of different parthenium densities on its relative competitive index 

(means of 2013 and 2014) at UAF. 
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Table. 4.1.17. Effect of different P. hysterophorus densities on dry matter yield (Tons ha-

1) of sorghum at UAF. 

Parthenium weed density ( plants m-2)  
Dry matter yield (Tons ha-1) 

Average of 2013 and 2014 

No parthenium (Control) 14.04 a 

2      13.27 ab 

4 12.74 ab 

6 11.71 bc 

8   10.65 cd 

10 9.86 cde 

12 9.33 de 

14 8.90 de 

16 8.30 e 

HSD 1.921 

 Year  NS 

Trend comparison of different parthenium weed densities  

Linear                     ** 

Quadratic  NS 

Cubic  NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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4.1.14. Dry matter contents (%) of sorghum  

Dry matter contents of fodder crops is an important quality and quantity parameter of 

fodder crops which tells about the pure bulk mass of fodder crops. The year effect was not 

significant so the average value of two years means are given in table 4.1.18. The dry matter 

contents decreased with increased population of parthenium. The control treatment (no 

parthenium) remaining at par with 2, 4, 6 parthenium plants m-2 gave the maximum dry matter 

contents. The minimum dry matter contents were noted at parthenium density of 16 plants m-2, 

however it did not differ significantly from 6, 8, 10, 12 and 14 parthenium plants m-2. The 

decrease in dry matter contents was 8.69, 11.89, 16.39, 16.59, 17.73 and 20.30 % for 8, 10, 12, 

14 and 16 parthenium plants m-2 over control, respectively. Only linear trend was found 

significant. The competition among the sorghum and weed plants for nutrients uptake may have 

been the cause of these significant differences. Celebi (2010) also reported that presence of 

weed drastically reduced the dry matter production in alfalfa (Medicago sativa L.) and 

maximum dry matter was accumulated where weed density was low and was reduced as the 

weed density was increased.  

4.1.15 Crude protein contents (%) of sorghum 

  Crude protein is a rough estimate of pure protein which tells about the quality of forage 

crop. The effect of parthenium weed density on crude protein contents of sorghum was 

significant and year effect was not significant so the mean data of both years 2013 and 2014 

are presented (Table 4.1.19).The crude protein contents of sorghum plant decreased gradually 

with increased parthenium weed density m-2. The control (no parthenium plant) gave the 

maximum crude protein contents. The differences among the control, 2, 4 and 6 plants m-2 of 

parthenium could not reach to a significant level. The lowest crude protein contents were 

recorded at highest parthenium weed density (16 plants m-2). The differences among the 

parthenium weed density of 12, 14,and 16 plants m-2 were not significant. Crude protein 

contents have decreased up to 4.58, 5.77, 8.26 and 9.85 % for parthenium weed density of 10, 

12, 14 and 16 plants m-2 over control, respectively. Among the trend analysis only linear trend 

was significant. The given results are supported by the finding of Celebi (2010) who reported 

that when alfalfa (Medicago sativa L.) was sown under different line to line distance, crude 

protein was affected due to the presence of different weeds density and highest crude protein 

was observed where line to line spacing was less and weed density was low and it decreased as 

the weed density was increased. Mueller and Fick (1987) also observed that crude protein of 

forage alfalfa was higher when they controlled the weed and reduced if left uncontrolled.  
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Table. 4.1.18 Effect of different P. hysterophorus densities on dry matter contents (%) of 

sorghum at UAF. 

Parthenium weed density ( plants m-2)  

Dry matter contents (%) 

Average of 2013 and 2014 

No parthenium (Control) 25.32 a 

2 24.20 ab 

4 24.13 abc 

6 23.12 abcd 

8   22.31 bcd 

10 21.17 cd 

12 21.12 d 

14 20.83 d 

16 20.18 d 

HSD                    2.99 

Year  NS 

Trend comparison of different parthenium weed densities  

Linear  ** 

Quadratic  NS 

Cubic  NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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Table.4.1.19 Effect of different P. hysterophorus densities on crude protein contents (%) 

of sorghum at UAF. 

Parthenium weed density (plants m-2)  
Crude protein contents (%) 

Average of 2013 and 2014 

No parthenium (Control) 10.05 a 

2   9.93 ab 

4 9.89 abc 

6 9.76 abcd 

8 9.71 bcd 

10 9.59 cd 

12 9.47 de 

14 9.22 ef 

16 9.06 f 

HSD 0.283 

Year  NS 

Trend comparison of different parthenium weed densities  

Linear                 ** 

Quadratic  NS 

Cubic  NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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4.1.16. Total ash contents (%) of sorghum  

Ash actually reflects the presence of total minerals in the plant, higher the ash contents 

higher will be the amount of minerals in the sample. The parthenium weed densities 

significantly decreased the total ash contents of sorghum plant in both the years (Table 4.1.20). 

All treatment except control (no parthenium) have statistically similar ash contents in both the 

years. The differences between control, 2, 4, 6 and 8 parthenium weed density were not 

significant during the years 2013 and the density of 2,4,6,8 and 10 parthenium weed density 

were not significant from control during the year 2014. Maximum ash contents were observed 

where no parthenium plants was present (control) and minimum total ash contents were noted 

where maximum parthenium plants were present for competition during the year 2013 and 

2014. The ash contents decreased 9.33, 10.50, and 10.43 % for 12, 14, 16 parthenium plants m-2 

over control during the year 2013, while in the year 2014 the decrease in ash contents was 

13.36, 13.36 and 13.39 % for 12, 14 and 16 plants m-2 of parthenium over control, respectively. 

Among the trend comparison only linear trend was significant other were non significant. The 

differences in ash contents may be due to differences in uptake of nutrients from soil. These 

results are supported by the findings of Gholami et al. (2013) who reported that ash contents of 

forage sorghum were high when high plant population (266000 plant ha-1) was maintained with 

weeding operation which resulted in low weed density and ash contents were low where low 

plant population (190000 plant ha-1) was maintained and weed density was high due to 

unweeding treatment. 

4.1.17 Ether extractable fat (%) of sorghum  

 The effect of parthenium weed densities on ether extractable fat (%) was not 

significant and year effect was also not significant  (Table 4.1.21).The maximum (2.69 %) and 

minimum (2.65 %)  ether extractable fate ( %) was recorded in control (no parthenium plant) 

and in plots where parthenium weed density of 16 plants m-2 was maintained, respectively. 

4.1.18 Neutral detergent fiber contents (%) of sorghum 

Lower crude fiber contents are considered a good quality parameter in forage crops. 

The higher crude fiber contents will have lower digestibility. The neutral detergent fiber 

contents (NDF) were increased with increased parthenium weed densities (Table 4.1.22). The 

control treatment (no parthenium plant m-2) remaining at par with parthenium weed density of 2, 

4 and 6 plant m-2 produced the minimum neutral detergent fiber  during the year 2013 and 2014. 

The parthenium weed density of 16 plant m-2 produced the maximum neutral detergent fiber in  
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Table.4.1.20. Effect of different P. hysterophorus densities on total ash contents (%) of 

sorghum at UAF. 

Parthenium weed density ( plants m-2)  
Total ash contents (%) 

2013 2014 

No parthenium (Control) 15.43 a 14.89 a 

2   14.86 ab 14.20 ab 

4   14.75 ab 14.01 ab 

6 14.65 ab 13.67 ab 

8   14.56 ab 13.42 ab 

10 14.01 b 13.01 ab 

12 13.99 b 12.90 b 

14 13.81 b 12.90 b 

16 13.82 b 12.88 b 

HSD 1.183 1.986 

Year  14.43  A 13.54   B 

HSD 0.3178 

Trend comparison of different parthenium weed densities  

Linear  ** * 

Quadratic  NS NS 

Cubic  NS NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05
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Table. 4.1.21 Effect of different P. hysterophorus densities on ether extractable fat (%) 

of sorghum at UAF. 

Parthenium weed density ( plants m-2)  

Ether extractable fat (%) 

        Average of 2013 and 2014 

No parthenium (Control) 2.69  

2 2.68  

4 2.67  

6 2.66  

8   2.70  

10 2.65  

12 2.68  

14 2.66  

16 2.65  

HSD NS 

Year                                 NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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 both the years. The differences among the 12, 14 and 16 parthenium plants m-2 were not 

significant. During the second year almost similar trend was observed. The control 

treatment did not differ significantly from 2, 4, 6 and 8 parthenium weed plants m-2. The 

neutral detergent fiber increased 10.94, 13.40 and 13.78 % for 12, 14 and 16 parthenium 

plants m-2 over control in year 2013, while in the year 2014 increase was 3.55, 4.73 and 

6.49 % for 12, 14 and 16 parthenium plants m-2 over control. The NDF contents were 

significantly lower in the second year than in the 1st year. These differences can be 

attributed to differences in crop growth stage at harvest or climatic conditions during the 

growth period of crops. These research finding are supported by Rafael et al. (2002) who 

reported reduction in quality of forage corn due to infestation of palmer amaranth 

(Amaranthus palmeri L.) 

4.1.19 Acid detergent fiber contents (%) of sorghum  

Data regarding ADF as influenced by parthenium densities given in table 4.1.23 

showed that acid detergent fiber was significantly affected by parthenium densities during 

both the years (2013 and 2014).  The acid detergent fiber % was increased with increased 

density of parthenium weed. During both the year highest value of ADF was recorded 

where highest parthenium plants (16 plants m-2) were maintained but it did not differ 

significantly from 12, 14 parthenium plants m-2. Lowest ADF value was recorded in 

control treatment and it did not differ significantly from 2, 4 and 6 plants m-2 during the 

year 2013 and 2014. An increase of 6.55 and 6.75 % was noted for 14 and 16 parthenium 

weed plants m-2 in the year 2013, while in the year 2014 increase was 6.62 and 6.85 % for 

14 and 16 plants m-2 of parthenium weed over control, respectively. The year effect on 

ADF was also significant (Table 4.1.23), the ADF during the year 2013 was significantly 

higher than the year 2014. These differences can be attributed to differences in crop 

growth stage at harvest and climatic conditions during the growth period of crops. Trend 

comparison showed that only linear trend was significant in both the years. These 

research finding are supported by Rafael et al. (2002) who reported that palmer amaranth 

(Amaranthus palmeri L.) reduced the quality of forage corn, ADF and NDF values of 

Palmer amaranth infested corn were high as compared to weed free corn which reduced 

the digestibility and nutritive value of forage.  The results of present studies confirm the 

findings of Temme et al. (1979). They reported that Pennsylvania smart weed, she herds-

purse and yelpow foxtail had great influence on the quality of alfalfa forage and their 

presence deteriorated the quality and reduced the digestibility of forage by the animals. 
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Table 4.1.22. Effect of different P. hysterophorus densities on neutral detergent fiber 

(%) of sorghum. 

Parthenium weed density ( plants m-2)  
Neutral detergent fiber (%) 

2013 2014 

No parthenium (Control)       50.09 d 50.99 d 

2    51.12 cd 51.11 cd 

4 51.80 cd 51.01 d 

6 51.68 cd 51.45 cd 

8   53.04 bc 51.34 cd 

10 53.69 bc 51.98 bcd 

12 55.57 ab 52.80 abc 

14 56.80 a 53.40 ab 

16 56.99 a 54.30 a 

HSD 2.59          1.76 

Year  
      53.42  A 

     52.041   B 

HSD 0.546 

Trend comparison of different parthenium weed densities  

Linear  ** ** 

Quadratic  NS NS 

Cubic  NS NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05.  
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Table 4.1.23 Effect of different P. hysterophorus densities on acid detergent fiber (%) 

of sorghum at UAF. 

Parthenium weed density ( plants m-2)  

Acid detergent fiber (%) 

2013 2014 

No parthenium (Control) 34.82 d 35.09 b 

2  34.94 d 35.04 b 

4 35.31 d 36.02 ab 

6 36.07 c 36.35 ab 

8   36.45 bc 36.69 ab 

10 36.48 abc 37.05 a 

12 36.68 abc 37.20 a 

14 37.10 ab 37.36 a 

16 37.17 a 37.44 a 

HSD 0.698 1.745 

Year  36.11 B 36.469 A 

HSD 0.245 

Trend comparison of different parthenium weed densities  

Linear  ** ** 

Quadratic  NS NS 

Cubic  NS NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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Fodder having high NDF and ADF contents due to presence of these weeds reduced the 

digestibility of alfalfa forage as compared to weed free alfalfa having low NDF, ADF 

contents. 

4.1.20. Estimation of sorghum fresh forage yield losses and economic threshold of 

Parthenium hysterophorus L.  

All the data were fitted in the rectangular hyperbola of sorghum forage yield to 

estimate the fresh fodder estimated weed free yield and weed competitivity (β), whose 

reciprocal (1/β) is the parthenium density that reduce the sorghum yield by 50 % was 0.0191 

and 0.0251 in 2013 and 2014, respectively (Figure 4.1.2, 4.1.3). Hyperbolic model showed 

good agreement between predicted and observed yield with increasing P. hysterophorus L. 

density. 

 Economic threshold level (ETL) of Parthenium was calculated by estimating the herbicide 

cost of 13.09 US$ and 14.28 US$, application cost 7.15 US$ and 7.75 US$, value per unit of 

crop 9.15 and 10 US$ during 2013 and 2014, respectively. Herbicide efficiency was 

supposed to be 0.95 irrespective of the year. Economic threshold level (ETL) was estimated 

to be 2.2 and 1.6 plants per m2 during the year 2013 and 2014, respectively.  
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 Figure 4.1.2 Non-Linear regression between fresh fodder yield and P. hysterophorus 

density during 2013 at UAF. 
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Figure 4.1.3. Non-Linear regression between fresh fodder yield and P. hysterophorus 

density during 2014 at UAF. 
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Table 4.1.24. Estimation of economic threshold (ET) of P. hysterophorus in forage 

sorghum at UAF.   

Year Ch+Ca 

(US$) 

Yo 

(t ha-1) 

P 

(US$ ton-1) 

L H ET 

(plants m-2) 

2013 13.09 + 7.15 56.2 9.15 0.0191 0.95 2.2 

2014 14.28 + 7.75 56.2 10 0.0251 0.95 1.6 

 

Ch = herbicide cost, Ca = application cost, Yo = weed free corn yield, P = value per unit of 

sorghum fodder, L = proportional loss per unit weed density, and H = herbicide efficacy  
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4.1.21. Correlation matrix between yield and yield components of forage sorghum 

 Correlation matrix for fresh fodder yield of sorghum and yield components are given 

in table 4.1.24 which indicated that yield was strongly correlated with yield components and 

there was also correlation among the yield components.  It was found that fresh fodder yield 

was positively correlated with number of leaves per plant (r = 0.822), leaf area per plant (r = 

0.869), plant height (r = 0.895) and plant diameter (r = 0.778) at 1% probability level as 

calculated from two-year average data. Correlation analysis among yield components also 

showed strong positive correlation among leaf number per plant, leaf area per plant, plant 

height and plant diameter at 1% probability level.  

4.1.22. Correlation between Parthenium hysterophorus L. density and dry weight,  

sorghum fresh forage yield and yield components. 

Correlation between Parthenium  hysterophorus L. density with its dry weight, yield 

and yield components illustrated in table 4.1.25 showed a strong association between weed 

density and fresh fodder yield, yield components at 1 % probability level. Weed density has 

negative association with fresh yield (r = -0.921), leaves number (r = -0.908), leaf area per 

plant (r = -0.924), plant height (r = -0.961) and stem diameter (r = -0.9137). Parthenium 

density was also positively correlated with its dry weight (r = 0.986) 

4.1.23. Correlation between Parthenium hysterophorus L. dry weight, sorghum fresh 

fodder yield and yield components.  

 Association between parthenium dry weight and fresh fodder yield, yield components 

of forage sorghum showed a strong  negative correlation between parthenium dry weight and 

fresh fodder yield (r = -0.890), number of leaves per plant ( r = -0.915), leaf area per plant ( r 

= -0.924), plant height ( r = -0.895), stem diameter ( r = -0.945) at 1 % probability level 

(Table 4.1.26).  
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Table 4.1.25. Correlation matrix between yield and yield components of forage sorghum 

at different P. hysterophorus densities at UAF. 

Yield components 

Fresh fodder 

yield (t ha-1) 

Number of 

leaves per 

plant 

Leaves area 

per plant (cm2) 

Plant diameter                        

(cm2) 

Two-year (2013 and 2014) means 

Number of leaves 

per plant 
0.822** - -  

Leaves area per 

plant 
0.869** 0.853** -  

Plant diameter        

(cm-2) 
0.896** 0.866** 0.937**  

Plant height ( cm) 0.778** 0.844** 0.755**   0.841** 

NS and **indicate non-significant and significant at p ≤ 0.01, respectively. 

 

Table 4.1.26. Correlation between P. hysterophorus density and dry weight, forage 

sorghum yield and yield components at UAF.  

Characters Two-year (2013 and 2014) 

means 

Parthenium density vs sorghum fodder yield -0.921** 

Parthenium density vs number of leaves per plant  of 

sorghum 

-0.908** 

Parthenium density vs leaf area per plant of sorghum -0.924** 

Parthenium density vs  sorghum plant height -0.961** 

Parthenium density vs stem diameter of sorghum -0.914** 

Parthenium density vs parthenium dry weight 0.986** 

**indicates significant at p ≤ 0.01% 
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Table 4.1.27. Correlation between P. hysterophorus dry weight (g m-2), yield and yield 

components of forage sorghum at UAF. 

Characters Two-year (2013 and 2014) means 

 

Parthenium dry weight vs fresh fodder yield -0.890** 

Parthenium dry weight vs leaf number per plat  -0.915** 

Parthenium dry weight vs leaf area per plant -0.924** 

Parthenium dry weight vs plant height -0.895** 

Parthenium dry weight vs stem diameter -0.945** 

 

** indicates significant at p ≤ 0.01. 
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4.2. Experiment No. 2. Estimation of critical period of Parthenium hysterophorus L.  

competition in forage sorghum (Sorghum bicolor L.) 

 Results of different parthenium weed parameters (weed fresh and dry weight, 

NPK contents and NPK uptake) and forage sorghum yield, yield components and quality 

parameters (emergence count  per m2, no. of plants per m2, plant height (cm), plant stem 

diameter (cm), no. of leaves per plant, leaf area per plant (cm), leaf to stem ratio, fresh 

forage yield (t ha-1), dry matter yield (t ha-1) dry matter % age, crude protein (%), acid 

detergent fiber, neutral detergent fiber, ether extractable fat  (%), ash contents (%) are 

given and discussed in this chapter. 

4.2.1. Fresh weight (gm-2) of Parthenium hysterophorus L. 

Data related to the effect of different competition periods of parthenium given in 

table 4.2.1 showed significant increase in fresh weight of parthenium as the competition 

period was increased in both the years and increase was significant at each increase in 

competition period. Parthenium attained highest fresh weight when parthenium competed 

for full season of sorghum during 2013 and 2014, respectively and minimum value during 

the 1st year and in 2nd year was noted when parthenium was allowed to grow for four 

weeks with sorghum.  The fresh weight of parthenium weed was significantly higher in 

the second year (2014) and the reason may be the more favourable growing conditions for 

parthenium in the year 2014. During 2013 linear, quadratic and cubic trends were 

significant but in 2014 only linear trend was significant. The increase in fresh biomass of 

parthenium may be attributed due to accumulation of more biomass with extended growth 

competition period with sorghum. These results confirm the findings of Bedmar et al. 

(1999) who obtained the maximum increase in weeds fresh biomass when weeds were 

allowed to compete for 60 days with maize. Safdar (2015) also found the maximum 

increase in parthenium biomass when it was allowed to compete for 8 weeks with maize 

(Zea mays L.).  

4.2.2. Dry weight (gm-2) of Parthenium hysterophorus L. 

Data related to effect of different parthenium competition period on dry weight of 

parthenium given in table 4.2.2 showed the increasing trend in parthenium dry weight 

with increase in competition period of parthenium. The trend was similar as was noted for 

fresh weight of parthenium. During the 1st year all competition periods differed 

significantly from one another whereas in the second year the differences between 4 and 5   
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Table 4.2.1. Effect of different weed-crop competition periods on fresh weight (gm-2) 

of P. hysterophorus in sorghum at UAF. 

Weed-crop competition period (weeks after 

crop emergence) 

Parthenium fresh weight (gm-2) 

2013 2014 

No competition (Control)   _____ ________ 

4 

   
70.17 f 79.24 f 

5 90.19 e 89.34 e 

6 113.37 d 121.45 d 

7 131.23 c 141.65 c 

8 147.01 b 167.45 b 

Full season 168.97 a 181.56 a 

HSD 8.55 8.05 

Year 120.16   B 130.12  A 

HSD 3.54 

 

Trend comparison of different parthenium competition periods  

 

Linear  ** ** 

Quadratic  ** NS 

Cubic  ** NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05.  
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weeks competition periods were not significant. Parthenium produced maximum dry 

biomass when parthenium competed for whole crop season with sorghum during both the 

years and it was followed by competition of eight weeks in both the years. The 

parthenium produced minimum dry biomass when it competed for minimum period (4 

weeks) with sorghum during 2013 and 2014. The parthenium dry weight was significantly 

higher during the second year. This can be attributed to higher fresh weight during this 

year. Trend comparisons of dry weight showed that only linear trend was significant 

others were not significant in both the years. These results are in line with Maqbool et al. 

(2006) who reported that weeds produced highest dry biomass when they competed for 

whole crop season of maize than control ( weedy check) and weeds dry biomass increased 

linearly when weeds competed from 15-60 days. Tripathi and Singh (1987) reported the 

same trend that weeds dry weight decreased with decreased competition period. Ikram 

(2014) also reported that increase in competition period increased the dry weight of weed 

in fodder maize (Zea mays L.).  

4.2.3. NPK contents (%) of Parthenium hysterophorus L.  

NPK contents of Parthenium hysterophorus L. given in table 4.2.3, 4.2.4, 4.2.5 showed 

the influence of competition periods in forage sorghum. The effect of parthenium 

competiotion duration period on N contents of parthenium was significant (Table 4.2.3) in 

both the years. There was a continuous increase in nitrogen contents with increase in 

competition period. The five weeks competition period did not differ significantly from 4 

and 6 weeks during the year 2013, whereas during the year 2014 five weeks competition 

differed significantly from 4 weeks competition period. The differences reached to a 

significant level at each increased competition period from 6 weeks to full season 

competition period in both the years. Maximum nitrogen contents were observed when 

parthenium was allowed to compete for full growth period of sorghum during 2013 and 

2014, respectively. As the competition period was reduced the nitrogen contents were 

also reduced and minimum were recorded at competition period of 4 weeks during both 

the years. The nitrogen contents were significantly higher during the year 2014 than in the 

year 2013. These differences may be due to differences in soil fertility status or growth 

stage at sampling time. During the year 2013 linear and quadratic trend was significant 

while in the second year only linear trend was significant. The phosphorus contents were 

also significantly affected by different competition period and year effect was not 

significant so the means of two years are presented (Table 4.2.4). Competition period of 

five weeks did not differ significantly from the competition period of 4 and 6 weeks and  
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Table. 4.2.2. Effect of different weed-crop competition periods on dry weight (gm-2) 

of P. hysterophorus in sorghum at UAF. 

Weed-crop competition period (weeks after 

crop emergence) 

Parthenium dry weight (gm-2) 

2013 2014 

No competition (Control)  ------ --------- 

4  
15.99 f 17.01 e 

5 20.45 e 20.1 e 

6 23.64 d 27.11 d 

7 26.30 c 31.98 c 

8 31.43 b 38.67 b 

Full season 35.18 a 44.23 a 

HSD 2.57 3.99 

Year 29.85 B 

 
25.49 A 

HSD 2.11 

 

Trend comparison of different parthenium competition periods  

 

Linear  ** ** 

Quadratic  NS NS 

Cubic  NS NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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competition period of 8 weeks also did not differ significantly from 7 weeks and full 

season competition period. Maximum phosphorus contents were observed when 

parthenium was allowed to compete for full crop season and lowest phosphorus contents 

were observed at competition duration period of 4 weeks. Linear and quadratic trends 

were significant, while cubic was non significant.  

  The potassium contents were also significantly affected by different competition 

period (Table 4.2.5). The potassium contents in parthenium weed were increased with 

increasing competition period during both the years. The increase at each increased 

competition period was significant during the first year, whereas in 2nd year (2014) the 

five weeks competition period did not differ statistically from 4 weeks competition period 

and the difference between 8 weeks and full season competition periods were also not 

significant. Highest parthenium potassium contents were recorded when it was allowed to 

compete for maximum time with sorghum (full crop competition) and lowest values were 

observed when parthenium competed for 4 weeks after emergence in both the year. The 

potassium contents were significantly higher during the second year (2014) than observed 

in the 1st year (2013). Linear as well as quadratic trend was significant during both the 

years. Overall increasing trend of NPK was observed during both the years which might 

be due to the increase in time period for parthenium to compete with sorghum to utilize 

nutrient resources of soil hence more NPK has absorbed by parthenium when competition 

duration extended. These research findings are in parallel to the findings of Safdar (2015) 

who observed increase in nutrient contents (NPK) as the competition duration period of 

parthenium was increased in maize (Zea mays L.). Anjum et al. (2007) reported highest 

phosphorus contents of Trianthema portulacastrum L. when it was allowed to compete 

for full growth season of cotton (Gossypium hirsutum L.). 

4.2.4. N P K uptake (Kg ha-1) of Parthenium hysterophorus L. 

The data given in table 4.2.6, 4.2.7 and 4.2.8 showed the influence of competition 

periods on NPK uptake by Parthenium hysterophorus L. in sorghum.  The nitrogen 

uptake was significantly affected by competition duration of parthenium (Table 4.2.6). 

The nitrogen uptake of parthenium was significantly increased with increased competition 

period during the year 2013 and 2014 while the differences between 4 and 5 weeks 

competition period could not reach to a significant level in the year 2014. The maximum  
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Table 4.2.3. Effect of different weed-crop competition periods on N contents (%) of 

P. hysterophorus in sorghum at UAF. 

Weed-crop competition period (weeks after 

crop emergence) 

N contents (%) 

2013 2014 

No competition (Control)   --------- --------- 

4 
          4.03 e 

 

          4.11 e 

 

5 4.11 de 4.29 d 

6 4.24 d 4.38 d 

7 4.40 c 4.56 c 

8 4.61 b 4.77 b 

Full season 4.85 a 4.95 a 

HSD 0.128 0.164 

Year 4.37  B 4.51 A 

HSD 0.036 

 

Trend comparison of different parthenium competition periods  

 

Linear  ** ** 

Quadratic  ** NS 

Cubic  NS NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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Table 4.2.4. Effect of different weed-crop competition periods on P contents (%) of 

P. hysterophorus in sorghum at UAF. 

Weed-crop competition period (weeks after crop 

emergence) 

P contents (%) 

Average of 2013 and 2014 

No competition (Control)   --------- 

4   0.410 e 

 

5 0.444 de 

6 0.512 cd 

7 0.563 bc 

8 0.638 ab 

Full season 0.661 a 

HSD 0.078 

Year                     NS 

HSD NS 

 

Trend comparison of different parthenium competition periods  

 

Linear  ** 

Quadratic  ** 

Cubic  NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05.  
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Table 4.2.5. Effect of different weed-crop competition periods on K contents (%) of 

P. hysterophorus in sorghum at UAF. 

Weed-crop competition period (weeks after 

crop emergence) 

K contents (%) 

2013 2014 

No competition (Control)   _______ _____ 

4 

   
2.82 f 3.19 d 

5 3.01 e 3.31 d 

6 3.24 d 3.71 c 

7 3.48 c 3.90 b 

8 3.71 b 4.01 ab 

Full season 4.01 a 4.09 a 

HSD 0.178 0.169 

Year 3.38 B 3.70 A 

HSD 0.057 

 

Trend comparison of different parthenium competition periods  

 

Linear  ** ** 

Quadratic  * * 

Cubic  NS NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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uptake of N was observed when parthenium plants were allowed to grow for full season 

with sorghum and minimum nitrogen uptake was recorded when parthenium competed 

for 4 weeks with sorghum. N uptake was significantly higher in 2014 than 2013. Among 

the trend comparison of N uptake only linear trend was significant while quadratic and 

cubic were non significant. The increase in N uptake during 2014 may be due to its higher 

dry weight and more N contents. These research findings are parallel with the findings of 

Safdar (2015) who noted a increase in N uptake of parthenium as competition period 

extended from 0-8 weeks after emergence and for full crop season of maize (Zea mays L.) 

and highest N uptake was observed when competition was for whole crop season. 

Lindquist et al. (2007) also observed a increase in N accumulation of A. theophrast 

(velvetleaf weed) when it was allowed to compete from 0 -100 days in maize (Zea mays 

L.). Table 4.2.7 contains the data regarding effect of parthenium competition duration 

period on P uptake of parthenium which showed a significant increase in P uptake as 

competition period was extended.  Competition period of 4 and 5 weeks resulted in 

similar uptake during both the years. Minimum phosphorus contents were observed at 4 

weeks competition period and maximum P uptake was recorded when parthenium and 

sorghum were allowed to compete for whole season during both the year. During both the 

years only linear trend was observed in P uptake change. The increase in phosphorus 

uptake might be due to increase in dry weight of parthenium and more P contents with 

increased competition duration period. These results are supported by the findings of 

Pitelli et al. (1983) who observed increase in p uptake of Cyperus rotundus L. when 

competition periods were increased in Glycine max L.  Kelaginamani and Halikatti (2002) 

also observed the same trend of p accumulation in weeds of cotton (Gossypium hirsutum 

L.). Table 4.2.8 indicated the data relevant to potassium uptake by parthenium plants. 

Parthenium Took sufficient amount of potassium from soil when it was allowed to 

compete with sorghum for several competition periods and the trend was almost similar 

as was noted for phosphorus uptake during both the years. The increase in potassium 

uptake was significant at each increased competition period during the year 2013, while 

during 2014 the differences between 4 and 5 weeks competition period could not reach to 

a significant level. Minimum potassium uptake was recorded at 4 weeks competition 

period during both the years and maximum Poatassium was recorded when full season 

competition was imposed. The increase in K uptake by parthenium may due to increase in 

dry weight of parthenium and more K contents with increased competition period. Pattern 

of increase in K was only linear during 2013 and 2014. Anjum et al. (2007) proved that K 
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Table 4.2.6. Effect of different weed-crop competition periods on N uptake (kg ha-1) 

of P. hysterophorus in sorghum at UAF. 

Weed-crop competition period (weeks after 

crop emergence) 

N uptake (kg ha-1) 

2013 2014 

No competition (Control)   --------- --------- 

4 

   
6.44 f 6.97  e 

5 8.41 e 8.61  e 

6 10.02 d 11.84  d 

7 11.56 c 14.62  c 

8 14.47 b 18.46   b 

Full season 17.05 a 21.91  a 

HSD 1.04 2.08 

Year 11.32   B 

 
13.73  A 

HSD 1.01 

 

Trend comparison of different parthenium competition periods  

 

Linear  ** ** 

Quadratic  NS NS 

Cubic  NS NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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Table 4.2.7. Effect of different weed-crop competition periods on P uptake (kg ha-1) 

of P. hysterophorus in sorghum at UAF. 

Weed-crop competition period (weeks after 

crop emergence) 

P uptake (kg ha-1) 

2013 2014 

No competition (Control)   --------- --------- 

4    

 
0.312 e 0.653 e 

5 0.507 e 0.876 e 

6 0.810 d 1.40 d 

7 1.247 c 1.86 c 

8 1.84 b 2.61 b 

Full season 2.29 a 3.11 a 

HSD 0.293 0.410 

Year 1.17 B 

 
1.75 A 

HSD 0.104 

 

Trend comparison of different parthenium competition periods  

 

Linear  ** ** 

Quadratic  NS NS 

Cubic  NS NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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Table 4.2.8. Effect of different weed-crop competition periods on K uptake (kg ha-1) 

of P. hysterophorus in sorghum at UAF. 

Weed-crop competition period (weeks after 

crop emergence) 

K uptake (kg ha-1) 

2013 2014 

No competition (Control)   --------- --------- 

4     

 
4.51 f 5.44 e 

5 6.15 e 6.65 e 

6 7.65 d 10.10 d 

7 9.15 c 12.45 c 

8 11.64 b 15.50 b 

Full season 14.13 a 18.09 a 

HSD 1.13 1.87 

Year 8.87 B 11.37 A 

HSD 0.831 

 

Trend comparison of different parthenium competition periods  

 

Linear  ** ** 

Quadratic  NS NS 

Cubic  NS NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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uptake of T. portulacastrum was higher when it was allowed to compete for complete 

crop season. Similarly Gaikwad and Pawar (2003) reported an increase in weed biomass 

in weedy check treatment ultimately more K was taken up from soil.  

4.2.5. Emergence count m-2 of sorghum. 

  Good Emergence is vital component of crop establishment especially in fodder 

crops, so it must be tried to achieve optimum emergence count. The emergence count of 

sorghum as affected by different competition periods of parthenium given in table 4.2.9 

showed that treatment effect was not significant during both the year. The year effect was 

also not significant so the average of two years mean was taken. The non significant effect 

of parthenium competition duration periods on emergence count of forage sorghum may be 

due to providing similar conditions at the time of sowing and equall seed rate having same 

seed vigor, vialibility and same sowing technique was used in all treatments. 

 

4.1.6 Plant population m-2 of sorghum at harvest.  

 Plant population is an important yield component in forage crops. Effect of 

parthenium competition periods on plant population of sorghum summarized in table 

4.1.10 indicated that the effect of competition period was not significant in both the years 

and year effect was also non significant. The data of two years was pooled and average 

mean values were presented in the table. It can be concluded from the results that 

competition period of parthenium had no effect on the survival of sorghum plants or the 

competition was not to such a extent that it can damage the sorghum plant.  
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Table 4.2.9. Effect of different weed-crop competition periods on emergence (m-2) of 

sorghum at UAF. 

Weed-crop competition period (weeks after crop 

emergence) 

Emergence count m-2 

Average of 2013 and 2014 

No competition (Control)  

   
47.63 

4 
46.13 

5 46.75 

6 45.75 

7 46.25 

8 46.25 

Full season 46.00 

HSD NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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Table 4.2.10. Effect of different weed-crop competition periods on plant population  

(m-2) at harvest of sorghum at UAF. 

Weed-crop competition period (weeks after crop 

emergence) 

Plant population m-2 

Average of 2013 and 2014 

No competition (Control)  46.25 

4 
45.00 

5 45.38 

6 45.00 

7 45.00 

8 45.00 

Full season 45.00 

HSD NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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4.2.7. Plant height (cm) of sorghum  

Plant height is an important yield contributing parameter especially in fodder crops 

which is mainly controlled by genetic factor of the crop. Data pertaining to effect of 

parthenium competition period on plant height of sorghum presented in table 4.2.11showed 

significant effect during both the years. The plant height decreased with extended 

competition periods in year 2013 and 2014. Sorghum plant attained maximum height when it 

was grown without parthenium plants. The 4 weeks competition period did not differ 

significantly from 0 weeks and 5 weeks competition period in both the years. Lowest plant 

height was observed when parthenium competition for full crop season was imposed. The 

decrease in sorghum plant height was 4.27 and 5.24 % for 8 weeks and full season 

competition periods during the year 2013, while in the year 2014 the decrease was 11.13 

and12.84 % for 8 weeks and full season competition over control,  respectively. Treatment of 

8 weeks competition was statistically at par with with full season competition.  The effect of 

years on plant height was also significant. The plant height was higher during the years 2013 

than during the year 2014. Trend analysis of plant height showed that linear trend was highly 

significant other two were non significant during both the years.  

 Sorghum Plant height declined due to the competition of parthenium for the same 

resources from soil. Maqsood et al. (1999) reported a decrease in maize (Zea mays L.) plant 

height when weed competition was imposed for a period of 0 to 6 weeks after crop 

emergence. These research findings are also quite in line with those of Begna et al. (2001), 

Arif et al. (2010) and Soliman and Gharib (2011) who studied the influence of weed 

competition period on maize (Zea mays L.) plant height and reported a significant reduction 

in plant height due to weed competition period. These results are contradictory to those of 

Morales-Payan (2000). They reported that parthenium competition period had no effect on 

tomato plant height. These contradictory can be attributed to genetic differences of the 

species.  

4.2.8. Stem diameter (cm) of sorghum  

Stem diameter is an important yield determining component of fodder crops, larger 

the stem diameter higher will be the fresh fodder yield. Data regarding the stem diameter as 

affected by different parthenium competition duration period in forage sorghum presented in 

table 4.1.12 showed a significant decline in stem diameter. Stem diameter was least affected 

by competition duration period at initial stages of crop but as the competition duration was  
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Table 4.2.11. Effect of different weed-crop competition periods on plant height (cm) of 

sorghum at UAF. 

Weed-crop competition period (weeks after 

crop emergence) 

Plant height (cm) 

2013 2014 

No competition (Control)  263.57 a 241.55  a 

4 

 
261.10 ab 234.24  ab 

5 259.48 b 229.50 abc 

6 255.93 c 221.50 bcd 

7 254.43 cd 217.44 cd 

8 252.32 de 214.67 d 

Full season 249.75 e 210.54 d 

HSD 3.20 14.65 

Year 256.65 A 

 
224.21 B 

HSD 3.044 

 

Trend comparison of different parthenium competition periods  

 

Linear  ** ** 

Quadratic  NS NS 

Cubic  NS NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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extended there was more decline in stem diameter. Maximum stem diameter was observed in 

control treatment, whereas competition for 4 weeks and 5 weeks were statistically at par with 

the control during both the years. The minimum stem diameter was recorded when 

parthenium was allowed to compete for full season. The difference between full season and 8 

weeks competition period was not statistically significant. Treatment of full season 

competition reduced stem diameter 21.83 % in 2013 and 18.70 % in 2014 as compared to 

control treatment. 

These research finding confirm the results of El-Morsy and Badawi (1998) and Arif et al. 

(2010). They observed a significant decline in stem diameter of maize (Zea mays L.) when 

weeds were allowed to compete for full crop season. 

4.2.9. Nnumber of leaves per plant of sorghum  

Higher number of leaves per plant is a good quality parameter in forage crops. 

Although number of leaves are genetically controlled but they may be also influenced by 

environmental factors (temperature, moisture, nutrients etc.). Years analysis showed that year 

effect was not significant so both years data was polled and analysed to get average of two 

years.  The effect of weed crop competition was significant (Table.4.2.13) on leaf number per 

pant. The competition period of 5 weeks and more than 5 weeks significantly reduced the 

leaves per plant over control. The competition period of 4 weeks and control treatment have 

statistically similar number of leaves per plant. Maximum number of leaves of sorghum were 

counted in control treatment and minimum number of leaves were noted where full season 

competition was allowed. The treatment of 5, 6, 7 and 8 weeks were statistically at par with 

full season competition. Competition periods reduced leaf number ranging from 0.89 % at 4 

weeks competition to 11.39 % at full season competition period over control. Trend analysis 

showed that only linear trend was significant and other two were non significant. 

These research findings are quite in line with those of El-Morsy and Badawi (1998) 

who also reported a significant decrease in leaf number per plant of maize (Zea mays L.) as 

competition period was increased. 

4.2.10. Leaf area per plant of sorghum 

Leaf area is an important plant growth determining component which indicates the 

area available for assimilation. Data relating to leaf are per plant of sorghum tabulated in 

table 4.2.14 showed that leaf area per plant of sorghum was highly influenced by parthenium 

competition periods.  Increase in competition duration period decreased the leaf area per plant  
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Table 4.2.12. Effect of different weed-crop competition periods on stem diameter (cm) 

of sorghum at UAF. 

Weed-crop competition period (weeks after crop 

emergence) 

Stem diameter (cm) 

2013 2014 

No competition (Control)  1.04 a 1.00 a 

4  

 
1.01 ab 0.995 a 

5 1.01 ab 0.968 ab 

6 0.94 bc 0.925 b 

7 0.898 cd 0.840 c 

8 0.838 de 0.823 c 

Full season 0.813 e 0.812 c 

HSD 0.080 0.068 

Year 0.934  A 0.909  B 

HSD 0.018 

 

Trend comparison of different parthenium competition periods  

 

Linear  ** ** 

Quadratic  NS NS 

Cubic  NS NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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Table 4.2.13 Effect of different weed-crop competition periods on number of leaves per 

plant of sorghum at UAF. 

Weed-crop competition period (weeks after crop 

emergence) 

Number of leaves plant-1 

Average of 2013 and  2014 

No competition (Control)  11.24 a 

 

4  

 
11.14 ab 

5 10.42 bc 

6 10.36 c 

7 10.22 c 

8 10.08 c 

Full season 9.96 c 

HSD 0.766 

Year NS 

 

Trend comparison of different parthenium competition periods  

 

Linear  * 

Quadratic  NS 

Cubic  NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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of sorghum and decrease was significant at each increase in competition period except the 

differences between 8 weeks and full season crop competition period could not reach to a 

significant level in both years. Highest leaf area per plant was recorded when there was no 

competition (control) and lowest leaf area was recorded when parthenium weed competed for 

full crop growth period which was 2.33 % and 4.96 % lower than control during the 2013 and 

2014, respectively. The leaf area per plant was significantly higher during 2013 than during 

2014. These differences can be attributed to better development of leaves during the year 

2014. Trend comparison of leaf area showed that only linear trend was highly significant in 

the both years (2013 and 2014). 

These results are supported by the investigation of Khaliq and Matloob (2011). They 

reported that when weed were allowed to compete with rice for different period, the   

minimum leaf area per hill of rice was recorded when weeds were allowed to compete for full 

season competition and maximum leaf area was noted when weeds were not allowed to grow 

for 75 days after transplanting.    

 

4.2.11. Leaf to stem ratio of sorghum on dry weight basis 

Leaf to stem ratio was significantly influenced by different parthenium competition 

period (Table 4.2.15) during both the years. Leaf to stem ratio decreased significantly and 

decrease was significant at each increased competition period except the differences between 

duration period of 8 weeks and full season competition could not reach to a significant level 

during the year 2013. During the second year (2014) the decrease at each increased 

competition period could not reach to a significant level. The differences among the 6, 7, 8 

and full season competition period could not reach to a significant level. The maximum leaf 

to stem ratio was observed when there was no competition (control) and minimum leaf to 

stem ratio was recorded where full season competition was imposed.  Maximum reduction of 

45.65 % in 2013, 26.82 % in 2014 was recorded in full season competition period over 

control (zero competition) while the decrease of full season competition over 8 weeks 

competition was 4.19 % and 6.02 % during 2013 and 2014, respectively. The leaf to stem 

ratio was significantly higher during the second year. The thinner stem in second year may be 

the cause of these differences. The trend analysis showed that linear trend was significant and 

other two were not significant during both the years. 

These results are supported by the work of Arabi and Saffari (2015). They recorded a 

significant reduction in leaf to stem ratio of forage sorghum cultivars when crop was infested 

by weeds for full season (full season competition).  
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Table 4.2.14. Effect of different weed-crop competition periods on leaf area per plant 

(cm) of sorghum at UAF. 

Weed-crop competition period (weeks after 

crop emergence) 

Leaf area plant-1 

2013 2014 

No competition (Control)    
3079.8 a 3000.3 a 

4 
3050.4 b 2975.5 ab 

5 3039.5 c 2941.4 abc 

6 3030.0 d 2926.4 abc 

7 3021.3 e 2890.3 bc 

8 3012.8 f 2862.7 c 

Full season 3007.9 f 2851.5 c 

HSD 6.99 97.41 

Year 3034.5 a 2959.7 b 

HSD 13.80 

 

Trend comparison of different parthenium competition periods  

 

Linear  ** ** 

Quadratic  NS NS 

Cubic  NS NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey’s honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05
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Table 4.2.15 Effect of different weed-crop competition periods on leaf to stem ratio of 

sorghum at UAF.    

Weed-crop competition period (weeks after crop 

emergence) 

Leaf to stem ratio 

2013 2014 

No competition (Control)  0.379 a 0.384 a 

4 

 
0.355 b 0.378 ab 

5 0.313 c 0.355 abc 

6 0.266 d 0.331 bcd 

7 0.227 e 0.314 cd 

8 0.215 ef 0.299 d 

Full season 0.206 f 0.281 d 

HSD 0.013 0.053 

Year 
0.280 B 0.335 A 

HSD 0.012 

 

Trend comparison of different parthenium competition periods  

 

Linear  ** ** 

Quadratic  NS NS 

Cubic  NS NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey’s honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05
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4.2.12. Fresh fodder yield (tons ha-1) of sorghum  

Fresh fodder yield is the cumulative result of all yield parameters like plant 

density, plant height, stem diameter and number of leaves per plant. The year effect on 

fresh forage yield of sorghum was not significant. The data regarding forage yield of both 

years was pooled and analysed. The data presented in table 4.2.16 showed that the weed 

competition periods significantly affected the sorghum forage yield. The yield was 

decreased with increase in competition period. The control treatment (no competition) 

remaining at par with 4, 5 and 6 weeks competition produced the maximum yield. The 

minimum forage yield was observed where full season competition was imposed. Linear 

trend was significant whereas quadratic and cubic trends were not significant.  The 

difference in forage yield of sorghum may be attributed to differences in yield 

contributing parameters like plant height, stem diameter, leaf area and number of leaves 

per plant. These research finding are in line with the results of Oljaca et al. (2007) who 

reported that biological yield of maize (Zea mays L.) was significantly reduced with 

extended weed crop competition duration.  

Percent decrease in fresh fodder yield with increasing parthenium competition 

duration period was referred to as relative competitive index (RCI). Figure. 4.2.1 showed 

that relative competitive index increased linearly as competition extended and RCI of 

2.43 % was recorded at competition period of 4 weeks after emergence and after that as 

the competition duration period was extended RCI value exceed and observed value of 

4.58 % at 5 weeks, 7.14 % at 6 weeks, 11.03 % at 7 weeks, 13.16 % at 8 weeks and 17.71 

% at full season competition duration of parthenium were observed. The increase in yield 

reduction with increasing parthenium competition period may be described by increase in 

inter-species competition for same resources throughout the season of crop. These 

research findings are in line with those of Channappagoudar et al. (1990). They reported 

34 % reduction in sorghum yield when parthenium was allowed to compete with sorghum 

for full season. 

4.2.13. Dry matter yield (tons ha-1) of sorghum 

  Dry matter yield was significantly affected by weed crop competition periods 

(Table 4.2.17). Dry matter yield was decreased with increased weed crop competition 

periods. The maximum and minimum dry matter yield was obtained in control and full 

season competition periods, respectively and these values differed significantly from all 

other competition period in the year 2013. Non significant differences were only noted 

between 4 and 5 weeks weed crop competition period. During the year 2014, the control  
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Table 4.2.16. Effect of different weed-crop competition periods on fresh fodder yield 

(tons ha-1) of sorghum at UAF. 

Weed-crop competition period (weeks after crop 

emergence) 

Fresh fodder yield  

(tons ha-1) 

Average of 2013 and 2014 

No competition (Control)  56.31 a 

4 

 
54.94 a 

5 53.73 ab 

6 52.29 abc 

7 50.10 bcd 

8 48.90 cd 

Full season 46.34 d 

HSD 4.53 

Year NS 

 

Trend comparison of different parthenium competition periods  

 

Linear  ** 

Quadratic  NS 

Cubic                      NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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Fig.4.2.1. Effect of different P. hysterophorus competition periods on relative 

competitive index (means of 2013 and 2014) at UAF 
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treatment remaining at par with 4 and 5 weeks competition periods produced the 

maximum dry matter yield and the minimum dry matter yield was obtained in full season 

competition period. The differences among the 6, 7, 8 weeks and full season competition 

periods were not significant. The dry matter yield was significantly higher during the 1st 

year (2013) than during the second year (2014).  Full season competition reduced dry 

matter yield 37.25 % and 37.91 % in 2013 and 2014, respectively over control. The 

decrease in full season competition period over eight weeks competition period was 9.50 

% and 7.50 % during the year 2013 and 2014, respectively. The dry matter yield obtained 

during the year 2013 was significantly higher than obtained in the year 2014 and the 

increase was 6.08 %. It can be concluded from the results that the environmental 

conditions were more favourable during the year 2013 than in the year 2014. Analysis of 

trend comparison showed that only linear trend was highly significant in both the years. 

These results are supported by the findings of James et al. (2000) who concluded that dry 

matter yield of maize (Zea mays L.) reduced significantly when weeds were left 

uncontrolled or allowed to compete for a specific period of time.  

4.2.14 Dry matter contents (%) of sorghum 

Data regarding the effect of parthenium competition periods on dry matter % of 

sorghum given in table 4.2.18 showed that dry matter % of forage sorghum decreased 

with increased weed presence period in both the years. During the year 2013, the control 

treatment gave the maximum dry matter contents and it was significantly higher than all 

other weed crop competition periods and minimum value of dry matter percentage was 

recorded from plots where weeds were allowed to compete for full season with sorghum 

and the 8 weeks competition period did not differ significantly from full season 

competition period. During the year 2014 at each weed crop competition period the dry 

matter % age was less than in the year 2013. The control treatment remaining at par with 

4, 5, 6 and 7 weeks weed- crop competition produced the maximum dry matter % age and 

it was significantly different only from 8 weeks and full season weed crop competition. 

The minimum dry mater % was observed where parthenium was present for full season 

with sorghum plants.  Maximum reduction in dry matter percentage in full crop season 

was 16.57 % in 2013 and 37.25 % in 2014 over no competition period. The decrease in 

dry matter percentage with extended period of weed crop competition period may be the 

due to competition for soil nutrients, water and sunlight among the parthenium weed and 

sorghum plants. The dry matter % age was significantly higher in the year 2013 than in 

the year 2014 and this may be attributed to differences in soil fertility status and growth  
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Table 4.2.17. Effect of different weed-crop competition periods on dry matter yield (tons 

ha-1) of sorghum at UAF. 

Weed-crop competition period (weeks after crop 

emergence) 

Dry matter yield (tons ha-1) 

2013 2014 

No competition (Control)  15.50 a 13.90 a 

4  

   
14.49 b 13.15 ab 

5 13.82 b 11.88 abc 

6 12.80 c 11.06 bcd 

7 11.59 d 10.16 cd 

8 10.74 e 9.33 cd 

Full season 9.72 f 8.63 d 

HSD 0.687 2.83 

Year 12.66  A 11.89   B 

HSD 0.513 

 

Trend comparison of different parthenium competition periods  

 

Linear  ** ** 

Quadratic  NS NS 

Cubic  NS NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05



 

 

100 

 

Table 4.2.18. Effect of different weed-crop competition periods on dry matter contents 

(%) of sorghum at UAF. 

Weed-crop competition period (weeks after 

crop emergence) 

Dry matter (%) 

2013 2014 

No competition (Control)   26.94 a 25.11 a 

4 
25.69 b 24.45 a 

5 25.13 b 23.45 ab 

6 24.13 c 22.90 ab 

7 23.25 d 22.35 ab 

8 22.25 e       22.00 b 

Full season 21.75 e 20.95 b 

HSD 0.867 3.25 

Year 24.16  A 23.03   B 

HSD 0.551 

 

Trend comparison of different parthenium competition periods  

 

Linear  ** ** 

Quadratic  NS NS 

Cubic  NS NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05 
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stage at harvest. Statistical analysis regarding trend comparison showed that only linear trend 

was highly significant during both the years. These results are endorsed by the investigations 

of James et al. (2000) who concluded that dry matter contents of maize (Zea mays L.) 

reduced significantly when weeds were left uncontrolled or allowed to compete for a specific 

period of time.   

4.2.15 Crude protein contents (%) of sorghum  

Crude protein represents estimated value of protein in plant. Value of crude protein may be 

influenced by several factors relating with nutrition and factors which affect on nutrient 

uptake from soil (competition etc). Data regarding to crude protein value of forage sorghum 

as influenced by different parthenium competition periods given in table 4.2.19 showed a 

significant differences among the crude protein values in both the years. The crude protein 

contents were slowly decreased with increased weed crop competition periods. The 

maximum value of crude protein was noted in control plots and it did not differ significantly 

from 4 and 5 weeks weed crop competition periods during the year 2013. During the year 

2014 the maximum crude protein contents were again noted in control plot, however it did 

not differ significantly from 4, 5, 6 and 7 weeks weed crop competition periods. The full 

season competition in both the years gave the minimum crude protein contents which was 

4.80 % and 10 % lower in 2013 and 2014, respectively over no competition treatment 

(control). During the year 2014 all competition periods have statistically similar crude protein 

except no competition (control). The crude protein contents were significantly higher during 

the year 2013 than in the year 2014. These differences can be attributed to differences in soil 

fertility status, growth stage at harvest or climatic condition during the growth period of the 

crops. Trend comparison analysis showed that decrease in crude protein due to competition 

periods was linear only. These research findings are quite in line with those of Tanko et al. 

(2015). They studied the effect of weed competition on lablab forage in Nigeria and observed 

the lowest crude protein contents when weeds were allowed to compete for full season with 

forage crop and crude protein contents increased when weeds controlled by one or two 

weeding practices and weed free crop produced highest crude protein contents.  

4.2.16. Total ash contents (%) of sorghum  

Effect of parthenium competition periods on ash contents of sorghum was significant 

(Table 4.2.20) during both the years. The ash contents were reduced with increased weed 

crop competition periods during both the years. Maximum ash contents were recorded in no 

competition period in both the years. During 2013 competition periods of 4 and 5 weeks and 

during 2014, 4 weeks competition periods were statistically at par with control. Beyond  
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Table 4.2.19 Effect of different weed-crop competition periods on crude protein 

contents (%) of sorghum at UAF. 

Weed-crop competition period (weeks 

after crop emergence) 

Crude protein contents (%) 

2013 2014 

No competition (Control)  9.99 a 8.90 a 

4   

 
9.95 a 8.62 ab 

5 9.86 ab 8.45 ab 

6 9.72 bc 8.36 ab 

7 9.72 bc 8.24 ab 

8 9.66 cd 8.11  b 

Full season 9.51 d 8.01 b 

HSD 0.172 0.665 

Year 9.77 A 8.39 B 

HSD 0.109 

 

Trend comparison of different parthenium competition periods  

 

Linear  ** ** 

Quadratic  NS NS 

Cubic  NS NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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Table 4.2.20. Effect of different weed-crop competition periods on total ash contents 

(%) of sorghum at UAF. 

Weed-crop competition period (weeks after 

crop emergence) 

Ash contents (%) 

2013 2014 

No competition (Control)  15.43 a 14.55 a 

4 

   
14.86 ab 14.51 ab 

5 14.85 ab 14.46 bc 

6 14.64 bc 14.41 cd 

7 14.56 bc 14.39 cd 

8 14.35 bc 14.38 de 

Full season 14.19 c 14.32 e 

HSD 0.651 0.069 

Year 14.69 A 14.43 B 

HSD 0.187 

 

Trend comparison of different parthenium competition periods  

 

Linear  ** ** 

Quadratic  NS NS 

Cubic  NS NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05.  
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competition period. The decrease in ash contents for full season competition period over 

control ash contents was linearly decreased and showed a minimum value in full season 

control was 8 % and 1.58 % during the year 2013 and 2014, respectively. The ash contents 

during the first year were significantly higher than in the second year (2014). The reason for 

having higher ash contents during the year 2013 might be the climatic conditions which 

would have been more condusive for root establishment and penetration. During both the 

years trend comparison showed that decline in ash contents was only linear. This decreasing 

trend in ash contents with increasing competition period may be attributed to competition 

between parthenium and sorghum for nutrient uptake. These investigations are endorsed by 

the  research work of Umar and Obukohwo (2013) who reported that presence of weeds 

reduced ash contents of groundnut and maximum ash contents was observed when no weed 

were present and highest reduction was noted when maximum weeds were present (weedy 

check).  

4.2.17 Neutral detergent fiber contents (%) and acid detergent fiber contents (%) of 

sorghum  

Data given in table 4.2.21 showed a significant effect of parthenium competition 

periods on neutral detergent fiber during the both years. The trend was almost similar in both 

the year. The control (no competition) treatment remaining at par with 4 and 5 weeks 

competition produced the minimum neutral detergent fiber in both the years. The differences 

among 6, 7, 8 weeks and full season competition periods were not significant in both the 

years. Maximum NDF value was recorded when weed and sorghum competition was for full 

season. The increase in neutral detergent fiber percentage for full season, 8 and 7 weeks 

periods over control was 5.80 %, 5.53 %, and 4.29 % during the year 2013, while in the year 

2014 the increase was 6.8 %, 5.80 % and 5.59 % for full season, 8 weeks and 7 weeks over 

control, respectively. Linear trend was only significant while quadratic and cubic trends were 

not significant in both the years.  

Data regarding ADF contents of sorghum given in table 4.2.22 showed that year 

effect was not significant so the two years data was pooled and analysed to get the average 

means. A significant increase in ADF was observed with increased competition duration 

period. The maximum ADF value was recorded when weeds were allowed to compete for 

full season with sorghum and lowest ADF value was noted in control plot where no 

parthenium plant was allowed to compete with sorghum. The differences among the 7, 8 

weeks and full season competition duration periods were not significant. Linear trend was 

significant while quadratic and cubic were not significant during both the years. These  
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4.2.21. Effect of different weed-crop competition periods on neutral detergent fiber 

contents (%) of sorghum at UAF. 

Weed-crop competition period (weeks after 

crop emergence) 

Neutral detergent fiber (%) 

2013 2014 

No competition (Control)  53.65 c 51.66 d 

4   

 
54.21 bc 52.76 cd 

5 55.15 abc 53.21 bcd 

6 55.78 ab 54.18 abc 

7 55.95 ab 54.54 ab 

8 56.62 a 54.66 ab 

Full season 56.76 a 55.18 a 

HSD 2.09 1.64 

Year 
55.45 a 

53.74 b 

HSD 0.427 

 

Trend comparison of different parthenium competition periods  

 

Linear  * * 

Quadratic  NS NS 

Cubic  NS NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05 

 



 

 

106 

 

Table 4.2.22. Effect of different weed-crop competition periods on acid detergent fiber 

contents (%) of sorghum at UAF. 

Weed-crop competition period (weeks after crop 

emergence) 

Acid detergent fiber contents 

(%) 

Average of 2013 and 2014 

No competition (Control)  34.34 e 

4 
34.77 de 

5 35.17 cd 

6 35.70 bc 

7 36.05 ab 

8 36.22 ab 

Full season 36.49 a 

HSD 0.543 

Year NS 

 

Trend comparison of different parthenium competition periods  

 

Linear  ** 

Quadratic  NS 

Cubic  NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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research finding are supported by Rafael et al. (2002) who reported that Palmer amaranth 

reduced the quality of forage corn, ADF and NDF value of Palmer amaranth infested corn 

was high as compared to weed free corn which reduced the digestibility and nutritive value of 

forage. Similar results have been obtained by Temme et al. (1979) who reported that 

pennsylvania smart weed (Polygonum pensylvanicum L.), she herds-purse (Capsella bursa-

pastoris L.) and yelpow foxtail (Setaria lutescens L.) had great influence on the quality of 

alfalfa forage and their presence deteriorated the quality due to having high NDF and ADF 

contents. The presence of these weed reduced the digestibility of alfalfa forage as compare to 

weed free crop having low NDF, ADF contents. 

4.2.18. Ether extractable fat contents (%) of sorghum. 

The data regarding ether extractable fat as affected by different parthenium competition 

duration periods given in table 4.2.23 showed that the effect was not significant in both the 

years. The range of ether extractable fat was 2.78 % to 2.81 %. Years also have no effect so 

the two years data was pooled to get two years average means  and trend analysis was also 

not significant.  

4.2.19. Correlation matrix between yield and yield components of forage sorghum at 

different competition duration period.  

The data was averaged for two years for correlation analysis. Data relating to 

association between yield and yield components given in table 4.2.24 showed strong positive 

correlation between yield and yield components and among yield components. Fresh fodder 

yield was strongly correlated with number of leaves per plant, leaves per plant, stem 

diameter, plant height with value of 0.699, 0.570, 0.781, and 0.831, respectively. There was 

also positive correlation among the yield components of forage sorghum (Table 4.2.24). 

4.2.20. Correlation between different competition periods and weed dry weight, forage 

sorghum yield and yield components. 

Correlation between parthenium competition period, fresh fodder yield, yield 

components and parthenium dry weigh given in table 4.2.25 showed that yield and yield 

components were negatively correlated with competition period. The value of correlation 

between completion period and fodder yield was -0.793, while values for leaves per plant, 

leaf area per plant, stem height, stem diameter was -0.833, -0.828, -0.881, -0.863, 

respectively.  Association between competition period and dry weight (0.981) of weed was 

strongly positive.  
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4.2.21. Correlation between P. hysterophorus dry weight (g m-2), yield and yield components 

of forage sorghum. 

 

Table 4.2.26 showed correlation between dry weight of weed and fresh fodder yield and 

yield components for average values of two years. Weed dry weight was negatively correlated with 

fresh fodder yield -0.775 and yield components i.e. leaf number per plant (-0.825), leaf area per 

plant (-0.803), plant height (-0.842) and stem diameter (-0.912).  

 

 

Table 4.2.23. Effect of different weed-crop competition periods on ether extractable fat 

contents (%) of sorghum at UAF. 

Weed-crop competition period (weeks after crop 

emergence) 

Ether extractable fat 

contents (%) 

Average of 2013 and 2014 

No competition (Control)  2.81  

4  

 
2.79  

5 2.80  

6 2.79  

7 2.79  

8 2.79  

Full season 2.78  

HSD NS 

Year NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honest significant difference (HSD) test  at p < 0.05; 
 NS and ** indicate non-

significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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Table 4.2.24. Correlation matrix between yield and yield components of forage sorghum 

at different competition periods at UAF. 

 

Yield components 

of sorghum 

Fresh fodder 

yield (t ha-1) 

Number of 

leaves per plant 

Leaves area per 

plant (cm2) 

Plant diameter 

(cm2) 

Two-year (2013 and 2014) means 

Number of leaves 

per plant 
0.699** ------ ---------- 

    -------- 

Leaves area per 

plant 
0.570** 0.686** -------        ----- 

Plant diameter 

(cm-2) 
0.781** 0.767** 0.716**    ----- 

Plant height ( cm) 0.831** 0.786** 0.761** 0.787** 

 ** indicate significant at p ≤ 0.01, respectively. 

  

Table 4.2.25. Correlation between different parthenium competition duration period 

and dry weight, forage sorghum yield and yield components at UAF.   

Characters Two-year (2013 

and 2014) means 

Parthenium competition duration vs sorghum fodder yield -0.793** 

Parthenium competition duration vs sorghum number of leaves/ plant  -0.833** 

Parthenium competition duration vs sorghum leaf area per plant -0.828** 

Parthenium competition duration vs sorghum plant height -0.881** 

Parthenium competition duration vs sorghum stem diameter -0.863** 

Parthenium competition duration vs weed dry weight 0.981** 

**indicates significant at p ≤ 0.01% 
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Table 4.2.26. Correlation between parthenium dry weight (g m-2), yield and yield components 

of forage sorghum at UAF.  

 

Characters Two-year (2013 and 

2014) means 

Parthenium dry weight vs sorghum fresh fodder yield -0.775** 

Parthenium dry weight vs sorghum leaf number per plat  -0.825** 

Parthenium dry weight vs sorghum leaf area per plant -0.803** 

Parthenium dry weight vs sorghum plant height -0.842** 

Parthenium dry weight vs sorghum stem diameter -0.912** 

 

**indicates significant at p ≤ 0.01%   
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4.3. Experiment No. 3: Parthenium hysterophorus L. management in forage sorghum 

(Sorghum bicolor L.) using dicamba with ammonium sulphate as an adjuvant. 

 

Results on different parameters of parthenium weed {fresh weight, dry weight and   

parthenium plants per m2, NPK contents and uptake (tons ha-1)} and growth, yield and 

quality parameters of forage sorghum are presented and discussed.   

4.3.1. Fresh weight (g m-2) of Parthenium hysterophorus L. 

Weed fresh weight is an important indicator of weed growth and intensity in the 

crop field. If the conditions are more suitable for weed growth, it will result in more fresh 

weight of weed. The data regarding to parthenium fresh weight as influenced by different 

control strategies of herbicide alone and with adjuvant combination are presented in table 

4.3.1. Year effect was significant so the individual year data are discussed. Data showed 

significant effect of treatments on parthenium fresh weight. During the 1st year maximum 

parthenium fresh weight was recorded in weedy check where no weed control measure 

was applied and it was followed by hoeing after 3 weeks of emergence and lowest fresh 

weight was recorded where dicamba 100% dose with 2 % ammonium sulphate (T5) was 

sprayed but dicamba 100 % dose with 1 % ammonium sulphate (T4) was also statistically 

at a par with the treatment having lowest fresh weight and differences between T3, T6 and 

T7 were not significant. During the 2nd years almost similar trend was observed except the 

treatment T4 (dicamba 100 % dose + 1 % ammonium sulphate) did not differ significantly 

from T7 (dicamba 75% dose + 2% ammonium sulphate) which differed significantly 

during the first year. Maximum reduction 74 % and 73 % in fresh weight was given 

by100% dicamba dose with 2 % ammonium sulphate during 2013 and 2014, respectively 

and minimum reduction 41.7 % and 36.18 % was observed in treatment T2 during 1st and 

2nd year, respectively. The fresh weight was significantly higher in the year 2014 than in 

the year 2013. These results indicated more favourable growing conditions for 

parthenium during the 2nd year than in the 1st year. Contrast analysis of weedy check vs 

all, hoeing vs chemical control, dicamba 100% dose vs dicamba 75% dose were 

significant in both the years and dicamba with adjuvant vs dicamba without adjuvant was 

significant only during the year 2013, while 1% ammonium sulphate vs 2% ammonium 

sulphate was significant only in 2014. The decrease in weed biomass in response to 

application of dicamba with adjuvant was correlated with the weed controll efficiency of 

herbicide and adjuvant. The adjuvant and dicamba combination efficiently controlled the 

weeds due to increased absorption of dicamba. Naveed et al. (2008) reported that fresh  
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Table.4.3.1 Effect of dicamba and adjuvant on fresh weight (g m-2) of P. 

hysterophorus in sorghum at UAF.  

 

Treatments 
Fresh weight (g m-2) 

2013 2014 

T1= Weedy check 301.03 a 312.65 a 

T2= Hoeing after 3 weeks of emergence 175.50 b 199.54 b 

T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1 100.46 c 110.54 c 

T4= Dicamba 100% dose + 1% ammonium sulphate 87.56 d 89.99 de 

T5= Dicamba 100% dose + 2% ammonium sulphate 78.48 d 83.56 e 

T6= Dicamba 75% dose + 1% ammonium  sulphate 107.47 c 112.45 c 

T7= Dicamba 75% dose + 2% ammonium  sulphate 98.92 c 105.67 cd 

HSD 9.42 16.57 

Year 135.63   B 144.91  A 

HSD 3.44 

Contrasts 

Weedy check vs all 301.03 vs 108.07** 312.65 vs 116.96** 

Hoeing vs chemical control 175.5 vs 94.58** 199.54 vs 100.44** 

Dicamba 100% dose vs dicamba 75% dose 88.83 vs 103.2** 94.7 vs 109.06* 

Dicamba with adjuvant vs dicamba without 

adjuvant  
93.11 vs 100.46* 97.92 vs 110.54 NS 

1% ammonium sulphate vs 2% ammonium 

sulphate 
97.52 vs 88.7* 101.22 vs 94.62 NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honestly significant difference (HSD) test  at p < 0.05; 
 ** indicates significant at 

p ≤ 0.01.  



 

 

 

 

113 

and dry biomass of Trianthema portulacastrum, Coronopus didymus and Cyperus 

rotundus at harvest in maize (Zea mays L.) were decreased significantly when 

formasulfuron + isoxadifen- ethyl was applied with 1125 gm a.i ha-1 (full dose) with 3 % 

urea as an adjuvant as compared to alone or reduced dose with adjuvant combination 

application. These results are also in collaboration with findings of Javaid et al. (2012) 

who reported a decrease in fresh weight of Emex spinosa L. when fluroxypyr +MCPA 

and carfentrazone-ethyl were applied with fatty alcohol ethoxylate as adjuvant. Full dose 

of fluroxypyr+MCPA and carfentrazone-ethyl alone and reduced dose with fatty acid 

adjuvant were statistically at a par in reducing weed fresh weight.   

 

4.3.2. Dry weight (g m-2) of Parthenium hysterophorus L.    

Data regarding dry weight of Parthenium hysterophorus L. as affected by 

different weed control measures in forage sorghum is given in table 4.3.2. The 

parthenium dry weight was significantly higher during the 2nd year and it can be attributed 

to higher fresh weight during the second year. The treatments significantly affected the 

dry weight of P. hysterophorus L. during both the years. In the first year weedy check 

produced the maximum weed dry weight and it was followed by hoeing after 3 weeks of 

emergence (T2) and dicamba 100 % @ 304.5 g a.i ha-1. The treatment T5 (dicamba 100 % 

dose with + 2% ammonium sulphate) remaining at par with T4 (dicamba 100% dose + 1% 

ammonium sulphate) produced the minimum dry weight of parthenium. The differences 

among the T3, T6 and T7 were not significant. During 2nd year (2014) trend was almost 

similar as was observed in the year 2013 except the differences between T3 and T4 were 

not significant during the 2nd years and these two treatments differed significantly in the 

year 2013. The maximum reduction in dry weight 79.60 % in 2013 and 73.84 % in 2014 

was obtained by T5 (100% dicamba dose with 2 % ammonium sulphate) and minimum 

reduction of 49.94 % and 42.60 % in dry weight was given by the treatment T2 (hoeing 

after 3 weeks of emergence) during 2013 and 2014, respectively. Contrast analysis 

showed that contrast between weedy check vs all, hoeing vs chemical control, dicamba 

100% dose vs dicamba 75% dose were significant in both the years while dicamba with 

adjuvant vs dicamba without adjuvant was significant only during 2013. These results 

verified the findings of Abouziena et al. (2013). They reported that dry biomass of total 

weed species in peanut (Arachis hypogaea L.) was efficiently decreased when they were 

controlled by bentazon with 2 % ammonium sulphate as an adjuvant solution as compared 

to bentazone alone application.  



 

 

 

 

114 

Table.4.3.2 Effect of dicamba and adjuvant on dry weight (g m-2) of P. hysterophorus 

in sorghum at UAF. 

Treatments 
Dry weight (g m-2) 

2013 2014 

T1= Weedy check 81.02 a 

 

89.99 a 

 

T2= Hoeing after 3 weeks of emergence 47.04 b 51.65 b 

T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1 29.89 c 35.76 cd 

T4= Dicamba 100% dose + 1% ammonium sulphate 21.46 de 28.99 de 

T5= Dicamba 100% dose + 2% ammonium sulphate 16.53 e 23.54 e 

T6= Dicamba 75% dose + 1% ammonium  sulphate 32.55 c 36.78 c 

T7= Dicamba 75% dose + 2% ammonium  sulphate 26.52 cd 33.56 cd 

HSD 6.45 6.92 

Year 36.43 B 42.89  A 

HSD 1.59 

Contrasts 

Weedy check vs all 81.03 vs 29** 89.99 vs 35.04** 

Hoeing vs chemical control 47.05 vs 25.39** 51.65 vs 31.72** 

Dicamba 100% dose vs dicamba 75% dose 22.63 vs 29.54** 29.43 vs 35.17* 

Dicamba with adjuvant vs dicamba without 

adjuvant 
24.27 vs 29.9*  30.71 vs 35.76NS 

1% ammonium sulphate vs 2% ammonium 

sulphate 
27.01 vs 21.53 NS 32.88 vs 28.55NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honestly significant difference (HSD) test  at p < 0.05; 
 ** indicates significant at p 

≤ 0.01. 
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Figure 4.3.1. Weed control efficiency (WCE) of different P. hysterophorus 

management strategies for controlling parthenium in forage sorghum during year 

2013 and 2014 at UAF 

T2=  Hoeing after 3 weeks of emergence   T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1  T4= 

Dicamba 100% dose + 1% ammonium sulphate  T5= Dicamba 100% dose + 2% ammonium 

sulphate T6= Dicamba 75% dose + 1% ammonium  sulphate  T7= Dicamba 75% dose + 2% 

ammonium  sulphate 
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Naveed et al. (2008) reported similar results that dry biomass of Trianthema 

portulacastrum, Coronopus didymus and Cyperus rotundus at harvest in maize (Zea mays 

L.) was decreased significantly when formasulfuron + isoxadifen- ethyl was applied with 

1125 gm a.i ha-1 (full dose) with 3 %  

ammonium sulphate as an adjuvant as compared to alone or reduced dose with adjuvant 

combination application.  

Data relating to parthenium weed controll efficiency (WCE) given in figure 4.3.1 

showed that each parthenium management practice differed in controlling parthenium 

varying from 41.94 % to 79.60 % in 2013 and 42.60 % to 73.84 % in 2014. Maximum 

weed controlling efficiency of 79.60% in 2013 and 73.84 % in 2014 was recorded in plots 

where dicamba 100% dose + 2% ammonium sulphate was sprayed and it was followed by 

T4 (dicamba 100% dose + 1% ammonium sulphate) with WCE of 73.51 % in 2013 and 

67.71 in 2014. The minimum WCE (41.94 % in 2013 and 42.60 % in 2014) was recorded 

in treatment T2 (hoeing after 3 weeks of emergence). The highest WCE in dicamba 100% 

dose + 2% ammonium sulphate treated plot was attributed to the increase in absorption 

and activity of dicamba against parthenium. Woznica and Idziak (2010) recorded WCE of 

different post emergence herbicides in forage maize (Zea mays L.) and reported that   

WCE vary from 92 % to 99% when different post emergence herbicides were sprayed 

including tritosulfuron + dicamba in maize (Zea mays L.). 

4.3.3 Number of P. hysterophorus L. plants m-2 

The ultimate goal of any weed management practice is to reduce the weed 

population below the economic threshold level. Different weed management practices 

were different in their efficacy to reduce weed numbers. The data presented in table 4.3.3 

regarding effect of dicamba and ammonium sulphate adjuvant on number of parthenium 

plants at harvest showed significant differences during both years. In the years 2013 

parthenium plants counted were significantly higher in weedy check treatments than other 

all treatment and it was followed by hoeing treatment (T2). Herbicide alone and herbicide 

+ adjuvant combination reduced the weed number. The treatment T5 (full dose of dicamba 

with 2 % ammonium sulphate) remaining at par with T4, T6 and T7 gave the lowest 

number of parthenium plants. The differences between T3 (dicamba 100 % dose) and T6 

(dicamba 75% dose + 1% ammonium sulphate) were not significant. During the second 

year the trend was similar (Table 4.3.3) except the differences among the T2 (hoeing after 
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three weeks of emergence), T3 (dicamba 100 % dose), T4 (dicamba 100% dose + 1% 

ammonium sulphate), T6 (dicamba 75% dose + 1% ammonium sulphate) and T7 (dicamba 

75% dose + 2% ammonium sulphate) were not significant during the year 2014.  

Maximum reduction in parthenium plants m-2 80.65 % in 2013 and 74.51 % in 2014 was 

recorded in T5 (100% dicamba dose with 2 % ammonium sulphate). Contrast analysis 

showed that three contrast combination, weedy check vs all, hoeing vs chemical control 

and dicamba with adjuvant vs dicamba without adjuvant were found to be significant in 

both the years. The decrease in density of parthenium plants was due to efficient control 

of weed by herbicide and adjuvant combination. El-Metwally et al. (2010) reported that 

total weed density in onion crop was decreased in response to metosulam at 46 ml ha-1 or 

clodinafop-propargyl 162g ha-1 in combination of urea or ammonium sulphate (AMS) as 

an adjuvant at 2% of herbicide solution as compared to the alone application and weed 

density was highest in weedy check treatment. Idziak et al. (2013) also reported that 

combination of mesotrione 80 g ha-1 with petroleum oil or methylated seed oil (MSO) as 

adjuvant effectively controlled total weeds in forage sorghum and decreased weed density 

of all weeds as compared to alone application. 

 

4.3.4. NPK contents (%) of Parthenium hysterophorus L.   

Data regarding N content of parthenium as affected by application of dicamba and 

adjuvant given in table 4.3.4 showed significant effect of different treatments on the N 

contents of parthenium during both the years. The dicamba 100 % dose + 2% ammonium 

sulphate (T5) remaining at par with T3 and T4 produced significantly higher N contents 

than T1, T2, T6 and T7. The weedy check (T1) gave significantly lowest N contents during 

the 1st year. The differences among the T3, T4, T6, T7 treatments were not significant. In 

the 2nd year same treatment again resulted in maximum and minimum nitrogen contents. 

The trend was almost similar in the second year of study except the treatments T1 and T2 

produced statistically similar N contents during the year 2014 while in the year 2013, T2 

gave significantly lower N contents than weedy check (T1). Contrast analysis showed that 

only weedy check vs all and hoeing vs chemical control were significant during both the 

years other were non significant.  

Data regarding phosphorus contents of Parthenium hysterophorus L. (Table 4.3.5) 

showed  non significant effect of years and significant effect of treatments so the data was 

pooled to get average means of both years. The treatment dicamba 100 % dose + 2%  
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Table.4.3.3 Effect of dicamba and adjuvant on number of plants (m-2) of P. 

hysterophorus in forage sorghum at UAF. 

Treatments 
number of plants (m-2) 

2013 2014 

T1= Weedy check  23.25 a 25.50 a 

T2=  Hoeing after 3 weeks of emergence 15.50 b 14.25 b 

T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1 9.50 c 9.25 bc 

T4= Dicamba 100% dose + 1% ammonium sulphate 5.50 d 8.25 bc 

T5= Dicamba 100% dose + 2% ammonium sulphate 4.50 d 6.50 c 

T6= Dicamba 75% dose + 1% ammonium  sulphate 8.25 cd 9.50 bc 

T7= Dicamba 75% dose + 2% ammonium  sulphate 6.75 d 8.50 bc 

HSD 3.89 6.47 

Year 10.14   B 11.67  A 

HSD 1.22 

Contrasts 

Weedy check vs all 23.25 vs 7.96** 25.5 vs 9.38** 

Hoeing vs chemical control 15.5 vs 6.45** 14.25 vs 8.4** 

Dicamba 100% dose vs dicamba 75% dose 6.5 vs 6.38 NS 8.0 vs 9.0 NS 

Dicamba with adjuvant vs dicamba without adjuvant  5.69 vs 9.5** 8.19 vs 9.25* 

1% ammonium sulphate vs 2% ammonium sulphate 6.88 vs 4.5NS 8.88 vs 7.5 NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honestly significant difference (HSD) test  at p < 0.05; 
 ** indicates significant at 

p ≤ 0.01.
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ammonium sulphate (T5) remaining at par with treatment dicamba 100% dose + 1% 

ammonium sulphate (T4) gave the maximum phosphorus contents. These treatments were 

followed by T7, T6 and T3 which in turn did not differ significantly from each other. The 

minimum  phosphorus contents were recorded where weeds were not controlled (Weedy 

check). Contrast analysis showed that combination of weedy check vs all and hoeing vs 

chemical control were significant in both the years. Data relevant to K contents of 

parthenium as affected by dicamba and adjuvant given in table 4.3.6 showed that year 

effect was significant so individual year data was presented. The potassium content was 

significantly higher in the year 2013 than in the year 2014. These K differences can be 

attributed to better growing conditions for parthenium during the 1st year. The treatment 

dicamba 100% dose with 2% ammonium sulphate as adjuvant ( T5) remaining at par with 

dicamba 100 % dose  (T3), dicamba 100% dose + 1% ammonium sulphate (T4) and 

dicamba 75% dose + 2% ammonium  sulphate ( T7) gave the maximum K contents. The 

weedy check resulted in the minimum K contents. The differences among the weedy 

check ( T1), hoeing after three weeks of emergence (T2) and dicamba 75% dose + 1% 

ammonium  sulphate (T6) were not significant. In the 2nd year almost similar trend was 

observed (2014) as was during 1st year. The maximum and minimum K contents were 

again given by the treatments T5 and T7, respectively. The treatment T6 (dicamba 75% 

dose + 1% ammonium  sulphate ) gave significantly higher K contents than weedy check 

(T1), while during the first year (2013) differences between T6 and T1 were not 

significant. Among the contrast analysis only contrast of weedy check vs all was 

significant during both the years and hoeing vs chemical control was found significant 

only during 2nd year and other all were non significant. High NPK contents in 

parthenium plants in all management treatments over weedy check was due to efficient 

control of parthenium and low number of weed plants resulted a decrease in competition 

for NPK and in weedy check more number of plants (parthenium + crop) increased 

competition and reduced NPK contents of weed plant. These results are parallel with 

findings of Głowacka (2011) who reported that herbicide application resulted in efficient 

control of weeds (Cirsium arvense and C. album) in maize (Zea mays L.) and NPK 

contents of these weeds were higher in herbicide application than weedy check. Higher K 

content of T. portulacastrum was recorded over weedy check by Anjum et al. (2007) in 

cotton (Gossypium hirsutum L.) when it was controlled by herbicide.  
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Table.4.3.4. Effect of dicamba and adjuvant on N contents (%) of P. hysterophorus in 

sorghum at UAF. 

Treatments  

 

N contents (%) 

2013 2014 

T1= Weedy check 

   
4.02 d 3.22 d 

T2= Hoeing after 3 weeks of emergence 4.30 c  3.41 cd 

T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1    4.45 abc  3.59 bc 

T4= Dicamba 100% dose + 1% ammonium sulphate  4.50 ab 3.88 a 

T5= Dicamba 100% dose + 2% ammonium sulphate          4.60 a 3.93 a 

T6= Dicamba 75% dose + 1% ammonium  sulphate   4.36 bc  3.54 bc 

T7= Dicamba 75% dose + 2% ammonium  sulphate  4.39 bc 3.64 b 

HSD 

 
 

0.199 0.285 

Year  4.377 A 3.807 B 

HSD 0.044 

Contrasts 

Weedy check vs all 4.02 vs 4.44** 3.22 vs 3.68** 

Hoeing vs chemical control 4.31 vs 4.46*  3.41 vs 3.71* 

Dicamba 100% dose vs dicamba 75% dose 4.52 vs 4.38 NS 3.8 vs 3.59NS 

Dicamba with adjuvant vs dicamba without 

adjuvant  
4.47 vs 4.46 NS 3.74 vs 3.59 NS 

1% ammonium sulphate vs 2% ammonium sulphate 4.44 vs 4.5 NS 3.71 vs 3.78 NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honestly significant difference (HSD) test  at p < 0.05; 
 ** indicates significant at 

p ≤ 0.01
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Table.4.3.5 Effect of dicamba and adjuvant on phosphorus contents (%) of P. 

hysterophorus in sorghum at UAF.  

Treatments  

   

Phosphorus contents (%) 

Average means of 2013     

and 2014 

T1= Weedy check                 0.43 e 

T2= Hoeing after 3 weeks of emergence 0.50 d 

T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1 0.57 bc 

T4= Dicamba 100% dose + 1% ammonium sulphate 0.62 ab 

T5= Dicamba 100% dose + 2% ammonium sulphate 0.65 a 

T6= Dicamba 75% dose + 1% ammonium  sulphate 0.56 c 

T7= Dicamba 75% dose + 2% ammonium  sulphate 0.58 bc 

HSD 0.049 

Year NS 

Contrasts 

Weedy check vs all  0.43 vs 0.58* 

Hoeing vs chemical control               0.5 vs 0.59* 

 

Dicamba 100% dose vs dicamba 75% dose 0.61 vs 0.57* 

 

Dicamba with adjuvant vs dicamba without adjuvant  0.60 vs 0.58 NS 

1% ammonium sulphate vs 2% ammonium sulphate 0.59 vs 0.61NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honestly significant difference (HSD) test  at p < 0.05; 
 ** indicates significant at 

p ≤ 0.01



 

 

 

 

122 

Table.4.3.6 Effect of dicamba and adjuvant on K contents (%) of P. hysterophorus in 

sorghum at UAF. 

Treatments   

 

K contents (%) 

2013      2014 

T1= Weedy check           3.03 c         2.91 c 

T2= Hoeing after 3 weeks of emergence 3.13 bc 3.09 b 

T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1 3.21 ab 3.15 b 

T4= Dicamba 100% dose + 1% ammonium sulphate 3.25 ab 3.32 a 

T5= Dicamba 100% dose + 2% ammonium sulphate 3.31 a 3.37 a 

T6= Dicamba 75% dose + 1% ammonium  sulphate 3.16 bc 3.11 b 

T7= Dicamba 75% dose + 2% ammonium  sulphate 3.23 ab 3.25 ab 

HSD 0.141 0.164 

Year 3.187 A 3.041 B 

HSD 0.041 

Contrasts 

Weedy check vs all 3.03 vs 3.21*  2.91 vs 3.22** 

Hoeing vs chemical control 3.13 vs 3.23 NS 3.09 vs 3.24*  

Dicamba 100% dose vs dicamba 75% dose 3.25 vs 3.19 NS 3.28 vs 3.18 NS 

Dicamba with adjuvant vs dicamba without 

adjuvant  
3.23 vs 3.21 NS 3.26 vs 3.15 NS 

1% ammonium sulphate vs 2% ammonium 

sulphate 
3.20 vs 3.27 NS 3.21 vs 3.31 NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honestly significant difference (HSD) test  at p < 0.05; 
 ** indicates significant at p 

≤ 0.01. 
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4.3.5 NPK uptake (kg ha-1) of Parthenium hysterophorus L.  

Crop plants absorb nutrients from soil and utilize in their physiological processes 

and if weeds are present side by side of crop plants they also take up same nutrients from 

their vicinity and utilize in the same way as the crop plants. Data regarding N uptake by 

parthenium plants as affected by different control strategies summarized in table 4.3.7 

showed that years effect was not significant so the means values of two years were pooled 

and average values were presented. Treatment T5 (dicamba 100% dose with 2% 

ammonium sulphate) remaining at par with T4 (dicamba 100% dose + 1% ammonium 

sulphate) showed the minimum N uptake. The differences among the T3, T6 and T7 were 

also not significant. The maximum N uptake was recorded in treatment T1 (weedy check) 

which was followed by hoeing after 3 weeks of emergence. T5 treatment reduced 73.81 % 

N uptake over weedy check. Over all a decrease of 28.82 % in nitrogen uptake for 

dicamba 100 % dose was noted over dicamba 75 % dose. Analysis regarding contrast 

analysis showed that all contrast combinations were significant.  

Data regarding phosphorus uptake by parthenium plants indicated that parthenium 

also absorbed appreciable amount of phosphorus when different control practices were 

applied (Table 4.3.8). Year effect was significant on phosphorus uptake by parthenium 

weed and it was significantly higher during the 2nd year. These differences can be 

attributed to better weed growth and root proliferation during the second year than the 

first year or variation in soil fertility status. Significant variation among different 

treatment was recorded and trend of phosphorus uptake was almost similar during both 

the years. Maximum phosphorus uptake during both the years was recorded when field 

was left uncontrolled (weedy check) and it was followed by hoeing after 3 weeks of 

emergence (T2). The lowest phosphorus uptake was observed when dicamba 100% dose + 

2% ammonium sulphate (T5) was applied, while dicamba 100% dose + 1% ammonium 

sulphate treatment (T4) remained at par with the previously discussed treatment during 

both the years. T5 treatment reduced 67.76 % and 62.24 % P uptake during 2013 and 

2014, respectively over the weedy check. Overall dicamba 100 % dose with ammonium 

sulphate reduced the phosphorus uptake 15.13 % over thr dicamba 75 % dose.   Contrast 

comparison showed that two combinations weedy check vs all and  hoeing vs chemical 

control were significant and other all contrast were not significant. 

The data regarding potassium uptake of Parthenium hysterophorus L. as affected 

by management strategies given in table 4.3.9 indicated that year effect was found to be 
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significant and K uptake was significantly higher in the year 2014. The variation in soil 

fertility status or more favourable growth conditions for parthenium weed during 2014 

may be the cause of these differences. Treatments differed significantly in their potassium 

uptake. Significantly higher value for potassium uptake was given by weedy check (T1) 

where no weed control practice was applied which was followed by the treatment where 

parthenium weed was controlled by the hoeing 3 weeks after emergence (T2) during both 

the years. Minimum potassium uptake by parthenium was recorded where parthenium 

was controlled by dicamba 100% dose + 2% ammonium sulphate (T5). The application of 

dicamba 100% dose + 1% ammonium sulphate (T4) was statistically at a par with 

dicamba 100% dose + 2% ammonium sulphate (T5). The trend was almost similar during 

the second year except the differences between T3 and T4 were not significant in 2nd year 

(2014), while in the year 2013, the treatment T3 (dicamba 100% dose) gave significantly 

higher K uptake than T4 (dicamba 100% dose + 1 % ammonium sulphate). The difference 

between treatments T3, T6, T7 was not significant during both the years. It can be 

concluded from the results that dicamba 100 % dose (T3) was equally good to dicamba 75 

% dose either with 1 % or 2 % ammonium sulphate. Overall dicamba 100 % dose with 

adjuvant reduced the potassium uptake 34.82 % and 23.77 % over the dicamba 75 % dose 

with adjuvant in 2013 and 2014, respectively. The dicamba 100 % dose without adjuvant 

(T3) reduced the potassium uptake 34.96 % and 30.20 % over hoeing after 3 weeks of 

emergence (T2) in 2013 and 2014, respectively. T5 treatment reduced K uptake 77.99 % 

and 71.80 % during 2013 and 2014, respectively over the weedy check. Contrast analysis 

of the data showed that contrast of weedy check vs all, hoeing vs chemical control were 

significant in both the years and dicamba 100% dose vs dicamba 75% dose was 

significant in the year 2013 only. Other contrast were non significant in both years. The 

decrease in NPK uptake by parthenium in response to herbicide application was due to 

high mortality rate and less survival of parthenium plants as compared to hand hoeing and 

weedy check treatments where more parthenium plants were present to absorb more NPK 

from soil. These findings are confirmed by the work of Glowacka (2011) on maize (Zea 

mays L.), Anjum et al. (2007) on cotton (Gossypium hirsutum L.), Kelaginamani and 

Halikatti (2002) on cotton (Gossypium hirsutum L.), Sonawane et al. (2014) on maize 

(Zea mays L.) and Gaikwad and Pawar (2003) on soybean (Glycine max L.). They 

recorded low NPK uptake as compared to weedy check in maize (Zea mays L.), cotton 

(Gossypium hirsutum L.) and soybean (Glycine max L.) crops when weeds were 

controlled by herbicides application. 
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Table.4.3.7 Effect of dicamba and adjuvant on nitrogen uptake (kg ha-1) of P. 

hysterophorus in sorghum at UAF. 

Treatments    

 

Nitrogen uptake (kg ha-1) 

Average mean of 2013 and 

2014 

T1= Weedy check   32.03 a 

T2= Hoeing after 3 weeks of emergence 19.34 b 

T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1 13.51 c 

T4= Dicamba 100% dose + 1% ammonium sulphate 10.43 de 

T5= Dicamba 100% dose + 2% ammonium sulphate 8.39 e 

T6= Dicamba 75% dose + 1% ammonium  sulphate 14.11 c 

T7= Dicamba 75% dose + 2% ammonium  sulphate 12.33 cd 

HSD 2.04 

Year NS 

Contrasts 

Weedy check vs all 
32.03 vs 13.02** 

Hoeing vs chemical control 
19.34 vs 11.75** 

Dicamba 100% dose vs dicamba 75% dose 
10.77 vs 13.22** 

Dicamba with adjuvant vs dicamba without adjuvant  
11.31 vs 13.51** 

1% ammonium sulphate vs 2% ammonium sulphate 
12.27 vs 10.36** 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honestly significant difference (HSD) test  at p < 0.05; 
 ** indicates significant at 

p ≤ 0.01.
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Table.4.3.8 Effect of dicamba and adjuvant on phosphorus uptake (kg ha-1) of P. 

hysterophorus in sorghum at UAF.  

Treatments 
Phosphorus uptake ((kg ha-1)) 

2013 2014 

T1= Weedy check 3.35 a 
3.99 a 

 

T2= Hoeing after 3 weeks of emergence 2.41 b 2.57 b` 

T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1 1.72 cd 2.02 c 

T4= Dicamba 100% dose + 1% ammonium sulphate 1.29 de 1.81 cd 

T5= Dicamba 100% dose + 2% ammonium sulphate 1.08 e 1.51 d 

T6= Dicamba 75% dose + 1% ammonium  sulphate 1.84 c 2.03 c 

T7= Dicamba 75% dose + 2% ammonium  sulphate 1.58 cd 1.88 cd 

HSD 0.468 0.438 

Year 1.896 B 2.259 A 

HSD 0.057 

Contrasts 

Weedy check vs all  3.35 vs 1.65**  4.0 vs 1.97** 

Hoeing vs chemical control 2.41 vs 1.5** 2.57 vs 1.85** 

Dicamba 100% dose vs dicamba 75% dose 1.36 vs 1.71 NS 1.78 vs 1.96 NS 

Dicamba with adjuvant vs dicamba without 

adjuvant  
1.45 vs 1.72 NS 1.81 vs 2.02 NS 

1% ammonium sulphate vs 2% ammonium 

sulphate 
1.57 vs 1.33 NS 1.92 vs 1.7 NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honestly significant difference (HSD) test  at p < 0.05; 
 ** indicates significant at 

p ≤ 0.01
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Table.4.3.9 Effect of dicamba and adjuvant on K uptake (kg ha-1) of P. 

hysterophorus in sorghum at UAF.  

Treatments   

 

K uptake  (kg ha-1) 

2013 2014 

T1= Weedy check 

  
24.44 a 26.17 a 

T2= Hoeing after 3 weeks of emergence 14.53 b 15.43 b 

T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1 9.45 c 10.77 c 

T4= Dicamba 100% dose + 1% ammonium sulphate 6.81 de 9.03 cd 

T5= Dicamba 100% dose + 2% ammonium sulphate 5.38 e 7.38 d 

T6= Dicamba 75% dose + 1% ammonium  sulphate 10.21 c 11.14 c 

T7= Dicamba 75% dose + 2% ammonium  sulphate 8.50 cd 10.40 c 

HSD 2.23 2.36 

Year 11.33   B 12.90  A 

HSD 0.525 

Contrasts 

Weedy check vs all 
24.44 vs 9.15** 26.17 vs 10.69** 

Hoeing vs chemical control 
14.53 vs 8.07** 15.43 vs 9.74** 

Dicamba 100% dose vs dicamba 75% dose 
7.21 vs 9.35** 9.06 vs 10.77 NS 

Dicamba with adjuvant vs dicamba without 

adjuvant  
7.72 vs 9.45 NS 9.49 vs 10.77 NS 

1% ammonium sulphate vs 2% ammonium sulphate 
8.51 vs 6.94 NS 10.08 vs 8.89 NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honestly significant difference (HSD) test  at p < 0.05; 
 ** indicates significant at 

p ≤ 0.01. 
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4.3.6 Emergence count m-2 of forage sorghum. 

Good Emergence is vital component of crop establishment especially in fodder crops, so it 

must be tried to achieve optimum emergence count. Table 4.3.10 showed the results 

relevant to emergence count of sorghum as affected by different parthenium management 

strategies. Year effect was not significant so both year data was pooled and average means 

of two years was taken and data showed that there was non sgnifcant effect of parthenium 

management strategies on emergence count of sorghum. The reason for having non 

significant differences among the different parthenium management strategies may be that 

the sorghum in each treatment plot was sown by using equall seed rate by hand drill having 

same viability and vigour and also no treatment was applied at the time of emergence. 

 

4.3.7. Plant population m-2 of sorghum at harvest 

   Plant population at harvest play key role in the yield of forage crops. Effect of 

parthenium management strategies on plant population of sorghum at harvest summarized in 

table 4.3.11showed that year effect was not significant so data of both years was pooled and 

averages of two year means was taken. The effect of parthenium management strategies on 

sorghum plant population at harvest was not significant during both the years (2013-2014). 

These results indicated that dicamba alone or with adjuvant have no adverse effect on 

sorghum crop. The reason for having non significant differences regarding sorghum plant 

population at harvest may be due to the use of uniform seed rate, having same seed viability 

and vigour.  

 

4.3.8. Plant height (cm) of sorghum  

  Weeds compete with crop plants for growth resources and reduce the crop plant 

efficiency to explore its full potential. Plant height is an important growth parameter 

especially in forage crops and weed may affect the plant height by competing for different 

resources. Data regarding the effect of dicamba and adjuvant on plant height (cm) of 

sorghum given in table 4.3.12 showed significant effect of years on plant height of 

sorghum. The plant height of sorghum was higher (5.16 %) during the year 2013 than in 

the year 2014. The vigorous growth of parthenium in the year 2014 may be the cause of 

these differences. Significant differences were observed among the different treatments in 

both the years. During 1st year maximum plant height was recorded where parthenium 

weed was controlled by the application of dicamba 100% dose + 2% ammonium sulphate 

(T5). Whereas the differences between the dicamba 100% dose + 1% ammonium sulphate  
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Table.4.3.10 Effect of dicamba and adjuvant on emergence of sorghum (%) at UAF 

 

Treatments 

Emergence of sorghum 

(%) 

Average means of 2013 

and 2014 

T1= Weedy check 

 
42.37 

T2= Hoeing after 3 weeks of emergence 43.87 

T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1 43.12 

T4= Dicamba 100% dose + 1% ammonium sulphate 43.87 

T5= Dicamba 100% dose + 2% ammonium sulphate 43.87 

T6= Dicamba 75% dose + 1% ammonium  sulphate 43.00 

T7= Dicamba 75% dose + 2% ammonium  sulphate 44.00 

HSD NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honestly significant difference (HSD) test  at p < 0.05; 
 ** indicates significant at 

p ≤ 0.01.
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Table.4.3.11 Effect of dicamba and adjuvant on plant population (m-2) of sorghum 

at harvest at UAF. 

Treatments 

Plant population (m-2) 

Average means of 2013          

and 2014 

T1= Weedy check 41.12 

T2= Hoeing after 3 weeks of emergence 43.12 

T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1 42.50 

T4= Dicamba 100% dose + 1% ammonium sulphate 43.37 

T5= Dicamba 100% dose + 2% ammonium sulphate 42.87 

T6= Dicamba 75% dose + 1% ammonium  sulphate 42.25 

T7= Dicamba 75% dose + 2% ammonium  sulphate 43.62 

HSD NS 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honestly significant difference (HSD) test  at p < 0.05; 
 ** indicates significant at 

p ≤ 0.01.
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 (T4) and dicamba 100 % dose + 2 % ammonium sulphate (T5) were not significant and 

these treatments were followed by the treatment dicamba 100% dose @ 304.5 g a.i. ha-1, 

dicamba 75% dose + 2% ammonium sulphate in both the years. The minimum plant 

height was  observed in treatment where no weed control practice (T1) was applied in 

both the years. The trend was almost similar in the 2nd year. During the second year 

(2014) the treatment T7 (dicamba 75% dose + 2% ammonium sulphate) produced 

significantly taller plants than T6 while the differences between T6 and T7 were not 

significant during the year 2013. The increase in plant height of sorghum for hoeing after 

3 weeks of emergence (T2) and dicamba 100 % dose (T3) over weedy check (T1) was 6.76 

%, 8.42% and 4.01% and 7.26 % during the year 2013 and 2014, respectively. The 

treatment T5 improved the plant height 11.54 % and 13.26 % during 2013 and 2014, 

respectively over weedy check. The contrast combinations between weedy check vs all, 

hoeing vs chemical control, dicamba 100% dose vs dicamba 75% dose were significant 

during both the years. The dicamba with adjuvant vs dicamba without adjuvant and 1% 

ammonium sulphate vs 2% ammonium sulphate were significant during the 1st and 2nd 

year, respectively. These results are in line with findings of Farid (2014) that Valent 470 

EW @ 1000 ml ha-1 + bio-enhancer @ 400 ml ha-1 (alkyl ether sulfate) significantly 

affected the plant height of forage sorghum over recomended dose of valent 470 EW and 

weedy check. Khan et al . (2002) also reported similar results in maize (Zea mays L.). 

 

4.3.9. Stem diameter (cm) of sorghum 

Stem diameter is an important yield component of forage crops which may be 

affected by several factors, one of them is weed control measures which ultimately may 

increase or decrease stem diameter by influencing weed crop competition. Year effect 

was significant on stem diameter of sorghum and it was 9.38 % higher during the 1st year 

and reason for having thicker stem may be due to the better growth during the first year 

(Table 4.3.13). The effect of parthenium management strategies on stem diameter of 

sorghum was significant during both the years and treatment T5 improved stem dimeter 

27.45 % in 2013 and 20.31 % in 2014 over the weedy check. During the first year 

treatment T5 (100 % dose of dicamba with 2% ammonium sulphate) remaining at a par 

with T4 (100 % dose of dicamba with 1% ammonium sulphate) produced significantly 

thicker stems than all other treatment, followed by the treatment T6, T7, T3, T2 and T1. The 

dicamba 75 % dose with 1 % or 2% ammonium sulphate (T6, T7) have statistically similar 

stem diameter. The differences among the T2, T3 and T7 were not significant.  
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Table.4.3.12 Effect of dicamba and adjuvant on plant height (cm) of sorghum at 

harvest at UAF. 

Treatments 
Plant height (cm) 

2013 2014 

T1= Weedy check   

 
234.45 d 224.31 d 

T2= Hoeing after 3 weeks of emergence 250.31 c 233.45 c 

T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1 254.19 bc 240.59 bc 

T4= Dicamba 100% dose + 1% ammonium sulphate 257.02 ab 247.56 ab 

T5= Dicamba 100% dose + 2% ammonium sulphate 261.50 a 254.06 a 

T6= Dicamba 75% dose + 1% ammonium  sulphate 252.69 bc 234.92 c 

T7= Dicamba 75% dose + 2% ammonium  sulphate 253.69 bc 242.42 b 

HSD 4.60 7.46 

Year 251.98 A 

 
239.62   B 

HSD 1.74 

Contrasts 

Weedy check vs all 234.45 vs 254.9 ** 224.31 vs 242.16** 

Hoeing vs chemical control 250.31 vs 255.82** 233.45 vs 243.91 * 

Dicamba 100% dose vs Dicamba 75% dose 257.57 vs 253.19** 247.40 vs 238.67 * 

Dicamba with adjuvant vs dicamba without 

adjuvant  
256.23 vs 254.19 * 244.74 vs 240.59NS 

1% ammonium sulphate vs 2% ammonium 

sulphate 
254.86 vs 257.6 NS 241.24 vs 248.24 * 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honestly significant difference (HSD) test  at p < 0.05; 
 ** indicates significant at 

p ≤ 0.01
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Table. 4.3.13 Effect of dicamba and adjuvant on stem diameter (cm) of sorghum at 

harvest at UAF. 

Treatments 
Stem diameter (cm) 

2013 2014 

T1= Weedy check 

 
0.765 e 0.699 d 

T2= Hoeing after 3 weeks of emergence 0.822 de 0.794 c 

T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1 0.850 cd 0.812 abc 

T4= Dicamba 100% dose + 1% ammonium sulphate 0.947 ab 0.831 ab 

T5= Dicamba 100% dose + 2% ammonium sulphate 0.975 a 0.841 a 

T6= Dicamba 75% dose + 1% ammonium  sulphate 0.890 bc 0.805 bc 

T7= Dicamba 75% dose + 2% ammonium  sulphate 0.875 cd 0.821 abc 

HSD 0.063 0.031 

Year 0.875 A 

 
0.800 B 

HSD 0.018 

Contrasts 

Weedy check vs all 0.77 vs 0.89** 0.7 vs 0.82** 

Hoeing vs chemical control 0.82 vs 0.91** 0.79 vs 0.82 NS 

Dicamba 100% dose vs Dicamba 75% dose 0.92 vs 0.88** 0.83 vs 0.81 NS 

Dicamba with adjuvant vs dicamba without 

adjuvant  
0.921 vs 0.85NS 0.82 vs 0.81 NS 

1% ammonium sulphate vs 2% ammonium 

sulphate 
0.92 vs 0.92 NS 0.82 vs 0.83 NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honestly significant difference (HSD) test  at p < 0.05; 
 ** indicates significant at 

p ≤ 0.01
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Almost similar trend was observed during the second year except T2 produced 

significantly thicker stem than T1 in the year 2014, while in the year 2013 the differences 

between these two treatments were not significant. The treatments T3, T4, T5 and T7 have 

statistically similar stem diameter in the year 2014. The sorghum stem diameter increased 

20.78%, 15.42% and 18.45 %, 17.45% with overall the application of dicamba 100 % 

dose and dicamba 75 % dose during the 1st and 2nd year, respectively. Contrast analysis 

showed that contrast between weedy check vs all were significant during both the years, 

hoeing vs chemical control and  dicamba 100% dose vs dicamba 75% dose were 

significant during 2013 only. Application of full dose of dicamba with 2 % ammonium 

sulphate adjuvant controlled the parthenium effectively and reduced the interspecies 

competition for nutrients, water and space and allowed the sorghum plant to grow and 

established better with more stem diameter. Orson et al. (1998) also reported that wheat 

plant have more stem diameter when weeds were controlled by chemicals as compared to 

mechanical and weedy check treatments.  

 

4.3.10. Number of leaves per plant of sorghum 

Number of leaves per plant is an important yield determining component of fodder 

crops and higher leaves to stem ratio is an important indicator of high quality fodder. Data 

relevant to number of leaves of sorghum plant as affected by different parthenium 

management practices presented in table 4.3.14 showed that sorghum produced 

significantly higher number of leaves per plant in the year 2013 than 2014. The treatments 

significantly affected the number of leaves per plant of sorghum during both the years of 

studies. During the 1st year the the dicamba 100 % dose + 2 % ammonium sulphate (T5) 

did not differ significantly from dicamba 100 % dose + 1 % ammonium sulphate (T4) but 

produced statistically more number of leaves per plant than all other treatment T1, T2, T3, 

T6 and T7). The weedy check (T1) produced significantly less number of leaves per plant. 

The trend was almost similar during the 2nd year. The maximum and minimum values for 

leaves number were again recorded for the same treatments while the differences between 

T4 and T5 were significant and between T6 and T7 were not significant in the year 2014. 

Maximum percent increase (25.26 % in 2013 and 35.17% in 2014) in leaf area per plant 

was shown by treatment T5 (dicamba 100 % dose + 2 % ammonium sulphate) over the 

weedy check. Contrast of weedy check vs all and dicamba 100% dose vs dicamba 75% 

dose were significant during both the year while hoeing vs chemical control and 1% 

ammonium sulphate vs 2% ammonium sulphate were found  
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Table 4.3.14 Effect of dicamba and adjuvant on number of leaves per plant of 

sorghum at UAF. 

Treatments 
Number of leaves plant-1 

2013 2014 

T1= Weedy check 

 
9.46 e 8.72 d 

T2=  Hoeing after 3 weeks of emergence 
10.42 d 9.72 c 

T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1 10.87 cd 10.15 bc 

T4= Dicamba 100% dose + 1% ammonium sulphate 11.50 ab 10.72 b 

T5= Dicamba 100% dose + 2% ammonium sulphate 
11.85 a 11.80 a 

T6= Dicamba 75% dose + 1% ammonium  sulphate 10.60 d 9.62 c 

T7= Dicamba 75% dose + 2% ammonium  sulphate 11.10 bc 10.07 bc 

HSD 0.486 0.895 

Year 10.83  A 10.12   B 

HSD 0.177 

Contrasts 

Weedy check vs all 9.46 vs 11.05** 8.72 vs 10.34* 

Hoeing vs chemical control 10.42 vs 11.18** 9.72 vs10.47NS 

Dicamba 100% dose vs Dicamba 75% dose 11.40 vs 10.85** 10.89 vs9.84 * 

Dicamba with adjuvant vs dicamba without 

adjuvant  
11.26 vs10.87 NS 10.55 vs 10.15 NS 

1% ammonium sulphate vs 2% ammonium sulphate 11.05 vs 11.47** 10.17 vs 10.93NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honestly significant difference (HSD) test  at p < 0.05; 
 ** indicates significant at 

p ≤ 0.01
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significant only during 2013. More number of leaves per plant in dicamba full dose and 2 

% ammonium sulphate combination treatment was due to more availability of resources 

due to more mortality of parthenium plants because ammonium sulphate resulted more 

aborption of dicamba. These findings are in line with the investigation of Bradley et al. 

(2000 )  who reported that glyphosate @ 0.43 Kg a.i ha-1 with ammonium sulphate as an 

adjuvant resulted in better control of weeds in sorghum and increased number of leaves 

per plants over alone and weedy check. Madukwe et al. (2012) also reported more 

number of leaves per plant in sorghum when chemical weed control was applied over non 

chemical and weedy check. 

  

4.3.11. Leaf area per plant (cm) of sorghum  

Leaf area is a measure of assimilatory system of the plant and is a product of leaf 

length and breadth. The data presented in table 4.3.15 indicated that year effect was 

significant and the leaf area per plant was higher in the year 2013 than in the year 2014. 

These differences can be attributed to more number of leaves per plant during 1st year 

than 2nd year. Leaf area per plant was influenced significantly by different parthenium 

management strategies in both years (2013-2014). The dicamba 100 % dose + 2 % 

ammonium sulphate (T5) gave significantly higher leaf area per plant than all other 

parthenium management strategies, followed by dicamba 100% dose + 1% ammonium 

sulphate. Dicamba 75% dose + 1% or 2% ammonium  sulphate (T6, T7) and dicamba 100 

% dose (T3) produced statistically similar leaf area per plant. Weedy check (T1) resulted 

in lowest leaf area per plant of sorghum. During the year 2014 maximum and minimum 

leaf area per plant was again recorded in treatment T5 and T1, respectively. The treatment 

T3 did not differ significantly from T2 and T4 in the year 2014, while in the year 2013 

these treatments differed significantly from each other on and other.the treatment T3, T6, 

T7 have statisticallysimilar leaf area per plant during both the years (2013 and 2014) 

Maximum percent increase (1.94 % in 2013and 2.30 % in 2014) in leaf area per plant was 

shown by treatmen T5 (dicamba 100 % dose + 2 % ammonium sulphate) over the weedy 

check. 

All the contrast combinations in both years were significantly except dicamba 

with adjuvant vs without adjuvant was not significant in 2014.  Better control of 

parthenium by the application of 100 % dicamba dose with 2 % ammonium sulphate 

decreased the competition and better utilization of resources from soil and environment  
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Table.4.3.15 Effect of dicamba and adjuvant on leaf area per plant (cm) of sorghum 

at UAF.  

Treatments 
Leaf area per plant (cm) 

2013 2014 

T1= Weedy check  3014.2 e 2973.3 e 

T2=  Hoeing after 3 weeks of emergence 3039.6 d 2991.8 d 

T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1 3047.6 c 3007.1 bcd 

T4= Dicamba 100% dose + 1% ammonium sulphate 3060.1 b 3024.1 b 

T5= Dicamba 100% dose + 2% ammonium sulphate 3072.6 a 3041.8 a 

T6= Dicamba 75% dose + 1% ammonium  sulphate 3045.9 cd 3002.0 cd 

T7= Dicamba 75% dose + 2% ammonium  sulphate 3048.7 c 3011.7 bc 

HSD 7.20 17.27 

Year 3047.0 A 3007.4 B 

HSD 3.23 

Contrasts 

Weedy check vs all 3014.2 vs 3052.42** 2973.3 vs 3013.08** 

Hoeing vs chemical control 3039.6 vs 3054.98** 2991.8 vs 3017.34 ** 

Dicamba 100% dose vs Dicamba 75% dose 3060.1 vs 3047.3** 3024.33 vs 3006.85 ** 

Dicamba with adjuvant vs dicamba without 

adjuvant  
3056.83 vs 3047.6** 3019.9 vs 3007.1 NS 

1% ammonium sulphate vs 2% ammonium 

sulphate 
3053 vs 3060.65** 3013.05 vs 3026.75** 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honestly significant difference (HSD) test  at p < 0.05; 
 ** indicates significant at 

p ≤ 0.01
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resulted in better development of leaves as compare to other treatment where parthenium 

control was inefficient. These investigations are in conformity with findings of Khaliq et 

al. (1999) who reported that leaf area per plant of sorghum was highest when weeds were 

controlled by pendimethline as compared to allelechemical control and weedy check 

treatments. Chattha et al. (2007) also observed maximum leaf area per plant of cowpea in 

chemical weed control treatment. Hassan et al. (2010) investigated that leaf area per plant 

of maize (Zea mays L.) was maximum with full dose of atrazine and stomp over reduced 

dose and weedy check. 

4.3.12. Leaf to stem ratio of sorghum on dry weight basis 

Data regarding effect of parthenium management by dicamba and adjuvant on leaf 

to stem ratio of sorghum given in table 4.3.16 revealed that years effect was not 

significant so both years data was combined to get the average means of two years.  The 

treatments significantly affected the leaf to stem ratio of sorghum. Application of dicamba 

100% dose with 2% ammonium sulphate and  dicamba 100% dose with 1% ammonium 

sulphate have statistically similar leaf to stem ratio but produced significantly higher leaf 

to stem ratio than all other treatments. These treatments were follower by dicamba 75 % 

dose with 2 % ammonium sulphate treatment.  The treatment T2 (hoeing after 3 weeks of 

emergence) did not differ significantly from weedy check (T1) and dicamba 75 % dose + 

1% ammonium sulphate (T6). Overall increase in leaf to stem ratio of sorghum was 48.20 

% and 16.76 % for dicamba 100 % dose over weedy check and dicamba 75 % dose, 

respectively. All contrast combinations i.e. weedy check vs all, hoeing vs chemical 

control, dicamba 100% dose vs dicamba 75% dose, dicamba with adjuvant vs dicamba 

without adjuvant, dicamba with adjuvant vs dicamba without adjuvant were significant. 

Highest leaf to stem ratio of plots where full dose of dicamba with 2% ammonium 

sulphate adjuvant was applied can be attributed to better weed control that resulted in 

better chances for sorghum plant to develop and leaves to expand. These results are 

parallel with the findings of Mohammed (2013) who reported that leaf to stem ratio of 

butterfly pea was highest when crop was kept weed free for most of the time during crop 

season over the weedy plots.  

4.3.13. Fresh fodder yield (tons ha-1) of sorghum  

Fresh fodder yield is the cumulative result of all yield components of fodder crops 

and yield in forage crops is generally increased by extending the period before harvest. 

The data regarding fresh fodder yield (tons ha-1) of sorghum as affected by different 
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Table.4.3.16 Effect of dicamba and adjuvant on leaf to stem ratio of sorghum at 

UAF.  

Treatments 

Leaf to stem ratio 

Average means on 

2013 and 2014 

T1= Weedy check  0.222 e 

T2= Hoeing after 3 weeks of emergence 0.241 de 

T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1 0.275 c 

T4= Dicamba 100% dose + 1% ammonium sulphate 0.346 a 

T5= Dicamba 100% dose + 2% ammonium sulphate 0.365 a 

T6= Dicamba 75% dose + 1% ammonium  sulphate 0.255 cd 

T7= Dicamba 75% dose + 2% ammonium  sulphate 0.309 b 

HSD 0.032 

Year NS 

Contrasts 

Weedy check vs all 0.22 vs 0.30** 

Hoeing vs chemical control 0.24 vs 0.31** 

Dicamba 100% dose vs Dicamba 75% dose 0.33 vs 0.28** 

Dicamba with adjuvant vs dicamba without adjuvant  0.32 vs 0.27** 

1% ammonium sulphate vs 2% ammonium sulphate 0.30 vs 0.34** 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honestly significant difference (HSD) test  at p < 0.05; 
 ** indicates significant at p 

≤ 0.01 
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parthenium management practices given in table 4.3.17 showed that years significantly 

affected fresh fodder yield of sorghum. The yield was 5.43 % higher in the 1st year of 

studies than in the 2nd year. The better environmental conditions may be the cause of 

these differences or the better growth of parthenium weed during second year may be the 

cause of less yield. Fresh fodder yield was significantly influenced by the treatments used 

to control parthenium during both the year (2013 and 2014). It was observed that 

treatments which efficiently controlled the parthenium produced more fresh yield of 

sorghum and where the weed control was poor, fresh yield decreased and efficient weed 

control was shown by application of dicamba 100% dose + 2% ammonium sulphate 

which produced maximum fresh yield in both the years. During the year 2013 the 

differences between T3, T6 and T4, T7 could not reach to a significant level. During 2014  

the differences between dicamba 100% dose + 1% ammonium sulphate (T4)  and dicamba 

100% dose + 2% ammonium sulphate (T5) were not significant while in the year 2013 T5 

resulted in significantly higher forage yield than T4. The dicamba 75 % dose either 1 % or 

2 % ammonium sulphate (T6, T7), dicamba 100% dose + 1% ammonium sulphate (T4) 

and dicamba 100% dose (T3) produced statistically similar fresh fodder yield during the 

year 2014. The differences between T2 and T3 also could not reach to a significant level in 

the second year. Minimum fresh fodder yield was recorded in treatment where weed 

control was not carried out and weed density was maximum in both the years (T1). T5 

treatment increased fresh fodder yield 25.68 % and 27.09 % in 2013 and 2014, 

respectively over the weedy check. Minimum increase of 11.93 % in 2013 and 10.66 % in 

2014 was observed in treatment T2 (hoeing after 3 weeks of emergence) over weedy 

check. The use of dicamba over all increased fresh fodder yield 19.14 % in 2013 and 

19.15 % in 2014 over weedy check. Statistical analysis also showed that contrast of 

weedy check vs all, hoeing vs chemical control, dicamba 100% dose vs dicamba 75% 

dose, dicamba with adjuvant vs dicamba without adjuvant, 1% ammonium sulphate vs 

2% ammonium sulphate were significant in 2013 and only two contrast i.e. weedy check 

vs all, hoeing vs chemical control in 2014 were found to be significant. Fresh fodder yield 

is the result of all growth and yield contributing components. More fresh fodder yield in 

treatment where parthenium was controlled efficiently by dicamba and adjuvant 

combination resulted in less competition for the same resources throughout growth period 

and ultimately good performance of all yield components resulted in good yield while in 

other treatments inefficient weed control and in weedy check no weed control allowed the 

parthenium to exploit the resources and ultimately reduced sorghum fodder yield. These 
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findings are in line with those of Chattha et al. (2007) who reported 40 % increase in cow 

pea fresh biomass when weeds were controlled by chemical +  hand weeding over alone 

herbicide or hand hoeing and weedy check. Munsif et al. (2009), Khan et al. (2014) and 

Mahadi (2014) also reported increase in biological yield of maize (Zea mays L.) in 

response to chemical weed control (post emergence application) over the control (weedy 

check). Idziak et al. (2013) obtained the highest fresh fodder yield of sorghum when 

mesotrione was applied in combination with methylated seed oil and urea ammonium 

nitrate than the other treatments. 

4.3.14 Dry matter yield (tons ha-1) of sorghum  

Data relevant to dry matter production as affected by different parthenium 

management strategies including dicamba with ammonium sulphate as an adjuvant shown 

in table 4.3.18 revealed that year effect was significant and yield was 7.42 % higher 

during the 1st year than the second year. In the year 2013 all treatments differed 

significantly from one another except T3 (dicamba 100% dose) and T6 (dicamba 75% 

dose + 1% ammonium sulphate) which produced statistically similar dry matter yield. The 

maximum and minimum dry matter yield was recorded in plots where dicamba 100% 

dose + 2% ammonium sulphate (T5) was applied and weedy check, respectively. During 

the second year treatment T5 and T1 again produced the maximum and minimum dry 

matter yield, respectvely. The differences between T4 and T5 were not significant in 2nd 

year. The weedy check (T1) also did not differ significantly from hoeing after 3 weeks of 

emergence (T2). The treatment T3, T4, T6 and T7 produced statistically similar dry matter 

yield. T5 treatment increased dry matter yield 46.51 % and 39.18 % in 2013 and 2014, 

respectively over the weedy check. All contrast conbination were significant in 2013 and 

only weedy check vs all and hoeing vs chemical control were significant during 2014 and 

all other were non significant. Increase in dry matter yield in dicamba and adjuvant 

treated plots can be attributed to more accumulation of synthates in plant body due to lack 

of competition and efficient utilization of nutrients, water and other resources. Amiri et 

al. (2013) observed the maximum dry matter yield of sainfoin (Onobrychis sativa) 

legume forage when imazethapyr (75g a.i.ha-1) in combination with adjuvant (ammonium 

sulfate) and imazethapyr (100g a.i.ha-1) alone was applied for the weed control than the 

other treatments. Farid (2014) obtained maximum dry weight of sorghum plant when 

mixture of valent 470 EW @ 1125 ml ha-1 and bio-enhancer @ 400 ml ha-1 was applied 

for weeds control over all other treatments. Mahadi (2014) obtained the highest total dry  
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Table. 4.3.17 Effect of dicamba and adjuvant on fresh fodder yield (tons ha-1) of 

sorghum at UAF.  

Treatments 
Fresh fodder yield (tons ha-1) 

2013 2014 

T1= Weedy check 50.51 e 47.99 d 

T2= Hoeing after 3 weeks of emergence    56.54 d 53.11 c 

T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1 58.78 c 55.43 bc 

T4= Dicamba 100% dose + 1% ammonium sulphate 60.31 b 58.34 ab 

T5= Dicamba 100% dose + 2% ammonium sulphate 63.48 a 60.99 a 

T6= Dicamba 75% dose + 1% ammonium  sulphate 58.19 c 54.77 bc 

T7= Dicamba 75% dose + 2% ammonium  sulphate 60.16 b 56.37 bc 

HSD 1.31 4.31 

Year 58.28  A 

 
55.28   B 

HSD 0.91 

Contrasts 

Weedy check vs all 50.51 vs 59.58** 47.99 vs 56.50** 

Hoeing vs chemical control 56.54 vs 60.18** 53.11 vs 57.18** 

Dicamba 100% dose vs Dicamba 75% dose 60.85 vs 59.18** 58.25 vs 55.57 NS 

Dicamba with adjuvant vs dicamba without adjuvant  60.53 vs 58.78** 57.61 vs 55.43 NS 

1% ammonium sulphate vs 2% ammonium sulphate 59.25 vs 61.82** 56.55 vs 58.68 NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honestly significant difference (HSD) test  at p < 0.05; 
 ** indicates significant at 

p ≤ 0.01. 
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matter of maize (Zea mays L.) when Atrazine + Metolachlor at 2.6 kg a.i ha-1 was applied 

to control the weeds as compared to other treatments.  

4.3.15. Dry matter contents (%) of sorghum  

The effect of parthenium management strategies on dry matter content (%) of 

sorghum was significant in both years (Table 4.3.19). Years effect on dry matter % age 

was also significant. The dry matter % was 1.88 % higher during the 1st year than the 2nd 

year. The reason for having high dry matter % age during 1st year can be attributed to 

high rainfall and less weed growth which might have resulted less competition for water. 

The effect of different parthenium management treatments on dry matter percentage of 

sorghum was significant during both the years (2013, 2014). The reason In the year 2013 

dicamba 100% dose with 2% ammonium sulphate (T5) gave significantly higher dry 

matter % age than all other treatments. The treatment weedy check produced the lowest 

dry matter % contents. The differences between dicamba 100% and dicamba 75% dose 

+1 % ammonium sulphate were not significant. The differences between T6 and T3 were 

not significant during the year 2013. The maximum and minimum dry matter values were 

again recorded for treatments T5 and T1, respectively in 2014. All treatment except T1 

have statistically same dry matter % during 2nd year. The differences among the weedy 

check (T1), hoeing after 3 weeks of emergence (T2), dicamba 100% dose (T3), dicamba 

75%  dose +1 % ammonium sulphate (T6) and dicamba 75% dose +2 % ammonium 

sulphate (T7) also were not signficant. High dry matter contents with dicamba 100 % dose 

+ 2% ammonium sulphate  treated plots seem to be due to minimum weed crop 

competition. These research findings are in line with those of Mahadi ( 2014 ) who also 

investigated that herbicide have significant effect on dry matter of Zea mays L. and 

maximum dry matter was recorded when maize (Zea mays L.) was treated with atrazine + 

metolachlor @ 2.6 kg a.i ha-1. Ford and Pleasant (1994) also observed similar results in 

corn.  All the contrast combination during 2013 were found to be significant while weedy 

check vs all, hoeing vs chemical control were significant during 2014 and other contrast 

were not significant. 

4.3.16. Neutral detergent fiber (%) and acid detergent fiber (%) of sorghum  

Data pertaining to effect of parthenium management strategies on neutral 

detergent fibers of sorghum given in table 4.3.20 showed significant difference on NDF 

contents of sorghum among the treatments. Data regarding NDF (Table 4.3.20) showed 

that year effect was not significant so two years average mean data was presented.  
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Table.4.3.18 Effect of dicamba and adjuvant on dry matter yield (tons ha-1) of 

sorghum at UAF. 

Treatments 
Dry matter yield (tons ha-1) 

2013 2014 

T1= Weedy check 11.89 e 11.41 d 

T2= Hoeing after 3 weeks of emergence 
14.13 d 12.81 cd 

T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1 
14.97 c 13.92 bc 

T4= Dicamba 100% dose + 1% ammonium sulphate 
15.76 b 15.09 ab 

T5= Dicamba 100% dose + 2% ammonium sulphate 
17.42 a 15.88 a 

T6= Dicamba 75% dose + 1% ammonium  sulphate 
14.66 c 13.71 bc 

T7= Dicamba 75% dose + 2% ammonium  sulphate 
15.52 b 14.38 ab 

HSD 0.493 1.57 

Year 14.91 A 13.88 B 

HSD 0.332 

Contrasts 

Weedy check vs all 11.89 vs 15.41** 11.41 vs 14.30** 

Hoeing vs chemical control 14.13 vs 15.66** 12.81 vs 14.59* 

Dicamba 100% dose vs Dicamba 75% dose 16.05 vs 15.09** 14.96 vs 14.04 NS 

Dicamba with adjuvant vs dicamba without 

adjuvant  
15.84 vs 14.97** 14.76 vs 13.92 NS 

1% ammonium sulphate vs 2% ammonium 

sulphate 
15.21 vs 16.47** 14.4 vs 15.13 NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honestly significant difference (HSD) test  at p < 0.05; 
 ** indicates significant at p 

≤0.01.   
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Table.4.3.19 Effect of dicamba and adjuvant on dry matter contents (%) of sorghum 

at UAF. 

Treatments 
Dry matter (%) 

2013 2014 

T1= Weedy check 23.56 f 23.77 b 

T2= Hoeing after 3 weeks of emergence 25.00 e 24.11 ab 

T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1 25.50 cd 25.12 ab 

T4= Dicamba 100% dose + 1% ammonium sulphate 26.13 b 25.88 a 

T5= Dicamba 100% dose + 2% ammonium sulphate 27.44 a 26.01 a 

T6= Dicamba 75% dose + 1% ammonium  sulphate 25.25 de 25.01 ab 

T7= Dicamba 75% dose + 2% ammonium  sulphate 25.81 bc 25.51 ab 

HSD 0.477 1.975 

Year 25.52 A 25.05 B 

HSD 0.343 

Contrasts 

Weedy check vs all 23.56 vs 25.85** 23.77 vs 25.27NS 

Hoeing vs chemical control 25.00 vs 26.03** 24.11 vs 25.51NS 

Dicamba 100% dose vs Dicamba 75% dose 26.35 vs 25.53** 25.67 vs 25.26NS 

Dicamba with adjuvant vs dicamba without 

adjuvant  
26.16 vs 25.5** 25.6 vs 25.12 NS 

1% ammonium sulphate vs 2% ammonium 

sulphate 
25.69 vs 26.63** 25.45 vs 25.76NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honestly significant difference (HSD) test  at p < 0.05; 
 ** indicates significant at 

p ≤ 0.01
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Table.4.3.20 Effect of dicamba and adjuvant on neutral detergent fiber (%) of 

sorghum at UAF. 

Treatments 

Neutral detergent fiber 

(%) 

Average means of 2013 

and 2014 

T1= Weedy check 56.16 a 

 

T2= Hoeing after 3 weeks of emergence 54.50 b 

 

T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1 
53.52 bc 

T4= Dicamba 100% dose + 1% ammonium sulphate 
51.67 de 

T5= Dicamba 100% dose + 2% ammonium sulphate 
51.19 e 

T6= Dicamba 75% dose + 1% ammonium  sulphate 
54.14 b 

T7= Dicamba 75% dose + 2% ammonium  sulphate 
52.60 cd 

HSD 1.510 

Year NS 

Contrasts 

Weedy check vs all 
56.16 vs 52.93** 

Hoeing vs chemical control 
54.5 vs 52.62** 

Dicamba 100% dose vs Dicamba 75% dose 
52.12 vs 53.37** 

Dicamba with adjuvant vs dicamba without adjuvant  
52.4 vs 53.52** 

1% ammonium sulphate vs 2% ammonium sulphate 
52.90 vs 51.89** 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honestly significant difference (HSD) test  at p < 0.05; 
 ** indicates significant at 

p ≤ 0.01
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Maximum NDF value was observed in weedy check where no weed control practice 

was carried out and it was followed by hoeing after 3 weeks of emergence and dicamba 

75% dose + 1% ammonium sulphate treatments, these two treatments were statistically 

at a par with each other. The minimum NDF value was recorded in treatment where 

parthenium was controlled by the application of dicamba 100% dose + 2% ammonium 

sulphate (T5). The differences between dicamba 100% dose + 1% ammonium sulphate 

(T4) and dicamba 100 % dose +2 % ammonium sulphate (T5) were not significant. The 

treatment T5 decreased the neutral detergent fiber 8.90 %, 6.07 % and 4.55 % over 

weedy check (T1), hoeing 3 weeks after emergence (T2) and dicamba 100 % dose (T3), 

respectively. Data regarding ADF contents of sorghum presented in table 4.3.21 showed 

that year effect was significant. The ADF contents were 4 % higher in the 1st year than 

the second year. The difference in environmental conditions and growth stage at harvest 

may be the cause of these differences. Significant differences were observed among the 

treatments regarding ADF contents in both the years. During the 1st year the treatment 

T5 (dicamba 100% dose + 2% ammonium sulphate) remaining at par with T4 (dicamba 

100% dose + 1% ammonium sulphate) gave the minimum value of ADF. The treatment 

T1 (weedy check) gave maximum ADF value followed by T2 (hoeing after 3 weeks of 

emergence). Dicamba 75% dose + 1% or 2 % ammonium sulphate (T6, T7), dicamba 

100 % dose + 1% ammonium sulphate (T4) and dicamba 100 % dose (T3) produced 

statistically similar ADF contents. During the year 2014, the treatment T5 and T1 again 

gave the minimum and maximum ADF contents. The differences between T2 and T3 

were not significant in 2nd year, while T3 (dicamba 100 % dose) gave statistically lower 

ADF contents than T2 (hoeing after 3 weeks of emergence) in the 1st year. The use of 

dicamba 100 % dose + 2% ammonium sulphate (T5) decreased acid detergent fiber 8.92 

%, 6.36 % , 3.18 % in the year 2013 and 14.32 %, 10.58 % ,6.90 % in the year 2014 

over weedy check (T1), hoeing after 3 weeks of emergence (T2) and dicamba 100 % 

dose (T3), respectively.  Contrast analysis showed that weedy check vs all, hoeing vs 

chemical control, dicamba 100% dose vs dicamba 75% dose were significant during 

both the year while contrast 1% ammonium sulphate vs 2% ammonium sulphate was 

significant  only during 2014. These finding are parallel to the investigations of Temme 

et al. (1979) who reported that herbicide application improve the forage quality of 

Medicago sativa L. (alfalfa) by reducing the acid detergent and neutral detergent fiber 

contents but these results are also in line to those of Cosgrove and Barrett (1987). They 

observed that herbicide treatment have significantly improved the total forage yield and  
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Table.4.3.21 Effect of dicamba and adjuvant on acid detergent fiber (%) of sorghum 

at UAF. 

Treatments 
Acid detergent fiber (%) 

2013 2014 

T1= Weedy check 38.77 a 38.26 a 

 

T2= Hoeing after 3 weeks of emergence 
37.71 b 36.66 b 

T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1 36.47 c 35.21 bc 

T4= Dicamba 100% dose + 1% ammonium sulphate 
36.09 cd 33.51 cd 

T5= Dicamba 100% dose + 2% ammonium sulphate 
35.31 d 32.78 d 

T6= Dicamba 75% dose + 1% ammonium  sulphate 
36.68 c 36.34 b 

T7= Dicamba 75% dose + 2% ammonium  sulphate 
36.45c 34.48 c 

HSD 0.871 1.54 

Year 36.78 A 35.36 B 

HSD 0.214 

Contrasts  

Weedy check vs all 38.77 vs 36.45 ** 38.26 vs 34.83** 

Hoeing vs chemical control 37.71 vs 36.2** 36.66 vs 34.46 ** 

Dicamba 100% dose vs Dicamba 75% dose 35.95 vs 36.56 ** 33.83 vs 35.41 ** 

Dicamba with adjuvant vs dicamba without 

adjuvant  
36.13 vs 36.47 NS 34.27 vs 35.21 NS 

1% ammonium sulphate vs 2% ammonium 

sulphate 
36.38 vs 35.88 NS 34.92 vs 33.63*  

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honestly significant difference (HSD) test  at p < 0.05; 
 ** indicates significant at 

p ≤ 0.01. 
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4.3.22 Effect of dicamba and adjuvant on crude protein contents (%) of sorghum at 

UAF. 

Treatments 
Crude protein contents (%) 

2013 2014 

T1= Weedy check 

 
8.28 d 7.93 d 

T2= Hoeing after 3 weeks of emergence 
8.70 c 8.66 c 

T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1 
9.00 bc 9.08 bc 

T4= Dicamba 100% dose + 1% ammonium sulphate 
9.67 a 9.25 b 

T5= Dicamba 100% dose + 2% ammonium sulphate 
9.81 a 9.74 a 

T6= Dicamba 75% dose + 1% ammonium  sulphate 
8.89 c 8.97 bc 

T7= Dicamba 75% dose + 2% ammonium  sulphate 
9.25 b 9.21 b 

HSD 0.31 0.44 

Year 9.09  A 8.98 B 

HSD 0.103 

Contrasts 

Weedy check vs all 8.28 vs 9.22** 7.93 vs 9.15** 

Hoeing vs chemical control 8.7 vs 9.32** 8.66 vs 9.25** 

Dicamba 100% dose vs Dicamba 75% dose 9.49 vs 9.07 ** 9.35 vs 9.09* 

Dicamba with adjuvant vs dicamba without 

adjuvant  
9.40 vs 9.00 ** 9.29 vs 9.08 NS 

1% ammonium sulphate vs 2% ammonium sulphate 9.28 vs 9.53 NS 9.11 vs 9.47NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honestly significant difference (HSD) test  at p < 0.05; 
 ** indicates significant at 

p ≤ 0.01.
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quality of alfalfa.  

4.3.17. Crude protein contents (%) of sorghum  

The sorghum crude protein contents were affected significantly by different parthenium 

management practices (Table 4.3.22). The crude protein contents were higher in the year 

2013 than in the year 2014. During the year 2013 the dicamba 100 % dose  + 1% 

ammonium sulphate (T4) and dicamba 100% dose + 2% ammonium sulphate did not 

differed significantly from each other but produced significantly higher crude protein % 

than all other treatments. The remaining treatments T2, T3, T6 and T7 gave significantly 

higher crude protein % contents than weedy check (T1). The differences among T2, T3 and 

T6 could not reach to a significant level. During the second year (2014) almost similar 

trend was observed. Dicamba 100% dose + 2% ammonium sulphate (T5) gave 

significantly higher crude protein than all other treatments. The T3, T4, T6 and T7 have 

statistically similar crude protein contents. The weedy check in both years gave 

significantly lower crude protein contents than the remaining treatments. Maximum 

increase 18.47 % and 12.76 % in crude protein contents of sorghum over weedy check 

was observed with the use of dicamba 100 % dose + 2 % ammonium sulphate (T5) during 

the year 2013 and 2014, respectively and increase over hoeing after 3 weeks of 

emergence (T2) was 12.76 % and 11.08 % during the 1st and 2nd year, respectively.  

Contrast analysis showed that during 2013 all contrast combinations except contast 

between 1% ammonium sulphate vs 2% ammonium sulphate was not significant while in 

2014 contrast between weedy check vs all, hoeing vs chemical control, dicamba 100% 

dose vs dicamba 75% dose were found significant and other two were non significant. 

Increase in crude protein contents of forage sorghum due to different parthenium 

management practices over weedy check can be attributed to efficient control of resource 

competing agents i.e weeds and the sorghum plant utilized the major part of nitrogen from 

soil. These investigations are in line with the findings of McCordic et al. (2008) and 

Temme et al. (1979) who reported an increase in crude protein of herbicide treated alfalfa 

forage as compared to untreated.   

4.3.18. Total ash contents (%) of sorghum  

The data relating to the effect of parthenium management strategies on ash 

contents of sorghum given in table 4.3.23 showed that year effect was significant and the 

contents during the 1st year may be due to soil contamination (The crop was logged 

during first year so the chances of soil contamination were there) or the soil conditions  
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Table 4.3.23. Effect of dicamba and adjuvant on total ash contents (%) of sorghum 

at UAF. 

Treatments   
   

 

Total ash contents (%) 

2013 2014 

T1= Weedy check 13.50 d 
12.05 e 

 

T2= Hoeing after 3 weeks of emergence 
14.36 c 13.00 d 

T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1 
14.41 c 13.50 bc 

T4= Dicamba 100% dose + 1% ammonium sulphate 
15.21 ab 14.10 a 

T5= Dicamba 100% dose + 2% ammonium sulphate 
15.56 a 14.17 a 

T6= Dicamba 75% dose + 1% ammonium  sulphate 
14.56 bc 13.14 cd 

T7= Dicamba 75% dose + 2% ammonium  sulphate 
14.68 bc 13.63 b 

HSD 0.746 0.461 

Year 14.62 A 13.37 B 

HSD 0.169 

Contrasts 

Weedy check vs all 13.5 vs 14.79* 12.05 vs 13.59** 

Hoeing vs chemical control 14.36 vs 14.88* 13.0 vs 13.7 ** 

Dicamba 100% dose vs Dicamba 75% dose 15.06 vs 14.62NS 13.92 vs 13.38** 

Dicamba with adjuvant vs dicamba without 

adjuvant  
15.00 vs 14.41 * 13.76 vs 13.50 NS 

1% ammonium sulphate vs 2% ammonium sulphate 14.88 vs 15.12* 13.62 vs 13.9 NS 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honestly significant difference (HSD) test  at p < 0.05; 
 ** indicates significant at 

p ≤ 0.01.
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would have been better for root development during 1st year. The effect of treatments on 

ash contents of sorghum was significant during both the years. The treatment T5 (dicamba 

100% dose + 2% ammonium sulphate) remaining at par with T4 (dicamba 100% dose + 

1% ammonium sulphate) produced highest ash contents and weedy check gave the 

minimum ash contents in both the years. During the 1st year the treatments T2 , T3, T6 and 

T7 have statistically similar ash contents. The treatment T3 gave significantly higher ash 

contents than T2 during the year 2014, while in the year 2013 the differences 

betweenthese two treatments were not significant. The treatment hoeing after 3 weeks of 

emergence increased ash contents 6.37 % and 7.31 % over weedy check (T1) during the 

year 2013 and 2014, respectively. The treatment T5 increased ash contents 21.53 % and 

8.36 % over T1 and T2, respectively during the year 2013 and increase during 2nd year was 

17.59 % and 9.0 % for treatment T5 over weedy check (T1) and hoeing after 3 weeks of 

emergence, respectively. During 2013 contrast comparison weedy check vs all, hoeing vs 

chemical control, dicamba with adjuvant vs dicamba without adjuvant and 1% 

ammonium sulphate vs 2% ammonium sulphate were significant and in 2014 weedy 

check vs all, hoeing vs chemical control, dicamba 100% dose vs dicamba 75% dose were 

significant and remaining were not significant.  

Increase in ash contents of forage sorghum may be due to better uptake of macro 

and micro nutrients in treated plots that controlled the parthenium efficiently and reduced 

the uptake of nutrients by parthenium. These results confirm the finding of Glaspie et al. 

(2011) who reported that application of glyphosate in glyphosate resistant alfalfa 

increased the ash contents of alfalfa and improved its quality. 

4.3.19. Ether extractable fat (%) of sorghum  

Ether extractable fat percentage was not affected significantly by parthenium 

management strategies during both the years (Table 4.3.24).  The year effect on ether 

extractable fat % was significant and it was 8.85 % higher in the 1st year than in the 2nd 

year of studies. Variation in the environmental conditions may have been the cause of 

these differences. 
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Table. 4.3.24. Effect of dicamba and adjuvant on ether extractable fat contents (%) 

of sorghum at UAF. 

Treatments   

 

Ether extractable fat contents 

(%) 

2013 2014 

T1= Weedy check 2.82 
2.51 

 

T2= Hoeing after 3 weeks of emergence 2.83 2.61 

T3= Dicamba 100% dose. @ 304.5 g a.i. ha-1 2.82 2.62 

T4= Dicamba 100% dose + 1% ammonium sulphate 2.89 2.62 

T5= Dicamba 100% dose + 2% ammonium sulphate 2.84 2.61 

T6= Dicamba 75% dose + 1% ammonium  sulphate 2.78 2.60 

T7= Dicamba 75% dose + 2% ammonium  sulphate 2.84 2.61 

HSD NS 

Year 2.83 A 

 
2.60 B 

HSD 0.0395 

 

Means followed by the same letter in a column did not differ significantly according to 

Tukey's honestly significant difference (HSD) test  at p < 0.05; 
 ** indicates significant at 

p ≤ 0.01 
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4.3.20. Economic analysis 

Ultimate objective of our research is to maximize the profit of the farmers because 

they are the final adopter of any research. So it is obvious to present economic analysis of 

the experiments to show the effect of treatments. Economic analysis are presented in 

different ways (net benefit, benefit cost ratio and marginal analysis) which are discussed 

separately. 

4.3.20.1. Net benefit. 

Different treatments differed in their net benefit (Table 4.3.25). Maximum net 

benefit (Rs.59366.4 in 2013 and Rs. 62213.3 in 2014) was calculated in treatment where 

dicamba 100 % dose with 2 % ammonium sulphate (T5) was sprayed to control the 

parthenium weed, followed by dicamba 100 % dose with 1 % ammonium sulphate (T4). 

Treatment T7, T3, T6 and T2 ranked as 3rd, 4th, 5th and 6th on the basis of net benefit. 

4.3.20.2. Benefit cost ratio 

Parthenium management strategies also varied in their benefit cost ratio (Table 

4.3.25) and net benefit. Maximum benefit cost ratio was calculated in treatment T5 

(dicamba 100 % dose with 2 % ammonium sulphate) with BCR value of 3.47 in 2013 and 

3.57 in 2014, followed by  T4 (dicamba 100 % dose with 1 % ammonium sulphate) and 

lowest BCR  1.36 in 2013 and 0.83 in 2014 was recorded in T2 ( hoeing after 3 weeks of 

emergence)  

4.3.20.3. Marginal return. 

Marginal analysis is very important to decide the profitability of the applied 

inputs. Parthenium management also differed in their MRR % values (Table 4.3.26) and 

maximum MRR % 346.93 in 2013 and 356.66 % in 2014 was calculated where dicamba 

100 % dose with 2 % ammonium sulphate (T5) was applied to control the parthenium. 

Treatment T4 and T2 stood as second treatment 84.62 in 2013 and 310.32 in 2014. The 

lowest MRR % (136.38 % in 2013 and 82.61 % in 2014) was recorded where parthenium 

was controlled by hoeing after 3 weeks of emergence (T2). 
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Table 4.3.25. Effect of P. hysterophorus management strategies on economic returns during year 2013 and 2014 at UAF at 

UAF. 

 

Treatments 

Gross income 

(Rs. ha-1) 

Total variable 

Cost (Rs. ha-1) 

Net benefits      

(Rs. ha-1) 

Benefit over 

weedy check 
Benefit cost ratio 

2013 2014 2013 2014 2013 2014 2013 2014 2013 2014 

Weedy check 49499.8 51349.3 - - 49499.8 51349.3 - - - - 

Hoeing after 3 weeks of emergence 
55409.2 56827.7 2500 3000 52909.2 53827.7 3409.4 2478.4 1.36 0.83 

Dicamba 100% dose. @ 304.5 g a.i. ha-1 
57604.4 59310.1 2150 2352 55454.4 56958.1 5954.6 5608.8 2.77 2.38 

Dicamba 100% dose + 1% ammonium 

sulphate 59103.8 62423.8 2497 2699 56606.8 59724.8 7107 8375.5 2.85 3.10 

Dicamba 100% dose + 2% ammonium 

sulphate 62210.4 65259.3 2844 3046 59366.4 62213.3 9866.6 10864 3.47 3.57 

Dicamba 75% dose + 1% ammonium  

sulphate 57026.2 58603.9 2147 2317 54879.2 56286.9 5379.4 4937.6 2.51 2.13 

Dicamba 75% dose + 2% ammonium  

sulphate 58956.8 60315.9 2494 2664 56462.8 57651.9 6963 6302.6 2.79 2.37 
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Table 4.3.26.  Marginal analysis of different parthenium management strategies during year 2013 and 2014 at UAF. 

 

Treatments 

Cost that vary (Rs. 

ha-1) 
Net benefits (Rs. ha-1) 

Marginal net 

benefit 

(Rs.ha-1) 

MRR (%) 

2013 2014 2013 2014 2013 2014 2013 2014 

Weedy check - - 49499.8 51349.3 - - - - 

 Hoeing after 3 weeks of emergence 
2500 3000 52909.2 53827.7 3409.4 2478.4 136.38 82.61 

 Dicamba 100% dose. @ 304.5 g a.i. ha-1 
2150 2352 55454.4 56958.1 5954.6 5608.8 276.96 238.47 

Dicamba 100% dose + 1% ammonium sulphate 
2497 2699 56606.8 59724.8 7107 8375.5 284.62 310.32 

Dicamba 100% dose + 2% ammonium sulphate 
2844 3046 59366.4 62213.3 9866.6 10864 346.93 356.66 

Dicamba 75% dose + 1% ammonium  sulphate 
2147 2317 54879.2 56286.9 5379.4 4937.6 250.55 213.10 

Dicamba 75% dose + 2% ammonium  sulphate 
2494 2664 56462.8 57651.9 6963 6302.6 279.19 236.58 

Price of sorghum fodder (Rs. = rupees): Rs.980 per tonne in year 2013 and Rs.1070 per tonne in year 2014; Price of dicamba= Rs.1400 in year 2013 and Rs.1527 in year 

2014; Labor costs of spray = Rs.750 in year 2013 and Rs.825 in year 2014; Labour charges for hoeing Rs. 2500 ha-1 in 2013 and 3000 ha-1 in 2014  (Rs.107 = 1 US dolla)
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Chapter 5 

            Summary 

Parthenium hypterophorus L. is an invasive weed in Pakistan and 

invaded in the country during 1980s. In the begning it was found in non-

cropped areas, the sides of the roads but now has become a strong colonizer in 

cropped fields in cotton (Gossypium hirsutum L.), maize (Zea mays L.), 

sugarcane, sorghum and in other summer fodder crops especially in Khyber 

pakhtunkhawa (KPK) and Punjab province, Pakistan. At present it is considered 

a future threat to our field crops and natural grassland but presently there is no 

estimate regarding its losses due to competition in field crops and its poisonous 

effects and management strategies in fodder crops. Mostly the animals do not 

like to eat parthenium due to its bitter smell, taste and harmful contents. It is a 

common practice not to control weeds in forage crops because majority of 

weeds found in forage crops are eaten by animals so most of the farmers do not 

apply weed control practices especially chemical control. As parthenium is not 

liked by animals and farmers have no knowledge to control parthenium in 

forage sorghum. There is lack of information to control noxious weeds 

(parthenium) in forage crops. Keeping in view the yield losses and poisonous 

effects of parthenium on animals, the present studies regarding estimate of 

parthenium losses in forage sorghum and its threshold level, critical 

competition period and parthenium management was carried out under field 

condition of Faisalabad, Pakistan during summer season for two consecutive 

years 2013 and 2014. The soil texture of experimental area was sandy clay 

loam with pH 8.0 and 8.2, O.M  0.56 % and 0.59 %, total nitrogen 0.046 % and 

0.59 %, available phosphorus 7.10 ppm and 8.25 ppm, available potassium 265 

ppm and 272 ppm, mean seasonal rainfall was 176.4 mm and 67.9 mm in 2013 

and 2014, respectively. Three experiments were conducted and all three 

experiments were quadruplicated in randomized complete block design 

(RCBD). In the first experiment nine different parthenium density levels of 0, 2, 

4, 6, 8, 10, 12, 14, 16 plants m-2 were tested for competition with sorghum. 
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Under study parthenium weed density was maintained by uprooting the extra 

parthenium plants manually throughout the growing season. In 2nd competition 

experiment parthenium competition periods of 0, 4, 5, 6, 7, 8 weeks after 

emergence and full season competition in forage sorghum were tested. 

Parthenium plants were removed manually after completion of specified period 

of competition. The third experiment was carried out for control of parthenium 

in forage sorghum treatments included were weedy check (control),  hoeing 

after 3 weeks of emergence,  application of dicamba 100 % dose, dicamba 100 

% dose + 1 % ammonium sulphate, 100 % dose + 2 % ammonium sulphate, 75 

% dose + 1 % ammonium sulphate and 75 % dose + 2 % ammonium sulphate 

were compared for their efficiency to control parthenium. Hoeing was done 

manually and dicamba alone and in combination was applied by hand operated 

sprayer after complete emergence of parthenium weed. Fertilizers in the form of 

urea and DAP @ 90 kg and 60 kg ha-1 were applied, respectively. Crop was 

sown using a seed rate of 75 kg ha-1 by hand operated single row drill in 30 cm 

apart rows. All other agronomic practices were kept normal and uniform except 

those under study in all experimental units.  

Experiment 1 

Parthenium weed parameters 

 Parthenium growth parameters (fresh and dry weight) were increased 

with increased parthenium density from 2-16 parthenium plant m-2 and 

maximum fresh and dry matter of parthenium was recorded where 16 

parthenium plants m-2 were maintained.  Parthenium competed for 

nutrients uptake with sorghum and reduced its growth. Maximum NPK 

uptake by parthenium was also recorded in treatment where maximum 

parthenium plant density of 16 plants m-2 was maintained but for 

phosphorus uptake density of 14 and 16 plants m-2 remained at par with 

each other.   
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Sorghum forage yield and yield components 

 Growth and yield parameters of sorghum (plant height, stem diameter, 

no. of leaves per plant, leaf area per plant, leaf to stem ratio) decreased 

with increased parthenium density. Maximum values of yield 

parameters were recorded in control treatment (zero parthenium density) 

and minimum values were observed at highest parthenium density of 16 

plants m-2.  

 Sorghum fresh fodder and dry matter yields also decreased with 

increased in parthenium density. The control treatment (no parthenium) 

remaining at par with 2 and 4 parthenium plants m-2 produced maximum 

green forage yield and dry matter yield, whereas minimum fresh fodder 

and dry matter yields were recorded at parthenium density level of 16 

plants m-2. 

Sorghum quality parameters 

 Sorghum forage quality was also influenced by the parthenium density 

levels and produced the poor quality fodder due to its competition for 

several resources and space.  The maximum values of crude protein and 

ash contents were recorded when there was no competition between 

sorghum and parthenium (control) and these quality parameters started 

to decrease as the parthenium density increased and reached to its 

lowest value when the parthenium density reached to maximum of 16 

plant m-2. The neutral detergent and acid detergent fibers were increased 

with increase in parthenium density which is also a sign of poor quality 

fodder as high fiber contents reduced the digestibility. The effect of 

parthenium density on ether extractable fat % was not significant.     

Experiment 2 

Parthenium weed parameters 

 Parthenium fresh and dry weight m-2 indicates the growth and severity 

of competition with the main crop. Parthenium fresh and dry weight 
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showed similar trend and increased with extending the competition 

period from 4 weeks to full season competition. Minimum fresh and dry 

weight of parthenium was recorded at 4 weeks competition period and 

increased as the competition period increased and maximum was 

recorded where parthenium competed with sorghum for throughout 

season. Parthenium NPK uptake also showed same trend as fresh and 

dry weight and minimum NPK uptake was recorded at lowest 

competition period (4 weeks) and highest was recorded at full season 

competition. 

Sorghum forage yield and yield components. 

 Yield and yield parameters of sorghum were negatively affected by 

extending competition period of parthenium. All yield components 

(plant height, stem diameter, no. of leaves per plant, leaf area per plant, 

leaf to stem ratio) showed maximum values in control treatment (no 

competition) and all these parameters started to decrease as competition 

was extended and lowest values of yield components were recorded 

when parthenium was allowed to compete for full season with sorghum.  

 Negative correlation between sorghum fresh fodder yield, dry matter 

yield and competition periods was observed and yields were decreased 

with extended competition period and maximum reduction in fresh 

fodder yield and dry matter yield was noted in full season competition 

duration. 

Sorghum quality parameters. 

 Sorghum quality parameters were also negatively affected by 

parthenium competition periods and presence of parthenium in 

sorghum for longer time reduced the quality of sorghum forage.  Crude 

protein, ash contents, showed highest value when there was no 

competition and quality least affected by competition in initial days 

after emergence and full season competition have caused more 

reduction in quality parameters. The trend of ADF and NDF was 
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opposite to other quality parameters and linearly increased as the 

competition period was prolonged.    

Experiment 3       

Parthenium weed parameter. 

 The different management strategies significantly affected the 

parthenium fresh, dry weight, no. of parthenium plants m-2 and NPK 

uptake by parthenium. Maximum reduction in fresh weight, dry weight,  

no. of parthenium plants m-2 and NPK uptake were recorded when 

dicamba 100 % dose with 2 % ammonium sulphate was applied but 

application of dicamba 100 % dose + 1 % ammonium sulphate proved 

statistically similar with it. Maximum fresh weight, dry weight and NPK 

uptake were recorded in control treatment (weedy check) where no 

weed control practice was applied. Application of dicamba 100 % dose 

alone, dicamba 75 % dose with 1 % ammonium sulphate and dicamba 

75 % dose with 2 % ammonium sulphate showed statically similar fresh 

and dry weight and NPK uptake. 

Sorghum forage yield and yield components 

 Combination of dicamba and adjuvant significantly affected the 

sorghum yield components and fresh fodder yield. The differences 

between dicamba 100 % dose + 2 % ammonium sulphate and dicamba 

100 % dose + 1 % ammonium sulphate could not reach to significant 

level and produced statistically similar plant height, stem diameter, no. 

of leaves per plant, leaf area per plant, leaf to stem ratio and maximum 

values of these yield components were observed by the application of 

dicamba 100 % dose + 2 % ammonium sulphate. Lowest values of yield 

components were recorded when parthenium was not controlled (weedy 

check). Application of dicamba 100 % dose with 2 % ammonium 

sulphate proved to be superior for maximizing fresh fodder yield and 

dry matter yield of sorghum over all other treatments and weedy check 
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produced the minimum fresh fodder yield and dry matter yield of 

sorghum. 

Sorghum quality parameter 

 Sorghum quality parameters also showed variation due to the 

application of different parthenium management techniques and 

application of dicamba 100 % dose with 1 % and 2 % ammonium 

sulphate did not differ statistically from each other and produced fodder 

having similar crude protein, total ash, ADF and NDF contents and 

produced good quality fodder over all other parthenium management 

techniques. Presence of more weeds in weedy check reduced the quality 

of fodder and reduced the values of crude protein, ash contents and 

increased ADF and NDF values. The ether extractable fat contents of 

sorghum were not influenced significantly by different parthenium 

management strategies. 

Conclusion 

Economic threshold level was 2.2 and 1.6 plants m-2 during 2013 and 

2014, respectively. So it is compulsory to control parthenium at this density 

level. Maximum reduction 25 % and 26 % in fresh fodder yield of sorghum 

occurred at highest parthenium density of 16 plant m-2 during 2013 and 2014, 

respectively. The maximum NPK uptake by parthenium was recorded at 16 

parthenium plants m-2. Forage yield reduction 17.71 % and maximum NPK 

uptake by parthenium was recorded in full season competition period. 

Parthenium caused significant yield loss when competed 5 weeks after 

emergence to full season competition so it must be controlled before 5 weeks 

after emergence. Forage quality deteriorated when parthenium was allowed to 

compete for 5 weeks to full season. For attaining good quality fodder 

parthenium must be controlled within 5 weeks after emergence. Among the 

seven parthenium management strategies in forage sorghum parthenium must 

be controlled by the application of dicamba 100 % dose with 2 % ammonium 
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sulphate as an adjuvant which not only controlled parthenium weed efficiently 

but also produced fodder having high quality. Highest benefit cost ratio of 3.47 

in 2013 and 3.57 in 2014 was calculated where dicamba 100 % dose with 2 % 

ammonium sulphate was applied and MRR (marginal rate of return) of 346.93 

in 2013 and, 356.66 in 2014 was calculated. 

Recommendations. 

Parthenium weed is not desirable in forage sorghum due to its harmful 

effects both on yield and quality. Parthenium must be controlled at density of 

2.2 plant m-2 and within 5 weeks after the emergence of sorghum for attaining 

high yield of good quality fodder. Delay in control efficiently will reduce the 

yield and deteriorate the quality. The parthenium may be controlled by the 

application of full recommended dose of dicamba (304.5 g. a.i. ha-1) + 2 % 

ammonium sulphate as an adjuvant and it will result in higher forage yield 

having good quality. 

Future thrust 

i. Mechanism of parthenium intereference in forage sorghum must be 

studied. 

ii. It must be identified that decline in forage sorghum yield and yield 

parameters is due to the effect of allelochemicals of parthenium or it 

may be commulative result of both parthenium and sorghum. 

iii. Allelopathy of both parthenium and sorghum synergestic and 

antagonistic effect need to be investigated 

iv. The residual effect of herbicide need to be tested in fodder crops. 
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